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(See the editorial commentary by Cunha on pages 1170–3)

Background. The impact of how positive blood culture results are reported on the evolution bloodstream
infections (BSIs) has not been assessed.

Methods. We randomly assigned patients with BSIs into 3 groups: group A (for which physicians received a
conventional report), group B (for which physicians received a conventional report and a written alert on the
chart with clinical advice), and group C (for which physicians received the above plus oral clinical advice). The
adequacy of therapy before and after receipt of the different types of information was assessed.

Results. Overall, 297 episodes (109 in group A, 99 in group B, and 89 in group C) were studied. Patients
who received inadequate treatment before receiving microbiological information had a longer mean (�SD) hospital
stay ( vs. days; ), a higher mean risk of Clostridium difficile–associated diarrhea27.2 � 32.4 19.4 � 15.8 P p .017
(8.3% vs. 1.9%; ), a higher mean overall mortality rate (30.8% vs. 19.4%; ), and a higher meanP p .013 P p .025
risk of infection-related mortality (23.3% vs. 13.6%; ). After receipt of microbiological reports, recom-P p .031
mendations for changes in therapy were issued for patients in groups B (52.3%) and C (53.1%). For groups A,
B, and C, the proportions of days on which adequate treatment was received were 66.3%, 92.1%, and 91.2%
( ); the mean numbers of defined daily doses of appropriate antibiotic therapy were 16.4, 22.2, and 20.7P ! .001
( ); the mean durations of hospital stay were 19.8, 23.6, and 24.1 days ( ); and the mortality ratesP p .003 P p .761
during the late period were 12.9%, 15.6%, and 11% ( ), respectively. The mean costs of antimicrobialsP p .670
per episode in groups A, B, and C were i580.63, i537.98, and i434.53 (US$707.85, US$699.73, and US$529.73,
respectively).

Conclusions. Written- or oral-alert reports with clinical advice should complement traditional microbiological
reports for patients with BSIs.

Several studies show that up to 40% of all patients with

bloodstream infections (BSIs), 50% of those with no-

socomially-acquired BSIs, and up to 70% of those with

fungemia receive inadequate therapy during the em-

pirical period (before microbiological information is

available) [1–11]. Several articles have demonstrated

that, even after the final microbiological report is issued,

8%–20% of patients with BSIs still receive inadequate

antimicrobial treatment [4, 5, 8, 10, 11].
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The documentation of BSIs in clinical records and

the professional opinion of an infectious diseases spe-

cialist in the selection of antimicrobial agents may have

an impact on the quality of clinical care [5, 12–14].

Our study reports the consequences of inadequate an-

timicrobial therapy and compared 3 different methods

of reporting microbiological information and infectious

diseases advice for patients with BSIs.

PATIENTS AND METHODS

Our institution is a general, teaching, and referral hos-

pital with 1750 available beds covering an urban pop-

ulation of 650,000 persons.

Study Period and Patient Selection

The study was performed during the period of 1 Feb-

ruary 2000 through 31 July 2000. We randomly selected
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data on 1 of every 2 episodes of significant BSI to be included

in the study.

In cases involving microorganisms of doubtful significance

(e.g., Bacillus species, nonhemolytic Streptococcus species, Pro-

pionibacterium acnes, Corynebacterium species, Clostridium spe-

cies, and coagulase-negative Staphylococcus species), clinically

relevant episodes were only episodes in which there was evi-

dence of clinical manifestations of infection and no other ex-

planation and in which the microorganisms were isolated in

�2 different blood cultures. In the few cases involving recurrent

bacteremia, we only included the first episode in the study.

Processing of Samples in the Microbiology Laboratory

For blood cultures, we used an automated system (Bactec 9240;

Becton Dickinson Microbiology Systems), with continuous ag-

itation. Microorganisms were identified using standard pro-

cedures, and antimicrobial susceptibility tests were performed

by broth microdilution using NCCLS breakpoints. Our study

is a prospective, randomized comparison of 3 different models

of interaction for reporting positive results of blood cultures.

Combined Microbiological and Clinical Report

We randomly classified the patients with significant episodes

of bacteremia into 3 different groups by means of a computer-

assisted random list.

Group A (i.e., conventional information provided). Imme-

diately after the automatic detection of microbial growth, the

physicians in charge are informed by telephone of the result

of the Gram stain, and a written report is produced only after

definitive identification and antimicrobial susceptibilities of the

isolates are obtained.

Group B (i.e., written-alert report on the clinical chart). In

this group of patients, the procedure for group A is comple-

mented with a written-alert report issued at the bedside to be

included with the clinical chart. The report includes a brief

opinion on patient’s situation based on the clinical records,

including therapeutic recommendations.

