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IntroductIon

The incidence of serious infectious complications caused by multidrug-resistant (MDR) bacteria has been increasing 
in intensive care unit (ICU) patients [1], resulting in high rates of morbidity and mortality, high costs, and longer hospital 
stays [2,3]. Therefore, reducing the occurrence of MDR bacterial infections has become a major objective for many hos-
pitals because it will improve patient outcome and reduce the financial burden [2,4]. Among the important steps cited in 
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Background: We evaluated the current status and survival impact of infectious disease consultation (IDC) in ventilated patients with 
multidrug-resistant (MDR) bacteremia.
Methods: One hundred sixty-one consecutive patients from a single tertiary care hospital were enrolled over a 5-year period. Patients 
with at least one of the following six MDR bacteremias were included: methicillin-resistant Staphylococcus aureus, extended-spectrum 
β-lactamase-producing gram-negative bacteria (Escherichia coli and Klebsiella pneumonia), carbapenem-resistant gram-negative rods 
(Acinetobacter baumannii and Pseudomonas aeruginosa), and vancomycin-resistant Enterococcus faecium. 
Results: Median patient age was 66 years (range, 18 to 95), and 57.8% of subjects were male. The 28-day mortality after the day of 
blood culture was 52.2%. An IDC was requested for 96 patients based on a positive blood culture (59.6%). Patients without IDC had sig-
nificantly higher rate of hemato-oncologic diseases as a comorbidity (36.9% vs. 11.5%, P < 0.001). Patients without an IDC had higher 
Acute Physiology and Chronic Health Evaluation (APACHE) II score (median, 20; range, 8 to 38 vs. median, 16; range, 5 to 34, P < 0.001) 
and Sequential Organ Failure Assessment (SOFA) score (median, 9; range, 2 to 17 vs. median, 7; range, 2 to 20; P = 0.020) on the day of 
blood culture and a higher 28-day mortality rate (72.3% vs. 38.5%, P < 0.001). In patients with SOFA ≥9 (cut-off level based on Youden’s 
index) on the day of blood culture and gram-negative bacteremia, IDC was also significantly associated with lower 28-day mortality 
(hazard ratio [HR], 0.298; 95% confidence interval [CI], 0.167 to 0.532 and HR, 0.180; 95% CI, 0.097 to 0.333; all P < 0.001) based on mul-
tivariate Cox regression analysis.
Conclusions: An IDC for MDR bacteremia was requested less often for ventilated patients with greater disease severity and higher 28-
day mortality after blood was drawn. In patients with SOFA ≥9 on the day of blood culture and gram-negative bacteremia, IDC was asso-
ciated with improved 28-day survival after blood draw for culture.
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published recommendations regarding the rational use 
of antibiotics are a reduction in the duration of empirical 
broad-spectrum antibiotic therapy and the timely use of 
more appropriate antibiotics [5-7].

A further step is the establishment of a hospital team that 
includes an infectious disease (ID) specialist [5]. The as-
sessment by an ID physician of antibiotic use in patients 
can result in significant improvements in the prescription 
of antibiotics, decreased antibiotic consumption, and low-
er mortality and readmission rates [8,9]. Indeed, active 
intervention by ID specialists in ventilated patients with 
infectious complications aids critical care physicians in 
managing patients with MDR bacterial infections and 
may improve patient outcomes.

In Korea, however, critical care delivery systems are 
underdeveloped compared to those in Western countries 
[10,11]. Few hospitals have established local teams with 
ID specialists, clinical microbiologists, clinical pharma-
cists, and infection control practitioners specialized in care 
of ICU patients. In contrast, many hospitals are dependent 
on formal consultations with ID specialists in the man-
agement of ICU patients with newly developed infectious 
complications. The utility of these consultations in patients 
with MDR bacteremia has yet to be evaluated. Also, it is 
questionable whether specialist consultation (infectious 
disease consultation [IDC]) is more useful in patients 
with higher severity illness and organ failure than in pa-
tients with lower severity illness. To address this issue, 
we investigated the current status of IDC for ventilated 
patients with MDR bacteremia. We also examined the ef-
fects of IDC on the survival of these patients in an acute 
care hospital in Korea.

