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Abstract

Background—In Dec 2014, a new Kidney transplant Allocation System (KAS) was
implemented nationwide with the goal of improving longevity matching, increasing access to
sensitized patients and improving racial/ethnic disparities.

Study Design—National cohort study of U.S. kidney transplant (KTX) programs, analyzing
hospital-level outcomes (Oct 2012 to June 2016) using UHC data. In-hospital outcomes and costs
were analyzed for trends over time using interrupted time series analysis with segmented
regression.

Results—38,016 KTX procedures were analyzed during the 3.8 year period. Over time, there
was an average increase of 2.7 cases/month (95% CI -0.02 to 5.4; p=0.059), unaffected by KAS
(18.9 case increase, p=0.5601). Implementation of KAS led to significant changes in patient
demographics, including a decrease in age (—2.8 years, p<0.001), increase in African-Americans
(3.8%, p<0.001), decrease in Caucasians (6.0%, p<0.001), increase in Hispanics (2.9%, p<0.001),
increase in CHF (1.3%, p<0.001) and decrease in diabetes with complications (4.0%, p<0.001).
KAS had no impact on LOS (0.12 days, 95% CI —0.11 to 0.35), LOS index (0.01, 95% CI -0.03 to
0.05), ICU cases, ICU LOS, patient safety indicators or in-hospital mortality. KAS led to a
significant increase in DGF rates (5.4%, 95% CI 23.3% to 7.4%), total in-hospital costs ($2,429,
95% CI $594 to $4.263) and 7 (2.2%), 14 (2.6%), and 30-day (2.7%). readmissions.

Conclusion—Policy changes in organ allocation can have a significant impact on peri-operative
costs and outcomes, which may have a downstream influence on transplant center peri-surgical
care processes.
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INTRODUCTION

In 1984, the US Congress passed the National Organ Transplant Act (NOTA). Among other
components of the law, NOTA authorizes the Department of Health and Human Services to
fund the infrastructure needed for the regulation of deceased donor organ allocation across
the US. A key part of organ allocation dictated within NOTA is that it should be conducted
in an ethical manner, minimizing disparities in access to transplants. As such, organ
allocation policies and procedures, which are described within Title I of the law (Organ
Procurement and Transplantation Network [OPTN]), are routinely reviewed to ensure equity.
Since its inception in 1984, the OPTN has been under contract to be managed by the United
Network of Organ Sharing (UNOS).(1-3)

Over the past 30+ years, UNOS has continuously reviewed organ allocation measures to
ensure equity and adjusted allocation policies when significant disparities are apparent. A
major change in the policy, entitled the kidney allocation system (KAS), began in 2002 and
was finally implemented on December 4, 2014. Key goals of KAS were to eliminate or
minimize age mismatching (organs from young donors being allocated to older recipients),
increase access to potential recipients that are highly sensitized to HLA antigens (panel
reactive antibody [PRA] 99-100%) and improve access to disadvantaged minorities,
particularly the African-American population.(2, 4-8)

The modifications made to the organ allocation rules substantially changed the order for a
large proportion of the recipient wait list.(8) A recent study conducted by investigators
within UNOS demonstrated significant changes in those that have received organ transplants
after KAS was implemented. However, the impact of KAS on peri-operative outcomes and
costs has not been analyzed.(6) Thus, the aim of this study was to determine how KAS and
the months following KAS have influenced peri-operative quality and costs amongst US
kidney transplant programs. The study hypothesis was that KAS has led to significantly
increased peri-operative LOS, complications, readmissions and costs.

METHODS
Study Design

Patients

This was a time series analysis, assessing peri-operative demographics, outcomes and costs
for kidney transplant recipients and the temporal trends that occurred in relation with the
implementation of KAS. In 2013, the Organ Procurement and Transplant Network (OPTN)
Board of Directors approved KAS and on December 41, 2014, it went into effect. The intent
of KAS is to optimize the utilization of kidneys while also improving the equitable
distribution of these organs. Major changes with KAS include giving patients that are highly
sensitized greater priority on the wait list, matching donor organ quality (kidney donor
profile index [KDPI]) with the life expectancy of recipients (expected post-transplant
survival [EPTS]) and counting wait time at the start of dialysis.(8)

Kidney transplant recipients were eligible for inclusion in this study if they were
transplanted between Oct 1, 2012 and June 30, 2016 at a University HealthSystem

JAm Coll Surg. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taber et al.

Page 3

Consortium (UHC, now part of Vizient™) member institution; which embodies 99 of the
236 kidney transplant centers (42%) across the US and approximately 60% of all kidney
transplants conducted during this time frame with the U.S.(9-11) Exclusions were pediatrics
(<18 years of age at time of transplant) and recipients of non-renal transplants (liver,
pancreas, heart or lung); either simultaneous or a previous history of a non-renal transplant.

