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BACkgRouND:  The optimal duration of antibiotic treatment for 
bloodstream infections is unknown and understudied.
METHoDs:  A retrospective cohort study of critically ill patients with 
bloodstream infections diagnosed in a tertiary care hospital between 
March 1, 2010 and March 31, 2011 was undertaken. The impact of 
patient, pathogen and infectious syndrome characteristics on selection 
of shorter (≤10 days) or longer (>10 days) treatment duration, and on 
the number of antibiotic-free days, was examined. The time profile of 
clinical response was evaluated over the first 14 days of treatment. 
Relapse, secondary infection and mortality rates were compared 
between those receiving shorter or longer treatment.
REsulTs:  Among 100 critically ill patients with bloodstream infec-
tion, the median duration of antibiotic treatment was 11 days, but was 
highly variable (interquartile range 4.5 to 17 days).  Predictors of lon-
ger treatment (fewer antibiotic-free days) included foci with estab-
lished requirements for prolonged treatment, underlying respiratory 
tract focus, and infection with Staphylococcus aureus or Pseudomonas 
species. Predictors of shorter treatment (more antibiotic-free days) 
included vascular catheter source and bacteremia with coagulase-
negative staphylococci. Temperature improvements plateaued after 
the first week; white blood cell counts, multiple organ dysfunction 
scores and vasopressor dependence continued to decline into the sec-
ond week.  Among 72 patients who survived to 10 days, clinical out-
comes were similar between those receiving shorter and longer 
treatment. 
CoNClusIoN: Antibiotic treatment durations for patients with 
bloodstream infection are highly variable and often prolonged. A ran-
domized trial is needed to determine the duration of treatment that will 
maximize cure while minimizing adverse consequences of antibiotics.

key Words: Antibacterials; Antibiotic stewardship; Bacteremia; Bacterial 
infections; Critical care

la durée de l’antibiothérapie de patients 
gravement malades atteints d’une bactériémie : 
une étude de cohorte rétrospective

HIsToRIQuE : On ne connaît pas la durée optimale de 
l’antibiothérapie des bactériémies, qui est trop peu étudiée.
MÉTHoDologIE : Les chercheurs ont entrepris une étude de 
cohorte rétrospective de patients gravement malades atteints d’une 
bactériémie qui ont été diagnostiqués dans un hôpital de soins ter-
tiaires entre le 1er mars 2010 et le 31 mars 2011. Ils ont examiné les 
conséquences des caractéristiques du patient, du pathogène et du syn-
drome infectieux sur le choix d’un traitement plus court (dix jours ou 
moins) ou plus long (plus de dix jours) et sur le nombre de jours sans 
prise d’antibiotiques. Ils ont évalué le profil temporel de la réponse 
clinique au cours des 14 premiers jours du traitement et ont comparé le 
taux de récidives, d’infections secondaires et de mortalité entre ceux 
qui recevaient un traitement plus court et plus long.
RÉsulTATs : Chez 100 patients gravement malades ayant une bac-
tériémie, l’antibiothérapie avait une durée médiane de 11 jours, mais 
était très variable (plage interquartile de 4,5 à 17 jours). Les prédicteurs 
d’un traitement plus long (moins de journées sans antibiotiques) 
comprenaient des foyers comportant des exigences établies de traite-
ment prolongé, un accent sur une infection sous-jacente des voies 
respiratoires et une infection par des espèces de Staphylococcus aureus 
ou de Pseudomonas. Les prédicteurs d’un traitement plus court (plus de 
journées sans antibiotiques) incluaient une origine dans un cathéter 
vasculaire et une bactériémie à staphylocoques négative à la coagulase. 
L’atténuation de la température a plafonné au bout de la première 
semaine, tandis que la numération des globules blancs, les indices de 
dysfonction multiorganique et la dépendance aux vasopresseurs a con-
tinué de décliner pendant la deuxième semaine. Chez les 72 patients 
qui ont survécu jusqu’à dix jours, les issues cliniques étaient similaires 
chez ceux qui recevaient un traitement plus court ou plus long.
CoNClusIoN : La durée de l’antibiothérapie des patients atteints 
d’une bactériémie est très variable et souvent prolongée. Il faudra pro-
céder à un essai aléatoire pour déterminer la durée du traitement qui 
favorisera la guérison au maximum tout en limitant le plus possible les 
conséquences négatives des antibiotiques.
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Bacterial bloodstream infections are common among patients 
admitted to intensive care units (ICUs) (1,2), and may be increas-

ing in incidence due to highly invasive care, use of immunosuppressive 
medications and interventions, and a tendency to admit patients with 
multiple comorbid illnesses (3). These infections are associated with 
up to two- to threefold increase in overall mortality, and up to 35% 
attributable mortality (4,5). Prompt initiation of adequate antibiotic 
therapy may be one of the most important predictors of patient sur-
vival (6,7), while a delay in adequate therapy (a frequent occurrence 

due to high prevailing rates of antibiotic resistance) has been associ-
ated with unfavourable outcomes (8,9). However, even with the 
prompt administration of adequate antimicrobials, mortality due to 
bloodstream infection in the intensive care setting remains high and 
the appropriate duration of therapy is poorly defined.

