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Abstract 

Performing blood cultures is part of correct antimicrobial use and mentioned in 

all antimicrobial stewardship guidelines. However, precise effects are unknown. 

This study used a large patient cohort of almost 3000 patients over a 5-year time 

period to diminish this knowledge gap. 

Patients receiving more than 2 days of intravenous antibiotics started at 

admission to a Dutch academic hospital were selected. We evaluated if 

performing blood cultures around start of therapy correlated with our primary 

outcome measure, length of stay (LOS). Effects on therapy and on costs were 

also evaluated. Finally, a similar analysis was done for a community hospital. 

Of 2997 included patients, 48% (1441) had blood cultures performed around 

the start of antibiotic therapy. The group with blood cultures had a significantly 

shorter LOS compared to patients without (13.0 vs. 14.0 days; p=0.017). In a 

multivariate regression model, this positive correlation of blood cultures 

remained. There was also a strong correlation with clinical chemistry orders, 

suggesting a bundle effect, as well as a shorter duration of antibiotic therapy. 

Effects within the community hospital were less pronounced, most likely due to 

an already low baseline LOS. 

Patients with blood cultures performed, as part of a diagnostic bundle, had 

significantly shorter duration of therapy and LOS with consequent financial 

benefits. Increasing the rate of blood cultures taken prior to starting antibiotic is 

a useful target for antimicrobial stewardship programs in order to improve 

quality of patient care, patient safety and can be financially attractive. 
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Introduction 

Antimicrobial resistance is a worldwide health problem and appropriately prescribing of 

antimicrobials is crucial to curb resistance development. In order to provide optimal therapy, 

performing timely diagnostics is crucial. Diagnostics are therefore mentioned in all 

antimicrobial stewardship guidelines (Barlam, et al., 2016; de With, et al., 2016; van den Bosch, 

et al., 2015) and are a cornerstone of management of patients with severe infections. Two (or 

more) sets of blood cultures prior to starting antimicrobial therapy are the diagnostic standard. 

Besides antimicrobial stewardship guidelines, also protocols for patients with infections 

invariably ask for (multiple) sets of blood cultures besides other cultures and other diagnostic 

modalities such as clinical chemistry tests (a diagnostic bundle), before starting antimicrobial 

therapy (Dellinger, et al., 2013; Habib, et al., 2015; Tunkel, et al., 2004; Woodhead, et al., 2011). 

However, as part of a bundle, effects of blood cultures on patients who receive antimicrobial 

therapy are difficult to quantify resulting in a lack of data and a knowledge gap (Schuts, et al., 

2016). Therefore, as a first step towards better (prospective) evaluation studies, we comprised a 

large retrospective observational cohort study looking at effects of blood cultures performed in 

patients receiving multiple days of intravenous antimicrobial therapy. 

 

Performing appropriate and timely (microbiological) diagnostics not only helps making a timely 

correct diagnosis, but can also improve antibiotic therapy (Buehler, et al., 2016). This supports 

patient-tailored decisions on appropriate therapy, which in turn reduces overall collateral 

damage, such as toxicity and resistance development (Dik, et al., 2016; Goossens, 2009). Due 

to faster results, innovative rapid diagnostics can improve quality indicators such as length of 

stay (LOS) and costs (Barlam, et al., 2016; Huang, et al., 2013; Perez, et al., 2014). Recently, we 

have shown that even preliminary results of microbiological diagnostics after 48 hours are of 

great value in a bedside case-audit model for patients receiving intravenous antibiotics. These 

case-audits were very effective in reducing length of stay in a major proportion of patients, and 

the microbiological diagnostics (positive or negative) were considered a crucial part of the 

diagnostic work-up (Dik, et al., 2015). Thus, data seems to support the hypothesis that blood 

cultures can have a positive impact on patients receiving antimicrobial therapy, although this 

still has to be evaluated. 