Study Variables and Outcomes

Demographic variables of interest included patient age, sex, race, comorbidities and severity
of illness, as measured by the UHC calculated risk of mortality (graded as minor, moderate
or major) and case mix index. Per-operative outcomes of interest included length of stay
(LOS), observed to expected LOS (LOS index), intensive care unit (ICU) cases, ICU LOS,
in-hospital complications, in-hospital morality, observed to expected mortality (mortality
index), 7, 14 and 30 day readmissions to the index hospital and delayed graft function.
Because data in the UHC system only includes hospitalization information, DGF was
defined as the need for dialysis during the initial inpatient stay for the kidney transplant
procedure.(9)

Cost Analysis

Peri-operative costs were also assessed, which were determined through UHC reported total
and direct costs for the transplant procedure and subsequent hospitalization. Costs were
further classified as organ procurement, surgical, pharmacy accommodations, laboratory,
transfusion, medical/surgical supplies and imaging. Expected LOS, mortality and costs are
projected by UHC using regression modeling calculated separately for each MS-DRG.
Inhospital complications was a composite definition of the mean percentage of in-hospital
complications occurring in the study group and were determined through UHC using
diagnostic codes and an algorithm for each complication.

Statistical Analysis

Descriptive statistics were utilized for display of the data and included means, standard
deviations, 95% confidence intervals (Cls) and percentages. Comparative analyses were
conducted using both before and after and interrupted time series assessments. For the
before and after assessment, cohorts were divided based on transplant date (Pre-KAS: Oct
2012 to Nov 2014 and Post-KAS: Dec 2014 to June 2016). Statistical comparisons were
conducted using the chi square test and t-test for the before and after analysis. An
interrupted time series analysis was also conducted using segmented regression. This was
done by aggregating variables of interest by month, creating KAS and months post-KAS
terms and modeling the variable of interest (demographics or peri-operative outcomes/costs)
as the dependent variable with time, KAS and months post-KAS terms as the independent
variables. Segmented regression (Proc Autoreg) is considered a robust method to estimate
the impact of policy on outcomes because it adjusts for secular trends in time, including
inflation for costs, and accounts for the correlation across time as well.(12-14) All analyses
were conducted using SAS version 9.4 (SAS Institute, Cary, NC). A two-sided p-value of
<0.05 was considered significant.
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Between Oct 2012 and June 2016 a total of 38,016 adult solitary kidney transplants from
UHC centers were identified and included in this analysis. The mean age of the cohort was
51.3 years, which decreased by approximately 1.0 year after KAS (51.7 vs. 50.7 yrs of age,
p<0.001). KAS implementation led to immediate and significant changes in recipient
demographics, including a higher proportion of females, African-Americans and Hispanics;
with a compensatory decrease in Caucasians. After KAS, kidney transplant recipients also
tended to be a higher risk cohort, with more comorbidities (CHF, diabetes, coagulopathy,
obesity and rheumatic, collagen or vascular disorders). This was reflected as a higher case
mix index and more patients being rated at major risk of mortality at admission in the Post-
KAS era (Table 1). The interrupted time series analysis demonstrated similar findings, as
KAS significantly influenced recipient race/ethnicity (Figure 1). Interestingly, after the
initial bolus impact of KAS, there has been an incremental increase in Caucasians (0.3%
increase per month, p<0.001) and decrease in African-Americans and other races/ethnicities.
This is displayed in the regressed slopes of the data in Figure 1 after KAS implementation.

In the before and after analysis, KAS had a significant impact on a number of peri-operative
outcomes, including a higher proportion of ICU cases, longer ICU LOS, higher mortality
index and more DGF (Table 2). In the interrupted time series analysis, KAS had an
immediate impact on increasing 7, 14 and 30-day readmissions by 2.2 to 2.7% (95% CI 1.2
to 4.2%) and increasing DGF by 5.4% (95% CI 3.3 to 7.4%). After this initial impact, in the
time post-KAS era, readmissions (-0.13 to 0.28% per month) and DGF rates (—0.18% per
month) have both decreased significantly (Table 3 and Figure 2). In the interrupted time
series analysis, KAS did not impact LOS, LOS index, ICU cases, complications or mortality.

