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Abstract
Background—New technologies are available to reduce or prevent retained surgical sponges
(RSS), but their relative cost-effectiveness are unknown. We developed an empirically-calibrated
decision-analytic model comparing standard counting against alternative strategies: universal or
selective X-ray, bar-coded sponges (BCS), and radiofrequency-tagged (RF) sponges.

Methods—Key model parameters were obtained from field observations during a randomized-
controlled BCS trial (N=298), an observational study of RSS (N=191,168), and clinical experience
with BCS (N~60,000). Since no comparable data exist for RF, we modeled its performance under
two alternative assumptions. Only incremental sponge-tracking costs, excluding those common to
all strategies, were considered. Main outcomes were RSS incidence and cost-effectiveness ratios for
each strategy, from the institutional decision-maker’s perspective.

Results—Standard counting detects 82% of RSS. Bar-coding prevents at least 97.5% for an
additional $95,000 per RSS averted. If RF is as effective as bar-coding, it would cost $720,000 per
additional RSS averted (versus standard counting). Universal X-ray and selective X-ray for high-risk
operations are more costly, but less effective than BCS—$1.1–1.4 million per RSS event prevented.
In sensitivity analyses, results were robust over the plausible range of effectiveness assumptions, but
sensitive to cost.

Conclusions—Using currently available data, this analysis provides a useful model for comparing
the relative cost-effectiveness of existing sponge-tracking strategies. Selecting the best method for
an institution will depend on its priorities: ease-of-use, cost-reduction or ensuring RSS are truly
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“never-events”. Given medical and liability costs exceeding $200,000 per incident, novel
technologies can substantially reduce the incidence of RSS, at acceptable cost.

Introduction
Despite increasing attention to patient safety in the operating room (OR), inadvertently retained
sponges and instruments remain a serious preventable complication in surgery. The National
Quality Forum includes retained equipment among its list of reportable “never-events” that are
expected never to occur to patients in U.S. hospitals.1 The Joint Commission on the
Accreditation of Healthcare Organizations considers them sentinel events requiring immediate
investigation and response.2 The Centers for Medicare and Medicaid Services recently
announced its decision to deny reimbursement to hospitals for the costs associated with objects
left in patients during surgery.3

Unfortunately, strategies to prevent retained equipment have relied solely on the diligence of
the surgical team to track the myriad of sponge products and other surgical equipment
introduced to the operative field. Standard protocols require two members of the surgical team
to concurrently count every item as it is introduced into the sterile field, and again at the end
of the operation, and to perform radiographs if they cannot account for all items.4 Surgeons
are further encouraged to perform a thorough wound exploration before completion of the
procedure, regardless of the outcome of counts.5–7 Although these protocols are labor-
intensive—they occupy as much as 14% of the operative time8—failure to follow the guidelines
is rarely the problem. Instead, the weak link in the count process has been the deception of a
falsely correct count—72% to 88% of cases of retained surgical equipment occur in operations
with correct counts.9–12 In these cases, a manual counting error allows the team to believe all
items have been identified when in fact something has been misplaced in the patient. Such
errors are especially common in high-risk situations, such as obese patients, emergencies and
operations with an unexpected change in procedure.7–9, 13 Some institutions have adopted a
practice of standard, immediate postoperative high-resolution radiographic screening for all
operations involving a body cavity,10 but this strategy is extremely costly14 and it could still
miss some objects, especially sponges5, 15 and needles.16, 17 Selective use for high-risk
operations has been suggested as an alternative,9, 14, 18, 19 and high-resolution images do
improve detection, compared with portable intraoperative films.10 Yet, there have been no
studies to evaluate the potential added value and cost of such an approach.

