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Background: Reducing surgical supply costs can help to lower hospital expenditures. We aimed to evaluate
whether variation in supply costs between urologic surgeons performing both robotic or open partial
nephrectomies is associated with differential patient outcomes.

Methods: In this retrospective cohort study, we reviewed 399 consecutive robotic (n=220) and open
(n=179) partial nephrectomies performed at an academic center. Surgical supply costs were determined at the
institution-negotiated rate. Through retrospective review, we identified factors related to case complexity,
patient comorbidity, and perioperative outcomes. Two radiologists assigned nephrometry scores to grade
tumor complexity. We created univariate and multivariable models for predictors of supply costs, length of
stay, and change in serum creatinine.

Results: Median supply cost was $3,201 [interquartile range (IQR): $2,201-3,808] for robotic partial
nephrectomy and $968 (IQR: $819-1,772) for open partial nephrectomy. Mean nephrometry score was
7.0 (SD =1.7) for robotic procedures and 8.2 (SD =1.6) for open procedures. In multivariable models, the
surgeon was the primary significant predictor of variation in surgical supply costs for both procedure types.
In multivariable mixed-effects analysis with surgeon as a random effect, supply cost was not a significant
predictor of change in serum creatinine for robotic or open procedures. Supply cost was not a statistically
significant predictor of length of stay for the open procedure. Supply cost was a significant predictor of
longer length of stay for the robotic procedure, however it was not a clinically meaningful change in length
of stay (0.02 days per $100 in supply costs).

Conclusions: Higher supply spending did not predict significantly improved patient outcomes. Variability
in surgeon supply preference is the likely source of variability in supply cost. These data suggest that efforts
to promote cost-effective utilization and standardization of supplies in partial nephrectomy could help reduce

costs without harming patients.
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Introduction

In 2017, health care spending in the United States totaled
$3.5 trillion, or 17.9% of the gross domestic product (1).
As health care spending continues to rise, emphasis has
been placed on the delivery of high-value care, which aims
to minimize costs for patients, physicians, and hospitals
while maintaining high quality (2,3). Many institutions have
adopted initiatives aimed at reducing the use of unnecessary
tests and treatments, while others have focused on
reducing practice variation that is not warranted by patient
preference or treatment guidelines (4,5).

Because the operating room is one of the main cost
drivers in a hospital, reducing supply costs while delivering
high quality outcomes can help move the healthcare
system towards higher value care. Studies across surgical
procedures, including those evaluating appendectomy,
colectomy, cholecystectomy, and laparoscopic nephrectomy,
have shown that surgical supply costs differ widely among
surgeons (6-10). Efforts to standardize surgeon preference
cards have resulted in cost reduction without affecting
quality across surgical specialties (11). However, these
efforts are often met with resistance because surgeons
may prefer different supplies based on their training or
experience and may also believe that certain more expensive
supplies in the operating room translate into better patient
outcomes. A better understanding of the impact of surgical
supply cost variation on patient outcomes can inform
efforts to contain surgical supply costs without negatively
impacting patient outcomes.

In recent years, the diagnosis and treatment of small
renal masses has continued to rise (12,13). With this
growth in surgical management for small renal masses,
there has also been an increase in the variation of surgical
approaches (14,15). In this study we aimed to evaluate
whether variation in surgical supply costs between urologic
surgeons performing robotic or open partial nephrectomies
is associated with differential patient outcomes within each
procedure. We present the following article in accordance
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/tau-20-1050).

Methods
Data

We identified 470 robotic-assisted and open partial
nephrectomies performed at the University of
California San Francisco between 9/2012 and 12/2017.
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We retrospectively collected patient demographics,
comorbidity [body mass index (BMI), American Society of
Anesthesiologists physical status classification (ASA), pre-
and post-operative creatinine], and tumor characteristics
(RENAL nephrometry score, pathologic T stage, histology,
and surgical margin status). All images were re-reviewed
by two radiologists (AHB, AAB) to assign RENAL
nephrometry scores to each tumor (16). We excluded
cases lacking available pre-operative imaging, those that
were converted from robotic-assisted to open operations
or from partial to radical nephrectomy, cases with more
than one tumor, and those performed by surgeons who
performed five or fewer cases during that time period. All
procedures performed in this study were in accordance
with the Declaration of Helsinki (as revised in 2013) and
approved by the institutional review board at the University
of California San Francisco (1517091). Because of the
retrospective nature of the research, the requirement for
informed consent was waived.

