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Abstract: Background: Nosocomial infections are a worldwide healthcare issue, especially in inten-
sive care units (ICUs), and they had a prevalence of 21.1% in 2023 in Spain. Numerous predisposing
risk factors have been identified, with the most relevant being invasive techniques, including renal
replacement therapies (RRTs). Several outstanding strategies have been published that prevent
or reduce their incidence, including the nationwide ZERO in Spain, which consists of structured
guidelines to be implemented to tackle this problem. One of these strategies, which is defined as
‘highly recommended” in these projects, is selective digestive decontamination (SDD). The main
aim of this study is to compare the incidences of ICU-acquired infections, including those due to
multidrug-resistant bacteria (MDRB), in two cohorts of RRT with or without SDD. Methods: We
conducted a multicenter, prospective, observational study at two tertiary hospitals in Spain. In total,
140 patients treated with RRT were recruited based on their exposure to SDD. Surveillance microbio-
logical samples and nosocomial infection risk factors were obtained. Infection rates per 1000 days
of exposure and the MDRB incidence density ratio were determined. Results: SDD statistically
significantly reduced RRT-associated nosocomial infections (OR: 0.10, 95% CI: (0.04-0.26)) and the
MDRB incidence density ratio (IDR: 0.156, 95% CI = 0.048-0.506). However, mechanical ventilation
(OR: 7.91, 95% CI: (2.54-24.66)) and peripheral vascular disease (OR: 3.17, 95% CI: (1.33-7.56)) were
significantly associated with increases in infections. Conclusions: Our results favor the use of SDD in
ICU patients with renal failure undergoing CRRT as a tool for infection control.

Keywords: selective digestive decontamination; nosocomial infections; renal failure; renal replacement
therapy

1. Introduction

Renal replacement therapy (RRT) is a technique frequently used in intensive care units
(ICUs), with an incidence of 8-10% in critically ill patients [1]. Its main indication has
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always been acute kidney injury (AKI) [2]. It is estimated that 20% of critical patients with
kidney injuries require dialysis in their first week after admission [3]. There are different
types of RRT, with continuous renal replacement therapy (CRRT) being by far the most
widely used in ICUs. However, like any invasive technique, this therapy has been shown
to be a risk factor for the development of nosocomial infections [4,5], with primary and
secondary bacteremia, ventilator-associated pneumonia (VAP), and urinary tract infections
(UTIs) standing out. AKI “per se”, in addition to being a risk factor for the development
of infections, has also been shown to increase the time patients spend in ICUs and short-
and long-term mortality [6-9]. The published data on nosocomial infections in RRT, to
our knowledge, are scarce and show that 20% of RRT patients had nosocomial pneumonia
among all infected patients recruited [10], or a rate of 5.4 bacteremias per 1000 days of RRT
in ICU patients [11].

Among the nosocomial infections, those caused by multidrug-resistant bacteria (MDRB)
constitute a serious global health problem [12]. Their incidence is increasing, and they
are responsible for an increase in mortality. Selective digestive decontamination (SDD)
is a therapy that may reduce the incidence of these microorganisms and the infections
caused by them [13]. SDD combines the use of non-absorbable topical antibiotics applied
to the oropharynx (usually tobramycin or gentamicin, colistin, and nystatin) and gastroin-
testinal tract with intravenous antibiotics, usually second- or third-generation antibiotics
(cefotaxime in our ICU), or a third-generation quinolone in the case of allergy to beta-
lactams [13]. In SDD, due to their pharmacokinetics, aminoglycosides usually do not
present significant intestinal absorption, making them ideal to act locally in the digestive
tract [14]. However, in critically ill patients, the intestinal mucosa may be compromised,
facilitating undesired absorption and increasing the risk of secondary toxicity [15]. There-
fore, it would be worthwhile to determine the blood levels of these antibiotics, and dose
adjustments may be considered in selected patients, as has been demonstrated in several
observational studies [14,16].

The use of SDD has significantly reduced the incidences of colonization and nosoco-
mial infections, including candidemia and infections caused by MDRB, even in ICUs with
greater endemic bacterial resistance [13,17-21]. In this specific setting, SDD does not have
clinically relevant impacts on the emergence and spread of resistance or overall systemic
antimicrobial use [13,21].

According to the Australian SuDDiCU study, in critically ill patients receiving mechan-
ical ventilation, SDD, compared to standard care without SDD, does not significantly reduce
in-hospital mortality but may produce clinically important benefits [22]. Furthermore, this
measure has also been suggested to reduce overall mortality [23], as shown by a recently
published meta-analysis of 32 clinical trials [24]. The benefits of SDD were evident in trials
with an intravenous agent together with the gastrointestinal part of the therapy but were
not evident in trials without this agent. SDD has also been associated with reduced risks of
ventilator-associated pneumonia and ICU-acquired bacteremia [22,24].

Our intensive care unit has used an SDD regimen with an intravenous agent since
2011. It is applied to patients for whom orotracheal intubation is expected for more than
48 h, as well as patients with a decreased level of consciousness, burns, neutropenia, or
previous colonization by an MDRB [13]. In the medical literature, little attention has been
paid to the effect of this preventive measure in reducing the rates of nosocomial infections
in patients exposed to specific risk factors, such as AKI requiring RRT. Therefore, our
main hypothesis was that the incidence of ICU-acquired infections would be lower in an
environment where SDD was applied, despite exposure to a well-known risk factor such as
renal replacement therapy.

The main aim of this study is to compare the incidences of ICU-acquired infections,
including MDRB, in two cohorts of RRT with or without SDD. Our secondary endpoints
included identifying preventable risk factors for the development of nosocomial infections
in patients treated with RRT and defining whether those infections were mainly caused
by MDRB.
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2. Results

Table 1 summarizes the patient characteristics of the entire cohort and the SDD group.
There were no statistically significant differences between the study groups in terms of
age, sex, or body mass index (BMI), although the patients in both cohorts were overweight.
Almost half of the cohort was diabetic (61, 43.5%), with no statistically significant differences
between the groups. The APACHE-II and SOFA scores were shown to be statistically
significantly higher in the SDD group compared to the non-SDD group (p < 0.001). We can
also see that the number of infections during CRRT was significantly lower in the SDD
group (p < 0.001). We found a significantly higher number of patients with hypertension
and heart failure in the SDD group compared to the non-SDD group. Likewise, patients had
significantly more admissions due to cardiac surgery and cardiogenic shock in the group
receiving SDD (p < 0.05), whereas patients with cardiac arrest and digestive admissions
were significantly higher in the non-SDD group (p < 0.05). The analysis, significantly,
also reflects that there are more patients with ARDS in the non-SDD group than in the
SDD group (p < 0.05). There were significantly more patients with one or more infections
with carbapenemase-producing Gram-negative bacteria (GNB) and other multiresistant
Gram-negative bacteria (MR GNB) in the non-SDD group compared to the SDD group
(p < 0.05). We did not find statistically significant differences between the groups according
to their AKI grade using the KDIGO scale.

Table 1. Demographic data and patient characteristics.

