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Abstract

Purpose of Review Nosocomial extracardiac infections after cardiac surgery are a major public health issue affecting 3-8.2%
of patients within 30-60 days following the intervention.

Recent Findings Here, we have considered the most important postoperative infective complications that, in order of fre-
quency, are pneumonia, surgical site infection, urinary tract infection, and bloodstream infection. The overall picture that
emerges shows that they cause a greater perioperative morbidity and mortality with a longer hospitalization time and excess
costs. Preventive interventions and corrective measures, diminishing the burden of nosocomial extracardiac infections, may
reduce the global costs. A multidisciplinary team may assure a more appropriate management of nosocomial extracardiac
infections leading to a reduction of hospitalization time and mortality rate.

Summary The main and most current data on epidemiology, prevention, microbiology, diagnosis, and management for
each one of the most important postoperative infective complications are reported. The establishment of an antimicrobial
stewardship in each hospital seems to be, at the moment, the more valid strategy to counteract the challenging problems.
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Introduction

After cardiac surgery, complications of various kinds, infec-
tious and noninfectious, may affect several organs [1-5]. The
overall prevalence of at least one of those complications is
66.6% [5], a really high percentage that also includes the
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nosocomial cardiac and extracardiac infections and gives us
an idea of how important this issue is.

Narrowing our research, we are only discussing here
the nosocomial extracardiac infections (NECI), which are
all those not affecting the heart and whose onset is within
two months from cardiac surgery intervention. These rep-
resent a major public health issue for a number of reasons:
excess mortality (odds ratio 4.02), long-term hospitalization,
greater risk of rehospitalization, and cost increase [6].
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The high demand for cardiac surgical procedures, except
for the recent decline due to the COVID-19 pandemic [7]
and especially the fact that the major requests concern older
and high-risk patients, explain why the trend of NECI is
growing.

Obviously, patients’ risk factors and some types of bac-
teria involved have a greater influence on the severity of the
NECI and consequently have a major impact on the hos-
pitalization time and mortality rate in the first two months
after the operation.

The implementation of the best practices in the manage-
ment of patients affected by NECI is surely the most effective
strategy to adopt in order to reduce its onset whose risk is
estimated in a range between 3 and 8.2% within 30-60 days
after cardiac surgery exposing the affected individuals to a
10—-17-fold higher risk of postoperative mortality [8—14].

The management of patients undergoing cardiac surgery
results in a number of problems that should be addressed
with method.

In this review, we want to analyze all these key points and
all the procedures put in place to counteract the occurrence
of NECI and its clinical and socio-economic impact.

Nosocomial Extracardiac Infections

NECI may be of monomicrobial or polimicrobial origin, the
latter being only found in less than 27% of cases [9, 15].

An interesting survey on NECI showed that Gram-
negative bacteria were involved in 42.4% of cases versus
29.6% of Gram-positive bacteria and 28% of fungi [12]. The
most frequently found bacteria among Gram-negative spe-
cies were Acinetobacter baumannii (8.8%), Pseudomonas
aeruginosa (8%), Escherichia coli (5.6%), and Klebsiella
pneumoniae (4.8%). Among the Gram-positive bacteria,
Staphylococcus aureus (8%), Staphylococcus epidermidis
(7.2%), Staphylococcus pneumoniae (4%), and Enterococcus
faecium (3.2%) were found. Fungi were so represented: Can-
dida albicans (13.6%), Candida tropicalis (6.4%), Candida
parapsilosis (4.8%) and Candida krusei (1.8%) [12].

According to this survey, the rates of NECI vary depend-
ing on the type of cardio surgery procedure as follows: 2.6%
for congenital malformation repair, 5.5% for valve replace-
ment, 13.6% for coronary artery bypass graft, 16.8% for aor-
tic aneurysm and aortic dissection interventions [12].

A multicenter retrospective cohort study designed for
examining the epidemiology, microbiology, and outcome of
major postoperative infections, observed that Gram-negative
bacteria and Staphylococcus aureus were independently asso-
ciated with 30-day mortality, whereas coagulase-negative
staphylococci were not [9].

These authors selected patients with bloodstream and
chest wound infections within 30 days after cardiac surgery,
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coming to the conclusion that in these two groups, staphylo-
cocci were the most represented bacteria (52% of the infec-
tions) and S. aureus was the pathogen associated with the
highest 30-day mortality [9].

According to a recent study, NECI represent the most
important factor favoring mortality of patients undergoing
cardiac surgery [16].

Risk Factors

Some studies covering thousands of patients, performed
in the USA, Europe, and China [13, 17-21], allowed to
obtain predictive models able to individualize the risk esti-
mation and facilitate the clinical decision-making.

