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Errors are likely to occur in all complex systems.  
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Consolidada la vigilancia 

 

Reducción de las tasas pendiente 





Mean from 7,7 epis/1.000 CVC days 

to 1,4 after 18 months (p<0,002).  
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Bacteriemia zero 

PROTOCOLO PREVENCIÓN DE LAS BACTERIEMIAS 

RELACIONADAS CON CATÉTERES VENOSOS 

CENTRALES (BRC) EN LAS UCI ESPAÑOLAS 



GENERAL FRAMEWORK 

WHO 
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Bacteriemia zero 

 

• The WHO and the Spanish Ministry of Health provided 

supervision and program coordination across the Health 

Regions and secured funding from the SMH.  

 

• The Armstrong Institute (Baltimore) provided technical 

support and advice. 

 

• The Spanish Society led and coordinated scientific 

activities and technical aspects in the ICUs.  



OBJECTIVES 

• Reduce ICU CLABSI (< 4 episodes per 1000 CL days) 

 

 

• Create through the HR an ICU network to apply 

effective Safe Practices  
 

 

• Promote Safety Culture in the Spanish ICU 
 

 

• Improve CLABSI information system 

 



 

• The original Keystone ICU project was adapted to 
fit the organizational and cultural characteristics of 
the Spanish health care system.  

 

• The model to engage, educate, execute, and 
evaluate was unchanged and a key element of the 
study implementation  

Bacteriemia zero 



Bacteriemia zero 

Comprehensive Safety Plan  

1. Evaluate safety culture 

2. Education on safety culture 

3. Identify defects in clinical practice 

4. Establish alliances with Executive Board 

5. Learn from defects 

STOP-BRC 

a. Hand hygiene.  

b. Chlorhexidine skin antisepsis. 

c. Maximal barriers precautions 

d. Prefered site selection: subclavian vein. 

e. Removal of unnecessary lines 

f.  Hygienic caheter managment  



 

• A preparation phase (eg, activity planning, engagement of ICUs) with 
baseline data collection occurred from April to December 2008.  

 

• An implementation phase was defined for the first 3 months of the study 
(beginning in January 2009), and the post-intervention phase that ended 
June 2010.  

 

• A coordinating team including an ICU physician and a nurse was 
established for each Health Region with the responsibility to coordinate 
and interact with hospital authorities and participating ICUs in their 
region.  

 

• A physician and a nurse in each participating ICU shared the leadership 
of the study.  

 

• An electronic discussion platform and direct and timely access to ICU 
results were provided  

 

• Nine meetings were held during the project with ICU leaders to facilitate 
engagement, training, problem-solving, and feedback.  

  

 

 



 

 Study Hypothesis, Exposure and Outcomes   

 
• It was hypothesized that proper contextual adaptation and 

large scale implementation in Spanish ICUs of the Keystone 
project would be effective in decreasing CRBSI rates. 

 

• The primary outcome was the quarterly rate of CRBSI.  

• The secondary outcome was to assess the influence of ICU 
and hospital characteristics on rates of CRBSI.  

 

• We defined exposure as the post-implementation period 
after full implementation of the study intervention, which 
involved six temporal variables, and compared these values 
with the baseline value.   

 

 

 



Definitions 

BSI 
A positive BC with recognized pathogen or two BCs with skin contaminant including clinical 

symptoms 

CRBSI 

BSI with origin “Catheter” (BSI-C) + BSI with origin “Unknown” (BSI-U) 

BSI-C 

Isolated of the same microorganism (species and identical antibiotic susceptibility 

testing) in the BC from a peripheral vein and 

a A quantitative CVC tip culture ≥ 103 cfu/mL or semiquantitative CVC tip           

culture > 15 cfu 

b A quantitative blood culture ratio CVC blood sample/ peripheral blood sample > 5 

c Differential delay of positivity of blood cultures: CVC blood sample culture 

positive 2 hour or less before peripherals blood culture (blood sample drawn at the 

same time) 

d Positive culture with the same microorganism from pus from insertion site 

BSI-U 

BSI without apparent focus of infection 

aPositive BC, negative CVC tip culture and disappearance of symptoms within 48 

hour after removal of the venous line 

bPositive BC without identification of the responsible focus 

BSI-S 

BSI secondary to other infection site. BC positive for the same pathogen isolated from 

samples from secondary sites (wound site, urine, respiratory tract, other sterile site, and 

other nonsterile site) 



 

Statistical Analysis 

 
• The number of CRBSI, catheter-days, and incidence rates were 

expressed as medians and interquartile ranges (25th-75th percentile). 

•  Monthly data were aggregated into 3-month periods (quarters) to 

coincide with the implementation periods. The quarterly infection rate 

was calculated as the number of infections per 1000 catheter-days for 

each 3-month period.  

