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Abstract

Purpose. To evaluate the impact of extrapancreatic infection on the course and results of
acute severe infected pancreatitis treatment.

Materials. In this study, 63 patients were included: group | (n=38) — patients with pancreatic
and extrapancreatic infection; group Il (n=25) - patients with pancreatic infection only
Results. 189 microbial isolates were obtained, which were represented by 12 strains of
bacteria. The development of pancreatic infection was associated with contamination by
Escherichia coli (26.7%), Enterococcus feacium (20.0%), Staphylococcus aureus (16.7%),
Klebsiellapneumoniae (18.8%),and 15.6% Enterobacter species), which were subsequently
replaced by Klebsiella pneumoniae (23.0% and 24.2%), Acinetobacter baumannii (19.6%
and 18.2%) and Pseudomonas aeruginosa (16.0% and 18.2%). The dynamics of antibiotic
resistance development were characterized by a time-dependent increase in the
frequency of extensive and panresistant microflora. The main localizations of EPl were bile
(Escherichia coli, Klebsiella pneumoniae), respiratory system (Pseudomonas aeruginosa
and Acinetobacter baumannii) and blood (Staphylococcus aureus and Staphylococcus
saprophyticus). The presence of extrapancreatic infection increased the probability of
extensive - resistant bacterial strains by 2.5 times (R>=0.61; p=0.019). The development of
extrapancreatic infection contributed to a significant increase in the severity of multiple
organ failure, prolonged of stay in the ICU and increase the incidence of hospital mortality
after 14 days.

Conclusion. The presence of EPI foci in patients with severe acute infected necrotic
pancreatitis negatively affects the effectiveness of antibiotic therapy and contributes to
the appearance of extensive drug-resistant strains of microorganisms. Extrapancreatic
infection worsens the clinical course of SAP complicated by Pl and increases the risk of
in-hospital mortality rate by 10 times.

Keywords: severe acute pancreatitis, pancreatic infection, extrapancreatic infection, anti-
drug resistance, pancreatitis treatment
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Pesiome

Lenb. OueHnTb BAMAHKE 3KCTpanaHKpeaTnyeckon nHeekumn (M) Ha TeyeHne n pe-
3ynbTaTbl IEYEHUA OCTPOro TAXKENOro MHGULMPOBAHHOIO NaHKpeaTuTa.

Marepuanbl. B nccnegosaHue BknoyeHo 63 nauuweHTa: | rpynna (n=38) — nauyuneHTbl C
NaHKpeaTMyeCcKom 1 dKCTpanaHkpeaTnyeckon nHdekumeis; |l rpynna (n=25) - nauneHTbl
TONIbKO C NaHKpeaTnyeckom UHGeKume.

