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Abstract

Background.—The desire to provide cost-effective care has lead to an investigation of the costs
of therapy for end-stage renal disease. Organ quality metrics are one way to attempt to stratify
kidney transplants, although the ability of these metrics to predict costs and resource use is
undetermined.

Methods.—The Scientific Registry of Transplant Recipients database was linked to the
University HealthSystem Consortium Database to identify adult deceased donor kidney transplant
recipients from 2009 to 2012. Patients were divided into cohorts by kidney criteria (standard vs
expanded) or kidney donor profile index (KDPI) score (<85 vs 85+). Length of stay, 30-day
readmission, discharge disposition, and delayed graft function were used as indicators of resource
use. Cost was defined as reimbursement based on Medicare cost/charge ratios and included the
costs of readmission when applicable.

Results.—More than 19,500 patients populated the final dataset. Lower-quality kidneys
(expanded criteria donor or KDPI 85+) were more likely to be transplanted in older (both P
<.001) and diabetic recipients (both P < .001). After multivariable analysis controlling for
recipient characteristics, we found that expanded criteria donor transplants were not associated
with increased costs compared with standard criteria donor transplants (risk ratio [RR] 0.97, 95%
confidence interval [C1] 0.93-1.00, P = .07). KDPI 85+ was associated with slightly lower costs
than KDPI <85 transplants (RR 0.95, 95% CI 0.91-0.99, P = .02). When KDPI was considered as
a continuous variable, the association was maintained (RR 0.9993, 95% CI 0.999-0.9998, P
=.01).

Conclusion.—Organ quality metrics are less influential predictors of short-term costs than
recipient factors. Future studies should focus on recipient characteristics as a way to discern high
versus low cost transplantation procedures.

Reprint requests: Daniel E. Abbott, MD, Department of Surgery, University of Cincinnati, 234 Goodman St, ML 0772, Cincinnati, OH
45219. abbottdl@ucmail.uc.edu.
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KIDNEY TRANSPLANTATION IS THE MOST COST-EFFECTIVE THERAPY FOR
END-STAGE RENAL DISEASE (ESRD), although organ shortages limit more ubiquitous
use.1=3 Because of this supply issue, expanded criteria donor (ECD) kidneys were added to
the deceased donor pool as a means of shortening wait times for subgroups of patients with
ESRD*®; however, nearly half of recovered ECD kidneys are discarded because of quality
concerns. Furthermore, the financial impact on centers that use these ECD kidneys has been
questioned.”~2 Concerns about the ability of ECD/SCD classification to accurately
discriminate between high quality and lower quality organs led to the introduction of the
new Kidney Allocation System in December of 2014. Instead of the binary classification
used previously, the Kidney Allocation System now stratifies using kidney donor profile
index (KDPI) scores, that range from 0% to 100% and are based on 10 donor factors (age,
height, weight, ethnicity, history of hypertension, history of diabetes, cause of death, serum
creatinine, HCV status, and DCD status).13:16.17 A Jower KDPI score is associated with
better organ quality.

These stratification schema are important, because the treatment of ESRD is expensive;
Medicare payments for ESRD totaled $28.6 billion in 2012 (5.6% of total Medicare
payments).11 To ensure that these expensive therapies are helping as many patients as
possible, numerous studies have looked into the cost-effectiveness of ESRD treatments.’~12
It generally is accepted that dialysis is a more expensive option than transplantation, and the
2013 US Renal Data System Annual Data Report confirmed that the per-patient yearly costs
of dialysis are nearly 3 times as high as those for a transplant patients.12 Looking even
further into costs, some investigators have compared the cost-effectiveness of different types
of transplantation, particularly looking at expanded versus standard criteria deceased donor
kidneys’~10; however, because these studies tend to involve small cohorts of patients, are
limited to single institutions, and report charges---a vague and inaccurate surrogate for true
costs (either hospital or payer)---there is an opportunity for higher quality investigation.