• To explore the exposure-outcome relationship, we used generalized 

linear mixed regression models with a Poisson distribution to 

calculate the incidence rates, incidence rate ratio (IRR), and 95% 

confidence intervals (CI), considering the ICU unit as random and the 

other factors as fixed effects.  

• In the final regression analysis, period estimates were adjusted by 

hospital size, teaching status, and seasonality. All tests of 

significance were two-sided and set at P < 0.05. We used SAS version 

9.2 software for the analyse (Cary, NC). 



Online training course 

Health care professionals: 14,879  

• Physicians 1,616 

• Registered nurses: , 8,598 ,  

• Clinical assistants: 4,331 

• Other professionals: 334   

 

Hospital survey on patient safety culture questionnaire: 

6,629 professionals 



  

  

Period 

Post 

 implementation  

(4-18 months) Baseline 
Implementation   

(0-3 months) 

4-6  

months 

7-9  

months 

10-12 

 months 

13-15  

months 

16-18 

 months 

ICUs, No.a 106 
192 192 181 162 147 100 192 

ICU admissions, No. 14970 
26160 26165 24097 21777 19631 10975 102645 

Patient-days, total No. 95000 
164204 160983 154916 140797 118870 65678 641244 

Catheter-days, total No. 78092 128060 125834 117526 112719 93234 51983 
501296 

BSI, total No. 467 610 732 591 576 384 245 
2528 

CRBSI, total No. 334 379 454 336 308 191 110 
1399 

BSI-C, total No. 148 153 194 144 139 102 52 
631 

BSI-U, total No. 186 226 260 192 169 89 58 
768 

BSI-S, total No. 133 231 278 255 268 193 135 
1129 

Patients with BSI (%) 413 (2.76) 555 (2.12) 668 (2.55) 550 (2.28) 524 (2.41) 364 (1.85) 225 (2.05) 

 

2331 (2.27) 

Patients with CRBSI (%) 292 (1.95) 345 (1.32) 416 (1.59) 313 (1.30) 283 (1.30) 183 (0.93) 106 (0.97) 

 

1279 (1.25) 

Patients with >1 CRBSI 36 (12.3%) 29 (8.41) 33 (7.93) 20 (6.39) 21 (7.42 ) 6 (3.28 ) 4 (3.77 ) 103 (8.05 ) 
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SIZE AND TYPE OF ICUs 

73; 39%

83; 44%

33; 17%

Large Medium Small

14; 7%

178; 93%

Private Public

93; 49%

98; 51%

Teaching Non-teaching
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1.279 



Patients with BSI and CRBSI (%) 
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Patients with >1 CRBSI 

 



 

Incidence of Catheter-Related Bloodstream Infection 

Period ICUs 

Events Catheter-days Incidence ratea 

No.  Median (IQR)b No.  Median (IQR) . Median (IQR) 

Baseline 

106 334 2 (0-5) 78092 582 ( 308 - 1022) 3.07 (0.00 - 5.35) 

Implementation (0-3 months)  

 

192 379 1 (0 -  3) 128060 529 ( 280 -  930) 

 

2.08 (0.00 - 3.71) 

4-6 months  

 

192 454 1 (0 -  3) 125834 492 ( 282 -  903) 

 

 

2.50 (0.00 - 4.71) 

7-9 months  

 

181 336 1 (0 -  3) 117526 514 ( 277 -  894) 

 

 

2.06 (0.00 - 4.07) 

10-12 months  

 

162 308 1 (0 -  3) 112719  519 ( 323 -  961) 

 

 

2.10 (0.00 - 3.80) 

13-15 months  

 

147 191 1 (0 -  2) 93234 473 ( 253 -  876) 

 

 

0.86 (0.00 - 2.58) 

16-18 months  

 

100 110 1 (0 -  2) 51983 370 ( 222 -  702) 

 

 

1.12 (0.00 - 3.24) 



CRBSI: Incidence rate (Median)  
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Variable Effect 

Univariate Analysisa Adjusted Multivariate Analysisb 

 Incidencec 

Estimate (95%CI)  

Incidence-Rate Ratio 

Estimate (95%CI)     

Incidencec 

Estimate (95%CI) 

Incidence-Rate Ratio: 

Estimate (95%CI)    

Period 

Baseline 4.27 ( 3.75 - 4.86) Ref.      (P < 0.001) 3.64 ( 3.04 - 4.35) Ref.     (P < 0.001) 

Implementation 

(0-3 months) 
3.00 ( 2.64 - 3.39) 0.70 ( 0.60 - 0.82) 2.83 ( 2.38 - 3.37) 0.78 ( 0.66 - 0.92) 

4-6 months 3.66 ( 3.26 - 4.10) 0.86 ( 0.74 - 1.00)  3.31 ( 2.81 - 3.89) 0.91 ( 0.78 - 1.07) 

