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Abstract

Background: In December 2014, a new Kidney Allocation System 
(KAS) was implemented nationwide to improve access and quality of 
care to historically disadvantaged patients. However, no study to date 
has examined the relationship between the KAS and potential chang-
es in hospital length of stay (LOS). This study aimed to examine the 
relationship between the KAS implemented in December 2014 and 
potential changes in hospital LOS.

Methods: We used data from the Florida Agency for Health Care 
Administration on kidney transplant surgeries completed between 
2011 and 2018. A cross-sectional cohort study design included seven 
hospitals that performed kidney transplants for the duration of the 
study. A propensity score matching approach was used to examine the 
relationship between KAS and LOS. All acute general medical and 
surgical hospitals in Florida that performed kidney transplant surgery 
were included in the analysis.

Results: We included 7,795 patients, 6,119 discharged to home, and 
1,676 discharged to home with home health services after transplant. 
The average LOS prior to KAS was 6.52 days and 6.08 days post 
KAS. Propensity matched results show that patients transferred to 
home experienced a decrease in the LOS (coefficient (β) = -0.68; 95% 
confidence interval (CI): -0.95, -0.42) after the new allocation score 
was implemented. Similarly, patients transferred to home with home 
health experienced a decrease in the LOS (β = -1.90; 95% CI: -2.69, 
-1.11) after the new allocation was implemented.

Conclusion: In conclusion, results indicate that KAS implementation 
did not add a burden on the health system by increasing LOS when 

considering patients with similar characteristics before and after KAS 
implementation. KAS is an important policy change that appears to 
not negatively affect the LOS when sicker patients could receive a 
kidney transplant. Our findings improve our understanding of the 
KAS policy and its influence on the health system.

Keywords: Kidney transplantation; Inpatient stay; Organ procure-
ment; Patient discharge; Propensity score; Hospitals

Introduction

Over the last decade, there has been a significant uptrend in 
kidney transplantation in the United States [1]. In addition to 
improved survival, a kidney transplant can save up to approxi-
mately $1.45 million per kidney recipient [2]. However, the 
increased success of transplantation has created high demands 
for kidney transplants and resulted in significant organ short-
ages [3, 4]. In 1984, to help regulate organ donation manage-
ment, Congress passed the National Organ Transplant Act, 
which established the Organ Procurement and Transplantation 
Network under which the United Network for Organ Sharing 
(UNOS) allocation system began to operate [5]. In 1999, an 
organ allocation system platform was launched by UNOS to 
manage organs for potential recipients [5]. Since the develop-
ment of the kidney allocation systems, physicians and policy-
makers alike have sought to balance patient demand and the 
best utilization of kidney organs. However, equal access and 
kidney organ utilization were not fully achieved [6].

In 2014, the new Kidney Allocation System (KAS) was 
introduced to balance the utility and equity of kidney alloca-
tion for historically disadvantaged recipients. The main goals 
of KAS were to eliminate age mismatching [7], increase ac-
cess to recipients that are highly sensitized to human leuko-
cyte antigens (HLAs) [8] and improve access to disadvantaged 
minorities, specifically African American population [9]. His-
torically disadvantaged recipients were considered difficult to 
match and accumulate the longest wait time on the transplant 
waiting list [10]. These patients were sensitized against the 
HLA and had developed high levels of autoantibodies which 
limit the number of donors they could match with [11]. KAS 
increased the opportunity for patients who had the probability 
of surviving the longest, receiving the longest-lasting kidneys 
“longevity matching,” and improving matching for HLA-sen-
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sitized candidates who had historically lower transplantation 
rates [7, 12]. The new system created a new metric, estimated 
post-transplant survival (EPTS), which sought to simplify the 
recipient criteria [5]. Following the implementation of KAS, 
there was an access increase for highly sensitized patients 
who were transplanted [8]. However, while KAS aimed to im-
prove equitable kidney transplantation, it may have led to an 
increase in cold ischemia time, associated adverse effects, and 
financial burden [8, 13, 14]. KAS aimed to allocate the best 
kidneys to the best recipient considering the highly sensitized 
patients. This process had required more resources to mobi-
lize the available kidney to potential recipients far away from 
the donor hospital and ultimately add more cost on the system 
and cold ischemia time on the organ [15]. A study by Serrano 
et al using retrospective data and a Poisson regression model 
showed a 4% increase in the average length of stay (LOS) was 
caused by a 10-h increase in cold ischemia time while delayed 
graft function showed an increase of 60% in average LOS [16].