Overall Non-SDD SDD Val
N = 140 N =59 N =81 p-vatue

Age (years) 61.4+14.7 589 + 15.1 63.2+14.2 0.087

Sex (female), n (%) 45 (32.1) 19 (32.2) 26 (32.1) 0.99
BMI (kg/m?), mean + SD 29.0+5.9 291+ 64 289 £55 0.865
APACHE I 21.0 £ 6.6 183 +£ 6.8 23.0+5.8 <0.001
SOFA 8.1+3.1 69+27 89 +3.2 <0.001
Death, n (%) 0.175

No 66 (47.1) 23 (39.0) 43 (53.1)
ICU 66 (47.1) 31 (52.5) 35 (43.2)
Hospital 8 (5.7) 5 (8.5) 3(3.7)

ICU stay, median (IQR) days 21 (10; 39.2) 17 (8; 38.5) 23 (12; 39) 0.066

Mechanical ventilation days, median (IQR) 17 (7.5; 32) 17 (6; 26.2) 18 (8; 35) 0.19
Charlson Comorbidity Index 48+3.0 43+27 52431 0.081
COVID-19, n (%) 21 (15.0) 10 (16.9) 11 (13.6) 0.581
Liver disease, n (%) 9 (6.4) 2 (3.4) 7 (8.6) 0.303
Cardiac failure, n (%) 40 (28.6) 9(15.2) 31(38.3) 0.003
Chronic renal failure, n (%) 41 (29.3) 14 (23.7) 27 (33.3) 0.218
COPD, n (%) 19 (13.6) 9 (15.2) 10 (12.3) 0.62
Peripheral vascular disease, n (%) 63 (45.0) 27 (45.8) 36 (44.4) 0.877
Diabetes, n (%) 62 (44.3) 27 (45.8) 35 (43.2) 0.764
Dyslipidemia, n (%) 80 (57.1) 30 (50.9) 50 (61.7) 0.199
Hypertension, n (%) 98 (70.0) 34 (57.6) 64 (79.0) 0.006
ACEIs, n (%) 39 (27.9) 17 (28.8) 22 (27.2) 0.829
ARA L n (%) 31 (22.1) 4 (6.8) 27 (33.3) <0.001
Immunosuppressants, n (%) 13 (9.3) 4(6.8) 9(11.1) 0.383

Diuretics, n (%) 46 (32.9) 15 (25.4) 31 (38.3) 0.11

ATBs in previous 30 d, n (%) 41 (29.3) 16 (27.1) 25 (30.9) 0.631
Surgery in previous 30 d, n (%) 25 (17.9) 8 (13.6) 17 (21.0) 0.257
Patients with previous ICU admission, n (%) 24 (17.1) 8 (13.6) 16 (19.8) 0.337
Corticosteroids, n (%) 18 (12.9) 7 (11.9) 11 (13.6) 0.765
Hospital admission in previous 30 d, n (%) 76 (54.3) 28 (47.5) 48 (59.3) 0.166

ICU admission diagnosis, n (%)

Cardiac surgery 33 (23.6) 0 33 (40.7) <0.001
Coronary artery disease 18 (12.9) 4(6.8) 14 (17.3) 0.067
Cardiac arrest 13 (9.3) 9(15.2) 4 (4.9) 0.038
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Table 1. Cont.
Overall Non-SDD SDD Val
N = 140 N =59 N =81 p-vatue
Acute respiratory failure 61 (43.6) 29 (49.1) 32 (39.5) 0.256
Digestive 12 (8.6) 9 (15.2) 3(3.7) 0.016
Shock, n (%) 59 (42.1) 25 (42.4) 34 (42.0) 0.962
Cardiogenic 32 (22.9) 5(8.5) 27 (33.3) <0.001
Obstructive 3(2.1) 1(1.7) 2(2.5) 1
Hemorrhagic 11 (7.9) 7 (11.9) 4(4.9) 0.202
Others 15 (10.7) 12 (20.3) 3(3.7) 0.002
MOF, n (%) 54 (38.6) 15 (25.4) 39 (48.1) 0.006
Previous ICU admission for RF, n (%) 106 (76.8) 47 (79.7) 59 (74.7) 0.493
RF in ICU, n (%) 34 (24.6) 13 (22.0) 21 (26.6) 0.54
Acute renal failure, n (%) 102 (73.9) 44 (74.6) 58 (73.4) 0.878
Oliguric RE n (%) 129 (93.5) 56 (94.9) 73 (92.4) 0.732
Renal failure recovery, n (%) 29 (21.0) 14 (23.7) 15 (19.0) 0.499
Infections related to CRRT, n (%) 45 (32.1) 31 (52.5) 14 (17.3) <0.001
Iodine contrast, n (%) 114 (81.4) 50 (84.8) 64 (79.0) 0.389
ICU neutropenia, n (%) 10 (7.1) 5 (8.5) 5(6.2) 0.743
ICU surgery, n (%) 35 (25.0) 14 (23.7) 21 (25.9) 0.767
ICU corticosteroids, n (%) 114 (81.4) 51 (86.4) 63 (77.8) 0.193
ARDS, n (%) 60 (42.9) 32 (54.2) 28 (34.6) 0.02
>7 days of MV, n (%) 100 (71.4) 37 (62.7) 63 (77.8) 0.051
Parenteral nutrition, n (%) 13 (9.3) 8 (13.6) 5(6.2) 0.137
>5 days with CVC, n (%) 130 (92.9) 50 (84.8) 80 (98.8) 0.002
>5 days with UC, n (%) 124 (88.6) 49 (83.0) 75 (92.6) 0.08
MRSA, n (%) 3(2.1) 1(1.7) 2 (2.5) 1
VR enterococcus, n (%) 0 0 0 1
MR Pseudomonas aeruginosa, n (%) 16 (11.4) 6(10.2) 10 (12.3) 0.689
ESBL Enterobacteriaceae, n (%) 36 (25.7) 14 (23.7) 22 (27.2) 0.646
Carbapenemase-producing GNB, n (%) 10 (7.1) 8 (13.6) 2 (2.5) 0.018
MDR GNB, n (%) 16 (11.4) 12 (20.3) 4(4.9) 0.005
Diabetes, n (%) 0.274
No 79 (56.4) 33 (55.9) 46 (56.8)
Type 1 7 (5.0) 5 (8.5) 2 (2.5)
Type 2 54 (38.6) 21 (35.6) 33 (40.7)

BMI: body mass index; SD: standard deviation; SDD: selective digestive decontamination; COPD: Chronic
Obstructive Pulmonary Disease; ACEIs: Angiotensin-converting enzyme inhibitors; ARA II: Angiotensin II
receptor antagonists; ATBs: antibiotics; D: days; ICU: intensive care unit; MOF: multiple organ failure; RF: renal
failure; CRRT: continuous renal replacement therapy; ARDS: acute distress respiratory syndrome; MV: mechanical
ventilation; CVC: central venous catheter; UC: urinary catheter; MRSA: methicillin-resistant Staphylococcus
aureus; VR: Vancomycin-resistant; MDR: multidrug-resistant; ESBL: extended-spectrum beta-lactamase; GNB:
Gram-negative bacteria.

Table 2 shows the nosocomial infection densities by SDD group, after excluding a
statistically non-significant year, (p = 0.059) and the overdispersion effects (p = 0.925). In
the models that were considered, the year did not show statistical significance, indicating
stability among the infections. Likewise, none of the Poisson models that were considered
showed statistically significant overdispersion. For nosocomial pneumonia, it can be seen
that the rate decreased significantly, from 16.3 to 3.7 per one thousand days of mechanical
ventilation (IDR: 0.17 (0.06-0.44)). For urinary infections, it can be seen that the rate
decreased significantly, from 6.06 to 0.47 per one thousand days with a urinary catheter
(IDR: 0.075 (0.009-0.64)). For catheter-related bacteremia (CRB), it can be seen that the
rate decreased, but not significantly, from 2.65 to 0.57 per one thousand days with a
catheter (IDR: 0.2 (0.019-2.254)). Concerning secondary bacteremia, it can be seen that the
rate decreased, but not significantly, from 6.42 to 2.18 per one thousand days in the ICU
(IDR: 0.35 (0.102-1.247)). Finally, concerning MDRB, it can be seen that the rate decreased
significantly, from 15.42 to 2.33 per one thousand days in the ICU (IDR: 0.156 (0.048-0.5)).
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Table 2. Nosocomial infections: events per 1000 days of exposure.
Incidence Density Ratios Year Overdispersion
No SDD SbD (95% CI) + Effect (p 1) (p)
Nosocomial pneumonia 17 7 0.174 0.059 0.925
Days of mechanical ventilation 1039 1889 (0.0 6§—O 443)
Events per 1000 days 16.362 3.706 ’ ’
MDRB 12 4 0156 0.957 0.898
Days in ICU 778 1713 © O4é—0 506)
Events per 1000 days 15.424 2.335 ’ ’
CRB 3 1 0.206 0.578 0.868
Days with catheter 1129 1741 © Olé—Z 254)
Events per 1000 days 2.657 0.574 ’ ’
Secondary bacteremia 5 5 0.356 0.061 0.901
Days in ICU 778 1713 © 10&_1 247)
Events per 1000 days 6.427 2.919 ’ ’
Urinary infection 8 1 0.075 0.187 0.867
Days with urinary catheter 1320 2097 © 00'9_0 64)
Events per 1000 days 6.061 0.477 ’ ’

(1) Adjusted by year; (f) Likelihood ratio test. SDD: selective digestive decontamination; BIC: Bayesian Information
Criterion; CRB: catheter-related bacteremia; ICU: intensive care unit; MDRB: multidrug-resistant bacteria.

