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Abstract

BACKGROUND— Surgical supplies occupy a large portion of healthcare expenditures but is
often under the surgeon’s control. We sought to assess whether an automated, surgeon-directed,
cost feedback system can decrease supply expenditures for five common general surgery
procedures.

MATERIALS AND METHODS— An automated “surgical receipt” detailing intraoperative
supply costs was generated and emailed to surgeons after each case. We compared the median cost
per case for 18 months before and after implementation of the surgical receipt. We controlled for
price fluctuations by applying common per-unit prices in both time periods. We also compared the
incision time, case length booking accuracy, length of stay, and postoperative occurrences.

RESULTS— Median costs decreased significantly for open inguinal hernia ($433.45 to $385.49,
p<0.001), laparoscopic cholecystectomy ($886.77 to $816.13, p=0.002), and thyroidectomy
($861.21 to $825.90, p=0.034). Median costs were unchanged for laparoscopic appendectomy and
increased significantly for lumpectomy ($325.67 to $420.53, p<0.001). There was an increase in
incision-to-closure minutes for open inguinal hernia (71 to 75 minutes, p<0.001) and laparoscopic
cholecystectomy (75 to 96 minutes, p<0.001), but a decrease in thyroidectomy (79 to 73 minutes,
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p<0.001). There was an increase in booking accuracy for laparoscopic appendectomy (38.6% to
55.0%, p=0.001) and thyroidectomy (32.5% to 48.1%, p=0.001). There were no differences in
postoperative occurrence rates and length of stay durations.

CONCLUSIONS— An automated surgeon-directed surgical receipt may be a useful tool to
decrease supply costs for certain procedures. However, curtailing surgical supply costs with
surgeon-directed cost feedback alone is challenging and a multimodal approach may be necessary.

Keywords
Surgical cost; supply cost; cost feedback; operating room

INTRODUCTION

Surgical procedures represent a significant expenditure in the American healthcare system.
In 2011, inpatient hospitalizations following operating room (OR) procedures comprised
28.9% of total hospitalizations but made up 47.9% of the aggregate cost of inpatient
admissions?. This equates to approximately $160 billion annually?. Previous literature has
demonstrated that disposable surgical supplies, both implantable and non-implantable,
represent a significant portion of surgery-associated costs3#. Although surgeons are often
not involved in the negotiation of supply costs with suppliers, they play an integral role in
providing feedback to administrators on which surgical supplies should be purchased for the
OR and have direct control on which specific disposable supply to use in a given case.
However, disposable supply costs can vary widely among providers — even for the same
procedure at a single institution®. While in the past, efforts to decrease supply costs have
relied on altruism, surgeons are increasingly employed by, or are intimately associated with,
large integrated health systems that bear an ever-growing share in the financial risks of
health care expenditures associated with their patients. With a need to become more cost-
competitive to maintain viability, these health systems, and hence their providers, must
develop strategies to reduce expenditures in the costly surgical environment.

Despite their role in driving procedural expenses, surgeons are notoriously unreliable at
estimating the costs associated with their operative equipment®’. To combat this problem,
multiple studies have examined a strategy of physician education to contain costs. One
method has been to provide cost feedback to surgeons. Results have been mixed, with one
study featuring cost audits and regular lectures showing no effect8, but other studies showing
that surgeons are responsive to cost feedback and can produce significant reductions in OR
expenses®~13. However, the majority of studies were limited to a single procedure®14.15 and
centered around educating surgeons on the specific procedure with targeted cost-saving
measures. This presents a scalability issue, as it is very resource-intensive and difficult to
operationalize on a departmental or hospital-wide level. A less resource-intensive, albeit
more passive, way to educate surgeons regarding OR supply costs is the use of a surgical
receipt or scorecard. These receipts can show surgeons the cost of the disposable items they
used during a given case. Several studies have demonstrated that surgeons can be responsive
to this type of feedback®17. However, these studies have also focused on a single
procedure. Recently, one promising study compared the use of a surgeon-directed cost
scorecard across multiple specialties at a single institution, showing that it can reduce costs
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on a departmental levelll. However, there are concerns regarding the sustainability of this
program as a departmental incentive was provided and the scorecard was generated
manually each month for the duration of the study period.

Most of the previous studies have been in the context of a limited study period. To our
knowledge, no study has yet looked at the effects of an automated and operationalized
surgeon-directed cost feedback system’s effects on surgical expenditures. Such a system was
established at our institution in October 2015. We performed a retrospective study of the
effects of such a system on the surgical expenditures for five common surgical procedures.