These models were based on the identification of
modifiable independent risk factors linked to the spe-
cific clinical conditions of the patient, such as advanced
preoperative anemia, low hematocrit, hypoalbuminemia,
age > 60 years, hypertension, smoking history, diabe-
tes, chronic obstructive pulmonary disease, poor cardiac
function (NYHA class III-1V), BMI > 24 kg/mz, previous
cardiac surgery, cardiopulmonary bypass time > 120 min,
peripheral vascular disease, high levels of serum creati-
nine, blood transfusion [13, 17-21].

Moreover, cardiosurgical patients undergoing extra-
corporal circulation may more easily develop colonization
and secondary multidrug-resistant (MDR) infection, with
increased overall mortality [14].

Other risk factors with a great influence on the clini-
cal outcome in patients subjected to cardiac surgery and
affected by NECI are intubation for > 48 h after interven-
tion, the presence of cerebrovascular accidents, and a
recent immunosuppressive treatment [9, 14]. Intubation
with an OR of 13.4 is one of the most important risk fac-
tors for NECI [14].

Previous or prolonged hospitalizations have proven
to be at high risk for the development of MDR bacterial
infections after heart transplantation [22].

Also, recent antibiotic administration, changing the
commensal flora, makes it easier for the development of
NECI with more antibiotic-resistant bacteria.

A risk factor stratification is shown in Table 1.

Interestingly, combined surgery, such as concomitant
coronary artery bypass graft and/or aortic surgery, was
identified as an independent risk factor for postoperative
nosocomial pneumonia due to the fact that it is more com-
plicated and time-consuming [13]. Indeed, during bypass,
the blood perfusion is assured to the bronchial system but
not to the lung that experiences a state of relative ischemia.
After the cardiac surgery operation, the reperfusion of the
lung may develop ischemia—reperfusion injury mediated
by a proinflammatory/proapoptotic state [23]. Generally
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Table 1 Risk factors stratification of developing infective complications after cardiac surgery [6, 16, 17, 78, 81, 85]

Risk factors

Pneumonia (OR) Surgical site Urinary tract Bloodstream Candidemia
infection
(OR)

NECI (OR)
infection (OR)

(OR)

infection
(OR)

Older age 1.98 1.3
BMI>24

longer duration of surgery
Duration of mechanical ventilation 1.10 2
COPD 1.42 14

Complications in cardio-vascular intensive
care unit

Re-admission to the cardio-vascular inten-
sive care unit

CLD

Malnutrition

Hypertension 1.79

Smoking history 1.69

Heart surgery history 2.54

Renal insufficiency 2.67 and 4.87 1.3
Blood Transfusion 3.53 1.3
Cardiopulmonary bypass time > 120 min 2.62

Diabetes mellitus 1.38 2.7
NYHA class III-1V 1.45

Multiple lumens CVC

Changing CVC

Previous stroke

Urinary catheterization

Septic shock

Antibiotic prophylaxis>48 h 1.2
Previous carbapenems therapy

Previous fluoroquinolones therapy

CABG valve

Multivalve

1.03 and 2.4 1.03
34.03

48.52
1.11and 1.3
1.24

18.66

8.59

2.88
5.67

1.46 and 4.37

1.1 and 5.92
23.8
2.15
4.59
2.15 4.61
1.09
2.15 5.64

8.87

5.73
1.11
1.32

BMI Body Mass Index, CABG coronary artery bypass graft, CLD chronic liver disease, COPD chronic obstructive pulmonary disease,
CVC central venous catheter, NECI nosocomial extracardiac infections, NYHA New York Heart Association, OR odds ratio

speaking, a prolonged operation time represents a favora-
ble condition for the contamination of the surgical field.

Furthermore, the type of surgical incision, a long still-
ness, the choice to use multiple invasive monitoring lines
with the possibility of their contamination, the mainte-
nance of urinary catheter, the mechanical ventilation, and
the overall hospital stay, play a key role in the development
of NECI [15, 24].

Interestingly, a higher mortality rate (32.2%) is observed
in patients with infections related to invasive devices in com-
parison to those without infections (2.9%) [25].

We will be covering here the common causes of NECI
that, in order of frequency, are pneumonia, surgical site
infection, and urinary tract and bloodstream infections
[16].

Postoperative Pneumonia
Epidemiology

Nosocomial pneumonia is one of the main infective compli-
cations after cardiac surgery (1.2-20%) [5, 15, 26, 27] and,
especially when ventilator-associated, may lead to serious
clinical problems in more than 35% of patients intubated for
over 48 h [26].

Furthermore, in patients requiring mechanical ventilation,
the time spent in the hospital is surely prolonged, and so,
because of all of this, costs are driving up [26].

