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Objectives W]

o Review HAI point estimation

e Explain standardized infection ratio (SIR)
o Describe improved SIR calculations

o Discuss options for hospital comparisons



S/(' Point Estimation for
" HAI Surveillance

o A type of statistical inference often
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e Turn surveillance “data” into decision
making “information”

o Allows you to express surveillance
iInformation in numerical terms or metrics

Numerator

_ X Constant
Denominator
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Incidence Density Rate W

Type of rate that accounts for differences in follow-up

(exposure) time for each person included in the at-risk
population.

Numerator iIs number of new cases of disease.
Denominator Is “person-time” units.

Example 1:
Central line-associated BSI (CLABSI) rate

12 CLABSIs

X 1000 =3.0
4000 central line-days
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Mational Healthcare Safety Network
Rate Table for Central Line-Associated BSI Data for ICU-Other

A of My 12, 2008 ar 10754 A Aggregate CLABSI Rate
el ACRIEE Local CLABSI Rates
_ p-values for local vs. aggregate
Org ID=10000 CDC Location=IN:ACUTE:CC:5 /
Incidence Incidence

Summary | CLABSI Central CLABSI | NHSHCLAB Density Density Patient | CL Util | NHSHN Line DU | Proportion p- Proportion
Location Mon™r Count Line Days Rate Pooled Mean p-value Percentile Days Ratio Pooled Mean value Percentile
sicuU 2005M10 0 394 0.0 27 0.3385 10 436 0.90 0.62 0.0000 93
SICU 2005M11 1 314 3.2 27 0.5782 63 464 0.68 0.62 0.0054 72
sicu 2005M12 0 314 0.0 2.7 0.4218 10 452 0.69 0.62 0.0005 72
sicuU 2006M01 1 541 1.8 27 0.56620 45 833 0.65 0.62 0.0337 46
SIcu 2006M02 1 3N 26 27 0.7082 56 476 0.82 0.62 0.0000 9
sicuU 2006M04 1 218 4.6 27 0.4508 76 451 0.48 0.62 0.0000 31
SICU 2006M05 1 404 245 27 0.6951 L] 931 0.43 0.62 0.0000 14
sicu 2006M0B 3 298 10.1 2.7 0.0502 95 833 0.36 0.62 0.0000 14
sicuU 2008M07 0 400 0.0 27 0.3329 10 544 047 0.62 0.0000 31
SIcu 2006M08 0 200 0.0 27 0.5770 10 Jgg 0.52 0.62 0.0000 3
sicuU 2006M09 0 84 0.0 27 0.7829 10 291 0.31 0.62 0.0000 B

Source of aggregate data: MHSN Report, Am J Infect Control 2007 ;35:290-301

Data contained in this report were last generated on April 17, 2008 at 9:26 AN _ Percentlle rank among a” Un|tS
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Proportion == s

A fraction in which the numerator is included
within the denominator

Numerator is the magnitude of the part
Denominator is the magnitude of the whole
Often expressed as a percent

Example 2:
Surgical site infection rate:

4 SSl in hysterectomy patients

X 100 =1.4%

280 women undergoing hysterectomy
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A Example SSI Rate Table b%%
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/= SAS Output - Windows Internet Explorer provided by TS50 Z E”zl
File Edit “iew Favorites Tools Help & Snaglt E Er
Mational Healthcare Safety Network 2
Rate Table for Surgical Site Infection Data by Procedure and Risk Index
Az of - December 1, 2008 at 3:26 PM
Date Ranse: All 55|_RATESPROC. RISK L ocal SSI| Rates Aggregate SSI| Rate
p-value for local vs. aggregate
orgID=10000 /
procCode [riskcat | outpatient | summaryM | 5 5I1Count | ProcCount | S5IRate | 551_Mean | P_pval | P_pctl
CBGB 1 I 2006011 0 45 0.00 296 | 0.2324 10
CBGBE 1 I 200707 ] 12 0.00 2.96 | 0.6975 10
HFRO 0 I 2006011 0 13 0.00 0.75 | 09071 25
HFRO 1 I 2005002 0 11 0.00 1.68 | 0.8304 25
HFRO 1 I 2006001 2 16 12.50 1.68 | 0.0290 100
HPRO 1 I 2006004 1 12 8.33 1.68 | 0.1839 100
HFRO 1 I 2006011 0 19 0.00 1.68 | 0.7255 25
HFRO 1 I 2007007 0 21 0.00 1.68 | 0.7014 25
HFRO 1 M 2007003 ] 17 0.00 1.68 | 0.7504 25
HFRO 1 I 2007111 2 17 11.76 1.68 | 0.0325 100
HYST 0 M 2006011 ] 50 0.00 1.12 | 0.5690 25
KFPRO 1 I 2006011 ] 12 0.00 112 | 0.8733 25
Source of aggregate data: MHSH Report, Am J Infect Control 2008 36-609-26 . . —
Data contained in this report were last generated on December 1, 2008 at 2:21 PM. Percentlle rank among a” hospltals 3
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o 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)