Prolonged courses of antibiotics are associated with adverse drug 
events, high costs and escalating prevalence of antibiotic-resistant 
bacteria (10). The optimal duration of therapy for a bloodstream infec-
tion would be long enough to effectively eradicate infection and 
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prevent relapse, while short enough to limit adverse effects including 
Clostridium difficile infection, avoid secondary infection with opportun-
istic bacterial or fungal pathogens, and minimize selective pressure for 
antibiotic resistance (11,12). Randomized controlled trials of anti-
biotic duration for several organ system infections (such as pneumonia, 
pyelonephritis and intra-abdominal infection) have demonstrated that 
treatment duration can be shortened to one week or less without com-
promising patient outcomes (13-16). Limited prospective (17,18) and 
retrospective (19) evidence suggests that a shorter course of anti-
microbial therapy may also be sufficient for the subgroup of patients 
with bacteremia. However, no randomized controlled trials have dir-
ectly examined the effectiveness of shorter (≤7 to 10 days) versus 
longer-course antimicrobial therapy for critically ill adults with bacter-
emia. In the absence of evidence, surveys indicate wide variability in 
physicians’ self-reported prescribing practices, with the most common 
recommendation being 14 days of treatment, but with at least one-half 
of clinicians recommending shorter courses (≤10 days) (20,21).

The objectives of the present retrospective cohort study were to 
describe the actual current practice of antibiotic treatment duration 
for bloodstream infections in critically ill patients, to examine patient, 
pathogen and infectious syndrome factors associated with selection of 
shortened treatment duration, and to describe the expected time 
course of clinical resolution among bacteremic patients.

METHoDs
study setting
The present study was conducted at Sunnybrook Health Sciences 
Centre (SHSC), a large, university-affiliated tertiary care institution 
located in Toronto, Ontario. SHSC houses six ICUs, which admit a 
wide spectrum of critically ill patients (total of 82 beds). The three 
level III ICUs that care for mechanically ventilated patients include a 
medical-surgical ICU, a cardiovascular ICU and a regional burns cen-
tre; the three level II ICUs include a neurosurgical unit, a coronary 
care unit and a medical-surgical satellite unit. The Sunnybrook 
Research Ethics Board approved the present study. 

general study design and patient selection criteria
All consecutive patients with a positive blood culture collected in any 
of the ICUs between March 1, 2010 and March 31, 2011, were con-
sidered for inclusion in the cohort. Blood cultures were performed in the 
SHSC microbiology laboratory using the BACTEC 9240 blood culture 
system (Becton Dickinson Diagnostic Instrument Systems, USA) (22) 
in accordance with Clinical Laboratory Standards Institute guidelines 
(23). True bacteremia was defined as the presence of a pathogenic 
organism in one or more blood cultures; as per Centers for Disease 
Control and Prevention (Georgia, USA) definitions, blood cul-
tures for common contaminant species (including coagulase-negative 
staphylococci, Corynebacterium species, Micrococcus species, Bacillus 
species and Propionobacterium species) were excluded, unless the 
organism was isolated from multiple positive blood culture sets in 
association with clinical signs or symptoms of infection (24). Repeat 
bacteremia episodes with any pathogen were excluded to ensure that 
the cohort consisted of unique patients.

Data sources and data collection
Eligible patients were identified using the Stewardship Program 
Integrated Resource Information Technology (SPIRIT) database. This 
relational database, described previously, is automatically populated by 
health level 7 (HL7) messages from SHSC microbiology, pharmacy 
and electronic patient care databases, for all admitted patients (25,26). 
The database is stored on a secure server, and includes comprehensive 
information on microbiology cultures and pharmacological treatments 
(including timing and details of anti-infective treatments), as well as 
limited clinical, administrative and laboratory variables. For each 
patient determined to meet the definition of true bacteremia, one 
author (TH) performed an additional review of the entire paper-based 
and electronic medical record to confirm eligibility. Chart review data 

were entered into Excel (Microsoft Corporation, USA), merged with 
SPIRIT data and then transferred to SAS statistical software for analy-
sis (version 9.3, SAS Inc, USA). 

The data abstracted for each patient included age, sex, admission 
category (medical surgical, trauma or burns), dates of hospital admission 
and discharge, dates of ICU admission and discharge, comorbid medical 
illnesses (hematological or solid organ malignancies, transplantation, 
diabetes mellitus, congestive heart failure, obstructive airways disease, 
chronic renal failure, cirrhosis, HIV, pregnancy, postpartum <42 days 
and immunosuppressive medications), source of index blood cultures 
(peripheral, arterial or venous catheter, or both), date of blood culture 
collection, date of blood culture positivity, identity of organism(s), 
infectious syndrome/source of bacteremia, start date of adequate anti-
microbial therapy, stop date of adequate antimicrobial therapy, break-
through bacteremia after 48 h of therapy, date of intravascular catheter 
removal (if applicable), and date and nature of other source control 
procedure(s) such as percutaneous or surgical drainage of infected fluid.