Here, we performed a retrospective cohort study of transplant recipients using merged
national datasets to analyze costs and resource use differences between quality metric-
defined sub-types of deceased donor kidneys. Using this large dataset, we were not only able
to compare expanded and standard criteria kidneys to build upon the previous literature, but
we also were able to retrospectively calculate KDPI scores for our cohort and examine the
relationship between KDPI scores (used as both a binary and continuous metric of quality)
and costs. We hypothesized that ECD and high KDPI kidneys (KDPI 85+) may be
associated with increased costs and resource use as the result of decreased organ quality.

METHODS

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The
SRTR data system includes data on all donor, wait-listed candidates, and transplant
recipients in the United States, submitted by the members of the Organ Procurement and
Transplantation Network (OPTN). The Health Resources and Services Administration, US
Department of Health and Human Services provides oversight to the activities of the OPTN
and SRTR contractors. After institutional review board approval, the SRTR database was
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linked to the University HealthSystem Consortium (UHC) Clinical Database/Resource
Manager.

Adult deceased donor kidney transplant recipients who underwent surgery from 2009 to
2012 populated the final dataset. ECD kidneys were defined by the United Network for
Organ Sharing criteria as kidneys from older donors (=60 years), or donor age 50-59 with 2
of the following 3 criteria: hypertension, terminal serum creatinine >1.5 mg/dL, or death
from cerebrovascular accident.1* KDPI scores were calculated by use of the online OPTN
guide to calculating and interpreting the KDPI, using the 2013 scaling factor (median
KDRI_RAO value amongst all kidney donors recovered during the previous year). Hospital
volume tertiles were created using annual center kidney transplant volumes as described
previously.1®

Primary outcomes studied included posttransplant duration of stay; delayed graft function,
defined by UNOS as requirement for dialysis within the first seven days after transplant; 30-
day readmission rate; discharge disposition; and cost. Thirty-day readmission was defined as
the readmission to a UHC-affiliated hospital within 30 days of index hospitalization
discharge. Discharge disposition was divided into home, home with home health care,
rehabilitation, and “‘other,”” defined as death, discontinuation of care against medical advice,
admission to that same hospital as an inpatient, or unknown. Cost, considered from a
societal (ie, reimbursement) perspective, was calculated by applying each individual
hospital’s cost-to-charge ratio to total hospital charges and is reported to UHC from
Medicare. Differences in regional labor costs are taken into account by UHC by applying US
Department of Commerce area wage indexes to the labor portion of the cost of a service.
Regarding the costs of medications, pharmacy revenue codes were used to create aggregate
cost data that included the costs of induction therapy. Cost was reported in 3 separate
manners: index hospitalization (peritransplant hospitalization), readmission (primary
readmission, if one readmission occurred less than one month following transplant), and
combined (sum of index hospitalization and readmission, if applicable).

Statistical analysis was performed using SAS 9.3 and JMP 9 (SAS Institute, Cary, NC). For
univariate analysis, continuous variables were compared using the Wilcoxon rank-sum test
and categorical variables using the XZ test. A series of multivariate models were estimated
for endpoints of interest. The 3 direct cost variables (total direct cost, readmission direct
cost, and combined direct cost) are strongly right-skewed. To account for this distribution,
we used generalized linear models with gamma distributions and log links. Duration of stay
was treated as a count variable and modeled using a generalized linear model with Poisson
distribution and log link. Discharge distribution is a nominal categorical variable that we
modeled using a generalized logit framework. Finally, since 30-day readmission and delayed
graft function are both binary variables, we used standard logistic regression to model them.

In the case of the cost variables and duration of stay, the estimated coefficients are
multipliers, or risk ratios; they indicate the multiplicative effect on the dependent variable of
a one-unit increase in the associated explanatory variable. For discharge disposition,
readmission and delayed graft function, the results are expressed as odds ratios. In all of
these models, a stepwise approach was used. Center volume, recipient sex, age, race, body
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mass index, diabetes status, hypertension status, panel reactive antibodies, albumin levels,
HLA mismatches, coronary artery disease, pretransplant dialysis, and cold ischemia time
were considered in the initial model. The nonsignificant variable with the greatest P value
was dropped until the final model included only statistically significant effects. A Pvalue
of .05 was used as the cut-point for statistical significance for multivariable modeling.