 

Despite the requirement of blood cultures for patients receiving antimicrobial therapy in all the 

different guidelines and protocols, there are numerous studies showing that adherence to 

guidelines is limited: in only 50% of the cases blood cultures were obtained for community 

acquired pneumonia (CAP) in the UK (Collini, et al., 2007) and the EU (Reissig, et al., 2013), 

and for bacterial meningitis in the US (Chia, et al., 2015). In the Netherlands non-adherence in 

general to guidelines for antibiotic treatment occurs frequently and results in a higher than 

necessary use of broad-spectrum antibiotics (van der Velden, et al., 2012).  
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Lack of data and low guideline adherence clearly show the need for investigating the effects of 

diagnostics. Here, we show the results of a large data set consisting of almost 3000 patients 

over a 5-year time period, where we looked at effects of blood cultures on a subset of outcome 

measures as well as factors that contribute to the drawing of blood cultures. A second group of 

patients was admitted to a neighbouring community hospital in the Netherlands, and a 

comparable analysis was performed. This study provides an excellent starting point for actions 

targeted to improve the quality of antimicrobial usage (e.g. in an Antimicrobial or Diagnostic 

Stewardship Program), hospital efficiency and patient safety. 

 

Material and Methods 

The study was performed retrospectively in a large 1339-bed academic tertiary referral hospital 

in the north of the Netherlands for five years (2009-2013), and at a 284-bed community 

hospital within the same region of the country where four years of data (2010-2013) was 

available. Data were retrieved from the hospitals’ electronic databases. These databases 

provided clinical data (admission dates, gender, date of birth, hospital department, ICD9 

codes, mortality date [if applicable] and discharge date), pharmacy data (antimicrobial 

prescriptions), clinical chemistry data (C-reactive protein [CRP], leucocytes, and estimated 

glomerular filtration rate [eGFR]), and microbiological data (blood cultures).  

From these data all patients admitted to the hospital receiving intravenous antibiotics 

for more than 48 hours (thus excluding single day prophylactic use) starting at the day of 

admission (within a timeframe of 24 hours) were selected. The following antibiotic therapies 

were included as they were the most frequently prescribed for therapeutic purposes within the 

hospital during the evaluated years: amoxicillin/clavulanic acid, cefuroxime, ceftriaxone, 

piperacillin/tazobactam, ciprofloxacin, clindamycin, amoxicillin, amoxicillin/clavulanic acid + 

ciprofloxacin, and meropenem. Prophylactic therapy was excluded. Patients under 18 years and 

those admitted to haematology or otorhinolaryngology were excluded, because these groups 

have specific protocols regarding blood cultures and/or antibiotic treatment. Included patients 

were stratified further into two groups: those where blood cultures were obtained for the first 

time on the day of admission (within a timeframe of 24 hours) and those without blood 

cultures during this timeframe. Performance of clinical chemistry data (CRP, leucocytes, and 

eGFR) was evaluated using the same criteria as for blood cultures for both groups. 

 

To rule out any potential biases that would result into non-comparable groups of patients (e.g. 

a more severe group with cultures compared to a less severe group without) we looked at in-

hospital mortality, treating speciality, the ward of admission and the values of the clinical 

chemistry data at admission. Furthermore, it should be noted that the main evaluation of this 
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study regards tertiary referral patients, which are in general already of a relatively high 

complexity. 

Primary outcome measure was length of stay (LOS) and potential correlating factors. Besides 

LOS we looked at duration of antimicrobial therapy and at costs. For the latter, a hospital 

perspective was used and all prices were converted to 2013 price level using the Dutch 

consumer price index. Dutch reference price for a bed day (€640) was used (Hakkaart-van 

Roijen, et al., 2010). We assumed that 2 sets of blood cultures per patient had been taken at a 

price of € 25 per set, which comprises all in costs (personnel, materials, depreciation etc.). We 

assumed a positivity rate of 10% of blood cultures resulting in an additional €30 for 

determination and susceptibility testing.  

 

Statistics were performed with SPSS version 22 (IBM, Armonk, NY, USA). P-values <0.05 

were considered significant. For inclusion into the multivariate regression model, we adopted a 

p-value of <0.1. First, a Kaplan-Meier test was performed to examine an initial difference in 

LOS between the patients with and without blood cultures, whereby patients who died within 

the hospital were censored. Second, we examined which parameters correlated with drawing of 

blood for cultures. For nominal parameters this was tested with a Chi Square test and for 

continuous variables with a Student’s t-test (if normally distributed) or with a Mann-Whitney U 

test (if not normally distributed). Third, we examined which further factors correlated with 

LOS. For each included nominal parameter a Kaplan-Meier test was performed with LOS, 

while in the case of continuous variables an ANOVA was performed. Furthermore, 

proportional risks were visually checked for the different variables. Finally, all parameters that 

had a significant correlation with drawing blood cultures and with LOS were included in a Cox 

Regression Model as possible confounders, whereby in-hospital mortality was censored again. 