Pesynbratbl. [lonyyeHo 189 MUKPOOGHbBIX M3ONATOB, KOTOpble ObiNyM MNpeAcTaBneHb
12 wtammamu 6akTepuin. Pazsntne naHKkpeaTnyeckom MHGEKLMN BbINO CBA3AHO C KOHTa-
muHauwmeir Escherichia coli (26,7%), Enterococcus feacium (20,0%), Staphylococcus aureus
(16,7%), Klebsiella pneumoniae (18,8%) n Enterobacter (15,6%), KoTopble BNnocneacTsun
6binn 3ameHeHbl Klebsiella pneumoniae (23,0% n 24,2%), Acinetobacter baumannii
(19,6% 1 18,2%) n Pseudomonas aeruginosa (16,0% v 18,2%). luHamnKa pa3B1UTUA aHTU-
H6UOTUKOPE3NCTEHTHOCTI XapaKTeprn3oBanachb yBeNUYEHNEM BO BPEMEHW YacTOTbl SKC-
TEHCUBHOW W NaHPEe3nNCTEHTHON MUKpOodnopbl. OCHOBHbIMK nokanu3aumamu MU 6binu
*enub (Escherichia coli, Klebsiella pneumoniae), abixatenbHasa cuctema (Pseudomonas
aeruginosa u Acinetobacter baumannii) n kposb (Staphylococcus aureus n Staphylococcus
saprophyticus). Hannune skcTpanaHkpeaTuyeckon MHPeKLUN NOBbIWANO BEPOATHOCTb
3KCTEHCUBHO-PE3UCTEHTHbIX WTaMMOB GakTepui B 2,5 pasa (R2=0,61; p=0,019). Pa3su-
The 3KCTpanaHKpeaTnyeckon MHPeKLMN cnocobCTBOBaNIO 3HAUNTENIbHOMY HapacTaHUio
TAXECTU NONMOPraHHOM HEAOCTAaTOYHOCTH, YBEIMYEHMIO MPOAOIKNTENIbHOCTM NPebbliBa-
HuA B OPUT n yBennyeHnio 4aCcToTbl roCNUTaNbHOM IeTanbHOCTK Yepes 14 gHen.
3aknioueHune. Hannume ouaros 3l y naymMeHTOB C TAXKENbIM TeYEHMEM OCTPOro NHOK-
LMPOBAHHOIO HEKPOTUYECKOIO NAHKpPeaTUTa HeraTBHO BANAET Ha 3GPEKTUBHOCTb aHTK-
H6aKTepuanbHOM Tepanuu 1 cnocobCcTByeT NOABNEHUIO NONNPE3UCTEHTHbBIX LUTAMMOB MU-
KpOOpraHn3MoB. JKCTpanaHKpeaTnyeckasa MHPeKLUa ycyrybnaet KNMHUYECKyo NpuYmHy
OCTPOro TAXENOoro MHGUUMPOBAHHOIO NaHKpeaThTa U yBENUYMBAET PUCK FOCMUTaNbHOM
netanbHoctu B 10 pas.

KnioueBble cnoBa: TAXKe/bll OCTPbIN NaHKpeaTuT, NaHKpeaTUyecKas MHPEKLUNA, SKCTpa-
naHKpeaTnyeckas NHdeKL A, aHTUOMOTUKOPE3NCTEHTHOCTb, lIeYeHMEe NaHKpeaTnTa
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B INTRODUCTION

Acute pancreatitis (AP) takes third place in the frequency of hospitalizations and is the
leading cause of death in patients with acute surgical pathology of the gastrointestinal
tract. The overall mortality in AP is 2-9% and can reach 20-30% in severe acute pancreatitis
(SAP) [1, 2].

Despite improved diagnostic and treatment modalities, the higher rate of hospital
mortality due to SAP has remained unchanged over the last decade. Therefore, the study
of unfavorable factors that directly affect the clinical course and prognosis of patients
with SAP plays a special role in its reduction [4].

The persistent of multiorgan failure and pancreatic infection (Pl) development, which
is present in almost 20-40% of cases, is the leading cause for unsatisfactory results of
patients with SAP treatment [2, 3].

To date, researchers have focused their attention on studying Pl. However, recently the
role of extrapancreatic infection as a prognostic factor for unsatisfactory outcomes of SAP
treatment has been actively investigated [4, 5].

Extrapancreatic infection (EPI) is an infection that is localized in organs and tissues
outside the pancreas and peripancreatic tissue, documented during hospital stay [6].
The most common localization of EPI is blood, respiratory tract, urinary tract, abdominal
cavity, biliary tract [2, 4].

According to a few studies, the development of EPI contributes to the deterioration
of the clinical course of GTP and may increase the incidence of hospital mortality rate.
However, the number of studies remains insufficient [1, 2, 4, 7, 8].

B PURPOSE OF THE STUDY
To evaluate the impact of extrapancreatic infection on the course and results of acute
severe infected pancreatitis treatment.

B MATERIALS AND METHODS

The study design is a single-center cohort retrospective study.

We analyzed 71 case histories of patients with acute severe infected pancreatitis who
were treated at the clinical base of the Department of General Surgery N1 Bogomolets
National Medical University in the period from 2019 to 2020.

The inclusion criteria were patients with severe acute pancreatitis complicated by
pancreatic infection (Pl), the possibility of bacteriological monitoring of pancreatic
infection (PI) in the control terms.