MATERIALS AND METHODS

This is a single-institution, multi-hospital retrospective study comparing trends in per-case
supply costs for five commonly performed general surgery procedures before and after the
implementation of an institution-wide surgical receipt program. The five procedures
analyzed were laparoscopic cholecystectomy, laparoscopic appendectomy, open inguinal
hernia, lumpectomy, and thyroidectomy. Prior to data analysis, we obtained approval by our
Institutional Review Board.

Our primary outcome of interest is a comparison of the per-case costs of these five
operations before and after implementation of the surgical receipt. We analyzed changes in
case costs over an 18-month period before and after the surgical receipt was introduced,
separated by an unmeasured 1-month transition period (October 2015), in which the receipt
was rolled-out to the health system. The research timeline is shown in Figure 1.

Beginning October 2015, surgical receipts were provided to the primary surgeon of record
for each surgical procedure performed at our institution. The principal intent of the receipts
was to establish and nurture a culture of attention to variable costs in the operating room by
surgical faculty. Receipts were delivered by email within three days following a procedure in
pdf format. Information presented on these receipts included total case cost, a list of supplies
and implants used during the case, associated per-unit cost and per-case sums for each
supply item, and a comparison of the primary surgeon’s case cost with an average of all
other providers for the same procedure at our institution. The surgical receipt does not
include any information regarding supply or hospital charges, which are distinct from supply
costst8. The surgical receipt also includes other ancillary information, such as the surgical
and nursing team, the accuracy of the booked case length, and whether the case started on
time. An example of a surgical receipt can be seen in Figure 2. Surgical receipts are created,
distributed, and maintained by the Surgery, Anesthesiology, Musculoskeletal, Neurology,
and Imaging Services (SAMNIS) department at our institution. SAMNIS performs monthly
audits through direct observation in the OR and through the use of “audit bags” to collect the
packaging of used supplies. In addition, surgeons who review the receipts also act as
auditors for the accuracy of the receipts “charged” to each case. As this was an institution-
wide initiative, all primary surgeons received receipts regardless of department or surgical
subspecialty. The surgical receipt was provided for both inpatient and outpatient procedures,
and at all hospitals within the health system. No financial or personal incentives were
provided within the department for surgeons to decrease his or her supply costs. However,
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controlling supply costs was a departmental directive and the surgical receipt was provided
as a tool to help surgeons achieve that directive.

Using data from SAMNIS, we selected our procedures of interest from a listing of the
twenty most commonly performed procedures at our institution, as identified by frequency
of Common Procedure Terminology (CPT) codes. After excluding minor procedures (i.e.
incision and drainage, colonoscopy), we selected five representative general surgery
operations. The procedures were selected to represent the most commonly performed
procedures, across multiple general surgical subspecialties, and surgical approaches.
Procedures were identified by the primary CPT code associated with the OR encounter.
From the selected procedure list, we extracted the total case cost - a function of disposable
supply cost plus implantable supply cost - as well as total disposable supply cost, total
implant cost, and itemized tallies of cost and usage for all supply items for each individual
OR case.

We excluded combined cases in which multiple service lines were involved within the same
OR case. However, if multiple procedures were performed by the same service line, and the
primary CPT code was one of interest, then these cases were included. For example, if a
parathyroidectomy was performed in addition to the thyroidectomy, and the primary CPT
code was a thyroidectomy, then this case was included. In addition, we excluded cases in
which an implant was placed during a laparoscopic cholecystectomy (2 cases in the before
period, 1 case in the after period), laparoscopic appendectomy, and thyroidectomy (1 case in
the before period). We also excluded cases in which a breast implant or tissue expander was
placed in lumpectomy procedures (5 cases in the before period, 8 cases in the after period).
One thyroidectomy case in the after period was excluded due to an error in the database in
which no supplies were attributed to that case. Lastly, 17 open inguinal hernia cases (8 in the
before period, 9 in the after period) were excluded because an open inguinal hernia was
ultimately performed after a conversion to open from an initial laparoscopic approach or an
open inguinal hernia was done as part of a larger procedure (i.e. kidney donation,
pancreatectomy). The above cases were excluded because these do not represent the
standard of care for these procedures.

Recognizing concerns that attention to cost on the part of treating surgeons may have an
effect on patient outcomes, we examined four secondary outcomes for each of our
procedures of interest: incision-to-closure time, booking accuracy, lengths of stay, and
number of postoperative morbidity or mortality occurrences. For this last variable, we
obtained our institution’s outcomes dataset. This dataset follows the strict reporting
guidelines set by the American College of Surgeons National Surgical Quality Improvement
Program (NSQIP). The dataset takes a limited sample of cases for each procedure. The
capture rate of each procedure can be seen in Table 3.To classify booking accuracy, OR
room minutes were analyzed for each procedure. At our institution, an accurately booked
case length was defined as being within 15% of the scheduled length. Incision-to-closure
time (skin minutes) was recorded by the intraoperative nursing staff, who notes the time
when the skin incision is made and when the skin is completely closed or when the surgical
drapes are removed (if the skin incision is not closed by the surgeon). Lastly, length of stay
is defined as the duration of hospitalization. Skin minutes, booking accuracy, and length of
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stay data was obtained from the SAMNIS database. We extracted the secondary outcomes
data for each case in the pre- and post-intervention timeframes.