We must take into account that it causes a significantly
higher hospital mortality rate (28% vs 6.2%) and a higher
mortality once the follow-up is over (53% vs 19%) [27].
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Prevention

According to some authors, patients with more than 2 of ASA
(American Society of Anesthesiologists) score are at high risk for
developing nosocomial pneumonia following cardiac surgery [15].

To prevent this event, some measures are worth mention-
ing; it should be recommended the preoperative vaccination
against seasonal influenza for all patients and immunization
against S. pneumoniae in all patients older than 65 years or
younger but affected by chronic diseases of liver, heart, lung,
or affected by diabetes and alcoholism [28].

Oral health care that has demonstrated to give benefit in
the reduction of ventilator-associated pneumonia [29], may
be a valid strategy in these patients before and after cardiac
surgery. Second-generation cephalosporins are the antibiot-
ics of choice for an appropriate prophylactic treatment.

The use of prophylactic steroids is controversial, although
when combined and time prolonged surgery is planned, it
might be useful to reduce the inflammatory cascade due to
ischemia/reperfusion injury of the lung [30-32]. The emerg-
ing antibiotic resistance, an important issue that prolongs
hospitalization and consequently increases the costs, can
be contained paying attention to avoid unjustified antibiotic
treatments, in patients undergoing cardiac surgery, in the
days immediately preceding.

An interesting meta-analysis in patients after cardiac sur-
gery has demonstrated the important role of non-invasive
ventilation, compared to invasive, to reduce the risk of
endotracheal intubation and of hospital mortality and to pro-
tect versus major clinical complications [33].

Other simple rationale measures should be adopted such
as that of keeping the head of the bed raised, or motivating
the patient to take the sitting position leaving the bed for the
chair (at least during the meal) or favoring his deambula-
tion once discharged from the anesthesia care unit. Not less
important, it is also to push the patient to have deep breath-
ing and use incentive spirometry [33].

Moreover, the placement of a nasogastric tube and the
excessive administration of blood and platelet transfusion
have to be avoided.

Indeed, patients receiving blood transfusion have an
increased risk of 29% of developing major infection when
each red blood cell unit is transfused [34].

Moreover, an increased risk of pneumonia of 3.4-fold
is reported in postoperative patients receiving blood trans-
fusion [35]; interestingly, the mechanism through which
adverse outcomes, such as pneumonia, occur, in patients
undergoing cardiac surgery, concerns the blunting of post-
operative factor-1 alpha (HIF-1a) response after blood trans-
fusion [36].

All of this strongly suggests to use a restrictive trans-
fusion strategy after cardiac surgery, when possible, to
decrease nosocomial pneumonia [37].
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Microbiology

Some authors found in Enterobacteriaceae (32.8%), P. aer-
uginosa (28.6%), and S. aureus (27.1%) the main types of
microorganisms responsible for nosocomial pneumonia fol-
lowing cardiac surgery [18]. In a retrospective study, except
for a lower percentage of methicillin-susceptible S. aureus
found in non-ventilator compared to ventilator pneumonia,
the percentage of causative agents isolated in both groups
was comparable [Enterobacteriaceae (35%), P. aeruginosa
(20.2%), and Haemophilus spp. (20.2%)] [38]. Other authors
observed that Acinetobacter baumannii (39% of cases) and
Pseudomonas aeruginosa (22.5% of cases) [39] were the
most common pathogens. Others emphasized the role played
by P. aeruginosa, K. pneumoniae, and Enterobacter cloacae
as the bacteria most often involved in nosocomial pneumo-
nia [26], while still others found in Haemophilus influenzae
the most commonly isolated microorganism [15, 40].

Fungi such as C. albicans, even if more rarely, are
described to play a role especially in patients with unhealthy
nutrition, diabetes, or subjected to a prolonged use of
extended-spectrum antibiotics.

This different prevalence of the causative agents of noso-
comial pneumonia following cardiac surgery in diverse
hospitals might be linked to the lack of uniform preven-
tive strategy and also to different monitoring and surveil-
lance programs of health-related infections and antibiotic
resistance.

Finally, in this pandemic era, several viral postoperative
cases of pneumonia have been ascribed to COVID-19 in
patients that resulted RT-PCR test negative before cardiac
surgery; immunologic disorders by the use of extracorporeal
circulation, physiologic distress, and anesthesia would be
responsible for COVID-19 activation during the incubation
period [41].

The right choice of the initial empirical antibiotic treat-
ment in patients with nosocomial pneumonia is of the utmost
importance in order to avoid a future occurrence of anti-
microbial resistance towards the more virulent pathogens
such as A. baumannii, P. aeruginosa, or K. pneumoniae,
able to cause clinical conditions extremely uneasy to cure
and potentially fatal [42—-44].