Outcomes

We assessed surgical supply utilization from operating room
billing records and surgical supply costs at the institution-
negotiated rate for each item used. We assessed surgical
supply cost as an outcome measure, using predictors such
as surgeon and patient clinical characteristics. We then
used surgical supply cost as a predictor variable along with
other factors to assess clinical outcomes, which included
length of stay and perioperative change in serum creatinine.
Length of stay (in days) was used as an assessment of short-
term perioperative outcomes. As a longer-term and patient-
centric metric, we evaluated perioperative changes in serum
creatinine. Pre-operative creatinine values within 1 month
prior to surgery and the first post-operative creatinine
values at least 30 post-operatively were considered.

Statistical analysis

Differences in patient cohorts between surgeons were
compared using the Chi-squared test for categorical
variables and analysis of variance (ANOVA) for continuous
factors. Bivariate associations between patient characteristics
and outcomes (supply cost, length of stay, and perioperative
change in serum creatinine) were evaluated using ANOVA.
We then created multivariable linear regression models to
determine predictors of supply costs, length of stay, and
perioperative change in serum creatinine, controlling for
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Table 1 Characteristics of patients undergoing robotic-assisted partial nephrectomy
Variables Surgeon A Surgeon C Surgeon D Surgeon E P value
Surgeon and case characteristics
Cases, n 75 14 122 9
Supply cost ($), median (IQR) 1,833 (1,665-2,132) 2,479 (2,124-2,555) 3,746 (3,478-4,287) 2,350 (1,826-2,454)  <0.01
Case duration (minutes), median (IQR) 178 (169-198) 271 (242-308) 222 (196-254) 260 (249-309) <0.01
Patient characteristics
Age (years), median (IQR) 57.8 (47.6-67.2) 60 (51.8-62) 61.1 (52.5-67.9) 49.8 (42.3-59.5) 0.11
Sex (male), % 62.7 71.4 60.7 55.6 0.88

BMI, median (IQR) 29.0 (25.9-33.9)

ASA 1, n (%) 7(9.3)
ASA 2, n (%) 50 (66.7)
ASA 3, n (%) 18 (24.0)
ASA 4, n (%) 0(0.0)

Pre-op creatinine, median (IQR) 0.9 (0.73-1.02)

Tumor characteristics

Pathologic T stage, % 84.6
pTia, n (%) 55 (84.6)
pT1b, n (%) 6(9.2)
pT2a, n (%) 1(1.5)
pT2b, n (%) 0(0.0)
pT3a, n (%) 3 (4.6)

Histology (clear cell), % 65.3

Surgical margins (positive), % 1.4

RENAL nephrometry score, median 7.0 (5.0-8.0)

(IQR)

30.3 (27.6-32.7)

0.87 (0.78-1.03)

30.5 (26.2-35.3) 25.2 (21.4-29.3) 0.10

0(0.0) 5 (4.1) 0(0.0) 0.38
11 (78.6) 76 (62.8) 8 (88.9)
3(21.4) 40 (33.1) 1(11.9)
0(0.0) 0(0.0) 0 (0.0)

0.88 (0.75-1.09) 0.81 (0.74-0.95) 0.36

81.8 65.7 85.7 0.31
9 (81.8) 69 (65.7) 6 (85.7)
1(9.1) 19 (18.1) 0 (0.0)
1(9.1) 2(1.9) 0(0.0)
0(0.0) 2(1.9) 0(0.0)
0(0.0) 13 (12.4) 0 (0.0)

64.3 59.5 44.4 0.74

15.4 10.5 0.0 0.04

6.0 (5.0-7.8) 7.0 (6.0-8.0) 7.0 (5.0-8.0) 0.64

IQR, interquartile range; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification.

patient characteristics. We used mixed-effects multivariable
linear regression models to identify predictors of length
of stay and perioperative change in serum creatinine, with
surgeon as the random effect variable. By setting surgeon
as a random effect in this modeling we can better account
for non-independence and clustering in the data that arises
from multiple patients being treated by the same surgeon.
All analyses were performed using R 3.5. A P value of <0.05
was considered significant.