Figure 1 represents the evolution of the incident density ratio according to SDD regime
over the three years under study. No infection type showed a statistically significant
trend in incidence densities over the follow-up period. SDD usage was associated with a
reduction in risk for all types of infections except for CRB.

Table 3 summarizes the patients’ characteristics according to their CRRT infection
groups. This table also shows that 45 patients undergoing CRRT had infections, which
corresponded to 32.1% of the sample. In total, 14 (31.1%) of these patients received SDD,
while the remaining 31 patients (68.8%) did not. Of the 81 patients in the SDD group, only
14 were diagnosed with an infection related to CRRT, which corresponded to 17.2% of the
group and 10% of the overall sample. In the non-SDD group, the remaining 31 patients (out
of 59) had CRRT-linked infections, which corresponded to 52.5% of the group and 22.1% of
the overall sample.

Table 3. Patient characteristics by CRRT infection.

CRRT Infection
Overall No Yes Val
N =140 N =95 N =45 p-vatue
Age (years) 61.4 +14.7 61.6 = 15.3 60.8 + 13.6 0.764
Sex (female), n (%) 45 (32.1) 32 (33.7) 13 (28.9) 0.57
BMI (kg/mz), mean + SD 29.0£59 28.8 £59 292 4+59 0.75
APACHE I 21.0+ 6.6 21.6 =64 19.7 £ 6.9 0.114
SOFA 8.1+£31 8.2 +32 78 £3.0 0.416
Charlson Comorbidity Index 48+3.0 45+31 55+26 0.084
SDD, n (%) 81 (57.9) 67 (70.5) 14 (31.1) <0.001
Death, n (%) 0.228
No 66 (47.1) 49 (51.6) 17 (37.8)
ICU 66 (47.1) 42 (44.2) 24 (53.3)
Hospital 8(5.7) 4(42) 4(8.9)
ICU stay, median (IQR) 21 (10; 39.2) 17 (9; 32.5) 31 (17; 50) 0.002
MV days, median (IQR) 17 (7.5; 32) 13.5 (5; 28.8) 24 (17; 40) 0.002
COVID-19, n (%) 21 (15.0) 13 (13.7) 8 (17.8) 0.526
Cardiac failure, n (%) 40 (28.6) 26 (27.4) 14 (31.1) 0.647
Chronic renal failure, n (%) 41 (29.3) 30 (31.6) 11 (24.4) 0.386
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Table 3. Cont.
CRRT Infection
Overall No Yes Val
N =140 N =95 N =45 p-vatue
COPD, n (%) 19 (13.6) 8 (8.4) 11 (24.4) 0.01
Peripheral vascular disease, n (%) 63 (45.0) 36 (37.9) 27 (60.0) 0.014
Diabetes, n (%) 62 (44.3) 40 (42.1) 22 (48.9) 0.45
Dyslipidemia, n (%) 80 (57.1) 51 (53.7) 29 (64.4) 0.23
Hypertension, n (%) 98 (70.0) 63 (66.3) 35 (77.8) 0.167
ACETIs, n (%) 39 (27.9) 21 (22.1) 18 (40.0) 0.027
ARATL n (%) 31 (22.1) 24 (25.3) 7 (15.6) 0.196
Immunosuppressants, n (%) 13 (9.3) 8 (8.4) 5(11.1) 0.756
Diuretics, n (%) 46 (32.9) 32(33.7) 14 (31.1) 0.762
Metformin, n (%) 28 (20.0) 17 (17.9) 11 (24.4) 0.366
ATBs in previous 30 d, n (%) 41 (29.3) 27 (28.4) 14 (31.1) 0.744
Surgery in previous 30 d, n (%) 25 (17.9) 21 (22.1) 4(8.9) 0.057
Previous ICU admission, n (%) 24 (17.1) 17 (17.9) 7 (15.6) 0.732
Corticosteroids, n (%) 18 (12.9) 12 (12.6) 6 (13.3) 0.908
Hospital admission in previous 30 d, n (%) 76 (54.3) 52 (54.7) 24 (53.3) 0.876
ICU admission diagnosis, n (%)
Cardiac surgery 33 (23.6) 27 (28.4) 6 (13.3) 0.049
Coronary artery disease 18 (12.9) 14 (14.7) 4(8.9) 0.334
Cardiac arrest 13 (9.3) 10 (10.5) 3(6.7) 0.549
Acute respiratory failure 61 (43.6) 38 (40.0) 23 (51.1) 0.216
Digestive 12 (8.6) 8(8.4) 4(8.9) 1
Shock, n (%) 59 (42.1) 39 (41.0) 20 (44.4) 0.704
Cardiogenic 32 (22.9) 23 (24.2) 9 (20.0) 0.58
Obstructive 3(2.1) 3(3.2) 0 0.551
Hemorrhagic 11 (7.9) 9 (9.5) 2 (4.4) 0.503
Others 15 (10.7) 5(5.3) 10 (22.2) 0.006
MOF, n (%) 54 (38.6) 34 (35.8) 20 (44.4) 0.326
Previous ICU admission for RF, n (%) 106 (76.8) 69 (74.2) 37 (82.2) 0.295
RF during ICU stay, n (%) 34 (24.6) 25 (26.9) 9 (20.0) 0.379
Acute renal failure, n (%) 102 (73.9) 68 (73.1) 34 (75.6) 0.76
Oliguric RE, n (%) 129 (93.5) 87 (93.5) 42 (93.3) 1
Renal failure recovery, n (%) 29 (21.0) 21 (22.6) 8 (17.8) 0.516
Iodine contrast, n (%) 114 (81.4) 70 (73.7) 44 (97.8) <0.001
ICU neutropenia, n (%) 10(7.1) 6 (6.3) 4(8.9) 0.727
ICU surgery, n (%) 35 (25.0) 20 (21.1) 15 (33.3) 0.117
ICU corticosteroids, n (%) 114 (81.4) 72 (75.8) 42 (93.3) 0.013
ARDS, n (%) 60 (42.9) 32 (33.7) 28 (62.2) 0.001
>7 days of MV, n (%) 100 (71.4) 61 (64.2) 39 (86.7) 0.006
Parenteral nutrition, n (%) 13 (9.3) 6 (6.3) 7 (15.6) 0.116
>5 days with CVC, n (%) 130 (92.9) 86 (90.5) 44 (97.8) 0.168
>5 days with UC, n (%) 124 (88.6) 80 (84.2) 44 (97.8) 0.018
MRSA, n (%) 3(2.1) 3(3.2) 0 0.551
VR enterococcus, n (%) 0 0 0 1
MR Pseudomonas aeruginosa, n (%) 16 (11.4) 8 (8.4) 8 (17.8) 0.104
ESBL Enterobacteriaceae, n (%) 36 (25.7) 20 (21.1) 16 (35.6) 0.067
Carbapenemase-producing GNB, n (%) 10 (7.1) 3(3.2) 7 (15.6) 0.013
MDR GNB, n (%) 16 (11.4) 7(7.4) 9 (20.0) 0.028