e Indirect standardization method

e Accounts for differences in risk of HAI
among the groups
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\t( Calculating an SIR

Observed (O) HAIs
Expected (E) HAIs

SIR =

e To calculate O, sum the number of HAls among a
group

e To calculate E, requires the use of the appropriate
aggregate data (risk-adjusted rates)
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Table 3. Pooled means and key percentiles of the distribution of central line-associated BS| rates and central line utilization

ratios, by type of location, DA module, 2006 through 2007

Central line-associated BS| rate® Percentile
Mo. of MNo. of Central Pooled 50%
Type of location locations CLABSI line-days mean 0% 25% {median) 75% §0%
Critical care units
Burn 22 239 42,452 56 0.0 |.5 g 82 13.5
Coronary 121 73 181,079 2.1 0.0 0.0 1.3 28 53
Surgical cardiothoracic 97 97 275,194 | 4 0.0 0.0 |.2 1.9 14
Medical | 44 1073 454,839 24 0.0 0.6 |9 36 53
Medical/surgical, major | 04 692 342214 20 0.0 0.5 1.5 3.0 4.2
teaching
Medical/surgical, all others 343 972 662489 1.5 0.0 0.0 06 20 16
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Table 3. Pooled means and key percentiles of the distribution of central line-associated BS| rates and central line utilization
ratios, by type of location, DA module, 2006 through 2007

Central line-associated B5l rate® Percentile
MNo. of MNo. of Central Poded 50%
Type of location locations CLABSI line-days mean 10% 15% {median) 75% 90%
Critical care units
Burn 22 239 42,452 55 Qo .5 g 82 115
Coronary 121 173 181,079 2. 00 0.cC 1.3 28 5.3
Surgical cardicthoracic 97 197 275,194 | 4 00 0.C |2 1.9 14
Medical | 44 1073 454839 14 Qo0 0.6 |9 EX 5.3
Medical/surgical, major | 04 692 342214 20 Qo0 0.5 | 5 3.0 4.2
teaching
Medical/surgical, all others 34 972 662489 |.5 Qo 0. 06 20 16
teaching
Medical/surgical, all others 972 662,489 I.5
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Type of # # Central | CLABS | NHSN | p-value

Location CLABSI | line-days I Rate

Rate

Coronary 2 380 5.26 2.1 0.09

Cardiothoracic 1 257 3.89 14| 0.15

Medical 3 627 4.78 24| 0.11

Med/Surg, 2 712 2.81 20| 0.32

major teaching

Total 8 1976 | 4.05 --- ---
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Example CLABSI| Rate Table -7
Type of # # Central | CLABS | NHSN | p-value | Expected
Location CLABSI | line-days I Rate # of
Coronary 2 380 5.26 2.1 0.09
Cardiothoracic 1 257 3.89 14| 0.15
Medical 3 627 4.78 24| 0.11
Med/Surg, 2 712 2.81 20| 0.32
major teaching
Total 8 1976 | 4.05
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~~  Example CLABSI Rate Table 7%=
Type of # # Central | CLABS | NHSN | p-value | Expected
Location CLABSI | line-days I Rate # of
Coronary 2 380 5.26 2.1 0.09
Cardiothoracic 1 257 3.89 14| 0.15