Master Price List

A change in overall supply costs may be due to either decreased utilization of supplies or
changes in the cost of individual supplies. In order to control for changing market prices
between the before and after period, we calculated a master price list for each item. During
the before period, prices of each specific item were averaged to arrive at the master price.
We then applied the master prices to calculate an adjusted supply cost for each case in the
before and after period. If an item was used only during the after period, we calculated an
averaged after price for the item. This price adjustment ensured that changes in supply costs
can be attributed to patterns of use, not differences in pricing.

Statistical Analysis

RESULTS

We compared the median per-case supply cost before and after surgical receipts using a
Mann-Whitney U test (MWU) for each procedure of interest. This analysis was performed
with both unadjusted and price-adjusted data, so as to interrogate if any changes in the crude
analysis remained significant after price was held constant.

For procedures of interest which featured implants in addition to disposable supplies, we
performed sub-analyses of median per-case costs with and without implants using MWU
test.

MWU test was performed to compare median incision-to-closure durations and length of
stays between the pre- and post-intervention groups. A chi-squared test was used to analyze
booking accuracy and NSQIP postoperative occurrence rates during the two time periods.

For all calculations, two-tailed significance thresholds were set at p < 0.05. Statistical
analysis was performed using SPSS (IBM Corp, Version 25, Armonk, NY) and R Studio
(\ersion 3.3.2).

Our five procedures of interest from April 2014 to May 2017 were lumpectomy (n=811)
laparoscopic cholecystectomy (n=504), laparoscopic appendectomy (n=439), thyroidectomy
(n=448), and open inguinal hernia repair (n=342).

Median Per-Case Costs

Median case cost analysis is reported in Table 1. Three of the five procedures demonstrated
significant reduction in median case cost after implementation of the surgical receipt
program. Median cost for laparoscopic cholecystectomy decreased from $886.77 per case to
$816.13 (p=0.002), for thyroidectomy from $861.21 to $ 825.90 (p=0.034), and for open
inguinal hernia repair from $429.45 to $372.49 (p<0.001). For all three procedures, post-
intervention median case costs remained significantly reduced after price adjustment, for
laparoscopic cholecystectomy from $888.15 to $816.60 (p<0.001), for thyroidectomy from
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$858.16 to $812.90 (p=0.003), and for open inguinal hernia repair from $434.97 to $410.73
(p<0.001).

In contrast, laparoscopic appendectomy cost did not change significantly: from $1321.50 to
$1351.20 (p=0.101) unadjusted and from $1303.96 to $1342.30 (p=0.166) price-adjusted.
Median lumpectomy cost increased: from $325.67 to $420.53 (p<0.001) unadjusted and
from $327.51 to $403.88 price-adjusted (p<0.001).

Exclusion of Implant Costs

Open inguinal hernia repair and lumpectomies were the two procedures in our analysis in
which implantable supplies are standard of care. Implanted meshes were often used in
inguinal hernia repairs, and radiographic targets markers were sometimes used in
lumpectomies. In the before period, all 158 open inguinal hernias had an implanted mesh,
while 182 out of the 184 open inguinal hernias had an implanted mesh in the after period. In
lumpectomies, only 30 out of 385 had radiographic marker in the before period, but 85 out
of 385 had one in the after period.

When excluding implanted inguinal meshes, the median per-case disposable supply costs for
inguinal hernia repair remained significantly decreased when price adjustment was applied:
from $143.00 before intervention to $134.51 (p=0.004).

When excluding radiographic target markers from analysis and adjusting for price, median
per-case supply costs for lumpectomy continued to be significantly increased, from $287.38
to $355.30 (p=0.024).

Secondary Outcomes

Secondary outcome measures are shown in Table 2. Median incision-to-closure times were
not significantly different between pre- and post-intervention timeframes for laparoscopic
appendectomy (p=0.131), lumpectomy (p=0.251), and open inguinal hernia (p=0.125).
Laparoscopic cholecystectomy (median 75 minutes to 96 minutes, p<0.001) saw an increase
in the median incision time. Thyroidectomy saw a significant decrease in incision-to-closure
time (median 79 minutes to 73 minutes, p<0.001).

