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Background. Deceased-donor kidney discard rates vary by region, but it is unknown whether discard rates and transplant out-
comes vary during the American Transplant Congress (ATC) each year.Methods.Using national registry data, we determined rates
of kidney discard, delayed graft function, graft failure, and mortality from December 31, 1999, through December 30, 2015, during
ATC dates and compared these rates with those on the same days of the week during the 2 weeks before and after the ATC (non-
ATC). We usedmultivariable regression to determine associations between ATC and these outcomes.Results.From 7902 donors
(1575 ATC; 6327 non-ATC), 12588 recipients received kidney transplants (2455 ATC; 10133 non-ATC), and 2666 kidneys were
discarded (582 ATC; 2084 non-ATC). Kidneys weremore often discarded during ATC (19% vs 17%,P = 0.006; adjusted odds ratio,
1.21; 95% confidence interval, 1.05-1.40). There were no significant differences in donor, transplant, or recipient characteristics by
ATC/non-ATC dates or by ATC/non-ATC transplant dates for delayed graft function, graft failure, or mortality. Conclusions. On
the basis of a 21% increased odds of discard, the ATC itself may result in 5 additional kidney discards during this important con-
ference every year, which suggests the need for innovative staffing or other logistic solutions during these planned meetings.

(Transplantation Direct 2018;4: e412; doi: 10.1097/TXD.0000000000000849. Published online 4 December, 2018.)
The American Transplant Congress (ATC) is the primary
annual transplant conference in the United States.

Thousands of physicians, surgeons, coordinators, nurses,
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and additional professional staff who work in transplant
medicine attend this conference every year. In transplant, im-
portant decisions are made and high-risk procedures are per-
formed daily. With primary physicians and other staff away
during the meeting, transplant centers and patients could be
negatively impacted. Kidney discard rates could also be indi-
rectly affected during these conferences. Currently, more than
5000 persons die yearly waiting for kidney transplants, and
nearly 2700 kidneys are discarded every year.1

Outcomes of transplant procedures, including discard
rates, are unknown during the dates of the ATC conference.
Some studies have shown that patients have worse outcomes
during weekends, especially for urgent operations or interven-
tions,2-4 although recent data from theUnitedKingdom revealed
no differences in short-term or one-year outcomes for weekend
compared with weekday transplants.5 However, Mohan et al6

found 13% increased adjusted odds for discard for deceased-
donor kidneys procured during weekends.

We studied the rates of discard, delayed graft function
(DGF), allograft failure, and recipient mortality for trans-
plants performed during ATC conferences. We hypothe-
sized that there would be increased discard and DGF rates
during the conferences.
MATERIALS AND METHODS

Patient Data

To obtain data for this retrospective, observational study,
we queried the Scientific Registry of Transplant Recipients
(SRTR) database, which includes data for all donors, wait-
listed candidates, and transplant recipients in the United
States. The data primarily come from members of the Organ
Procurement and Transplantation Network (OPTN), which
www.transplantationdirect.com 1
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has been described elsewhere.7 The study protocol was re-
viewed by the University of Utah Institutional Review Board
and was declared exempt because of the use of preexisting,
deidentified data from the OPTN.

Study Design

Scientific Registry of Transplant Recipients data from 2000
through 2015 for the exact dates of the ATC conferences
were used for this study. Donors were defined as having at
least one kidney procured for the purpose of transplant. We
constructed the cohort using transplant/discard dates shifted
by 1 day earlier to account for the fact that deceased-donor
kidneys are typically procured one calendar day before they
are transplanted or discarded (ie, December 31, 1999, through
December 30, 2015). We then reviewed the rates of kidney
discards, DGF (defined as any dialysis during the first week
of transplant), allograft failure (defined as recipient death, re-
turn to chronic dialysis or retransplantation), recipient mor-
tality, and death-censored allograft failure. To control for
annual ATC meetings that occurred on different days of the
week and for varying numbers of days, these rates were com-
pared with those on the same days of the week during the
2 weeks before and after each ATC (non-ATC).We controlled
for donor sex and the 10 characteristics that comprise the
Kidney Donor Risk Index (KDRI) to determine associations
between ATC and the outcomes listed above.

Statistical Analysis

Descriptive statistics for baseline donor or recipient char-
acteristics were reported as means (standard deviations) or
medians (25th and 75th percentiles) for numeric variables
and as numbers and proportions for categorical variables.
We compared donor and recipient characteristics between
ATC and non-ATC groups by t tests for numeric variables
and aχ2 test or Fisher exact test if appropriate for categorical
variables. Skewed variables (eg, serum creatinine) were com-
pared by nonparametric equality-of-medians tests.8 We also
compared the rates for kidney discard and DGF between
ATC and non-ATC groups by χ2 tests.

