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Stratification and/or standardization methods may
need to be used to adjust for differences in patients” risks
of acquiring a nosocomial SSI, to accouat for small -
‘bers of operations performed. or to control for differences.
n the distributions of operations in the comparison and
standard populations. Strarification s the grouping to-
gether of patients at smilar riskcfor an event (e.2. acquir-
ing 2 nosocomsial SSI). The examples of risk-stratfied.
cates used in this chapter show SSI dafa that have been
siratified by operative procedure and risk inde (ie.. pro-
cedure-sisk category rates). The standardizarion method.
we most often use in nosocomil nfection surveillance
s ndirect standardization. Indirect standardization is 2
‘means of risk adjustment in which the raw sate of an
event is divided by the average rik of the occusrence of
the event. In Examples 2 and 3 (in Section B below) we
use indirect standardization to calculate the standardized
infection ratio (STR). As shows, the SIR is calculated by
dividing the SSI rate of a surgeon by the SSI rate of
a standard population or. equivalently, by dividing the
observed number of SSIs by the expected number of SSI.
The e of the standard population represents the average
sisk of the occurrence of SSI:

3. Sample size considerations

When comparing infection rates it must be recognized
that the size of the denominators s a critical factor in
determining the appropriateness of the Z-test and the abil-
ity of the test to detect any differences that may exist.
The Z-test may be inappropriate i the denominators are
too small. Formula 1 requires large denominators (atleast
20). The Z-test formlas for comparing SIRs used in Ex-
amples 2 and 3 can be used only when the expected mum-
ber of SSIs is at least 1. Therefore, as a general rule of
thumb, do not compare proceduse-rik category SSI ates
when the number of perations in the denominator of
either rate is less than 20. Also, do ot use the SIR fo
‘perform comparisons when the denominator of the SIR
(the espected mumber of SSIs) i less than 1. If compari-
son is necessary when denominators are small, other sta-
tistical tests must be used (e.g., Fisher's exact fest or @
Poisson fes).

4. Formula for Z-test that is used for comparing fwo
procedure-rik category SSI rates

R
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Fomula |

where

= 551 rote expressed as o percen, ., number of S5s
per 100 operarons)

number of operations in SSI rate i.e., the denomi-

nator]

R = 551 ate of a sandard popularion (expressed as a per-
cent; i.e., number of SSIs per 100 operations)

N = number of operations in the 31 rae of he standard
population fie., the denominaor)
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P = pooled rate, obiained from the wo rates being com-
pared by using Formula 2 below:

il

P =il 00

Formula 2

where

number of $51s detected f.., the numerator of he 551
rate]

number of $5is in he standard population (.., the nu-
merator of the S5 rate of the standard population).

Formulas 1 and 2 are used in Example 1, which compares
procedure-risk: category SSI rates for certain operative
procedures for Hospital A to comesponding aggregated
NNIS sates (.. the standard population’s rates).

5. Z-test and the standard normal curve

Z statstics are normally distributed (i, if we plotted
the Z statistics from many different comparisons along a
horizontal and vertical axis, their distribution would be
‘more orless a bell-shaped curve). To determine the proba-
bility of the occutrence of an event from this type of
curve, the area under the curve must be defined as 1 or
100%. Such a curve is called 2 standard normal curve,
o Z-curve, and has 2 mean of 0 and standard deviation
of I (Fig. 14-1).* When we use a Z-test for comparing
ST rates, the area under the curve to the sight of the Z
statistic (£ it s positive) o fo the left (F it i negative)
sepresents the probabilify of obiaining a difference i
sates as large as that observed, or larger, if the mull by-
‘pothesis is true (one-tailed Z-test). If that probability is
5% or lower, we generally reject the null hypothesis and
state that the rates we are comparing are significantly
different (p = 0.05). The value of the Z statistic where

2 staisic values

Figure 18-1  Sundord nomol crve with mean of 0 ond sion
dard deviaion of 1. The critcolvalus — 1.6 ond 1.6 correspond
10,0 paiue of 0.05.
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[image: image3.png]this 5% probability occursis Z = 1643 01 Z = — 1.645,
or approximately Z = 1.6 (see Fig. 14-1)
2. Interpretation of Z > 1.6
When Z > 1.6, the SSI rate s significantly
higher than that of the standard population. This
‘may mean that there is an infection control prob-
fem that needs further investigation.
b, Interpretation of Z < — 1.6
WhenZ < — 1.6, the SS rate is significantly
Iower than that of the standard population. If
case-finding has been adequate, there is evi-
dence that rateis better than that of the standard.
‘population.
<. Interpretation of Z befween — 1.6 and 1.6
When Z is between — 1.6 and 1.6, the SSI
cate i ot sigaificantly different from that of the
standard population. Depending on the rates that
were compared and the denominator of these
cates, there still could be an infection control
problem. Example 3 illustrates this concept.