Group C (i.e., oral-alert report provided). This procedure

includes all the information provided to groups A and B to-

gether, as well as a direct conversation with the physician in

charge.

Our institutional ethics review committee approved this

investigation.

Clinical Data

The patient records for all 3 groups were reviewed after dis-

charge from the hospital or death, without further intervention.

The following clinical data were recorded: age, sex, hospital

service, underlying diseases, comorbidities, severity of the clin-

ical situation (APACHE II score), predisposing factors for bac-

teremia, clinical significance of blood culture results, place of

acquisition of the BSI episode, and presence of septic metastasis.

The duration, type, dose, and route of antibiotic therapy were

recorded.

Definitions

Underlying diseases and comorbidities. For classification of

underlying diseases, we used the McCabe and Jackson scale

[15]. Comorbidities were assessed by use of the Charlson co-

morbidity score [16].

Predisposing factors. The following factors were consid-

ered: presence of indwelling catheters, presence of permanent

prosthetic material, neutropenia, malnutrition, history of in-

jection drug abuse, splenectomy, invasive procedures, corti-

costeroid therapy (equivalent to �10 mg of prednisone per day

for �2 weeks or �30 mg of prednisone per day for �1 week),

and antimicrobial therapy in the week before the BSI episode.

Origin and source of BSI. BSI was considered to have

been community acquired if the first specimen to yield a pos-

itive blood culture result was obtained within the first 48 h of

admission. After this delay (or before, if it was clearly related

to an invasive procedure performed in the hospital), the in-

fection was considered to be nosocomial. The source of BSI

was documented if there were focal signs or symptoms of in-

fection and/or the same microorganism was isolated from spec-

imens of blood and from the infected site. In the absence of a

recognized source, BSI was classified as primary.

Sepsis and death. Sepsis and septic shock were defined as

proposed by Bone et al. [17]. Death was considered to be at-

tributable to BSI if it occurred during the active infection phase

or while the patient was undergoing antimicrobial treatment.

Antibiotic therapy. Antibiotic therapy was assessed during

the following 3 periods.

1. The empirical period, which began at the time that the

first blood culture sample was obtained and ended 24 h

later.

2. The “early” period, which began when the first blood

culture sample was obtained and ended when the final

microbiological report was received. During this period,

which includes the empirical period, the phone alert was

issued and the Gram stain findings and the preliminary

antibiogram became available.

3. The “late” period, which began when the definitive

susceptibility test results were available and ended with

death or when antimicrobial therapy for the episode was

completed.

Data on antimicrobial therapy were obtained on a daily basis.

Antimicrobials used to treat infections not related to the BSI

episode were not considered. The total number of daily defined

doses (DDD) and the number of appropriate DDDs used per

BSI episode were also evaluated. Only changes in the thera-
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peutic regimen made within 48 h of the final microbiological

report were considered to be a consequence of these results.

Criteria for adequacy of therapy. Appropriate empirical

therapy was defined as the administration of agents that were

active in vitro against the infecting microorganism during the

empirical period (i.e., the first 24 h of treatment) Adequate

antimicrobial therapy was defined as that which fulfilled the

criteria of proper indication, coverage, spectrum, dose, interval,

route, and duration. These parameters were defined as follows.

1. Indication: the indication for antibiotic use was considered

to be adequate if antibiotic therapy was indicated by the

severity of the episode, and antibiotics were not to be used

if blood cultures indicated contamination or if surgery or

catheter extraction were enough to control the infection.

2. Coverage: coverage was regarded as adequate if the anti-

biotics administered were of clinically proven efficacy and

active in vitro against the infecting microorganisms.

3. Spectrum: it was considered to be appropriate to use an-

timicrobials with a narrower spectrum if indicated by an-

timicrobial susceptibilities. This parameter was considered

only after a bacterial pathogen was identified.

4. Dose: the dose was the universally accepted, literature-

based dose for the antimicrobial used [18].

5. Interval: it was determined to be adequate to use the an-

timicrobials at the correct intervals according to phar-

macokinetic data or serum levels.

6. Route: the route was considered to be appropriate if �3

days of intravenous treatment was administered for gram-

negative bacteremia and if 10 days of intravenous treatment

was administered for Staphylococcus aureus bacteremia, as

per Byl el al. [14]. Switching to oral administration was

considered to be appropriate if the infection was treatable

using oral therapy, if a clinical response occurred during

intravenous treatment, if digestive absorption was normal,

and if drugs that would be adequately absorbed orally and

active against the infecting microorganisms were available.

7. Duration: the duration was considered to be appropriate

if there was completion of 10–14 days of therapy for non-

complicated BSI and of 12 weeks of therapy in the presence

of endocarditis, osteomyelitis, or permanent prosthetic

material.

