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Variation in Laparoscopic Nephrectomy Surgical Costs: 
Opportunities for High Value Care Delivery

Lindsay A. Hampson*, Anobel Y. Odisho, and Maxwell V. Meng
Department of Urology, University of California, San Francisco, San Francisco, California

Abstract

Introduction: Rising health care costs are leading to efforts to minimize costs while maintaining 

high quality care. Practice variation in the operating room that is not dictated by patient necessity 

or clinical guidelines presents an opportunity for cost containment. We identified variation in 

surgical supply costs among urological surgeons performing laparoscopic nephrectomy and 

evaluated whether this variation was associated with patient outcomes.

Methods: A total of 211 consecutive laparoscopic nephrectomies performed at an academic 

center between September 1, 2012 and December 31, 2015 were identified and surgical supply 

costs for each case were determined from the institutional negotiated rate. Patient and surgical 

factors relevant to case complexity, comorbidity and perioperative outcomes were obtained. 

Univariate and multivariable analysis of predictors of surgical supply costs and patient outcome as 

determined by length of stay was conducted.

Results: Median supply cost was $2,537, with individual medians ranging from $1,642 to 

$4,524, representing a significant variation among surgeons (p <0.01). On multivariable analysis, 

accounting for patient factors and case complexity, most surgeons remained significant predictors 

of surgical supply costs. Case supply cost was not a significant predictor of patient outcomes as 

measured by length of stay on univariate or multivariable analysis controlling for surgeon, patient 

factors and case complexity.

Conclusions: Significant variation in surgeons’ surgical supply costs for laparoscopic 

nephrectomy exists and is driven by surgeons, and this does not correlate with length of stay. 

Targeting variation in surgical supply costs in this setting represents an opportunity for cost 

savings without adversely impacting patient outcomes.
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Increasing health care costs are leading to efforts to minimize costs and inefficiencies in care 

delivery while maintaining high quality care.1,2 Proponents of high value care emphasize 

aligning incentives so that patients, physicians, hospitals and health care systems benefit 

simultaneously. One opportunity for cost savings lies in examining practice variation that is 

dictated neither by patient necessity nor clinical care guidelines and does not directly impact 

patient outcomes.3

Studies in other surgical specialties, including the evaluation of appendectomy, 

herniorrhaphy and colectomy, have analyzed operating room supply cost variations, showing 

that there are significant variations in cost that are not translated to differential patient 

outcomes.4–6 Among 14 otolaryngologists performing adenotonsillectomies, for example, 

surgeons had significant operating room supply cost variation in addition to variation in the 

cost of other operating related expenses such as those involving the operating room itself, 

the post-anesthesia care unit, anesthesia and pharmacy.7 Results such as these show that 

differences in surgical case costs can be targeted for cost savings without a detrimental 

impact on patient outcomes.

Laparoscopic nephrectomy was introduced in the 1990s and is now commonly performed by 

urologists and general surgeons for malignant and benign diseases.8 A variety of techniques 

may be used, including transperitoneal vs retroperitoneal approach, incorporation of hand 

assistance, use of hemostatic agents and mode of specimen extraction. These technical 

variations lead to differences in surgical supply costs for the same procedure. With 

increasing interest in health care cost containment, this potentially unnecessary variation in 

cost offers an opportunity for surgeons to be cost arbiters.9 We identified variation in 

surgical supply case costs among urological surgeons performing laparoscopic nephrectomy 

at an academic medical center to identify variation in case supply costs and the association 

with patient outcomes.

Methods

Data

We retrospectively identified all laparoscopic nephrectomy operations performed at our 

institution between September 1, 2012 and December 31, 2015. Only cases that were 

scheduled as laparoscopic nephrectomies were included and, thus, none of these cases 

represented conversion from robotic or partial nephrectomy. Surgeons who performed the 

procedure at least 5 times during this period were thought to have their own standard 

surgical practice, and were included and de-identified. Trainees were involved in all cases, 

but it is important to note that the decision as to what equipment to use or supplies to open 

was driven by the attending surgeon via preference card or intraoperative decision making. 

