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ABSTRACT

Aim. Clostridioides difficile infection (CDI) poses a significant threat to postoperative cardiac surgery
patients. This study examines the impact of specific pre-, intra-, and post-operative factors, along with geo-
graphical considerations, on Clostridioides difficile (CD) incidence and its consequences. The study aims to
identify factors contributing to increased CD prevalence in cardiac surgery units.

Material and methods. A single-centre cohort of 3502 patients undergoing surgical myocardial revasculari-
sation between January 2013 and March 2018 was analysed, with 48 diagnosed with CDI. Preoperative risk
factors include the use of broad-spectrum antibiotics, advanced age, comorbidities, and prolonged hospi-
tal stays. Intraoperatively, attention is given to catheter-related issues, mechanical ventilation, and the use
of blood products. Postoperatively, the study assesses CDI's impact on recovery, complications, and out-
comes. A geographical analysis explores regional variation in CDI incidence.
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Results. Results indicate a CDI incidence of 1.37%, aligning with existing literature trends. Demographical-
ly matched controls show no significant differences in age, gender, or location. Higher Body Mass Index and
lower left ventricular ejection fraction are identified as significant risk factors. Laboratory findings indicate
elevated CRP levels and increased platelet count associated with CDI. Postoperative CDI significantly prolongs
hospitalisation time. EuroSCORE Il values are higher in the CDI group, though not statistically significant.

Conclusions. The study offers a comprehensive understanding of CDI dynamics in cardiac surgery, empha-
sising the need for tailored preventive measures. Specific risk factors and regional variations underscore the
importance of vigilant monitoring and early intervention. Future research should include larger cohorts and

explore gut microbiota for refined strategies.

Introduction

Clostridioides difficile (CD) is the leading cause of
antibiotic-associated diarrhoea, healthcare-as-
sociated diarrhoea, and colitis, representing a sig-
nificant risk for postoperative patients [1-3]. This
gram-positive, strictly anaerobic, spore-forming
bacillus is widely present in the environment, with
asymptomatic colonisation observed in approxi-
mately 2% of healthy adults and up to 14% of the
elderly population [1]. Despite ongoing efforts
to curb nosocomial transmission, both the inci-
dence and severity of Clostridioides difficile
infection (CDI) have increased globally in recent
years [4]. The use of broad-spectrum antibiotics
remains the principal risk factor, compounded by
advanced age, comorbidities, extended hospital
stays, and the use of proton pump inhibitors or
histamine-2 receptor antagonists [2,5]. Certain
geographic areas, notably the Northeastern Unit-
ed States, have been identified as regions with
particularly high CDI prevalence [5,6].

Surgical patients, particularly those undergo-
ing cardiac procedures, are exposed to additional
infection risk factors, including catheter-related
complications, prolonged mechanical ventilation,
substantial blood product transfusions, indwell-
ing catheter drainage, and open surgical fields
[7]. The clinical presentation of CDI ranges from
asymptomatic colonisation and mild diarrhoea
to severe, life-threatening conditions such as
fulminant colitis with sepsis, pseudomembra-
nous colitis, toxic megacolon, transmural pan-
colitis requiring colectomy, and multi-organ fail-
ure [1-4]. The reported incidence of CD-related
diarrhoea following surgical interventions varies
widely, ranging from 0.3% to 8.4% [3].

The rising number of CDI cases observed in
the cardiac surgery unit has prompted a com-
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prehensive investigation aimed at evaluating the
influence of specific preoperative, intraoperative,
and postoperative factors — as well as patients’
geographic origin — on the risk of CDI. The study
further seeks to assess the downstream impact
of CDI on postoperative recovery and outcomes.

Factors under scrutiny

To comprehensively evaluate the multifactorial
nature of CDI following cardiac surgery, the present
study examines preoperative conditions, intraoper-
ative factors, and postoperative outcomes. Key pre-
operative risk factors under investigation include
the use of broad-spectrum antibiotics, advanced
age, coexisting medical conditions, and pro-
longed hospitalisation. Intraoperatively, the analy-
sis focuses on catheter-associated complications,
extended mechanical ventilation, high-volume
transfusion of blood products, persistent drainage
via indwelling catheters, and the presence of open
surgical cavities. In the postoperative phase, the
study explores how CDI influences recovery, with
particular attention to complication rates and the
potential need for additional interventions.