BMI: body mass index; SDD: selective digestive decontamination; COPD: Chronic Obstructive Pulmonary
Disease; ACEIs: Angiotensin-converting enzyme inhibitors; ARA II: Angiotensin II receptor antagonists; ATBs:
antibiotics; D: days; ICU: intensive care unit; MOF: multiple organ failure; RF: renal failure; CRRT: continuous
renal replacement therapy; ARDS: acute distress respiratory syndrome; MV: mechanical ventilation; CVC: central
venous catheter; UC: urinary catheter; MRSA: methicillin-resistant Staphylococcus aureus; VR: Vancomycin-
resistant; MDR: multidrug-resistant; ESBL: extended-spectrum beta-lactamase; GNB: Gram-negative bacteria.
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Figure 1. Evolution of incident density ratios according to SDD regime. Predictions of infection
density incidences by year and SDD group, adjusted by Poisson models. Horizontal lines represent
the 95% CI (confidence intervals). No infection type showed a statistically significant trend in
incidence density over the follow-up period. SDD usage was associated with a reduction in risk
for all types of infections except for CRB. NP: nosocomial pneumonia; MV: mechanical ventilation;
MDRB: multidrug-resistant bacteria; CRB: catheter-related bacteremia; CVC: central venous catheter;
UTTL: urinary tract infection; SDD; selective digestive decontamination.

A multivariate logistic regression analysis of the CRRT infections is shown in Table 4.
According to the Bayesian Information Criteria (BIC), the factors independently and sta-
tistically significantly associated with the outcome were the SDD regimen (OR = 0.10;
95% CI = 0.04; 0.26), peripheral vascular disease (OR = 3.17; 95% CI = 1.33; 7.56), and
mechanical ventilation for at least seven days (OR = 7.91; 95% CI = 2.54; 24.66).



J. Clin. Med. 2024, 13, 4211 8of 16
Table 4. Multivariate logistic regression of CRRT infections.
p-Value (1) BIC (3) Odds Ratio (95% CI)
SDD <0.001 176.5 0.10 (0.04; 0.26)
Peripheral vascular disease 0.007 155.5 3.17 (1.33; 7.56)
>7 days of MV <0.001 164.3 7.91 (2.54; 24.66)

BIC: Bayesian Information Criteria; SDD: selective digestive decontamination; MV: mechanical ventilation.
t: likelihood ratio test. 1: The BIC if this factor is removed. The BIC is a measure of a lack of fit. For the full model,
BIC = 153.2. Note that if any of the factors are removed, the BIC value is increased, worsening the fit.

Figure 2 displays a boxplot of the adjusted probability of nosocomial infection given
by the logistic model according to the presence or absence of nosocomial infection. Thus,
as shown in the figure, for 75% of patients without infection, the model assigns them a
probability of infection of less than 31.5%, whereas only 25% of those with infection are
assigned a probability of infection of less than 31.5%.

o
oo
1

o
(o))
1

0.4-

0.2-

Probability of nosocomial infection given by logistic model

o
(@)
1

No Yes
Nosocomial infection

Figure 2. Boxplot of the adjusted probability of nosocomial infection according to the pres-
ence/absence of nosocomial infection. Note that, for the probability of infection, 0.315 is the 75th
percentile among patients without infection and the 25th percentile among patients with infection.

Figure 3 displays survival curves corresponding to the time from the start of CRRT to
the incidence of infection, estimated by the Kaplan-Meier method and compared using the
logrank test.



J. Clin. Med. 2024, 13,4211

9of 16

Log-rank test: p—value < 0.0001
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Figure 3. Survival time to nosocomial infection by SSD group. Survival curves corresponding the
time from the start of CRRT to the incidence of infection were estimated by the Kaplan—-Meier method
and compared using the logrank test.

3. Discussion

In our study, we compared the incidences of ICU-acquired infections in two RRT
cohorts at two tertiary hospitals in Spain, where the patients were exposed or not exposed
to SDD. We demonstrated that SDD statistically significantly reduced RRT-associated
nosocomial infections (OR: 0.10, 95% CI: (0.04-0.26)) and the MDRB incidence density ratio
per one thousand days in the ICU (IDR: 0.156 (0.048-0.5)). In addition, seven or more
days of mechanical ventilation (OR: 7.91, 95% CI: (2.54-24.66)) and peripheral vascular
disease (OR: 3.17, 95% CI: (1.33-7.56)) were significantly associated with increases in
nosocomial infections.

SDD has been shown to prevent serious infections [23,25] and may reduce mortal-
ity [26,27] in ICU patients. However, the use of this prophylactic tool is still controversial,
particularly in ICUs with relatively high prevalences of MDR microorganisms [28,29], be-
cause it may contribute to or increase antimicrobial resistance [30]. In a previous study,
we demonstrated that the long-term use of SDD was effective in reducing the rates of
ventilator-associated pneumonia (VAP), secondary bloodstream infections, and antibiotic
consumption while decreasing colistin-, tobramycin-, and antibiotic-resistant colonization
rates in an ICU that applied SDD [13].

A recent meta-analysis published in JAMA in 2022 concluded that SDD decreases
the risk of ventilator-associated pneumonia and in-hospital mortality [24]. These studies
focused on general critically ill patients, and there are scarce references in the literature
studying ICU subgroups, including patients with AKI requiring renal replacement therapy.
Our results show that SDD protects against RRT-related nosocomial infections. More
specifically, we observed in our study that, in an ICU environment where SDD was applied,
the incidence density ratios of major nosocomial infections, such as ventilator-associated
pneumonia, significantly decreased per one thousand days of mechanical ventilation (IDR:
0.17 (0.06-0.44)), highlighting the importance of adding SDD as a prophylactic treatment
for nosocomial infections in patients with AKI on RRT.
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We also sought to assess differences in the incidence of ICU-acquired secondary and
MDR infections in critically ill RRT patients that were routinely placed in well-established
ICUs in Spanish national infection control programs, according to the use of SDD. In our
study, we found that SDD significantly decreased the incidence density ratio of infections
caused by MDRB, which decreased from 15.42 to 2.33 per one thousand days in the ICU
(IDR: 0.156 (0.048-0.5)). We acknowledge that there are many studies and guidelines that
have highlighted RRT as a risk factor for nosocomial infections [4,5,31]. Moreover, the
American IDSA guidelines even consider it a predisposing factor for the development of
MDRB infections [5]. Regarding this, our results show the protective value of applying
SDD to these patients that underwent RRT, as we previously showed in our setting with a
mixed ICU population [13].

Our study also showed that SDD protected against the development of urinary tract
infections in patients undergoing RRT in the ICU. In fact, it significantly decreased the
urinary infection incidence density ratio per one thousand days with a urinary catheter
(IDR: 0.075 (0.009-0.64)). There is controversy in the medical literature concerning the
effects of SDD in reducing this incidence. Some authors have suggested that there may be
translocation due to the proximity of the rectum and bladder, which may favor infection [32].
In this scenario, SDD could have a role in the prevention of urinary tract infections. On the
other hand, other studies propose that the decrease in urinary tract infections is due to the
entry of the prophylactic antibiotics of SDD into the bloodstream from the gastrointestinal
tract, which could also favor the toxicity of these drugs [14-16]. We measured the plasma
trough levels of tobramycin, gentamicin, and vancomycin in 52 patients in the SDD group,
and we did not detect the presence of these drugs. Therefore, this favors translocation
due to proximity as the pathogenesis of urinary infections, and in this setting SDD may
influence the reduction in urinary tract infections. Our preliminary data also show that the
SDD doses used were safe and did not produce secondary pharmacological toxicity.

