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Object ives

 Ident ify and interpret various measures used to 
analyze Device Associated (DA) data

 Understand and interpret comparisons to nat ional risk-
adjusted Device Associated data

 Integrate analysis output opt ions into monthly 
protocols to review data



Analyze, Interpret, Integrate

 Analysis tools within NHSN 
 Help ensure accuracy. Do your local data interpretations 

match with those in the application?
 Help facilitate internal validation activities when integrated 

into daily, weekly or monthly processes

 Interpret
 Data entered into NHSN may be analyzed by: CDC, CMS, your 

state health department, your corporation, special study 
groups, etc. , to help improve analytical methods

 Direct prioritization efforts and success of prevention 
activities when integrated into local protocols.



Analyze, Interpret, Integrate

 Integrate
 Integrate analysis review into monthly protocols for collecting 

data
• Quality Control (ex: numerator data) 

 Use monthly data monitoring to review impact of prevention 
activities, need for additional prevention efforts, and/or quality of 
data reporting

• CMS Reports
• TAP Reports



Case Studies

 You’ve volunteered to do analysis for VAE and CAUTI!
 You’re eager to see what the new data says about your hospital’s 

VAE prevention efforts.
 For CAUTI, you’ve developed a monthly protocol for keeping an 

eye on your facility’s CAUTI data. 



Analyzing VAE Data

 New 2016 Nat ional Pooled Means  for VAE
 Analyze the VAE data using the analysis output opt ions 

now available in NHSN.
 Explain the values obtained in the analysis output rate tables
 Compare each location’s rates and device utilization ratios to the 

national data.



Device-Associated Analysis Output Options

 Device-associated (DA) rates are calculated as 
Incidence Density Rates (IDRs)

 What is an “ Incidence Density Rate”? 

 Numerator = # of new cases during a period of time

 Denominator = person-time during that same period of time (i.e., 
the population at risk)

 Uses a multiplier for interpretation

 Also referred to as “IDR”



Incidence Density Rates for VAE

 Device Days is a  count of the number of days in which 
pat ients had a specific device in place during a t ime 
period. 
 Ventilator days (required)
 APRV days (required)

 This count can be determined electronically or 
manually by a daily count (or weekly sampling for DA 
events other than VAE).

 EMV is total of the number of episodes occurring 
during a month
 Optionally reported
 Episodes of mechanical ventilation (EMV) introduced as a new 

denominator in 2015



Q1: What measure of person-t ime is used in the 
calculat ion of device-associated rates in NHSN?

A. Episodes of Mechanical Ventilation

B. Patient Days

C. Device Days

D. Device insertions

E. A and C



Question #1
Incidence Density Rates

What measure of person-t ime is used in the calculat ion of 
device-associated rates in NHSN?
Device days

WHY? 
DA rates are calculated based on person-time for those at risk 
of infection for that HAI type.

Example: 
# of VAE in ICU for the year
------------------------------------------------------------------------ x 1000
# of pat ients in ICU on a ventilator for the year



VAE Data Locat ion Rates

 Like the other DA event types, NHSN provides VAE rates 
and Vent ilator Ut ilizat ion rat ios, by locat ions

 Current ly,  All VAE rates are within one output opt ion 
per denominator (VAE or EMV)



Producing VAE Rates

 VAE Rates (or SIRs for other DA event types) are 
generated by a default  t ime period, but this can be 
changed at any t ime. 

 The “Group By” opt ion on the modificat ion screen 
allows you to specify how rates will be calculated, by 
t ime period.

 Can be calculated per month, quarter, half-year, year, or 
other cumulat ive t ime period…for each locat ion

 NHSN does NOT provide an “overall rate” that combines 
locat ions.

Quick Reference Guide for Fiscal Year/Cumulative Rates and SIRs: 
http://www.cdc.gov/nhsn/PS-Analysis-resources/PDF/FAQ-Fiscal-Year.pdf



VAE Rate Table

Hospital Data Hospital Data
NHSN published data and comparisons



Q2: What is the VAE rate for the ICU unit  for June 
2015?

A. 6.289%

B. 6.289 per 1,000 patient days

C. 6.289 per 1,000 ventilator 
days

D. 6.289 per 100 patient days



NHSN Pooled Mean
 The NHSN VAE Pooled Means are pending publicat ion

 Hospitals can obtain the pooled means for VAE from 
within the applicat ion for the locat ions reported

(3,717/711,915) * 1,000 = 5.22

 The NHSN pooled mean is not an “average”, but rather a 
weighted mean that pools the data within that strata.