Surgeons B and F are primarily endourologists and the other surgeons are primarily 

urological oncologists.

Surgical supply use was tabulated from operating room billing records and the institution 

negotiated rate paid for each item used to calculate supply costs. Item costs were then 

averaged over that urologist’s cases during this period. Patient factors relevant to case 
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complexity and comorbidity were abstracted from the medical record, including age, sex, 

BMI, ASA, preoperative creatinine, kidney weight (as determined by pathological specimen 

weight) and surgical indication (benign vs malignant). Case duration (in minutes) was 

obtained from operating room logs and was used as a proxy for case complexity. Length of 

stay (in days) was used as a marker of short-term perioperative outcomes. Length of stay at 

our institution is driven by individual surgeons, who customize their own postoperative care 

pathways. All patients are rounded on and cared for by a team comprised of rotating trainees 

directed by individual attending surgeons, with inpatient care performed by permanent nurse 

practitioners based on the inpatient floor. Estimated blood loss was low across all patients 

and was not included in the study.

Statistical Methods

Baseline differences in patient cohorts among surgeons were compared using chi-squared 

tests for categorical factors and analysis of variance for continuous factors. Univariate 

associations between patient factors and both supply cost and length of stay were performed 

using least squares regression. Separate multivariable linear regression models were created 

using all predictors for the 2 separate outcomes of supply cost and length of stay (days). 

Regression diagnostics confirmed there were no multicollinear factors or highly influential 

outliers. We did identify a significant interaction between BMI and case length and this 

interaction term was included in the final multivariable models. All analyses were performed 

using R software, with p <0.05 considered significant.10 This study was approved by the 

institutional review board.

Results

A total of 211 laparoscopic nephrectomies were performed by 6 attending urologists (range 

5 to 82 cases per surgeon) between September 1, 2012 and December 31, 2015. Univariate 

analysis was performed to identify differences in case mix among surgeons, with significant 

differences identified in patient age and sex, kidney weight, indication (benign vs malignant) 

and case duration (table 1).

We identified significant variation in supply costs among surgeons. Median case supply cost 

was $2,537 (IQR $1,827–$3,629), with individual medians ranging from $1,642 to $4,524 (p 

<0.01, fig. 1). Supply cost was also significantly associated with patient age, surgery 

indication (benign or malignant) and case duration (all p <0.01, table 2). On multivariable 

analysis, adjusting for patient factors, case complexity and an interaction between BMI and 

case duration, nearly all surgeons were significant predictors of supply costs. Surgeons B 

(median supply cost $4,524; p <0.01), D (median supply cost $2,348; p = 0.02) and F 

(median supply cost $3,124; p <0.01) were associated with higher supply costs while 

surgeon C (median supply cost $1,877; p = 0.03) was associated with lower supply costs.

To determine whether supply cost was associated with patient outcome, we evaluated 

predictors of length of stay as a marker of patient outcome (see supplementary table, http://

urologypracticejournsal.com/). On univariate analysis higher ASA status, higher 

preoperative creatinine and longer case duration were predictors of longer length of stay. On 

multivariable analysis adjusted for surgeons, patient factors, case complexity, and an 
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interaction between BMI and case duration, supply cost was not a significant predictor of 

length of stay (p = 0.85).

Top drivers of supply cost by category were then evaluated using median per-case itemized 

supply costs by surgeon (fig. 2). Surgeons’ variation in spending by category reflects a 

compounded measure of the cost of the individual items and the number of the items used 

over time.

Discussion

Our study of laparoscopic nephrectomy at a university medical center revealed significant 

supply cost variation among surgeons which does not correlate with differences in short-

term perioperative patient outcome measured by hospital length of stay. These results 

provide empirical support that surgical case cost differences represent an opportunity to 

drive health care value.