Another finding of our study was decreases in bacteremia (both catheter-related and
secondary to undetermined sources). For catheter-related bacteremia (CRB), we observed
that the incidence density ratio non-significantly decreased from 2.65 to 0.57 per one
thousand days with a catheter (IDR: 0.2 (0.019-2.254)). Concerning secondary bacteremia,
it was observed that the rate decreased non-significantly from 6.42 to 2.18 per one thousand
days in the ICU (IDR: 0.35 (0.102-1.247)). Several other studies in the literature have
demonstrated an association between bacteremia and the gastrointestinal tract, either by
direct translocation or the fecal contamination of surrounding catheters [31,33]. Falcone
et al. demonstrated an increased risk of bloodstream infections from intestinal colonization
by Klebsiella pneumoniae carbapenemases, specifically New Delhi metallo-f3-lactamase
(NDM) [34]. Therefore, in this scenario, SDD could contribute to decreases in colonization
and bloodstream infections, as demonstrated by a Dutch group in 2011 [35].

The results obtained support the routine use of SDD as a prophylactic tool for nosoco-
mial infection in ICU patients with renal failure and CRRT to improve infection control.
Currently, more and more relevant guidelines and studies favor the implementation of
SDD performed according to the original protocol, as carried out in early trials, as a
recommended practice in ICUs. Otherwise, it simply will not work [36—-41].

The main limitation of this study was its observational nature, as it was not a ran-
domized clinical trial. It also had a small sample size, which may make it difficult to
generalize the results. In addition, although the study compared two different patient
groups and was performed in two nearby University Hospital ICUs on the same island that
followed the same national ZERO infection control protocols [42] and that had previously
worked together on a SDD study [43], there may be differences in clinical practice that may
influence the study results.

In this study, 74 out of 140 patients died (52.85%), but we found no differences between
the SDD and non-SDD cohorts in the hospitals or ICUs (p = 0.175). This was probably due
to the small sample size, since there are studies in the literature showing that SDD reduces
in-hospital mortality, such as a meta-analysis published in 2022 [24].



J. Clin. Med. 2024, 13,4211

11 of 16

4. Materials and Methods
4.1. Study Design and Patients

An observational, multicenter, prospective cohort study was conducted at two tertiary

acute care hospitals in Las Palmas de Gran Canaria, Canary Islands, Spain. This study
included one hundred and forty consecutive critically ill patients, admitted to both ICUs
between 1 January 2019 and 31 December 2021, who received CRRT for more than 48 h.
They were grouped into two cohorts based on whether they received an SDD regimen.
Patients recruited from one of the participating hospitals were included in the SDD cohort,
and patients from the other hospital were included in the non-SDD cohort.

I

1.
2.

The inclusion criteria were as follows:

Age of >18 years.
Required RRT.
RRT duration of >48 h.

The exclusion criteria were as follows:

Sepsis or septic shock at ICU admission.
Duration of RRT of <48 h.

4.2. Study Variables
4.2.1. Patients” General Characteristics

ARl

The following characteristics were evaluated:

Age and sex.

Body mass index (BMI), in kg/ m2.

Severity scales: Apache II score [44] and SOFA score [45].

Comorbidity scale: Charlson Comorbidity Index [46].

Patient comorbidities: COVID-19, heart failure, chronic renal failure, COPD, periph-
eral vascular disease, diabetes, dyslipidemia, and hypertension.

History of medications prescribed /used: Angiotensin-converting enzyme inhibitors
(ACEIs), Angiotensin II receptor antagonists (ARA IIs), immunosuppressants, di-
uretics, metformin, and corticosteroids. We also recorded whether the patient had
consumed antibiotics, undergone surgery, or been admitted to hospital in the previous
30 days, and we assessed whether the patient had a previous admission to an ICU.

4.2.2. Other Variables

The following variables were evaluated:

Admission diagnosis: cardiac surgery, coronary artery disease, cardiac arrest, acute
respiratory failure, and digestive pathology on admission to the ICU.

Shock on admission to the ICU and its type: cardiogenic, obstructive, hemorrhagic,
and others.

Risk factors for nosocomial infections: neutropenia, surgery, corticosteroid use, acute
respiratory distress syndrome (ARDS), >7 days of mechanical ventilation, parenteral
nutrition, >5 days of central venous catheter use, and urinary catheter use. Renal
failure variables: oliguric or non-oliguric renal failure and recovery.

Infections: The following nosocomial infections were diagnosed according to the
ENVIN-HELICS criteria and recorded—nosocomial pneumonia, urinary tract infec-
tions, catheter-related bacteremia, and secondary bacteremia. The presence of the
following infections caused by multidrug-resistant bacteria was recorded—methicillin-
resistant Staphylococcus aureus (MRSA), vancomycin-resistant (VR) Enterococci, mul-
tiresistant (MR) Pseudomonas aeruginosa, carbapenemase-producing GNB, MDR
GNB, and extended-spectrum (3-Lactamases (ESBL) Enterobacteriaceae.
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4.3. SDD Protocol

A well-established full SDD regimen commonly used in clinical practice in Spain was
applied [13]. To receive SDD, patients must meet one or more of the following criteria:

- Orotracheal intubation expected for more than 48 h;
- Decreased level of consciousness;

- Burns;

- Neutropenia and/or transplant;

- Previous colonization by an MDRB;

- Severe pancreatitis.

This regimen was administered 3 times daily in patients that were mechanically
ventilated for more than 48 h, starting on the day of orotracheal intubation and continuing
until the day of discharge from the ICU. This regimen consisted of three components [13]:
(1) 1 g of an oral paste applied in the oral cavity, composed of 20 mg of 2% colistin,
30 mg of 3% tobramycin, and 20 mg of 2% nystatin; (2) 14 mL of a suspension containing
140 mg of 1% colistin, 180 mg of 2% tobramycin, and 453.6 mg of 3.2% nystatin, which
was administered into the intestine through a nasogastric tube; and (3) cefotaxime, 1 g
every 8 h (or levofloxacin, 500 mg every 24 h, in the case of an allergy), which was
administered during the first 4 days of treatment with SSD. In patients with methicillin-
resistant Staphylococcus aureus (MRSA), a solution consisting of 40 mg of 4% oropharyngeal
paste and 700 mg of vancomycin in a digestive solution was added to the above-mentioned
regimen [13].

4.4. Definitions and Study Procedure

At ICU admission, and once a week, we collected surveillance samples from the
rectum, throat, and airway; if the patient was endotracheally intubated. When a nosocomial
infection was suspected, blood, urine, catheters, and respiratory microbiological samples
were obtained. We used the ENVIN-HELICS diagnosis criteria for nosocomial infections [4],
which were mainly catheter-related infections, ventilator-associated pneumonia (VAP), and
urinary infections.

The preventable risk factors for the study endpoints were those established by the
Spanish National Zero Infection Control Programs for ICU infection control [38—-41].

4.5. Statistical Analysis
Design

This was a prospective study that included one hundred and forty critically ill patients.
Statistical analysis

Categorical variables are expressed as frequencies and percentages and continuous
ones as means with standard deviation (SD) when data followed a normal distribution, or
as medians and interquartile ranges (IQR = 25th—75th percentile) when their distribution
departed from normality. The percentages were compared, as appropriate, using the
Chi-square test or the exact Fisher test, the means by the t-test, and the medians by the
Wilcoxon test for independent data. To identify the factors that maintained an independent
association with continuous renal replacement therapy infections, a multivariate logistic
regression analysis was performed. The variables that showed significant association with
the outcome in the univariate analysis (p < 0.1) were entered into the multivariate analysis.
A selection of variables, based on the best subset regression and Bayesian Information
Criterion (BIC), was then performed. The model was summarized as p-values (likelihood
ratio test) and odds ratios, which were estimated by means of confidence intervals at
95% [47].