There was a significant increase in booking accuracy for laparoscopic appendectomy
(p=0.001) and thyroidectomy (p=0.001) during the study period. Though the proportions of
accurate booking increased for laparoscopic cholecystectomy and lumpectomy, neither
reached a level of significance (p=0.464 and p=0.360, respectively). Conversely, the
proportion of accurately booked open inguinal hernia cases decreased in the post-
intervention period, but this was also not significant (p=0.499).

Length of stays were not significantly different for any of the five procedures during the
course of the study (Table 2). We also analyzed patient clinical outcomes of these five
procedures during our study periods (Table 3), where there were no significant differences in
the number of postoperative occurrences for any of the procedures.
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DISCUSSION

In our primary analysis of five representative general surgery procedures, we saw a
significant reduction in median OR case costs for three of five commonly performed general
surgery procedures at our institution. This finding was consistently observed after
controlling for fluctuations in supply pricing, suggesting changing patterns of surgeon use —
reducing supply waste and choosing less expensive alternatives — as the primary driver of
decreased supply costs. However, we saw no significant difference in one procedure and a
significant increase in supply costs for another procedure. Our secondary analysis showed
that there was no difference in the length of stay or post-operative complications for any of
the procedures between the two study periods. We saw an increase in the booked case length
accuracy in laparoscopic appendectomy and thyroidectomy. However, laparoscopic
cholecystectomy saw an increase in the skin minutes, while thyroidectomy saw a decrease in
the skin minutes.

This study demonstrated that a fully operationalized surgeon-directed cost feedback system
has the potential to decrease operating room disposable supply costs for select procedures.
One the biggest barriers to implementing such a system is making it operationally feasible.
One advantage of our system is automation. Supplies are recorded under a case once the OR
nurse scans the item into the computer, and receipts are automatically generated and
delivered to the surgeon. This level of automation is required to make such a system
operationally feasible. In addition, after the initial start-up costs of setting up the database,
the cost of maintaining this system is low.

The fact that only three of the five procedures saw a decrease in supply costs suggest that
surgeon-directed feedback can be effective in reducing supply costs but only in certain
circumstances. A systematic review on the topic found that as study size increased, the cost
savings decreased!®. This may reflect challenges with scaling such a feedback system or
publication bias in which only impressive small studies are published. It may also be that as
a surgeon-directed cost feedback system is only effective for certain procedures and must be
a targeted intervention. When applied to multiple procedures and groups of surgeons, as in
our study, it may be that some surgeons (or divisions) were more flexible in their practice
patterns and were open to feedback regarding costs, while others were not. In addition, it
may be that certain procedures are already highly standardized, and therefore, there is little
room to change practice patterns. For example, most surgeons at our institution perform
laparoscopic appendectomies similarly and use the same items. Studies have shown that
standardization of preference cards can lead to decreased costs across multiple procedures
and specialties?9-22, so perhaps cost utilization in such procedures are already maximized.
Another consideration in the analysis of our data is the effect of time. We attempted to
perform a time trend analysis, but the high variability in the median supply costs of each
procedure prevented accurate models to be built. We have included a visual representation of
the median supply costs per month compared to the overall median supply cost for the
before period for each procedure (Appendix).

Interpretation of cost data can be highly complex. A decrease in the supply cost can be
attributed to changes in item utilization (either substituting for a cheaper alternative item or
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omitting items) or changes in the price of the item itself. The goal of the surgical receipt is to
influence supply utilization through either substitution to more cost effective and clinically
comparable alternatives or through reduction in unnecessary utilization. In order to control
for changes in the price of the items, we employed a novel price adjustment technique.
While previous studies have used the consumer price index (CPI) as a surrogate for changes
in pricell, we directly controlled for the changes in price of the item by establishing a
master price list for each item. We believe that this method is superior because the master
price list makes all items the same price across the study period, thereby removing the
change in the price of the item as a possible cause for changes in overall supply costs.
Conversely, the CPI is based on the average change in prices on a macro-level, and adjusting
for supply costs using the CPI is subject to assuming an “average” change in prices has
occurred at our institution over the study period.