MAtErIALS And MEtHodS

Study Design, Ethics, and Subject Selection
This retrospective study included all consecutive pa-

tients who had positive blood culture tests and who re-
quired ventilator care while hospitalized in the ICU of 
Pusan National University Hospital between March 2011 

and February 2016. This hospital has six functionally sep-
arate ICUs with a total of 85 beds (medical, 12 beds; sur-
gical, 10 beds; cardio-stroke, 14 beds; neurosurgical, 13 
beds; emergency, 20 beds; and trauma, 16 beds). All have 
full cardiovascular and close airway monitoring equip-
ment. Each has one full-time ICU specialist; the nurse-to-
bed ratio is 1 : 3. All patients are managed according to 
therapeutic recommendations based on current sepsis guide-
lines and a lung-protective ventilator strategy [12,13]. 

During the study period, two or three board-certified ID 
specialists provided bedside consultations in the ICUs. 
These were performed only upon request from the prima-
ry treating physicians, who contacted the covering spe-
cialists via electronic medical records or telephone. ID 
specialists were available Monday through Friday during 
normal working hours, but were typically not available 
during the night or on weekends. 

Our study was approved by the Institutional Review 
Board of Pusan National University Hospital (IRB No. 
H-1707-011-057). The need for informed consent from 
patients was waived due to the observational and retro-
spective nature of this study. All investigators contributed 
to the design of the study and confirmed that the study 
objectives and procedures were honestly disclosed. Be-
tween November 2016 and May 2017, the electronic med-
ical records of all enrolled patients were reviewed retro-
spectively. Relevant medical, laboratory, and radiological 
data were extracted and used to complete a case report 
form for each patient. The data in these reports were ana-
lyzed. Our study had no impact on the treatment of pa-
tients in the study. 

In the present study, all ICU adult patients (≥18 years of 
age) were screened if they had received ventilator care and 
had a positive blood culture during the study period. Pa-
tients with one of the following six MDR bacteremias 
were included: methicillin-resistant Staphylococcus au-
reus (MRSA), extended-spectrum β-lactamase (ESBL)-
producing gram-negative bacteria (Escherichia coli and 
Klebsiella pneumonia), carbapenem-resistant gram-nega-
tive rods (Acinetobacter baumannii [CRAB] and Pseu-
domonas aeruginosa [CRPA]), and vancomycin-resistant 
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Enterococcus faecium (VRE). Patients with a second bac-
teremia episode within 3 days after the first (index) one 
were excluded. For all positive blood cultures, organisms 
were identified by conventional and automated biochemi-
cal methods (VITEK 2; BioMérieux, Marcy l’Étoile, France) 
from March 2011 to February 2013 and by matrix-assist-
ed laser desorption/ionization time-of-flight mass spec-
trometry (MALDI-TOF MS; Bruker Daltonic, Bremen, 
Germany) from March 2013 to February 2016.

Data Collection
The following demographic and clinical data were gath-

ered from the medical records of each patient: age, sex, 
comorbidities before ICU admission, length of ICU stay 
and hospital stay, and ventilator care. The severity of ill-
ness was measured using the Acute Physiology and Chron-
ic Health Evaluation (APACHE) II score, and accompany-
ing organ failure was assessed according to the Sequential 
Organ Failure Assessment (SOFA) score [14,15]. APACHE 
II and SOFA scores were calculated based on laboratory 
and clinical data recorded on the day of blood culture col-
lection. Requirement for hemodialysis (defined as the use 
of any form of renal replacement therapy), neuromuscu-
lar blocking agents, and vasopressors on the day of blood 
culture collection were also noted.

Microbiological information for each MDR bacterium, 
including its identification and antimicrobial susceptibility 
test results, was obtained from medical records. The pri-
mary source of infection upon ICU admission was also re-
corded. Whether an ID specialist was consulted based on 
the identified microorganisms was also evaluated. Empiri-
cal antibiotic use for >3 days prior to blood sampling was 
documented in all patients. Adjusted antibiotics used for 
>3 days based on the microorganisms identified in the 
blood culture, regardless of IDC, were also recorded for 
all patients.  

In this study, an IDC was defined as the first formal ID 
consultation, regardless of the eventual final number of 
consultations, as documented in the patient’s medical re-
cords within 3 days after the final microbiological deter-
mination. Survivors were defined as patients who survived 

for 28 days after blood was drawn.