The diagnosis of SAP and the severity of pancreatic lesions assessment made according
to the Atlanta 2012 classification criteria, BISAP (The Bedside Index for Severity in Acute
Pancreatitis), Moderated Marshall score, MCTSI (Modified CT Severity Index), and CT
necrosis index [9-12].

The sources of pancreatic infection were acute pancreatic necrosis and acute fluid
peripancreatic collections with proven positive bacteriological cultures.

Bacteriological monitoring of pancreatic infection (Pl) performed in two stages:
Stage | (initial) — primary identification of the pathogen PI, for 8-14 days; Stage Il (final) -
completion of inpatient treatment, 48-60 days of illness.
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The criterion for non-inclusion in the study was the lack of bacteriologically proven PI.

The exclusion criteria were the impossibility of bacteriological monitoring of Pl and
failed diagnostic compliance. Eight of 71 patients with Pl were excluded from the study (5
of them died in the first 14 days of the disease, 3 patients did not comply with the study).

Thus, 63 patients were included in the study and divided, according to bacteriologically
verified extrapancreatic infection presence, into two groups: group | (n=38) - patients
with pancreatic and extrapancreatic infection; group Il (n=25) — patients with pancreatic
infection only.

Extrapancreatic infection is defined as foci of infection with localization in organs
and tissues out of pancreatic and peripancreatic tissue - biliary, respiratory, catheter-
associated infection, urinary tract infection, bacteremia [6].

Microbiological identification of the pathogen EPI was performed before the initial
identification of the pathogen Pl and between the | and Il stages of the study [5]. The
main indication for bacteriological culturing of samples from extrapancreatic sources of
infection was the presence of clinical symptoms by the location of the foci.

General characteristics of patients, etiology, and severity of pancreatic lesions in the
study groups are presented in table 1.

The study groups did not differ by age (p=0.06), the severity of GP according to BISAP
(p=0.37), Modified Marshall score (p=0.19), the degree of pancreatic lesions according
to MCTSI (p=0.1) and CT index of necrosis (p=0.1). However, there was a statistically
significant difference by gender (x*>=7.17, p=0.007) and the etiology of GTP (x*=41.07,
p<0.001). In particular, the group | was dominated by women and pancreatitis of biliary
etiology, and group Il - men and alcoholic pancreatitis.

Primary endpoints:

1. Structure of pancreatic and extrapancreatic infection pathogens.
2. The level of acquired antibiotic resistance (ADR) of microorganisms.
3. Dynamics of the infectious process.
4. Mortality after 14 days.
Table 1
General characteristics of patients, etiology, and severity of pancreatic lesions in the study groups
- Group | Group Il g
Characteristics (n=38) (n=25) P-value
Age*, years 54 (42-60) 49 (40-59) 0.06
Male 13 (34.3) 18 (72)
Gender, n (%) 0.007
Female 25 (65.7) 7 (28)
Alcoholic 7(18.4) 21 (84)
X Biliary 26 (68.5) -
Etiology, n (%) - - <0.001
Hypertriglyceride - 4(16)
Postoperative 5(13.1) -
BISAP*, scores 3(3-4) 3(3-4) 0.37
Modefied Marshall score*, scores 7 (6-8) 6.5 (6-8) 0.19
MCTSI*, scores 8 (8-10) 8 (8-8) 0.1
CT index of necrosis *, points 2(2-4) 4 (2-4) 0.1

Notes: * Median (25%-75% of the quartile) - Me (QI-QIIl): BISAP - The Bedside Index for Severity in Acute Pancreatitis; Modified
Marshall score — the severity scores for acute pancreatitis; MCTSI - Modified CT Severity Index.
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Secondary study endpoints were:

1. Period of stay in the ICU.
2. Period of hospital stay.

Biological samples from Pl foci were analyzed in all patients (aspirate of acute
peripancreatic fluid collections, necrotic discharges from the omental sac and
retroperitoneal space drains), and in group Il - in addition from foci of EPI (sputum, pleural
fluid, urine, bile, intravenous catheters).

