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Abstract

The increasing number of implantation procedures of implantable cardiac electronic devices (ICEDs) leads 

to a substantial growth of a cohort of patients in whom complications of such a therapy occur. Infective com-

plications are among the most severe ones, as they are often associated with poor prognosis. Depending on the 

criteria applied, the incidence of cardiac device infection (CDI) is estimated at 0.5–2.2%. Many risk factors 

of CDIs have been identified, among which the most important are numerous previous cardiac electrotherapy 

procedures and their complexity, and the lack of perioperative antibiotic prophylaxis. Appropriate diagnosis 

of a suspected CDI is of utmost importance, as well as the correct classification of the infection, which leads 

to adequate treatment. Management of a CDI should include complete removal of the implanted device. 

Additionally, empirical and then targeted antibiotic therapy should be instituted. The prognosis of CDI may, 

nonetheless, be unfavorable. Despite appropriate treatment, the total mortality rate of such complication 

is estimated to be as high as 35%.
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Introduction

Cardiac device infections (CDIs) of cardiac pacemakers, 

implantable cardioverters-defibrillators (ICDs) or resyn-

chronization therapy devices (Cardiac Resynchronization 

Therapy Pacemaker or Cardiac Resynchronization Ther-

apy Defibrillator: CRT-P or CRT-D) belong to the most 

significant clinical problems of contemporary cardiol-

ogy. The increasing number of implantation procedures 

of implantable cardiac electronic devices (ICEDs) leads 

to a substantial growth of a cohort of patients in whom 

complications of such a therapy occur. Infective complica-

tions are among the most severe ones, as they are often as-

sociated with poor prognosis. CDIs create various clinical 

problems, including diagnosis, classification of infections 

and treatment.

Epidemiology

Depending on the criteria applied, the incidence of CDI 

is estimated at 0.5–2.2%.1 Available research data shows 

that the infection rate increases along with the increasing 

complexity of the implantable device system; infection 

is  least frequent in pacemaker patients, more frequent 

in patients with an ICD and most frequent in biventricular 

resynchronization therapy patients (with CRT-P or CRT-D 

devices). Most studies point to such a relationship, except 

one with contrary conclusions, which – according to the 

authors’ opinion – may be due to the limited number of pa-

tients in the cohort with CRT systems.2 Higher frequency 

of CDI in patients with more complex systems may be the 

consequence of longer procedural times in those patients, 

which was confirmed in some of the available studies.3,4

The incidence of CDIs is  from 2-fold to 5-fold lower 

in the case of first-time procedures, as compared to sub-

sequent revisions of the implanted system. It is estimated 

that infections complicate 0.5–0.8% of first-time implanta-

tions and 1–4% of system revisions.5–7

Risk factors

Cardiac device infections constitute a serious medical 

problem, but they also influence the economic balance 

of healthcare systems. Therefore, numerous studies have 

been undertaken to determine the risk factors of that com-

plication. Among the most important factors mentioned 

is the number of previous cardiac electrotherapy proce-

dures performed in a single patient,2,5,8,9 the complexity 

of those procedures3,6,10,11 and the lack of perioperative 

antibiotic prophylaxis.4,5,8,11 Other important risk factors 

of infective complications (confirmed in at least 2 stud-

ies) comprise the following: male sex,8,12 younger age,8,10 

anticoagulation,2,12 chronic obstructive pulmonary dis-

ease,9,13 chronic kidney disease,2,12 and reoperation during 

the same hospitalization.3,7 Additional CDI risk factors, 

though less documented, include: procedure performed 

before the year 1985,8 fever during 24 h preceding the pro-

cedure,5 temporary cardiac pacing before the procedure,5 

concomitant chronic heart failure,12 chronic systemic 

glucocorticosteroid therapy,11 hemodialysis,3 prolonged 

duration of the procedure,3 and pocket hematoma.4

Sohail et al. determined the risk factors of early infec-

tion after ICD implantation.13 They showed that the risk 

of early ICD system infection is substantially increased 

by the presence of epicardial leads and perioperative ICD 

pocket complications – pocket hematoma, wound dehis-

cence and delayed wound healing.