Statistical Analysis

Relationships between variables were evaluated using the x2

statistic for categorical variables, Student’s t test for normally

distributed continuous variables, and the Mann-Whitney U test

for nonparametric comparisons. Univariate correlates and clin-

ically significant variables ( ) were then entered into step-P ! .05

wise logistic regression analyses. Factors with were re-P ! .05

tained in the model. The statistical analysis was performed using

SPSS software, version 10.0 (SPSS).

RESULTS

During the study period, 12,643 blood samples were processed

at our microbiology laboratory. Overall, 581 clinical episodes

of significant bacteremia/fungemia were detected. After random

selection, 297 episodes were included in the study and were

randomly assigned to 1 of 3 information groups, as follows:

group A (those who received conventional information), 109

episodes; group B (those who received conventional infor-

mation and a written-alert report), 99 episodes; and group C

(those who received conventional information and both writ-

ten- and oral-alert reports), 89 episodes.

Patient Characteristics

The demographic and clinical characteristics of patients with

BSI and the microorganisms isolated are summarized in table

1, which compares the 3 groups in the study. The univariate

analysis did not show any differences among the 3 groups.

Adequacy of Empirical Antimicrobial Therapy

During the empirical period, 58.5% of patients received ap-

propriate antimicrobial therapy. Adequacy was similar for

groups A, B, and C (57%, 61.1%, and 57.5%, respectively;

). Inappropriate treatment was prescribed to 27.7% ofP p .823

subjects, whereas 13.7% of subjects received no antimicrobial

treatment.

Univariate analysis revealed that the risk factors for inade-

quate antimicrobial therapy included the presence of fungemia,

nosocomial infection, and previous receipt of antimicrobial

therapy. BSI caused by Escherichia coli and Streptococcus pneu-

moniae and the presence of septic shock were associated with

a lower risk of inadequate treatment (table 2).

Compared with patients who received adequate treatment,

patients who received inadequate treatment during the empir-

ical period had a longer hospital stay (mean � SD, 27.2 �

vs. days; ), a higher risk of nosocomial32.4 19.4 � 15.8 P p .017

Clostridium difficile–associated diarrhea (8.3% vs. 1.9%; P p

), a higher overall mortality rate (30.8% vs. 19.4%;.013 P p

), and a higher risk of infection-related mortality (23.3%.025

vs. 13.6%; ) (table 3). Multivariate analysis revealedP p .031

that inappropriate treatment was an independent risk factor

for increased mortality, as shown in “Factors that Predict In-

creased Mortality on Multivariate Analysis,” below.

Evaluation of the 3 Different Methods of Providing
Microbiological Information

Comparison of the adequacy of antimicrobial therapy during

the early period (before intervention). The mean duration

(�SD) of the early period was days. The proportion4 � 1.6
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Table 1. Characteristics of patients in a trial of the impact of different methods of reporting
positive blood culture results.

Characteristic
All patients
(n p 297)

Group A
(n p 109)

Group B
(n p 99)

Group C
(n p 89) P

Age, mean years � SD 62.6 � 16.9 64.1 � 17 62 � 17 62 � 17 .448
Male sex 193 (65) 68 (62.4) 64 (64.6) 61 (68.5) .663
Service .658

Medical 139 (46.8) 53 (48.6) 44 (44.4) 42 (47.2)
Surgical 69 (23.2) 21 (19.3) 29 (29.3) 19 (21.3)
Intensive care unit 51 (17.2) 17 (15.6) 15 (15.2) 19 (21.3)
Hematology-oncology 30 (10.1) 14 (12.8) 9 (9.1) 7 (7.9)
Other 8 (2.7) 4 (3.7) 2 (2.0) 2 (2.2)

Microorganisms isolated .210
Gram positive 185 (54.2) 76 (58.9) 63 (55.8) 47 (47.5)
Gram negative 133 (39.2) 48 (37.2) 38 (33.6) 46 (46.5)
Anaerobe 15 (4.4) 1 (0.8) 9 (7.9) 5 (5.0)
Fungus 8 (2.2) 4 (3.1) 3 (2.7) 1 (1.0)

McCabe and Jackson classification .861
Type I 23 (7.8) 6 (5.5) 9 (9.1) 8 (9.0)
Type II 118 (39.7) 44 (40.4) 38 (38.4) 36 (40.4)
Type III 156 (52.5) 59 (54.1) 52 (52.5) 45 (50.6)

Mean Charlson comorbidity score � SD 3.7 � 2.5 3.6 � 2.4 3.8 � 2.6 3.7 � 2.4 .876
Predisposing condition or risk factor