The obtained biological samples were examined microscopically with Gram staining.
Bacteriological culturing was performed to obtain isolated strains. Sensitivity to antibiotics
was assessed using the disco-diffusion method. The total bacteria count =105 CFU/ml was
considered etiologically significant. Aerobic and facultative anaerobic flora were studied.
The identification of obligate anaerobes was not performed.

The level of acquired ABR microorganisms in patients of both groups was determined
according to the recommendations of ECDC (European Center for Disease Prevention
Control, 2012): AMR "-", MDR, XDR, PDR [13].

The dynamics of the infectious process were assessed by the SOFA scale (The Sepsis-
related Organ Failure Assessment), namely the delta SOFA indicator - the difference
between the maximum level of SOFA in the late phase of the disease and the SOFA level
at the initial diagnosis of infected necrotic pancreatitis [14].

The cause of the disease was assessed from the time of hospitalization to the clinical
outcome of treatment (discharge with improvement or death). The observation period
averaged 42.2+13.7 days.

Statistical analysis of the data was performed using SPSS 22.0 software for Windows. The
following methods of statistical analysis were used: descriptive statistics, comparison of
mean values using Student’s T-test (for variables that are expressed in the scale of relations
and have the correct distribution), and Mann - Whitney U-test; Particle comparisons were
performed using Pearson’s chi 2 forindependent samples and MacNemar for dichotomous
variablesinrelated samples. PhiandV Crammer’s criteria were used for correlation analysis.
The significance of differences in cumulative frequencies was determined using binary
logistic regression. The null hypothesis (no differences between variables) was rejected
at p<0.05.

B RESULTS

In the studied patients, 189 microbial isolates were obtained, which were represented
by 12 strains of bacteria. Gram-positive microorganisms were identified in 55 cases (29.1%),
gram-negative in 134 cases (70.9%). Mix infection was observed in 80 cases (42.3%) and
was represented by a combination of 2 and 3 microorganisms; mono-infection in 109
cases (57.7%). In group | (n=38), 91 microbial isolates from Pl and 34 isolates from EPI were
obtained. In group Il (n=25), 98 microbial isolates were cultured during bacteriological
monitoring of Pl foci.

At the first stage of Pl verification in the first group, Escherichia coli (26.7%),
Enterococcus feacium (20.0%), and Staphylococcus aureus (16.7%) were mainly sown. The
Escherichia coli (34.3%), Klebsiella pneumoniae (18.8%), and Enterobacter species (15.6%)
were dominated in the second group.

Subsequent bacteriological monitoring showed changes in the structure of the
PI microflora. In particular, Klebsiella pneumoniae (23.0% and 24.2%), Acinetobacter
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baumannii (19.6% and 18.2%) and Pseudomonas aeruginosa (16.0% and 18.2%) were the
most common microbial isolates in both groups.

At the first stage of bacteriological culturing in the group of patients with EPI, multi-
and extensive drug-resistant microorganisms prevailed among antibiotic-resistant
microorganisms - 13.3% and 6.6%, respectively, and in the group without EPI - only
multidrug-resistant cultures (15.6%).

There was no statistically significant difference in the frequency of antibiotic resistance
of microorganisms at the first stage in the study groups (p=0.195). However, at the second
stage, a statistically significant difference in antibiotic resistance was found between the
study groups (x>=5.67, p=0.019), which increased towards the frequency of detection of
multidrug-resistant (26.2% and 42.4%, respectively; p=0.055) and extensive drug-resistant
isolates (44.2%), and 24.3%, respectively; x*=9.91, p=0.017). Pan-resistant microorganisms
appeared in both groups of the study (10.0% and 3.0%, respectively; p=0.115).

Summary characteristics of microorganisms are presented in table 2.

In group |, the sources of EPl were bile in 18 of 34 cases, sputum (5/34), pleural effusion
(5/34), urine (1/34), bacteriemia (3/34), and catheter-associated infection. 2/34) (Figure).

Escherichia coli (44.1%), Klebsiella pneumoniae (11.8%) were dominated in the
taxonomic structure of EPI, and its source was bile. Acinetobacter baumannii (14.7%),
Pseudomonas aeruginosa (8.8%), and Enterobacter species (8.8%) were mainly isolated in
sputum and pleural effusion (Table 3).