Subsequently, variables were removed, one by one, based on their significance and taking into 

account a change in -2 log likelihood, until a parsimonious model was obtained, or until the 

coefficient for drawing of blood for cultures changed by > 10%. To further look into which 

factors correlated with drawing of blood cultures, a multiple logistic regression analysis was 

performed, which included all parameters that showed a significant correlation with drawing of 

blood cultures.  

 

A comparable analysis was performed in a similar cohort of patients receiving intravenous 

antibiotics during admission at the community hospital with similar inclusion criteria. Included 

antibiotics were: amoxicillin/clavulanic acid, amoxicillin/clavulanic acid + ciprofloxacin, 

ciprofloxacin, piperacillin/tazobactam, clindamycin, ciprofloxacin + clindamycin, levofloxacin, 

cefuroxime and ceftriaxone. 
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Data was merged based upon patient numbers. Personal details such as names and dates of 

birth were not available to guarantee anonymity. The local ethics committee waived consent, 

due to the retrospective analytic nature of the study without active intervention (Ref: 2014/530 

METc UMCG). 

 

Results 

Patients and their characteristics 

The group of evaluated patients in the academic hospital consisted of 2997 patients receiving 

IV antibiotics starting at the day of admission and lasting for multiple days. 1441 (48%) 

patients had blood cultures taken during admission versus 1556 (52%) patients who had not. 

In-hospital mortality was similar between those two groups (3.3% vs. 2.3%; p=0.114). Clinical 

chemistry data showed statistically significant but minor differences, and mean values of both 

groups were such, that the clinical relevance is disputable. See Table 10.1 for detailed 

characteristics. 

 

Length of stay (LOS) was significantly shorter for the group with blood cultures  

As primary outcome measure, LOS was evaluated for the stratified groups (with vs. without 

blood cultures taken). The mean LOS for the patients with blood cultures was significantly 

lower than for the group without (13.0 vs. 14.0 days; p=0.017). This was further sub-stratified 

into LOS per medical specialty to examine possible differences within the two groups (Table 

10.1). The most positive effect of blood culturing on LOS was seen in patients of Internal 

Medicine (13.0 days [1035 patients] vs. 15.8 days [593 patients]; p<0.001).  

 

Performing blood cultures had a significant effect on reducing LOS in a multivariate 

model 

Variables that significantly correlated with drawing of blood cultures and significantly 

correlated with the LOS were included in the multivariate Cox Regression as possible 

confounders. Those were, besides having blood cultures or not: route of admission; antibiotic; 

medical specialty, week or weekend admission, age, gender and measuring leucocytes. All of 

them showed significant associations with LOS within the final multivariate Cox regression 

model (Table 10.2). Table 10.3 shows the variables associated with drawing of blood for 

cultures within a multivariate logistic regression model. 
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A diagnostic bundle of blood cultures and clinical chemistry diagnostics had the highest 

effect on LOS 

The multiple regression model on drawing blood for cultures showed a strong association with 

clinical chemistry diagnostics (CRP, leucocytes, eGFR), suggesting a bundle effect of blood 

cultures and clinical chemistry diagnostics (Table 10.3). We therefore compared patients with 

both blood cultures and all three clinical chemistry diagnostics to patients who had just one of 

both components, and examined the effect on LOS. Patients receiving a bundle had the 

shortest LOS (12.6 days [95%CI:11.3-13.9]), compared to blood cultures only (13.4 days [95% 

CI:9.7-17.1]) and clinical chemistry only (14.4 days [95%CI:13.3-15.5]). Only the difference 

between the first and the last was significant (p=0.001). 

 

Table 10.1: Patient’s characteristics for the academic hospital.  Possible confounding 
variables were tested and included in the final multivariate Cox Regression model. 
 