It is extremely difficult to pinpoint which specific supplies led to changes in the median
supply costs for each procedure. However, we can compare the change in median cost per
case for different supply types in the before and after period, and identify the supply types
that had the largest increase or decrease during the two time periods (Table 4). For supplies
that are used in every case (e.g. laparoscopic instrument packs for laparoscopic cases), a
change in median case cost would signify a change in the cost of the supply itself. But for
supplies that are not required for every case, it is difficult to attribute a change in median
case cost to changes in the cost of the individual supply versus changes in utilization due to
cost feedback or shifts in practice patterns. We attempted to control for changes in per-item
price over the course of the study period with our novel price adjustment method, but
accounting for changes in practice patterns is challenging. For example, the increase in the
use of BioZorb (Focal Therapeutics, Aliso Viejo, CA) radiographic markers for lumpectomy
cases in the after period may be indicative of a shift in the standard of care, while the
decreased use of energy dissectors in laparoscopic cholecystectomy may be due to the cost
feedback received by surgeons. As surgeons incorporate more technology in the hope of
improving patient care, the cost of operating room expenses also increases on a yearly
basis!. This fact makes it even more important to address controllable product costs in an
effort to implement new technology in a cost-sensitive manner

The results of our secondary analysis, mainly the unchanged length of stay and postoperative
morbidity rate, suggests that overall clinical outcomes were likely unaffected by the
implementation of the receipt. Historically, all procedures included in this study have low
morbidity rates, so it’s possible that the numbers of patients included are too small to
identify modest differences for these low morbidity procedures. Likewise, this study is likely
not adequately powered to detect differences in length of stay due to the fact that it is rare
for patients to stay greater than one day in the hospital for these procedures. One concern of
reducing the utilization of preferred products is increased inefficiency and consequently
prolongation of the procedure. The incision-to-closure time increased significantly for
laparoscopic cholecystectomy by 21 minutes and modestly for open inguinal hernia while
decreasing for thyroidectomy. This result is hard to interpret, as many factors can affect how
long a surgeon takes to complete a case. While it can be argued that the change in skin
minutes may be related to the fact that the surgeon is now using a different item due to the
cost feedback he or she received, this is also very difficult to prove. A deeper analysis of this
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finding shows that, for laparoscopic cholecystectomies at our institution, 40.7% of surgeons
in the after period did not perform any in the before period. In other words, these tended to
be younger, newer, and less experienced surgeons. For these surgeons, the median skin
minutes was 106 minutes, which may have contributed to the increase in the median skin
minutes of all surgeons in the after period. This suggests that the increase in skin minutes for
laparoscopic cholecystectomy may be unrelated to the effects of the surgical receipt.
However, any change in case duration can have a profound impact on the cost to the hospital
system, as multiple studies have shown that operating room is a cost-dense environment!8.
Therefore, this finding, even if unrelated to the surgical receipt, is important to note.
Booking accuracy increased for four of the five cases (though, only two were statistically
significant). This is a potential benefit of the receipt, as it includes feedback to the surgeon
on the accuracy of their scheduled case duration. More accurate booking of cases has the
potential to increase OR efficiency and generate more revenue and decrease overall costs to
the hospital23.24,

The operational nature of the surgical receipt is a source of limitations our study. The
operational database was not built for research purposes. For example, it did not contain any
patient demographic or comorbidity data. This study is also retrospective in nature, so a
control group was not possible. Our database also did not include the cost of medications.
While this was not the main outcome measure for this study, medications have the potential
to encompass a significant portion of the total cost of a surgical procedure. The surgical
procedures were selected after querying for the most common major procedures performed
by general surgery at our institution, which may be a source of selection bias. Procedures
were identified by the primary CPT associated with the case. This has the potential to
capture cases in which multiple procedures were performed, but the primary CPT associated
with the case was one of interest. However, this possibility is not likely to be related to
implementation of the intervention, so it should have equal effect on both time periods. In
addition, we grouped procedures by the primary CPT code but did not have intraoperative
details to analyze. For example, not all laparoscopic cholecystectomies are the same and
differences in each case may lead to different supplies to be used. This lack of intraoperative
details represents a potential new area of research in future studies. Lastly, surgical receipts
during the study period was delivered to surgeons by email, so there is no way to assess
whether they had been viewed by their recipients - a measure that would represent adherence
to the intervention. However, review of the surgical receipt was a departmental directive, so
it is not unreasonable to think that most surgeons reviewed their receipts. The ability to track
readership of the cost feedback system is a priority for future iterations of the receipt.
However, it is not possible with the current software platform but merits further development
in future studies. Along with refinements in the receipt, our next steps forward will be in
defining active interventions and exploring alternative methods to curtail surgical supply
costs.
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CONCLUSIONS

Our study shows that controlling surgical supply costs remains challenging, but an
automated and operationalized surgeon-directed cost feedback system may be a useful tool
to control surgical expenditures for healthcare systems. Despite a hands-off approach
without financial incentives, there was a significant decrease in median case costs for three
commonly performed surgical procedures. More studies will be needed to elucidate specific
reasons for increasing or decreasing supply costs after implementation of such a receipt, and
how surgeon-directed cost feedback can impact other procedures and specialties. In addition,
surgeon-directed cost feedback alone may not be sufficient to decrease supply costs and a
multimodal approach to change surgeon behavior may be necessary.