Geographical considerations

In addition to patient-related factors, this study con-
siders geographic location as a potential contribu-
tor to CDI incidence. Building on prior findings that
identify certain regions as CDI hotspots, we explore
whether similar regional disparities exist within car-
diac surgery settings. This analysis moves beyond
simple geographic correlation, aiming instead to
identify contextual or systemic factors that may
underlie higher local prevalence rates.

Impact on postoperative course
The final dimension of this study focuses on the
postoperative impact of CDI. By analysing how



CDI influences recovery patterns, the incidence
of complications, and overall clinical outcomes,
we aim to offer clinicians actionable insights that
support risk reduction and optimise postopera-
tive care pathways.

In summary, this investigation provides acom-
prehensive assessment of CDI following cardiac
surgery, with particular attention to its multifac-
torial risk profile and postoperative consequenc-
es. Our findings aim to deepen the understanding
of CDI in this high-risk population and inform the
development of targeted preventive and manage-
ment strategies in cardiac surgical practice.

Material and methods

Patient selection and diagnostic criteria
This retrospective study was conducted at the
Department of Cardiac Surgery, J. Strus Municipal
Hospital in Poznan, and covered the period from
January 2013 to March 2018. During this time,
3502 patients underwent surgical myocardial
revascularisation. Among them, 48 cases of CDI
were identified. For comparative analysis, a con-
trol group of 52 patients without CDI was select-
ed, matched for key demographic parameters.
The diagnosis of CDI was based on the pres-
ence of clinical symptoms and laboratory con-
firmation of CD toxin in stool samples [8]. For
patients presenting with diarrhoea during hos-
pitalisation, defined according to World Health
Organisation criteria as three or more loose or
liquid stools per day or an increase relative to the
patient's regular pattern [9], nucleic acid ampli-
fication testing was performed. Stool specimens
were analysed using the C. diff Quik Chek Com-
plete assay (TECHLAB, USA).

Retrospective statistical analysis
The retrospective analysis encompassed a broad
range of variables, including demographic and
laboratory data, preoperative clinical status, sur-
gical characteristics, procedure type and tim-
ing, intraoperative durations, and the quantity of
transfused blood products. Outcomes assessed
included in-hospital mortality, defined as death
occurring during the same hospitalisation as the
cardiac surgery, and total length of stay.

The study was conducted in accordance with
the Declaration of Helsinki and received approv-

al from the Local Bioethics Committee of the
Poznan University of Medical Sciences (approval
date: July 3, 2024; ID: KB-533/24). The committee
classified the research as a non-interventional,
retrospective study based on analysis of existing
medical records. Data were extracted from the
electronic records of the Department of Cardiac
Surgery at J. Strus Multispecialty Municipal Hos-
pital in Poznan between July and August 2024.
All personally identifiable information was ano-
nymised at the point of extraction, and patients
were assigned sequential numerical codes.

Perioperative antibiotic therapy

All patients received standard perioperative anti-
biotic prophylaxis, consisting of cefazolin admin-
istered at a weight-adjusted dose. The initial
dose was given one hour before the start of sur-
gery, and antibiotic coverage was continued for
48 hours following the procedure.

Severity stages of CDI and treatment
protocol
The severity of CDI was classified into three cate-
gories: non-severe (white blood cell count <15,000
cells/mL and serum creatinine <1.5 mg/dL), severe
(white blood cell count 215,000 cells/mL or serum
creatinine >1.5 mg/dL), and fulminant, defined
by the presence of hypotension or shock, ileus,
or megacolon [10]. Treatment followed the cur-
rent guidelines of the European Society of Clini-
cal Microbiology and Infectious Diseases [11].
Patients with confirmed CDI based on stool toxin
testing were isolated from asymptomatic individu-
als. Therapeutic regimens included metronidazole
and vancomycin, in accordance with established
recommendations. Notably, none of the patients
in the study group progressed to fulminant CDI.
This structured approach to patient selection,
diagnostic confirmation, and treatment stan-
dardisation provides the methodological basis
for evaluating the clinical impact of CDI in the
context of cardiac surgery.