Diagnosis

The following clinical signs: dyspnea, onset of cough,
change in the character of the sputum or purulent secretions,
desaturation, fever (> 38 °C) without other apparent causes,
leukocytosis, (> 12,000 cells/ul) or leukopenia (<4000 cells/
ul), elevated serum levels of C-reactive protein, and erythro-
cyte sedimentation rate, are highly suggestive for the diag-
nosis of pneumonia. The finding of progressive pulmonary
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infiltrates on chest radiography or computed tomography
(CT) patently confirms the clinical diagnosis.

The most insidious ventilator-associated pneumonia takes
advantage of the following diagnostic criteria which can be
summarized as a worsening in respiratory dynamics after a
period of stability or improvement, and in laboratory evi-
dence of respiratory infection [45, 46]:

1. A sustained increase in the daily minimum positive end-
expiratory pressure (PEEP) of >3 c¢cmH,O following a
period of stability or improvement on the ventilator.

2. A sustained increase in the daily minimum FiO2
of >20% following a period of stability or improvement
on the ventilator.

3. Bacterial isolation through semiquantitative cultures
from endotracheal aspiration or bronchoalveolar lavage
of lower respiratory tract secretions (sensitivity of 71.1%
and specificity of 79.6%), lung tissue, protected speci-
men brush; the presence of purulent respiratory secre-
tions (from the lungs, bronchi, or trachea containing > 25
neutrophils and < 10 squamous epithelial cells per low
power field) represent additional diagnostic means.

4. Pathogen identification in pleural fluid (obtained during
thoracentesis or within 24 h of chest tube placement).

5. Lung parenchyma evidence of abscess formation or inva-
sion by fungi or positive immunohistochemical assays,
cytology, or microscopy performed on lung tissue for
viral pathogens.

6. Positive test for Legionella species

7. Positive diagnostic test on respiratory secretions for viral
pathogens

Management

Postoperative pneumonia requires to be treated as a hospital-
acquired pneumonia with a careful look both to the causa-
tive agents and to the antibiotic resistance patterns most
frequently detected.

The use of appropriate and early empiric antibiotic ther-
apy significantly decreases the mortality, while delay in
starting the treatment is associated with poor outcomes [38].

The treatment should consist of a broad-spectrum beta-
lactam antibiotic (piperacillin/tazobactam) or carbapenems
targeting Gram-negative bacilli; in the case of ventilator-
associated pneumonia, the antibiotic choice should be
directed against S. aureus or methicillin-resistant S. Aureus
(MRSA), using vancomycin, teicoplanin, or daptomycin
[38]. Due to multidrug-resistant (86% resistance to imipe-
nem and 62% resistance to piperacillin-tazobactam), patients
with critical infection caused by A. baumannii, should be
treated with a therapy based on colistin/tigecycline also

combined with other antibiotics such as carbapenems, sul-
bactams, fluoroquinolones, or minocycline [24, 47].

Surgical Site Infection
Epidemiology

A surgical site infection starts when the bacterial contamina-
tion exceeds the host defense.

system. In the majority of the cases, it is classified as
superficial infection, and with an incidence ranging between
1.4 and 17 1%, it covers 1/6—1/7 of all NECI [48-50]; how-
ever, in the 0.5-5% of cardiac surgery procedures, the wound
infection may become deep in the sternal surgical site and
sometimes is able to involve also sternal bones and medi-
astinal space. This latter dangerous variant, termed medi-
astinitis, is a serious life-threatening complication of the
deep surgical site infection, defined as a deep sternal wound
infection with sternal osteomyelitis with or without infected
retrosternal space. It may cause sepsis, with multisystem
organ failure [51], may also affect the bone, inducing sternal
osteomyelitis [52, 53], and is characterized by a high mor-
bidity and mortality (increased 1-year mortality of 10.7% vs
2.5% in patients without) [54-57].

Prevention

The reduction of this type of infection has been obtained in
England by means of a care pathway model based on the
control practices of the surgical site by a multidisciplinary
team [48] with different roles and tasks.

— Some team members should care for the preoperative
management of the patients giving them exhaustive infor-
mation leaflets containing all explanations to change their
habits (smoke cessation at least 30 days before cardiac
surgery for smokers, encouragement to lose weight for
obese or overweight patients, eradication of S. aureus
in nasal carriers with topical mupirocin treatment for
5 days) and for preoperative skin preparation and post-
operative wound care;

— Others should control the body temperature in the perio-
perative period with the aim to avoid hypothermia;

— Still, others should care for patient education to become
actively involved in his healing process throughout the
postoperative course (patient collaboration, where possi-
bile, is crucial to prevent NECI and obtain quick clinical
improvements);

— Others, finally, should deal with the continuous monitor-
ing of the incidence of surgical site infection that is the
best standard of surveillance, since it provides overall
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information on incidence rate, microbiological trend, and
antibiotic resistance [58].