The impact of KAS on peri-operative costs is displayed in Table 4 (before and after analysis)
and Figure 3 (interrupted time series analysis). In the before and after assessment, KAS led
to significant increases in total costs ($9,259 per case, p<0.001), direct costs ($6,603 per
case, p<0.001), cost index (0.10, p<0.001) and all of the costs categories, particularly organ
procurement ($4,563, p<0.001), surgery ($458, p<0.001) and pharmacy ($653, p<0.001).
The interrupted time series analysis, which accounted for the secular trends in time and
inflation, demonstrated similar findings with regards to an increase in total costs ($2,429,
95% CI $594 to $4,264), direct costs ($1,783, 95% CI $470 to $3,096) and organ
procurement costs ($808, 95% CI $23 to $1,593).

DISCUSSION

The results of this analysis demonstrate that the organ allocation policy transformation that
occurred through KAS implementations has led to significant and continued changes to
kidney transplant peri-operative costs and a bolus impact on recipient demographics and
clinical outcomes. Specifically, KAS led to substantially increased in-hospital costs,
particularly those related to organ procurement. KAS also led to a substantial increase in
African-Americans and Hispanics receiving transplants, a compensatory decrease in
Caucasian transplant recipients and a significant increase in comorbid conditions and
recipient risk. Finally, KAS led to significantly higher rates of DGF and increased 7, 14 and
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30 day readmissions. These findings highlight the impact policy changes can make on peri-
operative costs and outcomes and suggest that policy makers should consider these potential
issues when modeling the impact of policy change.

As detailed in a recent analysis, for the most part, KAS has met its intended short-term
goals. It has reduced disparities based on race and ethnicity by increasing access to
transplant for historically disadvantaged minority populations, including African-Americans
and Hispanics. It also substantially decreased graft and recipient longevity matching by
giving the youngest donor organs to the younger recipients. Finally, KAS has increased the
likelihood that highly sensitized recipients (PRA 99-100%) would receive transplants; this is
important, as these patients tend to have exceedingly long wait times.(6) These findings are
not in question, although the sustainability of KAS on reducing disparities, particularly
within minority populations, is yet to be known. In fact, the interrupted time series
assessment conducted within this analysis demonstrates that after an initial bolus effect on
race/ethnicity, the transplant rates across different racial and ethnic groups appears to be
regressing back towards pre-KAS numbers; post-KAS proportions of Caucasians are
significantly increasing, while those in African Americans are decreasing. It has yet to be
determined whether these trends will continue to the point of becoming similar to pre-KAS
proportions. Clearly, further scrutiny into accumulating data is warranted in this regard.

The impact of KAS on improving organ utility through age matching has been
demonstrated. It is interesting to note, however, that the general transplant population has
seen an increase in comorbidities as a result of KAS. This may be related to the fact that
KAS changed how wait time on the list calculated, and directly after its implementation, a
large number of patients with significant time on dialysis received transplants. These
patients, with substantial dialysis vintage, likely accumulated significant comorbidities
during this time.(15-17) It will be interesting to note if these trends continue in the long-
term; while also assessing if the improvements in organ utility through age matching are
offset by the increases seen in comorbidities and increase mortality risk within the general
recipient pool.

Given how KAS has altered the patient population and increased organ cold ischemic times,
it is not surprising that KAS has also had a significant impact on peri-operative outcomes
and costs.(6) With the shift of recipient demography towards a population with more
comorbidities, it is likely that these patients have significant reduced functional status and
reserves. Previous studies have demonstrated these factors greatly influence outcomes,
particularly short-term peri-operative complications.(18-21) Within this analysis, this is
likely reflected by increased 7, 14 and 30-day readmission rates. A bolus effect is seen with
KAS implementation on these metrics. It is interesting to note that after this bolus, post-
KAS readmission rates actually decrease at a substantial rate. This may be a reflection of the
limited impact of patient demography or concerted efforts by transplant programs to adjust
care models to account for these higher risk recipients.(22, 23)

The impact of KAS on DGF is one of the more important findings of this analysis. This is
likely a direct impact of increased cold ischemic times. DGF is a well-studied and known
risk factor for increased peri-operative costs, complications and long-term patient and graft
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survival.(24-26) Thus, by KAS increasing the relative risk of DGF by more than 20%, it will
be important to determine the true impact of this on long-term outcomes. Clearly, future
studies are needed to adequately assess this issue. It is somewhat reassuring to see from this
data that after the initial bolus effect of KAS on DGF, the rates have actually significant
decreased by approximately 0.25% per month, such that as of June 2016, DGF rates are
close to where they were prior to KAS implementation, in Dec 2014.(6)

