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1. Wprowadzenie

Clostridioides difficile (CD) jest bezwzglednie beztlenowa, Gram dodatnig laseczka,
posiadajacag zdolno$¢ wytwarzania form przetrwalnikowych, po raz pierwszy wyizolowang w
1935 roku z probek katu zdrowych noworodkow (1). Spory CD s3a oporne na dziatanie
antybiotykow, kwasu solnego, czynniki fizyczne, powszechnie stosowane chemiczne $rodki
dezynfekujace, w tym $rodki alkoholowe. Potrafig przetrwa¢ w srodowisku szpitalnym, a na
przedmiotach mogg pozostawa¢ miesigcami (2). Formy przetrwalnikowe/spory CD stanowig
naturalny rezerwuar patogenu i w sprzyjajacych warunkach moga prowadzi¢ do wystgpienia
choroby (3).

U noworodkow, niemowlat 1 dzieci do 2 roku zycia CD kolonizuje jelito grube nawet u 60%,
nie wywotujac choroby i jest zaliczana do mikrobioty fizjologicznej przewodu pokarmowego.
U zdrowych dorostych nosicielstwo wynosi 7-18% (4). Czestos¢ kolonizacji jest natomiast
kilkukrotnie wyzsza u pacjentow hospitalizowanych w szpitalach, zakladach opieki

dlugoterminowej oraz domach opieki (5,6).

Do zakazenia cztowieka CD dochodzi drogg fekalno-oralng, poprzez bezposredni kontakt z
osobg chorg lub bezobjawowym nosicielem, jak rowniez w wyniku kontaktu ze skazonymi
sporami przedmiotami. Transmisja drobnoustroju w zaktadach opieki zdrowotnej odbywa si¢

za posrednictwem rgk personelu, pacjentow, a takze srodowiska szpitalnego (2,3).

CD jest uwazana za najczgstsza przyczyng zakaznej biegunki u hospitalizowanych pacjentéw
(7,8,9). Zakazenie CD moze przybiera¢ rézne formy kliniczne, od bezobjawowego
nosicielstwa, poprzez lagodng biegunke az do zagrazajacego zyciu rzekomobtoniastego
zapalenia jelita grubego i1 toksycznego rozdecia okreznicy (10). Za wystepowanie objawdw
chorobowych odpowiedzialne sa wytwarzane przez bakterie toksyny: enterotoksyna A i/lub
cytotoksyna B. Choroba biegunkowa wywotana przez CD nosi nazwg¢ Clostridioides Difficile
Infection (CDI).

Do najwazniejszych, poznanych czynnikdw ryzyka wystapienia CDI naleza: wiek powyzej 65
roku zycia, ple¢ zenska, wielokrotnie powtarzana antybiotykoterapia, stosowanie
antybiotykoterapii szerokospektralnej, obnizona odporno$¢ (zakazenie HIV, immunosupresja,
chemioterapia), przyjmowanie inhibitorow pompy protonowej (PPI), przedtuzona
hospitalizacja, zabiegi chirurgiczne, przedluzony pobyt w oddziale intensywnej terapii oraz
cigzkie choroby wspolistniejace (niewydolno$¢ nerek, cukrzyca, przewlekle choroby serca,

phuc, nieswoiste choroby zapalne jelit, nowotwory) (11,12,13,14,15).



Podstawg rozpoznania CDI jest wystgpienie objawow klinicznych w postaci biegunki (>3
luznych stolcow, przybierajacych ksztalt pojemnika lub odpowiadajacych typom 5-7 w skali
Bristol) oraz stwierdzenie obecnosci toksyn A i/lub B lub szczepu CD produkujacego
toksyne/y w przewodzie pokarmowym pacjenta (16). Dostepne s3 rdézne metody
diagnostyczne CDI, w tym test genetyczny amplifikacji kwasow nukleinowych (Nucleic Acid
Amplification Tests- NAAT), posiew katu z hodowlg toksynotworczego szczepu, wykrywanie
toksyn A i/lub B metoda aglutynacji lateksowej, wykrywanie toksyn A i/lub B w tescie
neutralizacji cytotoksyczno$ci komorkowej (Cell Culture Cytotoxicity Neutralization Assay -
CCNA) oraz dwustopniowe badanie immunoenzymatyczne (Enzyme Immunoassay - EIA)
wykrywajace w kale antygen dehydrogenazy glutaminianowej (Glutamate Dehydrogenase
Antigen - GDH) a nastepnie toksyny A i/lub B. Rozpoznanie mozna takze ustali¢ w badaniu
endoskopowym lub histopatologicznym poprzez stwierdzenie rzekomobtoniastego zapalenia

jelit (10,16).

Lekiem z wyboru w terapii CDI jest wankomycyna (podawana doustnie) oraz w ostatnim
czasie nowy antybiotyk makrocykliczny- fidaksomycyna (9,17). Wedlug najnowszych
zalecen Amerykanskiego Towarzystwa Chorob Zakaznych (Infectious Diseases Society of
America - IDSA) oraz Amerykanskiego Towarzystwa Epidemiologii Opieki Zdrowotnej
(Society for Healthcare Epidemiology of America - SHEA) w leczeniu CDI powinno
stosowa¢ si¢ wankomycyng¢ lub fidaksomycyng, a jedynie gdy nie ma mozliwosci
zastosowania tych lekéw, mozna zaleci¢ metronidazol (9). Z kolei Europejskie Towarzystwo
Mikrobiologii Klinicznej i Choréb Zakaznych (European Society of Clinical Microbiology
and Infectious Diseases - ESCMID), zaleca podawanie metronidazolu, jako leku pierwszego
rzutu, ale zaznacza ze dotyczy to tylko przypadkéw o tagodnym przebiegu. Uznanym
sposobem leczenia pacjentow z mnogimi nawrotami CDI, u ktorych nie powiodlo si¢
odpowiednie leczenie antybiotykowe jest przeszczep mikrobioty jelitowej (18,19,20). Polskie,
zaktualizowane zalecenia dotyczace epidemiologii, diagnostyki, terapii oraz profilaktyki CDI,

opublikowane zostaty w 2018 roku w ramach Narodowego Programu Ochrony Antybiotykéw
(16).

W ostatnich latach odnotowuje si¢ wzrost zapadalno$ci na CDI, szczegdlnie w krajach
rozwinigtych. Poza zwigkszong zachorowalno$cia obserwuje si¢ réwniez cigzszy przebieg
choroby oraz jej wyzsza S$miertelnos¢. Jest to zwigzane z pojawieniem si¢ nowego
hiperwirulentnego, epidemicznego szczepu NAP 1 (North American Pulsed Type 1),
okreslanego w literaturze jako BI/ NAP 1/rybotyp 027. Oprocz wytwarzania wigkszej ilosci

toksyn A i B (16-23 x wigcej niz inne szczepy), ma on rowniez zdolno$¢ produkowania
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toksyny binarnej oraz wigksza predyspozycje do tworzenia spor. Szczep ten jest
odpowiedzialny za wystgpowanie zakazen o znacznie ci¢zszym przebiegu klinicznym,
pojawianie si¢ lokalnych ognisk choroby, nawroty CDI a takze wyzsza czgstosé powiktan
(21,22). Szczegdlny problem stanowig nawroty choroby, w réznych publikacjach szacowane

na 15-35% oraz wysoka $miertelno$¢ wynoszgca nawet 26-36,7% (23,24,25,26).

CDI jest w glownej mierze konsekwencjg stosowania szerokospektralnej antybiotykoterapii i
przedtuzonej hospitalizacji (27). Zapadalno$¢ w oddziatach szpitalnych zalezy od czgstosci
stosowania antybiotykow w danym $§rodowisku i waha si¢ w przedziale od 1 do 10 /1000
hospitalizowanych pacjentow (16,27). W doniesieniach krajowych wynosi ona $rednio 4,92-
6,5/1000 hospitalizacji (12). W celu zapobiegania rozprzestrzeniania si¢ CD w $rodowisku
szpitalnym nalezy stosowa¢ odpowiednig procedur¢ higieny rak, izolacje lub kohortacje
pacjentéw, dezynfekcj¢ srodowiska szpitalnego oraz przede wszystkim racjonalng polityke

antybiotykowa (16).

Pomimo, ze CDI jest trzecia najczgstsza powazng infekcja wystepujaca po operacjach
kardiochirurgicznych (28), to niewiele jest badan analizujgcych CDI w okresie
okotooperacyjnym u pacjentow po takich zabiegach. Z kolei opublikowane dotychczas
badania, byty przeprowadzane na niewielkich grupach chorych (29,30,31). W zwigzku z tym,
czynniki ryzyka wstapienia CDI po operacji kardiochirurgicznej, powiklania i ryzyko zgonu z
powodu choroby, pozostaja nie w pelni wyjasnione. Dlatego celem niniejszej pracy
doktorskiej jest proba oceny czynnikow ryzyka, cigzkoSci oraz nastepstw zwigzanych z CDI,

u pacjentéw po operacjach kardiochirurgicznych.
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ABSTRACT

Background. Clostridioides difficile infection (CDI) is the most common cause of
hospital-acquired diarrhea. There is little available data regarding risk factors of CDI
for patients who undergo cardiac surgery. The study evaluated the course of CDI in
patients after cardiac surgery.

Methods. Of 6,198 patients studied, 70 (1.1%) developed CDI. The control group
consisted of 73 patients in whom CDI was excluded. Perioperative data and clinical
outcomes were analyzed.

Results. Patients with CDI were significantly older in comparison to the control group
(median age 73.0 vs 67.0, P = 0.005) and more frequently received proton pump
inhibitors, statins, B-blockers and acetylsalicylic acid before surgery (P =0.008,P =
0.012,P =0.004, and P =0.001, respectively). In addition, the presence of atheroscle-
rosis, coronary disease and history of malignant neoplasms correlated positively with
the development of CDI (P =0.012,P =0.036 and P = 0.05, respectively). There were
no differences in the type or timing of surgery, aortic cross-clamp and cardiopulmonary
bypass time, volume of postoperative drainage and administration of blood products
between the studied groups. Relapse was more common among overweight patients
with high postoperative plasma glucose or patients with higher C-reactive protein
during the first episode of CDI, as well as those with a history of coronary disease
or diabetes mellitus (P = 0.005, P = 0.030,P = 0.009,P = 0.049, and P = 0.025,
respectively). Fifteen patients died (21.4%) from the CDI group and 7 (9.6%) from
the control group (P = 0.050). Emergent procedures, prolonged stay in the intensive
care unit, longer mechanical ventilation and high white blood cell count during the
diarrhea were associated with higher mortality among patients with CDI (P =0.05,P =
0.041,P =0.004 and P = 0.007, respectively).

Conclusions. The study did not reveal any specific cardiac surgery-related risk factors
for development of CDIL.

How to cite this article Rzucidlo-Hymczak A, Hymczak H, Olechowska-Jarzab A, Gorczyca A, Kapelak B, Drwila R, Plicner D. 2020.
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INTRODUCTION

Clostridioides difficile (CD) is widely spread in the human environment and present

in about 7-18% of the adult population (Donskey, Kundrapu ¢ Deshpande, 2015). CD
infection (CDI) is the most common cause of hospital-acquired diarrhea and may follow
a severe course with many complications, which can include fatal colitis (Cunha, 1998;
Ricciardi et al., 2007). Despite increased efforts to prevent this infection, the incidence
and severity of nosocomial CDI has continued to grow worldwide (Ricciardi et al., 2007;
Clements et al., 2010).

Known risk factors for CDI include advanced age, female gender, use of broad-
spectrum antibiotics, use of proton pump inhibitors (PPI), chronic comorbidities,
immunocompromised states and prolonged, multiple hospital stays (McFarland, Surawicz
& Stamm, 1990; Eze et al., 2017; De Roo & Regenbogen, 2020; Furuya-Kanamori et al.,
2015a). Patients who undergo surgery present additional risks for CDI associated with
catheter-related infections, prolonged mechanical ventilation, extensive blood product
usage, indwelling catheter drainage and open cavities (Gelijns et al., 2014).

There is little available data regarding risk factors for CDI among patients who undergo
cardiac surgery. There have only been a few reports investigating the risk of CDI in patients
after heart procedures (Gelijns et al., 2014; Vondran et al., 2018; Flagg et al., 2014; Kirkwood
et al., 2018). This prompted us to evaluate the prevalence of hospital-acquired CDI after
cardiac surgery, identify patient characteristics and detect risk factors for CDI. Moreover
we assessed the course of the disease and final outcomes for this group of patients.

MATERIALS & METHODS

Patients

Between January 2014 and December 2016, a total of 6,198 adult patients underwent
cardiac surgery in our hospital. Seventy of the patients were diagnosed with CDI. The
control group was comprised of 73 patients for whom CDI had been excluded and this
group was matched to the group of CDI patients by the date of surgery.

Demographics, comorbidities, type and timing of cardiac surgery, operative
characteristics, perioperative antibiotic use, exposure to known risk factors for CDI and
in-hospital mortality were collected retrospectively. Additionally, length of hospitalization
until the onset of diarrhea, severity and recurrence of the disease, methods of treatment
and seasonal distribution of CDI were obtained.

CDI was suspected in each patient who experienced diarrhea (defined as the passage of
three or more unformed stools per day). CDI was defined as a combination of symptoms and
signs of the disease and confirmed by microbiological evidence of toxin-producing CD in
the patients’ stools (Debast, Bauer ¢ Kuijper, 2014). Stool samples were analyzed using the
rapid enzyme immunoassays test, C. Diff Quik Chek Complete test (Techlab, Orlando,
USA).

Rzucidto-Hymczak et al. (2020), PeerJ, DOI 10.7717/peerj.9972 2/16
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Non-severe CDI was defined by a white blood cell (WBC) count of < 15,000 cells/mL
and a serum creatinine level < 1.5 mg/dL. Severe CDI was specified by a WBC count of
> 15,000 cells/mL or a serum creatinine level >1.5 mg/dL. Criteria for fulminant CDI
included occurrence of hypotension or shock, ileus or megacolon (McDonald et al., 2018).

The treatment of CDI was consistent with the 2010 recommendations (Cohen et al.,
2010). Metronidazole was the drug of choice for an initial episode of non-severe CDI and
vancomycin was the drug of choice for an initial episode of severe CDI. Combination
therapy with oral or rectal vancomycin and intravenously administered metronidazole was
the regimen of choice for the treatment of severe, complicated or fulminant CDIL.

Recurrence of the disease was identified as a relapse within 8 weeks after the onset of
a previous episode (Debast, Bauer ¢ Kuijper, 2014). Stress hyperglycemia was defined as
one or more blood sugar measurements > 180 mg/dL during the first postoperative 24 h
(Gelijns et al., 2014). In-hospital mortality was specified as death occurring during the same
hospitalization stay as the cardiac surgery.

Each patient received periprocedural antimicrobial prophylaxis (most often the first
generation of cephalosporin). Routine laboratory variables were determined using standard
laboratory techniques. Study protocol was approved by the local Research Ethics Committee
(Andrzej Frycz Modrzewski Krakow University, Krakow, Poland 10/2019). Verbal consent
of patients was acquired.

Statistical analysis

Descriptive statistics were described as numbers and percentages for categorical variables.
Continuous variables were presented as mean (= standard deviation) or median and
quartiles, as appropriate. Normality was assessed using the Shapiro—Wilk test. Equality
of variances was assessed using Levene’s test. Differences between groups were compared
using the Student’s or Welch’s t-test depending on the equality of variances for normal
distributed variables. The Mann—-Whitney U test was used for non-normal distributed
continuous variables. Nominal variables were compared by the Pearson’s chi-square test
or Fisher’s exact test if 20% of cells had an expected count of less than 5. Significance was
accepted at P<0.05. Statistical analyses were performed with JMP®), Version 14.2.0 (SAS
Institute INC., Cary, NC, USA) and using R, Version 3.4.1 (R Core Team. R: A language and
environment for statistical computing. R Foundation for Statistical Computing. Vienna,
Austria, 2017. https://www.r-project.org/).