Outcome data that were extracted included relapse of bacteremia 
within 30 days of completion of therapy, relapse of infectious syndrome 
within 30 days, secondary infection with other pathogen(s) or infec-
tious syndrome(s) during therapy, incident infection with C difficile 
during hospital stay and in-hospital mortality.

To determine the time course of clinical recovery, a panel of clin-
ical and laboratory parameters were extracted from the date of collec-
tion of the positive blood culture (day 0) until day 14, including 
temperature, heart rate, mean arterial pressure, central venous pres-
sure, vasopressor requirement, fraction of inspired oxygen (%), arterial 
partial pressure of oxygen, Glasgow coma score, urine output and need 
for hemodialysis, white blood cell count, platelet count, bilirubin and 
creatinine. A subset of these parameters were used to calculate the 
composite multiple organ dysfunction score (MODS) (27).

Definitions
Sources of bacteremia were defined as vascular catheter-related, res-
piratory, abdominal, urinary tract, soft tissue/surgical wound or ‘other’ 
when supported by documented clinical, radiographic or additional 
culture data. A prespecified definition for patients with deep foci of 
infection with a well-established requirement for prolonged courses of 
antibiotic therapy included those with infective endocarditis, endo-
vascular infections, prosthetic material/foreign body infections, osteo-
myelitis, discitis, epidural abscess, septic arthritis and mediastinitis. If 
the source of infection was neither documented by the treating phys-
icians nor apparent on comprehensive review of records, the source 
was classified as unknown. 

Antimicrobial therapy was deemed to be adequate when at least 
one antibiotic active in vitro on all organisms identified in the index 
positive blood culture was administered in the proper dosage. Adequate 
antimicrobial therapy was considered to be continuous when no inter-
ruption in therapy >24 h occurred, unless mandated by renal or hep-
atic dose adjustment. The total duration of antibiotic therapy was 
considered to be the duration of continuous adequate antimicrobial 
therapy after the date of index blood culture collection. Duration of 
antibiotic therapy was dichotomized as short (≤10 days) or long 
(>10 days) for some analyses, based on inspection of the median treat-
ment duration in the cohort.

Antibiotic-free days by 28 days was calculated as the number of days 
free of antibiotics at 28 days after the antibiotic was started following 
bacteremia diagnosis. If the patient died within 28 days of antibiotic 
initiation, the antibiotic-free days were assigned to be 0. For those who 
did not receive any antibiotic treatment, the antibiotic-free days were 
either assigned as 28 if the patient survived to 28 days post bacteremia 
diagnosis, or were assigned as 0 if they died within 28 days from bacter-
emia diagnosis. Data from patients who were transferred and receiving 
antibiotics at the time of transfer were considered to be missing.

statistical analysis 
The distribution of antibiotic treatment durations (defined above) was 
plotted, and patients were segregated into five groups according to 
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outcome status in relation to treatment (died before receiving treat-
ment, died during treatment course, discharged/transferred during 
treatment course, died in hospital after treatment course, or completed 
treatment course and survived to hospital discharge). A sample size of 
85 patients was required to estimate the proportion of patients receiv-
ing shorter duration therapy to within ±11% precision, assuming a 
true proportion of 50% (alpha = 0.05).

To examine factors predicting the selection of shorter (≤10 days) 
versus longer (>10 days) antibiotic treatment courses, it was necessary 
to exclude patients who died before receiving therapy, as well as those 
who died or were discharged/transferred from hospital within 10 days 
while still receiving antibiotics. In this manner, immortality time bias 
was accounted for by excluding patients whose duration of therapy was 
determined by death or discharge rather than antibiotic decision-
making by the clinical team. Among the remaining patients, univari-
ate statistics were used to test for an association between individual 
host, pathogen or syndrome characteristics and the likelihood of 
receiving shorter (≤10 days) or longer (>10 days) therapy. The 
Wilcoxon rank-sum test was applied for continuous predictor vari-
ables; Fisher’s exact test was applied for tests of proportions. Similar 
testing was performed in the same subcohort to test the association of 
treatment duration (now as the predictor variable) with clinical out-
comes (relapse of bacteremia, relapse of infectious syndrome, hospital 
mortality, C difficile infection and secondary bacterial/fungal blood-
stream infection). These analyses were considered to be exploratory 
given the selection bias inherent in the decision to provide longer-
course therapy. In a parallel analysis, all patients (including nonsurviv-
ors) were retained and examined for the association of host, pathogen 
and syndrome characteristics with the number of antibiotic-free days 
as calculated above. Wilcoxon rank-sum tests and Kruskal Wallis tests 
were performed for binary and categorical candidate predictors; 
Spearman correlation coefficients were calculated for continuous can-
didate predictors.

For descriptive analyses of the time profile of clinical response, 
individual components of the MODS were considered to be normal if 
missing on a given day; if all components were missing, the MODS was 
considered to be missing (27). If temperature was missing on a single 
day, it was imputed from the previous day’s temperature. Additional 

statistical modelling was performed for temperature and vasopressor 
requirements. Temperature was modelled as a continuous variable, 
using repeated measures analysis with an autoregressive correlation 
structure to analyze the time effect and the change in slope after 
seven days. Vasopressor use was modelled as a binary variable, using 
generalized linear mixed models with an autoregressive correlation 
structure to analyze the time effect and the change in slope after 
seven days.