RESULTS

The final SCD/ECD dataset contained 19,527 patients, whereas the KDPI dataset contained
19,502 patients. When divided by kidney criteria, 17.9% (3,495) of the transplants were
performed with ECD kidneys. Alternatively, after KDPI stratification, 11.3% (2,208) of the
transplants involved high KDPI kidneys. Recipient demographics by kidney type received
are displayed in Tables I and 1. ECD kidneys were more likely to be transplanted into older
(median of 62 vs 52 yrs), male (63.7% vs 59.3%), and diabetic (47.1% vs 31.7%) recipients
(all <.001). ECD kidneys were less likely to be given to sensitized patients with a panel
reactive antibody >80% (6.1% vs 17.8%, P<.001). A greater proportion of ECD transplants
were performed at high-volume centers relative to SCD transplants (32.4% vs 30.1%, P
=.01) (Table I). Similarly, kidneys with a KDPI of 85 + were more likely to be transplanted
into older (median age of 62 vs 53 years) and diabetic (45.7% vs 33.0%) recipients (all P
<.001). High KDPI kidneys were less likely to be given to sensitized patients with a panel
reactive antibody >80% (7.3% vs 16.5%, P<.001). A greater proportion of high KDPI
transplants were performed at high-volume centers relative to low KDPI (KDPI <85)
transplants (33.3% vs 30.1%) (Table I1).

Unadjusted cost and resource use outcomes are displayed in Tables 11l and IV. ECD kidneys
were associated with increased duration of stay (6 vs 5 days), 30-day readmission (34.7% vs
28.1%), delayed graft function (32.9% vs 24.8%), and discharge to rehabilitative care (4.4%
vs 3.0%) compared with SCD kidneys (all £<.001). Before adjustment for confounding
variables, ECD transplants were associated with decreased index costs ($85,505 vs
$88,150), combined costs ($87,301 vs $90,287), and discharge to home (71.4% vs 77.6%)
(all £<.001) (Table I11). High KDPI kidneys are associated with increased LOS (6 vs 5
days), 30-day readmission (35.6% vs 28.5%), delayed graft function (33.3% vs 25.4%), and
discharge to rehabilitative care (3.9% vs 3.2%) compared with low KDPI kidneys. Before
multivariable adjustment, high KDPI kidneys were associated with decreased index costs
($84,266 vs $88,102), combined costs ($85,929 vs $90,305), and discharge to home (71.6%
Vs 77.1%) (all £<.001) (Table V).

To control for baseline demographic differences, multivariable analyses were performed,
adjusting for center volume, recipient sex, age, race, body mass index, diabetes status,
hypertension status, panel reactive antibodies, alboumin levels, HLA mismatches, coronary
artery disease, pretransplant dialysis, and cold ischemia time. Adjusted outcomes are shown
in Table V for both ECD and high KDPI kidneys (relative to SCD and low KDPI kidneys,
respectively). After adjustment, ECD kidneys were still associated with increased 30-day
readmission rates (odds ratio [OR] 1.35, 95% confidence interval [95% CI] 1.21-1.50, P
<.001) and delayed graft function (OR 1.33, 95% CI 1.19-1.50, £<.001). However,
readmission costs (risk ratio [RR] 1.08, 95% CI 0.94-1.23, P=.29), and combined costs
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(RR 0.97, 95% CI1 0.93-1.00, £=.07) were not shown to differ between ECD and SCD
kidneys. Discharge disposition and duration of stay were also similar between groups. High
KDPI kidneys were still associated with increased 30-day readmission rates (OR 1.38, 95%
Cl 1.21-1.58, P<.001) and delayed graft function (OR 1.25, 95% CI 1.09-1.45, P=.002).
Conversely, high KDPI kidneys were associated with decreased index (RR 0.95, 95% ClI
0.93-0.98, P<.001) and combined costs (RR 0.95, 95% CI 0.91-0.99, P=.02).