 With blood 

cultures 
Without blood 

cultures 
p-value 

 
  

 
Patients [n] 1441 (48%) 1556 (52%)  
Medical discipline   <0.001a 

     Surgery 283 (20%) 700 (45%)  
     Internal medicine 1035 (72%) 593 (38%)  

     Other 123 (9%) 263 (17%)  
    
Median age [yrs] (IQR) 62.40 (42.4-86.1) 58.60 (35.6-85.4) <0.001b 

Percentage males 58% 55% 0.070a 

In-hospital mortality 3.3% 2.3% 0.114a 

    
Median CRP [mg/L] (IQR) 92 (40-178) 73 (22-146) <0.001b 

Median eGFR [m/m 1.73] (IQR) 74 (50-99) 89 (62-112) <0.001b 
Median leucocyte count [10E9/L] (IQR) 12 (8-16) 11 (8-15) 0.021b 

    
Mean LOS [d] (95% CI) 13.0 (12.2-13.7) 14.0 (13.3-14.7) 0.017c 

     Surgery 12.2 (11.4-13.1) 12.1 (11.2-12.9) 0.732c 

     Internal medicine 13.0 (12.2-13.9) 15.8 (14.5-17.1) <0.001c 

     Other 
 

12.5 (10.7-14.4) 
 

15.0 (13.2-16.8) 
 

0.113c 

a) chi-square test 

b) Mann-Whitney U test 
c) log-rank test  
CRP: C-Reactive Protein; eGFR: estimated Glomular Filtration Rate; LOS: Length of Stay; IQR: Inter-Quartile 
Ranges 
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Table 10.2: Multivariate Cox regression results. Multivariate regression analysis for 
relation with length of stay. A positive Hazard Ratio (HR) corresponds with earlier discharge. 
 
Factor Hazard Ratio 95% CI p-value 

Age 0.99 0.99 - 1.00 <0.001 

Males 0.86 0.80 - 0.93 <0.001 

Blood cultures 1.11 1.02 - 1.21 0.011 

Leucocytes 0.86 0.77 - 0.96 0.006 

Weekend admission 1.20 1.08 - 1.31 <0.001 

Route of admission to the hospital   <0.001 

     via ER (n=990) 1 (Reference)   

     via GP (n=1510) 0.99 0.91 - 1.08 0.824 

     via out-patient clinic (n=202) 0.84 0.71 - 0.95 0.031 

     via unknown route (n=64) 0.87 0.67 - 1.12 0.285 

     via transfer from other hospital (n=231) 0.57 0.49 - 0.66 <0.001 

Type of antibiotic   0.011 

     Co-amoxiclav (n=858) 1 (Reference)   

     Cefuroxime (n=724) 0.97 0.88 - 1.08 0.626 

     Ceftriaxone (n=294) 0.90 0.78 - 1.03 0.130 

     Piperacillin/Tazobactam (n=546) 0.85 0.76 - 0.95 0.005 

     Ciprofloxacin (n=130) 0.77 0.63 - 0.93 0.007 

     Clindamycin (n=130) 0.79 0.66 - 0.96 0.016 

     Amoxicillin (n=87) 0.90 0.72 - 1.14 0.382 

     Meropenem (n=150) 0.83 0.70 - 0.99 0.043 

     Co-amoxiclav + Ciprofloxacin (n=73) 0.83 0.64 - 1.06 0.128 

Medical specialty   <0.001 

     Surgery (n=983) 1 (Reference)   

     Internal medicine (n=1628) 0.80 0.73 - 0.87 <0.001 

     Other (n=386) 0.83 0.73 - 0.94 0.003 

 

ER: Emergency Room; GP: General Practitioner  
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Table 10.3: Multiple logistic regression analysis on the relationship with blood 
cultures. A positive Odds Ratio (HR) corresponds with taking blood cultures at admission. 
 
Factor Odds Ratio 95% CI p-value 

Age 1.01 1.00 - 1.01 0.047 

Males 1.22 1.04 - 1.45 0.018 

CRP 8.13 4.07 - 16.22 <0.001 

eGFR 0.83 0.69 - 0.98 0.032 

Leucocytes 0.52 0.26 - 1.04 0.064 

Weekend admission 1.21 0.98 - 1.50 0.077 

Broad spectrum 2.33 1.46 - 3.73 <0.001 

Route of admission to the hospital   <0.001 

     via ER (n=990) 1 (Reference)   

     via GP (n=1510) 0.72 0.60 - 0.87 <0.001 

     via out-patient clinic (n=202) 0.43 0.30 - 0.62 <0.001 

     via unknown route (n=64) 0.62 0.35 - 1.10 0.104 

     via transfer from other hospital (n=231) 0.17 0.11 - 0.25 <0.001 

Type of antibiotic   <0.001 

     Co-amoxiclav (n=858) 1 (Reference)   