REsulTs
Patient characteristics
Exactly 100 unique patients with a first episode of bloodstream infec-
tion in critical care were identified during the study period. The 
majority of these blood cultures were collected more than 48 h after 
hospital admission (83 of 100) and more than 48 h after ICU admis-
sion (66 of 100). The mean (± SD) age of these patients was 66±17 years, 
the majority (71%) were male and they encompassed a wide spectrum 
of admission categories (39% medical, 40% surgical, 13% trauma and 
8% burns). A majority (73%) of patients had one or more comorbid 
medical illnesses before admission, the most common being diabetes 
mellitus (25%), solid organ malignancy (17%), congestive heart fail-
ure (13%), chronic obstructive pulmonary disease (12%), immunosup-
pressive medications (8%), asthma (6%) and hematological malignancy 
(6%).

Pathogen characteristics
A total of 109 infecting organisms were isolated from the index posi-
tive blood cultures, with nearly equal numbers of Gram-positive cocci 
(n=54) and Gram-negative bacilli (n=55). There were 49 patients 
with monomicrobial Gram-positive bacteremia, 43 patients with 
monomicrobial Gram-negative bacteremia and eight patients with 
polymicrobial bacteremia (seven with two organisms and one with 
three organisms). The most frequently isolated organisms causing 
bloodstream infection were Staphylococcus aureus (18 patients), 
Enterococcus species (16 patients), Klebsiella species (14 patients), 
coagulase-negative staphylococci (14 patients), Enterobacter species 
(12 patients), Escherichia coli (10 patients) and Pseudomonas species 
(10 patients) (Table 1). 

Table 1
Underlying infection syndromes and culprit pathogens among the 100 bacteremic episodes

Culprit pathogens Unknown
Vascular 
catheter Respiratory abdominal Urinary tract

Soft tissue/
wound Other

Foci requiring 
prolonged 
treatment all episodes

All episodes 31 23 17 5 7 3 3 11 100
Gram-positive cocci 14 19 6 1 1 3 2 8 54
   MSSA 6 1 3 1 1 3 15
   MRSA 1 2 3
   CNST 3 11 14
   Enterococci 4 7 2 1 1 1 16
   Streptococci 1 1 1 1 2 6
Gram-negative bacilli 19 4 16 5 6 0 1 3 55
   Escherichia coli 4 2 4 10
   Enterobacter species 8 2 1 1 12
   Pseudomonas species 3 4 1 1 1 10
   Acinetobacter species 1 1
   Klebsiella species 4 4 4 1 1 14
   Stenotrophomonas  
      species

2 2

   Serratia species 1 1 1 3
   Proteus species 1 1 2
   Providencia species 1 1
Polymicrobial 2 4 1 1 8
Data presented as n. CNST Coagulase-negative staphylococci; MRSA Methicillin-resistant Staphylococcus aureus; MSSA Methicillin-sensitive S aureus
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Infection syndrome characteristics
The most common perceived sources of bacteremia were vascular 
catheter infection (n=23), lower respiratory infection (n=17), urinary 
tract infection (n=7), abdominal infection (n=5) and soft tissue/
wound infection (n=3). Collectively, there were 11 cases in which 
patients had deep foci of infection with established requirement for 
prolonged courses of antibiotic therapy (two with epidural abscesses, 
two with septic arthritis, two with infective endocarditis, and one each 
with an infected vascular graft, sternal osteomyelitis, undrainable 
intra-abdominal abscess and mediastinitis). The source of infection 
remained unknown to both the treating team and chart reviewer in 
nearly one-third of cases (31%) (Table 1). 

Duration of antibiotic therapy 
The median duration of microbiologically adequate antibiotic therapy 
use to treat these bloodstream infections was 11 days (interquartile 
range [IQR] 4.5 to 17 days), but was highly variable (range zero to 
60 days). After excluding patients who died or were discharged within 
10 days and before completing therapy or those with deep foci for 
which prolonged therapy is well established, the median treatment 
duration was 13 days (IQR 10 to 17 days; range zero to 34 days). Six 
patients died before receiving treatment for their bacteremia, 22 died 
during their course for bacteremia, and 12 were discharged from hospi-
tal or transferred while still receiving treatment. Of the 60 patients 
who completed their treatment course in hospital, 11 died subse-
quently to completion of treatment and 49 survived to discharge. The 
full distribution of treatment durations (segregated according to out-
come status) is illustrated in Figure 1.