Table VI shows adjusted analysis (controlling for the same variables as the previous
multivariable analyses) of cost based on KDPI as a continuous variable (from 0 to 100).
Increasing KDPI scores correlated with a slight decrease in combined costs (RR 0.9993,
95% CI 0.999-0.9998, P=.01).

DISCUSSION

This is the first study addressing short-term costs and resource use after deceased donor
kidney transplantation at a national level. Contrary to previous reports, our data show that
ECD kidney transplants do not cost more---from a payer/provider perspective---than SCD
transplants in the short term. Additionally, KDPI scores, when interpreted in both a binary
and continuous manner, were not effective in predicting cost.

Historically, expanded criteria donor kidneys were implemented to expand the donor pool
and classified as ECD kidneys to differentiate between the quality of standard kidneys
compared with their new expanded counterparts. Similarly, KDPI scoring was introduced as
a part of the new kidney allocation system as a way to more accurately match kidneys to
recipients in a way that will maximize life years by placing the greatest quality kidneys with
the donors likely to need them for the longest period of time.13 In short, KDPI scores are
another metric of organ quality.1’

Numerous studies in the past have attempted to correlate expanded criteria donor kidneys
with increased costs.’~10 Saidi et al,” in a single-center retrospective analysis, have
demonstrated increased costs of approximately $25,000 for ECD transplants compared with
SCD transplants. A separate single-center retrospective study showed decreased medical
center incremental margins in cases with ECD kidneys (-$5,887).8 In an older study,
Whiting et al® demonstrated that ECD kidneys cost $10,911 more than non-ECD transplants.
Conversely, Machnicki et al'® used the US Renal Data System to model Medicare payments
and duration of stay and found that ECD status was not associated with increased payments.

Compared with currently available reports, our investigation has multiple strengths. First, we
used reimbursement---rather than hospital charges---to measure financial outcomes;
estimated payments are more applicable and interpretable than hospital charges when
discussing true financial utilization. Additionally, the data are current (2009-2012), and
capture nearly half of all kidney transplants performed in the United States during that time
period. Merging of the UHC and SRTR datasets is comprehensive, providing both cost data
and granular short-term clinical outcomes. After examining the effect of both expanded
criteria donor status and KDPI scoring on short-term costs of kidney transplantation in a
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national analysis---controlled for multiple recipient clinical characteristics---we found no
correlation between decreased organ quality and increased costs.

This study has limitations. Large academic centers and their affiliated hospitals
disproportionately populate the UHC dataset. Because only one-half of the transplants
performed in the United States were included in the dataset, the results could have been
skewed to overrepresent the outcomes seen in these centers. As with all registry data,
administrative or clinical, there are inherent limitations such as reporting/input error, missing
data, and unrecognized factors that may contribute to our conclusions. Several large UHC
hospitals are currently using Campath for induction therapy, which is not being charged for
and may alter the charges submitted. Additionally, this study did not examine long-term
clinical outcomes, nor long-term cost data (not provided in UHC), of the different types
kidney transplants, although these have been studied in other investigations. This was a
retrospective observational study, so there may be baseline differences between the recipient
populations that were not addressed by regression modeling. However, the complexities of
donor-recipient transplant matching would likely make a prospective randomized trial of
costs following transplant impossible.

Using a modern, national dataset, we have shown that decreased organ quality, measured by
multiple metrics, does not correlate with increased short-term costs. These data suggest that
metrics designed to measure donor kidney quality are inadequate to predict cost outcomes,
and that recipient characteristics may be a more influential predictor of initial costs after
transplantation. Future attempts to stratify cost-effectiveness of transplant procedures should
take this into account.