The total mortality in the case of CDIs is estimated at 

0–35%. Those numbers come from 19 studies, compris-

ing at least 1,000 patients, with the follow-up period of up 

to 5.5 years.11,14–26 The reported mortality in the course 

of  CDIs increased along with the prolongation of  the 

follow-up period. It was 2–15% during the first 30 days 

after implantation procedure,14,21,24,27,28  4–29% during 

6 months,14,19,21,26 9–35% during the first year after implan-

tation,16,22–24,28 and 6–35% if at least 2 years of follow-up 

were taken into account.15,17,20,22,29 It is of note that the data 

cited above included heterogeneous cohorts of patients 

with various manifestations of CDIs. Higher mortality was 

reported in studies where authors qualified only patients 

with a systemic form of CDI – 24.5–29% during 1-year 

follow-up,14,21,24 as compared to studies reporting mortality 

in patients with only a local manifestation of the infection 

– 6% during 2-year follow-up.17 Also, in studies of patient 

cohorts with any form of CDI, the reported mortality dur-

ing 1-year follow-up was higher in systemic forms of CDI 

– 15.5–26%, as compared to local manifestations of CDI 

– 1.5–12.5%.20,29

Because of such an unfavorable course of CDI, many 

research teams have investigated risk factors of poor prog-

nosis in patients with ICEDs. Among those, renal insuffi-

ciency has been most frequently reported.20,26,30 Other risk 

factors of poor prognosis include the diagnosis of infective 

endocarditis (as well as peripheral thromboembolism or 

moderate/severe tricuspid regurgitation, indicating infec-

tive endocarditis)26,30 and patients’ older age.20,30 Moreover, 

patients treated conservatively had a higher mortality rate 

than those in whom the complete removal of the previously 

implanted system was performed.22,24,30

Classi�cation

In recent years, several classifications have been pro-

posed to describe patients with CDIs. At present, it seems 

that the classification given by Sandoe et al. may be very 

useful in everyday clinical practice, and its use is advised 

also in Poland.1 The authors propose to distinguish 4 basic 

clinical manifestations of CDIs, such as uncomplicated in-

fection of the pulse generator, complicated infection of the 
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pulse generator, lead infection, and infective endocarditis 

in a patient with an ICED (Fig. 1).

In uncomplicated pulse generator infection, no signs or 

symptoms of a systemic infection may be found, and blood 

cultures are negative. Uncomplicated generator pocket 

infection (PI) may be diagnosed in the case of (Fig. 2):

– spreading cellulitis of the pocket;

– purulent exudate from the incision site;

– wound dehiscence or erosion through skin with the 

exposure of the generator or leads;

– pocket fistula or abscess formation.

Complicated pulse generator infection is diagnosed if the 

abovementioned PI signs are met, but with evidence of lead 

or endocardial involvement, systemic signs or symptoms 

of infection, or positive blood cultures.

Definite lead-related infective endocarditis (LRIE) is di-

agnosed in the case of:

– symptoms or signs of systemic infection, presence 

of vegetations attached to leads, as determined by echo-

cardiography, and presence of major Duke microbiological 

criteria, with no signs of pulse generator PI; or

– symptoms or signs of systemic infection, and mi-

crobiological culture, histological or molecular evidence 

of infection of explanted lead, with no signs of pulse gen-

erator PI.

Possible LRIE may be diagnosed in the case of:

– symptoms or signs of systemic infection, presence 

of vegetations attached to leads, as determined by echo-

cardiography, when major Duke microbiological criteria 

are not met; or

– symptoms or signs of systemic infection, presence 

of major Duke microbiological criteria, with no echocar-

diographic evidence of vegetations attached to leads.

Implantable cardiac electronic device-associated infec-

tive endocarditis (ICED-IE) may be diagnosed, if Duke 

criteria for infective endocarditis are met and infection 

Fig. 1. Classi�cation of implantable cardiac 

electronic device infections

PI – pocket infection; CPI – complicated pocket 

infection; ICED – implantable cardiac electronic 

device; ICED-IE – implantable cardiac electronic 

device-associated infective endocarditis; 

ICED-LI – implantable cardiac electronic device 

isolated lead infection.
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of the valve apparatus is confirmed with echocardiography 

(Fig. 1).