Association of antibiotic treatment duration (and antibiotic-free 
days) with patient, pathogen and syndrome characteristics
The impact of patient, pathogen and syndrome characteristics on selec-
tion of shorter (≤10 days) and longer (>10 days) antibiotic treatment 
courses is summarized in Table 2; the impact of these characteristics 
on the number of antibiotic-free days is summarized in Table 3. Longer 
durations of antibiotic treatment (and fewer antibiotic-free days) were 
associated with foci having established requirements for prolonged 
treatment, and S aureus bacteremia. There were also trends toward 
longer duration treatment for underlying respiratory tract foci and 
Pseudomonas bacteremias. Conversely, shorter durations of antibiotic 
treatment (and more antibiotic-free days) were associated with vas-
cular catheter-related bloodstream infections and coagulase-negative 
staphylococcal bacteremia. Breakthrough bacteremia despite 48 h of 
effective treatment was associated with longer treatment duration, but 
not with fewer antibiotic-free days (likely due to survivor bias).

The median durations of antibiotic treatment provided for the 
most common causes of bacteremia included seven days (IQR two to 

Table 2
Patient, pathogen and syndrome characteristics among 
patients with bloodstream infections for which physicians 
selected shorter course (≤10 days) versus longer course 
(>10 days) antibiotic therapy*
Characteristic ≤10 days >10 days P†

Cases, n 19* 53
Age, years, mean ± SD (range) 65.6±19.2 

(17.8 to 85)
63.3±17.1  

(26.7 to 89.2)
0.47

Male sex 16 (84) 38 (72) 0.36
Admission category
   Medical 8 (42) 18 (34) 0.50
   Surgical 6 (32) 22 (42)
   Trauma 4 (21) 6 (11)
   Burn 1 (5) 7 (13)
Comorbid conditions
   Hematological malignancy 1 (5) 2 (4) 1.00
   Solid organ malignancy 4 (21) 6 (11) 0.44
   Organ transplant 0 (0) 1 (2) 1.00
   Diabetes mellitus 4 (21) 13 (25) 1.00
   Congestive heart failure 0 (0) 8 (15) 0.10
   COPD 2 (11) 5 (9) 1.00
   Asthma 3 (16) 2 (4) 0.11
   Renal insufficiency on  
      dialysis

0 (0) 5 (9) 0.32

   Cirrhosis 0 (0) 1 (2) 1.00
   HIV 0 (0) 0 (0) N/A
   Steroid/immunosuppression 2 (11) 4 (8) 0.65
   Pregnant 0 (0) 0 (0) N/A
   Postpartum (<42 days) 0 (0) 1 (2) 1.00
Source of positive blood culture
   Peripheral vein 6 (32) 21 (40) 0.70
   Central venous or arterial line 9 (47) 17 (32)
   Both 2 (11) 7 (13)
   Unknown 2 (11) 8 (15)
Syndrome
   Unknown 4 (21) 12 (23) 1.00
   Vascular catheter 10 (53) 8 (15) 0.004
   Respiratory 1 (5) 13 (25) 0.09
   Abdominal 1 (5) 3 (6) 1.00
   Urinary tract 3 (16) 2 (4) 0.11
   Soft tissue/wound 0 (0) 3 (6) 0.56
   Other 0 (0) 1 (2) 1.00
   Foci requiring prolonged  
      therapy

0 (0) 11 (21) 0.03

ICU-acquired bacteremia 13 (68) 33 (63) 0.63
Receiving antibiotics at time of 

bacteremia detection
7 (36.8) 19 (35.8) 1.00

MODS at bacteremia detection 6.6 7.6 0.23
Breakthrough bacteremia after 

≥48 h
0 (0) 11 (23) 0.03

Gram-positive cocci 12 (63) 28 (53)
   Staphylococcus aureus 0 (0) 13 (25) 0.02
   Coagulase-negative  
      staphylococci

8 (42) 2 (4) 0.0002

   Enterococcus species 3 (16) 9 (17) 1.00
   Streptococcus species 1 (5) 4 (8) 1.00
Gram-negative bacilli 8 (42) 30 (57)
   Escherichia coli 3 (16) 4 (8) 0.37
   Enterobacter species 1 (5) 7 (13) 0.67
   Pseudomonas species 0 (0) 8 (15) 0.10

Continued in next column

Table 2 – continued
Patient, pathogen, and syndrome characteristics among 
patients with bloodstream infections for which physicians 
selected shorter course (≤10 days) versus longer course 
(>10 days) antibiotic therapy*
Characteristic ≤10 days  >10 days P†

   Acinetobacter species 0 (0) 1 (2) 1.00
   Klebsiella species 2 (11) 5 (9) 1.00
   Stenotrophomonas species 0 (0) 1 (2) 1.00
   Serratia species 0 (0) 3 (6) 0.56
   Proteus species 1 (5) 1 (2) 0.46
   Providencia species 1 (5) 0 (0) 0.26
Data presented as n (%) unless otherwise specified. *Patients dying on ther-
apy ≤10 days were excluded from the present analysis; †Fischer’s exact tests 
for proportions, Wilcoxon rank-sum tests for continuous variables. COPD 
Chronic obstructive pulmonary disease; ICU Intensive care unit; MODS 
Multiple organ dysfunction score; N/A Not applicable
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13 days) for vascular catheter-related bacteremia, 15 days (IQR 11 to 
17 days) for respiratory sources, 15 days (IQR 10 to 15 days) for 
abdominal sources, eight days (IQR four to 13 days) for urinary tract 
sources, 20 days (IQR 13 to 22 days) for soft tissue/wound sources and 
eight days (IQR three to 13 days) for bacteremia of unknown source. 