Hypoproteinemia 100 (33.7) 36 (33.0) 33 (33.3) 31 (34.8) .961
Injection drug abuse 12 (4.0) 3 (2.8) 5 (5.1) 4 (4.5) .679
Neutropenia 15 (5.1) 8 (7.3) 5 (5.1) 2 (2.2) .266
Splenectomy 6 (2.0) 1 (0.9) 1 (1.0) 4 (4.5) .140
Radiotherapy 5 (1.7) 4 (3.7) 0 (0) 1 (1.1) .107
Chemotherapy 38 (12.8) 19 (17.4) 10 (10.1) 9 (10.1) .190
Corticosteroid therapy 53 (17.8) 21 (19.3) 20 (20.2) 12 (13.5) .432
Prior surgery 68 (22.9) 26 (23.9) 20 (20.2) 22 (24.7) .729
Invasive procedures 134 (45.1) 52 (47.7) 44 (44.4) 38 (42.7) .770
Prosthetic material 69 (23.2) 23 (21.1) 24 (24.2) 22 (24.7) .801
Intravenous lines 185 (62.3) 68 (62.4) 58 (58.6) 59 (66.3) .553
Bladder catheter 95 (32) 29 (26.6) 32 (32.3) 34 (38.2) .219
Skin lesions 33 (11.1) 16 (14.7) 9 (9.1) 8 (9.0) .330
Prior antimicrobial therapy 88 (29.6) 36 (33.0) 30 (30.3) 22 (24.7) .437

Mean APACHE II score � SD 12.6 � 5.6 12.6 � 5.6 12.6 � 5.9 12.5 � 5.2 .938
Nosocomial acquisition 157 (54.5) 64 (59.8) 47 (49.0) 46 (54.1) .299
Portal of entry .594

Unknown 67 (23.3) 32 (29.9) 20 (20.8) 15 (17.6)
Urinary or genital 56 (19.4) 18 (16.8) 18 (18.8) 20 (23.5)
Intravenous catheter 51 (17.7) 18 (16.8) 16 (16.7) 17 (20)
Respiratory 32 (11.1) 12 (11.2) 11 (11.5) 9 (10.6)
Biliary 23 (8) 6 (5.6) 11 (11.5) 6 (7.1)
Cutaneous 24 (8.3) 9 (8.4) 8 (8.3) 7 (8.2)
Intraabdominal 23 (8.0) 7 (6.5) 9 (9.4) 7 (8.2)
Surgical wound infection 9 (3.1) 2 (1.9) 3 (3.1) 4 (4.7)
Central nervous system 3 (1.0) 3 (2.8) 0 (0) 0 (0)

Organ or system involved
None 246 (86.3) 93 (88.6) 82 (85.4) 71 (84.5) .689
Lung 11 (3.9) 5 (4.8) 4 (4.2) 2 (2.4) .687
Peritoneum/pleural 12 (4.2) 4 (3.8) 6 (6.3) 2 (2.4) .421
Endocarditis 6 (2.1) 1 (1) 3 (3.1) 2 (2.4) .551
CNS 2 (0.7) 0 (0) 2 (2.1) 0 (0) .138
Bone and joint 4 (1.4) 1 (1) 3 (3.1) 0 (0) .182
Skin 2 (0.7) 0 (0) 1 (1.0) 1 (1.2) .552
Other 15 (5.3) 5 (4.8) 3 (3.1) 7 (8.3) .284

NOTE. Data are no. (%) of patients, unless otherwise indicated. Group A, patients whose caregivers received
conventional information; group B, patients whose caregivers received conventional information and a written-
alert report; group C, patients whose caregivers who received conventional information and both written- and
oral-alert reports.
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Table 2. Risk factors for inadequate empirical therapy.

Variable

Adequacy
if the factor
is present

Adequacy
if the factor

is absent P OR (95% CI)

Microorganism
Streptococcus pneumoniae 23/26 (88.5) 147/264 (55.7) .001 6.1 (1.8–20.8)
Escherichia coli 47/62 (75.8) 123/228 (53.9) .002 2.7 (1.4–5.1)
Staphylococcus epidermidis and

other coagulase-negative staphylococci 17/40 (42.5) 153/250 (61.2) .026 0.5 (0.2–0.9)
Enterococcus species 10/29 (34.5) 160/261 (61.3) .005 0.3 (0.1–0.7)
Fungus 1/7 (14.3) 169/283 (59.7) .016 0.1 (0.0–0.9)

Service
Nephrology 9/10 (90.0) 161/280 (57.5) .036 6.6 (0.8–53.2)
Infectious diseases 16/18 (88.9) 154/272 (56.6) .006 6.1 (1.4–27.2)
Postsurgical intensive care unit 5/15 (33.3) 165/275 (60.0) .041 0.3 (0.1–1.0)