Apart from the above definitions, it is proposed to in-

clude the following as the major diagnostic criteria of ICED 

isolated lead infection (ICED-LI) and ICED-IE:

– infection of the pulse generator pocket;

– vegetations revealed with fluorine-18-fluorodeox-

yglucose positron emission tomography/computed to-

mography (18F-FDG-PET/CT) or radio-labeled leukocyte 

single-photon emission computed tomography combined 

with computed tomography (SPECT/CT), or vegetations 

in the pulmonary circulation demonstrated with angio- 

-computed tomography (CT);

– recurrent pneumonia in a patient with an ICED (as 

a manifestation of septic pulmonary embolism).

Etiology

The main etiological factor of CDIs are Gram-positive 

bacteria, which are responsible for 67.2–92.5% of the total 

number of infections, while Gram-negative bacteria account 

for less than 18% of infections. Among Gram-positive bac-

teria, coagulase negative staphylococci (10–68% of infec-

tions) and Staphylococcus aureus (24–59%)14,19,20,23,24,31–34  

are most often involved in CDIs. Bacteria that are less fre-

quently involved in CDIs are Gram-negative rods (1–17% 

of infections), enterococci (5–6%), streptococci (4–6%), 

propionibacteria and fungi (0.5–2%). Moreover, it is esti-

mated that in 2–24.5% of cases, the CDI is caused by several 

species.15–19,31,33 What is of importance is that in 12–49% 

of patients with clinical manifestations of CDI, blood cul-

tures are negative.7,14,15,19–21,24,26,31,33–35

Clinical manifestation

Signs and symptoms of CDI depend on the clinical type 

of infection. In the case of isolated PI, they include red-

ness, regional edema and tenderness of the pocket region. 

In more advanced types of  infection, purulent exudate 

may appear, as well as wound dehiscence, fistula formation 

or erosion of the subcutaneous tissue over the pocket.36 

Spreading infection may affect the leads of the implanted 

system. Literature data shows that PI coexists with ICED-IE 

and ICED-LI in 6–58% of cases, depending on the method-

ology applied and the classification of infections.7,15,26,37,38

The diagnosis of ICED-LI or ICED-IE in patients in whom 

no signs of PI are present poses a great challenge. Patients 

with ICED-IE or ICED-LI often present non-specific signs 

and symptoms of systemic infection, such as fever, shiv-

ering, nocturnal sweat, and weakness. Laboratory tests 

show elevated C-reactive protein (CRP) levels, which are 

observed in up to 96% of patients, but it is not useful to dif-

ferentiate PI, ICED-LI and ICED-IE.24,36,39,40 In 9% of pa-

tients with ICED-LI and ICED-IE, signs of septic shock may 

occur, and 5% of patients present with symptoms of vascu-

lar involvement or pulmonary embolism.41 Patients with 

ICED-LI and ICED-IE quite often report dyspnea and chest 

pain of pleural characteristics, with radiological features 

of pulmonary tissue involvement. Secondary infective foci, 

manifesting as vertebral body infection or intervertebral 

disc infection,40 are additional signs of possible ICED-IE 

or ICED-LI.

Diagnostics

Patients with suspected CDI may require numerous 

imaging procedures before the final diagnosis is estab-

lished. According to current guidelines, in every patient 

with suspected CDI, a chest X-ray is required to determine 

the pulse generator location, the number of leads and their 

location, the possible presence of a pulmonary inflamma-

tory process, and pleural effusion.

Echocardiography should be performed as soon as pos-

sible in every patient with suspected CDI (the optimal time 

range is within the first 24 h of the diagnostic work-up). 

It has been shown that early system removal (within the 

first 3 days from the diagnosis) is associated with a signifi-

cantly better prognosis.42 Echocardiography is also essen-

tial in patients with PI due to the frequent coexistence with 

ICED-LI or ICED-IE. The purpose of echocardiographic 

examination is to search for possible endocardial or lead-

associated vegetations, new valvular insufficiency or ab-

scess formation. In the case of suspected ICED-LI or ICED-

IE, transesophageal echocardiography (TEE) is indicated, 

as its sensitivity to reveal the abovementioned abnormali-

ties is much higher, compared to transthoracic echocar-

diography (TTE). Observational studies have shown that 

TTE enables the detection of lead involvement in 22–43% 

of cases and TEE in 90–96% of cases.21,39–41 However, one 

must remember that both methods are complementary. 