Analysis of Pland EPI microbial profile showed that contamination of pancreatic necrosis
and/or peripancreatic fluid collections with Escherichia coli and Klebsiella pneumonia was

Table 2
The profile and characteristics of Pl pathogens in the study groups depending on the stage of sampling
; ) Group |, n (%) Group |, n (%)
Microorganisms
I stage ‘ Il stage I stage ‘ Il stage

Type of microorgamism
Escherichia coli 8(26.7) 7(11.5) 11 (34.3) 8(12.1)
Klebsiella pneumoniae 4(13.3) 14 (23.0) 6(18.8) 16 (24.2)
Enterococcus feacium 6 (20.0) 7(11.4) 4(12.5) 10(15.2)
Staphylococcus aureus 5(16.7) 4 (6.5) 3(9.4) 4(6.1)
Staphylococcus saprophyticus 2(6.7) - 2(6.3) -
Streptococcus haemolyticus 1(3.3) 2(3.0) - 2(3.0)
Enterobacter species 3(10.0) 2(3.0) 5(15.6) 2(3.0)
Acinetobacter baumannii - 12(19.6) - 12(18.2)
Acinetobacter lwoffi - 2(3.0) - -
Pseudomonas aeruginosa - 9(16.0) 1(3.1) 12(18.2)
Proteus morganii 1(3.3) 2(3.0) - -
The type of antibiotic resistance of pathogens
AMR «—» 24 (76.6) 12(19.6) 27 (84.4) 20(30.3)
MDR 4(13.3) 16 (26.2) 5(15.6) 28 (42.4)
XDR 2 (6.6) 27 (44.2) - 16 (24.3)
PDR - 6(10.0) - 2(3.0)
Total, n 30 61 32 66

Notes: AMR "-" — Antimicrobial resistance, negative; MDR - multidrug-resistant; XDR - extensively drug-resistant; PDR - pan-

drug-resistant (by ECDC, 2012).
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Extrapancreatic infection localization in patients with severe acute pancreatitis

Table 3

The microbial profile of pancreatic and extrapancreatic infection in patients of Group |

4

Pancreatic infection, n (%)

Extrapancreatic infection

RUSICSLoan Ss | stage Il stage n (%)
Escherichia coli 8(26.7) 7(11.5) 15 (44.1)
Klebsiella pneumoniae 4(13.3) 14 (23.0) 4(11.8)
Enterococcus feacium 6 (20.0) 7(11.4) 1(2.9)
Staphylococcus aureus 5(16.7) 4(6.5) 2(5.9)
Staphylococcus saprophyticus 2(6.7) - 1(2.9)
Streptococcus haemolyticus 1(3.3) 2(3.0) -
Enterobacter species 3(10.0) 2(3.0) 3(8.8)
Acinetobacter baumannii - 12(19.6) 5(14.7)
Acinetobacter lwoffi - 2(3.0) -
Pseudomonas aeruginosa - 9(16.0) 3(8.8)
Proteus morganii 1(3.3) 2(3.0) -

Total 30 (100) 61 (100) 34 (100)

associated with biliary infection caused by these microbes. This may indicate their leading
role in the development of the infectious process of the pancreatobiliary zone due to
translocation from the intestine. Pancreatic infection with Pseudomonas aeruginosa and
Acinetobacter baumannii was characterized by the infectious respiratory complications
development as a manifestation of nosocomial infection due to a prolonged stay
at the ICU. The source of bacteremia was pancreatic necrosis contamination with
Staphylococcus aureus and Staphylococcus saprophyticus. The catheter-associated
infectious complications were rare (n=2) and were directly associated with colonization of

the venous catheters by Acinetobacter baumannii and Enterococcus feacium.
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Table 4

Comparison of clinical features of severe acute pancreatitis in studied groups
Characteristics g::;g)l (Gnr:;;)) J p- value
delta SOFA*, scores 2(2-3) 1(1-2) <0.001
ICU stay**, days 21.7£34 15.8+2.1 <0.001
Hospital stay**, days 446+11.5 40.4+15.9 0.26
Mortality, n (%) 11(28.9) 2(8.0) 0.044

Notes: *Median (QI-Qlll); ** X+m - average + standard deviation; delta SOFA (The Sepsis-related Organ Failure Assessment).