Despite various unequivocal improvements in the KAS 
donor ranking metric system, the potential impact on the av-
erage LOS has not been considered. Increased LOS is often 
associated with a greater burden of disease or organ-related 
complications, causing reimbursement and regulatory implica-
tions [17]. Five days has been the average LOS for a kidney 
transplant [17]. However, a study by Lin et al showed that both 
LOS < 4 days post-kidney transplant and > 2 weeks were as-
sociated with significant adverse effects for recipient survival 
[18], and a study by McAdams-DeMarco et al showed that 
non-frail and frail recipients with a longer LOS had increased 
mortality [17]. Our study investigated the impact of change 
in the allocation score methodology on post kidney transplant 
average LOS.

Materials and Methods

Data source

Data of kidney transplants between January 1, 2011 and De-
cember 31, 2018 were obtained from the Florida Hospital In-
patient Data File collected by the Florida Agency for Health 
Care Administration (AHCA). The dataset contains adminis-
trative records of patient clinical and demographic information 
from over 13 million inpatient hospital discharges for over 147 
inpatient hospitals across Florida.

Participants

Patients receiving a whole kidney transplant were included in 
the study, but patients receiving other organs simultaneously 
were excluded. Kidney transplantation International Classifi-
cation of Diseases (ICD) Clinical Modification (CM) codes 
were utilized to identify our sample. The ICD-9-CM indication 
of kidney transplant codes is Transplant of Kidney (55.6) and 
Transplanted Kidney (55.69). ICD-10-CM indication of kid-
ney transplant codes is Transplantation of Right Kidney, Allo-
geneic, Open Approach Transplantation of Right Kidney, Syn-

geneic, Open Approach (0TY00Z1), Transplantation of Right 
Kidney, Zooplastic, Open Approach (0TY00Z2), Transplanta-
tion of Left Kidney, Allogeneic, Open Approach (0TY10Z0), 
Transplantation of Left Kidney, Syngeneic, Open Approach 
(0TY10Z1), and Transplantation of Left Kidney, Zooplastic, 
Open Approach (0TY10Z2). ICD-9-CM to ICD-10-CM con-
version occurred at the same time that the KAS was imple-
mented; therefore, to ensure their ICD coding was accounted 
for, all identified kidney transplant counts were cross-checked 
with the Organ Procurement and Transplantation Network da-
tabase.

Measures

We investigated the difference in kidney transplant patients’ 
hospital LOS before and after the change in allocation score 
in December 2014. Our outcome variable was patients’ LOS. 
LOS was standardized by measuring the total number of days 
from the day of the procedure (kidney transplant surgery) until 
the day of discharge to either home or home with home health 
services. Patients discharged to another facility were excluded 
from this study because the sample size was small (n = 59). 
Our primary independent variable was the change in kidney 
allocation score and the implantation of the KAS, which was 
operationalized as before the change in allocation score (Janu-
ary 1, 2011 - December 4, 2014) and after the change in al-
location score (December 5, 2014 - December 31, 2018). In 
this study, we included patient gender (male/female), race and 
ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, 
and other), diabetes diagnosis (yes/no), Elixhauser Comorbid-
ity Index, and dialysis encounter (yes/no).

Traditionally, the Elixhauser Comorbidity Index includes 
diabetes as a comorbidity; however, we excluded diabetes 
from the Elixhauser Comorbidity Index and recalculated the 
index [19]. We limited the analysis to the 4 years before the 
change and 4 years after the change date and to only hospitals 
that performed kidney transplant surgery for the entire study 
period. Our final sample consisted of a total of seven hospitals 
and 7,795 patients who had received a kidney transplant. Of 
the 7,795, 6,119 patients were discharged to home, and 1, 676 
were discharged to home with home health services. Of the 
6,119 patients discharged to home, 2,698 had undergone their 
procedure before the change in allocation score and 3,421 after 
the change in allocation score. Of the 1,676 patients discharged 
to home with home health services, 823 had undergone their 
procedure before the change in allocation score and 852 after 
the change in allocation score.