Medical 3 627 4.78 24| 0.11

Med/Surg, 2 712 2.81 20| 0.32

major teaching

Total 8 1976 | 4.05
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Example CLABSI| Rate Table -7
Type of # # Central | CLABS | NHSN | p-value | Expected
Location CLABSI | line-days I Rate # of
Coronary 2 380 5.26 2.1 0.09
Cardiothoracic 1 257 3.89 14| 0.15
Medical 3 627 4.78 24| 0.11
Med/Surg, 2 712 2.81 20| 0.32
major teaching
Total 8 1976 | 4.05
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External Comparison of an SIR to

Iits Nominal Value of 1.0

SIR=1.0 - > Observed Number of SSI
= Expected Number of SSI

Is the SIR of Hosp A (2.14) than 1.0?
Answer: p-value = 0.07 (Poisson test)

Conclusion: . the observed number of CLABSI is not
"significantly greater" than expected
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622 Vol. 36 No. 9 edwards et at AllC
Table 22. SSI rates* by operative procedure and risk index category, PA module, 2006 through 2007
551 rate-inpatient procedures

Duration cut Risk index Mo. of Mo. of Pooled
Procedure code Operative procedure description point {min) category procedures Ssli mean
AAA Abdominal acrtic aneurysm repair 225 o1 a8l & |.82
A”A Abdominal acrtic aneurysm repair 225 2,3 288 15 5.21
APPY Appendix surgery gl ol 2691 40 |.49
APPY Appendix surgery gl 2,3 72 13 3.49
ANSD Arteriovenostomy for renal dialysis 1l 01,23 606 & 0.99
BILI Bile duct, liver cr pancreatic surgery 330 o1 422 37 B.77
BILI Bile duct, liver cr pancreatic surgery 330 2,3 202 i3 16.34
BRST Breast surgery 202 0 997 8 0.80
BRST Breast surgery 202 | 214 25 274
CARD Cardiac surgery 300 0,1 10,382 121 117
CARD Cardiac surgery 300 23 33% 58 .71
CBGE Coronary bypass w/chestand donor incisicn 300 0 1003 3 0.30
CBGBE Coromary bypass w/chestand donor incisicn 300 | 47,296 1399 296
CBGE Coroenary bypass w/chest and doenor incision 300 23 | 5,706 Te7 4.88
CBGC Corcnary bypass graft with chest incision 285 0.l 3495 57 .63
CBGC Corcemary bypass graft with chest incision 285 23 | 147 33 188
CEA Carctid endarterectonmy 133 0,123 2615 I 0.42
CHOL Gallbladder surgery 121 0,123 3337 23 0.6%
COoLO Colon surgery |88 0 9539 399 4.18
COoLO Colon surgery 188 | 16,537 1004 6.07
COoLO Colon surgery 188 2 7270 582 8.01
CoLo Colon surgery |88 3 glo 88 10.86
CRAMN Craniotomy 219 0.1 4596 99 215
CRAM Cranictomy 219 23 1048 49 4.68
C3EC Cesarean section 57 0 12,351 185 .50
C5EC Cesarean section 57 1,2,3 5951 157 264
FUSM Spinal fusion 240 0 11,780 B85 072
FUSM Spinal fusion 240 I 9559 186 .95
FLUSM Spinal fusion 240 23 2543 105 413
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Table 22. 5SSl rates™ by operative procedure and risk index category, PA module, 2006 throl

