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Background: In 2017 the healthcare cost in the United States accounted for 17.9% of the Gross Domestic Product
(GDP). Furthermore, healthcare facilities producemore than 4 billion pounds ofwaste annually. Interhospital and
intersurgeon variabilities in surgical procedures are some of the drivers of high healthcare cost and waste. We
sought to determine the effect of a monthly surgeon report card detailing the utilization and cost of disposable
and reusable surgical supplies on cost and waste reduction for pediatric laparoscopic procedures.
Methods: Starting in July 2017, surgeons were provided with an individual report with supply cost per case, high
cost, and disposable supply utilization, and clinical outcomes. Cost, utilization, and clinical outcomes six quarters
before and after the intervention were compared.
Results: A total of 998 pediatric laparoscopic procedures were analyzed. We reduced the median supply cost per
case by 43% after the interventionwith total cost savings of $71,035 for thefirst four quarters.We also reduced the

use of disposable trocars by 56% and the use of disposable harmonics and staplers by 33%.
Conclusions: Using a periodic surgeon report card, we significantly reduced supply cost and utilization of dispos-
able items for all pediatric laparoscopic procedures performed at the University of Wisconsin American Family
Children's Hospital.
Type of study: Cost effectiveness study.
Level of evidence: Level III.

© 2020 Elsevier Inc. All rights reserved.
In 2017, the cost of healthcare in the United States accounted for

17.9% of the Gross Domestic Product (GDP) [1].With the growing public
awareness of high healthcare cost, there is an increasing emphasis on
value-based healthcare, which is defined as health outcomes achieved
per dollar spent [2]. One clear way to achieve value-based healthcare
is to reduce waste. It is estimated that the cost of waste in U.S. health
care ranges from $760 billion to $935 billion [3]. Furthermore,
healthcare facilities produce more than 4 billion pounds of waste annu-
ally, with operating rooms and labor-delivery units accounting for about
70% of the hospitalwaste [4]. Changes are needed at the national and or-
ganizational level. However, the choice of consumables used in the op-
erating room is an area where the surgeons can have a direct financial
and environmental impact.

Interhospital and intersurgeon variability in surgical procedures has
been cited as one of the drivers of high healthcare cost and waste [5–8]. At
the same time, higher cost does not always result in better care [7], even
n report cards to increase aware
nd high-cost items, surgeons can
opic procedures without affecting

, University of California San
sco, CA, 94143, USA.
).
-

for a complex surgical procedure such as a pancreaticoduodenectomy [9]. In
addition to surgeonpreference, lackof knowledgeof the cost of surgical sup-
plies is one of the main reasons for the variability. Although earlier studies
did not show cost reduction with cost transparency, more recent reports
showedperiodic or real-time feedback on cost successfully reduces variabil-
ity and cost without compromising clinical outcomes [9–15]. In pediatric
surgery, since laparoscopic appendectomy is the most common surgical
procedure, much effort has been made to streamline the surgical manage-
mentof appendicitis [11,13].However, there are a limitednumberof studies
onwhether similar efforts can bemade for all laparoscopic procedures per-
formed by general pediatric surgeons without sacrificing clinical outcomes.

In this quality improvement intervention, we used a monthly report
card detailing the utilization and cost of disposable, high-cost surgical
supplies for individual surgeons. We determined whether we could re-
duce the cost andwaste in pediatric laparoscopic procedureswithout af-
fecting clinical outcomes using this approach.

1. Methods

1.1. Participants

The study population consisted of pediatric surgical patients who
underwent laparoscopic procedures at the University of Wisconsin
American Family Children's Hospital in Madison between January
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2016 and March 2019. Baseline data included four pediatric surgeons,
and postintervention data included the same four surgeons. One sur-
geon joined the division after the intervention period andwas therefore
excluded from the analysis. Six quarters before the intervention (Janu-
ary 1, 2016, to June 30, 2017) were compared to 6 quarters after the in-
tervention (October 1, 2017, toMarch 31, 2019). All children 19 years or
younger who underwent laparoscopic procedures were included in the
analysis. The procedures included in the analysis are shown in Table 2.
For the analysis of laparoscopic appendectomy, interval appendectomy,
as well as laparoscopic appendectomy for both perforated and
nonperforated appendicitis, were included. If a patient underwent pro-
cedures other than a laparoscopic appendectomy, they were excluded
from the analysis of laparoscopic appendectomies. This study was
done as a part of theDivision of Pediatric Surgery's quality improvement
initiatives and was exempt from institutional review board (IRB)
review.
1.2. Data source