RESULTS

Baseline characteristics

Of the 6,198 patients, 70 (1.1%) developed CDI. Patients with CDI were significantly older
in comparison to the control group (median age 73.0 vs 67.0, P = 0.005). There was no
correlation between gender and incidence of CDI (P =0.595). The European System for
Cardiac Operative Risk Evaluation (EuroSCORE) values were higher in patients with CDI (P
< 0.001). Patients with CDI more often received PP], statins, B-blockers and acetylsalicylic
acid before surgery (P =0.008, P =0.012, P =0.004, and P = 0.001, respectively). In
addition, the presence of atherosclerosis, coronary disease, and history of malignant
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neoplasms correlated positively with the development of CDI (P =0.012, P =0.036 and
P =10.05, respectively). Patients in the CDI group were hospitalized more often during the
six months prior to the surgery (P =0.001). Mean preoperative hospitalization time in the
cardiac surgery ward was 1.5 & 0.2 days. Other baseline variables were comparable among
groups (Table 1).

Perioperative characteristics

The most common surgical procedures performed before CDI were valvular heart surgery
and coronary artery bypass grafting (41.4% and 35.7%, respectively). There were no
differences between the studied groups as far as the type or timing of surgery, aortic cross-
clamp and cardiopulmonary bypass time, volume of postoperative drainage, administration
of blood products, value of postoperative ejection fraction and frequency of reoperations.
Patients with CDI more frequently received additional antibiotics (P = 0.014). During the
early postoperative course patients with CDI had a significantly higher glucose level and
were exposed more frequently to stress hyperglycemia (P < 0.001 for both comparisons).
During the preoperative period, as well as after surgery, patients with CDI had a significantly
lower WBC count (P = 0.007 for both comparisons). Other intra- and postoperative
variables were similar in both groups (Table 2).

Course of Clostridioides difficile infection

The type of antibiotic therapy used before the first episode of CDI, median times of the
disease diagnosis and severity of the infection are shown in Table 3. Five patients in whom
fulminant CDI developed, underwent emergency laparotomy and two patients died due to
extensive multiple organ failure.

All patients with CDI were treated with oral metronidazole, oral vancomycin or both
(intravenous metronidazole with oral vancomycin). Fidaxomicin was not used in our
department during the study period (Table 3). Two patients underwent a fecal microbiota
transplant during recurrence of the disease.

Although baseline and early postoperative WBC count were significantly lower in
patients with CDI, during the course of the disease, WBC count was similar among
analyzed groups (P =0.139). In contrast, C-reactive protein (CRP) was higher in the CDI
group during this period (P < 0.001).

There were no differences in the incidence rate of CDI between the analyzed years
although a seasonal pattern was observed. Most cases occurred in March (n =14, 20%)
and the least number of cases were found in January (n=2, 3%), (P = 0.038 between
March and rest of the months) (Fig. 1).

In 9 patients (12.9%) CDI recurred during hospitalization. Mean time of relapse was
27.7 £ 11.8 days after the first episode of the disease. Recurrent CDI was more common
in overweight patients having high plasma glucose just after surgery or a higher CRP
level during the first episode of the disease as well as for those with a history of coronary
disease or diabetes mellitus (P =0.005, P = 0.030, P = 0.009, P = 0.049, and P = 0.025,
respectively), (Table 4).

Fifteen patients (21.4%) died from the CDI group and 7 (9.6%) from the control
group (P =0.050). The median number of days between CDI diagnosis and death was
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Table | Demographics and preoperative data.

Variable Patients with Patients without P-value
CDI (n=70) CDI (n=73)
Age (years) 73.0 [64.0-78.0] 67.0 [58.0-74.0] 0.005 (M)
Male, n(%) 45 (64.3) 51 (69.9) 0.595
BMI (kg/m?) 28.0 [24.4-32.0] 27.2 [24.4-31.3] 0.557
BMI > 25 kg/m?, n(%) 50 (71.4) 47 (64.4) 0.431
Logistic EuroSCORE (points) 6.0 [5.0-9.0] 5.0 [4.0-7.0] <0.001 (M)
LVEF (%) 55.0 [41.2-60.0] 50.0 [40.0-60.0] 0.144
LVEF < 40%, n(%) 14 (20.0) 14 (19.2) 0.901
Hospitalization < 6 month before the surgery, n(%) 62 (88.6) 46 (63.0) 0.001 (C)
Comorbidities, n(%)
Atherosclerosis 33 (47.1) 21(28.8) 0.036 (C)
Dyslipidemia 57 (81.4) 50 (68.5) 0.112
Coronary disease 49 (70.0) 35 (47.9) 0.012 (C)
Previous myocardial infarction 21 (30.0) 18 (24.7) 0.597
Atrial fibrillation 29 (41.4) 22 (30.1) 0.217
Diabetes mellitus 28 (40.0) 19 (26.0) 0.110
History of malignant neoplasms 9(12.9) 2(2.7) 0.050
Chronic kidney disease 20 (28.6) 14 (19.2) 0.262
Thyroid disease 16 (22.9) 12 (16.4) 0.450
Peptic ulcer disease 15 (21.4) 7(9.6) 0.084
COPD 7 (10.0) 8(11.0) 1.000
Medicines, n(%)
Statins 59 (84.3) 47 (64.4) 0.012 (C)
Acetylsalicylic acid 60 (85.7) 44 (60.3) 0.001 (C)
Beta blockers 60 (85.7) 46 (63.0) 0.004 (C)
ACE inhibitors 42 (60.0) 32 (43.8) 0.077
Insulin 18 (25.7) 10 (13.7) 0.110
PPI 61 (87.1) 49 (67.1) 0.008 (C)
Corticosteroids 4(5.7) 4(5.5) 1.000
Laboratory parameters
WBC (x10°/)LL) 7.4 [6.3-8.8] 8.2 [6.7-11.0] 0.007 (M)
WBC > 10,000 jLL, n(%) 8(11.4) 24 (32.9) 0.002 (C)
Platelets (x 10°/jLL) 200.5 [159.2-261.5] 216.0 [169.0-266.0] 0.241
Platelets < 140,000 (L, n(%) 9(12.9) 5(6.8) 0.227
Hematocrit (%) 39.3 [35.6-42.7] 38.5 [34.0-41.6] 0.368
Hemoglobin (g/dL) 13.0 [11.9-14.2] 12.5 [11.0-14.0] 0.241
Hemoglobin < 10 g/dL, n(%) 9(12.9) 12 (16.4) 0.545
RBC (x 10° /jLL) 4.4 [4.0-4.9] 4.4 [3.8-4.7] 0.283
Creatinine (jtmol/L) 91.5 [82.2-115.8] 99.0 [77.0-115.0] 0.928
Creatinine > 100 jLmol/L, n(%) 26 (37.1) 32 (43.8) 0.415

Notes.

Continuous variables are presented as median (interquartile range). Categorical variables are presented as number (percentage).
(C), Pearson’s chi-square test; (M), Mann-Whitney U test; ACE, angiotensin-converting enzyme; BMI, body mass index; COPD, chronic obstructive pulmonary disease;
LVEF, left ventricular ejection fraction; PPI, proton pump inhibitors; RBC, red blood cells; WBC, white blood cells.
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Table2 Intraoperative and postoperative data.

Variable Patients with Patients without P-value
CDI (n=70) CDI (n=73)

Type of surgery, n(%) 0.239
CABG 25(35.7) 21(28.8) 0.374
VHS 29 (41.4) 34 (46.6) 0.535
CABG+VHS 7 (10.0) 6(8.2) 0.711
Aortic surgery 6 (8.6) 12 (16.4) 0.156
CABG+aortic surgery 3(4.3) 0(0.0) 0.115

Reoperation, (%) 5(7.1) 7(9.6) 0.821

Timing of surgery, n(%) 0.217
Elective 41 (58.6) 51(69.9)

Emergent 29 (41.4) 22 (30.1)

Additional antibiotic, 1(%) 46 (65.7) 32 (43.8) 0.014 (C)

LVEF after surgery (%) 45.0 [40.0-50.0] 45.0 [35.0-55.0] 0.839

LVEF < 30%, n(%) 5(7.1) 10 (13.7) 0.201

Aortic cross-clamp time (min) 65.0 [36.2-89.5] 69.0 [49.0-92.0] 0.517

CPB time (min) 104.5 [74.0-154.5] 125.0 [85.0-165.0] 0.156

Postoperative drainage (ml/first 24 h) 530.0 [332.5-940.0] 520.0 [380.0-810.0] 0.981

Postoperative drainage > 1,000 ml/first 24 h, n(%) 17 (24.3) 12 (16.4) 0.243

Inotropic agents, n(%) 48 (68.6) 53 (72.6) 0.730

IABP after surgery, n(%) 2(2.9) 2(2.7) 1.000

Accompanying infections, 11(%)

Wound infection 13 (18.6) 13 (17.8) 1.000
VAC therapy 11 (15.7) 5(6.8) 0.157
Positive blood cultures 10 (14.3) 15 (20.5) 0.444

Transfusion, n(%)

Red blood cells >2 units 43 (61.4) 41 (56.2) 0.639
Plasma >2 units 23 (32.9) 23 (31.5) 1.000
Platelets >1 unit 21 (30.0) 24 (32.9) 0.849

Laboratory parameters
WBC (x 103/[LL) 9.7 [7.0-13.6] 12.9 [9.3-15.6] 0.007 (M)
WBC > 13,000 WL, n(%) 21 (30.0) 36 (49.3) 0.018 (C)
Platelets (x10%/jLL) 122.5 [86.5-154.0] 130.0 [93.0-168.0] 0.261
Platelets < 100,000 WL, n(%) 23 (32.9) 22 (30.1) 0.726
Hematocrit (%) 28.6 [26.8-30.9] 29.4 [27.0-32.4] 0.104
Hemoglobin (g/dL) 9.6 [8.8-10.5] 9.8 [9.0-10.7] 0.229
Hemoglobin < 8.0 g/dL, n(%) 9(12.9) 6(8.2) 0.366
RBC (x 10° /|LL) 3.2 [3.0-3.4] 3.3 [3.0-3.5] 0.118
Plasma glucose (mmol/L) 11.5[9.7-12.8] 9.2 [8.1-10.7] <0.001 (M)
Stress hyperglycemia, n(%) 48 (68.6) 24 (32.9) <0.001 (C)

In-hospital death, (%) 15(21.4) 7(9.6) 0.050 (C)

Notes.

Continuous variables are presented as median (interquartile range). Categorical variables are presented as number (percentage).
(C), Pearson’s chi-square test; (M), Mann-Whitney U test; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; IABP, intra-aortic balloon pump;

LVEF, left ventricular ejection fraction; RBC, red blood cells; VHS, valvular heart surgery; VAC, Vacuum-assisted closure; WBC, white blood cells.
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Table 3 Course of Clostridioides difficile infection general data.

Times of the CDI diagnosis (days)

Between hospital admission and CDI diagnosis

Variable Patients with CDI
(n=70)

Antibiotic before the first episode od CDI, n(%)"
Cefazolin 62 (88.6)
Ceftriaxone 27 (38.6)
Fluoroquinolone 5(21.4)
Vancomycin 0(14.3)
Amoxicillin/Clavulanic acid 8 (1 1.4)
Piperacillin/Tazobactam 8(11.4)
Meropenem 7 (10.0)
Clindamycin 6 (8.6)
Rifampicin 4 (5.7)
Gentamicin 3(4.3)
Cloxacillin 3 (4.3)
Teicoplanin 3(4.3)
Cefuroxime 2(2.9)
Ceftazidime 1(1.4)
Sulfamethoxazole/Trimethoprim 1(1.4)
Erythromycin 1(1.4)
Metronidazole 1(1.4)
Colistin 1(1.4)

Severity of CDI, n(%)
Non-severe 31 (44.3)
Severe 34 (48.6)
Fulminant 5(7.1)

12.0 [6.2-30.5]

Between the surgery and CDI diagnosis 9.0 [5.0-27.2]
Length of ICU stay before the CDI diagnosis 4.0 [2.0-7.0]
Assisted ventilation before the CDI diagnosis 1.0 [1.0-2.0]
Time of hospitalization after CDI diagnosis 11 [6.2-20.0]
Treatment, n(%)

None 0 (0.0)
Metronidazole 30 (42.8)
Vancomycin 4 (5.7)
Both 36 (51.4)
Fidaxomicin 0 (0.0)

Notes.

Continuous variables are presented as median (interquartile range). Categorical variables are presented as number (percent-

age).

“Some patients used more than one antibiotic, therefore the percentage sum does not equal 100%.
CDI, Clostridioides difficile infection; ICU, intensive care unit.
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Figure | Most cases of CDI occurred in March and the least number of cases were found in January.
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14.0 [4.0; 25.0]. Emergent procedures, prolonged stay in the intensive care unit, longer
mechanical ventilation and high WBC count during the diarrhea were associated with
higher mortality in patients with CDI (P =0.05, P =0.041, P =0.004 and P = 0.007,
respectively), (Table 4).

DISCUSSION

The study showed that cardiac surgery related factors such as a type and timing of surgery,
aortic cross-clamp and cardiopulmonary bypass time, volume of postoperative drainage,
administration of blood products and value of postoperative ejection fraction were not
correlated with the risk of CDI.

Interestingly, in our study, patients with CDI had alower level of WBC count both before
and after surgery in comparison to the control group. It is known that WBC, especially
neutrophils, play an important role in the immune response against CD toxin A (Kelly et
al., 1994), therefore, patients with a low WBC count have a higher risk of acquiring CDI
(Gorschliiter et al., 2001). Unfortunately, in our study, neutrophil level was not determined,
only overall WBC count was analyzed.

In contrast to other studies, our results did not show that diabetes mellitus was a risk
factor for CDI (Furuya-Kanamori et al., 2015a). However, we did demonstrate that patients
with high glucose levels and stress hyperglycemia during the early postoperative period
were at greater risk for development of CDI. This finding is consistent with the results of
a study by Gelijns et al., who demonstrated the association of hyperglycemia with CDI
(Gelijns et al., 2014). Similarly, Kirkwood et al. showed that postoperative hyperglycemia
was associated with an increased risk of CDI (Kirkwood et al., 2018). Therefore, prevention
and treatment of hyperglycemia after cardiac surgery should be taken into consideration.

In our study, other risk factors for CDI were similar to those from non-cardiac surgery
reports (Belto, Litofsky & Humphries, 2019). Our findings confirm the results of many
studies that older age is an independent risk factor for CDI (McFarland, Surawicz ¢ Stamm,
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Table4 Univariate analysis of the Clostridioides difficile infection group stratified by relapse and in-hospital death.