Patient outcomes in relation to duration of therapy
The overall hospital mortality rate for the cohort of 100 critically ill 
bacteremic patients was 39%. Six deaths occurred before receiving 
treatment, all with fulminant sepsis on the day their positive blood 
culture was collected and before the blood culture positivity was 
detected in the microbiology laboratory. An additional 22 patients 
died while still receiving treatment, including 15 before day 10, six 
between days 11 to 14 and one after day 14. Only a minority of deaths 
(11 of 39 [28%]) occurred after completion of antibiotic therapy. For 
the cohort of 72 patients who survived to the potential decision point 
of shorter versus longer treatment, downstream outcomes were similar 
between the two groups (Table 4). 

Time profile of clinical response 
There was a significant decrease in temperatures in the first seven days 
(reduction of 0.16°C per day, 95% CI 0.11 to 0.20; P<00001), but no 
significant change in temperatures after seven days (mean decrease of 
0.02°C per day, 95% CI –0.02 to 0.06; P=0.31) (Figure 2). Trends in 
white blood cell counts and MODS are displayed in Figures 3 and 4. 
Vasopressor use declined over the 14-day period (OR 0.9 per day, 95% 
CI 0.93 to 0.98; P=0.018), with no significant plateau after seven days 
(Figure 5). 

DIsCussIoN
In the absence of previous randomized controlled trials to inform clin-
ical practice, critically ill patients with bloodstream infections are 
being treated with highly variable and, in some cases, prolonged dur-
ations of antibiotic therapy (21). Selection of treatment duration does 
not appear to be driven by host demographics and comorbidities, but 
does appear to be influenced by the culprit pathogen and infectious 
syndrome. Longer antibiotic treatment durations are provided for res-
piratory tract infections, and for etiologies including S aureus and 
Pseudomonas species. Shorter-duration therapy is more commonly 
selected for vascular catheter-associated bacteremias, especially those 
due to coagulase-negative staphylococci.

The present retrospective cohort study of actual clinical practice 
corroborates a national survey of Canadian infectious diseases and 

critical care physicians that identified wide practice heterogeneity in 
antibiotic treatment duration recommendations for bacteremia in crit-
ically ill patients (21). Such practice variability is not surprising given 
the absence of previous research on this topic, and the lack of guidance 
in pneumonia, urinary tract, soft tissue and intra-abdominal infection 
guidelines about optimal duration of therapy for the subset of patients 
with bacteremia (28-32). Similarly, the present study confirms previ-
ous survey findings that clinicians most commonly favour prolonged 
treatment durations (21). Therefore, if future research establishes that 
shorter-duration therapy is as effective as longer-duration treatment 
for bacteremia (as has now been documented for multiple infectious 

Figure 1) Duration of antibiotic therapy. The duration of antibiotic ther-
apy is displayed for each of the 100 patients with bacteremia. The total 
duration of antibiotic therapy was defined by the number of consecutive days 
of antibiotics active against the culprit pathogen, after the index date of blood 
culture collection. The bars are segmented according to the patient’s survival 
status, and timing of death in relation to initiation and completion of anti-
biotic therapy. This figure illustrates the potential for immortal time bias 
among patients who have the opportunity for longer treatments

Figure 3) Time profile of white blood cell counts among critically ill 
patients with bloodstream infection. White blood cell count declined over the 
14-day interval, although there was substantial variation in time profiles 
among individuals

Figure 2) Time profile of temperatures among critically ill patients with 
bloodstream infection. There was a significant decrease in temperatures in 
the first seven days (reduction of 0.16°C per day, 95% CI 0.11 to 0.20; 
P<00001), but no significant change in temperatures after seven days  
(mean decrease of 0.02°C per day, 95% CI –0.02 to 0.06; P=0.31)



Havey et al

Can J Infect Dis Med Microbiol Vol 24 No 3 Autumn 2013134

Table 3
association of patient, pathogen and syndrome characteristics with number of antibiotic-free days in the 28 days following 
bacteremia diagnosis*