The correlation analysis revealed a weak direct statistical significant relationship
between the presence of EPI and the frequency of detection of antibiotic-resistant
microflora, namely XDR-microorganisms at the second stage of material collection
(r=0.211, p=0.017). Furthermore, binary logistic regression analysis showed that the
presence of EPI increases the probability of development of XDR microorganisms by 2.5
times (R>=0.61; p=0.019).

The timing of bacteriological verification of Pl was statistically and significantly different
in the study groups (p<0.001; 95% SI 1.3-3.2). Thus, in group | the primary identification of
Pl microflora occurred on average by 8.2+2.2 days, and in group Il - by 12+2.2 days.

The analysis of the clinical course and treatment outcomes of patients in the study
groups revealed a statistically significant difference in the dynamics of multiorgan
failure by delta SOFA (p<0.001), duration of stay in ICU (<0.001), and mortality (p=0.044)
(Table 4).

It was found that in the group of patients with EPI, there were more pronounced
negative dynamics with increasing severity of multiorgan failure by the delta SOFA
(median - 2 points (2-3)) vs. without EPI (median - 1 point (1-2); (x*>=37.5; p<0.001).

The period of stay in the ICU in group | was also statistically and significantly longer
(average - 21.7+3.4 days) than in group Il (average - 15.8+2.1 days) (p<0.001; 95% SI 4.5-
7.3). However, the average period of hospital stay in the study groups did not differ and
was 44.6+11.5 bed-days in group | and 40.4+15.9 in group Il (p=0.26; 95% Cl 10.3-17.6).

Eleven (28.9%) of the 38 patients with EPI died after 14 days, in the group without
EPI - 2/25 (8%).

Mortality in the groups differed in the level of significance x?=4.04, p=0.044.

In the correlation analysis of the obtained results, it was found that delta SOFA (r=0.77;
p<0.001), length of stay in the ICU (r=0.61; p=0.003) and mortality (r=0.24; p=0.044) was
statistically significantly correlated with the presence of EPI.

The probability of death in the group with EPI was 10 times higher vs. without EPI (HR
10.4; 95% Cl 1.14-94.8; p=0.01).

B DISCUSSION

Our study revealed that the development of Pl was associated with contamination
of pancreatic and peripancreatic necrosis Escherichia coli (26.7%), Enterococcus feacium
(20.0%), Staphylococcus aureus (16.7%), Klebsiella pneumoniae (18.8%), and 15.6%
Enterobacter species), which were subsequently replaced by Klebsiella pneumoniae
(23.0% and 24.2%), Acinetobacter baumannii (19.6% and 18.2%) and Pseudomonas
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aeruginosa (16.0% and 18.2%). The dynamics of antibiotic resistance development were
characterized by a time-dependent increase in the frequency of detection of extensive
and pan-resistant microflora. Moreover, it was found that the presence of EPI increased
the likelihood of extensive-resistant bacterial strains by 2.5 times.

The main localizations of EPI in our study were bile (Escherichia coli, Klebsiella
pneumoniae), respiratory system (Pseudomonas aeruginosa and Acinetobacter
baumannii) and blood (Staphylococcus aureus and Staphylococcus saprophyticus).

It was found that the development of EPI contributed to a significant increase in the
severity of multiple organ failure, prolonged of stay in the ICU and increase the incidence
of hospital mortality rate after 14 days.

B CONCLUSION

The presence of EPI foci in patients with severe acute infected necrotic pancreatitis
negatively affects the effectiveness of antibiotic therapy and contributes to the appearance
of extensive drug-resistant strains of microorganisms. Extrapancreatic infection worsens
the clinical course of SAP complicated by Pl and increases the risk of in-hospital mortality
by 10 times.
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