7-9 months 2.92 ( 2.56 - 3.33) 0.68 ( 0.58 - 0.80)  2.87 ( 2.40 - 3.45) 0.79 ( 0.66 - 0.95) 

10-12 months 2.79 ( 2.43 - 3.20) 0.65 ( 0.55 - 0.77)  2.74 ( 2.28 - 3.30) 0.75 ( 0.63 - 0.91) 

13-15 months 2.06 ( 1.74 - 2.45) 0.48 ( 0.40 - 0.59)  1.94 ( 1.57 - 2.39) 0.53 ( 0.43 - 0.65) 

16-18 months 2.19 ( 1.77 - 2.71) 0.51 ( 0.41 - 0.65) 1.80 ( 1.40 - 2.32) 0.50 ( 0.39 - 0.63)  

Hospital size 

>500 beds 3.31 ( 2.99 - 3.67) Ref.     (P = 0.026) 2.94 ( 2.58 - 3.34) Ref.     (P = 0.383) 

200-500 beds 2.69 ( 2.33 - 3.12) 0.81 ( 0.68 - 0.97)  2.61 ( 2.26 - 3.01) 0.89 ( 0.74 - 1.07)  

<200 beds 2.28 ( 1.53 - 3.40) 0.69 ( 0.45 - 1.04)  2.45 ( 1.65 - 3.63) 0.83 ( 0.55 - 1.27) 

University Unit 

  

Yes 3.37 ( 3.07 - 3.69) Ref.      (P < 0.001) 3.06 ( 2.58 - 3.64) Ref.      (P = 0.006) 

No 2.33 ( 1.99 - 2.74) 0.69 ( 0.58 - 0.83)  2.31 ( 1.93 - 2.76) 0.75 ( 0.62 - 0.92)  

Seasonality 
May-June 3.58 ( 3.24 - 3.96) Ref.      (P < 0.001)  2.97 ( 2.53 - 3.48) Ref.      (P < 0.001) 

Other 2.82 ( 2.57 - 3.09) 0.79 ( 0.71 - 0.87)  2.38 ( 2.05 - 2.77) 0.80 ( 0.71 - 0.90) 

Hospital type 

  

Public 3.08 ( 2.83 - 3.35) Ref.      (P = 0.176)     

Private 2.28 ( 1.48 - 3.50) 0.74 ( 0.48 - 1.15)      

Study follow-

up 

  

  

  

  

5-6 months 4.54 ( 3.25 - 6.34) Ref.     (P = 0.190)     

7-9 months 3.16 ( 2.27 - 4.40) 0.70 ( 0.43 - 1.11)     

10-12 months 2.80 ( 2.09 - 3.77) 0.62 ( 0.40 - 0.96)      

13-15 months 2.94 ( 2.46 - 3.52) 0.65 ( 0.44 - 0.94)     

16-18 months 2.99 ( 2.69 - 3.34) 0.66 ( 0.46 - 0.94)      



Variable Effect 

Univariate Analysisa Adjusted Multivariate Analysisb 

 Incidencec 

Estimate (95%CI)  

Incidence-Rate 

Ratio 

Estimate (95%CI)     

Incidencec 

Estimate (95%CI) 

Incidence-Rate 

Ratio: 

Estimate (95%CI)    

Period 

Baseline 
4.27 ( 3.75 - 4.86) Ref.      (P < 0.001) 

3.64 ( 3.04 - 4.35) Ref.     (P < 0.001) 

Implementa

tion (0-3 

months) 

3.00 ( 2.64 - 3.39) 0.70 ( 0.60 - 0.82) 2.83 ( 2.38 - 3.37) 0.78 ( 0.66 - 0.92) 

4-6 months 
3.66 ( 3.26 - 4.10) 0.86 ( 0.74 - 1.00)  

3.31 ( 2.81 - 3.89) 0.91 ( 0.78 - 1.07) 

7-9 months 
2.92 ( 2.56 - 3.33) 0.68 ( 0.58 - 0.80)  

2.87 ( 2.40 - 3.45) 0.79 ( 0.66 - 0.95) 

10-12 

months 
2.79 ( 2.43 - 3.20) 0.65 ( 0.55 - 0.77)  

2.74 ( 2.28 - 3.30) 0.75 ( 0.63 - 0.91) 

13-15 

months 
2.06 ( 1.74 - 2.45) 0.48 ( 0.40 - 0.59)  

1.94 ( 1.57 - 2.39) 0.53 ( 0.43 - 0.65) 

16-18 

months 
2.19 ( 1.77 - 2.71) 0.51 ( 0.41 - 0.65) 

1.80 ( 1.40 - 2.32) 0.50 ( 0.39 - 0.63)  