Transthoracic echocardiography enables a more precise 

evaluation of  the left ventricle, the size of right heart 

chambers and right ventricular pressure, whereas TEE 

enables a more precise assessment of  the intracardiac 

and extracardiac segments of implanted leads, left heart 

valvular involvement, and the number, size and mobility 

of vegetations. It  is advised to repeat the echocardiog-

raphy once the ICED has been removed to exclude the 

presence of remaining vegetations within the valvular 

apparatus.

It has been shown that FDG PET/CT may be a valuable 

imaging modality that is helpful in the diagnostic process 

of CDIs.43 However, because of lacking evidence, it is not 

recommended as a clinical routine, but only as a comple-

mentary test in the case of infections of an atypical clinical 

course.

Diagnostics of suspected CDI comprises an appropriate 

number of blood cultures, sampled in proper time periods. 

It is vital to collect blood samples before antibiotic therapy 
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is instituted. According to the British recommendations, 

the number of  blood samples depends on  the clinical 

status of a patient with suspected CDI.1 In a patient that 

is clinically stable, in whom subacute or chronic infection 

is suspected, it is recommended to collect 3 blood culture 

samples separated by at least 6-hour intervals. In a patient 

with CDI and severe sepsis or septical shock, to avoid any 

delay in empirical antibiotic therapy, it is recommended 

to collect 2 blood culture samples separated by 1-hour time 

interval before antibiotic therapy is started. Following the 

above recommendations allows obtaining positive blood 

cultures in 20–67% of patients with CDIs.4,10,31,44

Apart from blood cultures, it is recommended to per-

form a microbiological investigation of the removed lead 

or its fragments (optimally, both proximal and distal seg-

ments), vegetations collected from leads and pocket tissues, 

or purulent exudate from the pocket, if present.

Available data shows low accordance of blood culture 

results and cultures of removed lead fragments (35%). This 

should not be surprising, as blood cultures are collected 

before antibiotic therapy is started, and leads are removed 

and referred for a microbiological investigation after some 

period of antibiotic pharmacotherapy.31

Management

Management of any diagnosed infection (PI, ICED-LI or 

ICED-IE) comprises several common points. In each of the 

infection types, it is advised to remove totally, if possible, 

the infected system (i.e., the pulse generator and leads). 

The procedure should be performed as soon as possible 

and not later than 2 weeks from the diagnosis. Patients 

should receive antibiotics according to antibiograms ob-

tained from blood cultures. Still, even if an appropriate man-

agement strategy is applied, CDI recurs in up to 7% of pa-

tients.11,14–19 What is of note, infection recurrence is more 

likely if an ICED system is left in place. It is estimated that 

over a half of patients that has not undergone ICED system 

removal will develop the next CDI episode.10,17,45

Also, in the cases of pocket decubitus or the exposi-

tion of  leads to extracorporeal environment, as bacte-

rial contamination is inevitable, complete removal of the 

implanted system is recommended. If local and systemic 

signs and symptoms of  infection are excluded, which 

means a diagnosis of  the so-called “sterile decubitus”, 

prolonged antibiotic treatment is not required, and only 

perioperative prophylaxis is applied.1

Transvenous lead extraction and pulse generator remov-

al (Fig. 3) may be successfully performed in 98% of pa-

tients.46 The risk of failure of such a procedure increases 

along with the prolongation of lead dwelling time in the 

venous system. In one of the studies, the authors found 

a  linear correlation between the system dwelling time 

(from the initial implantation to the removal procedure) 

and the risk of the removal failure. In the case of leads 

implanted up to 3 years before, the risk of failure was 5%, 

and for the leads implanted from 9 to 12 years before, it was 

as high as 20%.38 Cardiac surgical removal of an ICED 

is recommended in patients with large vegetations (>2 cm 

in diameter) and in those requiring valve replacement or 

repair because of infective endocarditis.

Complete removal of  the implanted system may not 

always be possible. It may happen in the case of proce-

dural failure, when some parts of leads remain in the pa-

tient’s circulation, but also if a patient refuses the ICED 

removal17 or if a patient is disqualified from the procedure 

because of poor prognosis due to severe concomitant dis-

eases.5,7 That may be the case in 3–15% of patients with 

CDI.4,5,7,10,37,47 Management of such cases includes typical 

antibiotic therapy with leads left in situ, or alternatively the 

removal of the pulse generator in the case of confirmed PI. 