Disposable costs of operating room supplies in some cases can exceed hospital 

reimbursements, which means that hospitals are forced to cover that excess cost.11 In our 

experience surgeons do not know the cost of these items, so that when they are selecting 

which device to use, cost does not have a role in this decision. However, these cost variances 

make it clear that surgeons should be informed about the cost of supplies stocked in their 

operating room so that they can make cost-effective decisions about which supplies to use.12 

Research has shown that merely educating surgeons about supply costs can reduce costs 

without compromising outcomes,5,13–15 in some cases yielding up to 10% to 20% reductions 

in supply costs.5,15 Such education could lead surgeons to shift to lower cost items of equal 

efficacy and to reevaluate their use of expensive items.

In addition to educating surgeons about cost, standardization of operating room supplies is a 

“passive” method that can decrease costs. Reducing variation by selecting certain standard 

supplies can increase purchasing power for the institution, further improving cost efficiency. 

Several groups have looked at developing a standardized preference card for laparoscopic 

appendectomy and have shown that this method can result in 20% to 30% cost reductions 

per case, without impacting operating times or outcomes such as length of stay, readmission, 

postoperative infections or intraoperative infections.16–18 The main obstacle to streamlining 

supplies is that surgeons’ preferences are to continue using the supplies that they are 

accustomed to using and to have choice when it comes to supplies when possible. Although 

at our institution there are strict rules limiting financial relationships between physicians and 

device manufacturers, it may also be that some surgeons are driven by these relationships 

with industry.19

One opportunity for cost savings is to target supplies such as energy devices and hemostatic 

agents that are relatively expensive but may be fairly easily replaced with less expensive 

alternatives. Energy devices tend to be relatively expensive, with prices in the $400 to 

$1,200 range, yet with fairly minimal differences in the function of the instruments 

themselves, making them interchangeable in most cases except for surgeon preference. At 

our institution the Harmonic® scalpel and the LigaSure™ device are nearly equal in price, 
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whereas the Sonicision™ cordless dissection device costs 2.75 times more. Because the 

Harmonic scalpel can be reprocessed and reused once, the average per use cost of this 

instrument is 75% of the cost of a new instrument.

Another notable driver of supply cost variation among surgeons is the use of hemostatic 

agents, which have prices in the $150 to $500 range. These are biological agents that can 

have vastly different costs that may not reflect a true difference in utility. Although some 

agents may have certain advantages and specific use cases, there is significant overlap in 

indications. For example, at our institution 10 ml TISSEEL® fibrin sealant is about twice as 

expensive as the same quantity of FLOSEAL® Hemostatic Matrix. Interestingly, 5 ml 

TISSEEL is less than half the price of the 10 ml volume, whereas 5 ml FLOSEAL is only 

1.5 times less than the 10 ml volume. While evaluation of the effect of hemostatic agents and 

outcome was outside the scope of this report, some studies suggest that there is no difference 

in the comparative efficacy of various hemostatic agents, signifying that cost savings could 

be achieved by using lower cost agents without a change in outcome.20,21

It is important to note that while high cost items they may provide larger opportunities for 

cost savings, relatively inexpensive items may also represent the potential for large cost 

savings over time, particularly those supplies that are used in a high volume. Furthermore, 

the sum of the savings benefits of standardization may be driven by factors beyond the direct 

cost of supplies themselves. Standardizing preference cards and procedures across surgeons 

may lead to improved efficiency and more accurate setup in the operating room. Gurnea et al 

outlined cost saving opportunities in orthopedic trauma, focusing on a significant potential 

cost savings opportunity even with just standardizing draping technique.12 They noted that 

not only can standardization decrease costs by allowing the purchase of less expensive 

supplies or bundled drape packs of lower cost, but it also helps to improve efficiency by 

avoiding the problem of surgical technicians having to remember multiple ways of draping.