Variable Effect 

Univariate Analysisa Adjusted Multivariate Analysisb 

 Incidencec 

Estimate 

(95%CI)  

Incidence-Rate Ratio 

Estimate (95%CI)     

Incidencec 

Estimate (95%CI) 

Incidence-Rate Ratio: 

Estimate (95%CI)    

Period 

Baseline 4.27 ( 3.75 - 4.86) Ref.      (P < 0.001) 3.64 ( 3.04 - 4.35) Ref.     (P < 0.001) 

Implementation 

(0-3 months) 3.00 ( 2.64 - 3.39) 0.70 ( 0.60 - 0.82) 2.83 ( 2.38 - 3.37) 0.78 ( 0.66 - 0.92) 

4-6 months 3.66 ( 3.26 - 4.10) 0.86 ( 0.74 - 1.00)  3.31 ( 2.81 - 3.89) 0.91 ( 0.78 - 1.07) 

7-9 months 2.92 ( 2.56 - 3.33) 0.68 ( 0.58 - 0.80)  2.87 ( 2.40 - 3.45) 0.79 ( 0.66 - 0.95) 

10-12 months 2.79 ( 2.43 - 3.20) 0.65 ( 0.55 - 0.77)  2.74 ( 2.28 - 3.30) 0.75 ( 0.63 - 0.91) 

13-15 months 2.06 ( 1.74 - 2.45) 0.48 ( 0.40 - 0.59)  1.94 ( 1.57 - 2.39) 0.53 ( 0.43 - 0.65) 

16-18 months 2.19 ( 1.77 - 2.71) 0.51 ( 0.41 - 0.65) 1.80 ( 1.40 - 2.32) 0.50 ( 0.39 - 0.63)  

Hospital size 

>500 beds 3.31 ( 2.99 - 3.67) Ref.     (P = 0.026) 2.94 ( 2.58 - 3.34) Ref.     (P = 0.383) 

200-500 beds 2.69 ( 2.33 - 3.12) 0.81 ( 0.68 - 0.97)  2.61 ( 2.26 - 3.01) 0.89 ( 0.74 - 1.07)  

<200 beds 2.28 ( 1.53 - 3.40) 0.69 ( 0.45 - 1.04)  2.45 ( 1.65 - 3.63) 0.83 ( 0.55 - 1.27) 

University 

Unit 

  

Yes 3.37 ( 3.07 - 3.69) Ref.      (P < 0.001) 3.06 ( 2.58 - 3.64) Ref.      (P = 0.006) 

No 2.33 ( 1.99 - 2.74) 0.69 ( 0.58 - 0.83)  2.31 ( 1.93 - 2.76) 0.75 ( 0.62 - 0.92)  

Seasonality 

May-June 3.58 ( 3.24 - 3.96) Ref.      (P < 0.001)  2.97 ( 2.53 - 3.48) Ref.      (P < 0.001) 

Other 2.82 ( 2.57 - 3.09) 0.79 ( 0.71 - 0.87)  2.38 ( 2.05 - 2.77) 0.80 ( 0.71 - 0.90) 
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BSI-Secondary to other Infection Sites  
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Distribution of BSI-S in relation to the infection site 
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Etiologies of CRBSI and BSI-S  
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Etiologies of CRBSI and BSI-S  
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IMPACT 

 Upon extrapolating the study results to the baseline rates, 
approximately 742 CRBSI were prevented with the Bacteremia Zero 
intervention.  

 With an attributable mortality of 9% and a prolonged ICU stay of 
12 days per bacteraemia (1), with an average cost of 3,103 €/ ICU 
day (2),  this decrease saved  

 -66 lives,  

 -8,904 ICU days 

 -27,629,112€ 

 (1) Olaechea PM, Álvarez-Lerma F, Palomar M, et al “Mortality attributable to 
primary and catheter-related nosocomial bacteremia. A case control study”.. 
Intensive  Care Med 2009: pp: S1-269  

 (2) Ministerio de Sanidad, Política Social e Igualdad [Internet]. Madrid: Estadística 
de Establecimientos Sanitarios con Régimen de Internado. Indicadores Hospitalarios. 
Evolución 2000-2008; .[cited 2011 Jul 4].   

 

 MSPSI Costs:  2,340.000 euros  

 



CONCLUSIONS 

• Results of the Bacteremia Zero project confirmed 

the effectiveness of the intervention to reduce 

significantly CRBSI in large scale implementation 

in Spanish ICUs.  

 

• It suggests that the original intervention pioneered 

in Michigan can be also effective in relatively 

different health care systems with varying levels of 

organizational structure and safety culture.  
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With adequate lidership, attention  

and resources, improvements can be made 

  

TO ERR IS HUMAN: 
BUILDING A SAFER HEALTH SYSTEM 