SS| rate-inpatient procedures , catego ry

Duration cut Risk index r
Procedure code Operative procedure description point {min) category pro
ABA Abdominal acrtic aneurysm repair 225 ol
AAA Abdominal aortic aneurysm repair 225 2,3
APPY Appendix surgery al ol 0 I
APPY Appendix surgery al 2,3
AVSD Arteriovencs tomy for renal dialysis AN 0,123
BILI Bile duct, liver or pancreatic surgery 330 ol
BILI Bile duct, liver or pancreatic surgery 330 2.3 2 3
BRST Breast surgery 202 0
BRST Breast surgery 202 |
CARD Cardiac surgery 300 ol
CARD Cardiac surgery 300 23 0 I
CBGE Coronary bypass w/chest and denor incision 300 0
CBGB Coronary bypass w/chestcand denor incision 300 | 4
CBGE Coronary bypass w/chest and denor incision 300 2.3 | 2 3
CBGC Coronary bypass graft with chest incision 285 2.l
CBGC Coronary bypass graft with chest incision 285 23
CEA Carctid endarterectony 133 0,123
CHOL Gallbladder surgery 121 0,1,2.3 0 I 2 3
CoLo Colon surgery 188 0 ] ’ ]
CoLo Colon surgery 188 |
CoLo Colon surgery 188 2
CoLo Colon surgery 188 3 0 I
CRAMN Cranioctomy 219 0,1
CRAMN Cranictomy 219 23
CSEC Cesarean section 57 0 |
CSEC Cesarean secticon 57 1.2,3 2 3
FUSM Spinal fusion 240 0 |
FUSM Spinal fusion 240 | S — S
FLSM Spinal fusion 240 2.3 2543 105 413
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Example SS| Rate Table - e
Procedure Index | # # SSI | NHSN | p-value
SSI| | procedures | Rate | Rate
Cardiac surgery | 0,1 3 80| 3.75 2.02| 0.25
2,3 3 20| 15.0 5.29 | 0.08
CBGB 0 1 10| 10.0 1.59| 0.16
10 230 | 4.35 3.15| 0.20
2,3 5 60| 8.33 5.76 | 0.28
Total 22 400 [ 5.50 |---
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Example SS| Rate Table - -
Procedure Index | # # SSI | NHSN | p-value | Expected
SSI| | procedures | Rate | Rate # of SSI
Cardiac surgery | 0,1 3 80| 3.75 2.02| 0.25
2,3 3 20| 15.0 5.29| 0.08
CBGB 0 1 10| 10.0 1.59| 0.16
10 230 | 4.35 3.15| 0.20
2,3 5 60| 8.33 576 | 0.28
Total 22 400 | 5.50 |--- ---
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Example SS| Rate Table - -
Procedure Index | # # SSI | NHSN | p-value | Expected
SSI| | procedures | Rate | Rate # of SSI
Cardiac surgery | 0,1 3 80| 3.75 2.02| 0.25
2,3 3 20| 15.0 529 | 0.08
CBGB 0 1 10| 10.0 1.59| 0.16
10 230 | 4.35 3.15| 0.20
2,3 5 60| 8.33 5.76 | 0.28
Total 22 400 [ 5.50 |-
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Example SSI Rate Table =552

Procedure Index | # # SSI | NHSN | p-value | Expected
SSI | procedures | Rate | Rate # of SSI
Cardiac surgery |0,1 3 80| 3.75 2.02| 0.25 1.6
2,3 3 20| 15.0 5.29| 0.08 1.1
CBGB 0 1 10| 10.0 1.59| 0.16 0.2
10 230 | 4.35 3.15| 0.20 7.2
2,3 3) 60| 8.33 5.76 | 0.28 3.5
Total 22 400|5.50 |-- 13.6
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Standardized Infection Ratio (SIR)" """"""""""" -

e Ratio of to
Infections

e Risk-adjusted summary measure

o Used to compare overall HAI rates of
any two patient cohorts, groups, or
hospitals
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an SIR to 1its Nominal Value of 1.0

SIR=1.0 - > Observed Number of SSI

= Expected Number of SSI
Is the SIR of Team A (1.62) than
1.07?