About the Pooled Mean…

 Why are some pooled means strat ified further than 
locat ion? 

 We compare pooled 
means and 
distribut ions in 
different strata, look for 
stat ist ically significant 
differences

 More weight of decision 
given to results of 
percentile distribut ions 
as these are not subject 
to potent ial weight ing 
influences



P-values and DA Rates
 The p-value is included in the DA rates output in NHSN.
 What is being compared? 

 Your facility’s rate, by location, to the NHSN pooled mean for that 
same location type

 Is 
1
159

different than 
3,717
711,915

? 



Why P-values?

 Helps determine rarity…how rare is this outcome that 
it  could not have happened by chance alone?

 If the p-value is very small (less than 1 in 20 or 5% or 
0.05; hence p<0.05):
 Conclude that our VAE rate is “significantly different” than the 

NHSN pooled mean
 OTHERWISE (i.e., if p>0.05) conclude that our VAE rate is no 

different than the NHSN pooled mean

 NOTE: p<0.05 is a convenient cut-point that is widely 
accepted



P-values
 Understanding P-value

 If the null hypothesis is true (no significant difference) what is the 
probability that we would get the results received?

 If we assume the null hypothesis, the mean of our sample 
distribution will be the same as our pooled mean

• The P value tells us that if the null hypothesis were true, there would 
be a less than 0.05 chance that we received the value that we did

• P < 0.05,  we can assume that the alternative hypothesis is true and we 
can reject the null hypothesis. 

Locat ion Summary 
YM

VAE
Count

Vent ilator
Days

VAE 
Rate

NHSN VAE 
Pooled 
Mean

Incidence
Density  
p-value

Incidence 
Density 

Percent ile

ICU 2015M06 1 159 6.289 5.2 0.7662 66



Q3: Based on the data in this table, is our VAE rate for June 
2015 significant ly different from the NHSN pooled mean?

Locat ion Summary 
Year/Month

VAE
Count

Vent ilator
Days

VAE 
Rate

NHSN VAE 
Pooled 
Mean

Incidence
Density  
p-value

Incidence 
Density 
Percent ile

ICU 2015M06 1 159 6.289 5.2 0.7662 66
ICU 2015M07 0 110 0.000 5.2 0.5631 10
ICU 2015M08 0 135 0.000 5.2 0.4942 10

A. No, based on the p-value

B. Yes, based on the p-value

C. Yes, based on pooled 
mean



Percent iles
 Within NHSN output opt ions, we provide an exact

percent ile of where your rate falls on the published 
distribut ion.

 Percent ile provides a value at which a percent of the 
distribut ion falls at  or below.

 CDC publishes percent iles at specified intervals.



Device Utilizat ion Ratios

 Device ut ilizat ion (DU) rat ios help assess the 
proport ion of days in which pat ients were at risk for the 
DA infect ion

 Calculated as: 
# 𝒐𝒐𝒐𝒐 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅
# 𝒐𝒐𝒐𝒐 𝒑𝒑𝒅𝒅𝒑𝒑𝒅𝒅𝒅𝒅𝒑𝒑𝒑𝒑 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅



VAE Device Utilizat ion Ratios
 Similar to DA rates, your locat ion’s DU rat io (vent ilat ion 

ut ilizat ion) is compared to the NHSN pooled mean
Location VAE 

Count
Ventilator 

Days
VAE
Rate

NHSN 
VAE

Pooled 
Mean

Incidence 
Density
p-value

Incidence 
Density

Percentile

Patient 
Days

Vent
Util Ratio

NHSN
VAE DU
Pooled 
Mean

Proport ion
p-value

Proport ion
Percentile

ICU 1 159 6.289 5.2 0.7662 66 399 0.398 0.32 0.032 68



VAE Rate
Example Interpretat ion

 During the 6th month of 2015, there was 1 VAE reported with 
159 ventilator days in the ICU.

 This yields a rate of 6.289 VAEs per 1,000 ventilator  days.

 Based on stat ist ical evidence, our rate is not significant ly 
higher than the NHSN pooled mean of 5.2.

 However, this ICU’s rate is at the 66th percentile among all 
ICUs contribut ing to the NHSN pooled mean.