Different opinions exist among centers on the means used
to remove the hairs; according to some authors, depilatory
creams should be safer than other depilatory means by low-
ering the hypersensitivity reactions, whereas others believe
that it is not the case [59, 60].

Importantly, there is agreement on the fact that the surgi-
cal site infection is less likely when the hairs are removed on
the day of surgery rather than the day before [61].

Then, it is strongly recommended the use of chlorhexidine
gluconate for skin decolonization followed by a new addition
of 2% chlorhexidine gluconate in 70% alcohol immediately
before skin incision [48].

Remarkable is also the choice of the right time for giv-
ing the antibiotic prophylaxis (preferentially cephalosporins
in patients at low risk of MRSA colonization) that should
be administered within 60 min from surgical incision [62];
indeed, the first few hours after bacterial contamination
are most likely to cause an infection [59]. In this context,
it should be recalled that the administration of cefazolin
or cefuroxime should be repeated, due to short half-lives,
besides procedures lasting more than 4 h or when there is
a prolonged or excessive bleeding [62]. On the other hand,
vancomycin should be administered in patients with proven
or at high risk for MRSA colonization or in patients with
IgE-mediated reactions to beta-lactams, together with ami-
noglycoside for Gram-negative coverage [62].

Important also is the control of temperature, glycemia,
and oxygenation [59].

It is known that hypothermia causes vasoconstriction that,
in turn, lowers the oxygen tension, both thus favoring the
occurrence of infection in the surgical site.

According to a recent meta-analysis, active warming
methods to keep a good temperature, are recommended,
although it is unclear if they can really prevent the infection
of the surgical site [63].

It is equally important the maintenance of the glycemic
stability; indeed, systematic reviews of several studies inves-
tigating control protocols (through the use of continuous
insulin infusion) to maintain an optimal range of glycemia
(< 140 mg/dl or 7.8 mmol/L), demonstrated fewer potential
complications in patients with diabetes undergoing cardiac
surgery [64, 65].

Microbiology
A high bacterial count, estimated at about 10° microorgan-

isms per gram of tissue, is needed to induce the development
of surgical site infection.
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Gram-positive bacteria have long been considered the
commonest microorganisms (89%) in surgical site infections
following cardiac surgery, while Gram-negative bacteria
are the causative agents only in 10% of cases [9]; however,
recent findings give evidence of changes in microbiology
with an increased role of Gram-negative bacteria (24.5% of
cases) and a relative lower role of Gram-positive bacteria
(75.5% of cases) [66].

Among Gram-positive bacteria, coagulase-negative
staphylococci are most frequently isolated (56% of cases)
while S. aureus is found in 24% [9, 57]; some of them may
develop antibiotic resistance [58].

Staphylococcus epidermidis and the other endogenous
bacterial flora of the skin have to be classified as potential
pathogens causing contamination after skin incision and
developing multi-resistance antibiotic spectrum requiring
extended antibiotic therapy [59, 67].

Diagnosis

In front of clinical signs such as cellulitis and wound dis-
charge, dehiscence, tenderness, and sternal instability, as well
as systemic inflammatory findings (elevated C-reactive pro-
tein, erythrocyte sedimentation rate, and white blood cells)
at times accompanied by tachycardia and hypotension, the
likelihood of a deep infection is high and a quick manage-
ment is needed.

At least one of these criteria must be present to make
certain the diagnosis [54]:

1. Deep incision dehiscence, spontaneous or opened or
aspirated by a surgeon, or organism culture identifica-
tion performed for clinical diagnosis or treatment;

2. Hypothermia or fever (>38 °C), chest pain or tenderness
or sternal instability, and concurrent purulent discharge
or positive microbiological culture;

3. Gross anatomical or histopathologic exam, or imaging
test showing the presence of abscess or deep infection.

To confirm the presence of mediastinitis and properly han-
dle any problem, both blood cultures and CT scan are strongly
recommended, thanks to their ability to determine the causa-
tive agent, the former, and to evaluate the widening of the
mediastinum, potential presence of mediastinal air—fluid levels,
pneumomediastinum, and pleural effusion, the latter. [56, 57].
Magnetic resonance imaging may be useful when diagnosis
of osteomyelitis is uncertain, or to evaluate for concomitant
soft tissue abscess; the presence of a low T1 signal (compared
to the T1 signal of the skeletal muscle) and a high signal on
fluid-sensitive images, with post-contrast enhancement, are
highly specific and suggestive (95.6% sensitivity and 80.7%
specificity) [68, 69]. Also, single-photon emission computed
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tomography (85.1% sensitivity and 92.7% specificity) and
positron emission tomography (95% sensitivity, 82% specific-
ity) have a high diagnostic accuracy and may play an impor-
tant role especially in helping ensure an adequate debridement
thanks to the localization of the disease sites [57, 69].