Results

Of 470 total partial nephrectomies performed at our

© Translational Andrology and Urology. All rights reserved.

institution between 9/05/12-12/22/17, 399 met criteria
for this study. A total of 220 robotic partial nephrectomies
were performed by four surgeons and 179 open partial
nephrectomies performed by five surgeons. The mean
nephrometry score was higher for open compared to
robotic procedures (8.2, SD =1.6 vs. 7.0, SD =1.7).
Within each procedure type, there were no significant
differences in patient sex, BMI, ASA status, pre-operative
creatinine, pathologic T stage, tumor histology, or RENAL
nephrometry score between surgeons (1ables 1,2).

The total cost of surgical supplies used in these cases
during this period was $7,607,291, or $1,429,722 per
year. Median supply cost was $3,201 [interquartile range
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Table 2 Characteristics of patients undergoing open partial nephrectomy

Variables Surgeon A Surgeon B Surgeon D Surgeon E Surgeon F P value
Surgeon and case
characteristics
Cases, n 94 6 36 30 13
Mean supply cost in $, 920 (690-979) 1,755 (1,622-1,896) 2,229 (2,062-2,345) 935 (830-1,003) 1,692 (1,277- <0.01
median (IQR) 1,942)
Case duration (minutes), 248 (220-275) 346 (318-405) 283 (256-298) 308 (267-332) 357 (327-376) <0.01
median (IQR)
Patient characteristics
Age, median (IQR) 59.2 (45.8-65.7) 63.7 (57-71.2) 63.4 (56.3-71.3)  50.4 (38.5-65.8) 60.5 (52.7-64.3) 0.02
Sex (male), % 69.1 83.3 63.9 53.3 53.8 0.41
BMI, median (IQR) 29.3 (25.5-34.2) 26.9 (26-28.2) 30.2 (26.6-34.9) 28.3 (24.4-32.5) 31.5(23.4-37.9) 0.41
ASA 1, n (%) 3(3.2 0 (0.0 0(0.0) 4 (13.3) 0 (0.0 0.10
ASA 2, n (%) 51 (54.8) 5(83.3) 15 (41.7) 18 (60.0) 9 (69.2)
ASA 3, n (%) 38 (40.9) 1(16.7) 21 (58.3) 8 (26.7) 4 (30.8)
ASA 4, n (%) 1(1.1) 0 (0.0 0(0.0) 0(0.0) 0 (0.0
Pre-op creatinine, median 0.95 (0.78-1.27)  0.94 (0.92-1.01) 1.02 (0.8-1.3) 0.85 (0.66-0.98) 0.94 (0.87-1.02) 0.15
(IQR)
Tumor characteristics
Pathologic T stage, % M7 50.0 34.5 34.6 69.2 0.49
pTia, n (%) 35 (41.7) 2 (50.0) 10 (34.5) 9 (34.6) 9(69.2)
pT1b, n (%) 34 (40.5) 0(0.0) 13 (44.8) 11 (42.3) 2 (15.4)
pT2a, n (%) 5 (6.0) 1(25.0) 2(6.9) 3(11.5) 1(7.7)
pT2b, n (%) 1(1.2) 0 (0.0 1(3.4) 1(3.8) 0 (0.0
pT3a, n (%) 9 (10.7) 1(25.0) 3(10.3) 2(7.7) 1(7.7)
Histology (clear cell), % 66.0 16.7 69.4 70.0 76.9 0.08
Surgical margins (positive), % 13.2 16.7 11.4 3.4 0.0 0.37
RENAL nephrometry score, 9.0 (7.0-10.0) 9.0 (7.5-9.8) 8.0 (7.0-9.0) 8.5 (7.2-10.0) 8.0 (7.0-8.0) 0.10

median (IQR)

IQR, interquartile range; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification.

(IQR): $2,021-3,808] for robotic partial nephrectomy and
$968 (IQR: $819-1,772) for open partial nephrectomy.
Hemostatic agents (e.g., FLOSEAL hemostatic matrix)
and energy devices (e.g., Ligasure bipolar electrosurgical
device) were the costliest surgical supply categories on
average for both procedure types (1zble 3). Surgical supply
cost significantly differed by surgeon for both robotic
and open procedures (P<0.01, Table 4). Among the four
surgeons performing robotic partial nephrectomy, the

© Translational Andrology and Urology. All rights reserved.

median supply cost ranged from $1,833 (IQR: $1,665-
2,132) to $3,746 (IQR: $3,478-4,287) (Figure 1). For open
partial nephrectomy, the lowest cost surgeon had a median
supply cost of $920 (IQR: $690-979) while the highest
cost surgeon had a median supply cost of $2,229 (IQR:
$1,622-1,896) (Figure 2). Of note, the same surgeons were
identified as being lowest and highest cost for both open
and robotic surgery.