We then compared donor characteristics between ATC
and non-ATC groups, specifically for the subset of kidneys
that were discarded. To determine whether these and other
factors were associated with kidney discard within the entire
cohort, the datawere fit via a generalized estimating equation
(GEE) model using a robust standard error estimation with a
log-link function and binary distribution for the dependent
variable. Separate models were applied for ATC, donor sex,
and the 10 donor characteristics that comprise the KDRI
(age, race, weight, height, history of hypertension, history
of diabetes, terminal serum creatinine, cerebrovascular acci-
dent as cause of death, donation after cardiovascular deter-
mination of death, and hepatitis C virus serostatus). The
multivariable GEE model was then used to estimate the inde-
pendent effect of ATC by controlling for these characteristics.

The number of additional kidney discards due to ATCwas
estimated using a counterfactual framework, which deter-
mines the average difference in discarded kidneys recovered
during ATC had they instead been recovered during the
non-ATC timeframe. We performed the counterfactual anal-
ysis based on the following steps. First, we fit a multivariable
GEEmodel for all donors, combining both ATC and non-ATC
groups. Second, we generated a counterfactual non-ATC group
by switching all ATC donors to non-ATCwhile maintaining all
other covariates unchanged. Third, we noted the expected
probability of kidney discard for each donor in the ATC group
and the counterfactual non-ATC group based on the fitted re-
gression model from the first step. Fourth, we calculated the
number of kidney discards by summing the expected probabil-
ity for theATCand counterfactual non-ATC groups separately.
Finally, we subtracted the non-ATC discard counts from the
ATC counts for each year.

We then used separate multivariable proportional hazards
regression models to determine potential independent ATC
effects on time to allograft failure, recipient mortality, and
death-censored allograft failure. We also performed a post hoc
analysis of the total number of kidneys transplanted by each
center throughout the study period (ATC plus non-ATC
timeframes) in relation to the percentage of those transplants
performed during ATC. For all statistical tests, we controlled
for possible correlation of outcomes between kidneys from
the same donor and used 2-tailed significance values less than
0.05. All analyses were performed using STATA, versionMP
14.0, software (StataCorp LLC, College Station, TX) or SAS,
version 9.4, software (SAS Institute Inc, Cary, NC).
RESULTS

During the timeframes studied (ATC and non-ATC), 7902
deceased donors became available: 1575 during ATC meet-
ings and 6327 during the non-ATC timeframe. Tables 1A
and 1B show that there were no significant between-group
differences in donor, recipient, or transplant characteristics;
however, donors during ATC meetings were more likely
to have had 1 or both kidneys discarded (P = 0.002). Of
the 15285 kidneys that were procured, 2666were discarded:
582 (19%) during ATCmeetings and 2084 (17%) during the
non-ATC timeframe (P = 0.006). There were 12588 kidney
recipients: 2455 during ATC meetings and 10133 during
the non-ATC timeframe. There was also no significant dif-
ference between ATC groups for the development of DGF
(Table 1B).

Table S1 (http://links.lww.com/TXD/A154) provides
donor characteristics by ATC timeframes, specifically for
discarded kidneys. Compared with the kidneys discarded
during the non-ATC timeframe, the kidneys that were
discarded during ATC meetings were more likely to be from
female donors (47% vs 52%, P = 0.01) and to have under-
gone machine perfusion (24% vs 29%, P = 0.03). Based on
KDRI values, however, overall quality of the discarded kidneys
was similar for the two timeframes (1.8 ± 0.5 for non-ATC vs
1.8 ± 0.6 for ATC, P = 0.19).

Univariate analyses for kidney discard in the full cohort
showed that all 10 donor variables that comprise the KDRI,
aswell as procurement duringATCmeetings,were significantly
associated with kidney discard (Table 2). With multivariable
adjustment, donation during ATC meetings remained inde-
pendently associated with kidney discard with an adjusted
odds ratio of 1.21 (95% confidence interval, 1.05-1.4). Using
counterfactual analysis on the basis of this 21% increased
odds of discard, an estimated 5 additional kidneys may be
discarded each year during the ATC meeting. There were no
significant between-group differences in allograft failure, re-
cipient mortality, or death-censored allograft failure (Table 3).
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TABLE 1A.

Donor characteristics (N = 7902)

Characteristics Non-ATC (n = 6327) ATC (n = 1575) P

Age, mean (SD), y 39 (18) 38 (18) 0.43
Male, n (%) 3861 (61) 919 (58) 0.052
Race, n (%) 0.83
White 5223 (83) 1304 (83)
Black 923 (15) 225 (14)
Asian 115 (2) 26 (2)
Multiracial, other or unknown 66 (1) 20 (1)

Height, mean (SD), cm 168 (21) 167 (22) 0.32
Weight, mean (SD), kg 77.4 (25.1) 76.6 (25.5) 0.28
Terminal serum creatinine, median (IQR), mg/dL 1.0 (0.7-1.3) 1.0 (0.7-1.3) 0.56
Terminal eGFR, mean (SD), mL/min per 1.73 m2 79 (40) 80 (41) 0.40
KDRI, mean (SD) 1.3 (0.5) 1.3 (0.5) 0.81
KDPI, mean (SD) 48 (30) 48 (30) 0.98
History of hypertension, n (%) 1858 (29) 474 (30) 0.57
History of diabetes, n (%) 499 (8) 126 (8) 0.88
Cause of death, n (%) 0.97
Anoxia 1232 (20) 318 (20)
Cerebrovascular/stroke 2362 (37) 581 (37)
Head trauma 2558 (40) 633 (40)
CNS tumor 33 (0.5) 7 (0.4)
Other 142 (2) 36 (2)