Management

For an adequate management of this complication, par-
ticularly welcome is the involvement of a multidisciplinary
team of cardiothoracic and plastic surgeons, infectivolo-
gists, microbiologists, and intensive care physicians [57].
They can set the most correct management planning an
early and proper debridement and suggest a targeted anti-
biotic therapy [57]. Some sort of deal exists between vari-
ous authors on the safety and efficacy of a short course of
treatment for uncomplicated bacterial infections and of a
longer course for deep surgical site infections with the clear
purpose to control more closely the clinical response and
biomarkers [70].

In the absence of bacterial isolation, an empirical antibi-
otic therapy against the commonest bacteria isolated in that
hospital should be started focusing on the use of piperacillin/
tazobactam, imipenem, or meropenem when Gram-negative
bacteria are prevalent and MRSA are rare and vancomy-
cin, teicoplanin, or daptomycin in presence of a high preva-
lence of MRSA [57]. Indeed, resistance of staphylococci to
amoxicillin + clavulanate combination was reported in 43%
of cases and to linezolid in 77% but high sensitivity to van-
comycin and teicoplanin was observed [24].

A strong consensus is found on the use of long-acting
lipoglycopeptide antibiotics in patients with MRSA infection
such as dalbavancin and oritavancin since they have long
half-lives and a single dose covers the entire antimicrobial
course, improving adherence and avoiding the need for daily
treatments [70].

Urinary Tract Infection
Epidemiology

With an incidence rate ranging from 1.1 to 8% in the adults
[12, 16, 71] and 7% in the children [71], the urinary tract
infection is the third commonest cause of NECI.

Since urinary catheters are associated with a 3-10%
of bacteriuria and a 10-25% risk of infection, patients in
need of long-term urinary catheterization are more likely to
develop infection [16, 72].

Moreover, a significantly higher mortality rate was found
in patients with catheter-associated urinary tract infection
than in patients without (10.9% vs. 3.2%) [73].

Prevention

The most risky situation for the development of future uri-
nary tract infections, with an odds ratio (OR) of 7.9, is that
which provides the catheter insertion in the ward, followed
by the placement of the catheter in the cystoscopy room
(OR 3.52), emergency department (OR 2.9), and operating
room (OR 1) [74]. Diabetes mellitus also with an OR of 2.04
is one of the most important and manageable risk factors
manageable [73].

A reduction of incidence of urinary tract infection is made
possible by adopting a few measures such as application of a
checklist and training packages for a proper urinary catheter
insertion (hand hygiene with 2% chlorhexidine, connection
of the collection bag to the catheter before its insertion) [75],
teach a group of nurses to remove nonessential urinary catheters
[76,77]. Since a period of urinary catheterization of more than
4 days significantly increases the risk of infection [74], if pos-
sible, it would be appropriate to remove the catheters before.

Microbiology

In a single center study, the most prevalent pathogens
isolated in children after cardiac surgery were K. pneu-
moniae (24%), E. coli (21%), Pseudomonas (14%), E.
faecium (14%), C. albicans (14%), and E. cloacae (10%)
[72]. Another study on adult patients highlighted that the
commonest agents were in 73.4% bacteria (E. cloacae and
E.coli) and in 26.6% fungi (C.albicans) [73]. Still another
study showed that E. coli was the most frequently isolated
bacterium (37% of cases) [24].

Diagnosis

The main accompanying symptoms of urinary tract infection
after cardiac surgery are fever, leukocytosis or leukopenia,
vomiting, dyspnea or apnea, and bradycardia or tachycardia.
In these patients, the presence of a positive urine culture
(with> 10.000 colony-forming units per milliliter of no more
than two different species collected in an aseptic technique,
48 h after the intervention) is sufficient for the diagnosis.
In asymptomatic patients, the diagnosis is certain when a
positive urine culture with > 100,000 colony-forming units
per milliliter is present [78].

Management
According to some authors, the empirical treatment of
the catheter-associated urinary tract infections should be

reserved for emergency situations, while for all others, you
have to wait for the antibiogram [74].
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Knowledge of local prevalence of antibiotic-resistant
bacteria is also an important consideration to choose the
most appropriate antibiotic. Indeed, some studies found high
resistance of E. coli to amoxicillin—clavulanate, amikacin,
ciprofloxacin, and cefotaxime [24, 79].

The antimicrobial therapy should be given for 7 days in
patients with catheter-associated urinary tract infection, pro-
longed to 14 days after a clinical response fails.