Incidences per 1000 days of exposure. Infection rates were determined for each
of the cohorts, defined by SDD regimen (Yes/No) and study year (2019, 2020, 2021).
The exposure times for each cohort were obtained as the sum of the exposure times for
all patients belonging to the cohort. Thus, for each one of k = 2 x3 = 6 cohorts
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described, their exposure days were obtained (mechanical ventilation, urinary catheter,
central venous catheter, and ICU stay) and the incidences of the following infection types:
nosocomial pneumonia, urine infection, catheter-related bacteremia, secondary bacteremia,
and multiresistant germs. Then, for each infection type, we assume, according to Dean
and Lawless (1989), that the number of events in the k-th cohort is a random variable
Ny~Poisson(vy py):

In(py) = In(daysy) + « + B SDDy. + «y-Yeary.

Here, In denotes the natural logarithm, days; the days of exposure of the entire cohort,
SDDy =1, 0 (presence or not of SDD), Year; denotes the year effect (2019 is taken as the
reference and thus ;919 = 0), and v and v are continuous positive-valued independent
and identically distributed random variables of mean one and variance 7 (overdispersion).
The adjusted incidence density ratio (SDD versus no SDD) is obtained as exp(f). The model
was estimated by the likelihood method and summarized by the incidence density ratio,
which were estimated by means confidence intervals at 95%.

Survival time to CRRT infection by SSD group. Survival curves corresponding to the
time from the start of CRRT to the incidence of infection were estimated by the Kaplan—
Meier method and compared using the logrank test.

Statistical significance was set at p < 0.05. Data were analyzed using the R package,
version 4.2.1 (R Development Core Team, 2022) [48].

5. Conclusions

In a multicenter, prospective, observational cohort study at two tertiary hospitals that
compared the incidences of ICU-acquired infections, including MDRB, in two RRT cohorts
where patients were exposed or not exposed to SDD, the SDD cohort had a statistically
significantly reduced rate of RRT-associated nosocomial infections, showing that SDD may
protect against RRT-related nosocomial infections. It was shown that the MDRB incidence
density ratio significantly decreased per one thousand days in the ICU. The results obtained
favor the use of SDD in ICU patients with renal failure undergoing CRRT as a tool for
infection control.

Author Contributions: Conceptualization, ].L.V.A. and S.R.-S.; methodology, ].L.V.A., SR.-S. and PS,;
formal analysis, P.S.; investigation, ].L.V.A., CS.-R.,,S.R.-S,, PS.,, YR.P, M.VL-M,, ].B.-L. and C.D.C.;
resources, C.-R.H.-S. and S.R.-S.; data curation, P.S.; writing—original draft preparation, J.L.V.A.,
S.R.-S. and PS.; writing—review and editing, ].L.V.A., C.S.-R,, PS., C.-R.H.-S. and S.R.-S.; supervision,
JLLV.A, SR.-S,, CS.-R. and C.-R.H.-S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of Hospital Universitario de Gran Canaria
Doctor Negrin (protocol code: 2020-184-1, date of approval: 24 April 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.
Data Availability Statement: Please contact the authors for data requests.

Acknowledgments: We would like to thank the ICU medical and nursing staff for their contributions
to this study.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Rewa, O.G.; Villeneuve, P.-M.; Lachance, P; Eurich, D.T,; Stelfox, H.T.; Gibney, R T.N.; Hartling, L.; Featherstone, R.; Bagshaw, S.M.
Quality indicators of continuous renal replacement therapy (CRRT) care in critically ill patients: A systematic review. Intensive
Care Med. 2016, 43, 750-763. [CrossRef] [PubMed]

2. Ronco, C.; Ricci, Z.; De Backer, D.; Kellum, J.A.; Taccone, ES.; Joannidis, M.; Pickkers, P.; Cantaluppi, V.; Turani, F.; Saudan, P;
et al. Renal replacement therapy in acute kidney injury: Controversy and consensus. Crit. Care 2015, 19, 1-11. [CrossRef]


https://doi.org/10.1007/s00134-016-4579-x
https://www.ncbi.nlm.nih.gov/pubmed/27730284
https://doi.org/10.1186/s13054-015-0850-8

J. Clin. Med. 2024, 13,4211 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hoste, E.A ].; Bagshaw, S.M.; Bellomo, R.; Cely, C.M.; Colman, R.; Cruz, D.N.; Edipidis, K.; Forni, L.G.; Gomersall, C.D.; Govil, D,;
et al. Epidemiology of acute kidney injury in critically ill patients: The multinational AKI-EPI study. Intensive Care Med. 2015, 41,
1411-1423. [CrossRef] [PubMed]

Sociedad Espafiola de Medicina Intensiva, Critica y Unidades Coronarias (SEMICYUC), Grupo de Trabajo de Enfermedades
Infecciosas. Estudio Nacional de Vigilancia de la Infeccion Nosocomial (ENVIN): Manual de Definiciones y Términos. Available
online: http://hws.vhebron.net/envin-helics/Help /Manual_2017.pdf (accessed on 15 June 2024).

Kalil, A.C.; Metersky, M.L.; Klompas, M.; Muscedere, ].; Sweeney, D.A.; Palmer, L.B.; Napolitano, L.M.; O’Grady, N.P; Bartlett,
J.G.; Carratala, J.; et al. Management of Adults with Hospital-acquired and Ventilator-associated Pneumonia: 2016 Clinical
Practice Guidelines by the Infectious Diseases Society of America and the American Thoracic Society. Clin. Infect. Dis. 2016, 63,
e61-ell1. [CrossRef] [PubMed]

Bellomo, R.; Kellum, A J.; Ronco, C. Acute kidney injury. Lancet 2012, 380, 756-766. [CrossRef] [PubMed]

Hoste, E.A.].; Schurgers, M. Epidemiology of acute kidney injury: How big is the problem? Crit. Care Med. 2008, 36, S146-5151.
[CrossRef] [PubMed]

Murugan, R.; Kellum, J.A. Acute kidney injury: What's the prognosis? Nat. Rev. Nephrol. 2011, 7, 209-217. [CrossRef]

Chawla, L.S.; Eggers, PW.; Star, R A.; Kimmel, P.L. Acute Kidney Injury and Chronic Kidney Disease as Interconnected Syndromes.
N. Engl. |. Med. 2014, 371, 58-66. [CrossRef] [PubMed]

Slinin, Y.; Foley, R.N.; Collins, A.; Foley, R.N. Clinical epidemiology of pneumonia in hemodialysis patients: The USRDS waves 1,
3, and 4 study. Kidney Int. 2006, 70, 1135-1141. [CrossRef]

Hoste, E.AJ.; Blot, S.I; Lameire, N.H.; Vanholder, R.C.; De Bacquer, D.; Colardyn, F.A. Effect of Nosocomial Bloodstream Infection
on the Outcome of Critically Ill Patients with Acute Renal Failure Treated with Renal Replacement Therapy. J. Am. Soc. Nephrol.
2004, 15, 454-462. [CrossRef]

Magiorakos, A.-P,; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; Harbarth, S.; Hindler, J.F.; Kahlmeter, G.;
Olsson-Liljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268-281. [CrossRef] [PubMed]
Sanchez-Ramirez, C.; Hipola-Escalada, S.; Cabrera-Santana, M.; Hernandez-Viera, M.A.; Caipe-Balcazar, L.; Saavedra, P.; Artiles-
Campelo, F; Sangil-Monroy, N.; Liibbe-Vazquez, C.F,; Ruiz-Santana, S. Long-term use of selective digestive decontamination in
an ICU highly endemic for bacterial resistance. Crit. Care 2018, 22, 141. [CrossRef] [PubMed]

Mohlmann, J.E.; Van Luin, M.; Mascini, E.M.; Van Leeuwen, H.J.; De Maat, M.R. Monitoring of tobramycin serum concentrations
in selected critically ill patients receiving selective decontamination of the digestive tract: A retrospective evaluation. Eur. J. Clin.
Pharmacol. 2019, 75, 831-836. [CrossRef] [PubMed]

Ramnarain, D.; De Lange, D.W.; Meulenbelt, J. Acute renal failure due to tobramycin intoxication during selective digestive tract
decontamination. Intensive Care Med. 2011, 37, 1386-1387. [CrossRef]