Underlying disease
Heart disease 37/77 (48.1) 133/213 (62.4) .028 0.6 (0.3–0.9)
Neoplasia 24/53 (45.3) 146/237 (61.6) .029 0.5 (0.3–0.9)
AIDS 16/18 (88.9) 154/272 (56.6) .007 6.1 (1.4–27.2)

Predisposing condition or risk factor
Prior surgery 28/67 (41.8) 142/223 (63.7) .001 0.4 (0.2–0.7)
Invasive procedures 63/129 (48.8) 107/161 (66.5) .002 0.5 (0.3–0.8)
Intravenous lines 86/182 (47.3) 84/108 (77.8) !.001 0.3 (0.1–0.4)
Bladder catheter 42/93 (45.2) 128/197 (65.0) .001 0.4 (0.3–0.7)
Skin lesion 14/32 (43.8) 156/258 (60.5) .070 0.5 (0.2–1.1)
Prior antimicrobial therapy 41/86 (47.7) 129/204 (63.2) .014 0.5 (0.3–0.9)

Nosocomial acquisition 69/157 (43.8) 96/128 (75.0) !.001 0.3 (0.2–0.4)
Portal of entry

Respiratory 25/32 (78.1) 140/253 (55.3) .014 2.9 (1.2–6.9)
Urinary or genital 40/55 (72.7) 130/235 (55.3) .018 2.2 (1.1–4.1)

Septic shock at presentation 71/105 (67.6) 99/185 (53.5) .019 1.8 (1.1–3.0)

NOTE. Data are n/N (%), unless otherwise indicated. Data are provided as adequacy of the antiretroviral therapy,
in relationship to the presence or absence of different factors.

of patients who received an antibiotic that was active in vitro

against the microorganism responsible for the BSI improved

from day 1 to day 5 of the episode (58.5% on day 1, 75.2%

on day 2, 83% on day 3, 83.1% on day 4, and 84.4% on day

5; figure 1).

The adequacy of the antimicrobial therapy during the early

period by different criteria is summarized in table 4. There was

no significant difference in the proportion of days on which

appropriate treatment was received among the 3 study groups

for any of the parameters considered.

Comparison of the adequacy of antimicrobial therapy dur-

ing the late period (after intervention). No interventions

were applied to group A. Changes in antimicrobial therapy were

recommended in group B in 52 cases (52.3%) and in group C

in 47 cases (53.1%). Recommended changes were made in 42

episodes (80%) in group B and in 45 episodes (95.3%) in group

C. The adequacy of antimicrobial treatment after the final mi-

crobiological information was available is summarized in table

5, which compares the 3 different methods of reporting.

Differences in the adequacy of treatment between the early

and late periods (considering only the use of antimicrobials

with in vitro activity [i.e., coverage]) evolved for the 3 groups

as follows: group A, 77.2% to 89%; group B, 78.3% to 98.3%;

and group C, 73.6% to 97.1%. In the late period, the adequacy

of coverage was significantly different between the 3 groups

( ). The proportion of days in the late period duringP p .004

which the antimicrobial spectrum was considered to be ap-

propriate was significantly different among the 3 groups

(71.1%, 92.1%, and 91.3% for groups A, B, and C, respectively;

). Overall, the proportion of days on which adequateP ! .001

treatment was received in the late period was significantly dif-

ferent for the 3 groups (66.3%, 92.1%, and 91.2% for groups

A, B, and C, respectively; ) (figure 2).P ! .001

The impact of the different interventions on other param-

eters for groups A, B, and C were as follows: mean appropriate

DDDs during the late period, 16.4, 22.2, and 20.7, respectively

( ); mean length of hospital stay, 19.8, 23.6, and 24.1P p .003

days, respectively ( ); and mortality rate during the lateP p .761
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Table 3. Relationship between adequacy of empirical treatment and mortality and other clinical variables.

Variable
Adequate

treatment received
Inadequate

treatment received P OR (95% CI)

Clostridium difficile–associated diarrhea 3/160 (1.9) 9/109 (8.3) .013 0.2 (0.1–0.8)
Renal failure during episode 32/153 (20.9) 27/108 (25.0) .437 0.8 (0.4–1.4)
Shock or multiple-organ failure 7/160 (4.4) 11/109 (10.1) .065 0.4 (0.2–1.1)
Mortality

Overall 33/170 (19.4) 37/120 (30.8) .025 0.5 (0.3–0.9)
Infection-related 23/170 (13.5) 28/120 (23.3) .031 0.5 (0.3–0.9)

Length of hospital stay, mean days � SD 19.4 � 15.8 27.2 � 32.4 .017 …

NOTE. Data are no. (%) of patients with the variable in groups with adequate or inadequate therapy.

Table 4. Adequacy of therapy during the early period.