Variable Non-relapse Relapse P-value Discharged In-hospital P-value
group (n=61)  group (n=9) alive (n=55) death (n=15)

Age (years) 73.0 72.0 0.562 73.0 76.0 0.456
[64.0-78.0] [63.0-78.0] [64.0-78.0] [63.0-80.0]

Male, n(%) 41 (67.2) 4(44.4) 0.265 37 (67.3) 8(53.3) 0.487

BMI (kg/m?) 27.8 35.1 0.005 (M) 283 243 0.174
[24.1-30.6] [29.4-37.9] [25.8-31.8] [21.3-32.1]

BMI > 25 kg/mz, n(%) 41 (67.2) 9 (100.0) 0.052 43 (78.2) 7 (46.7) 0.025 (C)

Logistic EuroSCORE (points) 7.0 5.0 0.061 7.0 6.0 0.812
(5.0-9.0] (3.0-6.0] [5.0-9.0] (5.0-7.5]

LVEF baseline (%) 55.0 50.0 0.552 55.0 50.0 0.290
[40.0-60.0] [47.0-65.0] [48.5-60.0] [32.5-60.0]

LVEF baseline < 40%, n(%) 13 (21.3) 1(11.1) 0.675 9(16.4) 5(33.3) 0.161

Hospitalization < 6 month 53 (86.9) 9 (100) 0.584 53(96.4) 9 (60.0) 0.001 (C)

before the surgery, n(%)
Comorbidities, 1(%)

Atherosclerosis 30 (49.2) 3(33.3) 0.485 9 (52.7) 4(26.7) 0.133
Dyslipidemia 49 (80.3) 8(88.9) 1.000 49 (89.1) 8(53.3) 0.004
Coronary disease 40 (65.6) 9 (100.0) 0.049 (C) 41 (74.5) 8 (53.3) 0.125
Previous myocardial infarction 6(26.2) 5(55.6) 0.116 5(27.3) 6 (40.0) 0.356
Atrial fibrillation (44 3) 2(22.2) 0.289 23 (41.8) 6 (40.0) 1.000
Diabetes mellitus (34.4) 7(77.8) 0.025 24 (43.6) 4(26.7) 0.372
History of malignant neoplasms 9 (14.8) 0(0.0) 0.592 8(14.5) 1(6.7) 0.672
Chronic kidney disease 19 (31.1) 1(11.1) 0.430 17 (30.9) 3 (20.0) 0.528
Thyroid disease 14 (23.0) 2(22.2) 1.000 13 (23.6) 3 (20.0) 1.000
Peptic ulcer disease 14 (23.0) 1(11.1) 0.672 13 (23.6) 2(13.3) 0.497
COPD 6(9.8) 1(11.1) 1.000 6(10.9) 1(6.7) 1.000
Medicines, n(%)
Statins 50 (82.0) 9 (100.0) 0.336 50 (90.9) 9 (60.0) 0.009
Acetylsalicylic acid 52 (85.2) 8(88.9) 1.000 51(92.7) 9 (60.0) 0.005
Beta blockers 51 (83.6) 9 (100.0) 0.339 48 (87.3) 12 (80.0) 0.437
ACE inhibitors (60 7) 5(55.6) 1.000 34 (61.8) 8(53.3) 0.766
Insulin 5(24.6) 3(33.3) 0.685 15 (27.3) 3 (20.0) 0.744
PPI 53 (86.9) 8(88.9) 1.000 49 (89.1) 12 (80.0) 0.392
Corticosteroids 4(6.6) 0(0.0) 1.000 3i(5:5) 1(6.7) 1.000
Laboratory parameters
WBC baseline (x 103/|J.L) 7.4 78 0.605 ) 7.4 0.626
[6.2-8.7] [6.6-8.8] [6.3-8.8] [6.1-8.4]
WBC baseline > 10,000 JLL, (%) 8(13.1) 0(0.0) 0.584 8(14.5) 0 (0.0) 0.187
WBC postoperative (x10°/jLL) 9.7 9.6 0.273 9.6 10.2 0.836
(6.8-13.4] [9.5-15.6] [6.9-13.4] [7.4-14.4]
WBC postoperative > 13,000 LL, n(%) 17 (27.9) 4(44.4) 0.437 16 (29.1) 5(333) 0.758
WBC during first CDI ( x 103/[LL) 13.8 8.3 0.129 12.4 18.6 0.007 (M)
[8.9-17.9] [6.4-15.1] [8.3-15.8] [9.4-37.8]
(continued on next page)
Rzucidto-Hymczak et al. (2020), PeerJ, DOI 10.7717/peerj.9972 9/16

17



PeerJ

Table 4 (continued)

Variable Non-relapse Relapse P-value Discharged In-hospital P-value
group (n=61)  group (n=9) alive (n=55) death (n=15)
WBC during first CDI > 15,000, n(%) 26 (42.6) 3(33.3) 0.726 19 (34.5) 10 (66.7) 0.025 (C)
Plasma glucose postoperative (mmol/L) 11.5 13.0 0.030 (M) 11.5 11.5 0.637
[9.1-12.5] [10.7-15.0] [9.1-12.8] [10.2-12.8]
Stress hyperglycemia postoperative, (%) 40 (65.6) 8 (88.9) 0.255 37 (67.3) 11 (73.3) 0.761
CRP during first CDI (mg/L) 55.9 169.0 0.009 (M) 71.0 80.0 0.587
[29.0-113.0] [74.0-444.0] [32.0-141.0]  [33.0-233.5]
CRP during first CDI > 60 mg/L, n(%) 26 (49.1) 9 (100.0) 0.004 (C) 28 (50.90) 7 (46.7) 0.742
Type of surgery, n(%) 0.716 0.955
CABG 22 (36.1) 3(33.3) 20 (36.4) 5(33.3)
VHS 25 (41.0) 4 (44.4) 22 (40.0) 7 (46.7)
CABG+VHS 6(9.8) 1(11.1) 6(10.9) 1(6.7)
Aortic surgery 6(9.8) 0 (0.0) 5(9.1) 1(6.7)
CABG+aortic surgery 2(3.3) 1(11.1) 2(3.6) 1(6.7)
Reoperation, n(%) 5(8.2) 0(0.0) 1.000 3(5.5) 2(13.3) 0.290
Timing of surgery, n(%) 0.071 0.050 (C)
Elective 33 (54.1) 8(88.9) 36 (65.5) 5(33.3)
Emergent 28 (45.9) 1(11.1) 19 (34.5) 10 (66.7)
Additional antibiotic, n(%) 45(73.8) 1:(11.1) 0.001 36 (65.5) 10 (66.7) 1.000
LVEF after surgery (%) 45.0 48.0 0.797 45.0 40.0 0.603
[40.0-50.0] [40.0-55.0] [40.0-50.0] [32.5-57.5]
LVEF after surgery < 30%, n(%) 5(8.2) 0(0.0) 1.000 3(54) 2(13.3) 0.290
Aortic cross-clamp time (min) 66.0 59.0 0.958 67.0 43.0 0.596
[36.0-92.0] (40.0-83.0] (38.0-89.0] (34.5-95.5]
CPB time (min) 105.0 90.0 0.806 105.0 100.0 0.983
[66.0-160.0] [81.0-114.0] [82.5-154.0] [65.5-185.0]
Postoperative drainage (ml/first 24 h) 510.0 570.0 0.752 510.0 550.0 0.699
(340.0-950.0] (280.0-700.0] (345.0-865.0]  [315.0-1435.0]
Postoperative drainage > 1,000 ml/first 15 (24.6) 2(22.2) 1.000 12 (21.8) 5(33.3) 0.497
24 h, n(%)
Inotropic agents, 1(%) 42 (68.9) 6 (66.7) 1.000 37 (67.3) 11 (73.3) 0.761
IABP after surgery, n(%) 2(3.3) 0(0.0) 1.000 2 (3.6) 0 (0.0) 1.000
Accompanying infections, n(%)
Wound infection 11(18.0) 2(22.2) 0.670 (16 4(26.7) 0.455
VAC therapy 9(14.8) 2(22.2) 0.625 (14. 3(20.0) 0.691
Positive blood cultures 9(14.8) 1(11.1) 1.000 4(7.3 6 (40.0) 0.005 (C)
Transfusion, n(%)
Red blood cells >2 units 39 (63.9) 4 (44.4) 0.292 33 (60.0) 10 (66.7) 0.864
Plasma >2 units 21 (34.4) 2(222) 0.708 16 (29.1) 7 (46.7) 0.226
Platelets >1 unit 18 (29.5) 3(33.3) 1.000 15 (27.3) 6 (40.0) 0.356

(continued on next page)
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Table 4 (continued)

Variable Non-relapse Relapse P-value  Discharged In-hospital P-value
group (n=61)  group (n=9) alive (n=55) death (n=15)
Times of the CDI diagnosis (days)
Length of ICU stay before the CDI diagnosis 4.0 3.0 0.958 3.0 6.0 0.041 (M)
[2.0-7.0] [2.0-6.0] [2.0-5.5] [2.5-20.0]
Assisted ventilation before the CDI diagnosis 1.0 1.0 0.108 1.0 3.0 0.004 (M)
[1.0-3.0] [1.0-1.0] [1.0-1.5] [1.0-14.5]
Severity of CDI, n(%) 0.865 0.182
Non-severe 26 (42.6) 5 (55.6) 27 (49.1) 4(26.7)
Severe 30 (49.2) 4(44.4) 25 (45.5) 9 (60.0)
Fulminant 5(8.2) 0 (0.0) 3 (5.5) 2(13.3)
Notes.

Continuous variables are presented as median (interquartile range). Categorical variables are presented as number (percentage).

(C), Pearson’s chi-square test; (M), Mann-Whitney U test; ACE, angiotensin-converting enzyme; BMI, body mass index; CABG, coronary artery bypass grafting; CDI,
Clostridioides difficile infection; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; CRP, C-reactive protein; IABP, intra-aortic balloon pump;
LVEF, left ventricular ejection fraction; PPI, proton pump inhibitors; WBC, white blood cells; ICU, intensive care unit; VHS, valvular heart surgery; VAC, Vacuum-

assisted closure.

1990; De Roo & Regenbogen, 20205 Flagg et al., 2014; Belton, Litofsky & Humphries, 2019).
Unlike other reports, we did not find a correlation between female gender and development
of CDI (Flagg et al., 2014; Ge et al., 2018).

Some studies suggest an association between PPI and CDI risk whereas others do
not confirm this correlation (McFarland, Surawicz & Stamm, 1990; Eze et al., 2017,
Furuya-Kanamori et al., 2015a; Faleck et al., 2016; Maes, Fixen ¢ Linnebur, 2017). The
exact mechanism of proliferation of CD in patients using PPI remains unclear (Maes, Fixen
& Linnebur, 2017). In our study, patients with CDI significantly more often used PPI. The
necessity of PPI use should be carefully evaluated for hospital patients, especially those
already receiving antibiotics.

Patients with CDI more frequently have chronic illnesses (Eze et al., 2017; De Roo &
Regenbogen, 2020; Furuya-Kanamori et al., 2015a; Kirkwood et al., 2018). In our study
atherosclerosis, ischemic heart disease and history of malignant neoplasms were correlated
with CDI. Furthermore, patients with CDI significantly more often received statins,
b-blockers and acetylsalicylic acid. This correlation could be explained by the fact that
these drugs are used to treat the comorbidities that are associated with development of
CDI. The correlation between EuroSCORE and CDI could be explained similarly.

Time of hospital stay is an important risk factor for the development of CDI (Flagg et
al., 2014; Chalmers et al., 2016). Spores can remain in the hospital environment for several
months and are difficult to remove with traditional disinfectants (Barbut, 2015). We also
showed the significant role of hospitalization time in the risk of CDI.

Besides periprocedural antimicrobial prophylaxis, some patients received an additional
antibiotic due to accompanying infections, and these patients had greater chance of
contracting CDI. In our study cefazolin, ceftriaxone and fluoroquinolone were the most
frequently used antibiotics (Table 3). The relationship between antibiotic treatment and
the risk of CDI has also been demonstrated in other studies (McFarland, Surawicz ¢
Stamm, 1990; Eze et al., 2017; De Roo & Regenbogen, 2020; Furuya-Kanamori et al., 2015a;
Kirkwood et al., 2018; Ge et al., 2018; Kazakova et al., 2020; Jachowicz et al., 2020). It should

Rzucidto-Hymczak et al. (2020), PeerJ, DOI 10.7717/peerj.9972 11/16

19



PeerJ

be remembered that any antibiotic may be the cause of CDI, even those used to treat CDI
(McDonald et al., 2018). Appropriate antibiotic management can help to reduce the risk of
postoperative CDI.

In this study, a large number of patients received metronidazole for CDI treatment
(Table 3). Our analysis was performed between 2014 and 2016 and treatment of CDI
was consistent with the 2010 recommendations (Cohen et al., 2010). Current guidelines
confirm that metronidazole has a lower efficacy compared with vancomycin and they
support the use of vancomycin over metronidazole in CDI (McDonald et al., 2018).

In our study the most cases of CDI occurred in March. This result is comparable with
other studies that have shown that CDI has a similar seasonal pattern characterized by a
peak in spring and lower frequencies in summer and autumn months (Furuya-Kanamori et
al., 2015b). Jachowicz et al. (2020) showed an additional peak of healthcare associated CDI
occurring from October to December. The mechanisms responsible for the seasonality of
CDI remain poorly understood, although it has been proposed that the observed seasonality
is associated with a higher incidence of respiratory infections, which leads to an intensified
use of antibiotics during winter and spring months.

One of the most challenging aspects for patients with CDI is the recurrence of the disease
after successful initial therapy is completed, which has been observed in between 15 to 35%
of patients (De Roo ¢ Regenbogen, 2020; Dharbhamulla et al., 2019). We observed a relapse
in about 13% of patients with CDL. It is possible that this discrepancy was the result of
different times of observation. In our study we assessed relapses that occurred only during
the same hospitalization stay as the surgery. The causes of recurrent CDI are also unclear
(Dharbhamulla et al., 2019). In our study, the risk of recurrent CDI significantly increased
for patients with diabetes mellitus or ischemic heart disease and for those with higher BMI
or higher glucose level on the day of surgery. Similar to Predrag et al., we also revealed an
association of relapses with high CRP during the first episode of CDI (Predrag et al., 2020).

Data on mortality for patients who acquired CDI after surgery varies from 2.5 to 27.7%
and is much higher than mean in-hospital death after cardiac surgery (1-4%) (Vondran et
al., 2018; Flagg et al., 2014; Mazzeffi et al., 2014). Our result of a 21% mortality rate validate
these findings. We showed that patients that had emergent procedures, prolonged stay
in the intensive care unit, longer mechanical ventilation or a high WBC count during
an episode of diarrhea have a higher risk of death. These findings are consistent with
other results (Ricciardi et al., 2007; Furuya-Kanamori et al., 2015a; Furuya-Kanamori et al.,
2015b; Gelijns et al., 2014; Vondran et al., 2018; Flagg et al., 2014; Debast, Bauer & Kuijper,
2014). In our study, prolonged hospitalization time before surgery was a risk factor for CDI
but correlated with lower mortality. Longer hospital stay could help to ensure that patients
enter elective surgery in the best condition possible in contrast to emergent procedures.

Limitations

This study has several limitations. It was a retrospective study based on available data
obtained during patients’ cardiac procedure hospital stay. Therefore, the true incidence
of CDI could be higher due to a lack of information regarding potential post-discharge
diagnosis of the disease. The size of the study group was limited and patients were very
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heterogeneous. It is probable that analysis of patients with one type of cardiac surgery may
provide different results.

CONCLUSION

In conclusion, this study did not reveal any specific cardiac surgery-related risk factors
for development of CDI. Also, frequency of relapse and mortality rate were similar to
non-cardiac surgery. Studies in larger cohorts are needed to confirm these findings.
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Abstract

Background

Itis unclear whether acid-base balance disturbances during the perioperative period may
impact Clostridium difficile infection (CDI), which is the third most common major infection
following cardiac surgery. We hypothesized that perioperative acid-base abnormalities
including lactate disturbances may predict the probability of incidence of CDI in patients
after cardiac procedures.

Methods

Of the 12,235 analyzed patients following cardiac surgery, 143 (1.2%) developed CDI. The
control group included 200 consecutive patients without diarrhea, who underwent cardiac
procedure within the same period of observation. Pre-, intra and post-operative levels of
blood gases, as well as lactate and glucose concentrations were determined. Postopera-
tively, arterial blood was drawn four times: immediately after surgery and successively; 4, 8
and 12 h following the procedure.

Results

Baseline pH was lower and PaO, was higher in CDI patients (p < 0.001 and p= 0.001,
respectively). Additionally, these patients had greater base deficiency at each of the ana-
lyzed time points (p <0.001, p=0.004, p=0.012, p=0.001, p=0.016 and p=0.001,
respectively). Severe hyperlactatemia was also more common in CDI patients; during the
cardiac procedure, 4 h and 12 h after surgery (p=0.027, p=0.004 and p=0.001, respec-
tively). Multivariate logistic regression analysis revealed that independent risk factors for
CDl following cardiac surgery were as follows: intraoperative severe hyperlactatemia (OR

PLOS ONE | https://doi.org/10.1371/journal.pone.0248512 March 17, 2021

1/13

25



PLOS ONE

Acid-base disturbances and Clostridioides difficile infection in patients undergoing cardiac surgery

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
information files.