It has been shown that partial removal of an ICED system 

leads to infection cure in 13–71% of patients.10,16,17,37,47

If ICED extraction is planned, it is obligatory to reassess 

current indications for cardiac electrotherapy. It is esti-

mated that up to 30% of patients do not require repeat 

implantation of the removed ICED.47 In other cases, the re-

peat implantation procedure should be delayed (if possible) 

until general (fever) and local symptoms of infection have 

passed. Some authors suggest to maintain an arbitrary 

delay of 7–10 days from the system extraction to reimplan-

tation.7,37 The use of ipsilateral vascular access is discour-

aged. No part of the previously removed system is allowed 

to be reimplanted.

Fig. 3. The left panel pictures a pacing lead that 

was removed transvenously because of infection 

(ICED-LI); the right panel pictures vegetations 

removed during cardiac surgery (from Authors’ 

archive)

ICED-LI – implantable cardiac electronic device 

isolated lead infection.
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In exceptional situations, in the case of infection limited 

to the superficial tissue or skin incision only, after detailed 

exclusion of the infective involvement of the pocket, im-

planted leads and bacterial contamination of the above-

mentioned structures, it is acceptable to apply conservative 

treatment, which means 7–10 days of oral antibiotic treat-

ment (with an antistaphylococcal agent) with possible local 

surgical debridement. Nevertheless, in those exceptionally 

rare cases, the region of inflammatory involvement should 

be thoroughly inspected and monitored, and in the case 

of progression of the infection into deeper tissue layers,  

a typical treatment as for CDI should be instituted imme-

diately, with complete removal of the implanted system.48

Antimicrobial therapy

Appropriate antimicrobial therapy is an indispensable 

part of the management strategy in patients with CDIs. 

The type of antibiotics used and the duration of treatment 

depend on the extent of infection and the clinical state 

of a patient. In the case of uncomplicated PI, empirical 

antibiotic therapy is necessary until the results of collected 

cultures may be obtained. Successful empirical antibiotic 

therapy usually includes vancomycin, daptomycin or tei-

coplanin. Local antibiotic treatment is not recommended. 

In the case of complicated PI, a typical treatment as for 

ICED-LI or ICED-IE should be implemented.

Obviously, the diagnosis of ICED-LI or ICED-IE also 

requires the initiation of appropriate empirical antibiotic 

therapy. Until blood culture results are available, and if the 

patient deteriorates (e.g., in severe sepsis), it  is advised 

to use vancomycin with meropenem or daptomycin with 

meropenem. In patients with ICED-IE or ICED-LI with 

negative blood cultures, it is recommended to use vanco-

mycin with gentamycin or daptomycin with gentamycin.

Empirical antibiotic therapy should include broad-spec-

trum agents; however, the efficacy of such a strategy was 

lower when compared to antibiogram-guided therapy. For 

example, flucloxacillin is far more effective as a therapy 

of Staphylococcus aureus infections than vancomycin. No 

randomized clinical trials have been conducted to assess the 

efficacy of each therapy regimen in the case of ICED-IE or 

ICED-LI. Moreover, many publications lack detailed infor-

mation about the course of antibiotic treatment, such as the 

dosage, route of administration, duration of treatment, or 

the species of the pathogen responsible for infection.5,7,8,37,44

For the antimicrobial treatment of CDI, peripheral ve-

nous access is recommended. It is characterized by a lower 

risk of secondary infection and it does not result in the 

loss of a potential site for future reimplantation. Periph-

eral venous access is thus the best solution in the case 

of prolonged antibiotic administration, but it should be 

changed on a regular basis every 72 h.25 Oral route of anti-

biotic administration is not recommended in CDIs. It was 

shown that oral antibiotics for PI not only did not cure 

the infection, but also increased the risk of infection dis-

semination and mortality.27 Oral antibiotic therapy is al-

lowed only in the case of persistent cellulitis after system 

extraction and in patients with no chance for ICED sys-

tem extraction (subjects in the terminal phase of a chronic 

disease).

