1 Notation

Define the following, with a = 0 indicating pre-intervention quantities and a = 1 indicating
post-intervention quantities:

Tule = Tule(mg, ) = overall risk of bacteriuria among those catheterized
m. = mean duration of catheterization
r, = per-day risk of bacteriuria among those catheterized
Tsje,u = Tisk of SUTT among those catheterized with bacteriuria
Tpje,w = Tisk of BSI among those catheterized with bacteriuria
n = total number of patients hospitalized
pe = proportion of patients catheterized
cs = per-patient SUTT costs
¢, = per-patient BSI costs

Let C° and C' be the total pre- and post-intervention hospital costs due to CAUTI, re-
spectively; these are functions of the above quantities. Our goal is to derive estimates and
confidence intervals for the expected savings after intervention, defined as S = C° — C*.

From the literature we have estimates and standard errors for the parameters W?L‘C, Tsle,u, and
Tpje,us long with point estimates of 7, ¢,, and ¢, (we assume the means and standard errors
for the costs are equal, although this assumption can be varied in sensitivity analyses):

Toje = 26.0%, se(r,).) = 1.53%

ry = 5.0%
Tole = 24.0%, 5e(Tgjen) = 4.08%
Tpje,u = 3.6%, 5€(Tpje,u) = 0.10%
¢s = Se(és) = $911

The quantities n and p? require user-specified values. We characterize interventions by their
effects on m? (duration) and p? (placement), and thus explore results across ranges for m}
and p}.

We make a number of assumptions in the interest of deriving conservative cost estimates.
First, we assume that catheterization is a necessary condition for bacteriuria, and that
bacteriuria is a necessary condition for both SUTT and BSI. We also assume costs for patients
with SUTI and BSI are the same as those for patients with only BSI. And since the joint
risk of SUTI and BSI is not well understood, we further assume that SUTI is a necessary
condition for BSI. Under these assumptions, the pre- and post-intervention costs are:

a a ,a a ,a a,_a
c* = n{cs (7T5|c,u - 7Tb|c,u)7ru|cpc + cbﬂ-b\cvuﬂ-ukpc} - n{cs<ﬂ-5|07u - 7Tb|c7u) + Cbﬂ—b‘cau}pcﬂ-u‘c



Therefore the savings can be expressed as:

S = CO - Ol = n{cs(ﬂ-sk:,u - 7Tb|c,u) + Cbﬂ—b|c,u} <pg7l'2|c - piﬂ-llqc)

2 Bacteriuria and catheterization duration

The risk of bacteriuria among those catheterized is frequently characterized in the literature
as a per-day risk (typically r, = 5.0%). Under this assumption, along with the assumption
that catheterization is a necessary condition for bacteriuria and that among those catheter-
ized there is a (1/m,.) chance per day of having the catheter removed, it follows that:

o=t (- 0) () = ey

since {1 — (1 —r,)%} is the risk of bacteriuria given a catheterization duration of d days and
since {1 — (1/m.)}¢1(1/m.) is the chance of being catheterized d days.

If we characterize the post-intervention duration of catheterization m! in terms of a percent
decrease k4 relative to the pre-intervention duration so that m! = (1 — kg)m?, then:
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3 Estimation and inference

As with post-intervention duration of catheterization, we can characterize the post-intervention
proportion catheterized p! in terms of a percent decrease k, relative to the pre-intervention
proportion catheterized, so that p; = (1—k,)p2. Then based on the above work we can write
the savings as:

(1 - kd)ﬂ-2|c}
1— kdﬂ'o
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S = CO - Cl - n{cs(ﬂ-smu - 7Tb|c7u) + Cbﬂ-b|c,u}{p2ﬂ-2|c - (]‘ - kp)])(c)

Therefore an estimate for the savings is given by:

. 1— k) (1 — kq)p2a°
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We now have an estimator for S that depends only on either fixed known quantities (e.g., n

and p?, which are user-specified, and k, and k4, which are varied across ranges of possible

values) or on quantities for which we have estimates and variances from the literature (these

can also be varied by the user). Thus point estimates for S are immediately available.



For variance estimates we can use the delta method. In order to ensure that confidence
intervals respect the fact that S is greater than zero, we derive variances on the log scale.

(1—kp) (A—k)p00,,
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we have g/(n5),) = p2{1 — [R50

First note that for g(7r2| ) =p# 3|c T—kat])?
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Therefore, by the delta method:
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Let w s|cu = Tsje,u — Thle,u- Lhen, for the function:
h <7T3|C,u, Tbjeus g(ﬂglc)) = log S = logn + log(csmy..,, + CoTpjeu) + lOg g(7r2|c)

the gradient Vh(cs,cb,ﬂs‘cu,wb‘cu,g( u|c)> is:
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= ¢, for notational convenience. Then, assuming

ko 7 * _ k
Let ¢ = ¢, — ¢, with Thlen = Tbleu and c

the estimates ¢, ¢y, Tgjc,us Moje,u, and g(frg‘c) are all uncorrelated, another application of the
delta method implies:

R 2
Zje{&b}{ ]|CuVar(c]) + ¢ Var(wﬂcu)} ) {g/(W&C)Q} .

(Csﬂ- + Cbﬂ-b|c,u)2

\//E;(log S) ~

sleyu

And a 95% confidence interval for S is given by:
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