Prevalent strategies to eliminate this problem have been undermined by their intrinsic
susceptibility to human error,5, 8, 20, 21 provoking calls for technological adjuncts to counting.
5, 18, 19, 22–25 Recently, surgical sponges have been a primary target for innovation among
both surgical safety researchers and medical device manufacturers, because they represent the
majority of retained objects.9, 10, 26, 27 There are currently three technologies approved by the
U.S. Food and Drug Administration—bar-coded (BCS) sponges (Safety-Sponge™ System,
SurgiCount Medical, Temecula, California), radiofrequency (RF) tagged sponges (RF Surgical
Detection System™, RF Surgical Systems, Bellevue, Washington), and passive radiofrequency
identification (RFID) tagged sponges (SmartSponge™, ClearCount Medical Solutions,
Pittsburgh, Pennsylvania). Proof-of-principle studies have been published demonstrating
detection of RF/RFID-tagged sponges in surgical incisions,22, 28 but controlled clinical trial
data exist only for the BCS technology.25 A central difficulty in this field is that clinical trials
would require randomization of well over 100,000 patients to reliably detect a significant
reduction in actual retained surgical sponge (RSS) events.

As an alternative approach, decision-analytic simulation offers a viable opportunity to compare
proposed strategies, estimate their relative cost-effectiveness, and facilitate the integration of
new research findings. In this analysis, therefore, we modeled the key determinants of the risk
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of RSS, and applied all available published data, as well as accrued experience from institutions
using these technologies, to the estimation of model parameters. The result is a generalizable
schema by which analyses of relative cost-effectiveness of strategies to prevent RSS may easily
be updated as new data or technologies become available.

Methods
We used standard decision trees to model the predicted incidence of RSS and incremental costs
for each prevention strategy. (The full decision trees are included for reviewers in the
Appendix). All analyses were conducted in TreeAge Pro 2007 (TreeAge Software,
Williamstown, Massachusetts).

A schematic model of key OR sponge-tracking events is shown in Figure 1. Strategies incur
incremental costs both from the cost of sponges (relative to standard radio-opaque sponges)
and other equipment (such as bar-code readers for the BCS system and detection wands and
console for the RF system), as well as from any X-rays that must be performed. Benefits are
measured as the proportion of cases resulting in RSS. There is no cost assigned to falsely correct
counts or unreconciled discrepancies if they do not result in a RSS.

For the base case, we estimated model probabilities on a per-operation basis for an average-
risk inpatient operation. Model input parameters were estimated using primary data from
several observational and epidemiologic studies of retained sponges and instruments (see Table
1). For the base case estimation of RSS incidence under standard counting practices, we used
data from a comprehensive four-year year study of nearly 200,000 operations performed in an
institution that routinely screens all patients undergoing operations involving a body cavity
with high-resolution postoperative survey radiography.10, 24 They found that RSS occur in
approximately one per 8312 operations.10 Unlike previous studies, which identified cases from
incidence reports,12, 29 administrative databases,30, 31 or malpractice claims,9 this study10

provides the closest overall estimate of RSS incidence, because it includes both clinically-
evident cases and those detected by high-resolution X-ray that might otherwise have escaped
timely detection.

Estimates of the likelihood of discrepancies and reconciliation, and of misplaced and retained
sponges were derived from field observations.25, 32 The sensitivity ( and specificity (0.91 and
0.895, respectively) of X-ray were taken from Revesz et al., who studied radiologists’ and
surgeons’ ability to detect sponges placed within surgical incisions in cadavers.15 When inputs
were not otherwise available from such studies, we computed conditional probabilities through
calibration methods (e.g. maximum likelihood techniques) and/or algebraic back-calculation
(ie. computation of missing intervening values in a decision tree when initial probabilities and
final proportions are available).

Treatment Strategies
(1) No sponge tracking—Operations are performed with non-radiopaque sponges. Care is
taken to remove all packs and other equipment, but no sponge-counting or other active
surveillance techniques are used. We computed the predicted incidence of RSS in this strategy
through back-calculation from epidemiologic analyses—using the known incidence of RSS
with standard counting and the previously observed frequency of misplacing a sponge in the
incision, we solved for the likelihood that a misplaced sponge would be discovered incidentally
and then computed a predicted RSS incidence in the absence of counts.9, 10, 29 This computed
prediction matched empirical reports of historical incidence data.33 The results of this
simulation are used only as a baseline from which to evaluate the effect of standard counting
procedures. All subsequent strategies are compared with the standard counting practice.
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(2) Standard counting protocol—Operations are performed with radiopaque sponges. All
recommended counting practices4 are used, wound exploration is performed at the end of the
procedure,5 and all unreconciled discrepancies are investigated with intraoperative
radiography before final closure. Unobserved model parameters (for example, the likelihood
of a misplaced sponge in the absence of a counting discrepancy) were derived by calibrating
these values to generate model predictions for RSS incidence that most closely match the
observed estimates from epidemiologic data.10

(3) Universal radiography without counting—Operations are performed as in (1),
except that intraoperative X-ray is performed before final closure in all operations.