Statistical Analysis
Continuous variables are expressed as median and range; 

categorical variables are presented as number and percent. 
Student t-test or the Mann-Whitney U-test was used to 
compare continuous variables, and the chi-square or Fish-
er exact test (for small numbers) was used to compare cat-
egorical variables. Receiver operating characteristic curves 
and the area under the curve (AUC) were used, and iden-
tification of an optimal cut-off value for the SOFA score 
was based on the maximum Youden’s index [16]. Univar-
iate Cox proportional hazard models were developed to 
determine the relationship between ID consultation, other 
clinical variables, and 28-day mortality. Variables with P < 
0.1 were included in multivariate Cox proportional hazard 
models. Backward elimination was performed to elimi-
nate any predictor for which the P-value of the multivari-
ate model exceeded 0.05. Hazard ratios with 95% confi-
dence intervals are reported. All tests of significance were 
two-tailed, and P-values <0.05 were considered signifi-
cant. Our statistical analysis was supported by our hospi-
tal biostatistics office. All analyses were performed using 
IBM SPSS version 24.0 (IBM Corp., Armonk, NY, USA) 
and MedCalc Statistical Software version 17.9.7 (Med-
Calc Software, Ostend, Belgium).

rESuLtS

Baseline Characteristics
Among the 1,283 ICU patients with positive blood cul-

tures during the study period, 161 were eligible for partici-
pation in the study. Blood for microorganism culture was 
collected a median of 9 days (range, 0 to 413) after ICU 
admission. The median time from blood collection to mi-
croorganism identification and antibiotic susceptibility test-
ing was 89 hours (range, 44 to 695). Respiratory infections 
were the most common source of bacteremia (47.2%), and 
MRSA and CRAB were the most commonly identified mi-
croorganisms in these infections (36.6%) (Table 1). Two or 
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Table 1. Baseline characteristics of the patients in the IDC and no-IDC groups