     Cefuroxime (n=724) 2.28 1.81 - 2.86 <0.001 

     Ceftriaxone (n=294) 1.07 0.79 - 1.46 0.648 

     Piperacillin/Tazobactam (n=546) 1.90 1.49 - 2.43 <0.001 

     Ciprofloxacin (n=130) 2.41 1.59 - 3.65 <0.001 

     Clindamycin (n=130) 1.41 0.77 - 2.57 0.269 

     Amoxicillin (n=87) 1.77 1.07 - 2.93 0.028 

     Meropenem (n=150) 3.11 2.07 - 4.67 <0.001 

     Co-amoxiclav + Ciprofloxacin (n=73) 2.10 1.10 - 4.02 0.025 

Medical specialty   <0.001 

     Surgery (n=983) 1 (Reference)   

     Internal medicine (n=1628) 3.74 3.07 - 4.55 <0.001 

     Other (n=386) 1.41 1.06 - 1.88 0.019 

 

ER: Emergency Room; GP: General Practitioner 
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Duration of antibiotic therapy was lower in the blood culture group 

Total duration of antibiotic therapy was significantly lower for the group of patients who 

received blood cultures at admission compared to patients without (9.8 days [95%CI:9.3-10.3] 

vs. 11.0 days [95%CI:10.4-11.6]; p=0.030). Total antibiotic consumption in DDDs did not 

differ significantly (18.01 [95% CI:16.68-19.34] vs. 20.46 [95% CI:18.89-22.03]; p=0.915). 

 

Costs were lower in the blood culture group 

Mean antibiotic costs were calculated for the two groups of patients. The group with blood 

cultures had significant lower mean costs than patients without blood cultures (€61.58 

[95%CI:€46.54 - €76.52] vs. €74.75 [95% CI:€53.55-€95.95]; p=0.002). Regarding LOS, the 

1441 patients with blood cultures spent 1.01 day shorter in the hospital. Multiplying these 

numbers with the Dutch reference bed price (€640) and adding the costs for the blood cultures 

and antibiotics gave a total cost for the blood culture group of €12,140,227.08 and for the 

group without blood cultures €14,018,237.40; a difference of €1,914,010.32 over five years (i.e. 

a difference of €382,802.06 per year). 

 

 

Table 10.4: Patient characteristics for the community hospital. 
 

 

With blood cultures Without blood cultures p-value 

Patients [n] 944 (57%) 720 (43%)  

Medical specialty   <0.001a 

     Surgery 325 (34%) 447 (62%)  

     Internal medicine 578 (61%) 209 (29%)  

     Other 41 (4%) 64 (9%)  
    

Median age [yrs] (IQ range) 71.0 (48.3-93.7) 68.0 (43.4-92.6) 0.019b 

Percentage males  51% 51% 0.927a 

    

Mean LOS [d] (95% CI) 8.7 (8.3-9.2) 8.9 (8.3-9.5) 0.700c 

     Surgery 8.3 (7.5-9.1) 7.9 (7.3-8.6) 0.516c 

     Internal medicine 8.7 (8.2-9.3) 10.3 (9.1-11.5) 0.006c 

     Other 12.9 (9.2-16.6) 11.5 (8.8-14.3) 0.568c 

a) chi-square test  
b) Mann-Whitney U test 
c) log-rank test 

 



Performing timely blood cultures in patients receiving IV antibiotics is correlated with a shorter length of stay | 138 

 

 

Effects within a community hospital showed similar trends, albeit with smaller effects  

In order to investigate effects in a different setting, data from 1664 patients from the 

community hospital during a four-year period (2010-2013) were evaluated similarly. 57% of 

patients had blood cultures drawn at admission, whereas 43% had not (Table 10.4). Although 

LOS was shorter for the group of patients with blood cultures, this difference was not 

statistically significant (p=0.700). Therefore, a regression model analysis was not performed. 