Actual medical supply cost data were obtained from the Materials
Management Information System (MMIS) PeopleSoft. Surgical
procedure-specific cost data were obtained from electronic health re-
cords (EHRs) (Epic), and the local coalescing software program
QlikView. Patient demographics, procedure time, and length of stay
were obtained through EHRs, and the complication data were obtained
through the ACS NSQIP Pediatric database based on Current Procedural
Terminology (CPT) codes. NSQIP morbidities included pneumonia,
reintubation without ventilator dependent renal insufficiency or renal
failure, urinary tract infection, bloodstream infection associated to a
central line, coma greater than 24 hwithout preoperative coma, seizure,
peripheral nerve injury, any cerebral intraventricular hemorrhage, CVA/
stroke or intracranial hemorrhage, cardiac arrest requiring CPR, venous
thrombosis requiring therapy, sepsis, superficial, deep or organ/space
infection, bleeding event requiring transfusion equal to or greater than
25 ml/kg and deep wound disruption.
1.3. Intervention design

Before the intervention, each surgeon was shown the actual cost of
surgical supplies used in laparoscopic procedures before the interven-
tion and the percentage of the total supply cost before the intervention
that was because of high-cost items. Each report showed the data for
every surgeon broken down by surgeon. In our analysis, each surgeon
was compared to their colleagues, with specifics on both the number
of items used and cost of those items per case and per quarter. For lap-
aroscopic appendectomy specifically, surgeons were encouraged to
use reusable trocars, ENDOLOOPTM ligatures or sutures instead of sta-
plers, electrocautery instead of harmonics and a finger of a sterile size
9 glove instead of an Endo Catch™ specimen retrieval pouch to retrieve
the appendix. Quality of patient outcomes was also compared in terms
of hospital acquired conditions (HACs) such as surgical site infections
(SSIs), hospital length of stay, patient readmission rates, and total oper-
ating room and procedure times. After the initial meeting, each surgeon
wasprovidedwith an individual reportwith supply cost per case, supply
utilization and clinical outcomes for themselves and their colleagues.
The reportswere deliveredmonthly for the first 6months and quarterly
thereafter. The reports were reviewed in group meetings to generate
discussions and consensus. Individual procedure “receipts” showing
the cost of the items used were delivered as early as the day after sur-
gery. Baseline data (January 1, 2016–June 30, 2017) was compared to
postintervention data (October 2017–March 31, 2019) with the
surgeon's examination of their procedure medical supply costs and en-
suing discussion used as the focal point for measuring before and after
data.
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1.4. Analysis of cost data

Cost data were extracted at an individual patient level for individual
items used for a given procedure. The analysis focused on the total cost
of used supplies; therefore, the indirect variable cost, and indirect fixed
cost and professional charge were not included in the analysis. Decrease
in supply cost achieved for thefirst four quarters after the intervention is
defined as cost savings, and afterward it is referred to as cost avoidance.
Decrease in supply cost each quarter was defined as the difference be-
tween the mean supply cost before the intervention and mean supply
cost after the intervention multiplied by the number of cases for that
quarter. Cost avoidance was calculated in the same way.

1.5. Statistical analysis

Patient characteristics were analyzed descriptively. Cost measures,
procedure length and length of stay were summarized by median and
interquartile range, and categorical measures were summarized by
counts and percentages. Comparison of the cost, procedure time and
length of stay was performed using the Wilcoxon rank sum test, and
comparisons of complications and number of cases were performed
using Fisher's exact test. To account for potential confounding, we fit a
linear mixed effects model with random intercept on our primary out-
comes. Adjustment variables included age of the patients and the proce-
dure type. A random intercept for surgeon was used to account for
clustering of observations by surgeon. Statistical analysiswas performed
using R 3.6.1.

2. Results

2.1. Demographic characteristics

Between January 2016 and March 2019, a total of 998 laparoscopic
procedures were performed by the four surgeons and were included
in the final analysis. There were 576 procedures before the intervention
and 422 procedures after the intervention. The demographics of the pa-
tients included in the analysis are shown in Table 1.