We first assessed factors associated with variation in
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Table 3 Highest mean item supply cost categories by procedure type

769

ltem category

Total cases item used in  Aggregate item cost ($)

Total quantity used

Mean item cost per case ($)*

Open partial nephrectomy

Hemostatic agents 256
Energy devices 9

Setup 256
Miscellaneous 256
Hemostatic control 256

Robot partial nephrectomy

Hemostatic agents 228
Energy devices 81

Setup 231
Miscellaneous 229

213,114 1276 823
3,618 11 402
9,123 2,522 352
88,126 794 344
81,160 2,098 317

124,165 795 545
32,929 90 407
44,268 3,302 192
24,846 1,864 109

*, Mean item cost per case calculated only with cases in which item was used. Hemostatic agents: Floseal, Tisseel, Surgicel, Arista,
Surgifoam. Hemostatic control: Surgical clips, clip appliers, laparoscopic cautery hook. Energy device: Ligasure, Harmonic scalpel,
Aguamantys bipolar sealer, Sonicision. Setup: drapes, suction and irrigation devices, Foley catheters, etc.

surgical supply costs. In univariate analysis, the surgeon
was associated with surgical supply cost variation for both
open and robotic partial nephrectomy (P<0.01, Table 4).
Univariate analysis showed that increased patient BMI,
ASA functional class, and nephrometry score were also
significant predictors of increased supply cost for robotic
partial nephrectomy (7zble 4). However, in fixed-effects
multivariable analysis of supply costs for the robotic
procedure only surgeons and nephrometry score were
associated with significant variation in surgical supply cost
($541-1,989 higher per case than lowest cost surgeon).
In a mixed-effects multivariable model of robotic supply
costs with surgeon as a random effect, only nephrometry
score was associated with supply costs ($46 per point
increase in nephrometry score; 95% CI, $6-87) (Table S1).
Bivariate analysis of open partial nephrectomy supply cost
revealed that increased patient age and ASA functional class
were associated with increased supply cost (1able 4). On
multivariable fixed-effects analysis, these variables were no
longer significant predictors and again only surgeon was
associated with variation in supply cost. With the exception
of Surgeon E, all open surgeons in multivariable fixed-
effects analysis were significant predictors of surgical supply
cost in reference to Surgeon A ($747-1,188 more per case)
(Table 4). In a mixed-effects multivariable model of open
supply costs with surgeon as a random effect, there were no
significant associations with surgical supply cost (Table S1).

© Translational Andrology and Urology. All rights reserved.

We then turned our attention to the impact of supply
costs on patient-related outcomes. In multivariable mixed-
effects analysis adjusted for patient demographics and case
complexity, supply cost was not a statistically significant
predictor of length of stay for the open procedure (95% CI,
-0.0002 to 0.0005). Supply cost was a significant predictor
of longer length of stay for the robotic procedure, however
it was not a clinically meaningful change in length of stay
(0.02 days per $100 in supply costs) (Table S2). Surgical
supply costs were similarly not associated with perioperative
changes in serum creatinine for either the robotic (95%
CI, —0.0002 to 0.00004) or open procedures (95% CI,
-0.0002 to 0.00008) in multivariable mixed-effects analysis
(Table S3).

Discussion

We evaluated patient- and provider-related factors
and surgical supply costs for open and robotic partial
nephrectomy at a large, high-volume academic medical
center. For both procedures, we found that the individual
surgeon was the only significant factor associated with cost
variation. In a mixed-effect model, with surgeon as the
random effect in order to account for clustering of patient
data by surgeon, there were no significant associations
predicting variation in supply cost. Additionally, we
found that higher supply costs were not associated with

Transl Androl Urol 2021;10(2):765-774 | http://dx.doi.org/10.21037/tau-20-1050


https://cdn.amegroups.cn/static/public/TAU-20-1050-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1050-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1050-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1050-Supplementary.pdf