Statistical analysis

We used a cross-sectional design to examine the association 
between hospitals’ LOS and KAS implantation. All analyses 
were executed using Stata version 17MP. Frequencies and per-
centages were used to summarize categorical variables, while 
means and standard deviations (SDs) were used to summa-
rize continuous variables. Propensity scores were calculated 
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as the probability of receiving a transplant after the allocation 
score has changed and matched on patient characteristics. Our 
matched and balanced sample of patients discharged to home 
consisted of 1,592 patients before the change in allocation 
score, and 3,421 patients post the change in allocation score. 
Our matched and balanced sample of patients discharged to 
home with home health services consisted of 437 patients pri-
or to the change in allocation score, and 852 patients post the 
change in allocation score. Patient characteristics were com-
pared between prior and post allocation scores using the stand-
ardized mean difference for an effect size of < 0.01 or a bias 
percent of < 10%. Yang and Dalton’s [20, 21] methodology 
of calculating the standardized mean difference for categori-
cal variables was used. To ensure rigor, the matching proce-
dure was repeated 100 times using a random nearest neighbor 
matching from 1 to 3. The matching sample with the minimal 
Euclidean distance was used for the analysis [22]. In our best-
fitting model, we used a 1 prior to 2 post allocation score (1:2) 
matching with a caliper of 0.02. The university’s Institutional 
Review Board categorized the research as exempt. This study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration.

Results

Patient characteristics by allocation score change (2011 - 2014 
vs. 2015 - 2018) are shown in Table 1. Results demonstrate 
that most patients in each group were transferred to home 
(2011 - 2014: 75.6% and 2015 - 2018: 80.0%, P < 0.0001) 
compared to home with home health. Between the two time 
periods, there was a slight increase in the percentage of males 
receiving a transplant (59.8% to 62.4%, P = 0.016), and there 
was an increase in the percentage of patients receiving dialysis 
(16.44% to 24.05, P < 0.0001). Further, the percentage of non-
Hispanic black (28.8% to 32.2%), Hispanic (18.3% to 21.9%), 
and “other patients” (6.3% to 7.2%) all increased after the al-
location score change. In comparison, the percentage of non-
Hispanic white patients (46.6% to 38.7%) decreased despite 
maintaining a majority status. Additionally, the results show 
that the average LOS reduced from 6.52 (SD: 4.36) to 6.08 
(SD: 4.17) days (P < 0.0001), and the Elixhauser Comorbidity 
Index increased from 3.89 (SD: 1.60) to 4.00 (SD 1.56) (P = 
0.006). Finally, the percentage of diabetic patients increased 
from 31.8% to 34.8% (P = 0.005) from pre- to post-KAS. Fig-
ure 1 shows the discharged status across the study period. Re-
sults show that for patients discharged to home, there was a 
decline in the LOS after the implementation of the KAS at the 
end of 2015; however, for patients discharged to home with 
home health services, there was a sharp increase immediately 
after the implementation of the KAS.

Pre- and post-matched samples for patients transferred to 
home are displayed in Table 2. Prior to matching, the sample 
was unbalanced with regard to patient Elixhauser Comorbidity 
Index, gender, race and ethnicity, patient on dialysis, and the 
location where patients received their surgery. After matching, 
all variables were appropriately balanced as indicated by an ef-

fect size of less than 0.1 and a non-significant P-value between 
the allocation score years. Similarly, Table 3 demonstrates 
the pre- and post-matched sample for patients transferred to 
home with home health. Prior to matching, the sample was 
unbalanced with regard to patient age, patients on dialysis, and 
patients with diabetes. After matching, all variables were ap-
propriately balanced as indicated by an effect size of less than 
0.1 and a non-significant P-value between the allocation score 
years.