B. EXAMPLES OF RISK-STRATIFIED RATE
COMPARISONS USING A Z-TEST

1. Example 1 Comparing procedure-risk category
sates and testing for a sigaificant difference

Suppose we want fo compate the procedure-risk cate-
gory ST rates of hospital A to that of a standard popula-
tion 1., an external comparison). Using the data ia Table
14-1. we'll compare hospital A’s isk category SSI rates
for cotonary attery bypass graft (CABG) and cardiac sur-
gery (CARD) to the corresponding NNIS sates. For each
‘procedure-risk category, we can use Formula 1 of the Z-
test to compare the ates and obain a Z statistic.

X 100 = gp 2o x 100 = 633

=

Because Z is befween — 1.6 and 1.6, the risk category
SSI sate for hospital A for CABG is not significantly
diferent from the NNIS rate. From a table of normal
probability distribution. we can find the p-value that cor-
sesponds with the value of the Z statistic. In this example.
P =041

Example 1b: CARD. Formula 1

. 13.56 - 580
__ 1856-580
/689000 - 68935 + 7]

218

9 {obtained using Formula 2]

PSRl 100 = 689 Fomula2

Because Z > 16, the isk category SST rate for hospital
A for CARD is significantly higher (p = 0.01) than the
NNIS rate and wassants further investigation.

Note 1: Using Z-test Formula 1, external and intenal

Example la: CABG Formua 1 comparisons of risk-adjusted ratios obtained from noso-
B SO
. e o,
: T e e
I o e s o O e b
v B Oy LN
_ 5 - 634 o7z pesodtomoter(e g st year'sveatltor v compared
P e a1 i ot e o g 0
/6330100~ 63335 + 7a7g) Nt et o e o e ety
Table 14-1 Data for example 1
i o
o oo
o oo Hoorssn o o
el v e moasssn m waetan
o ow e e : 20 5%
2 CARD 21 362 5.80 8 59 13.56
i e e e et
e e e
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by using Epilnfo 6 software. First select Programs, then  The SIR is an example of indiect standardization in

select EPITABLE calculator, then select Probability, then  which the cbserved rate (*raw rate”) is divided by the
Fisher's Exact Test, Eater the observed frequencies info  espected sate (“average tisk of the occusrence of the

the cells of the 22 table as follows: event”). Or, equivalently, the observed number of SSTs
is divided by the expected mumber of SSIs. The expected

Now/  Nowio No.of  ate or expected number of SSIs is the number that would

Observea ssi ssi Operafions e expected i the surgeon’s experience had been the same
o 1 w-i  n that of the standaxd popolation In step 1. using For-
e | N N mula 3. we calculate the expected number of SSIs (E)

by using ik category—specifc raes from the standsrd
populstion (R) and the nuasber of opersions () i ach
tisk caegory performed by & surgeon, @ sucgial subspe-
caly sevice, ora hospital. I sep 2, wsing Forunula 4. we
divide the observed munber of SSIs (0) b the expected
amber of SST () o et the SIR. Totest o a sguificant
diffecence,we wse 1 Z.test o compare the sugeon's SIR
o the nominal value of 1 (ie. where O — E i the st
Inthis exanmple. e want o s an extennal compari-  dard popultion)

son of a surgeon's SSI experience following a specific  Step 1: Use Formula 3 to calculte the expected mu-
operative procedure to that of  standsrd population.  ber of S for Dr. X.