(4) Universal radiography, added to standard counting—Operations are performed
as in (2), except that intraoperative X-ray is performed before final closure in all operations.

(5) Selective mandatory radiography for high-risk operations—Operations are
performed as in (2), except that intraoperative X-ray is performed before final closure for obese
patients (with body mass index greater than thirty-five), emergency operations, and when there
has been an unplanned change in procedure.9

For this scenario, we assumed that obesity increases RSS risk both by decreasing the likelihood
that a sponge misplaced in the patient will be discovered before closure,9, 13 and by decreasing
the sensitivity of intraoperative radiography to detecting a retained sponge.34 We assumed that
emergencies and procedure changes increase RSS risk by increasing the likelihood that OR
teams will misplace a sponge.9 We estimated the proportion of operations belonging to each
high-risk group from the National Surgical Quality Improvement Program35 cohorts at our
institutions. Finally, we calibrated the missing parameter estimates to conform to the reported
odds ratios for each high-risk category.9

(6) Bar-coded sponge system—All sponges contain a unique data-matrix symbology tag
annealed to the gauze. Sponges are scanned with a bar-code reader as they are added to the
sterile field, and again as they are removed. Wound exploration is performed before closure in
all operations, and unreconciled discrepancies prompt intraoperative X-ray. Model parameters
were estimated from a randomized-controlled trial of the bar-coding system,25 and from
clinical experience with the system (Rick Bertran, personal communication).

(7) RF-tagged sponge system—Operations are performed as in (2), including all aspects
of the standard counting procedure, except that sponges containing a micro RF tag are used.
Regardless of the outcome of the standard counting protocol, the count is followed by a
complete scan of the patient with an RF detection wand, according to procedures described by
the product’s distributor (Medline Industries Inc., Mundelein, Illinois). In the absence of
obtainable effectiveness data, we computed what the RF system’s cost per incident prevented
would be across a range of assumptions, varying the projected incidence of RSS from
equivalence with bar-coding to 100 percent prevention of RSS.

(8) RFID system—We were unable to obtain cost data about the RFID system from either
the manufacturer or surgical administrators, because no institution had fully implemented the
system at the time of writing. Thus, we could not compute meaningful cost-effectiveness ratios
for RFID, and do not include it explicitly in the analyses to follow.

Cost Estimates
The base case cost estimates are shown in Table 2. Cost data for plain radiography were
obtained from published studies.9, 29 The incremental costs of the novel technologies were
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obtained from OR managers at academic institutions that have implemented the systems. Bar-
coded sponge costs were obtained from University of California, San Francisco Medical Center
(J. Bennan, personal communication) and RF sponge system costs were obtained from the
Hospital of the University of Pennsylvania (L.R. Kaiser MD, personal communication). In
both cases, OR administrators considered the incremental additional costs of the sponges, as
well as the amortized costs of associated equipment purchases and any other upfront capital
costs for implementation.

We make a simplifying assumption that lifetime induced and indirect costs from a societal
perspective are unnecessarily broad for this inquiry, even though society-level approaches are
often recommended.36 We do so for three reasons: (i) RSS are considered a “never-event” to
be eliminated,1, 2 so it is not essential to compare cost-effectiveness of strategies to prevent
RSS against other health priorities—RSS events themselves serve as a common denominator,
apart from their broader sequelae; (ii) hospitals are the principal decision-makers regarding
whether to implement these strategies, so an institutional perspective on cost (considering only
the direct incremental costs of the strategy, while keeping in mind the potential savings from
avoidance of non-reimbursable acute surgical care for RSS and resultant litigation) most
closely represents the decision of interest37; and (iii) hospital costs for medical and surgical
management of RSS may not be reimbursed,3 and the costs of implementing prevention
strategies are unlikely to be borne at the societal level, by either patients or third-party payers.
Because future costs and health outcomes are not considered in this analysis, discounting is
not required.