Answer: p-value = 0.01 (Poisson test)

Conclusion . the observed number of SSl is
"significantly greater” than expected
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Confidence Interval for SIR 5525
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e A(1 a)100% confidence interval for p

3
Y _9 . 1 . Za/2
TLTEL 90 /90

3
O+1 1
SIR, =( )[1— b L J
= L 90+1) Jo(O+1)
o« Example normal curve values
90% confidence = z ,; = 1.645

99% confidence = z ;s = 2.58
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Advances in Risk-Adjustment:
Comparing Surgical Site Infections
using a Standardized Infection Ratio
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3/(- Logistic Regression Analysis |z
Incisional SSI after CSEC

Factor Parameter Estimate OR p-value
Intercept - -
Body Mass 0.046 1.047 <0.0001
Duration of labor > 9 hr 0.506 1.659 <0.0001
ASA > 3 0.598 1.818 <0.0001
Reciprocal age (years) 14.961 999.0 0.0018

*Horan T. et al. Risk Factors for Incisional Surgical Site Infection after
ge_lg,frggn Section: Results of a 5-year Multicenter Study, ICHE 2000;




2 SERVIEC
i it
+ !
| (
: C

NEN 4~
vnié

. . . e
Logistic Regression Model — “+=====

e General formula
logit (p) = o+ By Xy P X+ B3 X3+ ...

Where:
p = probability of SSI| after operation
o = Intercept

X4 X, , X5... = risk factors
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L O g I St | C M O d el II:atctor t Parameter Estimate
f O r C S E C . Bnog;/clil/cl)ass

Duration of labor >
ASA > 3
Reciprocal age (years)

logit (p) = a + [}, X4+ 5, X, + [, X+ 5, X,

= -6.300 + (Body Mass) +
(Duration of labor > 9 hr*)
+
(ASA > 3%) +
(1/Age)
ER+*HEALTHIER+* PEOPLE



3/@ Example Patient #1

Risk Factors

e Body mass = 28

o Duration of labor = 12 hours
o ASA score =1

e Age = 22
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Logistic Model DC
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Calculation for Example Patient #1

logit(P) = o + B, Xq+ B, X, + [ Xq + [, X,

logit( ) = -6.300 + (28) + (1) +
(0) + (1/22) = -3.825

Solve forp : p =eodt®)/ (1 + g logitF))

D =g 3825/ (] + g -3825)= or 2.2% risk



Example Patient #2
Risk Factors

o« Body mass — 36

e Duration of labor = 9 hours
o ASA score =3

e Age =18
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Logistic Model

Calculation for Example Patient #2

logit () = o+ 5, Xy 1, X + [, Xg+ 11, X,

logit (D) = -6.300 + (36) + (1) +
(1) + (1/18) = -2.708

Solve for f): f) = g logit ®) / (1 + e logit (P )

N\

P=e278/(1+e2708)= or 6.3% risk

S AEED -, HEAIl THIED s DECC
j-} --. J ! .'JI' & JI J__"I Y ¥ ¥ J - # | ..‘I

| L f"’
(DC

EEEEEEEEEEEEEEEEEEEEEEEE



. . . VAM
3/@ List of Patient Risk Factors '{fé’%/,ﬁ
Incisional SSI after CSEC
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Body _ ~

Patient Mass Duration Asap  Age  SSI P
1 2871270 1 22 0
2 36 9 3 18 1
3 30 7 2 28 0
100 8 4 38 0
Total O- 3
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X Interpreting an SIR M,’ﬁ

o If SIR=1, or O =E, observed SSls equals
the expected SSls based on NHSN

e If SIR is significantly >1, this suggests the
institution may need further investigation
for the contributing procedures
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o Appropriate multivariate models are useful to
better estimate SSI risk

o Calculation of a risk-adjusted Standardized
Infection Ratio (SIR) will improve
comparisons for hospitals



Hospital SIRs Compared to 1 /7%

Hospital SIR p-value | Status
group

A 1.2 0.12 Same

B 0.9 0.23 Same

C 2.7 0.001 |High

D 0.7 0.002 |Low

E 1.5 0.001 |High




SIR (95% ClI)

Hospital SIR Groups

A B CDETFGH I
Hospitals
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Standardized Infection ratio

1.6 —

1.4

1.2 —

1.0 —

0.6 —

SIR Funnel Plots

\ Exact SIR limits —~
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Past/Present Hospital SIRs
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Hospital Past Present |Status
SIR SIR group
A 1.2 1.6 Same
B 0.9 0.8 Same
C 2.7 1.9 _ower
D 0.7 1.1 Higher
E 1.5 1.2 _ower
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