Characteristics Total (n = 161) IDC (n = 96) No IDC (n = 65) P-value

Age (yr) 66 (18–95) 62 (20–91) 66 (18–95) 0.526

Male sex 93 (57.8) 56 (58.3) 37 (56.7) 0.872

APACHE II scorea 18 (5–38) 16 (5–34) 20 (8–38) <0.001

SOFA scorea 8 (2–20) 7 (2–20) 9 (2–17) 0.020

ICU LOS (day) 23 (1–430) 34 (2–430) 16 (1–177) 0.003

Hospital LOS (day) 43 (2–431) 58 (10–431) 21 (2–422) <0.001

Total MV (day) 19 (1–430) 23 (1–430) 12 (1–118) 0.012

Comorbidity

Diabetes 46 (28.6) 28 (29.2) 18 (27.7) 0.861

Cardiovascular disease 37 (23.0) 19 (19.8) 18 (27.7) 0.258

Hemato-oncologic disease 35 (21.7) 11 (11.5) 24 (36.9) <0.001

Cerebrovascular disease 27 (16.8) 18 (18.8) 9 (13.8) 0.520

Chronic kidney disease 22 (13.7) 14 (14.6) 8 (12.3) 0.816

Chronic lung diseaseb 17 (10.6) 11 (11.5) 6 (9.2) 0.796

Chronic liver disease 14 (8.7) 9 (9.4) 5 (7.7) 0.783

Neuromuscular disease 13 (8.1) 8 (8.3) 5 (7.7) >0.999

Source of infectionc

Respiratory 76 (47.2) 48 (50.0) 28 (43.1) 0.424

Catheter-related 43 (26.7) 35 (36.5) 8 (12.3) 0.001

Musculoskeletal and soft tissue 26 (16.1) 20 (20.8) 6 (9.2) 0.053

Intra-abdomen 12 (7.5) 6 (6.3) 6 (9.2) 0.548

Urinary tract 5 (3.1) 3 (3.1) 2 (3.1) >0.999

ICU type

Medical 65 (40.4) 34 (35.4) 31 (47.7) 0.142

Surgical 17 (10.6) 10 (10.4) 7 (10.8) >0.999

Emergency 40 (24.8) 23 (24.0) 17 (26.2) 0.853

Neurosurgical 18 (11.2) 11 (11.5) 7 (10.8) >0.999

Cardio-stroke 8 (5.0) 5 (5.2) 3 (4.6) >0.999

Trauma 13 (8.1) 13 (13.5) 0 0.001

Bacteria

Methicillin-resistant Staphylococcus aureus 59 (36.6) 36 (37.5) 23 (35.4) 0.868

Carbapenem-resistant Acinetobacter baumannii 59 (36.6) 37 (38.5) 22 (33.8) 0.618

Vancomycin-resistant Enterococcus faecium 20 (12.4) 11 (11.5) 9 (13.8) 0.808

ESBL(+) Klebsiella pneumoniae 18 (11.2) 11 (11.5) 7 (10.8) >0.999

ESBL(+) Escherichia coli 9 (5.6) 5 (5.2) 4 (6.2) >0.999

Carbapenem-resistant Pseudomonas aeruginosa 5 (3.1) 2 (2.1) 3 (4.6) 0.394

Period from ICU admission to bacteremia (day) 9 (0–413) 10 (0–413) 7 (0–366) 0.554

Administration of the first recommended antibioticsd 120 (74.5) 85 (88.5) 35 (53.8) <0.001

Period of administration of the first recommended antibiotics (day)d

Before microorganisms identification 0 (0–55) 0 (0–25) 0 (0–55) 0.979

After microorganisms identification 7 (0–116) 14 (0–116) 0 (0–33) <0.001
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more microorganisms were identified in the blood cul-
tures of eight patients. The 28-day mortality rate was 
52.2%. 

ID Specialist Consultation Activity
IDC was requested for positive blood culture results in 

96 patients (59.6%). Table 1 compares the clinical param-
eters of the IDC and no-IDC groups. Patients who received 
IDC had a higher rate of catheter-related infections. All 
patients in the trauma ICU had IDC for positive blood cul-
ture results. Patients without IDC had higher APACHE II 
and SOFA scores on the blood culture day, but also signif-
icantly higher rates of hemato-oncologic diseases as a co-
morbidity, greater requirements for vasopressors and he-
modialysis on the blood culture day, and higher 28-day 
mortality. Also, patients who received IDC had significant 
alterations to the first recommended antibiotic for MDR 
bacteria and were prescribed these antibiotics for a signif-
icantly longer period (Table 1). Among the patients who 
underwent IDC, 39 (40.6%) had their antibiotics changed 
to the recommended antibiotics based on MALDI-TOF 
MS results (only pathogen identification), while 16 pa-
tients (16.7%) had their antibiotics changed based on the 
final drug susceptibility test.

Table 2 shows the antibiotics used for more than 3 days 
before blood was drawn in all patients. Glycopeptide, car-
bapenem, fluoroquinolone, and third-generation cephalo-
sporins were the most common antibiotics used in both 
groups of patients. Antibiotics were adjusted in 79 patients 

(49.1%) based on microorganism identification and anti-
microbial susceptibility test results. Table 3 lists the ad-
justed antibiotics for the two groups according to identi-
fied microorganism. In patients with ESBL-producing 
gram-negative bacteremia, carbapenem was used signifi-
cantly more in the IDC group. In patients with carbapen-
em-resistant gram-negative rods bacteremia, the propor-
tion of colistin or minocycline use was higher in the IDC 
group, whereas fluoroquinolone and third-generation 
cephalosporins were more frequently used in the no-IDC 
group. In patients with MRSA bacteremia, there was no 
significant difference between the two groups. In those 
with VRE bacteremia, glycopeptide use was significantly 
higher in the no-IDC group than the IDC group. 

Effect of IDC on Clinical Outcomes 
Univariate and multivariate Cox regression models were 

constructed to evaluate the influence of IDC on survival 
in all patients (Table 4). IDC showed a significant associ-
ation with survival. The Kaplan-Meier estimate of surviv-
al at 28 days was consistent with a survival benefit of IDC 
(Figure 1). However, requirement for vasopressors, hemo-
dialysis, and neuromuscular blocking agents and throm-
bocytopenia on the day of blood culture were associated 
with 28-day mortality. Subgroup analysis was performed 
to determine whether the higher 28-day mortality in the 
no-IDC group biased the influence of IDC on survival. To 
evaluate the influence of IDC in more seriously ill patients, 
we assessed how APACHE II and SOFA predicted 28-day 

Table 1. Continued

Characteristics Total (n = 161) IDC (n = 96) No IDC (n = 65) P-value

Requirement for vasopressora 82 (50.9) 39 (40.6) 43 (66.2) 0.002

Requirement of hemodialysisa 44 (27.3) 20 (20.8) 24 (36.9) 0.031

Requirement for neuromuscular blocking agenta 39 (24.2) 19 (19.8) 20 (30.8) 0.134