Mol, M.; Van Kan, H.].M,; Schultz, M.].; De Jonge, E. Systemic tobramycin concentrations during selective decontamination of the
digestive tract in intensive care unit patients on continuous venovenous hemofiltration. Intensive Care Med. 2008, 34, 903-906.
[CrossRef] [PubMed]

Silvestri, L.; Van Saene, H.K.E; Milanese, M.; Gregori, D. Impact of selective decontamination of the digestive tract on fungal
carriage and infection: Systematic review of randomized controlled trials. Intensive Care Med. 2005, 31, 898-910. [CrossRef]
[PubMed]

Silvestri, L.; Van Saene, H.K.; Weir, I.; Gullo, A. Survival benefit of the full selective digestive decontamination regimen. J. Crit.
Care 2009, 24, 474.€7-474.e14. [CrossRef] [PubMed]

de Smet, AM.G.; Kluytmans, J.A.; Blok, H.E.; Mascini, E.M.; Benus, R.F; Bernards, A.T.; Kuijper, E.J.; Hall, M.A.L.-V,; Jansz,
AR de Jongh, B.M,; et al. Selective digestive tract decontamination and selective oropharyngeal decontamination and antibiotic
resistance in patients in intensive-care units: An open-label, clustered group-randomised, crossover study. Lancet Infect. Dis. 2011,
11, 372-380. [CrossRef] [PubMed]

Reizine, F.; Massart, N.; Joussellin, V.; Machut, A.; Vacheron, C.-H.; Savey, A.; Friggeri, A.; Lepape, A.; Alfandari, S.; Allaire,
A.; et al. Association between selective digestive decontamination and decreased rate of acquired candidemia in mechanically
ventilated ICU patients: A multicenter nationwide study. Crit. Care 2023, 27, 494. [CrossRef]

Rodriguez-Gascon, A.; Lloréns-Villar, Y.; Solinis, M.; Barrasa, H.; Canut-Blasco, A. Does selective digestive decontamination
(SDD) increase antibiotic resistance? Long-term comparison of two intensive care units (with and without SDD) of the same
tertiary hospital. Eur. J. Clin. Microbiol. Infect. Dis. 2024, 43, 885-893. [CrossRef]

The SuDDICU Investigators for the Australian and New Zealand Intensive Care Society Clinical Trials Group; Boschert, C.;
Broadfield, E.; Chimunda, T.; Fletcher, J.; Knott, C.; Porwal, S.; Smith, J.; Bhonagiri, D.; Leijten, M.; et al. Effect of Selective
Decontamination of the Digestive Tract on Hospital Mortality in Critically Ill Patients Receiving Mechanical Ventilation: A
Randomized Clinical Trial. JAMA 2022, 328, 1911. [CrossRef]

Tejerina-Alvarez, E.E.; de la Cal Lépez, M. Selective decontamination of the digestive tract: Concept and application. Med.
Intensive (Engl. Ed.) 2023, 47, 603-615. [CrossRef]

Hammond, N.E.; Myburgh, ].; Seppelt, I.; Garside, T.; Vlok, R.; Mahendran, S.; Adigbli, D.; Finfer, S.; Gao, Y.; Goodman, F; et al.
Association Between Selective Decontamination of the Digestive Tract and In-Hospital Mortality in Intensive Care Unit Patients
Receiving Mechanical Ventilation: A Systematic Review and Meta-analysis. JAMA 2022, 328, 1922-1934. [CrossRef]


https://doi.org/10.1007/s00134-015-3934-7
https://www.ncbi.nlm.nih.gov/pubmed/26162677
http://hws.vhebron.net/envin-helics/Help/Manual_2017.pdf
https://doi.org/10.1093/cid/ciw353
https://www.ncbi.nlm.nih.gov/pubmed/27418577
https://doi.org/10.1016/S0140-6736(11)61454-2
https://www.ncbi.nlm.nih.gov/pubmed/22617274
https://doi.org/10.1097/CCM.0b013e318168c590
https://www.ncbi.nlm.nih.gov/pubmed/18382186
https://doi.org/10.1038/nrneph.2011.13
https://doi.org/10.1056/NEJMra1214243
https://www.ncbi.nlm.nih.gov/pubmed/24988558
https://doi.org/10.1038/sj.ki.5001714
https://doi.org/10.1097/01.ASN.0000110182.14608.0C
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://www.ncbi.nlm.nih.gov/pubmed/21793988
https://doi.org/10.1186/s13054-018-2057-2
https://www.ncbi.nlm.nih.gov/pubmed/29843808
https://doi.org/10.1007/s00228-019-02644-x
https://www.ncbi.nlm.nih.gov/pubmed/30778624
https://doi.org/10.1007/s00134-011-2242-0
https://doi.org/10.1007/s00134-008-1020-0
https://www.ncbi.nlm.nih.gov/pubmed/18283433
https://doi.org/10.1007/s00134-005-2654-9
https://www.ncbi.nlm.nih.gov/pubmed/15895205
https://doi.org/10.1016/j.jcrc.2008.11.005
https://www.ncbi.nlm.nih.gov/pubmed/19327325
https://doi.org/10.1016/S1473-3099(11)70035-4
https://www.ncbi.nlm.nih.gov/pubmed/21420908
https://doi.org/10.1186/s13054-023-04775-1
https://doi.org/10.1007/s10096-024-04792-0
https://doi.org/10.1001/jama.2022.17927
https://doi.org/10.1016/j.medin.2023.05.009
https://doi.org/10.1001/jama.2022.19709

J. Clin. Med. 2024, 13,4211 15 of 16

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Oostdijk, E.A.N.; De Smet, AM.G.A.; Kesecioglu, J.; Bonten, M.].M.; on behalf of the Dutch SOD-SDD Trialists Group. Decontam-
ination of cephalosporin-resistant Enterobacteriaceae during selective digestive tract decontamination in intensive care units. J.
Antimicrob. Chemother. 2012, 67, 2250-2253. [CrossRef] [PubMed]

Silvestri, L.; Van Saene, H.; Milanese, M.; Gregori, D.; Gullo, A. Selective decontamination of the digestive tract reduces bacterial
bloodstream infection and mortality in critically ill patients. Systematic review of randomized, controlled trials. J. Hosp. Infect.
2007, 65, 187-203. [CrossRef] [PubMed]

D’Amico, R; Pifferi, S.; Torri, V.; Brazzi, L.; Parmelli, E.; Liberati, A. Antibiotic prophylaxis to reduce respiratory tract infections
and mortality in adults receiving intensive care. Cochrane Database Syst. Rev. 2009, 2009, CD000022. [CrossRef] [PubMed]
Brun-Buisson, C.; Legrand, P.; Rauss, A.; Richard, C.; Montravers, F.; Besbes, M.; Meakins, J.L.; Soussy, C.J.; Lemaire, F. Intestinal
Decontamination for Control of Nosocomial Multiresistant Gram-Negative Bacilli. Ann. Intern. Med. 1989, 110, 873-88]1.
[CrossRef] [PubMed]

Liibbert, C.; Faucheux, S.; Becker-Rux, D.; Laudi, S.; Diirrbeck, A.; Busch, T.; Gastmeier, P.; Eckmanns, T.; Rodloff, A.C.; Kaisers,
U.X. Rapid emergence of secondary resistance to gentamicin and colistin following selective digestive decontamination in patients
with KPC-2-producing Klebsiella pneumoniae: A single-centre experience. Int. |. Antimicrob. Agents 2013, 42, 565-570. [CrossRef]
[PubMed]

Halaby, T.; al Naiemi, N.; Kluytmans, J.; Van Der Palen, J.; Vandenbroucke-Grauls, C.M.J.E. Emergence of Colistin Resistance in
Enterobacteriaceae after the Introduction of Selective Digestive Tract Decontamination in an Intensive Care Unit. Antimicrob.
Agents Chemother. 2013, 57, 3224-3229. [CrossRef]