Propensity score matching results for patients transferred 
to home and those transferred to home health are displayed in 
Table 4. For patients transferred to home, there was a decrease 
in the LOS (coefficient (β) = -0.68; 95% confidence interval 
(CI): -0.95, -0.42) after the new allocation score was imple-
mented. Similarly, for patients transferred to home with home 
health, there was a decrease in the LOS (β = -1.90; 95% CI: 
-2.69, -1.11) after the new allocation was implemented.

Discussion

The motivation for implementing a new KAS was to make 
kidney transplants more available to populations who were 
disadvantaged under the old allocation system because of their 
sensitization and dialysis time [23, 24]. Patients with panel-
reactive antibodies (PRAs) 99% and higher had a significant 
increase in transplant rate from 2.4% pre-KAS to 17.7% post-
KAS [25]. Patients with greater than 10 years on dialysis had 
an increased transplant rate from 4.3% pre-KAS to 18.6% 
post-KAS [7]. The KAS also included a strategy to favorably 
allocate the highest quality kidneys to recipients in the top 20th 
percentile of estimated post-transplantation survival [8]. With 
these multiple positive changes related to KAS, the direct im-
pact of KAS on post-transplant LOS has not been extensively 
evaluated. Our study analyzed LOS data for kidney transplant 
recipients between 2011 and 2018 in the state of Florida. A 
total of 3,521 patients were transplanted before the KAS im-
plementation and 4,274 after. Our results indicate that after 
matching, patients receiving a transplant after the KAS change 
may have a reduced LOS. This reduction was not dependent 
upon whether they were discharged home or home with home 
healthcare. To reiterate, discharge to a location other than 
home was not evaluated in this study due to the limited number 
of patients experiencing a non-home discharge.

While KAS has sought to create a more equitable sharing 
system for kidneys, there are concerns the system creates ad-
verse effects due to increased cold ischemia time (CIT), result-
ing in delayed graft function (DGF) [26, 27]. Previous work 
by Serrano and colleagues indicated that increases in LOS can 
be attributed to increases in CIT and DGF. However, Taber 
et al found an increase in the incidence of DGF rates (5.4%, 
95% CI: 23.3% to 7.4%) after kidney transplant following the 
implementation of KAS with no impact on LOS (0.12 days, 
95% CI: -0.11 to 0.35) [28]. Despite the limited studies to con-
nect DGF and LOS, it is acceptable to consider DGF as one of 
the factors that could impact LOS after kidney transplantation. 
This paradoxical pattern, after KAS implementation, with ini-
tial increased DGF and no change in LOS could be explained 
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by our findings. When assessing the discharged status by dis-
charged to home vs. discharged to home with home health, we 
identified an initial increase in home health utilization after 
KAS implementation that did not persist beyond 2015 (Fig. 1). 

We have shown the overall discharge home with home health 
status to decrease from 2011 until 2018 except the temporary 
increase in 2015 after KAS implementation. This could argu-
ably be related to the increased number of more ill patients 

Table 1.  Patient Characteristics

Allocation score change
SignificancePrior Post

Frequency % Frequency %
Year 0.000
  2011 895 25.42% 0 0.00%
  2012 850 24.14% 0 0.00%
  2013 887 25.19% 0 0.00%
  2014 889 25.25% 0 0.00%
  2015 0 0.00% 988 23.12%
  2016 0 0.00% 1,006 23.54%
  2017 0 0.00% 1,030 24.10%
  2018 0 0.00% 1,250 29.25%
Transferred to 0.000
  Home 2,698 76.63% 3,421 80.04%
  Home with home health 823 23.37% 853 19.96%
Gender 0.016
  Male 2,106 59.81% 2,668 62.42%
  Female 1,415 40.19% 1,606 37.58%
Dialysis 0.000
  No 2,942 83.56% 3,246 75.95%
  Yes 579 16.44% 1,028 24.05%
Race/ethnicity
  Non-Hispanic white 1,641 46.61% 1,653 38.68% 0.000
  Non-Hispanic black 1,015 28.83% 1,375 32.17%
  Hispanic 643 18.26% 937 21.92%
  Other 222 6.31% 309 7.23%
Elixhauser Comorbidity
  Diabetes 1,118 31.75% 1,489 34.84% 0.005
  Cardiovascular disease 984 27.95% 1,244 29.11% 0.272
  Cancer 17 0.48% 25 0.58% 0.542
  Hypertension 3,353 95.23% 4,061 95.02% 0.582
  Neurological disorders 119 3.38% 135 3.16% 0.579
  Psychiatric illness 296 8.41% 320 7.49% 0.131
  Anemia 100 2.84% 99 2.32% 0.143