The University of Cincinnati’s Institutional Review Board approved this study and the
Health Resources and Services Administration SRTR Project Officer and the SRTR
Technical Advisory Committee approved the linkage of the two datasets. The data reported
here have been supplied by the Minneapolis Medical Research Foundation as the contractor
for the SRTR. The interpretation and reporting of these data are the responsibility of the
author(s) and in no way should be seen as an official policy of or interpretation by the SRTR
or the US Government. The Health Resources and Services Administration, US Department
of Health and Human Services provides oversight to the activities of the OPTN and SRTR
contractors.

Acknowledgments

This study was supported by National Institutes of Health grant T35 DK60444.

REFERENCES

1. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agadoa LY, et al. Comparison of
mortality in all patients on dialysis, patients on dialysis awaiting transplantation, and recipients of a
first cadaveric transplant. N Engl J Med 1999;341:1725-30. [PubMed: 10580071]

2. Abecassis M, Bartlett ST, Collins AJ, Davis CL, Delmonico FL, Friedewald JJ, et al. Kidney
transplantation as primary therapy for end-stage renal disease: a National Kidney Foundation/
Kidney Disease Outcomes Quality Initiative (NKF/KDOQITM) conference. Clin J Am Soc Nephrol
2008;3:471-80. [PubMed: 18256371]

Surgery. Author manuscript; available in PMC 2020 March 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stahl et al.

10

11.

12.

13.

14.

15.

16.

17.

Page 7

. US Renal Data System. USRDS 2010-2011 annual data report: atlas of chronic kidney disease and

end-stage renal disease in the United States. Bethesda, MD: National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases; 2013.

. Merion RM, Ashby VB, Wolfe RA, Distant DA, Hulbert-Shearon TE, Metzger RA, et al. Deceased-

donor characteristics and the survival benefit of kidney transplantation. JAMA 2005;294:2726-33.
[PubMed: 16333008]

. Schold JD, Meier-Kriesche HU. Which renal transplant candidates should accept marginal kidneys

in exchange for a shorter waiting time on dialysis? Clin J Am Soc Nephrol 2006;1:532-8. [PubMed:
17699256]

. Tanriover B, Mohan S, Cohen DJ, Radhakrishnan J, Nickolas TL, Stone PW, et al. Kidneys at a

higher risk of discard: expanding the role of dual kidney transplantation. Am J Transplant
2014;14:404-15. [PubMed: 24472195]

. Saidi RF, Elias N, Kawai T, Hertl M, Farrell ML, Goes N, et al. Outcome of kidney transplantation

using expanded criteria donors and donation after cardiac death kidneys: realities and costs. Am J
Transplant 2007;7:2769-74. [PubMed: 17927805]

. Englesbe MJ, Ads Y, Cohn JA, Sonnenday CJ, Lynch R, Sung RS, et al. The effects of donor and

recipient practices on transplant center finances. Am J Transplant 2008;8:586-92. [PubMed:
18294154]

. Whiting JF, Golconda M, Smith R, O’Brien S, First MR, Alexander JW. Economic costs of

expanded criteria donors in renal transplantation. Transplantation 1998;65:204—7. [PubMed:
9458015]

. Machnicki G, Lentine KL, Salvalaggio PR, Burroughs TE, Brennan DC, Schnitzler MA. Kidney
transplant medicare payments and length of stay: associations with comorbidities and organ
quality. Arch Med Sci 2011;7:278-86. [PubMed: 22291768]

United States Renal Data System. 2014 Annual data report: epidemiology of kidney disease in the
United States. Bethesda, MD: National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases; 2014.

United States Renal Data System. 2013 Annual data report: epidemiology of kidney disease in the
United States. Bethesda, MD: National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Disease; 2014.