28-Day mortality 84 (52.2)  37 (38.5) 47 (72.3) <0.001

Values are presented as median (range) for continuous variables or number (%) for categorical variables. 
IDC: infectious disease consultation; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; ICU: intensive care unit; 
LOS: length of stay; MV: mechanical ventilation; ESBL: extended-spectrum beta-lactamases.
aAll clinical data was calculated or checked from medical records on blood collection day; bChronic lung diseases included chronic obstructive pulmonary disease, 
asthma and bronchiectasis; COf total patients, 24 patients had more than two sources of infection; dThe first recommended antibiotics were known as “drug of choice” 
and were summarized as follows: methicillin-resistant Staphylococcus aureus, vancomycin; Carbapenem-resistant Acinetobacter baumannii and carbapenem-resistant 
Pseudomonas aeruginosa, colistin; Vancomycin-resistant Enterococcus faecium, Linezolid; Carbapenem, ESBL(+) Klebsiella pneumonia and ESBL(+) Escherichia coli. 
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mortality. We found that the AUC for the SOFA score was 
significantly higher than that for the APACHE II score 
(AUC, 0.747; 95% confidence interval [CI], 0.673 to 0.813 

vs. AUC, 0.708; 95% CI, 0.632 to 0.777; P = 0.039) (Fig-
ure 2). Furthermore, the cut-off SOFA score was 9 based 
on Youden’s index (sensitivity 88%, specificity 56%). In 

Table 2. Summary of the antibiotics empirically used before blood culture results were available

Antibiotics Total (n = 161) IDC (n = 96) No IDC (n = 65) P-value

Glycopeptide 93 (57.5) 54 (56.3) 39 (60.0) 0.745

Carbapenem 76 (47.2) 40 (41.7) 36 (55.4) 0.108

Fluoroquinolone 75 (46.6) 46 (47.9) 29 (44.6) 0.748

Third-generation cephalosporins 66 (41.0) 47 (49.0) 19 (29.2) 0.015

Anti-pseudomonal penicillin 48 (29.8) 29 (30.2) 19 (29.2) >0.999

Fourth generation cephalosporins 34 (21.1) 22 (22.9) 12 (18.5) 0.559

Colistin 32 (19.9) 12 (12.5) 4 (6.2) 0.283

Aminoglycoside 16 (9.9) 12 (12.5) 4 (6.2) 0.283

Minocycline 13 (8.1) 10 (10.4) 3 (4.6) 0.244

Macrolides 9 (5.6) 5 (5.2) 4 (6.2) >0.999

Second generation cephalosporins 6 (3.7) 6 (6.3) 0 0.082

Trimethoprim-sulfamethoxazole 6 (3.7) 4 (4.2) 2 (3.1) >0.999

Linezolid 5 (3.1) 2 (2.1) 3 (4.6) 0.394

Tigecycline 4 (2.5) 2 (2.1) 2 (3.1) >0.999

Values are presented as number (%).
IDC: infectious disease consultation.

Table 3. Comparisons of the antibiotics used after final blood culture results between patients with and without IDC

Organism

ESBL (n = 27) CRPA & CRAB (n = 64) MRSA (n = 59) VRE (n = 20)

IDC 
(n = 16)

No IDC
(n = 11)

IDC 
(n = 39)

No IDC
(n = 25)

IDC
(n = 36)

No IDC 
(n = 23)

IDC 
(n = 11)

No IDC 
(n = 9)

Glycopeptide 6 (37.5)  4 (36.4) 13 (33.3) 10 (40.0) 30 (83.3) 19 (82.6) 1 (9.1)a  5 (55.6)a

Carbapenem 16 (100)a  5 (45.5)a 13 (33.3) 12 (48.0) 9 (25.0) 6 (26.1) 1 (9.1) 7 (77.8)

Fluoroquinolone 1 (6.3)  4 (36.4)  1 (2.6)a 8 (32.0)a 5 (13.9) 4 (17.4) 1 (9.1) 1 (11.1)

Third-generation cephalosporins 0 11 (18.2)  1 (2.6)a 7 (28.0)a 5 (13.9) 3 (13.0) 0 0

Anti-pseudomonal penicillin 0 2 (18.2) 3 (7.7) 2 (8.0) 4 (11.1) 3 (13.0) 0 0

Fourth generation cephalosporins 0 0 2 (5.1) 2 (8.0) 10 (27.8) 4 (17.4) 1 (9.1) 0