Characteristic
Antibiotic-free days* with versus 

without characteristic, median (IQR)
Patients with/ 

without characteristic, n P†

Age –0.249‡ 88 0.02
Sex
   Female 0 (0–13) 26 0.30
   Male 5.5 (0–17) 62
Admission category
   Medical 0 (0–13) 34 0.17
   Surgical 0 (0–15) 34
   Trauma 13 (5–18.5) 12
   Burns 9.5 (5.5–13) 8
Comorbid conditions (no versus yes)
   Hematological malignancy 5.5 (0–15) versus 0 (0–13) 82/6 0.53
   Solid malignancy 6 (0–15) versus 0 (0–18) 75/13 0.81
   Organ transplantation 3 (0–15) versus 13 (13–13) 87/1 0.54
   Diabetes mellitus 6 (0–15) versus 0 (0–15) 67/21 0.60
   Congestive heart failure 8 (0–17) versus 0 (0–0) 75/13 0.03
   Chronic obstructive pulmonary disease 5.5 (0–15) versus 0 (0–11) 78/10 0.42
   Asthma 3 (0–14) versus 18 (0–26) 83/5 0.21
   Chronic renal failure 5.5 (0–15) versus 1.5 (0–5) 84/4 0.22
   Cirrhosis 5.5 (0–15) versus 0 (0–0) 86/2 0.18
   Steroids/immunosuppression 1.5 (0–15) versus13 (0–17.5) 80/8 0.43
   Postpartum <42 days 3 (0–15) versus 14 (14–14) 87/1 0.50
Source of positive blood culture
   Peripheral vein 0 (0–13) 34 0.19
   Central venous or arterial line 11.5 (0–18) 30
   Both 0 (0–13) 12
   Unknown 1.5 (0–12) 12
Syndrome/source of bacteremia
   Unknown 0 (0–14) versus 6 (0–15) 27 0.48
   Vascular catheter-related 14.5 (0–22) versus 0 (0–13) 22 0.01
   Respiratory 10 (0–13) versus 0 (0–15.5) 16 0.76
   Abdominal 13 (0–13) versus 3 (0–15) 5 0.80
   Urinary tract 10 (0–19) versus 3 (0–15) 5 0.56
   Soft tissue/wound 15 (15–15) versus 3 (0–15) 1 0.44
   Other 0 (0–0) versus 5.5 (0–15) 2 0.21
Focus requiring prolonged treatment 9 (0–16) versus 0 (0–0) 10/78 0.002
Receiving antibiotics at time of bacteremia detection 5 (0–15) versus 0 (0–13) 55/33 0.88
MODS at bacteremia detection –0.41‡ 88 <0.001
Breakthrough bacteremia ≥48 h 0 (0–15) versus 10 (0–11) 77/11 0.73
Gram-positive cocci
   Staphylococcus aureus 0 (0–9) versus 6.5 (0–16.5) 12 0.07
   Coagulase-negative staphylococci 18 (0–26) versus  0 (0–13) 13 0.02
   Enterococcus species 13 (0–15.5) versus 0 (0–14) 16 0.37
   Streptococcus species 13 (0–15) versus 3 (0–15) 5 0.62
Gram-negative bacilli
   Escherichia coli 0 (0–13) versus 5 (0–15) 9 0.76
   Enterobacter species 5 (0–13) versus 3 (0–15) 11 0.85
   Pseudomonas species 0 (0–10) versus 6 (0–15) 10 0.20
   Acinetobacter species 13 (13–13) versus 3 (0–15) 1 0.54
   Klebsiella species 10.5 (0–14) versus 1.5 (0–15) 10 0.80
   Stenotrophomonas species 0 (0–0) versus 5.5 (0–15) 2 0.18
   Serratia species 3 (0–5) versus  6 (0–15) 3 0.59
   Proteus species 14.5 (7–22) versus 1.5 (0–15) 2 0.25
   Providencia species 18 (18–18) versus 3 (0–15) 1 0.22

*Antibiotic-free days by 28 days was calculated as the number of days free of antibiotics at 28 days after the antibiotic was started following bacteremia diagnosis. 
If the patient died within 28 days of antibiotic initiation the antibiotic-free days were assigned to be 0; †P values represent Wilcoxon rank sum tests for binary vari-
ables, and Kruskal-Wallis tests for nonbinary categorical variables; ‡Spearman correlation coefficients were calculated for continuous predictor variables. IQR 
Interquartile range; MODS Multiple organ dysfunction score
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syndromes) (33), there is great potential to both standardize clinical 
practice and reduce the overall burden of antibiotic use in critical care.

Whereas a previous clinical practice survey (21) revealed very dis-
crete treatment duration recommendations (seven, 10 or 14 days of 
antibiotics according to the vast majority of clinicians), actual clinical 
practice is much less discrete and much more complicated. In actual 
practice, clinicians may be less prone to rely on multiples of five and 
seven days, and more likely to adapt treatment based on perceived 
clinical response. In many cases, treatment duration is not decided by 
the clinician, but by timing of patient outcomes (eg, death, most often 
occurring while patients were still receiving treatment). Any future 
randomized controlled trials of duration of therapy will need to con-
sider the large fractions of patients who will not contribute to effective 
sample size because death precedes antibiotic discontinuation decision 
making.

The prolonged durations of therapy provided to patients with bac-
teremic respiratory tract infection may suggest that, although random-
ized controlled trials have documented that shorter course therapy is 
sufficient for both community-acquired and ventilator-associated 
pneumonia, perhaps clinicians are reluctant to generalize these find-
ings to the subgroup of patients with bacteremia (15,33). Conversely, 
the shorter durations of treatments provided to patients with vascular 
catheter-associated bacteremia may indicate a willingness to proceed 
with shorter-course regimens even in the absence of evidence for this 
focus. Our finding that one-third of bacteremias have unknown 
sources favours further investigation focusing on bacteremia (rather 
than individual underlying syndromes) so that this large subset will 
not be neglected. This approach may be reasonable given that the 
Canadian survey data suggested that the presence of bacteremia is an 
important driver of antibiotic treatment duration, and that typically 
recommended treatment durations are similar for each of the common 
bacteremic syndromes (21). Other advantages of studying bacteremia 
are that, by definition, a culprit pathogen(s) is/are identified for all 
cases; adequacy of antibiotic selection can then be determined for all 
cases, and if shorter-duration treatment is equivalent to longer-
duration treatment for bacteremia, results will be more easily general-
izable to nonbacteremic infections than vice versa. 