Mean SD Mean SD
Length of stay 6.52 4.36 6.08 4.17 0.000
Age 50.78 16.02 51.06 15.99 0.449
Elixhauser Comorbidity Index 3.89 1.60 4.00 1.56 0.006
Elixhauser Comorbidity 
Index without diabetes

3.58 1.45 3.64 1.42 0.043

Prior to allocation score change was from 2011 to 2014. Post to allocation score change was from 2015 to 2018. SD: standard deviation.
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Table 2.  Matching and Balancing Procedure Sample of Patients Transferred to Home

All (N = 
6,119)

Prior to 
allocation 
score change 
(N = 2,698)

PS un-
matched 
effect size*

PS un-
matched 
P-value

Matched prior 
to allocation 
score change 
(N = 1,592)

Post to al-
location score 
change (N 
= 3,421)

PS 
matched 
effect 
size*

PS 
matched 
P-value

Hospital number - - 0.07 0.003 - - 0.01 0.775
Age 50.17 50.29 0.14 0.584 50.14 50.07 0.01 0.846
Elixhauser Comorbidity Index 3.62 3.57 0.06 0.011 3.61 3.67 0.05 0.141
Gender 0.047 0.379
  Male 61.99 60.6 64.1 63.08
  Female 38.01 39.4 0.05 35.9 36.92 0.01
Race/ethnicity 0.000 0.689
  Non-Hispanic White 44.93 51.07 41.54 40.08
  Non-Hispanic Black 29.11 26.83 0.08 31.13 30.9 0.04
  Hispanic 18.81 14.83 0.18 18.04 21.95 0.01
  Other 7.16 7.26 0.01 9.3 7.07 0.01
Dialysis 0.000 0.525
  No 80.7 84.43 77.11 77.76
  Yes 19.3 15.57 0.17 22.8 22.24 0.03
Diabetes 0.138 0.405
  No 68.92 69.9 69.07 68.14
  Yes 31.08 30.1 0.04 30.93 31.86 0.01

Data from The Agency for Health Care Administration from 2011 to 2018. Prior to allocation score change was from 2011 to 2014. Post to allocation score 
change was from 2015 to 2018. *Absolute standardized mean difference (Magnet-matched)/(pooled standard deviation) < 0.1. PS: propensity score.

Figure 1. Discharged status across study period.
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transplanted right after the KAS implementation and could 
have impacted the LOS but was counteracted by discharging 
patients with home health [29]. When we matched the patients’ 
comorbidities before and after KAS implementation, the LOS 
continued to be better among patients discharged to home and 
patients discharged home with home health.

Significantly, these results could alleviate some concerns 
regarding the adverse effects of the KAS change. LOS is an 
indicator used to assess the efficiency of hospital quality of de-
livered care [30]. Specifically, Lingsma et al analyzed admin-
istrative data from the Global Comparators Project from 26 
hospitals on patients discharged between 2007 and 2012. They 
found that mortality and LOS were correlated at the patient 
and the hospital level. Patients in the upper quartile LOS had 
higher odds of mortality than those in the lowest quartile [31]. 
Hospitals with high standardized mortality had higher propor-
tions of prolonged LOS [30]. Finally, shorter LOS reduces the 
burden of medical fees and increases the hospital bed turnover, 

which in turn increases the profit margin while reducing over-
all social costs [32]. The health care system has adopted a goal 
of resources optimization without harming patients in order to 
reduce the cost of kidney transplants related to surgical inter-
vention and hospitalization [33].

