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Calculation of the economic cost of a bloodstream infection 
 

As described in the main text, determining the economic cost of a bloodstream infection requires 

estimating the opportunity costs and variable costs associated with infection.[1] In this analysis, 

we do not consider the variable costs (e.g., medications and supplies) because they contribute 

less to the total economic cost than do the opportunity costs. In addition, the probabilistic 

sensitivity analysis accounts for the variability in the economic cost over a wide range.   

 

The follow steps were taken to estimate the opportunity cost of bloodstream infection. Based on 

a recent meta analysis, the average attributable excess hospital length of stay for bloodstream 

infections is 10.4 days.[2] Dividing by the average length of stay for all discharges in acute care 

hospitals in the United States yields the potential incremental case throughput. Multiplying this 

potential case throughput per infection prevented by the national average net revenue per 

equivalent discharge results in a point estimate of $19,617 (Table A). Using an economic 

interpretation, this represents the opportunity cost of lost revenue for a single infection. The 

results of the probabilistic analysis incorporating uncertainty in several of the parameters are 

displayed in Table 2. We then calculated the 5-year discounted cost of a bloodstream infection, 

which is the value used in the decision tree model described in the main text. 

 

Table A. Calculation of economic (opportunity) cost of a bloodstream infection 

 Value Calculation Uncertainty Source 

Average length of stay—all discharges 

(days) 
4.8 A 

 CDC—NHDS 

Excess total average length of stay 

attributable to bloodstream infection, i.e., 

the potential reduction in total length of 

stay per prevented infection (days) 

10.4 B 6.9 to 15.2 Zimlichman 

Potential incremental case throughput 2.17 C = B/A   

Median net revenue per equivalent 

discharge ($) 
9,054 D 

7,896 to 10,327 

(25
th

 and 75
th

 

percentile, 

respectively) 

Cleverley and 

Associates 

Potential incremental net revenue 

opportunity per prevented infection, i.e., 

economic opportunity cost per infection 

($) 

19,617 E = C x D   

 

Table B. Results of probabilistic 

analysis 

    

Mean 19,951    

Standard Deviation 5,978    

Abbreviations: CDC=Centers for Disease Control and Prevention, NHDS=National Hospital 

Discharge Survey 
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Approach for estimating an average per patient cost of the quality 

improvement programme 
 

Given that the Keystone ICU project is implemented at the ICU level—and its costs have been 

estimated at the intensive care unit level—but the decision tree model is implemented at a patient 

level, a per patient cost of the programme must be determined.  Ultimately, this depends on the 

cost of the programme to a hospital and the number of intensive care unit patients receiving 

central venous catheters in that hospital (patients who represent the population that stands to 

benefit from the bloodstream infection prevention effort).  It can be argued that all intensive care 

unit patients in a hospital stand to benefit (regardless of whether they receive a central venous 

catheter or not) because of the culture change components of the programme, but the approach 

used here is more conservative. 

 

We estimated a per patient cost of the programme by first deriving a national annual cohort of 

intensive care unit patients exposed to central venous catheters. To do this, we multiplied 4.85 

million estimated annual intensive care unit admissions in the US by an estimate of the 

proportion of patients admitted to an intensive care unit who receive a central venous catheter,[3] 

yielding 1.8 million patients who had catheters.  We then divided the estimate of 1.8 million 

patients by the number of hospitals that reported having adult intensive care units in the 

American Hospital Association Annual Survey of Hospitals.[4] This provided an average 

number of “exposed” patients per hospital (Table 3).  Finally, we divided total costs of the 

programme per hospital by the number of patients per hospital to yield an average cost for the 

programme per patient. 

 

Table C. Calculation of the average number of ICU patients with CVCs 

 Base case Low value
†
 High value

†
 

Number of annual ICU admissions in US 4,850,000* 4,000,000 5,700,000 

     X       % of ICU admissions receiving CVCs 38% 17% 48% 

= Number of ICU patients receiving CVCs 1,843,000   

    

Number of US hospitals with adult ICUs 4,355   

    

Average number of ICU patients with CVCs 

per hospital per year 

423   

*Midpoint between the lowest and highest values identified in the literature 
†
The low value and the high value were used in the probabilistic model to capture the uncertainty 

in the calculation.  

Abbreviation: ICU—intensive care unit, CVC—central venous catheter  

 

Based on this calculation there is an average of 423 intensive care unit patients with central 

venous catheters per hospital per year in the United States (the average does not distinguish 

between small hospitals or large hospitals).  Multiplying this by 5 to reflect the 5-year period 

used in this cost effectiveness analysis yields 2,115 patients. Diving this by the discounted cost 

of the quality improvement programme for a single hospital over 5 years ($990,340) results in a 

per patient cost of the programme of $468. For the main analysis presented in the paper, we 

implemented these calculations using Monte Carlo simulation to capture the uncertainty in the 
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base case parameter values. Doing so results in different estimates than the basic arithmetic used 

here. As such, we calculated that the mean per patient cost of the programme was $540 with a 

standard deviation of $120 and we applied a distribution that was lognormal based on normal 

mean. 

 

This approach has several limitations. First, deriving a patient cost estimate of the programme 

was limited by a lack of appropriate individual-based national data on central line utilisation 

among intensive care unit patients.  We consulted experts to inquire about less apparent sources 

of data to aid in the estimation of this parameter but consensus emerged that we would need to 

make several assumptions to derive this estimate.  These assumptions were based on published 

data in the critical care literature and reputable national surveys.[4 5] To address the uncertainty 

in our estimate we tested a large standard deviation for the parameter in the probabilistic 

sensitivity analysis. The estimate is intended to reflect an average.  It is likely that hospitals with 

more intensive care unit beds benefit from economies of scale when implementing the 

programme, providing a lower programme cost per patient.   
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Table D. Results from sensitivity analyses  

 Incremental cost effectiveness ratio  

Model Mean Median 
2.5th 

Percentile 

97.5th 

Percentile 

Prob.  

Negative 

Prob.  

Positive 

Sensitivity Analyses       

     Bloodstream infections discounted -3,866 -5,442 -20,912 10,921 0.79 0.21 

     Deaths discounted -38,191 -36,784 -220,378 92,979 0.79 0.21 

     0% discounting of costs, infections prevented -5,019 -5,578 -21,467 10,923 0.79 0.21 

     0% discounting of costs, deaths prevented -40,289 -36,855 -216,212 93,041 0.79 0.21 

     5% discounting of costs, infections prevented* -4,503 -4,821 -19,512 10,268 0.78 0.22 

     5% discounting of costs, deaths prevented* -32,925 -32,605 -196,368 80,484 0.79 0.21 

*The average of the 5-year stream of discounted costs was used. 
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