As kidney transplantation is predominantly based around a DRG reimbursement system, the
impact of KAS on costs has important implications for transplant center finances.(27) It is
unclear whether policy makers considered the cost impact of KAS prior to implementation.
Either way, it appears that in-hospital costs significantly increased after KAS. Given the
razor thin margins kidney transplant centers already experience, KAS may have put a
substantial number of these procedures into the negative revenue bucket.(28) Most
transplants are billed through Medicare as the primary payer. The results of this analysis
cannot determine margins, as reimbursement data is not included within UHC metrics.
Future studies, using CMS cost data, are warranted to determine the true impact of KAS on
transplant center finances, particularly as it relates to organ allocation costs and center
margins.(28, 29) This would serve as an important study to help policy makers understand
the cost implications of organ allocation changes for future consideration. It is also
important to note that this cost analysis does not include resources. Given the increased
complexities associated with organ allocation that occurred as a result of KAS, it is likely
that there have been substantial increases in time spent by the organ procurement
organizations (OPOs), nurse coordinators, HLA laboratories and physicians.(30) There is
also a lack of analysis that specifically assesses the impact of KAS on kidneys lost due to
transportation and logistic misadventures.(3, 6, 8)

In terms of methodology, by using both a before and after and interrupted time series
analysis, this study provide interesting insights into differences in outcomes. Before and
after analyses aggregate data into two groups and compare means or proportions across
these two cohorts. By doing so, this type of analysis masks the secular trends that naturally
occur in health care over time.(13) As an example, in-hospital complications appear to
significant decrease (from 6.0% to 3.9%, p<0.001) using the before and after analysis. Yet,
within the interrupted time series analysis, the impact of KAS on complications was
negligible (0.22% decrease, 95% CI -1.2-0.70%). This contrast in results is a direct
reflection that the interrupted time series (using monthly increments), measures and
accounts for the fact that in-hospital complications were actually decreasing at a significant
rate during the entire time period studied, both before and after KAS. Similar differences
were also noted for LOS index, ICU cases, ICU LOS and mortality index, where the before
and after analysis demonstrated significant differences pre and post-KAS, while the
interrupted time series assessment did not. These findings demonstrate researchers need to
be cautious with their interpretation of before and after analyses without accounting for the
natural trends in data that occur over time.(12-14) This is also quite important when
assessing cost data, as health care inflation rates are substantial and can dramatically
influence these analyses.(31)
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There are a number of limitations with this analysis worthy of discussion. First, these data
were aggregated at the center-level in monthly intervals. Thus, patient-level data was
available or utilized for this analysis. Patient risk was not adjusted for in modeling; although
studies demonstrate interrupted time series analysis provide robust estimates that are not
generally influences by confounding at the patient-level.(13) However, center-level changes
in care that occurred at a similar time period as KAS implementation may be mistakenly
classified as being caused by KAS. At a single-center, this is a potential problem. At a
national-level, such as this analysis conducted, it is unlikely that dramatic changes occurred
at most transplant centers at the same time as KAS in a sufficient manner to bias these
estimates. Another limitation is the fact these are administrative data and only include the
index hospitalization and readmissions to the transplant center. Inaccurate coding and
readmissions to non-transplant center hospitals may impact these findings. It is also
important to note that coding changed from ICD-9 to ICD-10 during this time period. Every
effort was made to account for this during data acquisition and clean up, but the transition in
ICD codes was substantial and this may have led to some inaccuracies in coded data.

CONCLUSIONS

Kidney transplant organ allocation policy changes that occurred in Dec 2014 led to
significant changes in recipient demographics, increasing the proportions of African-
Americans, Hispanics and those with more comorbid conditions. KAS also likely increased
rates of DGF, early hospital readmissions and in-hospital costs. Changes in policies that
govern organ allocation can have a substantial impact on peri-operative value metrics and
policy makers should consider modeling these effects as part of their evaluation process.
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Figure 1.

Estimated impact (using segmented regression) of kidney transplant allocation system
(KAS) on race and ethnicity composition for adult kidney transplant recipients over time.
The dotted vertical line represents when KAS was implemented across the US; the dots

represent data points and the horizontal dotted lines represent regression estimates.
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Figure 2.
Estimated impact (using segmented regression) of kidney transplant allocation system

(KAS) on delayed graft function (DGF) and readmissions for adult kidney transplant
recipients over time. The dotted vertical line represents when KAS was implemented across
the US; the dots represent data points and the horizontal dotted lines represent regression
estimates. DGF, delayed graft function.
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Figure 3.
Estimated impact (using segmented regression) of kidney transplant allocation system on

costs for adult kidney transplant recipients.
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Baseline Characteristics Stratified by Pre- and Post-Kidney Transplant Allocation System