Israni AK, Salkowski N, Gustafson S, Snyder JJ, Friedewald JJ, Formica RN, et al. New national
allocation policy for deceased donor kidneys in the United States and possible effect on patient
outcomes. J Am Soc Nephrol 2014;25:1842-8. [PubMed: 24833128]

Rao PS, Ojo A. The alphabet soup of kidney transplantation: SCD, DCD, ECD---fundamentals for
the practicing nephrologist. Clin J Am Soc Nephrol 2009;4:1827-31. [PubMed: 19808229]
Wilson GC, Cutler Quillin R 3rd, Sutton JM, Wima K, Shaw JJ, Hoehn RS, et al. Factors related to
readmission after major elective surgery. Dig Dis Sci 2015;60:47-53. [PubMed: 25064214]

Rao PS, Schaubel DE, Guidinger MK, Andreoni KA, Wolfe RA, Merion RM, et al. A
comprehensive risk quantification score for deceased donor kidneys: the kidney donor risk index.
Transplantation 2009;88:231-6. [PubMed: 19623019]

Lee AP, Abramowicz D. Is the kidney donor risk index a step forward in the assessment of
deceased donor kidney quality? Nephrol Dial Transplant 2014.

Surgery. Author manuscript; available in PMC 2020 March 11.



Page 8

Stahl et al.

Author Manuscript

*10UOP BLIBILID plepuels ‘Gos ‘Apognue aAndesl-|aued ‘i ‘BWNJOA WNIPBW A/ ‘8WnjoA Mo] ‘A7 ‘eBuel aj1renbisiul

‘I 8lqeL

Author Manuscript

YO/ ‘awnjon ybly ‘A ‘uoisusuadAy ALAH ‘usbiue 1A203na] uewiny ‘74 xapul ajioid douop Asupiy Y@y ‘iouop eLIgIIO papuedxs ‘goF ‘aseasip Alaue AJeuolod ‘gyD ‘xapul ssew Apog YwNg

‘paleIs aSIMIBYIO SSajun (94) &/ aJe sanjeA

100> (z6-22 ¥OI) 58 (09-€z ¥OI) zv 81025 1daM

(%L'€€) 9LT'T (%8'G€) veL'S A1

(%6°€€) 98T'T (%eve) LLY'S AW

(%bze) €€T'T (%T°0¢) €£28'7 AH
210 3WINJOA J8JUa)
100>  (0Ge-TeT 0N 8LT (6220 TT ¥OI) T'9T aLuI} eILUBYIS! PI0D
100> (%L'8) 212 (%G'9) 562 avoreubue Juaidioay
100> (v ¥OI1) § (s-€ ¥OI) v yorewsiw v H
o€’ (%9'68) €2T'E (%8'88) TLT'¥T  sIsAlep yuejdsuesaid juaidioy
100> (%71°9) ¥02 (%S'LT) 80L'C %08 V4d ead

(%0°€T) 08¢ (%2'9T) 65T'C +G'y

(%.°18) v6€'C (%e'LL) Lee'oT 6Y'v—0'€

(%€'3) ST (%5'9) 898 0e>
TOO™> uiwng|e yuaidiosy
500 (%0°28) evv'e (%0°58) 86€'TT NLH juaidioay
100> (%T'Ly) 9v9'T (%/,'1€) 5L0'S se1aqeIp Jusidioay
100>  (0ze-L've¥OI) 08z (0'2e-0've ¥OI) L°L2 INE ua1dioay

(%222) €6. (%9°T2) €9v'e Byio

(%2'1€) L0T'T (%e'€e) 6EE'S oelg

(%9'G) G6S'T (%T'sy) 2ee'L aNUM
4% aoeJ Juaidioay
100> (89-95 ¥OI) 29 (T9-2¥ ¥OI) 2§ A ‘abe waidioay
100> (%L'€9) 922'2 (%€'65) L05'6 alew ‘xas Jusidioay

anfeAd uelpsW/N ‘ao3 UeIpSW/N ‘aos a|qelfen

sAaup o3 snsian @S Aq saiydesbowsp jusidiosy

Author Manuscript Author Manuscript

Surgery. Author manuscript; available in PMC 2020 March 11.



Page 9

Stahl et al.