Funding: This article was supported by science
found on John Paul Il Hospital, Krakow, Poland
(no. FN1/2021 to D.P.).

Competing interests: The authors have declared
that no competing interests exist.

2.387,95% Cl 1.155-4.933, p=0.019), decreased lactate clearance between values imme-
diately and 12 h after procedure (OR 0.996, 95% CI 0.994-0.999, p=0.013), increased age
(OR 1.045, 95% CI 1.020-1.070, p < 0.001), emergent surgery (OR 2.755, 95% Cl 1.565—
4.848, p<0.001) and use of antibiotics other than periprocedural prophylaxis (OR 2.778,
95% Cl11.690-4.565, p< 0.001).

Conclusion

This study is the first to show that perioperative hyperlactatemia and decreased lactate
clearance may be predictors for occurrence of CDI after cardiac surgery.

Introduction

Clostridioides difficile (CD) is an anaerobic, Gram-positive bacillus, which may be part of the
normal intestinal microbiota in healthy people. However, approximately 15% of adults experi-
ence colonization by CD and the prevalence is several times higher in hospitalized patients
and in long-term care facilities residents [1]. CD is the most common cause of hospital-
acquired diarrhea leading to increased morbidity and mortality in surgical patients [2]. In the
last decades, the incidence of Clostridium difficile infection (CDI) has increased markedly
worldwide [3, 4]. CDI is the third most common major infection (after pneumonia and blood-
stream infections) following cardiac surgery [5].

There are many well-established risk factors for CDI development. These may include host
factors (immune status, comorbidities), exposure to CD spores (hospitalizations) and other
factors that disrupt normal colonic microbiome (antibiotics and other medications or surgery)
[6]. It has also been shown that high glucose levels and stress hyperglycemia during the early
postoperative period were associated with greater risk for development of CDI in patients fol-
lowing cardiac surgery [7]. It is unclear whether other acid-base disturbances, especially the
development of hyperlactatemia in the perioperative period, may impact CDI occurrence.

Hyperlactatemia is a common occurrence in cardiac surgery and affects about 10 to 20% of
patients [8]. Lactate is a product of pyruvate reduction by the enzyme lactate dehydrogenase
during glycolysis. It is produced during physiological processes and is cleared by the liver and
the kidney. However, in critically conditions associated with tissue hypoxia and anaerobic
metabolism, pyruvate is accumulated rapidly and its metabolism is shifted to lactate produc-
tion [9]. Hyperlactatemia can also result from reduced clearance, thus when increased produc-
tion of lactate coexists with decreased clearance, the severity of the hyperlactatemia escalates
[10]. An elevated lactate level can have profound hemodynamic consequences and is a well-
recognized marker of circulatory failure and tissue hypoxia [11, 12] as well as being a sensitive
and specific indicator of intestinal ischemia [13, 14]. Early onset of hyperlactatemia which
develops intraoperatively or within the first 6 hours after surgery is associated with an
increased risk for worse outcomes, prolonged hospital stay and death [8, 11, 12].

To the best of our knowledge, there have been no studies investigating the impact of acid-
base balance disturbances on CDI occurrence following cardiac surgery. In the present report
we tested the hypothesis that perioperative acid-base abnormalities, including lactate distur-
bances, may predict the probability of incidence of CDI in patients after cardiac procedures.
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Materials and methods
Patients

This retrospective study was conducted by reviewing the medical records of 12,235 adult
patients who underwent cardiac surgery in our institution from January 2014 to December
2019. The final study population comprised 143 patients who developed CDI during the post-
operative period. The control group included 200 consecutive patients without diarrhea, who
underwent cardiac surgery within the same period of observation. CDI was suspected in each
patient experiencing three or more unformed stools per day and it was defined as a combina-
tion of symptoms and signs of the disease and confirmed by microbiological evidence of
toxin-producing CD in the patients’ stools [15]. Stool samples were analyzed using the rapid
enzyme immunoassays test C, Diff Quik Chek Complete test (Techlab, Orlando, USA). Addi-
tionally, demographics, comorbidities, type and timing of cardiac surgery, perioperative infec-
tions and antibiotic treatment, readmission to intensive care unit and lastly in-hospital length
of stay were collected.

Each patient received periprocedural antimicrobial prophylaxis, based on the first genera-
tion of cephalosporin (cefazolin). This was continued for another 3 to 5 doses postoperatively.
Only in cases of history of allergy to cephalosporins or penicillin, clindamycin was
administered.

The study was performed in accordance with the Declaration of Helsinki. The study was
approved by the local Research Ethics Committee of the Andrzej Frycz Modrzewski Krakow
University (ID 10/2019), which waived the need for inform consent due to the retrospective
manner of analysis. Data were collected from Electronic Medical Records of John Paul II Hos-
pital in Krakow (Poland), between January and March 2020. Personal identifiable information
of the participants was anonymized upon extraction of the relevant data for the study, and
patients were coded using numbers (1, 2, or 3, and so on).

Laboratory investigations

Acid-base balance analyses were obtained from arterial lines that were placed in all patients
before the cardiac procedure. Blood gases (pH, PaCO,, PaO,, base excess (BE)) as well as lac-
tate and glucose concentrations were determined. Preoperative, intraoperative and postopera-
tive levels of these parameters were assessed. Postoperatively, arterial blood was drawn four
times: immediately after surgery and successively 4, 8 and 12 h following the procedure.

In our laboratory the reference ranges for normal values were as follows: for pH 7.35-7.45,
for PaCO, 35-45 mmHg, for PaO, 74-108 mmHg, for BE -2.5-+2.5 mEq/l, for serum lactate
concentration 0.5-1.6 mmol/l and for glucose concentration 3.9-5.5 mmol/l. The ranges were
based on internal laboratory standardization for acid-base balance analyses and measurements
were performed with ABL 835 FLEX blood gas analyzer (Radiometer Medical ApS, Bronshgj,
Denmark).

Hyperlactatemia was defined as a peak lactate value > 2 mmol/l. Severe hyperlactatemia
was diagnosed when peak lactate value was > 4 mmol/l based on our institution’s laboratory
reference ranges and a review of literature [8, 12, 16, 17]. Lactate clearance was calculated as
follows: [(lactate initial— lactate delayed) /lactate initial] x 100% [18]. In this study the lactate
clearances were calculated for the following intervals: between measurements preformed
immediately and 4 h after surgery, between 4 h and 8 h following procedure, between 8 h and
12 h post operation, between values immediately and 12 h following surgery and finally
between intraoperative values and 12 h after procedure.
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Table 1. Baseline characteristics.

Stress hyperglycemia was defined as one or more blood sugar concentration > 180 mg/dl
(10 mmol/l) during the first 24 h of the postoperative course [5].

Statistical analysis

Statistical analysis was performed using the IBM™ SPSS™ Statistics 25. Normal distribution
was tested using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Continuous variables were
presented as mean and standard deviations (+) or median and interquartile ranges when
appropriate. For categorical variables, numbers and proportions were reported. When appro-
priate, parametric and non-parametric tests were used for either independent samples (chi-
squared test, Mann-Whitney U test, t-test) or repeated measurements (McNemar’s test,
Wicoxon signed-rank test, Firedman test). For ordinal variables, two sample Kolmogorov-
Smirnov tests were used. Multivariate logistic regression model was calculated to determine
independent predictors for CDI. A 2-tailed p value of < 0.05 was considered to indicate statis-

tical significance.

Results

Of the 12,235 patients, 143 (1.2%) developed CDI. The CDI and control groups of analyzed
patients were comparable, however patients with CDI were older in comparison to the control
group (median age 71 vs 67, p < 0.001). Additionally, the CDI patients more often had a his-
tory of malignant neoplasms (p = 0.048) (Table 1).

Acid-base balance

As shown in Table 2, patients with CDI had lower values of pH during the whole observation
period, however, a significant difference was observed only during the preoperative period

(p < 0.001, compared with the control group). There was no difference between groups in
PaCO, levels in any of the studied periods, while PaO, was higher in CDI patients only at base-
line (p = 0.001). Furthermore, at each of the analyzed time points, patients with CDI had
greater base deficiency (more negative BE) (p < 0.001, p = 0.004, p = 0.012, p = 0.001,

p =0.016 and p = 0.001, respectively compared with the control group).

Variable Patients with CDI (n = 143) | Patients without CDI (n = 200) ‘ p-value

Age, (years) 71 [64-77] 67 [61-72] \ <0.001

Male sex, n (%) 93 (65) | 135 (67.5) ‘ 0.634

Comorbidities, n (%) | | \
Hypertension 112 (78.3) 160 (80) 0.705
Dyslipidemia |69 (48.3) 92 (46) 0.680
Diabetes mellitus 44 (30.8) 46 (23) 0.107
Chronic kidney disease |32 (224) 29 (14.5) ‘ 0.060
Atherosclerosis 23 (16.1) 19 (9.5) 0.067
Obesity 21 (14.7) 120(10) | 0.187
History of neoplasm | 15 (10.5) 10 (5.0) | 0.048
Peptic ulcer disease 19(6.3) | 12(60) ‘ 0911
Nicotinism 5(3.5) 8 (4.0) 0.810

Values are displayed as median [with 25th-75th percentiles inter-quartile range] or number (percentage). CDI: Clostridium difficile infection.

https://doi.org/10.1371/journal.pone.0248512.t1001
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Table 2. Variables of acid-base balance in both analyzed groups.

Variable Patients with CDI (n = 143) Patients without CDI (n = 200) p-value
pH
PREOP 7.422 (7.372-7.445] 7.434 [7.413-7.451] <0.001
INTRA 7.326 [7.269-7.376) 7.336 [7.297-7.380] 0.062
HO 7.317 [7.273-7.369] 7.324 [7.278-7.362] 0.347
H4 7.334 (7.266-7.380] 7.337 [7.306-7.371] 0.170
H8 7.342 (7.278-7.389] 7.354 (7.316-7.379] 0.167
H12 7.343 [7.286-7.375] 7.348 [7.323-7.381] 0.080
PaCO2 (mmHg)
PREOP 36.80 [33.80-40.10] 36.80 [34.60-38.77] 0.721
INTRA 40.90 [36.90-44.60] 41.35 [37.40-44.90] 0.432
HO 40.30 [36.90-44.60] 40.80 [37.95-44.70] 0.129
H4 40.10 [35.80-43.70] 40.70 [37.60-44.10] 0.149
H8 38.90 [36.10-42.10] 39.10 [36.30-42.60] 0.486
H12 39.10 (36.17-43.90] 39.80 [37.10-43.70] 0.211
Pa02 (mmHg)
PREOP 103.0 [82.1-221.0] 87.7 [79.92-100.72] 0.001
INTRA 204.0 [129.0-296.0] 212.0 [136.50-302.75] 0.900
HO 165.0 [140.0-192.0] 174.5 [133.25-202.75] 0.252
H4 163.0 [130.0-182.0] 157.5 [122.50-182.0] 0.436
HS 151.0 [128.0-168.0] 152.0 [125.0-174.0] 0.735
H12 144.0 [116.0-172.0] 151.0 [127.0-171.0] 0.155
BE (mEq/1)
PREOP -0.60 [-2.90-1.50] 0.7 [-0.8-1.8] <0.001
INTRA -5.10 [-7.30- -3.10] 4.0 [-5.8- -1.7] 0.004
HO -4.90 [-7.10- -2.70] -4.2 [-6.17--2.1] 0.012
H4 -4.80 [-6.60- -2.30] -36[-5.1- -1.8] 0.001
HS -4.20 [-6.50- -2.40] 34 [-5.2--1.5] 0.016
HI12 -3.95 [-6.95- -2.20] -3.0 [-4.8- -1.5] 0.001
Lactate (mmol/l)
PREOP 1.0 [0.7-1.5] 1.1 [0.9-1.47) 0.126
INTRA 2.3[1.7-3.7) 22 [1.6-2.9] 0.202
HO 2.1 [1.3-3.6) 2.0 [1.32-3.0] 0.217
H4 2.2[1.3-4.3] 1.9 [1.2-3.0] 0.008
H$ 2.2 [1.4-4.1] 1.8 [1.2-3.1] 0.014
HI12 2.1 [1.2-4.6] 1.6 [1.1-2.6) 0.001
Lactate > 4 mmol/l, n (%)
PREOP 5 (1.5) 4(12) 0.393
INTRA 27 (7.9) 21(6.1) 0.027
HO 27 (7.9) 23(6.7) 0.056
H4 38 (11.1) 28(8.2) 0.004
H8 36 (10.5) 37(10.8) 0.143
Hi12 40 (12.0) 25(7.5) 0.001
Lactate clearance (%)
0-4h -1.72 [-42.86-15.00] 6.46 [-18.04-23.08) 0.003
4-8h -1.47 [-35.48-13.64] 0.0 [-29.85-17.29] 0.500
8-12h 9.09 [-9.09-23.19] 10.666 [-13.33-31.58] 0.130
0-12h 0.00 [-69.23-35.00] 15.045 [-23.41-38.46] 0.006
(Continued)
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Table 2. (Continued)

Variable | Patients with CDI (n = 143) | Patients without CDI (n = 200) p-value
INTRA-12 h 6.47 [-64.77-45.75] | 25.00 [-15.38-45.45] 0.028

Glucose (mmol/l) I |
PREOP 6.1 [5.4-7.7) 6.0 [5.4-7.17) 0.600
INTRA [ 94 [7.5-11.5] | 8.55[7.2-10.4] 0.032
HO 9.0 (7.0-109] | 825 [6.9-10.2] 0.040
Ha |87(7.1-105] 795 [6.7-94] 0019
H8 | 8.6 [7.2-9.9] | 83 [7.2-9.6] 0.498
HI12 1 8.3[7.0-102] 1 8.6 [7.2-9.6] ~ 0.758

Glucose >10 mmol/l,n (%) | |
PREOP 18 (5.25) 17 (4.96) 0.218
INTRA | 58 (16.90) 62 (18.07) 0.067
HO | 49 (14.28) | 52 (15.16) 0.098
H4 | 46 (13.41) | 41 (11.95) 0.014
H8 32 (9.36) 38 (11.11) 0.458
HI12 38 (11.41) 37 (11.11) 0.110

Values are displayed as median [with 25th-75th percentiles inter-quartile range] or number (percentage). CDI:
Clostridium difficile infection; H0: measurements taken immediately after surgery; H4: measurements taken 4 h after
surgery; H8: measurements taken 8 h after surgery; H12: measurements taken 12 h after surgery; INTRA:
measurements taken during operation; PREOP: measurements taken before surgery.

https://doi.org/10.1371/journal.pone.0248512.t1002

Patients from the control group had the highest lactate concentration during surgery, then
their lactate levels gradually decreased, whereas lactate clearance progressively increased. In
CDI patients, lactate was also at maximum concentration during the procedure and remained
elevated until the last observation. Additionally, patients with CDI at each of the analyzed time
points, excluding the preoperative period, had higher lactate levels than the control group.
During the postoperative course, in the last three measuring time points, this difference was
significant (p = 0.008, p = 0.014 and p = 0.001, respectively). Severe hyperlactatemia was more
common in CDI patients during the cardiac procedure, 4 h and 12 h after surgery (p = 0.027,
p =0.004 and p = 0.001, respectively, compared with the control group). The lactate clearance
assessments were lower in patients with CDI during three intervals: between values immedi-
ately and 4 h after surgery, between measurements immediately and 12 h following surgery
and between intraoperative values and 12 h after the procedure (p = 0.003, p = 0.006 and
p = 0.028, respectively, compared with the control group). Patients with CDI also had higher
glucose concentration than patients without CDI during the cardiac procedure, immediately
and 4 h after surgery (p = 0.032, p = 0.040 and p = 0.019, respectively). Moreover, 4 h following
surgery, patients with CDI more often had stress hyperglycemia (p = 0.014) (Table 2).