Statistical analysis

Statistical analyses were adapted to the scale
and distribution of each variable. Quantitative
data were presented as means accompanied by
minimum and maximum values, while qualitative
variables were expressed as absolute numbers
and percentages.
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The normality of continuous variables was
evaluated using the Shapiro-Wilk test. Variables
with normal distribution and homogeneity of vari-
ance were compared using the Student's t-test
for independent samples. In contrast, non-nor-
mally distributed variables were assessed using
the Mann-Whitney U test.

For categorical variables, statistical sig-
nificance was determined using Pearson's
chi-square test for comparisons involving two
groups, and the Fisher-Freeman-Halton test for
variables with more than two subgroups.

A p-value of < 0.05 was considered statistical-
ly significant. All analyses were performed using
Statistica 13 software (StatSoft, USA).

Results

Incidence of CDI

Out of the 3502 patients subjected to analysis,
CDI was identified in 48 individuals, representing
an incidence of 1.37%.

Demographic characteristics

The control group, meticulously selected to be
demographically comparable, exhibited no sta-
tistically significant differences in terms of age
p-value = 0.4724 and gender p-value = 0.2949
when compared to the CDI group (see Table 1).
Similarly, an exploration of the county's location
concerning Poznan p-value = 0.2171 and the ZIP
code p-value = 0.4069 (see Table 2) revealed no
discernible relationship between the region of
residence and the occurrence of CDI.

Comorbidities and their correlation with CDI
No significant differences were observed between
the two study groups concerning the impact of
diabetes, hypertension, pulmonary hypertension,
hyperlipidemia, kidney failure, asthma, chronic
lung disease, cerebrovascular diseases, periph-
eral vascular diseases, past heart attack, and
nicotine use on the risk of CDI (see Table 3).

It is noteworthy that both study groups exhib-
ited a high prevalence of hypertension (87.5% and
94.2%) and hyperlipidemia (91.7% and 92.3%).

Table 1. Demographic characteristics of patients in the study, comparing those with CDI to those without CDI.

Coefficient Patients with CDI Patients without CDI p-value
(N=48) (N =52)
Age [years] 67 [51-87] 68 [52-83] 0.4724"
Gender (female/male) 8[16.7%]/40 [83.3%] 51[9.6%]/47 [90.4%] 0.2949*
! Student's t-test; 2 Pearson'’s chi-square test; CDI - Clostridioides difficile infection
Table 2. Distribution of CDI and non-CDI patients according to geographic location and ZIP code.
Coefficient Patients with CDI Patients without CDI p-value
(N =48) (N =52)
Geographical Poznarn county 19 [39.6%) 22 [42.3%] 0.2171"
location On the east side 11[22.9%] 12[23.1%]
On the south side 4[8.3%) 11 [21.2%]
On the west side 10 [20.8%] 519.6%]
On the north side 2 [4.2%] 2[3.8%|
Other location 2[4.2%] 01[0.0%)
ZIP code 56-xxx 1[2.1%] 01[0.0%] 0.4069'
60-xxx 5[10.4%] 7[13.5%]
6T1-xxx 48.3%] 3[5.8%)
62-XXX 23[47.9%) 25[48.1%)
63-XXX 1[2.1%] 61[11.5%]
64-xxx 13 [27.1%] 11 [21.2%]
66-xxx 1[2.1%] 01[0.0%]

! Pearson's chi-square test; CDI - Clostridioides difficile infection; ZIP — Zone Improvement Plan
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These findings highlight the prevalent comorbidi-
ties within the studied population (see Table 3).

Platelet count and C-reactive protein levels
Statistical significance was attained for a higher
number of platelets and an elevated level of C-re-
active protein in preoperative laboratory param-
eters (see Table 4), as depicted in Figure 1.

European heart surgical risk assessment
system (EuroSCORE)

Values derived from the EuroSCORE were not
statistically significant p-value = 0.8930 but
were higher in patients with CDI (Table 5). Con-
versely, statistical analysis revealed that patients
with a higher Body Mass Index (BMI) (p-value =
0.0028) and lower left ventricular ejection frac-

Table 3. Prevalence of comorbidities and health indicators in patients with CDI and patients without CDI.