Table 1

Baseline characteristic Pre-KAS (N=21,450) | Post-KAS (n=16,566) | p Value
Age, y, mean+SD 51.7£12.9 50.7£13.1 <0.001
Sex, %
Female 38.8 39.8 0.041
Male 61.2 60.2
Race/ethnicity, %
Caucasian 50.8 46.2 <0.001
African-American 25.4 29.0 <0.001
Hispanic 8.7 12.2 <0.001
Asian 55 55 0.885
Other/unknown 9.6 7.1 <0.001
Comorbidities, %
Congestive heart failure 55 6.7 <0.001
Chronic pulmonary disease 7.3 7.6 0.369
Depression 7.4 7.4 0.860
Diabetes with complications 18.7 20.5 <0.001
Diabetes without complications 6.6 5.7 0.005
Coagulopathy 3.4 4.3 <0.001
Obesity 155 17.3 <0.001
Peripheral vascular disease 5.8 6.1 0.277
Rheumatic/collagen/vascular disease 4.2 5.0 <0.001
Risk of mortality at admission, %
Minor 329 31.3 0.001
Moderate 60.2% 62.1 0.750
Major 4.9% 6.6% <0.001
Case Mix Index, mean+SD 3.22+0.04 3.24+0.04 <0.001

KAS, kidney transplant allocation system
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Table 2

Perioperative Outcomes Compared Pre- and Post-KAS

Outcomes Pre-KAS (N=21,450) | Post-KAS (N=16,566) | p Value
Length of stay, d, mean+SD 6.4+5.4 6.3+5.6 0.080
Length of stay index, observed-to-expected, mean+SD 1.06+0.04 1.04+0.03 <0.001
ICU cases, % 23.6 255 <0.001
ICU length of stay, d, mean+SD 2.5+0.2 2.6+£0.3 <0.001
In-hospital complications, % 6.0 3.9 <0.001
In-hospital mortality, % 0.3 0.3 0.951
Mortality index, mean+SD 0.79+0.40 0.92+0.48 <0.001
Readmissions, %

7-day 5.7 5.4 0.208

14-day 9.3 8.9 0.176

30-day 129 12.3 0.082
Delayed graft function 25.8 28.0 <0.001

KAS, kidney transplant allocation system
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Page 15

Independent Impact of KAS on Perioperative Outcomes (Adjusted for Time) Using Interrupted Time Series

Analysis

Outcomes

Independent impact of KAS (95%
Cl)

Post-KAS trend per month (95% CI)

Length of stay, d, mean (95% CI)

0.12 (-0.11,0.35)

0.01 (-0.01, 0.03)

Length of stay index, observed- to-expected ratio (95% CI)

0.01 (-0.03, 0.05)

0.004 (0.001, 0.007) *

ICU cases, % (95% CI)

-0.30 (-2.7, 2.0)

-0.27 (-0.50, —0.10) *

ICU length of stay, mean (95% CI)

-0.08 (-0.23, 0.39)

0.02 (-0.002, 0.05)

In-hospital complications, % (95% CI)

-0.22 (~1.2, 0.70)

-0.05 (0.1, 0.01)

In-hospital mortality,%, (95% CI)

0.08 (-0.001, 0.20)

-0.01 (-0.001, 0.001)

Mortality index

0.23 (-0.12, 0.58)

-0.02 (-0.05, 0.01)

Readmissions, % (95% CI) *

7-day 2.2 (1.4, 2.9) -0.13 (-0.20, =0.10)
14-day 2.6 (1.6, 3.6) -0.20 (~0.30, -0.10)
30-day 2.7 (12, 4.2) -0.28 (-0.40, —0.20)
Delayed graft function, %, (95% CI) * 54(33,74 -0.18 (-0.30, -0.01)

p<0.05

KAS, kidney transplant allocation system
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Table 4

Perioperative Costs Compared Pre- and Post-KAS

Costs Pre-KAS (N=21,450) | Post-KAS (n=16,566) | p-Value
Total costs, $, mean+SD 97,244+2,561 106,503+2,359 <0.001
Total direct costs, $, mean+SD 69,731+1,751 76,334+1,759 <0.001
Direct costs index, mean+SD 1.00+0.02 1.10+0.03 <0.001
Category, $, mean+SD
Organ procurement 52,883+1,273 57,446+1,565 <0.001
Surgical 3,914+155 4,372+118 <0.001
Pharmacy 5,301+311 5,954+250 <0.001
Accommodations 4,330+189 4,708+180 <0.001
Laboratory 1,152+44 1,214+44 <0.001
Transfusion 1,083+143 1,268+156 <0.001
Med/surgical supplies 1,266+62 1,329+74 <0.001
Imaging 275+15 286+10 <0.001

KAS, kidney transplant allocation system
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