Adequancy
parameter

Mean percentage of days during which
appropriate therapy was received � SD

POverall Group A Group B Group C

Indication 93.8 � 18.0 92.3 � 20.9 96.7 � 12.8 92.3 � 18.8 .123
Coverage 76.5 � 34.9 77.2 � 32.5 78.3 � 34.7 73.6 � 38.1 .709
Dose 88.3 � 24.9 88.1 � 24.6 92.2 � 20.9 84.4 � 28.9 .096
Interval 91.9 � 20.9 90.0 � 23.7 95.0 � 15.5 90.8 � 22.3 .273
Route 89.0 � 24.9 86.5 � 29.1 92.6 � 20.4 88.2 � 23.7 .243

NOTE. See Definitions for definitions of adequacy parameters. Group A, patients whose
caregivers received conventional information; group B, patients whose caregivers received
conventional information and a written-alert report; group C, patients whose caregivers who
received conventional information and both written- and oral-alert reports.

period, 12.9%, 15.6%, and 11%, respectively ( ). TheP p .670

differences between the groups in mortality rate, duration of

hospital stay, and other secondary clinical variables were not

statistically significant.

Antimicrobial inappropriateness correlated with large in-

creases in cost. The mean total cost of antimicrobials per ep-

isode of BSI was i580.63 (US$707.85) in group A, i537.98

(US$699.73) in group B, and i434.53 (US$529.73) in group

C. The mean costs of inappropriate therapy per episode in

groups A, B, and C were i138.18 (US$168.45), i39.81

(US$48.53), and i35.98 (US$43.86), respectively ( ).P ! .001

Factors that Predict Increased Mortality
on Multivariate Analysis

When all of the variables for the different periods were studied

by multivariate analysis, the factors that predicted an increased

infection-related mortality rate included shock (OR, 8.6; 95%

CI, 3.5–21.1; ), S. aureus bacteremia (OR, 8.5; 95%P ! .0001

CI, 3.5–20.5; ), APACHE II score of 112 (OR, 8.4;P ! .0001

95% CI, 3.2–21.9; ), receipt of inappropriate empiricalP ! .0001

antimicrobial treatment (OR, 3.5; 95% CI, 1.5–8.2; ),P ! .003

and the length of the early period (OR, 1.2; 95% CI, 1.05–1.4;

).P p .012

DISCUSSION

BSIs represent a good model for assessing the impact of dif-

ferent therapeutic interventions [3, 4, 19–21]. The rate of mis-

use of antimicrobials for treatment of BSIs has been reported

to be 41%–85% of cases, particularly during the empirical pe-

riod [1, 6, 8, 9, 22–24]. The impact of an adequate initial

therapy during the first 24 h of treatment on the evolution of

patients with ventilator-associated pneumonia [25] and other

severe infections has been well documented, but information

regarding its impact on BSIs is scarce [8, 26–28]. Our data

show that ineffective empirical therapy has a dramatic impact

on the presence of C. difficile–associated diarrhea, prolonged

length of hospital stay, and mortality. Nosocomial pathogens

were risk factors for inappropriate treatment during the em-

pirical period in our study. Because this is a microbiologically

“blind” period, it is clear that the solution to the problem

depends on continuing medical education and more-efficient

microbiological techniques that provide more-rapid indicator

for the clinician.

Most institutions report the results of blood cultures in 2

main stages. First, there is an initial emergency report that

includes the results of a Gram stain of broth from positive

cultures. This is usually followed by a definitive written report,
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Figure 1. Proportion of patients receiving adequate treatment from
day 1 to day 5.

Table 5. Adequacy of therapy during the late period.

Adequacy
parameter

Mean percentage of days during which
appropriate therapy was received � SD

PGroup A Group B Group C

Indication 91.3 � 22.1 98.6 � 6.2 98.6 � 9.8 .001
Coverage 89.0 � 27.3 98.3 � 6.4 97.1 � 14.0 .004
Dose 88.6 � 27.6 98.6 � 6.2 98.1 � 10.6 .001
Interval 90.1 � 25.8 98.6 � 6.2 98.2 � 10.6 .002
Route 88.0 � 27.8 98.6 � 6.2 98.4 � 9.8 !.001
Spectrum 71.1 � 42.0 92.1 � 23.6 91.3 � 23.1 !.001

Overall 66.3 � 43.7 92.1 � 23.6 91.2 � 23.1 !.001

NOTE. See Definitions for definitions of adequacy parameters. Group A,
patients whose caregivers received conventional information; group B, pa-
tients whose caregivers received conventional information and a written-alert
report; group C, patients whose caregivers who received conventional infor-
mation and both written- and oral-alert reports.

which is made when the microorganism is isolated and the

antimicrobial susceptibility test result is known.