Perioperative characteristics

There was no difference between analyzed groups in the type of operations (p = 0.448). The
most common surgical procedures were heart valve surgery and coronary artery bypass graft-
ing (for CDI patients: 37.8% and 37.1% and for non-CDI patients: 28.0% and 46.5%, respec-
tively). There was also no difference in the type of perioperative antimicrobial prophylaxis
used in the patients with and without CDI (p = 0.537) (Table 3).

Patients with CDI more frequently underwent emergent surgery, had longer cardiopulmo-
nary bypass time and were more often readmitted to intensive care unit (p < 0.001, p = 0.010
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Table 3. Perioperative data.

Variable Patients with CDI (n = 143) Patients without CDI (n = 200) p-value
Type of surgery, n (%) 0.448
HVS 54 (37.8) 56 (28)
CABG 53 (37.1) 93 (46.5)
Aortic surgery 15 (10.5) 9(4.5)
CABG + VHS 10 (7.0) 17 (8.5)
CABG + aortic surgery 6(4.2) 18 (9.0)
MIDCAB 5(3.5) 7 (3.5)
Timing of surgery, n (%) <0.001
Elective 94 (65.7) 167 (83.5)
Emergent 49 (34.3) 33(16.5)
Cardiopulmonary bypass time, (min) 106.0 [75.7-158.7] 95.0 [72.0-120.0] 0.010
HVS 123.0 [99.5-163.5] 106.0 [91.0-129.0]
CABG 74.0 [60.0-93.0] 78.0 [64.0-97.0]
Aortic surgery 200.0[120.0-225.0] 137.0 [105.0-211.5]
CABG + VHS 135.0 [115.0-215.0] 126.5 [97.5-147.2]
CABG + aortic surgery 205.0 [99.5-248.5] 102.0 [78.2-126.0]
Aortic cross-clamp time, (min) 66.5[37.2-915) 58.0 [39.2-79.0] 0.144
HVS 76.0 [63.0-98.5] 71.0 [58.0-89.0]
CABG 37.0 [31.0-44.0] 42.0 [33.5-54.5]
Aortic surgery 113.5 [83.0-162.0] 89.0 [75.0-111.5]
CABG + VHS 87.0 [72.5-142.0] 82.0 [69.2-99.2]
CABG + aortic surgery 88.0 [50.5-167.0] 64.5 [29.0-80.0]
Readmission to Intensive Care Unit, n (%) 29 (20.3) 18 (9.0) 0.003
Length of hospital stay, (days) 22 [14.00-41.00] 7 [6.00-9.75] <0.001
Periprocedural prophylaxis based on Cefazolin, n (%) 132 (92) 188 (94) 0.537
Antibiotic other than periprocedural prophylaxis, n (%) 71 (49.6) 51 (25.5) <0.001
Ceftriaxone 45 (31.5) 23 (11.5) <0.001
Vancomycin 20 (14) 21(10.5) 0.326
Fluoroquinolone 18 (12.6) 15(7.5) 0.115
Piperacillin/Tazobactam 13 (9.1) 6(3.0) 0.015
Meropenem 10 (7.0) 6(3.0) 0.084
Ampicillin 5(3.5) 6(3.0) 0.797
Cloxacillin 6(4.2) 3(1.5) 0.124
Clindamycin 5(3.5) 7(3.5) 0.999
Gentamicin 5(3.5) 4(2.0) 0.393
Rifampicin 5(3.5) 2(1.0) 0.107
Amoxicillin/Clavulanic acid 3(2.1) 2(1.0) 0.403
Teicoplanin 3(2.1) 1(0.5) 0.174
Cefuroxime 2(1.4) 0(0) 0.093
Colistin 2(1.4) 1(0.5) 0.378
Erythromycin 1(0.7) 0(0) 0.236
Accompanying infection, n (%) 67 (46.9) 46 (23) <0.001
Wound infection 19 (13.3) 13 (6.5) 0.033
Pneumonia 16 (11.2) 10 (5.0) 0.033
Sepsis 39 (27.3) 25(12.5) 0.001
(Continued)
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Table 3. (Continued)

Variable Patients with CDI (n = 143) Patients without CDI (n = 200) p-value
Infective endocarditis | 5(3.5) | 4(2.0) | 0.393

Values are displayed as median [with 25th-75th percentiles inter-quartile range] or number (percentage). CDI: Clostridium difficile infection; HVS: heart valve surgery;
CABG: coronary artery bypass grafting; MIDCAB: minimally invasive coronary artery bypass.

https://doi.org/10.1371/journal.pone.0248512.t003

Table 4. Multivariate logistic regression for risk of Clostridioides difficile infection.

Variable OR (95% CI) ‘ p-value

Age | 1.045 (1.020-1.070) | <0.001
Emergent surgery 2.755 (1.565-4.848) | <0.001
Lactate clearance 0-12H 0.996 (0.994-0.999) ‘ 0.013
INTRA Lactate > 4 mmol/l 2.387 (1.155-4.933) ‘ 0.019
Antibiotic other than periprocedural prophylaxis 2.778 (1.690-4.565) ‘ <0.001

OR: odds ratio; CI: confidence interval; INTRA: measurements taken during operation.

https://doi.org/10.1371/journal.pone.0248512.1004

and p = 0.003, respectively, compared with the control group). Additionally, patients with CDI
more often had accompanying infections (p < 0.001), such as wound infection, pneumonia
and sepsis (p = 0.033, p = 0.033 and p = 0.001, respectively, compared with the control group).
These patients also more often received additional antibiotics besides periprocedural antimi-
crobial prophylaxis (p < 0.001, compared with the control group). Ceftriaxone and piperacillin
plus tazobactam were used more frequently in patients with CDI than in non-CD subjects

(p < 0.001 and p = 0.015, respectively). The median length of hospital stay for CDI patients
was 22 days [14.00-41.00] and 7 days [6.00-9.75] for patients without CDI (p < 0.001)

(Table 3).

Multivariate logistic regression analysis revealed that independent risk factors for CDI fol-
lowing cardiac surgery were intraoperative severe hyperlactatemia (OR 2.387, 95% CI 1.155-
4.933, p = 0.019), decreased lactate clearance between values immediately and 12 h after proce-
dure (OR 0.996, 95% CI 0.994-0.999, p = 0.013), increased age (OR 1.045, 95% CI 1.020-1.070,
p < 0.001), emergent surgery (OR 2.755, 95% CI 1.565-4.848, p < 0.001) and use of antibiotics
other than periprocedural prophylaxis (OR 2.778, 95% CI 1.690-4.565, p < 0.001) (Table 4).

Discussion

To the best of our knowledge, this study is the first to evaluate the association between periop-
erative changes in an acid-base balance and CDI incidence in patients after cardiac surgery.
We demonstrated that perioperative increased lactate concentration and decreased lactate
clearance may be independent predictors of occurrence of CDI in the analyzed group of
patients.

Acid-base balance

In this study, patients with CDI had higher lactate levels after surgery in comparison to the
control group. The most significant difference was 12 h following surgery. Most cases of severe
hyperlactatemia also occurred at that time. Moreover, patients with CDI had reduced lactate
clearance, therefore hyperlactatemia was intensified by impaired lactate clearance.
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There are many potential causes of hyperlactatemia in cardiac surgical patients [8]. One
cause may be tissue hypoperfusion and anaerobic metabolism as a result of inadequate oxygen
delivery during cardiopulmonary bypass. Other reasons of elevated lactate levels may be renal
failure, shock, excessive administration of lactated Ringer’s solution and use of catecholamines
[8]. Hajjar et al. showed that high lactate levels at the end of the cardiac surgery and during the
postoperative period can identify patients with worse postoperative outcomes including a
higher rate of 30-day mortality [16]. Similarly, Maillet et al. proved that lactate threshold of 3
mmol/] at admission to the intensive care unit is able to identify a population at risk of mor-
bidity and mortality after cardiac surgery [17]. Therefore, a targeting therapy to reduce or pre-
vent the increase in lactate levels may improve outcomes of post cardiac surgery [8, 12, 16, 17].
It is also known that early onset hyperlactatemia that develops intraoperatively or within the
first 6 hours after surgery is associated with an increased risk for worse hemodynamic out-
comes, prolonged hospital stay and death, whereas late onset hyperlactatemia is associated
with a benign postoperative course [8]. Our study showed that both early and late onset hyper-
lactatemia may affect the incidence of CDI.

Besides higher lactate levels, patients with CDI also had more negative BE throughout the
perioperative period. An excessive negative BE result indicates an alkaline deficiency and best
reflects metabolic acidosis after cardiac surgery. This may in part be explained by the fact that
lactate is a strong anion that is virtually fully dissociated at physiological pH, and increased lac-
tate concentration reduces the strong ion difference and exerts an acidifying effect on the
blood [8]. It is also known that other underlying causes for acid-base disturbances after cardiac
surgery are manifold and are best displayed by changes in BE [19].

We also demonstrated that patients with increased glucose levels during the operation and
in the early postoperative period were at greater risk for development of CDI. This finding is
consistent with the results of a study by Kirkwood et al., who demonstrated the association of
acute hyperglycemia with an increased risk of CDI [20]. Similarly, Gelijns et al. showed that
stress hyperglycemia was associated with major infection after cardiac surgery [5]. It should be
emphasized that our study did not show that diabetes mellitus is associated with the risk of
CDI. Our study only proved this association for abnormally high blood glucose levels during
the perioperative course. Hyperglycemia induces an impairment of host defenses (e.g., damage
to the neutrophil function, disturbances of the oxidant system and humoral immunity) and
favor the greater frequency of infections [21]. Therefore, guidelines recommend a rigorous
control of glycemia during the postoperative period to reduce surgical infections [22].

Perioperative characteristics

There is significant evidence that many comorbidities increase the risk of CDI development.
Several well-established risk factors such as older age, inflammatory bowel disease, gastrointes-
tinal surgery and immunological incompetence caused by malignant neoplasms, transplanta-
tions, chronic kidney diseases and immunosuppressant therapy are associated with an
increased occurrence of CDI [23-26]. Our results validate these findings and we also showed
that older age and a history of malignant neoplasms were associated with increased risk of
CDL

Timing of surgery was also an important risk factor for the development of CDI. In our
report the most cases of CDI occurred after emergent surgery. This finding is consistent with
the results of Lemaire et al., who also demonstrated the significant role of emergent cardiac
surgery in the development of CDI [27]. Our results also validate the findings of Gelijns et al.,
who suggested that longer cardiopulmonary bypass time had an impact on major infection
after cardiac surgery including CDI [5].
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In our study, besides periprocedural antimicrobial prophylaxis, some patients received an
additional antibiotic due to accompanying infections other than CDI, and these patients had
greater chance of contracting CDI. Infection of the wound, pneumonia and sepsis were the
most likely factors correlated with CDI occurrence. In part, this finding could be explained by
reduction in immune response to infections and the need for additional antibiotics in such
patients. It is well known that the risk of CDI increases substantially with multiple, prolonged
antibiotic exposure [27, 28]. The pathogenesis of CDI includes disruption of the host micro-
biota, usually with broad-spectrum antibiotics, proliferation of toxins after germination of CD
in the colon, and lack of immune response to the infection [29]. It should be highlighted that
the majority of antibiotics may lead to development of CDI, yet most often it is caused by clin-
damycin, third-generation cephalosporins, fluoroquinolones and broad-spectrum penicillins
[28]. In our research, the analysis of the antibiotics used before the CDI also showed that ceftri-
axone (third-generation cephalosporin) and piperacillin plus tazobactam (broad-spectrum
penicillin) were the antibiotics mostly correlated with the development of postoperative CDI.
A serious approach must be undertaken to reduce unnecessary and excessive administration
of antibiotics in surgical patients thereby preventing the development of CDI.

The majority of reports confirm the finding presented in this study, that prolonged hospi-
talization in the intensive care unit may be a significant risk factor of patients developing CDI
[30, 31]. In our study patients who were readmitted to this ward had greater chance of infec-
tion. Also, Suljagic et al. showed that duration of intensive care unit stay could be a significant
predictor of CDI in surgical patients [31]. A reason could be that this group of patients were in
a worse general condition, had more comorbidities or co-infections and received additional
antibacterial treatment. There are studies that indicate that CDI affects the length of hospital
stay [20, 27]. We also proved that patients with CDI had longer median postoperative inpatient
stay (from surgery to discharge). Longer hospitalization in CDI patients most likely increases
the cost of hospitalization after cardiac surgery, but unfortunately we have not studied this.

Limitations

This study has several limitations. It was a retrospective research, based on available medical
data. Therefore, the incidence of CDI could be higher due to a lack of information regarding
potential post-discharge diagnosis of the disease. The size of the study group was limited.
Moreover, the relation between CDI and accompanying infections is not clear, because the
time sequence of the development of other infections was not collected. We assumed that
patients who developed an accompanying infection had been treated with antibiotics and
therefore would be more susceptible to CDI. However, it is not known whether CDI or other
infections developed first. At this time, it is clear that there is an association between CDI and
wound infection, pneumonia and sepsis. A prospective study with postoperative follow-up
would identify the time of development of CDI and accompanying infections and determine
causality. Additionally, excess length of hospital stay due to CDI should be interpreted with
caution, because we did not take into account other adverse events and complications (e.g.
other infections, hemodynamic instability) after surgery which may have affected length of
hospital stay. Finally, most importantly, in our study we did not investigate the causes of
hyperlactatemia after cardiac surgery.

Conclusion

In conclusion, our findings indicate that perturbations of the perioperative acid-base balance
increase the risk of CDI in patients after cardiac surgery. Correlation between severe hyperlac-
tatemia and impaired lactate clearance and CDI incidence might suggest that these markers
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could be useful in identifying patients at higher risk of developing of CDI following cardiac
procedures.
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V. Podsumowanie i wnioski

Praca 1. Clostridioides difficile infection after cardiac surgery: Assessment of

prevalence, risk factors and clinical outcomes- retrospective study

Omowienie wynikow

Sposrod 6,198 operowanych pacjentow u 70 (1,1%) potwierdzono CDI. Pacjenci z CDI byli
starsi w porownaniu do grupy kontrolnej (mediana wieku: 73,0 vs 67,0; P = 0,005). Nie byto
zwigzku pomig¢dzy plcig a wystgpieniem zachorowania (P = 0,595). Wykazano, ze
czynnikami ryzyka CDI byly: wyzsza punktacja ryzyka w skali EUROScore (P < 0,001),
przewlekle choroby towarzyszace, w tym miazdzyca, choroba wiencowa oraz choroba
nowotworowa (P = 0,012, P = 0,036, P = 0,05) oraz przyjmowanie przed zabiegiem lekow
takich jak: PPI, statyny, f-blokery, kwas acetylosalicylowy (P = 0,008, P = 0,012, P = 0,004,
P = 0,001). Pacjenci z biegunka o etiologii CD czgéciej byli hospitalizowani w okresie 6
miesi¢cy poprzedzajacej operacje (P = 0,001).

Najczesciej przeprowadzanymi zabiegami kardiochirurgicznymi byly operacje zastawkowe 1
pomostowanie aortalno-wiencowe (41,4% i 35,7%). Rodzaj operacji kardiochirurgiczej, tryb
przeprowadzania zabiegu, czas zakleszczenia aorty i krazenia pozaustrojowego, wielkos¢
drenazu pooperacyjnego oraz ilo§¢ przetaczanych preparatow krwiopochodnych nie mialy
wyptywu na wystapienie CDI. Pacjenci z biegunka o etiologii CD czgsciej otrzymywali w
szpitalu antybiotyki inne niz profilaktyka okotooperacyjna (P = 0,014). Bezposrednio przed
operacja oraz we wczesnym okresie po zabiegu (w ciggu pierwszych 24 h) obserwowano u
nich nizszy poziom leukocytow w morfologii krwi (P = 0,007, P = 0,007). Ponadto w
pierwszej dobie po zabiegu operacyjnym pacjenci z CDI mieli znamiennie wyzZszy poziom

glukozy (P < 0,001).