Using the data in Table 142, we'll compre Dr. X' cho-

lecystectomny (CHOL) SSI experience fo that of NNIS E=SRX0/100  Formla3

e did i Examle 1 s compasen D5 X3 51 s exampl, o canaetheexpecid umber o ST
> 3085 e D X (B, mliply e NNIS sk ctegory_specific
g O 1 (. fr ik catgory 0 D s D X (), multly the NNIS i categony.peciic
of 4 can e compared it e NNTS e o 1199 e e mumber of Dr. X's epet
ot v Fonul 1 0 compee the 23 ik categry :
becaue Dr. X only pefomned 10 sholecysectonier,
Thecefore. e migh vant o compaue s sy expe.
ience scios sl ik caegores, Howevr, e <anaot
compee . s susmary CHOL SS1 e (12) i

Press the Enter key to calculate. The one- and fwo-tailed
p-values will be displayed; report the one-tailed value.

2. Example 2: Calculating a standardized infection
satio by pooling data across procedure-specific risk
categories and testing for a significant difference

101201+ 20x20)+(5.4X100 _, 16
0120+ 2020 +[54x10)

that of NNIS (1.9%) because of the difference beween  Step 2 Use Formula 4 to calculate the SIR for Dr. X
the distribution of Dr. X s operations among the risk cate-

gories (40%, 40%, and 20%) and the distibution of those SR = %’M‘Eﬁ:‘%&ﬁ SO s
of NNIS (54%, 36% and 10%). Note that 20% of Dr. pecied numper of s B Formula

s opersions were i ssk inde. ctegory 2.3 vesus
ety Tovsof thoe oF NNIS. Thus, e, we weuld
cxpec he srgeon' summary e fo be higher an it
CENNIS. To salily make s compison ueing a single SR forDr. X - St = 155 - 52

ummary messute of Dr. X SO experience, we s

Coteo o the diffesenc i st of he Spestions  The inespefaon of i vlue o the SIR s that Dr. X
betmeen he o gioups. One method s fo clcuiate tae  hnd 52 fanes 20 mnay SSIs 3 predicied by the raies
SIR using teps 1 and 2 ot Fllow o the tandad populaion (NNIS) Tt eprsents & 4200
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[image: image5.png]increase over the nominal value of 1. Note, however, that
Dr. X performed a tatal of only 50 cholecystectomies
‘We must ascertain that this result was not due fo chance.
To do this, we must perform another Z-test and calculate
ap value. In Step 3, we answer the question “I: Dr. X's
SIR sigaificantly higher than 17

Step 3: Use Z-test Formula 5 to compare the SIR of
Dr. X against 1

Z = 2(VSR, - IVE) Formula 5

Camparing the SIR of Dr. X against 1 using Formula 5
s equivalent to comparing the observed aumber of SSIs
ofDr. X (0,) against the expected number of SSIs of Dr.
X (E») using Formula 6. Either formula can be used.

7= 200, - VE) Formula 6

Use of both formulas is shown, where SIR, = 5.2,
0, =6.andE, = L6

2AVSR - NIVE) Formula 5

7= 252 - NVTTG =276

7= 200, - VE) Formula 6

28 - \VT18) = 276

6. Dr. X's SIR for CHOL is significanly
0.003) than 1 and wasrants futher favestiza-

Note: The numerator of an SIR. the observed number
of SSIs, has an approximate Poisson distribution. When
the denominator of the SIR, the expected aumber of SSI,
s =1, the Z-est of Formulas 5 or 6 and the Z-test of
Formula 7 in the next example can be used as good ap-
‘proximations to more accurate statistical tests.” However,
i the espected number of SSIs is <1, the approximation
s poor, and misleading results could be obiained.

A Poisson fest can be performed easily by using Epi-
Info 6 software. First select Prograss, then select EPITA-
BLE calculator, then select Probability, then Poisson.
‘Ester the value of O for the “observed mumber of events”
and the value of E for the “expected avmiber of events.”
The p value i displayed as the “probability that the mum
ber of events found 1s” =0 (when O > E) or <O (when
0<E)

3. Example - Calculating fwo SIRs (e.g. the SIRs of
o surgeons) and testing for a sigaificant differ-

We might want to make an intemal comparison of the
ST experience of two sutgeons. even when they did not
do the same exact procedures. In this example we'll use

COMPARING SURGICAL SITE INFECTION RATES

the data in Table 14-3 to compare the esperience of the
two orthopedic surgeons. Both of them performed open
seduction of fractuse proceduses, but Dr. X also did spinal
Susions and laminectomses, whereas Dr. ¥ did joint pros-
thesis procedures. Six SSIs occurred among each of the
surgeon’s patieats, but Dr. s sate was 5.1% versus D
X5 1ate of 1.5%. We would like to defermine whether
this difference in SSI experience is staistically signifi-
cant. Just as in Example 2, we need to calculate the SIR
For each surgeon and then compare the SIRS to each other.