To our knowledge, the evolution of the adequacy of anti-

microbial therapy during the early period of treatment has not

been well studied. Before all of the microbiological data are

reported, the results of the Gram stain are already known. The

potential benefit of using this information is of enormous value

in improving patient outcome. The predictive value of the

Gram stain of the pathogens isolated in blood cultures is high

[29], especially for Staphylococcus and Streptococcus species [30].

Performance of a “direct preliminary” antibiogram using

blood-broth has not been officially addressed by the American

Society for Microbiology [31], despite the fact that it is common

practice in many institutions. Published data show a good re-

lationship between the findings obtained using this method and

the results of standard definitive antimicrobial susceptibility

tests [32, 33]. In their study, Byl et al. [14] found that the

report of the Gram stain findings considerably increased the

proportion of patients who received appropriate treatment. Our

results show that the proportion of patients who received �1

antimicrobial with in vitro activity against bloodstream path-

ogens increased from 58.5% the first day, to 75% on the second

day, and to 83% on the third day. Our data, as well as the data

of Byl et al. [14] and others [7], suggest that the “early period”

(before the definitive microbiological report is available) could

be a critical period for providing information. De-escalation of

therapy, as is common practice in patients with ventilator-

associated pneumonia, should also be implemented for patients

with suspected BSI.

Despite these efforts to provide information, some authors

warn about the worrying limited value of written laboratory

reports, because 8%–20% of patients are still inappropriately

treated after the pathogens and their susceptibility patterns are

known [4, 5, 8, 10, 11, 28].

Our study tried to assess the complementary value of 2 dif-

ferent means of making information available to the clinician

at a specific moment in the evolution of cases during the “late

period” of treatment. We compared use of the classic procedure

(group A) with receipt of an additional written report with

recommendations (group B) or written and oral reports with

recommendations (group C) at the bedside.

Active notification led to suggestions regarding alteration of

therapy in ∼50% of cases, as occurred in previous studies [6,

13]. The improvement in treatment was significantly greater

for patients whose blood culture results were accompanied by

written- or oral-alert reports. Patients in the conventional in-

formation group received appropriate treatment for a mean of

only 66% of the duration of the episodes, whereas patients in

the active information groups were correctly treated for a mean

of 92% of the duration. Active notification of blood culture

results also led to a significant reduction in cost, with savings

of ∼25% per episode (taking into consideration only the cost

of purchasing of drugs).

Our data clearly show that the delay until the final micro-

biological report becomes available is an independent risk factor

for infection-related mortality: the risk of death increases 1.2-

fold for each day until definitive microbiological information

is available. Nevertheless, our study failed to demonstrate that

our 2 procedures for active notification of blood culture results

had a direct impact on postintervention duration of hospital

stay or mortality. In our opinion, this is because these rec-

ommendations usually arrive 14 days after blood samples are

obtained for culture, pointing to a probable need for earlier

interventions and advice based only on the preliminary infor-

mation available. This information should be conveyed by an

infectious diseases specialist or a clinical microbiologist. A re-

cent study of patients with bacteremia and pneumonia in an
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Figure 2. Proportion of days of adequate treatment during the “late
period” in each group.

intensive care unit demonstrated that adequate antibiotic treat-

ment only had an impact on survival if it was started within

the first 24 h after samples were obtained ( on day 0P ! .02

and on day 1) [26].P ! .04

In conclusion, our data emphasize the importance of the

early availability of microbiological information to improve the

outcome of severely infected patients. They also underline the

clinical and economic benefits of close coordination between

the laboratory and clinicians for interpretation of microbio-

logical information and for making decisions on therapeutic

procedures. New complementary methods of reporting blood

culture results, which can contribute to the optimal care of

patients with BSI, should be introduced.
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de Investigación en Patologı́a Infecciosa (REIPI C03-14) and by the research
project of the Fondo de Investigaciones Sanitarias of Spain (FIS 02-1049).

Conflict of interest. All authors: No conflict.

References

1. Setia U, Gross PA. Bacteremia in a community hospital: spectrum
and mortality. Arch Intern Med 1977; 137:1698–701.

2. Kreger BE, Craven DE, McCabe WR. Gram-negative bacteremia. IV.
Re-evaluation of clinical features and treatment in 612 patients. Am
J Med 1980; 68:344–55.

3. Weinstein MP, Murphy JR, Reller LB, Lichtenstein KA. The clinical
significance of positive blood cultures: a comprehensive analysis of
500 episodes of bacteremia and fungemia in adults. II. Clinical ob-
servations, with special reference to factors influencing prognosis.
Rev Infect Dis 1983; 5:54–70.

4. Ispahani P, Pearson NJ, Greenwood D. An analysis of comunity and

hospital-acquired bacteremia in a large hospital in the United King-
dom. Q J Med 1987; 63:427–40.