2.2. Cost outcomes of all laparoscopic procedures

Between January 1, 2016 and March 31, 2019, there were a total of
998 laparoscopic procedures included in the analysis. One hundred
and five procedures performed during the intervention period (July
2017–September 2017) were not included in the analysis. The median
supply cost of all laparoscopic procedures decreased by 42.6% with the
median cost of $446 (IQR $297–827) before the intervention and $256
(IQR $143–490) after the intervention (p < 0.001) (Fig. 1A). The per-
centage decrease of the median cost varied by surgeon between 18.5%
and 62.4% (Fig. 1B). This resulted in a total cost savings of $71,035 for
the first four quarters and a total cost avoidance of $38,875 for the sub-
sequent two quarters. From the mixed effects model analysis which
accounted for potential confounders, we found that intervention had a
significant reduction on supply cost (p = 0.012).

Two of the high-cost items were ultrasonic vibration devices that
both cut and cauterize tissue (average cost $465) and laparoscopic sta-
plers (average cost $279) with reload staples (average cost $229). Be-
fore the intervention, 21% of the cases used the high-cost items,
whereas after the intervention, 16% of the cases used the high-cost
items (p = ns).

The use of disposable trocars decreased from 1.8 trocars per case
(IQR 1.7–1.9) before the intervention to 0.8 trocar per case (IQR
0.6–0.9) after the intervention (p = 0.0022). The use of disposable
harmonic devices and staples decreased from 0.52 item per case
(IQR 0.29–0.63) before the intervention to 0.23 item per case (IQR
0.036–0.46) after the intervention (p = 0.023) (Fig. 2).



Table 1
Patient demographic.

Before
(n = 576)

After
(n = 422)

p-value

Age

0.62
Mean (SD) 6.17 (6.07) 5.90 (5.82)

Median [min, max]
5.00 [0.00,
19.0]

4.00 [0.00,
17.0]

BMI

0.62
Mean (SD) 16.4 (7.13) 17.3 (18.2)

Median [min, max]
16.3 [0.00,
77.4]

16.3 [0.00,
291]

Missing 0 (0%) 1 (0.2%)

Gender
0.69F 216 (37.5%) 164 (38.9%)

M 360 (62.5%) 258(61.1%)

Ethnicity
Hispanic/Latino 75 (13.0%) 49 (11.6%)

0.57
Not Hispanic or Latino 492 (85.4%) 366 (86.7%)
Patient declines to answer 4 (0.7%) 1 (0.2%)
Unavailable 5 (0.9%) 6 (1.4%)

Race

0.69

American Indian or Alaska Native 13 (2.3%) 5 (1.2%)
Asian 27 (4.7%) 21 (5.0%)
Black or African American 38 (6.6%) 32 (7.8%)
Native Hawaiian or other Pacific
Islander

3 (0.5%) 1 (0.2%)

Patient declines to answer 16 (2.8%) 9 (2.1%)
Unavailable 5 (0.9%) 7 (1.7%)
White 474 (82.3%) 347 (82.2%)

ASA status
- 0 (0%) 1 (0.2%)

0.11
1 155 (26.9%) 121 (28.7%)
2 257 (44.6%) 198 (46.9%)
3 132 (22.9%) 91 (21.6%)
4 32 (5.6%) 11 (2.6%)
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Fig. 1.Reduction in themedian supply cost per case (A) and per individual surgeon (B) for
the intervention (October 2017–March 2019). The number of procedures for each surge
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Fig. 2. Reduction in the use of disposable trocars, harmonic devices and staplers before the
intervention (January 2016–June 2017) and after the intervention (October 2017–March
2019).
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2.3. Clinical outcomes of all laparoscopic procedures

The number of laparoscopic procedures by type before and after the
intervention is shown in Table 2. There was no significant difference be-
tween the number of procedures except for laparoscopic
fundoplications (p < 0.001) and laparoscopic anorectal pull-through
(p = 0.032). The median procedure time prior to intervention was
52 min (IQR 34–93 min) and 55 min after the intervention (IQR
37–96 min) (p = 0.15). The median total OR time was 97 min (IQR
76–148 min) before the intervention and 103 min (IQR 79–146 min)
after the intervention (p = 0.089). The median total length of stay
after the surgery was 1.11 days (IQR 0.35–3.66) before the intervention
and 1.10 days (IQR 0.31–3.14 days) after the intervention (p = 0.51).
There were 52 NSQIP complications before the intervention and 36
after the intervention (p = 0.80).
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on is shown in parentheses.
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2.4. Cost outcomes of laparoscopic appendectomy

Before the intervention, themedian supply cost of a laparoscopic ap-
pendectomy was $631 (IQR $330–1095.) Following the intervention,
the median supply cost of a laparoscopic appendectomy was $235
(IQR $135–$565) (p < 0.0001) for the first four quarters with total sav-
ings of $25,407. For the next two additional quarters there was a total
cost avoidance of $10,275 (Fig. 3A). The percentage decrease between
surgeons varied between 73.0% and 87.5%, and two surgeons' costs in-
creased by 1.3% and 46% (Fig. 3B).