We have not included any potential costs associated with time in the OR spent counting.
Counting is principally performed in parallel with operative procedures,8 and because most
operational costs in the OR are fixed (rather than variable),38 additional costs and/or savings
accrue only when additional operations may be added into a daily schedule, and the threshold
at which changes in operative time affect revenues for surgical volume is quite high.39 Because
there is a steep learning curve with implementation of new technologies, and differences in
operative time associated with these adjuncts have generally been small, this threshold is
unlikely to be reached (J. Bennan, UCSF, personal communication; A. Kollengode, personal
communication; see also Greenberg et al.25).

Cost-Effectiveness Analyses
We computed cost-effectiveness in two ways. First, because some decision-makers are
interested in comparing each strategy only against current practice, we computed relative cost-
effectiveness ratios (RCER), comparing each strategy’s cost and predicted incidence of RSS
with those of standard counting. Second, for decision-makers interested in comparisons
between the strategies, we performed incremental cost effectiveness analyses that compare
each strategy’s cost and predicted incidence with that of the next-most effective strategy. For
this analysis, we ranked strategies in order of increasing cost. Any strategy that was more costly
but not more beneficial was considered dominated. The incremental cost-effectiveness ratio
(ICER) is then computed for each remaining strategy by dividing additional cost by additional
benefit, as compared with the next-most costly non-dominated strategy.

Sensitivity Analyses
Because there is uncertainty in our effectiveness estimates for the sponge-tracking
technologies, we computed cost-effectiveness ratios across a range of efficacy estimates, up
to and including the circumstance in which they completely eliminate RSS. To evaluate the
effect of variability in cost estimates for the technologies, we also evaluated the sensitivity of
our estimates to differences in cost.
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Results
Base Case

The expected costs, number of RSS events prevented, RCER and ICER for each of the eight
strategies are presented in Table 3. If no active tracking were performed, the incidence of RSS
would be approximately 67 per 100,000 operations. Standard counting protocols alone are
predicted to prevent 82% of these, resulting in a baseline estimated incidence rate of 12 per
100,000, which calibrates well with published epidemiologic data.10, 29 All strategies that
included mandatory radiographs—whether applied universally or only in high-risk operations
—were dominated by the bar-coded sponge strategy, because of its lower cost and greater
benefit. The RCER for each of the X-ray strategies exceeded $1,000,000 per RSS prevented.

Overall effectiveness estimates for BCS were derived from recorded clinical experience to date
—at least 60,000 operations have been completed without a RSS event, so we conservatively
assumed that that the RSS incidence with BCS would be no more than 1 in 60,000 (or 1.7 per
100,000) in the base case. At this level, the RCER and ICER for the bar-coded sponge strategy
was approximately $95,000 per RSS event prevented, compared with standard counting.

If the overall effectiveness of the RF system were the same as BCS (i.e. the incidence of RSS
was the same; see Table 2, RF Model 1), RF would be dominated, because of higher cost with
no increase in benefit. Its RCER would be $720,000 per RSS prevented. If, at the other extreme,
RF were able to prevent 100 percent of RSS (see Table 2, RF Model 2), the RCER compared
with standard counting would be $620,000 per RSS event prevented, but the ICER under this
assumption would be $3.9 million per RSS, when compared with BCS (the next-best non-
dominated strategy).

Sensitivity Analyses
We evaluated three alternative scenarios, whose results are shown in Table 4. First, if we
assume that the BCS system increases detection of discrepancies at the rate observed in the
randomized trial,25 but does not otherwise improve the rate at which missing sponges are
recovered of missing sponges (in the base case, we found by back-calculation that the likelihood
of discovery of a missing sponge is greater when discrepancies occur with BCS than counting),
both the RCER and ICER for BCS would increase to $140,000, but its position relative to other
non-dominated strategies would not change. Next, if there were no decrement in X-ray
sensitivity in obese patients, performance of the selective X-ray strategy improves slightly, but
does not alter the conclusions from the base case. And third, even as the sensitivity of
intraoperative radiographs approaches 100%, the selective X-ray strategy is still strongly
dominated by BCS, and the universal X-ray strategy remains extremely costly, with an RCER
of $1.3 million compared with counting, and an ICER of $27 million compared with BCS.