While standardization has an opportunity for institutional level cost savings, surgeons are 

often not invested in such processes due to the lack of incentives. One way to operationalize 

surgeon participation is to offer a shared savings program. A study evaluating a hospital’s 

costs after instituting a surgical shared savings program with the cost savings shared equally 

between the hospital and the surgical divisions and related departments showed that by 

aligning surgeon and hospital incentives, they were able to generate significant cost savings 

of nearly $900,000 annually in a relatively short period.22

There are several limitations to this study. The cost data reflect only the cost of surgical 

supplies in the operating room and do not reflect costs associated with operating time or 

with the hospital stay, which can dwarf surgical supply costs. However, we believe the focus 

on supply costs is relevant as these offer opportunities for cost savings on which surgeons 

themselves can also have a meaningful impact. In addition, despite the fact that these costs 

are institutionally negotiated and, therefore, are not necessarily generalizable to other 

institutions, those items that are the highest cost (such as energy devices and hemostatic 

agents) are likely the highest cost across institutions, even if there is variability in the exact 

pricing across institutions. Thus, it becomes important for institutions to evaluate their own 
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instruments for cost differences to determine which instruments at their institution have the 

highest variability and highest costs.

In addition, while we attempted to control for variation in case mix and complexity, we 

cannot account for all of the cost variation that one might expect from cases of different 

levels of difficulty, and we acknowledge that the proxies we used, such as operative time and 

kidney weight, are not perfect surrogates. For example, a straightforward laparoscopic 

nephrectomy for a renal mass may require different supplies than one for a chronically 

infected kidney or one for a very large renal mass with a renal vein thrombus. Ideally we 

might have used case mix index as a marker for case complexity. However, case mix index 

was not available for this procedure given that most patients are discharged home within 24 

hours, so we instead used surgery duration as a marker for case complexity. While this is not 

a perfect substitute, this variable was predictive of supply cost and length of stay as we 

would expect for a marker of case complexity. In addition, while we know there are 

differences among surgeons in terms of years of experience since training and case volume, 

these variables are by definition linked to the individual surgeons, and due to the small 

number of surgeons represented, were highly collinear and were not included as separate 

variables in our multivariable analysis. Furthermore, we did not have data on nursing staff 

available for analysis, but this could represent an important driver of supply costs. Even 

though supply use is driven by surgeon preference card and intraoperative choices, we know 

from experience that nurses or technicians may open unnecessary or more expensive 

equipment or supplies that could result in higher case costs, and this represents an 

opportunity for further research.

Finally, we used length of hospital stay as an outcome measure because this was the most 

reasonable proxy available. Other potential outcome measures such as the read-mission rate, 

mortality rate or blood transfusions are rare occurrences in this patient cohort and would not 

accurately reflect outcomes. We did find that variables such as creatinine, BMI and surgery 

duration, which we would expect to correlate with outcome, were predictive of length of 

stay. In addition, there was overall little variability in length of hospital stay, which we 

would expect for this type of procedure.

Conclusion

In this study of real-world variations in supply use and associated costs we identified 

actionable data that can be fed directly back to surgeons to safely drive cost-effective choices 

in the operating room without affecting length of hospital stay. These data can facilitate an 

open discussion about specific supply choices to move toward standardization and cost 

efficiency. Future studies must identify potential areas for standardization and potential for 

cost savings while maintaining excellent patient outcomes.

Abbreviations and Acronyms

ASA American Society of Anesthesiologists® Physical Status 

classification system

BMI body mass index

Hampson et al. Page 6

Urol Pract. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Porter ME: A strategy for health care reforme–toward a value-based system. N Engl J Med 2009; 
361: 109. [PubMed: 19494209] 

2. Porter ME: What is value in health care? N Engl J Med 2010; 363: 2477. [PubMed: 21142528] 

3. Wennberg JE: Practice variations and health care reform: connecting the dots. Health Aff 
(Millwood) 2004; Suppl Variation: VAR140.