Colistin 5 (31.3) 1 (9.1) 32 (82.1)a 13 (52.0)a 8 (22.2) 2 (8.7)  2 (18.2) 1 (11.1)

Aminoglycoside 0 0 1 (2.6) 1 (4.0) 1 (2.8) 0 0 0

Minocycline 5 (31.3) 0 15 (38.5)a 2 (8.0)a 1 (2.8) 2 (8.7) 0 1 (11.1)

Macrolide 0 0 3 (7.7) 2 (8.0) 1 (2.8) 0 0 0

Second generation cephalosporins 0 0 0 0 0 0 0 0

Trimethoprim-sulfamethoxazole 0 0 1 (2.6) 1 (4.0) 0 0 0 1 (11.1)

Linezolid 1 (6.3) 1 (9.1) 0 1 (4.0) 3 (8.3) 2 (8.7) 7 (63.6) 3 (33.3)

Tigecycline 0 1 (9.1) 3 (7.7) 0 0 1 (4.3) 1 (9.1) 0

Values are presented as number (%).
IDC: infectious disease consultation; ESBL: extended-spectrum β-lactamase; CRPA: carbapenem-resistant Pseudomonas aeruginosa; CRAB: carbapenem-resistant 
Acinetobacter baumannii; MRSA: methicillin-resistant Staphylococcus aureus; VRE: vancomycin-resistant Enterococcus faecium.
aIn the chi-square or Fisher exact tests (for small numbers), significance was defined as P < 0.05.
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subgroup analysis of patients with SOFA score ≥9, IDC 
was significantly associated with survival based on mul-
tivariate Cox regression analysis (Table 4). In patients 
with gram-negative bacteremia (ESBL-producing and 
carbapenem-resistant gram-negative bacteremias), multi-
variate analysis showed that IDC was also significantly 
associated with improved survival. However, there was 
no association between IDC and survival in patients with 
MRSA or VRE bacteremia (Table 4).   

dIScuSSIon

We found that roughly 60% of our 161 enrolled patients 
received IDC services for selection of optimal antibiotics 
despite the high 28-day mortality in our series. Univariate 

Table 4. Univariate and multivariate analysis of factors associated with 28-day mortality after blood was drawn in total patients and 
some subgroups

Factor
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Total patients

Infectious disease consultation 0.325 (0.210–0.502) <0.001 0.353 (0.226–0.552) <0.001

Requirement for vasopressorsa 3.154 (1.980–5.025) <0.001 2.409 (1.483–3.914) <0.001

Requirement for HDa 2.599 (1.672–4.043) <0.001 1.640 (1.037–2.593)  0.034

Requirement for NMBAsa 1.978 (1.248–3.314) 0.004 2.357 (1.446–3.843)  0.001

Thrombocytopeniaa 2.298 (1.436–3.675) 0.001 1.747 (1.078–2.830)  0.023

Hemato-oncologic diseases as comorbidities 2.187 (1.373–3.483) 0.001 - -

Age ≥65 yr 1.591 (1.028–2.460) 0.037 - -

In patients with SOFA ≥9a

Infectious disease consultation 0.313 (0.177–0.554) <0.001 0.298 (0.167–0.532) <0.001

Requirement for NMBAsa 1.681 (0.959–2.949) 0.070 1.834 (1.033–3.256)  0.038

Requirement for vasopressorsa 1.968 (0.958–4.041) 0.065 - -

Requirement for HDa 1.837 (1.065–3.169) 0.029 - -

In patients with gram-negative bacteremia

Infectious disease consultation 0.203 (0.114–0.361) <0.001 0.180 (0.097–0.333) <0.001

Requirement for vasopressorsa 3.178 (1.733–5.831) <0.001 3.168 (1.670–6.010) <0.001