Cigzki przebieg CDI obserwowano u 48,6% pacjentow. U 5 (7,1%) chorych przebieg infekcji
mial charakter piorunujacy. Wszyscy pacjenci z CDI leczeni byli antybiotykami (doustnym
metronidazolem, doustng wankomycyng lub doustng wankomycyng z dozylnym
metronidazolem). Nie stosowano w leczeniu fidaksomycyny. U 2 pacjentéw przeprowadzono

zabieg przeszczepienia mikrobioty jelitowej z powodu nawrotéw choroby.

Nie bylo réznicy w czgstosci zachorowania na CDI w poszczeg6lnych latach. Obserwowano z

kolei sezonowo$¢ miesieczng zachorowania. Najwiecej przypadkéw choroby zanotowano w
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marcu (n = 14; 20%), a najmniej w styczniu (n = 2; 3%) (P = 0,038 migdzy marcem a reszta

miesiecy).

U 9 (12,9%) pacjentéow obserwowano nawroty CDI podczas hospitalizacji. Sredni czas
nawrotu wynosit 27,7 + 11,8 dni od pierwszego epizodu choroby. Nawroty CDI obserwowano
czegsciej u otylych pacjentéw, z wysokim poziomem glukozy w pierwszej dobie po zabiegu
oraz wysokim poziomem biatka C-reaktywnego w trakcie pierwszego epizodu biegunki (P =
0,005, P = 0,030, P = 0,009). Ponadto nawroty obserwowano czesciej u pacjentow z choroba
wiencowg oraz z cukrzyca (P = 0,049, P = 0,025).

Pacjenci z CDI cze$ciej umierali w poréwnaniu do grupy kontrolnej (15 (21,4%) vs 7 (9,6%),
P = 0,050). Mediana liczby dni mig¢dzy rozpoznaniem choroby a zgonem wynosita 14,0 (4,0-
25,0). Czynnikami ryzyka zgonu byty: nagly tryb operacji, przedtuzony czas pobytu na
oddziale intensywnej terapii, dluzszy czas mechaniczne] wentylacji, wysoki poziom
leukocytéw oraz dodatni posiew z krwi w trakcie CDI (P = 0,05, P = 0,041, P = 0,004, P =
0,007, P = 0,005).

Dyskusja

Zakazenia o etiologii CD stanowia duzy problem w opiece szpitalnej na calym S$wiecie.
Szacuje si¢, ze zapadalno$§¢ na CDI w oddziatach kardiochirurgicznych wynosi 0,75-3%

(28,31,32).W omawianej pracy u 1,1% operowanych pacjentow wystgpito CDI.

Najbardziej znanym czynnikiem ryzyka zachorowania na biegunke o etiologii CD,
podkreslanym w wielu publikacjach jest wiek >65 roku zycia, co rowniez wykazano w tym
badaniu (25,32,33,34). Pacjenci z CDI rowniez czg$ciej posiadajg przewlekte choroby
wspotistniejace (25,34,35). W przedstawione] pracy choroba nowotworowa, miazdzyca i
choroba niedokrwienna serca korelowaly z wystgpieniem CDI. Ponadto pacjenci z CDI
istotnie czgsciej otrzymywali statyny, f-blokery i1 kwas acetylosalicylowy. Zaleznos¢ te
mozna wyttlumaczy¢ faktem, ze powyzsze leki sg stosowane w leczeniu choréb, ktore
sprzyjaja wystapieniu CDI. W podobny sposdb mozna wyjasni¢ zwigzek migdzy wyzsza
punktacja EUROScore (opartg na wieku i chorobach wspétistniejacych) i rozwojem CDIL

CDI znamiennie czg$ciej wystgpowalo u 0séb z niskim poziomem leukocytow w morfologii
krwi. W pracy Kelly i wsp. wykazano wazng rol¢ neutrofili w odpowiedzi immunologicznej

przeciwko toksynie A CD (36). Neutropenia sprzyja zachorowaniu na CDI a infekcja ta moze
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mie¢ cigzki przebieg zagrazajacy zyciu (37). W prezentowanej pracy nie okreslano jednak

poziomu neutrofili, analizowano jedynie og6lng liczbe krwinek biatych.

Cukrzyca rowniez stanowi znany czynnik ryzyka rozwoju CDI (34). W badaniu naszym nie
udowodniono jednak, by cukrzyca zwigkszata ryzyko biegunki o etiologii CD. Wykazano z
kolei, ze hiperglikemia > 180 mg/dL we wczesnym okresie pooperacyjnym sprzyja

wystapieniu zachorowania. Jest to rowniez zgodne z innymi badaniami (28,35).

Niektore prace sugeruja zwigzek miedzy stosowaniem PPl a rozwojem CDI (33,34,38,39). Z
kolei inne publikacje nie potwierdzajg tych doniesien (40). W naszej pracy pacjenci
otrzymujacy PPI czesciej chorowali na CDI. Mechanizm odpowiedzialny za rozw6j biegunki
o etiologii CD u pacjentow stosujacych PPI pozostaje niejasny. Przypuszcza sig, ze
zwigkszenie pH zofadka powoduje zmiany w mikrobiomie przewodu pokarmowego, ktore
umozliwiaja przezycie wegetatywnym formom CD. Potrzebne s3 jednak dalsze badania w

tym zakresie (39).

Kolejnym, waznym czynnikiem ryzyka zachorowania na CDI jest wcze$niejsza hospitalizacja
oraz szerokospektralna, przedtuzona antybiotykoterapia. Wiadomo bowiem, ze zarodniki CD
moga pozostawa¢ w §rodowisku szpitalnym przez kilka miesigcy i sg trudne do usunigcia za
pomocg tradycyjnych $rodkéw dezynfekujacych (2). Transmisja CD w zakladach opieki
zdrowotnej odbywa si¢ za posrednictwem rak personelu, pacjentow, a takze Srodowiska
szpitalnego (2,3). Hospitalizacja zwigksza szans¢ nabycia CD, natomiast antybiotykoterapia i
zwigzane z tym zmiany w mikrobiocie przewodu pokarmowego zwigkszaja ryzyko progresji
do objawowego zakazenia i1 rozwoju CDI. W naszej pracy pacjenci ktorzy zachorowali na
CDI czgsciej byli hospitalizowani w okresie 6 miesigcy poprzedzajacym zabieg, ponadto
podczas hospitalizacji zwigzanej juz z samym zabiegiem operacyjnym znamiennie czg$ciej
otrzymywali w szpitalu antybiotyki inne niz profilaktyka okolooperacyjna. Warto doda¢, ze
najczesciej stosowanymi antybiotykami u pacjentéw z CDI byty cefazolina, ceftriakson oraz
fluorochinolony. W innych pracach rowniez wykazano zwigzek tych antybiotykow z duzym

ryzykiem rozwoju CDI (33,41).

Ciekawym faktem jest stwierdzona na naszym Oddziale sezonowos$¢ infekcji CD.
Zaobserwowano znamienny wzrost CDI w marcu. Szczyt CDI w okresie wczesnowiosennym
mogt by¢ zwigzany ze zwigkszong konsumpcja antybiotykow w populacji ogolnej w okresie

zimowych przezigbien. Podobny wzorzec zachorowan charakteryzujacy si¢ wzrostem wiosng
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1 nizsza czestoscig infekcji w miesigcach letnich 1 jesiennych, a takze zwigzek CDI ze

stosowaniem antybiotykow wykazano w innych badaniach (41,42).

Warto doda¢, ze w przedstawionej pracy duza liczba pacjentow otrzymywata metronidazol w
leczeniu CDI. Analiza zachorowan na CDI u pacjentow kardiochirurgicznych dotyczyta
bowiem lat 2014-2016, a leczenie CDI bylo zgodne z obowigzujacymi wowczas zaleceniami
z 2010 roku (10). Aktualne wytyczne podkreslaja, ze metronidazol ma mniejsza skutecznos¢
w poréwnaniu z wankomycyng 1 rekomendujg stosowanie wankomycyny zamiast

metronidazolu w leczeniu CDI (9).

Jednym z najtrudniejszych aspektéw CDI pozostaja nawroty choroby, w roznych publikacjach
oceniane nawet na 15-35 % (25,26). W naszym osrodku u 13% pacjentow po zakonczeniu
leczenia pierwszego epizodu CDI odnotowaliSmy nawrét choroby. Rozbiezno$¢ ta
prawdopodobnie wynika z faktu, ze odnotowywano tylko nawroty, ktore pojawity sie¢ w
szpitalu, podczas tej samej hospitalizacji co zabieg operacyjny. Podobnie jak Predrag i wsp.,
wykazalismy zwigzek nawrotow CDI z wysokim poziomem biatka C-reaktywnego podczas

pierwszego epizodu biegunki (43).

Dane dotyczace $miertelnosci pacjentdw, ktorzy zachorowali na CDI operacjach
kardiochirurgicznych wahajg si¢ w przedziale 2,5 -27,7% (31,32). Jest to wynik znacznie
wyzszy niz og6lna srednia zgonow wewnatrzszpitalnych po operacji kardiochirurgicznej (1-
4%) (44). W naszym badaniu $miertelno$¢ pacjentow z CDI wynosita 21,4%. Czynniki
ryzyka zgonu byly podobne jak w innych pracach (28,31,32,34,42). Ciekawym faktem jest, ze
pacjenci ktorzy byli hospitalizowani w okresie 6 miesigcy poprzedzajagcym zabieg czgsciej po
operacji chorowali na CDI, ale jednoczesnie czgsciej przezywali. Nagly tryb operacji byt
skorelowany z wyzsza $miertelnosciag, a wczesniejsza hospitalizacja wptywata na nizsza
$miertelnos¢. Moglo to wynikaé z faktu, iz wcze$niejsza hospitalizacja, czgsto zwigzana byta
z diagnostyka 1 kwalifikacja do zabiegu, pozwalala poddaé si¢ pacjentowi planowemu

zabiegowi chirurgicznemu w jak najlepszym stanie, w przeciwienstwie do procedur nagtych.

Przedstawione badanie ma kilka ograniczen. Praca miata charakter jednoosrodkowy i
retrospektywny, byta oparta na analizie dostepnej dokumentacji medycznej. Zapadalnos¢ na
CDI po zabiegach kardiochirurgicznych mogla by¢ wyzsza, ze wzgledu na brak informacji
dotyczacych ewentualnego wystapienia choroby, po wypisie pacjenta ze szpitala. Liczebno$¢

badanej grupy byta ograniczona, a pacjenci uczestniczacy w badaniu bardzo niejednorodni,
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jednak badana grupa byta reprezentatywna dla chorych poddawanych operacjom

kardiochirurgicznym.

Whioski

1. W pracy tej nie wykazano zadnych specyficznych dla operacji kardiochirurgicznej
czynnikdw ryzyka CDI. Czynniki ryzyka wystgpienia zachorowania byly podobne jak w

publikacjach dotyczacych pacjentow niekardiochirurgicznych.

2. Czynnikami ryzyka nawrotow CDI byly: otylos¢, choroba wiencowa, cukrzyca,
hiperglikemia w pierwszej dobie po zabiegu operacyjnym oraz wysoki poziom biatka C-

reaktywnego w trakcie pierwszego epizodu CDI.

3. Wykazano ze czynnikami ryzyka zgonu wewnatrzszpitalnego w przebiegu CDI byly:
operacja w trybie naglym, przedtuzony czas pobytu na oddziale intensywnej terapii, dtuzszy

czas mechanicznej wentylacji, wysoki poziom leukocytow oraz dodatnie posiewy z krwi.

42



Praca 2. Prognostic role of perioperative acid-base disturbances on the risk of

Clostridioides difficile infection in patients undergoing cardiac surgery

Omowienie wynikow

Sposrod 12,235 analizowanych pacjentéw, u 143 (1,2%) potwierdzono CDI. Pacjenci z
biegunka o etiologii CD byli starsi w poréwnaniu do grupy kontrolnej (mediana wieku: 71,0
vs 67,0; P < 0,001). Dodatkowo znamiennie czg¢$ciej w wywiadzie mieli rozpoznang chorobg

nowotworowg (P = 0,048).

Analiza gazometrii krwi tgtniczej wykazata, ze pacjenci z CDI mieli nizsze pH oraz wigkszy
niedobdr zasad w poroéwnaniu z grupg kontrolng. T¢ zalezno$¢ obserwowano przez caty okres
badania, jakkolwiek znamienng roznice odnotowano dla pH tylko w okresie przed operacja (P
=0,001) a dla BE przez caty okres badania (P < 0,001, P = 0,004, P = 0,012, P = 0,001, P =
0,016, P = 0,001). U 0sob z CDI zaréwno w trakcie zabiegu operacyjnego jak i przez caly
okres obserwacji po zabiegu, utrzymywato si¢ podwyzszone stezenie mleczanu > 2 mmol/l.
Poziom mleczanu > 4 mmol/l, u 0s6b z CDI, obserwowano znamiennie cz¢sciej niz w grupie
kontrolnej w trakcie zabiegu operacyjnego (P = 0,027) oraz 4 i 12 h po operacji (P = 0,004, P
=0,001). Réwniez w grupie pacjentow bez CDI w trakcie zabiegu operacyjnego odnotowano
najwyzszy poziom mleczanu, jednakze u tych osob obserwowano po zabiegu stopniowy
powrdt mleczanu do normy. W przeciwienstwie do pacjentow z CDI w grupie kontrolnej
wrastal jednoczesnie klirens mleczandéw, co sprzyjato normalizacji poziomu mleczanu. U
0sob z CDI klirens mleczanéw w okresie 0-4 h i 0-12 h po zabiegu pozostawal znamiennie
nizszy (P= 0,003, P = 0,006). Ponadto u pacjentow z biegunka CD czg$ciej niz w grupie
kontrolnej odnotowano podwyzszony poziom glukozy, wyniki znamienne statystycznie
uzyskano w trakcie operacji oraz bezposrednio 1 4 h po zabiegu (P = 0,032, P = 0,040, P =
0,019).

Nie zaobserwowano roéznicy dotyczace] rodzaju operacji kardiochirurgicznej, miedzy
analizowanymi grupami chorych (P = 0,448). Najczgsciej przeprowadzanymi zabiegami
zarowno u pacjentow z biegunkg CD jak i u chorych bez CDI byly operacje zastawkowe i
pomostowanie aortalno-wiencowe. W obu grupach chorych nie byto roznicy dotyczacej

stosowanej antybiotykowej profilaktyki okotooperacyjnej (P = 0,537).

Dodatkowo osoby, u ktérych w przebiegu pooperacyjnym wystapito CDI, byli cze¢sciej

poddawani operacji w trybie naglym, odnotowano u nich znamiennie dtuzszy czas krazenia
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pozaustrojowego, czgsciej] wymagaty ponownej hospitalizacji na oddziale intensywnej terapii
po wypisie na oddzial zachowawczy (P < 0,001, P = 0,010, P = 0,003) W pacjentow z CDI, w
trakcie hospitalizacji, cze$ciej odnotowano infekcje towarzyszace, takie jak: zakazenie rany
operacyjnej, zapalenie ptuc i posocznice (P = 0,033, P = 0,033 i P = 0,001). Osoby te oprocz
profilaktyki okotooperacyjnej otrzymywali dodatkowe antybiotyki (P < 0,001). U osob z CDI
znamiennie czesciej stosowano ceftriakson oraz piperacyling z tazobaktamem (P < 0,001, P
= 0,015). Ponadto odnotowano dtuzszg median¢ pobytu w szpitalu pacjentow z CDI, w

poréwnaniu do grupy kontrolnej (22 dni [14,00-41,00] vs 7 dni [6,00-9,75]; P < 0,001).