Location VAE 
Count

Ventilator 
Days

VAE
Rate

NHSN 
VAE

Pooled 
Mean

Incidence 
Density
p-value

Incidence 
Density

Percentile

Patient 
Days

Vent
Util Ratio

NHSN
VAE DU
Pooled 
Mean

Proport ion
p-value

Proport ion
Percentile

ICU 1 159 6.289 5.2 0.7662 66 399 0.398 0.32 0.032 68



VAE Rate
Example Interpretat ion

 During this same t ime period, there were 399 pat ient days 
reported in the ICU.

 Dividing the number of  vent ilator days by the number of pat ient 
days, the DU rat io for the ICU is 0.398.

 Using an ICU is stat ist ically significant ly higher than the NHSN 
pooled mean.

 Further, this ICU’s DU rat io is at the 68th percentile among all ICUs 
contribut ing to the aggregate data, indicat ing that 68% had a DU 
rat io at or lower than our ICU’s DU rat io.

Location VAE 
Count

Ventilator 
Days

VAE
Rate

NHSN 
VAE

Pooled 
Mean

Incidence 
Density
p-value

Incidence 
Density

Percentile

Patient 
Days

Vent
Util Ratio

NHSN
VAE DU
Pooled 
Mean

Proport ion
p-value

Proport ion
Percentile

ICU 1 159 6.289 5.2 0.7662 66 399 0.398 0.32 0.032 68



CAUTI DATA
Analysis Case Study



Analyzing CAUTI data

 4th Quarter  data entry for all HAI data has been 
completed. 

 Monthly and Quarterly task include

 Ensuring that data has been entered in accordance to reporting 
guidelines

 Providing an overall metric representing your hospital’s CAUTI 
experience (i.e., the SIR)

 Integrating data analysis results into prevention efforts.



Q4: True or False:  NHSN doesn’t  provide 
guidance on how to carry out monthly data 

analysis checks.

A. True

B. False



Question #4: Monthly Data Analysis Checks

 Use the NHSN Monthly Checklist  for Report ing to CMS 
Hospital IQR



Review: Analysis Output Options

 Output Opt ions are organized 
into folders for each event 
type
 Event folders can be expanded to 

show the various available output 
options



Expected # of HAIs
CLABSI & CAUTI

 For CLABSI and CAUTI SIRs, the expected # is calculated for 
each individual locat ion as: 

# device days *(NHSN pooled mean/1000)
Where the pooled mean originates from a defined baseline 
report.

 CAUTI Baseline: 
 Acute care hospitals: 2009 data (published in 2011)
 LTACHs and IRFs: 2013 data (published in 2015)

 CLABSI Baseline: 
 Acute care hospitals: 2006-2008 data (published in 2009)
 LTACHs: 2013 data (published in 2015)

 Baseline data have remained consistent due in part to 
alignment with the HHS Action Plan to Prevent HAIs. 



Standardized Infect ion Ratio

 What is the standardized infect ion rat io? 
 Standardized Infection Ratio, SIR, is a summary measure used to 

compare the HAI experience among one or more groups of 
patients to that of a standard population’s (e.g. NHSN)

 Used in public reporting by CDC (at state and national levels) and 
CMS (at facility level on Hospital Compare)

 SIRs are current ly available for: 
 CLABSI
 CAUTI
 SSI
 FacWideIn MRSA Bacteremia and CDI LabID 



Standardized Infect ion Ratio

 SIR interpretat ion:
 1 = same number of infections reported as would be predicted 

given the US baseline data
 Greater than 1= more infections reported than what would be 

predicted given the US baseline data
• SIR of 1.25 = 25% more infections than expected

 Less than 1 = fewer infections reported than what would be 
predicted given the US baseline data

• SIR of 0.50 = 50% fewer infections than expected

Observed # of HAIs
SIR =  ------------------------------------

Expected # of HAIs



Example: Expected # of CAUTIs

 2009 NHSN Data Summary for DA Module

 Pooled mean of “4.4” is read as 4.4 CAUTIs per 1,000 
urinary catheter days

 This is what is used as the baseline for the CAUTI SIR –
we predict  that for every 1,000 catheter days, we will 
see 4.4 infect ions (if things are the same as they were in 
2009



Q5: How would you interpret the Overall 
CAUTI SIR? 

Locat ion Summary 
YR/Qtr

Events Number 
Expected

Urinary 
Catheter Days

SIR SIR
p-value

95% Confidence
Interval

ICU 2015Q3 10 7.167 3283 1.395 0.2976 0.709, 2.487

A. Our hospital’s CAUTI rate is nearly 40% higher than 
the national rate.

B. Our hospital identified 40% more CAUTIs than 
predicted.

C. Our hospital identified significantly more CAUTIs 
than predicted. 

D. Our hospital’s CAUTI rate is lower than the national 
rate.



P-values and the SIR

 The p-value is included in the SIR output opt ions in 
NHSN.