5. Arbo MD, Snydman DR. Influence of blood culture results on an-
tibiotic choice in the treatment of bacteremia. Arch Intern Med
1994; 154:2641–5.

6. Cunney RJ, McNamara EB, Alansari N, Loo B, Smyth EG. The impact
of blood culture reporting and clinical liaison on the empiric treat-
ment of bacteraemia. J Clin Pathol 1997; 50:1010–2.

7. Schonheyder HC, Hojbjerg T. The impact of first notification of
positive blood cultures on antibiotic therapy. APMIS 1995; 103:
37–44.

8. Elhanan G, Sarhat M, Raz R. Empiric antibiotic treatment and the
misuse of culture results and antibiotic sensitivities in patients with
community-acquired bacteraemia due to urinary tract infection. J
Infect 1997; 35:283–8.

9. Pedersen G, Schonheyder HC. Patients with bacteremia dying before
notification of positive blood cultures: a 3-year clinical study. Scand
J Infect Dis 1997; 29:169–73.

10. Rintala E, Kairisto V, Eerola E, Nikoskelainen J, Lehtonen OP. An-
timicrobial therapy of septicemic patients in intensive care units
before and after blood culture reporting. Scand J Infect Dis 1991;
23:341–6.

11. Weinstein MP, Towns ML, Quartey SM, et al. The clinical significance
of positive blood cultures in the 1990s: a prospective comprehensive
evaluation of the microbiology, epidemiology, and outcome of bac-
teremia and fungemia in adults. Clin Infect Dis 1997; 24:584–602.

12. Trenholme GM, Kaplan RL, Karakusis PH, et al. Clinical impact of
rapid identification and susceptibility testing of bacterial blood cul-
ture isolates. J Clin Microbiol 1989; 27:1342–5.

13. Nathwani D, Davey P, France AJ, Phillips G, Orange G, Parratt D.
Impact of an infection consultation service for bacteraemia on clin-
ical management and use of resources. QJM 1996; 89:789–97.

14. Byl B, Clevenbergh P, Jacobs F, et al. Impact of infectious diseases
specialists and microbiological data on the appropriateness of an-
timicrobial therapy for bacteremia. Clin Infect Dis 1999; 29:60–6;
discussion 67–8.

15. McCabe WR, Jackson GG. Gram-negative bacteremia. Arch Intern
Med 1962; 110:847–55.

16. Charlson ME, Pompei P, Ales KL, McKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal populations: de-
velopment and validation. J Chronic Dis 1987; 40:373–8.

17. Bone RC, Sprung CL, Sibbald WJ. Definitions for sepsis and organ
failure. Crit Care Med 1992; 20:724–6.

18. Mandell JL, Bennett JE, Dolin R. Mandell, Douglas, and Bennett’s
principles and practice of infectious diseases. 5th ed. Philadelphia:
Churchill Livingstone, 2000.

19. Washington JAd, Ilstrup DM. Blood cultures: issues and controver-
sies. Rev Infect Dis 1986; 8:792–802.

20. Leibovici L, Samra Z, Konigsberger H, Drucker M, Ashkenazi S, Pitlik
SD. Long-term survival following bacteremia or fungemia. JAMA
1995; 274:807–12.

21. Bates DW, Pruess KE, Lee TH. How bad are bacteremia and sepsis?
Outcomes in a cohort with suspected bacteremia. Arch Intern Med
1995; 155:593–8.

22. Kunin CM. Problems in antibiotic usage. New York: John Wiley and
Sons, 1985.

23. Kennedy D, Forbes M, Baum C, Jones J. Antibiotic use in US hos-
pitals in 1981. Am J Hosp Pharm 1983; 40:797–801.

24. Craig WA, Uman SJ, Shaw WR, Ramgopal V, Eagan LL, Leopold ET.
Hospital use of antimicrobial drugs. Ann Intern Med 1978; 89:793–5.

25. Fagon JY, Chastre J, Wolff M, et al. Invasive and noninvasive strat-
egies for management of suspected ventilator-associated pneumonia:
a randomized trial. Ann Intern Med 2000; 132:621–30.

26. Mathevon T, Souweine B, Traore O, Aublet B, Caillaud D. ICU-
acquired nosocomial infection: impact of delay of adequate antibiotic
treatment. Scand J Infect Dis 2002; 34:831–5.

27. Leibovici L, Drucker M, Konigsberger H, et al. Septic shock in bac-

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/39/8/1161/296118 by guest on 21 August 2022



Reporting Positive Blood Culture Results • CID 2004:39 (15 October) • 1169

teremic patients: risk factors, features and prognosis. Scand J Infect
Dis 1997; 29:71–5.

28. Rayner BL, Wilcox PA. Community acquired bacteremia: a pro-
spective study of 239 cases. Q J Med 1988; 69:907–19.
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