The preference for prolonged durations of antibiotics for S aureus 
likely relates to the capacity of this organism to adhere to a range of 
host tissues (34), along with the findings of previous observational 
studies documenting higher rates of metastatic infection with therapy 
of less than two weeks’ duration (35,36). The preference for a shorter 
duration of therapy for coagulase-negative staphylococcal bacteremias 
may relate to the limited virulence of these skin colonizers, and their 
requirement of prosthetic material (such as an in situ vascular cath-
eter) to cause persistent infection (37). It is possible that clinicians 
may be reluctant to randomly assign patients with S aureus bacteremia 
to the possibility of short-course therapy, or coagulase-negative 
staphylococci to the possibility of prolonged treatment. Breakthrough 
bacteremia beyond 48 h of effective treatment was also associated with 
selection of prolonged treatment courses, which is likely appropriate 

given that this phenomenon has been strongly associated with the 
presence of an undetected intravascular focus or undrained abscess 
(38,39).

The time profile of clinical response among survivors illustrates the 
difficulty in determining an individualized antibiotic stop date for 
critically ill patients with bacteremia. Most parameters exhibited large 
interindividual variation. The reduction of temperature within the 
first (but not second week) provides some support for the notion that 
short-course therapy may be sufficient, but white blood cell counts, 
MODS scores and vasopressor dependence did not clearly plateau over 
this time interval. However, there is an expected delay in resolution of 

Table 4
Outcomes among patients with bloodstream infections for 
which physicians selected shorter course (≤10 days) 
versus longer course (>10 days) antibiotic therapy*
Outcome ≤10 days >10 days P†

Mortality 5/19 (26) 13/53 (25) 1.00
Relapse of bacteremia 1/19 (5) 4/53 (8) 1.00
Relapse of underlying infectious  

syndrome
1/19 (5) 3/53 (6) 1.00

Clostridium difficile infection 4/19 (21) 5/53 (9) 0.23
Secondary bloodstream infection 5/19 (26) 9/53 (17) 0.50
Data presented as n/n (%). *Patients dying during therapy ≤10 days were 
excluded from the analysis; †P values represent Fischer’s exact test for pro-
portions, Wilcoxon rank-sum tests for continuous variables

Figure 4) Time profile of multiple organ dysfunction scores among critic-
ally ill patients with bloodstream infection. Multiple organ dysfunction scores 
declined over the 14-day interval, although there was substantial variation in 
time profiles across individuals

Figure 5) Time profile of vasopressor requirements among critically ill 
patients with bloodstream infection. Vasopressor use declined over the 
14-day period (OR 0.9/day, 95% CI 0.93 to 0.98; P=0.018), with no 
significant plateau after seven days
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markers of inflammation even after the inciting infection as been 
eradicated and, as such, inflammatory biomarkers may often be 
inappropriate tools to guide duration of antibiotic therapy. 

An observational study assessing the impact of treatment duration 
on patient outcomes is limited by survivor bias (patients must survive 
long enough to be classified as receiving longer-duration treatment) 
and bias-by-indication (clinicians systematically select sicker patients 
to receive longer-duration treatment). However, our primary object-
ives were to describe antibiotic treatment durations, and the predictors 
of these treatment durations, rather than the downstream impact on 
patient outcomes. The heterogeneity of infectious foci and pathogens 
translated to few patients with any individual type of infection; there-
fore, our findings should be corroborated by future multicentre 
research powered to precisely estimate treatment durations within 
these subgroups.

We found that antibiotic treatment durations exhibit extensive 
variability, are often prolonged, and appear to be influenced by the 
underlying pathogen and syndrome. Ultimately, a randomized con-
trolled trial will be essential to provide an evidence basis for this 
important therapeutic decision. Patients can be randomly assigned at 
the time of blood culture positivity to fixed short course (eg, seven 

days) versus fixed longer-course (eg, 14 days) antibiotic therapy. The 
trial would need to account for the large proportions of early deaths 
that would not contribute meaningful data to this research question, 
and would also need to be powered to assess outcomes in individual 
pathogen, syndrome and patient subgroups. It may be necessary to 
exclude S aureus bacteremias (due to lack of equipoise for shorter-
duration treatment) and coagulase-negative staphylococcal vascular 
catheter-related bacteremias (due to lack of equipoise to support 
longer duration treatment). Such a trial will be challenging, but will 
be crucial to define optimal treatment durations that maximize clinical 
cure of bloodstream infections while minimizing the adverse conse-
quences associated with unnecessary antibiotic use.
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