 What is being compared? 
 The SIR is being compared to 1

 Why “1”? 
 1 represents the number of observed infections = the number of 

expected infections



95% Confidence Interval

 NHSN produces a p-value and 95% confidence interval with 
each SIR – both can be used to assess significance of the SIR

 A 95% CI is an interval for which we have a high degree of 
confidence that it  contains the true SIR
 The upper and lower limits are used to determine the significance and 

accuracy (or precision) of the SIR

 Allows you to assess variability of an est imated SIR

 If the confidence interval includes the value of 1, then the 
SIR is not significant
 i.e., if the low er bound is ≤ 1 and the upper bound is ≥ 1, then the SIR is not 

significant. 



General CAUTI SIR Interpretat ion

 During the 3rd quarter of 2015, we identified 10 CAUTIs in 
3,283 urinary catheter days in all ICUs and wards.

 Based on the nat ional baseline data, 7.167 CAUTIs were 
predicted. 

 The SIR of 1.395 indicates that we identified nearly 40% more 
CAUTIs than what was predicted.

 Based on stat ist ical evidence, we can conclude that our CAUTI 
SIR for Q3 is not different than 1. (i.e., the number of observed 
CAUTIs is not significant ly higher than the number predicted.)

Locat ion Summary 
YR/Qtr

Events Number 
Expected

Urinary 
Catheter Days

SIR SIR
p-value

95% Confidence
Interval

ICU 2015Q3 10 7.167 3283 1.395 0.2976 0.709, 2.487



Integrat ing Analysis into Targeted Prevent ion

 Cumulat ive Attributable Difference (CAD) is a measure 
that shows difference between the number of observed 
infect ions and ‘predicted infect ions mult iplied  by a SIR 
goal’ in a defined period

 CAD Interpretat ion:
 Values range from  –α to + α
 Positive CAD = additional burden of infections than what would be 

predicted with regard to a SIR goal (“excess” infections)
 Negative CAD = fewer infections than what would be predicted

CAD = Observed  no. of HAIs  – (Predicted  no. of HAIs x SIR goal1)

1 SIR goal  represents ‘HAI reduction goal



CAD and the HAI Reduct ion Goal
CAD = Observed – ( Predicted  x  SIR goal)

SIR goal  represents ‘HAI reduct ion goal‘
 e.g.   HHS 25% reduction goal for CAUTI  SIR=0.75

* number of infections in 2014 that must be prevented to reach a HAI reduction goal.



SIR goal Sett ing using TAP Reports

 SIR goal (called the 
CAD Mult iplier in 
NHSN)

Default  NHSN goals are 
based on HHS 5- year 
HAI Reduct ion targets

 CAUTI SIRgoal: 0.75

• Recommended 
custom goal 0.55

 CDI SIRgoal: 0.70

 CLABSI SIRgoal: 0.50



TAP Report

 Allows the user to a choose an SIR goal
 Customize SIR goal to fit  your facility’s Prevent ion goal



Interpret ing TAP Report Results

 This hospital may opt to 
priorit ize CAUTI prevent ion 
efforts within the top 3 ranked 
locat ions 



Device Associated Analysis Resources
 Analysis Output Quick Reference Guides: 

http://www.cdc.gov/nhsn/ps-analysis-resources/reference-
guides.html

 HAI Progress Reports: 
http://www.cdc.gov/hai/surveillance/nhsn_nationalreports.html

 TAP Report Quick Reference Guide: 
http://www.cdc.gov/nhsn/PDFs/TAP/TAPReports_Facilities.pdf

 Help with any analysis outputs: email nhsn@cdc.gov

http://www.cdc.gov/nhsn/ps-analysis-resources/reference-guides.html
http://www.cdc.gov/hai/surveillance/nhsn_nationalreports.html
http://www.cdc.gov/nhsn/PDFs/TAP/TAPReports_Facilities.pdf
mailto:nhsn@cdc.gov


For more information please contact Centers for Disease Control and Prevention

1600 Clifton Road NE, Atlanta, GA 30333
Telephone, 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348
E-mail: cdcinfo@cdc.gov Web: www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the official 
position of the Centers for Disease Control and Prevention.

Thank You!
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