Supplementary Material
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APPENDIX

Visual representation of the median supply cost per month after the implementation of the
surgical receipt. The red line indicates the median supply cost of all cases in the before
period for the procedure.

J Surg Res. Author manuscript; available in PMC 2020 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Zhao et al.

300.00

800.00

700.00

Median Adjust Supply Cost

600.00

Page 11

Laparoscopic Cholecystectomy

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Month (After Period Only)

1A.
Laparoscopic Cholecystectomy.

J Surg Res. Author manuscript; available in PMC 2020 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Zhao et al.

900.00

850.00

800.00

Median Adjusted Supply Cost

750.00

700.00

Page 12

Thyroidectomy

19 20 21 22 23 24 25 26 27 28 29 30 31 3z a3 34 35 36

Month (After Period Only)

1B.
Thyroidectomy

J Surg Res. Author manuscript; available in PMC 2020 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Zhao et al.

Median Adjusted Supply Cost

475.00

450.00

425.00

400.00

375.00

Open Inguinal Hernia

Page 13

Moo/

19 20 21 22 23 24 25 26 27 28 29 30
Month (After Period Only)

1C.
Open Inguinal Hernia

J Surg Res. Author manuscript; available in PMC 2020 April 01.

31

32

33

34

35

36



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Zhao et al.

1,700.00

1,600.00

1,500.00

1,400.00

Median Adjusted Supply Cost

1,300.00

1,200.00

Page 14

Laparoscopic Appendectomy

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Month (After Period Only)

1D.
Laparoscopic Appendectomy

J Surg Res. Author manuscript; available in PMC 2020 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhao et al. Page 15

Lumpectomy

4 800.00 |
o
U
>
=N
.
=
A
E 600.00 |
7
3
)
g
=
0
5
g 400.00 |
J v
200.00 L | EE— L 1 - i 1 d = | - = =
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Month (After Period Only)
1E.
Lumpectomy
REFERENCES

1. Weiss AJ, Elixhauser A, Andrews RM. Characteristics of Operating Room Procedures in U.S.
Hospitals 2014 https://www.hcup-us.ahrqg.gov/reports/statbriefs/sb170-Operating-Room-Procedures-
United-States-2011.jsp.

2. National Center for Health Statistics. Health, United States, 2016: With chartbook on long-term
trends in health. Cent Dis Control 2017:314-317. https://www.cdc.gov/nchs/data/hus/hus16.pdf.

3. Sharma M, Ambekar S, Guthikonda B, Wilden J, Nanda A. Regional trends and the impact of
various patient and hospital factors on outcomes and costs of hospitalization between academic and
nonacademic centers after deep brain stimulation surgery for Parkinson’s disease: a United States
Nationwide Inpatient Sam. Neurosurg Focus 2013;35(11).

4. Morrison JE, Jacobs VR. Replacement of expensive, disposable instruments with old-fashioned
surgical techniques for improved cost-effectiveness in laparoscopic hysterectomy. JSLS 2004;8(2):
201-206. [PubMed: 15119671]

5. Zygourakis CC, Valencia V, Boscardin C, et al. Predictors of Variation in Neurosurgical Supply
Costs and Outcomes Across 4904 Surgeries at a Single Institution. World Neurosurg 2016;96:177—
183. doi:10.1016/j.wneu.2016.08.121 [PubMed: 27613498]

6. Okike K, O’Toole RV., Pollak AN, et al. Survey finds few orthopedic surgeons know the costs of the
devices they implant. Health Aff 2014;33(1):103-109. doi:10.1377/hlthaff.2013.0453

7. Jackson CR, Eavey RD, Francis DO. Surgeon awareness of operating room supply costs. Ann Otol
Rhinol Laryngol 2016;125(5):369-377. doi:10.1177/0003489415614864 [PubMed: 26522468]

8. Schroeder SA, Myers LP, Mcphee SJ, et al. The failure of physician education as a cost containment
strategy. JAMA 2014,252(2):225-230.

J Surg Res. Author manuscript; available in PMC 2020 April 01.


https://www.hcup-us.ahrq.gov/reports/statbriefs/sb170-Operating-Room-Procedures-United-States-2011.jsp
https://www.hcup-us.ahrq.gov/reports/statbriefs/sb170-Operating-Room-Procedures-United-States-2011.jsp
https://www.cdc.gov/nchs/data/hus/hus16.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al.