2.5. Clinical outcomes of laparoscopic appendectomy

Median length of staywas 0.8 day (IQR 0.37–1.88) prior to interven-
tion and 1.2 days (IQR 0.67–3.16) after the intervention (p = 0.0014).
Median procedure time before the intervention was 50 min (IQR
39–62.5), and after the intervention it was 56 min (IQR 41.5–77)
(p < 0.001). There were 12 postoperative complications before the in-
tervention and 13 after the intervention (p = 0.33).

3. Discussion

At our institution, by improving the surgeons' knowledge of their
utilization of individual surgical supplies as well as their cost through
periodic report cards, we reduced the median supply cost per case by
r

Image of Fig. 1
Image of Fig. 2


Table 2
List of included laparoscopic procedures.

Before
(n = 576)

After
(n = 422)

P-value

Primary procedures
Abdomen, colostomy, diverting loop, laparoscopy 1 (0.2%) 2 (0.5%) 0.58
Abdomen, laparoscopy 43 (7.5%) 36 (8.5%) 0.64
Abdomen, peritoneum & omentum; dx, laparoscopy 1 (0.2%) 0 (0%) 1
Anorectal pull-through, laparoscopic 4 (0.7%) 10 (2.4%) 0.03
Appendectomy, laparoscopy 167 (29.0%) 116 (27.5%) 0.53
Cholecystectomy, laparoscopy 14 (2.4%) 19 (4.5%) 0.11
Colostomy takedown, laparoscopy 1 (0.2%) 1 (0.2%) 1
Esophago/gastric, Nissen, Toupet, abdominal approach, laparoscopy 56 (9.7%) 19 (4.5%) <0.001
Gastrostomy, tube placement, open/laparoscopy 110 (19.1%) 77 (18.2%) 0.63
Hernia repair, diaphragmatic/paraesophageal, laparoscopy 10 (1.7%) 4 (0.9%) 0.42
Herniorrhaphy, inguinal/femoral, laparoscopy 100 (17.4%) 83 (19.7%) 0.51
Herniorrhaphy, umbilical, laparoscopy 3 (0.5%) 2 (0.5%) 1
Herniorrhaphy; bilateral inguinal; laparoscopic 12 (2.1%) 9 (2.1%) 1
Ileostomy laparoscopy 7 (1.2%) 2 (0.5%) 0.32
Laparoscopy neuroblastoma 0 (0%) 2 (0.5%) 0.18
Laparoscopy, possible orchiopexy, abdominal approach 0 (0%) 1 (0.2%) 0.42
Peritoneal dialysis catheter insertion, laparoscopy 1 (0.2%) 2 (0.5%) 0.58
Pouch, colectomy, abd w/proctectomy w/ileoanal anastomosis/ileal reservoir/loop ileosomy, laparoscopy 4 (0.7%) 3 (0.7%) 1
PSARP, anorectoplasty w laparoscopic ileostomy 5 (0.9%) 6 (1.4%) 0.54
Pyloromyotomy, cutting, pyloric muscle, open or laparoscopy 20 (3.5%) 23 (5.5%) 0.16
Splenectomy, laparoscopy 6 (1.0%) 3 (0.7%) 0.74
Total/sigmoid colectomy, low anterior resection, laparoscopy 1 (0.2%) 0 (0%) 1
Urachal excision: laparoscopic 4 (0.7%) 5 (1.2%) 0.51
Ventral hernia repair, laparoscopy 6 (1.0%) 8 (1.9%) 0.29
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42.6%, resulting in annual cost saving of $71,035. Furthermore, we were
able to reduce the utilization of high-cost items as well as disposable
items. There was no significant change in the number of complications,
the total procedure time or the length of stay.