Discussion
Retained sponges remain a persistent and dreaded occurrence in surgery. Unfortunately, more
than just diligence of highly-sensitized surgical personnel will be required if they are ever truly
to be a “never-event”. Standard counting protocols already detect more than 80 percent of RSS
that would otherwise occur. Still sponges are left behind in approximately 12 per 100,000
operations,10 stimulating increasing interest in strategies to augment the sponge count. Because
RSS are already rare, however, the incremental benefit from even the most effective
technological adjuncts will be small, and could only be observed in a clinical trial with tens of
thousands of patients.18, 19, 23 Thus, aside from isolated proof-of-principle trials for certain
devices,22, 28 there is no real clinical evidence to date that quantifies the effectiveness of any
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of these technologies in operational use. The one clinical trial in this field focused instead on
the rate of counting discrepancies as a proxy for the detection of missing sponges.25

The goal of this study was to provide quantitative estimates from which decision-makers may
evaluate the various interventions that have been proposed. Through decision-analytic
modeling, we illustrate that in order for a sponge tracking strategy to be cost-effective, it must
come very close to eliminating RSS altogether, while keeping its incremental costs quite low.
From an institutional standpoint, the costs incurred from a RSS event include the direct medical
costs—the average Medicare payment for admissions with retained foreign bodies exceeded
$60,000—and the costs of resulting litigation—averaging $150,000 at a large malpractice
insurer in Massachusetts (W. Berry MD, personal communication), but potentially much higher
elsewhere in the U.S. To be cost-saving, when compared with these expected losses, a strategy
that completely eliminated RSS would still need to cost less than $26 per operation.

In this analysis, we find that universal X-ray strategies are prohibitively costly for the
prevention of RSS. Even if the sensitivity of intraoperative radiographs were perfect, and
surgeons could completely eliminate RSS, this achievement would come at a cost of more than
$1.3 million per RSS event prevented. Several authors have suggested that X-rays could be
selectively employed for high-risk operations,9, 14, 18, 19 but even under the most favorable
circumstances, even this narrower strategy costs $1 million for every RSS it prevents. On the
other hand, unlike the BCS and RF strategies, X-rays have the capacity to detect retained
instruments and needles,10 so some institutions may find marginally more value in the strategy
than is reflected in this model, which only considers its effect on sponges.

Our effectiveness estimates for each of the new technologies are crude and somewhat uncertain,
because little direct clinical evidence exists to inform our estimates. However, the conclusions
were robust across a wide range of plausible effectiveness estimates. With an already low
baseline incidence of RSS, the cost-effectiveness ratios are driven mainly by the per-operation
cost of each technology. For these estimates, we relied on expert opinions from large academic
institutions that have implemented the systems in their operating rooms, and have real
operational experience with the total costs involved in their use.

Because of its low cost per operation, the BCS system is predicted to be cost effective across
a full range of plausible effectiveness estimates, with an ICER between $95,000 and $140,000,
when compared with standard counting procedures. In comparison, at its currently reported
cost, the ICER for the RF system exceeds $3 million, when compared with BCS.

Each hospital’s choice of strategy will depend on its resources, its priorities, and its perception
of the consequences of RSS. Those more highly motivated to ensure that RSS are “never-
events”—either because of the regulatory environment, or fear of bad publicity and an interest
in protecting their reputation—may have higher willingness to pay to prevent RSS event. For
some decision makers, local factors related to ease-of-use, workability, and/or the preferences
of influential OR personnel—characteristics not considered in our analysis—will undoubtedly
affect the relative attractiveness of the available strategies. Likewise, some may be interested
in a broader perspective, that considers costs to society (such as lost productivity, uncovered
medical costs, or utility-adjusted outcomes), to payers (including incurred hospital charges),
or to providers and other OR personnel (operative times and efficiency). Some large hospitals
might value indirect costs or savings from implementation, such as operative time and
efficiency, personnel training and documentation costs, while low-volume community
hospitals might find the fixed startup costs of technology acquisition more burdensome.