Bloodstream Infection
Epidemiology

The overall incidence of bloodstream infection is estimated
to be approximately 2.6-3.4% proving to be the fourth com-
monest cause of NECI with a crude mortality rate of 33.3%
[16, 80].

Immunosuppressed and malnourished patients and those
with devices have a high risk of developing bloodstream
infection [47].

In a prospective study, bacteremia originated in 27.6%
from an identifiable source and in 16.4% from catheter,
while 56% of the cases remained unknown [80].

Conflicting results exist about the incidence rate of the
infections related to the central venous catheter with percent-
ages ranging between 1 and 25% [10, 24, 81, 82].

S. aureus bloodstream infection has an incidence of
0.57% in patients undergoing cardiac surgery and its out-
break is more common after this procedure than after others
(orthopedic, neurologic, and plastic surgery) [83]. A pro-
spective randomized study showed that bacteremia from E.
faecalis, Enterobacter spp., and Acinetobacter occurs in 3%
of catheter insertions while catheter colonization is present
in 24% of cases [84].

A clinical investigation showed that Gram-positive cocci
(Staphylococcus and Enterococcus) were the most common
causative agents in bloodstream infections [47], whereas in
a retrospective study, Pseudomonas was the leading isolated
bacteria [24].

A retrospective multicenter study demonstrated that both
high New York Heart Association class III or IV and pre-
vious broad-spectrum antibiotic therapy (carbapenems and
fluoroquinolones) were independent predictors of candi-
demia in cardiac surgery patients with prolonged postop-
erative stay in the intensive care unit [85]. The incidence
of candidemia in these patients was 0.2%, and 65% of cases
were caused by C. albicans, while only 14 and 9% by C.
parapsilosis and C. glabrata, respectively [85].

Prevention

An active surveillance system of hospital surgical per-
sonnel in order to identify nasal carriers of S. aureus and
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proceed to its eradication is desirable since it would allow
to monitor and control outbreaks of staphylococcal infec-
tion, hence minimizing its hospital incidence [86, 87]. This
program should be extended to patients undergoing cardiac
surgery, who are carriers of S aureus, by giving them topi-
cal mupirocin treatment for 5 days, a solution that could
help decrease the incidence of staphylococcal bloodstream
infection.

As for the prevention of catheter-related bloodstream
infection, a good hand hygiene and an appropriate aseptic
technique before inserting the catheter are recommended,
as well as skin disinfection using 2% chlorhexidine
(CHG)-alcohol [88, 89]. Moreover, when it is possible, it
would be preferable to use a single-lumen than a multilumen
central venous catheter due to a lower risk of infection [90].

Finally, as demonstrated in a multicenter randomized
controlled study comparing all types of catheters, the femo-
ral site of insertion should not be the first choice site since
colonization occurs most frequently here than anywhere else
[91]; instead, the preferential choice site for central cath-
eter insertion should be that of the subclavian vein and the
ultrasound guidance is recommended to reduce the number
of attempts for cannulation and the resulting mechanical
complications [89].

Since the intense and prolonged use of broad-spectrum
antibiotics is an independent predictor of candidemia in car-
diac surgery patients with prolonged postoperative stay in the
intensive care unit [84], extensive antimicrobial treatments
should be avoided, unless absolutely necessary, in patients
candidates for cardiac surgery in the days before the operation.

Microbiology

Migration of skin organisms at the insertion site into the
cutaneous catheter tract with colonization of the catheter tip
is the most common route of infection.

A prospective cohort study in children undergoing car-
diac surgery showed that bloodstream infection was due to
Gram-negative bacteria in 67% of cases, Gram-positive in
26%. and fungi in only 7% [92].

Among Gram-negative bacteria, the most prevalent were
Pseudomonas (28%), Enterobacter (22%), and Klebsiella
(11%), while Gram-positive bacteria were represented by coag-
ulase-negative Staphylococcus (86%) and MRSA (14%) [92].

On the contrary, according to a prospective study, in adult
patients, the leading causative agents of bloodstream infection
following cardiac surgery were staphylococci (37.7%) [80].

Diagnosis
An early diagnosis of bloodstream infection is of paramount

importance since the isolation of the causative agent allows
to choose a specific antibiotic therapy [93].
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Established diagnostic tools are the blood and intravascu-
lar cannula tip cultures methods; other modalities based on
nucleic acid amplification technologies to identify the causa-
tive agent are promising but not-standardized and expensive.

Among the biomarkers to diagnose the sepsis, the only
one with a some specificity for the infections and a great
accuracy to detect a severe inflammatory state is procalci-
tonin (PCT). The serum levels of PCT, a peptide, derived
from the parafollicular cells of the thyroid and from the neu-
roendocrine cells of the lung and the bowel, are undetectable
in healthy subjects and very high in those with bacterial
infections [94]. This promises to be a valuable biomarker to
distinguish between bacterial infection and systemic inflam-
matory response syndrome [95].