Coefficient Patients with CDI Patients without CDI p-value
(N = 48) (N=52)

Diabetes 16 [38.1%) 15[28.9%] 0.3430"
Hypertension 42 [87.5%) 49[94.2%) 0.2400"
Pulmonary hypertension 1[2.1%] 1[1.9%] 0.9544"
Hyperlipidemia 44[91.7%] 48[92.3%) 0.9060'
Kidney failure 2[4.17%] 1[1.9%] 0.5111"
Asthma 4[8.3%] 3[5.8%] 0.6156"
Chronic lung disease 0[0.0%] 11[1.9%] 0.3342'
Cerebrovascular diseases 12 [25.0%] 16 [30.8%] 0.5209'
Peripheral vascular diseases 10 [20.8%] 13 [25.0%] 0,6208"
Number of heart attacks experienced 0.48[0-2] 0.44[0-2] 0.74092
Current nicotinism 10 [20.8%] 11 [21.2%] 0.9686"

! Pearson’s chi-square test; > Mann-Whitney test; CDI — Clostridioides difficile infection

Table 4. Laboratory parameters and clinical characteristics in patients with CDI and patients without CDI.

Coefficient Patients with CDI Patients without CDI p-value
(N=48) (N =52)
RBC [10'/L] 4.46 [2.58-5.50] 4.57[2.84-5.51] 0.3865°
WBC [10°/L] 8.53 [4.10-22.30] 8.09 [3.00-16.10] 0.7431°
PLT [10%/L] 257.36 [104.00-759.00] 212.33 [62.00-390.00] 0.0203'
Hemoglobin [mmol/L] 7.56 [4.05-9.07] 7.95[0.03-9.07] 0.4169°3
Na [mmol/L] 139.45 [129.00-147.00] 140.45 [134.00-145.00] 0.1269°
K [mmol/L] 4.36 [3.60-5.45] 4.45[3.32-6.28] 0.0991°
Creatinine [pmol/L] 103.94 [54.00-200.00] 99.94 [56.00-229.00] 0.8685°
HbAlc 6.51[4.90-11.20] 6.21[4.90-9.40] 0.3379°
CRP [mg/L] 24.77[0.50-282.10] 4.17 [0.50-74.40] 0.0142°
BMI [kg/m?] 29.92[21.43-37.77] 27.70 [22.39-36.57] 0.0028'
CCS Class| 2 [4.1%] 1[1.9%] 0.5106 *
Class 33[68.75%] 33[63.5%]
Class I 12 [25.0%] 18 [34.6%]
Class IV 1[2.1%] 01[0.0%]
NYHA Class | 01[0.0%] 7[13.5%] 0.0118*
Class 01[0.0%] 1[1.9%]
Class I 38 [79.2%] 39 [75.0%]
Class IV 10 [20.8%] 5[9.6%]
LVEF [%] 47 [25-60] 50 [29-60] 0.0051°
Decreased creatinine clearance 19 [45.2%] 28 [53.9%] 0.40662

! Student's t-test; 2 Pearson’s chi-square test; * Mann-Whitney test; * Fisher-Freeman-Halton test; BMI — Body Mass
Index; CCS - Canadian Cardiovascular Society Angina Grading Scale; CDI - Clostridoides difficile infection; CRP —
C-reactive protein; HbA1c - glycated hemoglobin; K - potassium; LVEF - left ventricular ejection fraction; Na — sodium,
NYHA - New York Heart Association classification; PLT — platelet; RBC - red blood cells; WBC — white blood cells
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tion (LVEF) (p-value = 0.0051) in the preoperative
period were more prone to developing CDI dur-
ing hospitalisation, as illustrated in Figure 2 (see

ue = 0.0118 (see Table 4). Conversely, param-
eters related to surgical characteristics, type
and timing of surgery, intraoperative times,