Nevertheless, this study provides critical quantitative information that will inform institutional
decision-makers who are now presented with several new options to address the problem of
retained surgical sponges. With increasing pressure from regulatory agencies and the public
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to make this a “never-event”, many institutions are now seeking out such information. In the
future, as hospitals acquire experience with the actual costs and real-world effectiveness of
new technologies and strategies, this decision-analytic model may be modified and updated to
provide ongoing decision support for surgeons and hospitals seeking to eliminate RSS in their
operating rooms.
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FIGURE 1.
Structure of the sponge-tracking model in a standard counting protocol.
Each pair of yes/no arrows represents a chance node in the decision model. Chance probabilities
for each strategy were derived from previous research and from algebraic back-computation
from epidemiologic data. Costs are accrued both from the intrinsic cost of the technologies
employed and from any X-rays incurred as a result of unreconciled discrepancies. In
accordance with a previously described taxonomy32, we consider discrepancies to be instances
in which a subsequent count does not agree with a previous one (this definition differs from
that of Egorova et al.29 who refer to unreconciled incorrect final counts as discrepancies).
Misplaced sponges are those unintentionally lost in the OR, either on the floor, in the trash, in
the drapes, or elsewhere. Misplaced sponges may or may not be subsequently found. Those
misplaced within the patient’s body cavity may be found either before the patient leaves the
operating room (a “near miss”) or post-operatively (an RSS adverse event).
Universal use of X-ray decreases the RSS rate primarily by detection of most sponges that are
left in the patient, in the absence of a discrepancy (*) For the selective mandatory radiography
strategy, obesity is assumed to decrease the likelihood of discovering a sponge misplaced in
the patient (†) and decrease the sensitivity of X-rays (§). Emergencies and unexpected
procedure changes are assumed to increase the likelihood of misplacing a sponge (£). The bar-
coded sponge (BCS) system affects the RSS rate by increasing detection of incidents of
misplaced sponges (#). Radiofrequency-tagged (RF) sponges would be expected to increase
reconciliation of discrepancies (@) and increase discovery of sponges misplaced in the patient
(¥). The RFID system is expected to have effects common to both BCS and RF.
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TABLE 1
Base case natural history assumptions.

Description Value Source

Incidence of retained surgical sponges 0.0001203 Cima10

Probability of a misplaced sponge in an average
operation

0.0873 Computed from data in Greenberg32 and Cima10

Proportion of misplaced sponges that are misplaced
in the patient

0.0909 Greenberg25

Frequency of counting discrepancies 0.0811 Greenberg25, 32

Positive predictive value of counting discrepancy 0.9167 Greenberg25, 32

Negative predictive value for counting discrepancy 0.9859 Computed from data in Greenberg32, Cima10, Forgue33

Proportion of discrepancies that are reconciled 0.9167 Greenberg25, 32

Probability of discovering a sponge misplaced in a
patient during wound exploration when:

Computed from data in Greenberg32, Cima10, Forgue33

 There is a counting discrepancy 0.9651

 There is not a counting discrepancy 0.9160

Sensitivity of intraoperative radiographs 0.91 Revesz15

Specificity of intraoperative radiographs 0.895 Revesz15
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TABLE 2
Cost estimates.

Strategy Base price* % needing intraoperative X-ray † Total cost Source

Standard counting Reference 0.6%¥ $0.80 § Greenberg et al.

Universal X-ray $125 100.0% $125.00 Gawande et al.; Egorova et al.

Selective X-ray $0 24.3%@ $30.36 Gawande et al.; Revesz et al.

Bar-coded sponge system $9 1.3%¥ $10.60 # Personal communication (see note below)

RF-tagged sponge system $75.18 0.1%¥ $75.31 £ Personal communication (see note below)

*
Base costs were calculated using a comparison to the reference strategy of standard counting—the current standard of care

†
Predictions based on data from observational trials,25, 32 calibrated to epidemiologic incidence data.10

§
The included cost of standard counting derives from the predicted rate of intraoperative radiographs,

¥
The predicted rates of intraoperative radiographs were obtained from the model, and validated by comparison with both published rates,25, 32 and the

observed rate in one large academic institution (M. Kwaan, Brigham and Women’s Hospital, personal communication).

@
The proportion of patients expected to require x-ray was derived by back-calculation from the observed odds ratios for each high-risk group, and

calibrated to the frequencies in our institutions’ NSQIP cohorts.

#
J. Bennan, UCSF, personal communication.

£
L.R. Kaiser, University of Pennsylvania personal communication.
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