*J0UOp BLISJLID plepuels ‘gos ‘Apognue annoess [aued ‘t4 ‘aWnjoA Wnipaw A/ BWnjoA moj (A7 ‘abuel ajienbiaiul
YO/ ‘awnjon ybly ‘A ‘uoisusuadAy ALAH ‘usbiue 1A203na] uewiny ‘74 xapul ajioid douop Asupiy Y@y ‘iouop eLIgIIO papuedxs ‘goF ‘aseasip Alaue AJeuolod ‘gyD ‘xapul ssew Apog YwNg

‘paleIs aSIMIBYIO SSajun (94) &/ aJe sanjeA

100> (%0'18) 68L'T (%6'6) SOL'T snyeis 403

(%8'0€) 629 (%0°9¢) 612'9 A1

(9%6°5€) €61 (%6°€€) ¥98'S AN

(%e'ee) 9eL (%T°0€) 802'S AH
T0OO™> 3WN|OA JB1us)
100>  (09z-0€T ¥OI) €8T  (6'22-0°TT ¥OI) T'9T aLuI} eILUBYIS! PI0D
10 (%G'8) 92T (%L'9) 98 avoreubue Juaidioay
100> (v ¥OI1) § (s-€ ¥OI) v yorewsiw v H
0S5’ (%€'68) ¥96'T (%6'88) L0€'ST  sisAjerp juejdsuesnaid Jusidioay
100> (%€'2) ssT (%5'9T) T6L'C %08 V4d ead

(%€°€T) 062 (%6°GT) 282'C +G'y

(%2'18) ¥25'T (%2°22) 08T'TT 67 v—0€

(%¥'S) 20T (%t'9) 816 0e>
200° ulwnge Juaidioay
100> (%5'88) G2S'T (%6'%8) L62'CT NLH juaidioay
100> (%2'S¥) 800'T (%0°€€) 20L'S se1aqelp Jualdioay
10° (r1e-zveydN gLz (T2e-Tvz ¥l 8.2 INE ua1dioay

(%9°€2) 028 (%S'T2) SeL'e Byio

(%6°€€) 8¥L (%6°2€) 069'S oelg

(%9°2v) 0v6 (%9'5v) 9.8'2 aNUM
810 aoeJ Juaidioay
100> (89-G5 ¥OI) 29 (z9-ev ¥OI) €5 K *abe jusidioay
LT (%¥'19) 95€'T (%6'65) T9E'0T alew ‘xas Jusidioay

aneAd  UeIpW/N ‘+G8 IdAM  UeIpBW/N ‘G8> IdaM a|qelien

sAaupnq Jouop |daM moj pue ybiy Aq sorydeibowap juaidiosy
‘Il 8lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Surgery. Author manuscript; available in PMC 2020 March 11.



Page 10

Stahl et al.

*10UOP BLIBILIO pJepuels ‘gos ‘abues ajiuenbiaiul ‘@) ‘a1ed yi[eay awoy YIM awWoy ‘D4 ‘1ouop eLiaio papuedxs ‘go3F ‘uonouny yeib pakejsg Yog

(%T'T) L€ (%8'0) €€T Buyo

(%V'v) ST (%0°€) 287 geysy

(%e'€2) 608 (%S'8T) 896'C OHHH

(%¥'12) S6v'e (%9°22) o'zt awoH
T00™> snyels abieyasiq
100> (%6'2€) LYT'T (%8'v2) 156'C 490
100> (%L've) €12'T (%71'82) 0TG'y  uoIssiwpeal Aep-0g
100> (5'882'¥TT-8'565'2L) T0E'28$ (€95'021-050'€2) 282'06$ 1509 pauIquwo)
68" (627°01-289' ¥OI) £50'6$  (€°288'6-5'8vL'C HOI) 866'y$ 1509 UOISSILUPEaY
100>  (5'082'80T-8'€55'0L ¥OI) §#05'58%  (L80LTT-L69'TL ¥OI) 0ST'88% 1500 X3pu|
100> (8-v ¥OI1) 9 (-7 ¥0I1) § AKexs jo uoneing

anfeAd ueipaW/N ‘o3 URIPSW/N ‘A0S a|qelien

sAsupy dOS SA @D3 ash 324n0Ssal pue $1s09 Jo uostiedwod paisnlpeun

‘Il alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Surgery. Author manuscript; available in PMC 2020 March 11.