4. Lukish J, Powell D, Morrow S et al.: Laparoscopic appendectomy in children: use of the endoloop 
vs the endostapler. Arch Surg 2007; 142: 58. [PubMed: 17224501] 

5. 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: 1107. [PubMed: 25868411] 

6. Crawshaw BP, Chien HL, Augestad KM et al.: Effect of laparoscopic surgery on health care 
utilization and costs in patients who undergo colectomy. JAMA Surg 2015; 150: 410. [PubMed: 
25806476] 

7. Meier JD, Duval M, Wilkes J et al.: Surgeon dependent variation in adenotonsillectomy costs in 
children. Otolaryngol Head Neck Surg 2014; 150: 887. [PubMed: 24525013] 

8. Clayman RV, Kavoussi LR, Soper NJ et al.: Laparoscopic nephrectomy: initial case report. J Urol 
1991; 146: 278. [PubMed: 1830346] 

9. Physician Stewardship of Health Care Resources. American Medical Association 2012.

10. Core R Team: R: A language and environment for statistical computing. Vienna, Austria: R 
Foundation for Statistical Computing 2015.

11. Chu T, Chandhoke RA, Smith PC et al.: The impact of surgeon choice on the cost of performing 
laparoscopic appendectomy. Surg Endosc 2011; 25: 1187. [PubMed: 20835717] 

12. Gurnea TP, Frye WP and Althausen PL: Operating room supply costs in orthopaedic trauma: cost 
containment opportunities. J Orthop Trauma, suppl., 2016; 30: S21.

13. Austin LS, Tjoumakaris FP, Ong AC et al.: Surgical cost disclosure may reduce operating room 
expenditures. Orthopedics 2017; 40: e269. [PubMed: 27874914] 

14. Zygourakis CC, Valencia V, Moriates C et al.: Association between surgeon scorecard use and 
operating room costs. JAMA Surg 2017; 152: 284. [PubMed: 27926758] 

15. Gitelis M, Vigneswaran Y, Ujiki MB et al.: Educating surgeons on intraoperative disposable supply 
costs during laparoscopic cholecystectomy: a regional health system’s experience. Am J Surg 
2015; 209: 488. [PubMed: 25586597] 

16. 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: 1104. [PubMed: 
26445185] 

17. Avansino JR, Goldin AB, Risley R et al.: Standardization of operative equipment reduces cost. J 
Pediatr Surg 2013; 48: 1843. [PubMed: 24074655] 

18. Skarda DE, Rollins M, Andrews S et al.: One hospital, one appendectomy: the cost effectiveness of 
a standardized doctor’s preference card. J Pediatr Surg 2015; 50: 919. [PubMed: 25805009] 

19. Bandari J, Turner RM, Jacobs BL et al.: Urology payments from industry in the Sunshine Act. Urol 
Pract 2016; 3: 332. [PubMed: 27722187] 

20. David G, Lim S, Gunnarsson C et al.: Similar patient outcomes yet different hospital costs between 
flowable hemostatic agents. J Med Econ 2015; 18: 735. [PubMed: 25907200] 

21. Guzzo TJ, Pollock RA, Forney A et al.: Safety and efficacy of a surgeon-prepared gelatin 
hemostatic agent compared with FloSeal for hemostasis in laparoscopic partial nephrectomy. J 
Endourol 2009; 23: 279. [PubMed: 19196066] 

22. Eiferman D, Bhakta A and Khan S: Implementation of a shared-savings program for surgical 
supplies decreases inventory cost. Surgery 2015; 158: 996. [PubMed: 26209573] 

Hampson et al. Page 7

Urol Pract. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Variation in laparoscopic nephrectomy supply cost among surgeons. Box plots for individual 

surgeons represent median and IQR for supply cost per case, with dots representing outliers. 

Broken red line represents overall median supply cost for all surgeons combined.
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Figure 2. 
Heat map of surgeons’ per-case median supply cost by supply category. In each supply 

category lighter shading represents lower per-case median supply cost and darker shading 

represents higher per-case median supply cost.
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