The duration of antibiotic treatment depends on several 

factors: type of CDI, management of the infected system, 

involvement of other cardiac structures, and extracardiac 

signs of infection. In the case of PI, experts’ opinions are 

consistent and the recommended duration of antibiotic 

therapy is 10–14 days.4,20,44

In the case of ICED-LI or ICED-IE, antibiotic therapy 

is administered for 6 weeks15,20,21,45; however, an average 

of 5.4 weeks35 and 2–4 weeks were also reported.47 In pa-

tients with ICED-LI or ICED-IE with no ICED system ex-

traction, the British recommendation is 6 weeks of antibiot-

ic therapy.1 It is generally recommended to stop the therapy 

after 6 weeks, with the following careful reassessment of the 

patient’s clinical status, and to repeat blood cultures in the 

case of any suspicion of infection recurrence. There are no 

strict recommendations regarding the management of in-

fection recurrences. It is advised to start with intravenous 

antibiotic therapy and subsequent long-lasting oral therapy.7

The duration of antibiotic treatment after the extraction 

of an infected ICED system is determined by several fac-

tors, such as the presence of extracardiac infective foci and 

the initial clinical response to treatment; it also depends 

on whether the valvular apparatus is involved. With good 

clinical response and no extracardiac foci, it seems suf-

ficient to continue antibiotic therapy for 4 weeks after the 

extraction procedure. If CDI occurred in a patient with a 

mechanical valve prosthesis, a longer 6-week period is rec-

ommended. It should be underlined that every change 

of the treatment scheme (e.g., in case of inefficacy of the 

previous plan) should reset the time counter again for the 

complete period, as described above.

Prevention

Performing ICED system implantation or revision 

only by experienced electrophysiologists in appropriately 

equipped centers is very important in terms of CDIs pre-

vention. Temporary transvenous cardiac pacing before 

ICED implantation is a risk factor of CDI. It is associated 

with 2–18% risk of sepsis49 and a 2.5-fold increase of the 

risk of future CDI.5

Elective implantation procedures should be postponed 

until the complete regression of general symptoms (mainly 

fever) of any infection. It would be interesting to investi-

gate the prognostic value of CRP concentration and white 

blood cells count before the implantation procedure for 

the prediction of future CDI.

Based on a meta-analysis of results from randomized 

clinical trials, it has been established that prophylactic an-

tibiotic administration before the implantation procedure 
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is an effective method of prevention of CDI.50,51 Cefazolin 

has best evidence as an effective antibiotic, preventing 

CDI.4 Flucloxacillin compared to placebo did not show any 

clinical benefit.52 It is recommended to administer the an-

tibiotic before the implantation procedure, 1 h before skin 

incision.50 This antibiotic scheme allows one to achieve 

tissue and plasma antibiotic concentration above minimal 

inhibitory concentration (MIC) for potential pathogens. 

It is not recommended to repeat the antibiotic after the 

procedure.50,53

A crucial part of CDI prevention is appropriate skin prepa-

ration in the region of the planned skin incision. Hair should 

be regionally removed with the use of electric clippers with 

a single-use head, because the use of razors is associated 

with a higher risk for infection of the tissue operated on. 

Hair should be removed on the day of the planned proce-

dure. Recommended antiseptic agents include alcoholic 2% 

chlorhexidine solution or povidone iodine in alcohol, but 

notably the use of alcoholic 2% chlorhexidine is associated 

with higher antiseptic efficacy as compared to povidone 

iodine in alcohol.54,55 Therefore, British recommendations 

postulate the use of alcoholic 2% chlorhexidine solution as 

the agent of choice for antiseptic preoperative skin prepa-

ration, and obeying the crucial rule to leave it on the skin 

until it dries, which usually takes approx. 30 s.1

Summary

CDIs still constitute a  serious clinical problem. It  is 

of particular difficulty to establish the final diagnosis 

in patients with a deceitful and chronic course of the dis-

ease. New imaging techniques, such as 18F-FDG-PET/CT 

or radio-labeled leukocyte SPECT/CT, show high sensitiv-

ity for CDI detection. Future studies are needed to assess 

whether laboratory tests (CRP, procalcitonin, leukocy-

tosis) are useful in predicting CDI occurrence. With in-

creasing resistance of pathogens to antibiotics, further 

studies are required to compare the efficacy of various 

therapeutic algorithms, as well as the search for new an-

timicrobial drugs.
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