‘uoI1eolISSE|O sniels [eolsAyd sisiBojoisayisauy JO A19100S uBOLBWY ‘YSY Xapul ssew Apoq ‘|INg ‘{[eAlaiul 9dUspluod ‘|

Balakrishnan et al. Surgical supply cost variation and partial nephrectomy outcomes

810 (21 o1 v9-) 92- 710 (FL 01 201-) vi- €0°0 (28 01 ¥) 9F 100 (961 0392) LLL 8100s Aijpwoiyden
980 (L1 0v6YLo) vi GL0 (62€ 01 65-) 091 2eo (6G¥ 01 701-) 221 900 (600°1L 03 21-) 96¥ auluyeslo do-aid
8€'0 (L2¥7 0} Ly2'L-) g68e~ - (1201 01 9¥9'L-) ELe~ - - - - ¥ VSV
2Lo (L0v 01 £8¢-) 29 - (G001 0% 1) LIS 2Lo (8¥9 01 8/-) 682 - (eev'L 01 v6) €92 € VSY
¥6'0 (SLe o1 6EE-) 2L ¥0'0 (c82 01 v61-) v62 850 (oev o1 ov2-) g6 L0'0> (616 01 2G¢-) 182 2 Vvsy
720 (lLorg) g 20 (ez016-) 6 80°0 (ozor 1) 6 100> (ogorzl) Le InNg
v€0 (c0z 03 02-) 99 G0 (852 01 8¢1-) 09 0€0 (52 01 Lie-) €8- 6€0 (891 01 gev-) 2eL- Xog
¥2'0 (8org)e L0'0> (8L01G) L1 FAN0) (Loy1i-) g 6L0 (ozorv-) 8 aby
100> (586 01 609) Lt (€001 03 6ES) 122 - - 4 uosbing
€10 (e0€ 01 8g-) gElk (26201 L/-) €6 100> (806 01 £81) G¥SG (9v8 01 g01) 9% 3 uosbing
100>  (9pE‘L 03 0g0°)) 88L°L (92£°1 03 290°1) 22Tl 100> (Pe12 01 GE8°L) 686" L (P21'2 01 998°1) 0202 @ uoebing
- - - 100> (8€8 01 ¥2) L¥S (Log 01 681) G617 D uoabing
100> (01t 01 629) 69 (80¢°1 0} 879) 8.6 - - g uosbing
1oy (266 01 9€8) 216 oy (8L0'z0192/°1) 268°L v uosfing
10°0> 100> uoabing
d (10 %G6) ereWnSy d (1D %G6) @rewnsy d (10 %G6) erewnsy d (1D %S6) erewnsy
o|geleAlNn ojeleAlg o|qeleAln|A ojeneAlg 10}01paid
uadQ pajsisse-10q0Y

770

UOISS2.15a1 d[qeLIBAN[NW pUE dleLIeAlq :$1500 A[ddns [ed181ns jo s10101pa1g § S[qeL

Transl Androl Urol 2021;10(2):765-774 | http://dx.doi.org/10.21037/tau-20-1050

© Translational Andrology and Urology. All rights reserved.



Translational Andrology and Urology, Vol 10, No 2 February 2021

6000

@ 5000

8

5

T 4000

2

= 3000

17

[o]

Lo g = —
o

o

@ 1000

A C D E
Surgeon

Figure 1 Robotic partial nephrectomy supply cost by surgeon.

- .
& 3000 :
o°
© .
UJ:
5 2000 $ :
(o] .
o .
> ¢ ‘ ‘
310 ——
@ 1
A B D E F
Surgeon

Figure 2 Open partial nephrectomy supply cost by surgeon.

significantly improved short-term outcomes, as measured by
length of stay and perioperative change in serum creatinine.
These results suggest that cost-effective utilization of partial
nephrectomy surgical supplies could help contain healthcare
costs without a negative impact on patients.

Prior investigations have found that higher spending
in the operating room does not necessarily correlate with
improved patient outcomes. Previously, we showed that
surgical supply cost was not associated with length of
stay following laparoscopic nephrectomy (P=0.85) (11).
Other studies of surgical supply cost have focused more
on complication rates following surgery. Brauer et al.
examined laparoscopic cholecystectomy and found that
variation in supply cost had no effect on complication
rate (17,18). Brauer et 4l. also showed that supply costs in
pancreaticoduodenectomy similarly were not associated
with complication rate following surgery (19).