Page 16

9. Gitelis M, Vigneswaran Y, Ujiki MB, et al. Educating surgeons on intraoperative disposable supply

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

costs during laparoscopic cholecystectomy: A regional health system’s experience. Am J Surg
2015;209(3):488-492. doi:10.1016/j.amjsurg.2014.09.023 [PubMed: 25586597]

10.

Tabib CH, Bahler CD, Hardacker TJ, Ball KM, Sundaram CP. Reducing Operating Room Costs
Through Real-Time Cost Information Feedback: A Pilot Study. J Endourol 2015;29(8):963-968.
doi:10.1089/end.2014.0858 [PubMed: 25693920]

Zygourakis CC, Valencia V, Moriates C, et al. Association between surgeon scorecard use and
operating room costs. JAMA Surg 2017;152(3):284-291. doi:10.1001/jamasurg.2016.4674
[PubMed: 27926758]

Croft K, Mattingly PJ, Bosse P, Naumann RW. Physician Education on Controllable Costs
Significantly Reduces Cost of Laparoscopic Hysterectomy. J Minim Invasive Gynecol 2017;24(1):
62—66. doi:10.1016/j.jmig.2016.10.003 [PubMed: 27780776]

Vigneswaran Y, Linn JG, Gitelis M, et al. Educating surgeons may allow for reduced intraoperative
costs for inguinal herniorrhaphy. J Am Coll Surg 2015;220(6):1107-1112. doi:10.1016/
j.jamcollsurg.2015.02.030 [PubMed: 25868411]

Guzman MJ, Gitelis ME, Linn JG, et al. A model of cost reduction and standardization: Improved
cost savings while maintaining the quality of care. Dis Colon Rectum 2015;58(11):1104-1107.
doi:10.1097/DCR.0000000000000463 [PubMed: 26445185]

Croft K, Mattingly PJ, Bosse P, Naumann RW. Physician Education on Controllable Costs
Significantly Reduces Cost of Laparoscopic Hysterectomy. J Minim Invasive Gynecol 2017;24(1):
62—66. doi:10.1016/j.jmig.2016.10.003 [PubMed: 27780776]

Gunaratne K, Cleghorn MC, Jackson TD. The Surgeon Cost Report Card. JAMA Surg
2016;151(1):79. doi:10.1001/jamasurg.2015.2666 [PubMed: 26536386]

Austin LS, Tjoumakaris FP, Ong AC, Lombardi NJ, Wowkanech CD, Mehnert MJ. Surgical Cost
Disclosure May Reduce Operating Room Expenditures. Orthopedics 2017;40(2):e269-e274. doi:
10.3928/01477447-20161116-03 [PubMed: 27874914]

Stey AM, Brook RH, Needleman J, et al. Hospital costs by cost center of inpatient hospitalization
for medicare patients undergoing major abdominal surgery. J Am Coll Surg 2015;220(2):207-
217.e11. doi:10.1016/j.jamcollsurg.2014.10.021 [PubMed: 25529900]

Childers CP, Showen A, Nuckols T, Maggard-Gibbons M. Interventions to Reduce Intraoperative
Costs A Systematic Review. Ann Surg 2018;268:48-57. doi:10.1097/SLA.0000000000002712
[PubMed: 29533265]

Koyle MA, AlQarni N, Odeh R, et al. Reduction and standardization of surgical instruments in
pediatric inguinal hernia repair. J Pediatr Urol 2018;14(1):20-24. doi:10.1016/j.jpurol.2017.08.002
[PubMed: 28967607]

Cichos KH, Linsky PL, Wei B, Minnich DJ, Cerfolio RJ. Cost Savings of Standardization of
Thoracic Surgical Instruments: The Process of Lean. Ann Thorac Surg 2017;104(6):1889-1895.
doi:10.1016/j.athoracsur.2017.06.064 [PubMed: 29054303]

Farrelly JS, Clemons C, Witkins S, et al. Surgical tray optimization as a simple means to decrease
perioperative costs. J Surg Res 2017;220:320-326. doi:10.1016/j.jss.2017.06.029 [PubMed:
29180198]

Eijkemans MJ, van Houdenhoven M, Nguyen T, Boersma E, Steyerberg EW, Kazemier G.
Predicting the unpredictable. Anesthesiology 2010;112:41-49. doi:10.1016/j.jacc.2015.12.063
[PubMed: 19952726]

Dexter F, Epstein RH. Operating room efficiency and scheduling. Curr Opin Anaesthesiol
2005;18(2):195-198. doi:10.1097/01.ac0.0000162840.02087.15 [PubMed: 16534338]

J Surg Res. Author manuscript; available in PMC 2020 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al. Page 17

1-month Transition
Period

18-month Post-receipt Period

18-month Pre-receipt Period I

l I l \

April 2014 October 2015 — April 2017
Receipt Released

Figure 1.