The sub-stratification for LOS per medical specialty (with blood cultures vs. without) showed 

similar trends as for the academic centre with the biggest positive differences in LOS for 

Internal Medicine (8.7 days vs. 10.3 days; p=0.006) compared to surgical and other disciplines 

(Table 10.4). Mortality data was unfortunately not available. 

 

Discussion 

This study evaluates, to the best of our knowledge as one of the first, effects of obtaining 

blood cultures for patients receiving multiple days IV antimicrobial therapy at hospital 

admission. A suspected infection is the most probable presumptive diagnosis in these patients. 

Analysis was performed retrospectively in an observational manner using a large cohort of 

patients. Blood for cultures were drawn in only 48% of patients who received antibiotics 

during admission, which is in accordance with other studies (Chia, et al., 2015; Collini, et al., 

2007; Reissig, et al., 2013). Length of stay (LOS) was one day shorter (-7%) for patients with 

blood cultures compared to those without (p=0.017). Within a multivariate Cox regression 

model, taking into account all known and available relevant confounders, the drawing of blood 

cultures was still a significant variable associated with a reduced LOS. Patients with timely 

blood cultures can be predicted to be discharged 1.11 times earlier than those without 

(p=0.011). A reduction in duration of antimicrobial therapy was also seen (-11%; p=0.030), 

however DDDs remained the same (p=0.915), suggesting that dosage increased for those 

patients. Especially interesting is the fact that clinical chemistry diagnostics correlated 

significantly with blood cultures, suggesting a bundle effect of diagnostics thereby supporting 

medical decision making. We could corroborate this by looking at the LOS of patients with 

blood cultures and CRP, leucocytes and eGFR (a bundle). These patients had significantly 

shorter LOS compared to those in whom only clinical chemistry diagnostics were performed, 

indicating that a bundle that included blood cultures was an important driver for reduced LOS. 

We hypothesize that physicians who obtained blood cultures on time, according to existing 

guidelines, are more likely to perform other relevant diagnostics also in a more appropriate 

manner, leading to a more adequate clinical management for the patients due to better 

diagnostics, therefore impacting LOS positively. Taking blood cultures on time might therefore 

also be an easy to measure indicator for correct diagnostics during admission of patients with a 

suspected infection. 
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Based on national and international guidelines regarding infections and antibiotic use, blood 

cultures should have been drawn for all of these the patients (Barlam, et al., 2016; de With, et 

al., 2016; Dellinger, et al., 2013; Habib, et al., 2015; Tunkel, et al., 2004; van den Bosch, et al., 

2015; Woodhead, et al., 2011). Thus, guidelines were presumably not properly followed for all 

patients. Although comparable to other studies, the reasons behind this needs further 

exploration to also adequately tackle this problem and improve compliance. The excess LOS 

for patients without blood cultures suggests that an improvement in quality and efficiency can 

be achieved, resulting in a better quality of care, which in turn leads to saved bed days. This is a 

possibility for hospitals to increase revenue. In our case this could lead to possible yearly 

benefits of nearly €200,000, already taking into account the extra costs of diagnostics. Costs for 

clinical chemistry were not considered due to the large number of diagnostic tests and variation 

between applied protocols, which might lead to an overestimation of financial benefits. 

However, looking at the average price of approximately €2 per test, the financial impact of 

these additional diagnostic tests would be rather small compared to the costs of excess LOS. 

Possible revenue could be even greater when fewer procedures are performed due to earlier 

diagnosis, making the return on investment of blood cultures even more prominent. This issue 

should be subject to further investigation in a proper (prospective) economic evaluation. 

 

This study is especially relevant for local and regional antimicrobial and/or diagnostic 

stewardship programs since these results can be used as indicators for possible interventions, 

stratified per ward, medical specialty, or type of antibiotic. The required contents of 

stewardship programs are often not precisely specified. Indeed, depending on type of hospital, 

antibiotic use, local/regional resistance levels, and other factors, different interventions for 

different settings are required (although microbiological diagnostics are always mentioned). 

Analyses such as the one performed here, are a relatively easy method for healthcare centres to 

evaluate local characteristics and tailor their stewardship program in collaboration with all 

clinical departments. The data shown here exemplifies that these programs should also focus 

on start of antimicrobial therapy ensuring that correct diagnostics are performed. A simple 

pop-up on the computer when ordering antibiotics, alerting the physician that (blood) cultures 

should be obtained prior to starting antimicrobial therapy, is an example of a relative easy and 

cheap way of doing so. In addition, electronic order entry could support syndrome-based 

diagnostic bundles via one-click orders. 