Wieloczynnikowa analiza regresji logistycznej wykazata, ze niezaleznymi czynnikami ryzyka
wystapienia CDI byty: starszy wiek pacjenta (OR 1,045; 95% CI 1,020-1,070; P < 0,001),
operacja przeprowadzona w trybie pilnym (OR 2,755; 95% CI 1,565-4,848; P < 0,001),
stosowanie antybiotykow innych niz profilaktyka okotooperacyjna (OR 2,778; 95% CI 1,690—
4,565; P < 0,001), nizszy klirens mleczanow w okresie 0-12 h po operacji (OR 0,996; 95% CI
0,994-0,999; P = 0,013) oraz wysokie stezenie mleczanéw w trakcie operacji (OR 2,387;
95% CI 1,155-4,933; P = 0,019).

Dyskusja

Nie znalezli$my badan oceniajacych wptyw zaburzen réwnowagi kwasowo-zasadowej na
wystepowanie CDI po zabiegach kardiochirurgicznych. W niniejszej pracy badano hipotezg,
ze okotooperacyjne nieprawidlowosci kwasowo-zasadowe, w tym zaburzenia mleczanowe,
moga przewidywa¢ prawdopodobienstwo wystgpienia CDI u pacjentow po zabiegach

kardiochirurgicznych.

Hiperlaktatemia jest czestym zjawiskiem w kardiochirurgii, dotyczy okoto 10 do 20%
pacjentow (45). Mleczan jest produktem redukcji pirogronianu (ktéry powstaje podczas
fizjologicznego procesu glikolizy) przez enzym dehydrogenaze mleczanowa. Kwas mlekowy,
ktory powstaje podczas procesow fizjologicznych, jest szybko usuwany przez watrobe i nerki.
Jednakze w stanach krytycznych, zwigzanych z niedotlenieniem tkanek i1 metabolizmem
beztlenowym, dochodzi do kumulacji pirogronianu i nadprodukcji mleczanu. Podwyzszony

poziom mleczanu moze rowniez wynika¢ z jego zmniejszonego klirensu (45,46,47).

Istnieje wiele potencjalnych przyczyn podwyzszonego stezenia mleczanu u pacjentow
kardiochirurgicznych. Jedna z nich moze by¢ hipoperfuzja tkanek 1 niedostarczenie
wystarczajacej ilosci tlenu podczas krazenia pozaustrojowego. Innymi przyczynami moga by¢
niewydolnos¢ nerek, wstrzags, nadmierna podaz roztworu Ringera, zastosowanie
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katecholamin (45). Podwyzszone stezenie mleczanu, ktére rozwija si¢ srédoperacyjnie lub w
ciggu pierwszych 6 h po zabiegu wiaze si¢ ze zwigkszonym ryzykiem gorszych wynikéw
pooperacyjnych, wydtuzeniem pobytu w szpitalu i zgonem pacjentéw kardiochirurgicznych.
Natomiast po6zne wystgpienie hiperlaktetemii jest zwigzane z tagodnym przebiegiem

pooperacyjnym (45).

W pracy tej wykazano, ze pacjenci z CDI mieli po operacji kardiochirurgicznej wyzszy
poziom mleczanu w poréwnaniu grupg kontrolng. Znamienne statystycznie roznice wystapity
4, 8 1 12 h po zabiegu. Ponadto pacjenci z biegunka o etiologii CD mieli obnizony klirens
mleczanu w ciggu 12 h po zabiegu, co dodatkowo sprzyjato utrzymywaniu si¢ wysokiego
stezenia mleczanu. Warto zauwazy¢, ze pracy Hajjar i wsp. wykazano, ze wysoki poziom
mleczanu pod koniec operacji kardiochirurgicznej oraz w okresie pooperacyjnym moze
pomoe zidentyfikowaé pacjentow z gorszymi wynikami pooperacyjnymi, w tym z wyzszym
wskaznikiem 30-dniowej $miertelnosci (48). Podobnie Maillet i wsp. udowodnil, Ze poziom
mleczanu > 3mmol/l, u pacjentdw przy przyjeciu na oddzial intensywnej terapii, pozwala
zidentyfikowa¢ populacj¢ zagrozong wicksza zachorowalnosciag 1 $miertelnoscia po operacji
kardiochirurgicznej (49). W niniejszej pracy nie badano wplywu hiperlaktatemii na
$miertelnos¢ po operacjach kardiochirurgicznych, ale wykazano, ze zarowno wczesny jak i
pézny wzrost stezenia mleczanu a takze obnizony klirens mleczandow moze wplyna¢ na

wystepowanie CDI.

W badaniu wykazano rowniez, ze osoby z podwyzszonym poziom glukozy podczas operacji 1
we wezesnym okresie pooperacyjnym (do 4 h po zabiegu) byly bardziej narazone na rozwdj
CDI. To odkrycie jest zgodnie z wynikami badania Kirkwooda i wsp., ktory wykazat
powiazanie hiperglikemii ze zwigkszonym ryzykiem wystapienia CDI (35). Podobnie Gelijns
1 wsp. udowodnil, ze hiperglikemia stresowa byla zwigzana z powazng infekcja po operacji
kardiochirurgicznej (28). Nalezy podkresli¢, ze nasze badanie nie wykazalo, iz cukrzyca jest
zwigzana z ryzykiem zachorowania na CDI, udowodniono to tylko dla wysokiego poziomu
glukozy. Hiperglikemia powoduje dysfunkcje immunologiczng organizmu (mig¢dzy innymi
uposledzenie funkcji neutrofili, zaburzenie ukladu oksydacyjnego oraz odpowiedzi
humoralnej) 1 sprzyja wigkszej czgstosci infekcji (50). Dlatego obowigzujace wytyczne
zalecaja rygorystyczng kontrole glikemii w okresie pooperacyjnym w celu ograniczenia

infekcji u pacjentow kardiochirurgicznych (51).
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Powszechnie wiadomo, Ze choroby wspolistniejace zwigkszaja ryzyko wystapienia CDL
Istnieja dowody, ze czynniki takie jak: starszy wiek, nieswoiste choroby zapalne jelit,
operacje chirurgiczne na przewodzie pokarmowym i niekompetencja immunologiczna
spowodowana nowotworami ztosliwymi, przeszczepami, przewleklymi chorobami nerek i
terapia immunosupresyjna, wigza si¢ ze zwigkszong czestoscig wystepowania CDI
(13,34,52,53). Nasze wyniki potwierdzaja niektore z tych ustalen. W badaniu wykazano, ze
starszy wiek pacjenta oraz nowotwory ztosliwe w wywiadzie wigzaly si¢ ze zwigkszonym

ryzykiem wystgpienia CDI po zabiegu kardiochirurgicznym.

Podobnie tryb przeprowadzanej operacji, czas trwania krazenia pozaustrojowego, pobyt na
oddziale intensywnej terapii byty waznymi predyktorami wystapienia CDI. W niniejszej
pracy znamienna wickszo$¢ przypadkow CDI miata miejsce po operacji przeprowadzanej w
trybie naglym. To odkrycie jest zgodne z wynikami Lemaire i wsp., ktory réwniez wykazat

znaczacg role naglej (nieplanowej) operacji dla rozwoju CDI (54).

Z kolei Gelijns 1 wsp., udowodnil, ze dluzszy czas krazenia pozaustrojowego moze miec¢
wplyw na powazng infekcje (w tym réwniez CDI) po zabiegach kardiochirurgicznych (28).
Wigkszo$¢ doniesien potwierdza przedstawione w niniejszym badaniu stwierdzenie, ze
dlugotrwata hospitalizacja na oddziale intensywnej terapii moze by¢ istotnym predyktorem
CDI u chorych chirurgicznych (55,56). Wynika¢ to moze z faktu, iz pacjenci ktorzy
wymagaja pobytu na oddziale intensywnej terapii to chorzy w gorszym stanie ogo6lnym,
majacy wiecej chordb wspotistniejacych lub koinfekcji, otrzymujacy dodatkowe leczenie, w

tym rowniez leczenie antybakteryjne.

Udowodniono, ze ryzyko CDI znacznie wzrasta wraz z wielokrotng 1 dlugotrwata ekspozycja

pacjenta na antybiotyki, zwlaszcza te o szerokim spektrum dziatania (54,57).

Prawidlowa mikrobiota jelitowa zapewnia odpornos¢ przed rozwojem CDI, z kolei zaburzenie
mikroflory przewodu pokarmowego (poprzez leczenie antybiotykami), umozliwia CD
namnazanie si¢ w jelitach (58). W pracy nie wykazano aby obie grupy pacjentow roznity si¢
stosowang antybiotykowa profilaktyka okotooperacyjng. W obu grupach chorych w
profilaktyce okolozabiegowej najczeSciej stosowana byla cefazolina- cefalosporyna |
generacji. Niektorzy pacjenci otrzymali jednak dodatkowy antybiotyk/ antybiotyki z powodu
towarzyszacych infekcji innych niz CDI. Wykazano, ze te osoby miaty wigksza szanse
rozwoju CDI. Nalezy podkresli¢, ze wigkszos$¢ antybiotykow moze prowadzi¢ do wystapienia

CDI. Najczesciej jest to jednak spowodowane przez klindamycyne, cefalosporyny III
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generacji, fluorochinolony i penicyliny o szerokim spektrum dzialania (57). Analiza
stosowanych po zabiegu kardiochirurgicznym antybiotykéw wykazata, ze ceftriakson
(cefalosporyna Il generacji) oraz piperacylina z tazobaktamem (szerokospektralna penicilina)
byly antybiotykami najbardziej skorelowanymi z rozwojem CDI. Powyzsze antybiotyki byty
stosowane w leczeniu infekcji towarzyszacych, takich jak: zakazenie rany operacyjnej,

zapalenie phuc i posocznica.

W pracy wykazano roéwniez, ze nabycie CDI po zabiegu kardiochirurgicznym znamiennie
wydluza czas pobytu w szpitalu takiego pacjenta. Dodatkowo by¢ moze wiaze si¢ to z

wyzszymi kosztami hospitalizacji (jednak takiej zaleznosci nie badano).

Podobnie jak poprzednie badanie ma ono kilka ograniczen. Jest to roéwniez praca
retrospektywna, oparta na analizie dostepnej dokumentacji medycznej. Niejasny jest zwigzek
migdzy CDI a towarzyszacymi infekcjami, poniewaz nie zebrano informacji na temat
kolejnosci rozwoju tych infekcji. W pracy zalozono, Ze pacjenci, u ktérych rozwingla si¢
towarzyszaca infekcja, byli leczeni antybiotykami i w zwigzku z tym byli bardziej podatni na
wystgpienie CDI. Jednak nie wiadomo, ktore infekcje (zakazenie rany operacyjnej, zapalenie
pluc lub posocznica) czy CDI rozwinelo si¢ jako pierwsze. ROwniez ostroznie nalezy
interpretowac informacje, ze CDI wydtuza pobyt pacjenta w szpitalu, poniewaz nie brano pod
uwage innych zdarzen niepozadanych i powiklan pozabiegowych, ktore mogly mie¢ wplyw
na wydtuzenie hospitalizacji. Najwigkszym ograniczeniem badania pozostaje brak zbadania

potencjalnych przyczyn hiperlaktatemii u pacjentéw po operacji kardiochirurgiczne;.

WhioskKi

1. Prezentowane badanie jest pierwszym, w ktorym oceniano zwigzek pomigdzy
okolooperacyjnymi zmianami rownowagi kwasowo-zasadowej a ryzykiem wystapienia CDI u
pacjentow po zabiegach kardiochirurgicznych. Wykazano, Ze okolooperacyjny wzrost
stezenia mleczanow, glukozy oraz zmniejszony klirens mleczandw moga by¢ niezaleznymi

predyktorami wystgpienia CDI w analizowanej grupie pacjentow.

2. Ponadto wykazano ryzyko wystgpienia CDI u pacjentdw po zabiegu kardiochirurgicznym
dla takich czynnikow jak: starszy wiek pacjenta, choroba nowotworowa w wywiadzie,
operacja przeprowadzona w trybie naglym, dluzszy czas krazenia pozaustrojowego,
hospitalizacja na oddziale intensywnej terapii, infekcje towarzyszace oraz  uzycie

antybiotykow innych niz profilaktyka okotooperacyjna.
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V1. Streszczenie

Wprowadzenie

Clostridioides difficile (CD) jest najczgstsza przyczyna zakaznej biegunki szpitalnej i
trzecia najczestszag powazng infekcja (po zapaleniu pluc i1 posocznicy) po operacji
kardiochirurgicznej. W ostatnich latach, szczegdlnie w krajach rozwinigtych, wzrosta
czestos¢  wystepowania infekcji  zwigzanych z zakazeniem CD  (Clostridioides
difficile Infection - CDI). Jednoczesnie zwigkszonej zapadalno$ci towarzyszy czesto cigzszy
przebieg choroby oraz jej wyzsza $miertelnos¢. Jest to zwigzane z pojawieniem si¢ nowego
hiperwirulentnego, epidemicznego szczepu NAP 1 (North American Pulsed Type 1. CDI jest
w duzej mierze konsekwencja stosowania szerokospektralnej antybiotykoterapii, przedtuzone;j
hospitalizacji a takze zwigkszaniem si¢, wraz z rozwojem medycyny, liczby pacjentow

bedacych osobami z grupy ryzyka rozwoju CDI.

Niewiele jest badan analizujacych przebieg CDI w okresie okotooperacyjnym u pacjentdw po
operacjach kardiochirurgicznych, a te opublikowane, byly przeprowadzone na niewielkich
grupach chorych. W zwigzku z czym czynniki ryzyka wstapienia tej choroby po operacji

kardiochirurgicznej, powiklania i ryzyko zgonu, pozostaja nie w pelni zbadane i wyjasnione.

Cel pracy

W pracy pierwszej celem badania byta ocena czynnikow ryzyka, przebiegu oraz nastgpstw

zwigzanych z CDI, u pacjentéw poddanym operacjom kardiochirurgicznym.

W pracy drugiej celem badania byta analiza zalezno$ci miedzy okotooperacyjnymi wynikami
badan gazometrycznych krwi tetniczej 1 prawdopodobienstwem wystapienia CDI, u

pacjentow po operacjach kardiochirurgicznych.

Metodyka

Prace miaty charakter retrospektywny i byly realizowane w oparciu o dokumentacje
medyczng pacjentow poddawanym operacjom kardiochirurgicznym w Oddziale Klinicznym
Chirurgii Serca, Naczyn 1 Transplantologii, Krakowskiego Szpitala Specjalistycznego im.
Jana Pawta II, w latach 2014-2019. Kryteria rozpoznania CDI byty zgodne z obowigzujacymi
wytycznymi. Rozpoznanie mikrobiologiczne stawiano na podstawie stwierdzenia obecnos$ci
toksyn CD w nieuformowanym kale. Przeprowadzano dwustopniowa diagnostyke CDI-
badanie antygenu dehydrogenazy glutaminianowej (Glutamate Dehydrogenase Antigen -
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GDH), a nastgpnie obecnosci toksyn A/B, w nieuformowanym kale. Probki stolca
analizowano w szpitalnej Pracowni Mikrobiologii za pomocg testu immunoenzymatycznego:

C. DIFF QUIK CHEK COMPLETE test (TECHLAB Inc., Orlando, USA).

W pracy pierwszej poddano szczegotowej analizie 70 pacjentdw, u ktorych rozpoznano CDI.
Pacjentow tych poréwnano z grupg 73 chorych, u ktérych wykluczono CDI. Analizie
poddano znane czynniki ryzyka wystgpienia choroby, takie jak: wiek powyzej 65 roku zycia,
pte¢, wczesniejsze hospitalizacje, choroby wspotistniejagce, farmakoterapig, w tym
przyjmowanie inhibitorOw pompy protonowej i antybiotykdéw, czas pobytu w oddziale
intensywnej terapii oraz czas stosowania wentylacji mechanicznej. Poza analiza uznanych
powszechnie czynnikdéw ryzyka CDI podjeto probe ustalenia innych predyktorow wystapienia
choroby, swoistych dla operacji kardiochirurgicznych, takich jak: rodzaj i tryb
przeprowadzanego zabiegu operacyjnego, czas trwania zakleszczenia aorty i1 krazenia
pozaustrojowego, punktacje ryzyka w skali EUROScore (European System for Cardiac
Operative Risk Evaluation) oraz wielkos¢ frakcji wyrzutowej lewej komory serca. Dodatkowo
w pierwszej dobie po operacji oceniano: ilo$¢ przetaczanych preparatow krwiopochodnych,
wielko$¢ drenazu pooperacyjnego, wartosci parametrow morfotycznych krwi oraz poziom
glukozy. W badaniu oceniano przebieg infekcji, powiklania, w tym nawroty oraz zgony

wewnatrzszpitalne w przebiegu choroby.