Step 1. Use Formula 3 fo calculate the expected num-
ber of SSIs for each surgeon (Ex. Ex).

E- TR 0)/100 Formula 3

¢, _[075X239)+ (2,62 1061+ (1 45 38) +(3.61 5]
, - (72 RO 401 30 2 06123

nepgesses g

£, 111560 423219 415,43 <21+ 145 26) 413,61 x15])
= (L B B LA 2 BB

2eaan 3005
05

o

Step 2: Use Formula 4 to calculate the SIR for each sur-
gean (SIRy.. SIRy).

_ Observed number of S5Is _ O

SR = B enedmunber 0 < F Fomula 4
6
Sty = 55 = 113
6
SR = 43 - 287

Step 3: Use the Z-testin Formula 7 or a binomial fest to
compare the SIRs.

2AVSRy - VSR

Formula 7

SR = 1.13
SRy = 287

L WIT VI,

Because Z is very close fo 1.6, the p-value is 0.06. This
borderline p-value suggests, and another look at the data
in Table 143 and the SIRs for each surgeon reinforces,
that we might il suspect that Dr. ¥ could have a prob-
lem. His SIR is 187% higher than the nominal vale of
1, and he had 6 SSIs when he should have had only ap-
proximately 2 if his esperience had been like that of the
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standard population. At this point it & appropriate to per-
form an external comparison using Formula 5. In other
words, we'll compare Dr. Y's SIR to that of the standard
‘population (ie., the nominal value of 1)

Z=2VSRy - NVE)  Fomua 5

SRy =2.87
Er =209
7 = 21VZ87 - V209 = 202

Now we can see that Dr. Y's SIR is significantly higher
than 1 (p = 0.02) and supports our position fo further
investigate.

Note: An exact p value can be obiained by performing
a binomial fest using the Epilno 6 software. First select
‘Programs, then select EPITABLE caleulator, then select
‘Probabiliy, then Binomial. Enter Oy for the “mumera-
for,” Ox + O for the “total observations,” and

£y
B

%100

for the “expected percentage.” The p-value is then dis-
played as the “Prabability that the # of cases” (ie.
eveats”) = Or.

C. SUMMARY

At times we want to know how our nosocomial infec-
tion experience compares to that of others or how it has
changed over time within our institution. Such external
and intemmal comparisons may be done only when risk-
stratified andlor risk-adjusted rates are available. Simple
Zetests can be used to give approximate p-valves and
determine whether significant differences exist. Example
1 used Z-test Formula 1 to illustrate how fo perform an
external comparison of risk-stratified SSI rates. It was
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noted that this formula of the Z-test also can be used o
compare risk-adjusted ratios, such as ICU-specific device
wtilzation satios

‘Sometimes we want or need to compare the summary
esperience of one or more surgeons. However, such a
comparisan can be difficult because a small mumber of
procedures were performed in some or all of the proce-
duse-risk categories, because the disiribution of the pa-
teats in the procedure-risk: categories is not the same in
the fwo groups being compared, or becavse the proce-
dues themselves are not identical. The first o prablems
were apparent in Example 2, and all three were evident
in Example 3. To validly compare the summary experi-
ence of the surgeons in each of these examples. we used
indiect standardization and calculated SIRs. Then we
tested for 3 significant difference by using either Z-test
Formula 5 or 6 for the external comparisor fo a standard.
‘population in Example 2, and by using Formala 7 for the.
internal comparison of the fwo surgeons in Example 3.

It was noted that these formulations of the Z-test could
only be used when the expected mumber of SSs was =1
It was also noted that exact p values could be obtained
by using a Fisher's exact test (Example 1), a Poisson test
(Example 2), or 2 binomial test (Example 3).

The ability of the infection control epidemilogy
professional fo make external and intemal comparisons
of risk-stratifiedadjusted infection rates and satios can
eeatly eahance the usefulness of surveillance data. Full
use of the data will help focus prevention and control
efforts and enhance the quality of patient care in the hos-
pital
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