The analysis performed for the community hospital showed similar trends. However, no 

significant general effect on LOS between suspected infectious patients with and without 

blood cultures at admission were identified. Also in this setting, the largest effect of blood 

cultures on LOS was visible for Internal Medicine. A possible cause of the lower difference is 

that the average overall LOS at that hospital is already low in general (4.1 days compared to 8.7 

days at the academic centre). Thus, possible room for improvement overall is more limited. It 

appears that the minimum of LOS for the current conditions has already been achieved. Also 
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within the community hospital around 50% of the patients did not have any blood cultures 

taken on admission, making directed antibiotic therapy impossible. 

 

A limitation of this study, as in many studies on adequate antimicrobial therapy, is that 

indications for the prescription (i.e. the presumptive diagnosis) were unknown. This could lead 

to a bias in the inclusion, with more complex patients in one group compared to the other. 

However, the vast majority of the patients are tertiary referral (having an already high 

complexity) and furthermore, we observed similarities in mortality, treating specialty, wards, 

and clinical chemistry values. Although the latter did differ on a significance level between the 

two groups, clinical relevance due to the small differences in diagnostic values is disputable. All 

in all, we could not find any indicators suggesting a bias. It is impossible to rule this out 

completely. However, if there was such a bias, one would presume that group with blood 

cultures which has a higher age and higher inflammation parameters would have a tendency 

towards a longer LOS (which is also partly confirmed by the Cox regression). This clearly 

contrasts the results observed here, where the cohort with blood cultures has a shorter LOS, 

suggesting that the effect of blood cultures might even be dampened. Results from the cultures 

were not taken into account, because both positive and negative results are clinically relevant in 

the treatment of the patient. Also, both results could impact infection management and the 

different outcome measures. 

 

For certain indications the effects of correct (and timely) diagnostics according to protocol are 

well studied. For blood stream infections (BSIs) for example, positive blood cultures are a 

proven indicator (Dellinger, et al., 2013; Weinstein, et al., 1997). A review on community-

acquired pneumonia (CAP) showed that, following the guideline (which includes diagnostics), 

improved patient outcomes and cost-effectiveness (Nathwani, et al., 2001). Furthermore, 

patients with septic shock suffer increased mortality when standard protocols are not followed 

(Gao, et al., 2005). Using checklists can help to improve patient care (Wolff, et al., 2004). 

Dutch and international guidelines stipulate therefore that blood cultures should be drawn 

from patients when sepsis is suspected or when a patient is diagnosed with severe CAP. 

However, guidelines can differ for other indications and taking blood cultures for some 

patients (e.g. pyelonephritis) is under discussion (Coburn, et al., 2012; McMurray, et al., 1997). 

Furthermore, costs can be substantially higher due to the diagnostics performed extra and 

other additional charges (Bates, et al., 1991; McMurray, et al., 1997). Our data suggest that even 

for patients needing IV antibiotics in general, there is a clear beneficial impact on LOS from 

correct on-time diagnostics. 

 

Concluding, this study observed that patients receiving multiple days of IV antimicrobial 

therapy on admission in which timely blood cultures were drawn have a reduced LOS 
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compared to patients with antimicrobial therapy but without those cultures. This is most likely 

due to a bundle effect of both blood cultures and additional diagnostics. Blood cultures appear 

to be an essential part of the bundle. Having these diagnostics available during treatment can 

improve clinical management, makes it possible to better streamline therapy and therefore can 

lead to reduced LOS. Furthermore, we corroborated that for almost half of the patients, blood 

cultures were not performed. Considering the focus on optimal antimicrobial therapy to reduce 

risks of side effects and resistance development, this should be addressed by local diagnostic 

and antimicrobial stewardship programs. Correct diagnostics help guide therapy and contribute 

to optimized use of antimicrobials. Finally, blood cultures as part of a diagnostic bundle can 

have considerable financially benefits estimated almost €200,000 per year in this academic 

centre. This effect makes performing blood cultures a highly cost-efficient intervention and an 

interesting target to improve patient care, patient safety and hospital expenditures. 
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