W pracy drugiej poddano szczegdtowej analizie 143 pacjentow, u ktorych w przebiegu
pooperacyjnym potwierdzono CDI. Pacjentéw tych poréwnano z grupa kolejno operowanych,
w tym samym czasie, 200 pacjentdéw bez biegunki. U wszystkich o0s6b analizowano
szczegblowo zmiany parametréw rownowagi kwasowo-zasadowej 1 ich wplyw na
wystapienie CDI. Badanie gazometryczne krwi tetniczej pobierano kilkukrotnie: przed
operacja, w trakcie trwania zabiegu, bezposrednio po, a nastgpnie w odstepach 4, 81 12 h po
operacji. W poszczegdlnych punktach czasowych porownywano wartosci pH, PaCO2, PaO2,
niedobor zasad, jak rowniez poziom mleczanow i glukozy. Wyliczano réwniez procentowa
zmiang¢ st¢zenia mleczanow wg wzoru: [(poczatkowe stezenie mleczanu - kolejne stgzenie
mleczanu)/ poczatkowe stezenie mleczanu] x 100%, ktorg w skrocie nazwano klirensem

mleczanu.
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Wyniki

W pracy pierwszej wykazano, ze czynnikami ryzyka wystgpienia CDI byly: starszy wiek,
wyzsza punktacja ryzyka w skali EUROScore, przewlekte choroby towarzyszace (w tym
choroba nowotworowa), przyjmowanie lekow (w tym inhibitor6w pompy protonowej).
Rodzaj operacji kardiochirurgicznej, tryb przeprowadzania zabiegu, czas zakleszczenia aorty i
czas krazenia pozaustrojowego, wielko$¢ drenazu pooperacyjnego a takze ilo$¢ przetaczanych
preparatow krwiopochodnych nie miaty wyplywu na wystgpienie zachorowania. Nawroty
choroby obserwowano czesciej u otytych pacjentéw, z wysokim poziomem glukozy w
pierwszej dobie po zabiegu oraz wysokim poziomem biatka C-reaktywnego w trakcie
pierwszego epizodu biegunki. Ponadto nawroty obserwowano cze$ciej u pacjentow z choroba
wiencowg oraz z cukrzycg. Pacjenci z CDI znamiennie cz¢éciej umierali w poroOwnaniu z
grupa kontrolng. Czynnikami ryzyka zgondéw byly: nagly tryb operacji, przedluzony czas
pobytu na oddziale intensywnej terapii, dtuzszy czas mechanicznej wentylacji oraz wysoki

poziom leukocytow w trakcie biegunki.

W pracy drugiej wykazano, ze osoby z CDI mialy w badaniu gazometrycznym, przez caty
okres badania, nizszy poziom pH oraz wigkszy niedobdr zasad w pordéwnaniu z grupa
kontrolng. W tej grupie pacjentow obserwowano réwniez podwyzszone stezenia mleczanow
w trakcie zabiegu operacyjnego oraz w 4, 8 i 12 h po operacji. Podobnie podwyzszony
poziom glukozy mierzony w trakcie operacji oraz bezposrednio 1 4 h po operacji wystepowat
znamiennie cze¢$ciej u pacjentow z CDI. Ponadto pacjenci z CDI mieli dluzszy czas krazenia
pozaustrojowego, czg¢sciej wymagali ponownej hospitalizacji na oddziale intensywnej terapii
po wypisie na oddziat zachowawczy. W trakcie hospitalizacji czgsciej wystepowaty u nich
infekcje towarzyszace, a oprocz profilaktyki okotooperacyjnej czesciej otrzymywali

dodatkowe antybiotyki.

Wieloczynnikowa analiza regresji logistycznej wykazata, ze niezaleznymi czynnikami ryzyka
wystapienia CDI byty: starszy wiek, operacja w trybie pilnym, uzycie antybiotykow innych
niz profilaktyka okotooperacyjna, zmniejszony klirens mleczanéw pomigdzy pomiarem
bezposrednio po operacji a wynikiem w 12 h po zabiegu oraz wysokie st¢zenie mleczanéw w

trakcie operaciji.
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Whioski

W pracy pierwszej nic wykazano zadnych specyficznych dla operacji kardiochirurgicznych

czynnikéw ryzyka wystapienia CDI.

W pracy drugiej wykazano, ze srodoperacyjne wysokie stezenie mleczandw oraz zmniejszony
klirens mleczanow mogg by¢ czynnikami ryzyka wystgpienia CDI po operacjach

kardiochirurgicznych.

Stowa kluczowe Clostridioides difficile, operacja kardiochirurgiczna, czynniki ryzyka,

rownowaga kwasowo-zasadowa, mleczany, klirens mleczanow
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VII. Summary

Introduction

Clostridioides difficile (CD) is the most common cause of nosocomial diarrhea and is the third
major infection (after pneumonia and bloodstream infections) following cardiac surgery.
Recently, the incidence, severity and mortality of Clostridioides difficile infections (CDI)
increased rapidly, especially in developed countries. This is related to the occurrence of a new
hypervirulent epidemic strain NAP 1 (North American Pulsed Type 1). Known risk factors
for CDI include advanced age, female gender, use of broad-spectrum antibiotics, use of
proton pump inhibitors, chronic comorbidities, immunocompromised states and prolonged,
multiple hospital stays. CDI occurs due to the use of broad-spectrum antibiotic therapy,
prolonged hospital stay, and the increase in the number of patients who are at risk of

developing CDI with the development of medicine.

There is little available data regarding CDI among patients who undergo cardiac surgery and
these published studies had been conducted on small groups of patients. Therefore, the risk
factors for CDI, complications and the risk of death in this group of patients are not fully
understood. This prompted us to assess the incidence of hospital-acquired CDI after cardiac
surgery, identify patient characteristics and identify risk factors for CDI development.
Furthermore we evaluated the course of the disease and final outcomes for this group of

patients.

Aim of the studies

The aim of the first study was to evaluate the risk factors, severity of the disease and final

outcomes of CDI in patients after cardiac surgery.

The aim of the second study was to analyze the perioperative acid-base abnormalities
including lactate disturbances and find their role in prediction of the probability of incidence

of CDI in patients after cardiac procedures.

Methodology

These retrospective studies were performed by reviewing the medical records of 12,235 adult
patients who underwent cardiac surgery in the Department of Cardiovascular Surgery and

Transplantology of John Paul Il Hospital in Krakow from January 2014 to December 2019.
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The diagnosis of CDI was consistent with current guidelines. A two-stage diagnosis was
performed, first testing the GDH (Glutamate Dehydrogenase) antigen and then the presence of
CD toxins (A/B) in unformed stools. Stool samples were analyzed in Department of
Microbiology, Krakow Specialist Hospital, John Paul II, using the rapid enzyme
immunoassays test C. DIFF QUIK CHEK COMPLETE test (TECHLAB Inc., Orlando,
USA).

The first study included 70 patients with postoperative diarrhea and diagnosed with CDI. The
control group was comprised of 73 patients for whom CDI had been excluded. Known risk
factors of CDI development, such as: age, gender, previous hospitalizations, comorbidities,
pharmacotherapy, including proton pump inhibitors and antibiotics, length of stay in the
intensive care unit and time of mechanical ventilation were analyzed. In addition, other
potential predictors of CDI occurrence specific for cardiac surgery were assessed, such as
type and timing of surgery, duration of aortic cross-clamp and cardiopulmonary bypass time,
risk score in the EUROScore scale (European System for Cardiac Operative Risk Evaluation)
and the left ventricular ejection fraction. Additionally, transfusion of blood products,
postoperative drainage and laboratory parameters were analyzed. The course of the disease,
complications, including relapses and in-hospital deaths were assessed.

In the second research, 143 patients with CDI were evaluated. The control group included
200 consecutive patients without CDI, who underwent cardiac surgery within the same period
of observation. Changes in the acid-base balance, as well as lactate and glucose
concentrations and their associations with the CDI occurrence were analyzed. Arterial blood
gas were taken before the surgery, during the procedure, immediately after operation, and
successively 4, 8 and 12 hours following the procedure. The lactate clearance was calculated
according to the formula: [(lactate initial— lactate delayed) /lactate initial] x 100%.

Results

The first study showed that: older age, higher EUROScore, chronic comorbidities (including
neoplasm), medications (including proton pump inhibitors) were the risk factors for CDI
occurrence. The type and timing of cardiac surgery, aortic cross-clamp time and
cardiopulmonary bypass time, the amount of postoperative drainage and transfused blood
products did not affect the CDI occurrence. A relapse of the disease was observed more often
in obese patients, with a high glucose level on the first day after surgery and a high level of C-

reactive protein during the first episode of diarrhea. In addition, relapses of CDI were detected
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more frequently in patients with coronary artery disease and diabetes mellitus. Patients with
CDI significantly more often died than the control group. Emergent procedures, prolonged
intensive care unit length of stay, extended mechanical ventilation and high white blood cell

count during the diarrhea were associated with higher mortality in CDI patients.

The second study showed that patients with CDI had lower pH and higher base deficiency at
each of the analyzed time points. Additionally, in these patients elevated lactate levels were
observed during surgery and 4, 8 and 12 hours after procedure. Similarly, high glucose
concentrations during surgery, immediately after procedure and 4 hours after operation were
significantly more frequent in patients with CDI. Moreover, patients with CDI had longer
cardiopulmonary bypass time and were more often readmitted to intensive care unit. During
the hospitalization, they more often experienced associated infections and they received
additional antibiotics. Multivariate logistic regression showed that independent risk factors for
CDI were as follows: older age, emergent surgery, use of antibiotics other than perioperative
prophylaxis, decreased lactate clearance between values immediately and 12 hours after

surgery and intraoperative severe hyperlactatemia.

Conclusions

The first study did not reveal any specific cardiac surgery-related risk factors for CDI

occurence.

The second research found that perioperative high lactate level and decreased lactate
clearance may predictors for the development of CDI after cardiac surgery.

Key words: Clostridioides difficile, cardiac surgery, risk factors, acid-base balance, lactate,

lactate clearance
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IX. Wykaz skrotow

CCNA (ang. Cell Culture Cytotoxicity Neutralization Assay)- test neutralizacji

cytotoksycznosci komorkowe;j

CD- Clostridioides difficile

CDI (ang. Clostridioides Difficile Infection)- biegunka zwigzana z zakazeniem Clostridioides

difficile
EIA (ang. Enzyme Immunoassay)- badanie immunoenzymatyczne

ESCMID (ang. European Society of Clinical Microbiology and Infectious Diseases)-
Europejskie Towarzystwo Mikrobiologii Klinicznej i Choréb Zakaznych

GDH (ang. Glutamate Dehydrogenase)- dehydrogenaza glutaminianowa

IDSA (ang. Infectious Diseases Society of America)- Amerykanskie Towarzystwo Chorob

Zakaznych
NAAT (ang. Nucleic Acid Amplification Tests)- test amplifikacji kwaséw nukleinowych

NAP 1 (ang. North American Pulsed Type 1)- hiperwirulentny epidemiczny szczep
Clostridioides difficile

PPI- inhibitory pompy protonowej

SHEA (ang. Society for Healthcare Epidemiology of America)- Amerykanskie Towarzystwo

Epidemiologii Opieki Zdrowotnej
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KSS im. J. Pawla II, Krakdw, Polska

OSWIADCZENIE

Jako wspolautor pracy: Prognostic role of perioperative acid-base disturbances on
the risk of Clostridioides difficile infection in patients undergoing cardiac surgery. PLoS
One. 2021;16(3):e0248512. doi: 10.1371/journal.pone.0248512.
o$wiadczam, iz mdj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 10 % i polegat na:

- opracowaniu pomystu badania -
- interpretacji wynikow
- przygotowaniu manuskryptu pracy.

Jednoczesnie wyrazam zgod¢ na przedlozenie w/w pracy przez lek. Anne Rzucidlo-
Hymczak jako czgs¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia cze$¢ ww. pracy
wykazuje indywidualny wkiad lek. Anny Rzucidto-Hymczak polegajacy na:

- opracowaniu pomystu badania

- stworzeniu hipotezy badawczej

- interpretacji wynikéw

- przygotowaniu manuskryptu pracy.
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Krakéw, dnia 01.06.2021

Prof. dr hab. n. med. Rafal Drwila

Oddziat Anestezjologii i Intensywnej Terapii,
KSS im. J. Pawla II, Uniwersytet Jagiellonski,
Collegium Medicum, Krakéw, Polska

OSWIADCZENIE

Jako wspoélautor pracy: Prognostic role of perioperative acid-base disturbances on
the risk of Clostridioides difficile infection in patients undergoing cardiac surgery. PLoS
One. 2021;16(3):€0248512. doi: 10.1371/journal.pone.0248512.
oswiadczam, iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie
1 opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5 % i polegat na:

- merytorycznej recenzji artykutu. '

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez lek. Ann¢ Rzucidto-
Hymczak jako czg$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutdéw
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad lek. Anny Rzucidlo-Hymczak polegajacy na:

- opracowaniu pomyshu badania

- stworzeniu hipotezy badawcze;j

- interpretacji wynikow

- przygotowaniu manuskryptu pracy.
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Krakéw, dnia 01.06.2021

Prof. dr hab. n. med. Boguslaw Kapelak
Oddziat Kliniczny Chirurgii Serca, Naczyn
i Transplantologii, Uniwersytet Jagiellonski,
Collegium Medicum, Krakéw, Polska

OSWIADCZENIE

Jako wspolautor pracy: Prognostic role of perioperative acid-base disturbances on
the risk of Clostridioides difficile infection in patients undergoing cardiac surgery. PLoS
One. 2021;16(3):€0248512. doi: 10.1371/journal.pone.0248512.
o$wiadczam, iz moj] wiasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5 % i polegat na:

- merytorycznej recenzji artykutu.

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez lek. Anng Rzucidlo-
Hymczak jako czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow
opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad lek. Anny Rzucidto-Hymczak polegajacy na:

- opracowaniu pomystu badania

- stworzeniu hipotezy badawczej

- interpretacji wynikow

- przygotowaniu manuskryptu pracy.
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Krakéw, dnia 01.06.2021

Dr hab. n. med. Dariusz Plicner
Krakowska Akademia im. Andrzeja
Frycza Modrzewskiego, Krakow, Polska

OSWIADCZENIE

Jako wspotautor pracy: Prognostic role of perioperative acid-base disturbances on
the risk of Clostridioides difficile infection in patients undergoing cardiac surgery. PLoS
One. 2021;16(3):€0248512. doi: 10.1371/journal.pone.0248512.
oSwiadczam, iz mdj wlasny wkilad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 10 % i polegal na:

- opracowaniu pomystu badania '
- interpretacji wynikow
- merytorycznej recenzji artykutu.

Jednocze$nie wyrazam zgode na przedlozenie w/w pracy przez lek. Anng¢ Rzucidlo-
Hymczak jako czg$é rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow
opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad lek. Anny Rzucidlo-Hymczak polegajacy na:

- opracowaniu pomystu badania

- stworzeniu hipotezy badawczej

- interpretacji wynikow

- przygotowaniu manuskryptu pracy.
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