Table 4). the number of transfused blood products, and
in-hospital mortality did not exhibit statistical
significance. However, postoperative CDI sig-
nificantly extended the total hospitalisation

time (p-value = 0.0001), as depicted in Figure 3

New York Heart Association (NYHA)
scale of heart failure
The NYHA degree of heart failure was sig-

nificantly higher in patients with CDI, p-val- and Table 5.
A 800 B 300
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100 L 0 [——
o Median
Patients with CDI Patients without CDI Patients with CDI  Patients without CDI [ ] 25%-75%
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Figure 1. A: Platelet Counts (PLT [10"9/L]) in patients with CDI and patients without CDI. The boxplots depict the distribution of plate-
let counts, with median values and interquartile ranges indicated. The platelet count is significantly different between the two groups
(p-value = 0.0203). B: C-reactive protein levels (CRP [mg/L]) in patients with CDI and patients without CDI. The boxplots illustrate the
distribution of CRP levels, showing median values and interquartile ranges. A statistically significant difference is observed between
the two groups (p-value = 0.0142).
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Figure 2. A: BMI Comparison between patients with CDI (N = 48) and without CDI (N = 52). The figure presents the distribution of
Body Mass Index (BMI) in patients with CDI and those without CDI, with medians and interquartile ranges. B: Left Ventricular Ejection
Fraction (LVEF) comparison between patients with CDI (N = 48) and without CDI (N = 52). The comparison of Left Ventricular Ejection
Fraction (LVEF) between patients with CDI and those without CDI.
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Figure 3. Hospitalisation time in patients with CDI (N = 48) and those without CDI (N = 52) was compared to
examine the difference in hospitalisation time between patients with CDI and those without CDI. The boxplots
present the distribution of hospitalisation time, including median values and interquartile ranges. Significant
divergence is observed between the two groups, with a p-value of 0.0001.

Table 5. Surgical and procedural characteristics of patients with CDI and patients without CDI.

Coefficient Patients with CDI Patients without CDI p-value
(N = 48) (N =52)
EuroSCORE [points] 3.6[0,5-29.3] 2.3[0.6-13.1] 0.8930°
Urgency Elective 41 [85.4%] 47[90.4%] 0.3389*
of operation Urgent 418.3% 1[1.9%]
Emergency 3[6.3%] 417.7%]
Salvage 0[0.0%] 01[0.0%]
Preoperative ACS 11 [22.9%) 8[15.4%) 0.3375*2
Number 0 3[6.3%] 1[2.0%] 0.5479*
of arterial 1 42 [87.5%) 48[96.0%]
bypasses 2 316.3%] 1[2.0%]
Number 0 7[14.6%] 2[3.9%] 0.06612
of venous 1 8[16.7%] 417.7%]
bypasses 2 26 [54.2%] 30 [57.7%]
3 7[14.6%] 16 [30.8%]
Extracorrporeal circulation time [min] 77 [41-143] 75 [52-132] 0.9015°
Aortic cross-clamp time [min] 44 [24-99] 41 [26-76) 0.7980°
Transfusion Red blood cells [units] 4[0-20] 3[0-10] 0.3715°
Plasma [units] 1[0-12] 1[0-8] 0.7826°
Hospitalization time [days] 22 [5-106] 12 [4-22] 0.0001°

! Student's t-test; > Pearson's chi-square test, > Mann-Whitney test, * Fisher-Freeman-Halton test; ACS - acute coro-
nary syndrome

Discussion

The incidence of CDI observed in this study, at
1.3%, is consistent with previous reports in car-
diac surgery cohorts, indicating CDI as a sig-
nificant postoperative complication. Our analy-
sis showed no notable demographic differences
between the CDI and control groups in terms of

age, gender, or geographic distribution, support-
ing a stable comparison basis. In a similar study,
Sanaiha et al. [12] reported a CDI incidence of
0.5% among patients undergoing elective cardiac
surgeries between 2005 and 2016. They identi-
fied advanced age, female sex, and heart failure
as significant risk factors for CDI development,
while also noting that academic centres had the
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highest incidence but the lowest mortality due
to superior access to diagnostic and therapeutic
resources.

Furthermore, Keshavamurthy et al. [13] report-
ed a CDI incidence of 0.63% among cardiac sur-
gery patients between 2005 and 2011, based on
a large multicenter cohort. Their analysis empha-
sised that patients who developed CDI exhibited
a significantly higher burden of comorbidities,
including chronic kidney disease, heart failure,
and diabetes. These patients also required more
frequent surgical reinterventions and had a mark-
edly increased in-hospital mortality compared to
non-CDI counterparts.