Management

The timing of an early and proper antibiotic treatment
increases the probabilities of survival and prevents the devel-
opment of septic shock [94]; for a correct management and to
set up an effective treatment we should be aware of:

— The source of infection;

— The prevalence and susceptibility of various pathogens in
that hospital;

— The patient’s clinical conditions.

If infection is suspected, it is recommended to remove the
central catheter as soon as possible [47].

A broader antibiotic coverage represents the first choice
until the pathogen is isolated and the treatment can be more
specific based on the antibiogram [94]. Due to high resistance
rate to methicillin (87% of cases) and fluoroquinolones and
clindamycin (66% and 55%, respectively), the administration
of vancomycin, linezolid, and daptomycin should be preferred
against Gram-positive bacteria [47].

Instead, the fungal infection of the blood responds to treat-
ment with fluconazole and voriconazole but echinocandins are
needed for definite and severe fungal infections [47].

The optimization of the antibiotic therapy is crucial and
requires a careful assessment that should be made by a multi-
disciplinary team of cardiothoracic surgeons, infectivologists,
and intensive care physicians especially in patients undergoing
extracorporeal interventions. Indeed, the use of any extracor-
poreal membrane oxygenation (ECMO) and/or renal replace-
ment therapy (RRT), increasing the volume of distribution of
protein-bound and/or lipophilic antibiotics, changes the patient
drug exposure, leading to therapeutic failure or antimicrobial
toxicity [96]. The use of therapeutic drug monitoring might
be a way to ensure that antimicrobials are given to the proper
therapeutic dosage; unfortunately, this antimicrobial plasma
concentration might not match the concentration at the site
of infection since it is influenced by a number of factors and

might not be an accurate measure of the protein unbound
concentration. Therefore, the final decision on the increase or
reduction of the antibiotic dosage is a challenge for the infec-
tivologists who must give consideration to the advice above
[96].

Costs

A number of studies [6, 12, 97-99] have analyzed the
cost aspects of NECI; the increased utilization of specific
hospital resources prolongs the hospitalization time also
because of the occurrence of other noninfectious compli-
cations and raises the problem of the readmissions. It is
estimated that NECI increase the hospitalization time up
to about 2 weeks with a cost increase by about 60% [12].

In the USA, the median cost of patients affected by
NECI was $59,300 vs $37,600 in patients without infec-
tion with an incremental increase of $23,000 (95% CI,
$20,900 to $25,200) [6].

This cost analysis depended on the type of infection and
was as follows: $24,500 (95% CI, $23,100 to $26,000) for
pulmonary infections and $8300 (95% CI, $7500 to $9100)
for urinary infections [6].

Pulmonary infections lead to an overall annual cost
burden estimated at $121.8 million (95% CI, $102.2 to
$142.9 million) [6]. In England, the estimated cost per
patient undergoing cardiac surgery for treating ventilator-
associated pneumonia is £8829 [40].

Instead, the cost of the infection of the surgical site was
estimated at £17,000 for patients in England and $62,773
in the USA, when these infections get complicated with
mediastinitis [45, 98, 99].

A separate discussion deserves the clinical impact of
the multidrug-resistant that worsens the length of hospi-
tal stay with additional costs estimated in Italy at 11,549
euros per patient [100].

Since NECI, as we have seen, greatly increase the costs,
various authors came to the conclusion that a reduction of
them is an economic necessity.

They, strongly suggest to find preventive interven-
tions or corrective measures to diminish the burden of
NECI, improve patient outcomes and thus reduce the costs
[97-103].

Conclusions

Usually, after cardiac surgery, the cardiac complications
receive more attention than other clinical situations, with
the clear risk to neglect the possible onset of NECI until
the infection becomes grave and manifest.
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We wanted to underline that NECI represent an impor-
tant public health issue associated with a greater periop-
erative morbidity and mortality; they increase the resource
utilization because of a longer hospitalization time and
create excess costs. As a number of cases could be poten-
tially preventable, it is our duty that NECI receive all the
attention and care mentioned above. There is certainly a
need to establish an effective antimicrobial stewardship to
address the challenges we are facing every day to reduce
the number of MDR bacteria, adopting conscious deci-
sions on the best antibiotic choice, dosage, and treatment
duration.

BMI, body mass index; CABG, coronary artery bypass
graft; CLD, chronic liver disease; COPD, chronic obstruc-
tive pulmonary disease; CVC, central venous catheter; NECI,
nosocomial extracardiac infections; NYHA, New York Heart
Association; OR, odds ratio.
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