We separately analyzed costs and outcomes between
the robotic and open procedures because the supplies
and outcomes, such as length of stay, are considerably
different between the two procedure types. We found that

© Translational Andrology and Urology. All rights reserved.
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the robotic-assisted procedure is characterized by a higher
median cost and wider IQR than open partial nephrectomy.
This shows a greater potential for addressing surgeon-
driven supply cost variation in robotic procedures than in
open procedures. As the use of robotic surgical technologies
continues to grow, it will be important to understand how
to better address cost variation on the surgeon level. Cost
studies of the 90-day direct hospital costs associated with
robotic-assisted radical prostatectomy at an institutional
level found that surgeons and hospitals with a higher
volume of cases had a decreased odds of performing high
cost robotic-assisted radical prostatectomies (20,21).
They also found that approximately one-third of costs are
attributable to hospital characteristics (size, geography,
teaching status, etc.) and one-fifth of costs are attributable
to surgeon characteristics. These studies help to identify
the important relationships between volume and costs in
robotic surgery. The results of our study, particularly that
surgeons are the primary driver of variation in robotic
partial nephrectomy, encourage further investigation into
cost variability by surgeon in other robotic procedures.

We found that the highest and lowest cost surgeons were
consistent across both the open and robotic techniques.
This consistency in surgeon behavior across procedures
suggests that interventions targeted at modifying surgeon
knowledge of supply costs, behavior, and choice is critical
for supply cost containment. A study of cholecystectomy
showed that education on supply costs alone reduced costs
by 10% without a significant effect on outcomes (22). An
intervention designed to educate surgeons with a scorecard
of their median surgical supply costs compared to other
surgeons combined with a small departmental financial
incentive for cost reductions was associated with a 9.95%
reduction in surgical supply costs (P<0.01) (23). Systemic
changes, such as preference card review and standardization,
may be necessary for a substantial, sustained impact on
surgical supply cost containment. Our supply cost analysis
showed that hemostatic agents and energy devices were the
primary drivers of increased costs for both robotic and open
partial nephrectomies. Greater awareness of these high-
cost items and potential lower costs alternatives can help
surgeons contain cost without compromising quality.

Studies in laparoscopic appendectomy and laparoscopic
cholecystectomy have shown that standardized case cards
can reduce the cost of supplies by 17-30% per case (24-27).
Efforts to promote standardization will likely be met with
some resistance, particularly in more complex surgeries,
since surgeons become comfortable with certain methods
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which may require specific supplies. Some openness to
change will be important, as will continued prospective
measurement of any potential impact that changes to
surgical supplies may have on quality of care.
Standardization of supplies may indeed reduce costs
across surgical procedures, but other strategies might
more actively involve surgeons in cutting costs. Under
the current reimbursement model, reducing costs of
surgical supplies would benefit only the institution, not
the surgeons who would themselves be creating those
savings. Implementation of an institution-wide shared
savings program at one hospital resulted in generation of
almost $900,000 in total savings annually across several
surgical divisions (28). Bundled payments have also been
championed by those seeking to improve the value of
care (29). Although alternative payment models like these
are not yet widespread, giving all parties a stake in the value
of care provided has the potential to be more effective at
reducing costs than education or standardization alone.
This study has several limitations. As an observational
study of surgeons practicing at a large academic institution,
the results of this study may not be generalizable to other
surgeons or practice settings. Certain practices may
see a wider variation in patient comorbidity or surgical
complexity, and these factors may in some cases contribute
to variation in surgical supply cost. Our study also showed
that supplies used in robotic partial nephrectomy were
substantially higher cost than those used in the open
procedure. Robotic procedures have nonetheless increased
in incidence, as a less invasive procedure should allow the
patient to heal more quickly and might therefore lead to
decreased length of stay. However, a direct comparison of
the relative value of these procedures is beyond the scope
of our current analysis, and patients receiving open versus
robotic partial nephrectomy at institutions performing
both procedures are likely not identical populations. Our
study is limited in the ability to control for variation in
case difficulty. We adjusted for differences in patients and
case complexity by including patient characteristics such as
BMI, comorbidities, tumor complexity, and pre-operative
renal function. These adjustments do not perfectly account
for variation in case difficulty, but combined with our large
sample size, are appropriate control measures for case
difficulty. Additionally, surgeons in the study had different
levels of experience, case volume, and trainee involvement.
We did not separately adjust for this in our multivariable
modeling due to the small number of surgeons represented.