Our findings are consistent with these obser-
vations. In our cohort, we observed that patients
with higher BMI and LVEF were more likely to
develop CDI, echoing previous studies that have
linked obesity and impaired cardiac function to an
increased risk of infectious complications. These
associations may be explained by the proinflam-
matory state and immune dysregulation often
seen in patients with metabolic syndrome and
advanced heart failure, both of which can exac-
erbate the intestinal barrier dysfunction and dys-
biosis that predispose to CDI.

In contrast to the findings by Chatterjee et
al. [14], who reported no significant association
between BMI and the severity of Clostridioides
difficile infection, instead identifying female Hsex
and hypoalbuminemia as stronger predictors of
adverse outcomes, our results align with those
of Mulki et al. [15], who demonstrated that a BMI
greater than 35 kg/m? was independently asso-
ciated with a 1.7-fold increase in the likelihood
of developing severe CDI. This discrepancy may
reflect differences in study populations, comor-
bidity burden, or definitions of disease severity.

Furthermore, the elevated NYHA classifica-
tion observed among CDI patients in our cohort
underscores the potential role of advanced heart
failure in predisposing individuals to worse infec-
tious outcomes. Méndez-Bailon et al. [16] simi-
larly reported an increase in in-hospital mortal-
ity and CDl incidence in heart failure patients with
complex comorbid profiles. Likewise, Mamic et
al. [17] highlighted the adverse impact of CDI on
heart failure-related hospitalisations, empha-
sising the importance of early identification and
preventive strategies tailored to high-risk cardiac
surgery populations.

Journal of Medical Science 2025 September;94(3)

Pathophysiological mechanisms

The increased susceptibility to Clostridioides dif-
ficile infection in cardiac surgery patients can be
explained by several converging pathophysiolog-
ical mechanisms. A key factor is the periopera-
tive administration of broad-spectrum antibiot-
ics, which disrupts gut microbiota composition
and impairs colonisation resistance. Foley et al.
[18] demonstrated that post-antibiotic disrup-
tion of microbial communities in a murine model
modulates susceptibility to CDI in a strain-spe-
cific manner, showing that Lactobacillus acido-
philus increases CDI risk. In contrast, Lactobacil-
lus gasseri enhances colonisation resistance via
bacteriocin-mediated effects and the enrichment
of protective Muribaculaceae species.

Moreover, CD itself contributes to intesti-
nal damage through its toxins, particularly toxin
A, which disrupts epithelial integrity and induc-
es apoptosis in intestinal cells. Gigli et al. [19]
showed that exposure of Caco-2 cells to toxin
A significantly reduced transepithelial resistance
and tight junction protein expression, impair-
ing mucosal barrier function. This confirms that
toxin-mediated epithelial injury is a key driver of
CDI pathogenesis, especially in postoperative
patients with compromised gut function.

Additional contributing factors include peri-
operative immunosuppression, use of opioids
and proton pump inhibitors, and hemodynamic
changes during cardiopulmonary bypass, which
may exacerbate dysbiosis and compromise epi-
thelial defence. A better understanding of these
mechanisms is essential for developing target-
ed prophylactic strategies, including microbio-
ta-preserving antibiotic regimens, judicious use
of gut-disruptive medications, and adjunctive
therapies supporting barrier function.

Biomarkers and CDI risk

Analysis of laboratory biomarkers in our cohort
revealed a strong association between elevated
C-reactive protein (CRP) and platelet counts and
the incidence of CDI, reinforcing the known link
between systemic inflammation and infectious
risk. These findings are consistent with a study
by Nseir et al. [20], which demonstrated that ele-
vated CRP levels, the neutrophil-to-lymphocyte
ratio, and mean platelet volume were significantly
associated with both recurrence and mortality in
CDI patients. The authors proposed that these



inflammatory markers may reflect host immune
response dysregulation and mucosal injury
severity.

In our patient group, the presence of elevated
CRP and thrombocytosis in CDI cases suggests
a hyperinflammatory state that may predispose
individuals to worse clinical outcomes. These
parameters are readily available and cost-ef-
fective, making them attractive candidates for
early risk stratification in surgical populations.
Incorporating such biomarkers into periopera-
tive surveillance protocols may facilitate earlier
diagnosis, targeted interventions, and potentially
improved prognosis.