Other studies have reported cost savings of 20%–64% for pediatric
laparoscopic appendectomy through standardizing surgical supply
lists [11–13]. One large prospective study involvingmultiple adult surgi-
cal specialties showed cost reduction of 9.95%with a total one-year sav-
ings of $836,147 through the utilization of surgeon scorecards with cost
information and departmentalfinancial incentives [10]. However, to our
knowledge, this study is the first study showing the effectiveness of re-
port cards informing surgeons of the cost and their utilization of high-
cost and disposable items in reducing overall cost, not only for laparo-
scopic appendectomy but for all pediatric laparoscopic procedures.

There are a few potential factors to which we can attribute our suc-
cess. Thefirst is cost awareness. Others have shown that surgeons across
specialties and training levels have poor awareness of cost [16–18].
However, when they are shown the cost of individual items, given the
same efficacy, they are likely to choose lower cost items [19,20]. Studies
have also shown that the scorecard system can appeal to the
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Fig. 3. Reduction in the median supply cost per case (A) and per individual surgeon (B) for pediatric laparoscopic appendectomy before the intervention (January 2016–June 2017) and
after the intervention (October 2017–March 2019). The number of procedures for each surgeon is shown in parentheses.
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competitive nature of physicians to bring about positive changes for
value-based care [10,21]. For the first six months, we providedmonthly
feedback on total supply cost per case per surgeon allowing comparison
of colleagues. After the first six months, the scorecard is now being pro-
vided every quarter. However, one study showed that the cost feedback
alone might not be enough to bring about widespread change [22]. In
addition to the regular cost report, the surgeons also met regularly to
compare their utilization, cost, and quality data to their colleagues', gen-
erating discussions regarding the differences in usage of high-cost med-
ical supply choices. This may be more difficult at a hospital-wide level
but certainly is achievable at a division level.

Although we saw an overall reduction in disposable surgical supply
cost, the percentage reductionwas variable among the surgeons. For ex-
ample, one surgeon continued to prefer laparoscopic staplers in a high
proportion of their cases, whereas another surgeon favored the use of
sutures. An increase in the cost of the staplers during the postinterven-
tion period likely affected the overall cost per case for this surgeon. Ad-
ditionally, one surgeon favored the use of the ultrasound vibration
deviceswhen their colleagues favored cautery. The variation among col-
leagues in the same surgical division performing the same procedures

Image of Fig. 3
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was emphasized in the group discussions. One possible way to further
decrease the surgeon-to-surgeon variability and increase the cost saving
might be to implement financial or academic incentives [10,23].

This variation in surgeon preference may also have affected the pro-
cedure time of laparoscopic appendectomies. Although we observed a
significant decrease inmedian supply cost for laparoscopic appendecto-
mies, we also observed an increase in procedure time (6 min) and total
length of stay (0.4 days) even though the procedure time and total
length of stay for all procedures did not change significantly. When we
examined each surgeon individually (data not shown), the surgeon
who performed almost all of their laparoscopic appendectomies using
electrocautery and sutures had no change in their procedure time
whereas two surgeons who used both methods had an increase in
their procedure time. One potential explanation is that by using one
methodmost of the time, the surgeonwas able to overcome the learning
curve more quickly and become proficient with the new methods,
therefore not affecting the length of the procedure. Although this
needs to be further investigated, this highlights the importance of stan-
dardizing and adopting the new methods as a group to bring about ef-
fective cost savings [12,13]. One of the potential causes of the increase
in total length of stay was a change in hospital staffing that occurred
after the intervention period. Given the overall shorter length of stay
after laparoscopic appendectomy compared to more complex proce-
dures, delays in the discharge process may affect the total length of
stay more significantly.

One of the potential limitations of this study that may affect the gener-
alizability of the study's results is the small number of surgeons in our
practice. However, despite the small size, the level of experience among
the surgeons in our group varies from early to midcareer faculty. Also,
there was still variability among surgeon preferences, even after the inter-
vention, andwewere still able to generate significant cost savings. Another
limitation of this study is that, becausewe relied onNSQIP database for the
report of complications, the number of complications may be underrepre-
sented if patients presented to different hospitals postoperatively.

4. Conclusions

Using monthly and quarterly surgeon report cards detailing the
utilization and cost of disposable and reusable surgical supplies, we
were able to reduce supply cost per case and the utilization of dispos-
able items for all pediatric laparoscopic procedures without increas-
ing complications for University of Wisconsin pediatric surgeons
from 2016 to 2019. Our result reinforces the idea that higher cost
care does not equal better care and that surgeons should be the
leaders in taking steps toward value-based and environmentally
conscious health care.
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