Page 11

Stahl et al.

*10UOP BLIBILIO pJepuels ‘gos ‘abues ajiuenbiaiul ‘@) ‘a1ed yi[eay awoy YIM awWoy ‘D4 ‘1ouop eLiaio papuedxs ‘go3F ‘uonouny yeib pakejsg Yog

(%0'T) €¢ (%6°0) L¥T Buyo

(%6°¢) 98 (%z'€) vss geysy

(%S°€2) 81G (%8'87) €52'E OHHH

(%9'T2) T85'T (%T'22) Le€'€T awoH
100> snyels abieyasiq
100> (%eee) TEL (%v'52) 99¢'y 49a
100> (%9°€) 282 (%5'82) ¥26'y  uoissiwpeal Aep-0g
100> (082'20T-€55'TL) 626'G8$ (968'02T-8LT'€L) S0€'06$ 1509 pauIquwo)
68’ (£60'0T-G¥L'z HOI) 950'5$ (Tz6'6—cEL'z ¥OI) €00'G$ 150D UOISSIWpEaY
700>  (689'T0T-8G2'69 HOI) 992'¥8$  (90€'LTT-€92'TL HDI) 20T'88$ 1500 X3pu|
100> (8-v ¥OI1) 9 (-7 ¥0I1) § AKexs jo uoneing

anfend UeIpBW/N ‘+G8 1AM UeIpBW/N ‘68> 1daM a|qelen

sAaupiy |daM moj pue ybiy Aq asn 821n0sal pue S1S09 Jo uosiiedwod paisnipeun

‘Al 9lgeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Surgery. Author manuscript; available in PMC 2020 March 11.



Page 12

Stahl et al.

"013R) YSH ‘M ‘0110l SPPO ‘O ‘Aels J0 YIBUs| ‘'SO'T ‘94ed Yi|eay SWoy YIM 3WOY ‘DHAHH ‘uonouny el pakejsp Y9 ‘uomsodsip abIeyasip ‘Gq ‘[eAlalul 30Uspyu0D YO

Author Manuscript

65’ S6'T-TE0 LL0 G¢’ SY'T-G€°0 ¢L0 qeyas sa Jsyio aa
ST 68'T-T6°0 1€7T €8’ LE'T-8L0 €0'T geyal sa swoy dd
S.0° 60¢-26°0 4" €9 67'T-18°0 0T'T geyal sA QHHH ad
¢00° S'1-60'T ST 100> 05'T-6T'T veT 19d
100> 89T-TC'T 8¢€'T 100> 05'T-T¢'T SE'T uoissiwpeal Aep-og
99’ 60'T-S6°0 0T 6€ 60'T-L60 €0'T Aels o uoneing
[40) 66'0-T6°0 §6°0 L0 00'T-€6°0 160 1500 paulquiod
6L ST'T-€8°0 86°0 6¢ €C'T-¥6°0 80'T 1509 Uoissiwpesy
100>  86'0-€6'0 S6°0 6¢0° 166'0-56°0 860 1502 Xapu|
aneAnd D%S6  dd4/-d0  anfend 1D %56 dd4/-40 a|qelien
SSWI021N0 +G8 |daM SOLI0DINO Jue|dsuel) O3

siuejdsueny Asupiy 1d@M-Moj snsiaA ybiy pue gOSs snsian @H3 o) sawodino paisnlpy
‘A 9lqeL

Author Manuscript Author Manuscript Author Manuscript

Surgery. Author manuscript; available in PMC 2020 March 11.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Stahl et al.

Table VI.

Adjusted outcomes based on increasing continuous KDPI scores

Variable RR 95% ClI P value
Index cost 0.9995  0.9992-0.9998 .002
Readmission cost  1.00 0.99-1.003 .53

Combined cost 0.9993  0.9987-0.9998 .01

C/, Confidence interval; RR, risk ratio.
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