Study Protocol.

The surgical receipt was implemented in October 2015. We allowed for a 1-month transition
period and compared an 18-month period before and after implementation of the surgical

receipt.
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Figure 2.
Example of a Surgical Receipt.

The surgical receipt was compiled and delivered to the primary surgeon for each case within
3 days of the operation. The surgical receipt included, among other things, the cost of each
item, the total supply cost for the case, a comparison of supply costs between the surgeon
and his/her peers, and case length booking accuracy.
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Median Un-adjusted and Adjusted Case Costs.

In comparing before versus after implementation of the surgical receipt, there was a significant decrease in
median supply costs for laparoscopic cholecystectomy, thyroidectomy, and open inguinal hernia. There was no
significant difference in laparoscopic appendectomy, but there was a significant increase in lumpectomy. This

Table 1.

finding was consistent after adjusting for price changes during the study period.

Procedure Nugﬂat;(;g of Un-Adjusted Analysis Adjusted Analysis
Before  After Before After P-value Before After P-value
Laparoscopic
Cholecystectomy 245 259 $886.77 $816.13 0.002 $888.15 $816.60 <0.001
Thyroidectomy 205 243 $861.21 $825.90 0.034 $858.16 $812.90 0.003
Opeﬂ ;Pr?i:i”a' 158 184  $429.45  $37249  <0.001  $434.97  $410.73  <0.001
Laparoscopic
Appendectomy 228 211  $1321.50 $1351.20 0.101 $1303.96  $1342.30 0.166
Lumpectomy 385 426 $325.67 $420.53 <0.001 $327.51 $403.88 <0.001
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Secondary Outcome Measures.

When comparing the before versus after implementation of the surgical receipt, there was a significant
increase in the median skin minutes for laparoscopic cholecystectomy. However, there was a significant
decrease in skin minutes for thyroidectomy. There was an increase in the proportion of accurately booked
cases for thyroidectomy and laparoscopic appendectomy. There were no differences in median length of stay

for any of the procedures.

Table 2.

Procedure Outcome Before  After  P-value
Median Skin Minutes 75 96 <0.001
Laparoscopic Percent of Accurately Booked
Cholecystectomy Cases 36.3%  30.6% 0.464
Median Length of Stay (days) 1 1 0.821
Median Skin Minutes 79 73 <0.001
Thyroidectomy ~ Fereentof Accurately Booked a5 500 48106 0,001
Median Length of Stay (days) 1 1 0.093
Median Skin Minutes 70 74.5 0.125
Open Inguinal Heria  ercent of Accurately Booked 5 09 34206 0,500
Median Length of Stay (days) 0 0 0.441
Median Skin Minutes 57.5 61 0.131
Laparoscopic Percent of Accurately Booked
Appendectomy Cases 38.6%  55.0% 0.001
Median Length of Stay (days) 1 1 0.671
Median Skin Minutes 55 54 0.251
Lumpectomy Percent of Aécurately Booked 506% 544%  0.360
ases
Median Length of Stay (days) 0 0 0.083
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NSQIP Outcomes.
There were no differences in the post-operative outcomes before and after implementation of the surgical

Table 3.

receipt.
Procedure Number of Captured Cases Nugé)cel;' r?;? é::st()p P-value
Before After Before After
Laparoscopic
Cholecystectomy 23 (50.2%) 64 (24.7%) 7 1 0.268
Thyroidectomy 31 (15.1%) 28 (11.5%) 0 0 -
Open Inguinal
i 85(53.8%) 51 (27.7%) 4 5 0.302
Laparoscopic
Appendectomy 161 (70.6%) 85 (40.3%) 3 1 1.00
Lumpectomy 140 (36.4%) 129 (30.3%) 2 5 0.264
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Table 4.

Possible Drivers of Changes in Total Supply Costs per Case.

The change in the supply costs for each procedure can be attributed to either changes in the cost of the supply

or changes in the utilization of the supply.

Change in Median

Procedures Supply Costs

Possible Drivers of Changes in Supply Costs

Laparoscopic

Cholecystectomy Significantly Lower

Thyroidectomy  Significantly Lower

Open Inguinal [

Hernia Significantly Lower
Laparoscopic Non-significantly
Appendectomy Higher

Lumpectomy Significantly Higher

Decreased use of energy dissectors, decreased use
of hemostatic dressings

Increased use of cheaper surgical clips
Decreased cost of surgical meshes

Increased use of more expensive staplers, decreased
cost of laparoscopic instrument packs

Increased use of radiographic markers, increased
use of energy dissectors
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