Yang, L.; Li, M.; Gu, S.; Feng, Y.; Huang, X.; Zhang, Y,; Tian, Y.; Wu, X.; Zhan, Q.; Huang, L. Risk factors for bloodstream infection
(BSI) in patients with severe acute respiratory distress syndrome (ARDS) supported by veno-venous extracorporeal membrane
oxygenation (VV-ECMO). BMC Pulm. Med. 2022, 22, 370. [CrossRef]

Mestrovi¢, T.; Matijasi¢, M.; Peri¢, M.; Paljetak, H.; Baresi¢, A.; Verbanac, D. The Role of Gut, Vaginal, and Urinary Microbiome in
Urinary Tract Infections: From Bench to Bedside. Diagnostics 2020, 11, 7. [CrossRef] [PubMed]

Hohmann, EB.; Chaves, R.C.d.E; Olivato, G.B.; De Souza, G.M.; Galindo, V.B.; Jr, M.S.; Martino, M.D.V.; De Menezes, FE.G.; Corréa,
T.D. Characteristics, risk factors, and outcomes of bloodstream Candida infections in the intensive care unit: A retrospective cohort
study. . Int. Med Res. 2023, 51, 030006052211311. [CrossRef] [PubMed]

Falcone, M.; Tiseo, G.; Galfo, V.; Giordano, C.; Leonildi, A.; Marciano, E.; De Simone, P.; Biancofiore, G.; Boggi, U.; Barnini, S.; et al.
Bloodstream infections in patients with rectal colonization by Klebsiella pneumoniae producing different type of carbapenemases:
A prospective, cohort study (CHIMERA study). Clin. Microbiol. Infect. 2022, 28, 298.e1-298.e7. [CrossRef] [PubMed]

Oostdijk, E.A.N.; de Smet, AM.G.A.; Kesecioglu, J.; Bonten, M.J.M. The role of intestinal colonization with Gram-negative
bacteria as a source for intensive care unit-acquired bacteremia*. Crit. Care Med. 2011, 39, 961-966. [CrossRef] [PubMed]
Bonten, M. Selective Decontamination of the Digestive Tract: An Answer at Last? JAMA 2022, 328, 2310-2311. [CrossRef]
Schouten, J.; Van Mol, M.; De Waele, ].J. Selective digestive tract decontamination implementation. Intensive Care Med. 2024, 27,
1-4. [CrossRef]

Proyecto Bacteriemia Zero. Seguridad del Paciente-Proyecto Bacteriemia Zero (sanidad.gob.es). Available online: https:
/ /seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/bacteriemiaZero.htm (ac-
cessed on 8 July 2024).

Proyecto Resistencia Zero. Seguridad del Paciente-Proyecto Resistencia Zero (sanidad.gob.es). Available online: https://
seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/resistenciaZero.htm (accessed on 8 July 2024).
Proyecto Neumonia Zero. Seguridad del Paciente-Proyecto Neumonia Zero. Prevencion de la Neumonia Asociada a Ventilacion
Mecdnica (sanidad.gob.es). Available online: https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/
colaboracionSSCC/semicyuc/neumoniaZero.htm (accessed on 8 July 2024).

Proyecto ITU-Zero. Seguridad del Paciente-Proyecto ITU-Zero (sanidad.gob.es). Available online: https://seguridaddelpaciente.
sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/ituZero.htm (accessed on 8 July 2024).

Alvarez-Lerma, F.; Palomar-Martinez, M.; Sanchez-Garcia, M.; Martinez-Alonso, M.; AlvareZ—RodrigueZ, J.; Lorente, L.; Arias-
Rivera, S.; Garcia, R.; Gordo, F.; Afién, ].M.; et al. Prevention of Ventilator-Associated Pneumonia: The Multimodal Approach of
the Spanish ICU “Pneumonia Zero” Program. Crit. Care Med. 2018, 46, 181-188. [CrossRef] [PubMed]

Ruiz-Santana, S.; Mora-Quintero, M.-L.; Saavedra, P.; Montiel-Gonzalez, R.; Sanchez-Ramirez, C.; Pérez-Acosta, G.; Martin-
Velasco, M.; Rodriguez-Mata, C.; Lorenzo-Garcia, ].-M.; Parrilla-Toribio, D.; et al. COVID-19 Secondary Infections in ICU Patients
and Prevention Control Measures: A Preliminary Prospective Multicenter Study. Antibiotics 2022, 11, 1016. [CrossRef] [PubMed]
Knaus, W.A,; Draper, E.A.; Wagner, D.P.; Zimmerman, J.E. APACHE II: A severity of disease classification system. Crit. Care Med.
1985, 13, 818-829. [CrossRef]

Vincent, J.L.; Moreno, R.; Takala, J.; Willatts, S.; De Mendonga, A.; Bruining, H.; Reinhart, C.K.; Suter, PM.; Thijs, L.G. The SOFA
(Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/failure: On behalf of the Working Group on
Sepsis-Related Problems of the European Society of Intensive Care Medicine (see contributors to the project in the appendix).
Intensive Care Med. 1996, 22, 707-710. [CrossRef]

Charlson, M.E.; Carrozzino, D.; Guidi, J.; Patierno, C. Charlson Comorbidity Index: A Critical Review of Clinimetric Properties.
Psychother. Psychosom. 2022, 91, 8-35. [CrossRef]


https://doi.org/10.1093/jac/dks187
https://www.ncbi.nlm.nih.gov/pubmed/22643189
https://doi.org/10.1016/j.jhin.2006.10.014
https://www.ncbi.nlm.nih.gov/pubmed/17244516
https://doi.org/10.1002/14651858.CD000022.pub3
https://www.ncbi.nlm.nih.gov/pubmed/19821262
https://doi.org/10.7326/0003-4819-110-11-873
https://www.ncbi.nlm.nih.gov/pubmed/2655521
https://doi.org/10.1016/j.ijantimicag.2013.08.008
https://www.ncbi.nlm.nih.gov/pubmed/24100228
https://doi.org/10.1128/AAC.02634-12
https://doi.org/10.1186/s12890-022-02164-y
https://doi.org/10.3390/diagnostics11010007
https://www.ncbi.nlm.nih.gov/pubmed/33375202
https://doi.org/10.1177/03000605221131122
https://www.ncbi.nlm.nih.gov/pubmed/36659829
https://doi.org/10.1016/j.cmi.2021.06.031
https://www.ncbi.nlm.nih.gov/pubmed/34197935
https://doi.org/10.1097/CCM.0b013e318208ee26
https://www.ncbi.nlm.nih.gov/pubmed/21283008
https://doi.org/10.1001/jama.2022.18623
https://doi.org/10.1007/s00134-024-07500-w
https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/bacteriemiaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/bacteriemiaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/resistenciaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/resistenciaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/neumoniaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/neumoniaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/ituZero.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/ituZero.htm
https://doi.org/10.1097/CCM.0000000000002736
https://www.ncbi.nlm.nih.gov/pubmed/29023261
https://doi.org/10.3390/antibiotics11081016
https://www.ncbi.nlm.nih.gov/pubmed/36009884
https://doi.org/10.1097/00003246-198510000-00009
https://doi.org/10.1007/BF01709751
https://doi.org/10.1159/000521288

J. Clin. Med. 2024, 13,4211 16 of 16

47. Dean, C.; Lawless, J.E. Tests for Detecting Overdispersion in Poisson Regression Models. J. Am. Stat. Assoc. 1989, 84, 467-472.
[CrossRef]

48. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2022; ISBN 3-900051-07-0. Available online: http://www.R-project.org/ (accessed on 23 November 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/01621459.1989.10478792
http://www.R-project.org/

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Study Design and Patients 
	Study Variables 
	Patients’ General Characteristics 
	Other Variables 

	SDD Protocol 
	Definitions and Study Procedure 
	Statistical Analysis 

	Conclusions 
	References