© Translational Andrology and Urology. All rights reserved.

We limited the effect that inexperience might have on the
data by eliminating procedures performed by surgeons who
performed five or fewer surgeries of either type. Lastly, our
outcome measures are limited by lack of granularity (ex-
length of stay measured in days not hours) and variability
in outcome measurements between patients (ex-time
between pre- and post-operative creatinine measurements
varied). However, other potential complication-related
outcomes such as transfusion rates or mortality were very
rare. We considered estimated blood loss (EBL) as an
outcome, however we felt it had limited clinical significance
since transfusions were rare and EBL is often unreliably
recorded (30). Given these limitations, length of stay helped
to assess whether increased spending in the operating
room translated to improved patient recovery after surgery.
Similarly, perioperative change in serum creatinine helped
to assess the association between surgical supply spending
and the potential impact surgery had on kidney function.

Conclusions

In this study of supply cost variation at a high-volume
center for partial nephrectomy, we found that surgeons
were the primary driver of variation in supply cost and that
higher supply costs were not associated with significantly
improved patient outcomes, as measured by length of
stay and perioperative change in creatinine. Variability in
surgeon supply preference is the likely source of variability
in supply cost. Regardless, excellent outcomes were
achieved by all surgeons across all modalities. These data
suggest that efforts to promote cost-effective utilization
of surgical supplies in partial nephrectomies could help
contain healthcare costs without causing harm to patients.
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Supplementary

Table S1 Mixed-effects multivariable model of surgical supply costs with surgeon as a random effect

Term Robot-assisted, estimate (95% Cl) Open, estimate (95% ClI)
Age -5(-11to1) 3(-21to08)

Sex -83(-228 to 72) 68 (65 to 201)

BMI 9 (-1 to 20) 2 (-7t0 10)

ASA 2 94 (235 to 422) -7 (-325 to 313)

ASA 3 284 (-72 to 640) 66 (—269 to 403)

ASA 4 - -386 (1,220 to 448)

Pre-op creatinine

Nephrometry score

179 (=97 to 456)
46 (6 to 87)

13 (-146 to 173)
-26 (-84 to 11)

Cl, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification.

Table S2 Mixed-effects multivariable model of length of stay with surgeon as a random effect

Term Robot-assisted, estimate (95% Cl) Open, estimate (95% Cl)
Supply cost ($) 0.0002 (0.00008 to 0.0004) 0.0001 (-0.0002 to 0.0005)
Age -0.0041 (-0.018 to 0.010) -0.006 (-0.023 to 0.012)
Sex -0.066 (-0.44 to 0.31) -0.35(-0.82t0 0.12)

BMI -0.013 (-0.038 to 0.011) -0.005 (-0.037 to 0.027)
ASA 2 0.29 (-0.51 to 1.09) 0.78 (-0.33 to 1.89)

ASA3 0.64 (-0.23 to 1.51) 1.16 (-0.010 to 2.34)

ASA 4 - 0.35 (-2.59 to 3.30)

Pre-op creatinine

Nephrometry score

-0.061 (-0.74 to 0.62)
0.05 (-0.05 to 0.15)

0.86 (0.30 to 1.42)
-0.06 (~0.07 t0 0.19)

Cl, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification.

Table S3 Mixed-effects multivariable model of perioperative change in serum creatinine with surgeon as a random effect

Term Robot-assisted, estimate (95% Cl) Open, estimate (95% CI)
Supply cost ($) -0.0001 (-0.0002 to 0.00004) -0.00004 (-0.0002 to 0.00008)
Age 0.0004 (-0.004 to 0.008) 0.007 (0.00006 to 0.013)

Sex 0.084 (-0.060 to 0.22) 0.012 (-0.15t0 0.17)

BMI 0.004 (-0.007 to 0.013) -0.002 (-0.013 to 0.001)

ASA 2 0.05 (-0.28 to 0.41) -0.20 (-0.68 to 0.29)

ASA 3 0.10 (-0.27 to 0.47) -0.05 (-0.56 to 0.46)

ASA 4 - -

Nephrometry score

~0.006 (~0.05 to 0.03)

-0.029 (-0.074 t0 0.017)

Cl, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification.
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