Limitations

This study is limited by the data source and data points avail-
able. The administrative dataset used for this analysis is lim-
ited to the hospital encounter and does not contain data as-
sociated with events occurring outside of that encounter. As a 
result, outcomes such as post-hospital survival, readmissions, 
or graft failure are not identifiable. The dataset also does not 
provide information regarding the number of dialysis treat-
ments, medications, or CIT or graft function measures. As a 
result, the conclusions drawn from this study are limited by 

Table 3.  Matching and Balancing Procedure Sample of Patients Transferred to Home With Home Health Services

All (N = 
1,676)

Prior to 
allocation 
score change 
(N = 823)

PS un-
matched 
effect size*

PS un-
matched 
P-value

Matched prior 
to allocation 
score change 
(N = 437)

Post to 
allocation 
score change 
(N = 852)

PS 
matched 
effect 
size*

PS 
matched 
P-value

Age 53.75 52.4 0.17 0.000 55.5 55.04 0.03 0.539
Elixhauser Comorbidity Index 3.59 3.61 0.03 0.557 3.65 3.57 0.02 0.239
Gender 0.288 0.372
  Male 58.53 57.23 61.9 59.79
  Female 41.47 42.77 0.05 40.21 0.07
Race/ethnicity 0.897 38.1 0.425
  Non-Hispanic White 32.52 31.96 31.18 33.06
  Non-Hispanic Black 36.34 35.36 0.04 39.04 37.28 0.02
  Hispanic 25.6 29.53 0.17 27.32 21.81 0.03
  Other 5.55 3.16 0.2 Oct-76 7.85 0.02
Dialysis 0.000 0.795
  No 74.58 80.68 68.11 68.7
  Yes 25.42 19.32 0.28 31.89 31.3 0.03
Diabetes 0.001 0.922
  No 61.34 65.25 57.8 57.63
  Yes 28.66 34.75 0.16 42.2 42.37 0.03

Data from The Agency for Health Care Administration from 2011 to 2018. Prior to allocation score change was from 2011 to 2014. Post to allocation 
score change was from 2015 to 2018. *Absolute standardized mean difference (Magnet-matched)/(pooled standard deviation) < 0.1. PS: propensity 
score.

Table 4.  Propensity Score Model Results

Length of stay
Kidney Transplant Allocation Score (0 = Prior, 1 = Post)

N Coefficient 95% CI
Transplant patients transferred to home 5,013 -0.68*** -0.95, -0.42
Transplant patients transferred to home with home health 1,289 -1.90*** -2.69, -1.11

*P < 0.05, **P < 0.01, ***P < 0.001. Prior to allocation score change was from 2011 to 2014. Post to allocation score change was from 2015 to 2018. 
CI: confidence interval.
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these data limitations. Additionally, results of the analysis are 
limited to the State of Florida, and as such limits generalizabil-
ity to centers outside of Florida. Furthermore, there is a chance 
that by matching on age and diabetes status, which are compo-
nents of the new KAS, effects could be partially mediated as 
it may have masked pre- to post-KAS differences. However, 
we do not feel the propensity match likely hid the effect as 
a 1 prior to 2 post allocation score match was used to better 
assess differences. Further, the objective was to determine if 
LOS differed before vs. after the change. By matching on the 
identified characteristics, we are better able to assess if the 
identified crude unmatched increase in LOS when considering 
patients with similar characteristics. Future studies should fur-
ther explore these components and seek to assess how specific 
KAS evaluated characteristics might influence differences in 
LOS. Finally, LOS could be continuing to decline for reasons 
separate from KAS or in combination with KAS, like changes 
in center behavior, that cannot be ascertained for in data. Fu-
ture studies should seek to evaluate associations with LOS and 
post-transplant survival, graft failure, and CIT both before and 
after the KAS.

Conclusion

In conclusion, the optimal utilization of resources has become 
a standard goal in modern clinical practice. Our report indi-
cates that KAS implementation may not have added a new bur-
den on the health system by increasing LOS when considering 
similar patients receiving transplants before and after the KAS 
implementation.
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Modification; EPTS: estimated post-transplant survival; KAS: 
Kidney Allocation System; ICD: International Classification 
of Diseases; LOS: length of stay; UNOS: United Network for 
Organ Sharing
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