Requirement for HDa 3.047 (1.753–5.298) <0.001 2.607 (1.473–4.614)  0.001

Requirement for NMBAsa 2.226 (1.249–3.969) 0.007 1.879 (1.025–3.446)  0.041

Thrombocytopeniaa 1.722 (0.932–3.183) 0.083 - -

Hemato-oncologic diseases as comorbidities 1.648 (0.929–2.922) 0.087 - -

Statistical significance was tested by univariate Cox proportional hazards models and multivariate Cox hazards models.
HR: hazard ratio; CI: confidence interval; HD: hemodialysis; NMBA: neuromuscular blocking agents; SOFA: Sequential Organ Failure Assessment. 
aAll clinical data was calculated or checked from medical records on blood collection day.
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Figure 1. Kaplan-Meier curves of survival 28 days after the day of 
blood culture according to the presence or absence of infectious 
disease consultation (log-rank, 29.507, P < 0.001). IDC: infectious 
disease consultation; ICU: intensive care unit.
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analysis of patients with a SOFA score ≥9 on the day of 
blood culture collection showed that IDC was associated 
with reduced mortality, which suggests that IDC could im-
prove the outcome of patients who are severely ill and have 
organ failure. However, IDC services were requested less 
often for patients with greater disease severity and mor-
tality. Moreover, broad-spectrum antibiotics were still used 
before and after microorganism identification regardless 
of IDC, as shown in Table 3. 

Reduced in-hospital mortality and decreased overall 
hospital costs associated with IDC have been described in 
several studies [9,17-21]. In addition, antimicrobial stew-
ardship has been recognized internationally as a key strat-
egy to address the global crisis of escalating antimicrobi-
al resistance [22,23]. Despite increasing consumption of 
empirical broad-spectrum antibiotics in many Korean 
university-affiliated hospitals, there are few established 
antimicrobial stewardship programs in our country. Our 
present study results emphasize the importance of IDC in 
MDR bacteremia to prevent serious complications and im-

prove patient outcomes. Antibiotics stewardship programs 
need to be introduced to control the increasing prevalence 
of MDR bacteria in South Korea.

In the present study, we showed that IDC was associat-
ed with a reduction in mortality due to gram-negative bac-
teremia. Previous data on the clinical utility of IDC in pa-
tients with S. aureus bacteremia suggest that IDC may be 
particularly beneficial in patients with MRDA bacteremia 
[17,18,24-26]. However, our data do not indicate that IDC 
had a clinical impact on mortality in patients with MRSA. 
More than half of all enrolled patients received glycopep-
tides as empirical antibiotics before microorganism iden-
tification (Table 2). Moreover, patients with MRSA bacte-
remia had a lower 28-day mortality rate than did patients 
with other MDR bacteremias (33.9% vs. 62.7%, P = 0.001). 
Although our data suggest that IDC is less useful in pa-
tients with MRSA bacteremia, further studies are required 
to determine the clinical utility of IDC according to the 
identified microorganism, which was not possible in this 
study because of the small sample size.

Our study had several limitations. First, even though 
IDC was associated with reduced mortality in patients 
who were more severely ill, we could not unambiguously 
demonstrate the clinical utility of IDC in reducing mortal-
ity, because patients in the IDC group had significantly 
lower APACHE II and SOFA scores than those in the no-
IDC group. Second, this study had a retrospective design, 
which may have resulted in selection bias. In addition, our 
enrolled patient populations were heterogeneous as they 
were hospitalized in six ICUs at our hospital, which may 
have been a source of bias. Furthermore, it was not possi-
ble to control for other confounding variables affecting 
outcomes because of our study’s retrospective cohort de-
sign. Last, because our data represent the experience of a 
single center and the sample size was small, the results may 
not be representative of the general situation in Korea.

In conclusion, our analysis showed that IDCs were re-
quested less often for ventilated patients with documented 
MDR bacteremia than for those with high APACHE II and 
SOFA scores on blood-collection day. Furthermore, IDC 
was associated with improved outcomes in patients with 

Figure 2. Receiver operating characteristic curves for SOFA and 
APACHE II scores on the day of blood culture collection predicting 
28-day mortality after blood was drawn. AUC for SOFA was 0.747 
(95% CI, 0.673 to 0.813) vs. APACHE II with an AUC of 0.708 (95% 
CI, 0.632 to 0.777) (P = 0.039). SOFA: Sequential Organ Failure 
Assessment; APACHE: Acute Physiology and Chronic Health 
Evaluation; AUC: area under the curve; CI: confidence interval.
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higher severity illness than those with lower severity ill-
ness. Given the increased incidence of MDR bacteria in 
the ICU, ID specialists have an important role to play in 
the control of undisciplined use of broad-spectrum anti-
biotics. Further large-scale studies are required to deter-
mine the role of ID specialists in controlling MDR bacte-
ria in the ICU. 
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