Further prospective studies are warranted to
evaluate the predictive value of these and other
inflammatory or immune-derived markers—such
as procalcitonin, interleukin-6, or faecal calpro-
tectin—in the context of CDI following cardiac
surgery. Understanding the interplay between
systemic and mucosal inflammation may offer
novel insights into disease progression and
recovery dynamics.

Preventive strategies, healthcare
implications, and broader postoperative
considerations

Given the substantial impact of CDI on postoper-
ative outcomes and healthcare resource utilisa-
tion, the implementation of effective preventive
strategies in cardiac surgery patients is essen-
tial. Antibiotic stewardship plays a pivotal role in
minimising broad-spectrum antimicrobial expo-
sure, thereby preserving gut microbiota diversity.
Additionally, interventions aimed at supporting
intestinal microbial balance—such as selective
digestive decontamination or the use of care-
fully selected probiotic strains—may hold prom-
ise. However, their efficacy in the cardiac surgery
population requires further investigation.

Early identification of high-risk individuals is
equally important. Enhanced screening protocols
and standardised postoperative monitoring—es-
pecially in elderly patients or those with immu-
nosuppression—may facilitate timely recognition
of CDI and mitigate complications. In our cohort,
CDI was associated with significantly prolonged
hospitalisation, consistent with previous reports.
Kiersnowska et al. [21] described the substan-
tial economic burden of CDI in Polish hospitals,
emphasising increased treatment costs and

extended inpatient care. Similarly, Crabtree et
al. [22] identified CDI as a contributing factor to
prolonged mechanical ventilation, extended ICU
stays, and overall longer hospitalisations in car-
diac surgery patients. These data reinforce the
urgent need for robust infection prevention and
early intervention frameworks tailored to surgical
populations.

The complexity of postoperative care in car-
diac surgery extends beyond infectious compli-
cations. Rare but serious non-infectious events
continue to challenge clinicians. We previously
reported a case of Abiotrophia defectiva endo-
carditis requiring urgent mitral valve surgery due
to diagnostic delays, highlighting the importance
of early pathogen identification and targeted
microbiological evaluation in atypical presenta-
tions [23]. Likewise, stress-induced Takotsubo
syndrome can clinically mimic acute heart failure
after valvular or coronary interventions, neces-
sitating careful differential diagnosis in early
postoperative decompensation [24]. Late compli-
cations may also arise, such as ascending aor-
tic injury secondary to a dislocated sternal wire
nearly two decades post-Ravitch procedure,
manifesting with tamponade and cardiogenic
shock [25].

While these cases are unrelated to CDI, they
illustrate the critical need for comprehensive
postoperative vigilance. Given the frequently
nonspecific and delayed presentation of CDI, cli-
nicians should maintain broad diagnostic aware-
ness and integrate infection risk into the wider
context of post-cardiac surgery surveillance.

Future research in this field should prioritise
large, multicenter prospective trials integrat-
ing microbiota profiling better to understand the
dynamics of gut dysbiosis in postoperative CDI.
Investigating the role of specific probiotic or
prebiotic therapies, alongside the development
of predictive models that incorporate clinical,
demographic, and microbiome-derived variables,
may enable personalised risk stratification and
ultimately improve surgical outcomes.

Perspectives
Despite the comprehensive nature of our study,

certain limitations should be acknowledged. The
single-centre design and relatively small sample
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size may limit the generalizability of our findings.
Additionally, a more in-depth exploration of the
gut microbiota and its role in CDI development
could provide further insights into preventive
strategies.

Conclusion

In conclusion, our study highlights the multifac-
torial nature of Clostridioides difficile infection in
patients undergoing cardiac surgery, underscor-
ing the interplay between demographic, comor-
bid, and perioperative risk factors. In particular,
elevated body mass index and reduced left ven-
tricular ejection fraction emerged as relevant
correlates of CDI susceptibility in this population.
These findings support more individualised risk
stratification and targeted preventive approaches
in the perioperative setting.

Moreover, the observed association between
CDI and prolonged hospitalisation reinforces the
clinical and economic burden of this complica-
tion and emphasises the importance of early
identification and intervention. Future research
involving larger, multicenter cohorts and incor-
porating comprehensive clinical, microbiologi-
cal, and microbiome data is warranted to refine
risk prediction models further and inform evi-
dence-based prevention strategies tailored to the
needs of cardiac surgery patients.
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