Expanded criteria donor, n (%) 1324 (21) 337 (21) 0.68
Donation after cardiac determination of death, n (%) 678 (11) 169 (11) 0.99
Hepatitis C positive, n (%) 251 (4) 55 (4) 0.38
PHS increased risk kidney donor, n (%) 518 (8) 137 (9) 0.51
Other clinical infection in the donor, n (%) 2856 (45) 704 (45) 0.75
Inotropic support, n (%) 3247 (51) 779 (50) 0.19
Any kidney biopsied, n (%) 2684 (42) 691 (44) 0.30
Any kidney machine perfused, n (%) 1749 (28) 436 (28) 0.98
No. kidney discards per donor, n (%) 0.002
Both discardeda 873 (14) 231 (15)
One discarded (one transplanted) 418 (7) 141 (9)
Neither discarded (both transplanted)a 5036 (80) 1203 (76)

a Numbers include donors who provided en bloc kidneys or had only 1 kidney procured for the purpose of transplantation.

eGFR, estimated glomerular filtration rate; IQR, interquartile range.
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By study design, the ATC timeframe was one-fifth of the
study period (non-ATC represented four-fifths). Thus, 20%
of the transplants would be expected to have occurred during
ATC. Via post hoc analysis, 34 centers performed zero trans-
plants during ATC meetings. All of these centers performed
fewer than 50 total transplants during the study period,
but as shown in Figure S1 (http://links.lww.com/TXD/A155),
there were also many relatively small centers (in terms of total
transplants) that performed much more than the expected
20% of transplants during the ATC timeframe. The statistical
trend was flat and close to the expected 20% rate, however,
suggesting no significant relationship between center size and
ATC transplantation rate.
DISCUSSION

In this large, retrospective study of the SRTR database,
we calculated the direct effects that ATC meetings may have
had on kidney transplantation outcomes in the United States.
Although no differences existed in the rates of DGF, allograft
survival, or recipient mortality for transplanted kidneys, we
found 21% increased odds of discard for the kidneys pro-
cured during the ATC compared with kidneys procured the
same days of the week for the 2 weeks before and after the
conferences.

Transplant centers have different procedures for accepting
deceased-donor kidney allografts, but, in most cases, accep-
tance is determined by surgeon experience, especially if the
donor is considered high risk. Additional highly trained per-
sonnel (ie, transplant nurse coordinators) are also frequently
required to initially evaluate kidney offers. These clinical staff
members must work efficiently to review all of the informa-
tion necessary to complete the evaluation quickly. Time is
also limited during kidney offers to evaluate the intended re-
cipient for any acute symptoms that could cause procedural
complications. Decisions about kidney offers could be im-
pacted during ATC conferences because of limited staffing
while center personnel attend the meetings.

In addition to potentially affecting kidney offer deci-
sions, limited staffing during ATC conferences could affect
immediate postoperative care for kidney transplant recipi-
ents, especially high-risk patients receiving kidneys from

http://links.lww.com/TXD/A155


TABLE 1B.

Individual kidney, transplant, and recipient characteristics

Non-ATC ATC

Kidney (N = 15285)

Characteristics n = 12246 n = 3039 P

Kidney biopsied, n (%) 5218 (42.6) 1342 (44.2) 0.12
Kidney machine perfused, n (%) 3409 (27.8) 858 (28.2) 0.66
Kidney shared, n (%) 2678 (21.9) 686 (22.6) 0.23
Kidney discarded, n (%) 2084 (17.0) 582 (19.2) 0.006
Transplant (N = 12619)a

n = 10162 n = 2457
Cold ischemia time, mean (SD), h 17.2 (9.0) 17.5 (9.0) 0.18
0 to <12 h, n (%) 2774 (27.3) 628 (25.6)
12 to <18 h, n (%) 2670 (26.3) 649 (26.4)
18 to <24 h, n (%) 2145 (21.1) 523 (21.3)
≥ 24 h, n (%) 1887 (18.6) 471 (19.2)
Missing, n(%) 685 (7) 186 (7.6)

HLA mismatches, mean (SD) 4.0 (1.7) 4.0 (1.6) 0.69
0, n (%) 820 (8.1) 194 (7.9)
1, n (%) 219 (2.2) 64 (2.6)
2, n (%) 434 (4.3) 98 (4.0)
3, n (%) 1289 (12.7) 270 (11.0)
4, n (%) 2627 (25.8) 657 (26.8)
5, n (%) 3081 (30.3) 780 (31.7)
6, n (%) 1638 (16) 377 (15)
Missing, n (%) 54 (0.5) 17 (0.7)

Recipient (N = 12588)
n = 10134 n = 2454

Age, mean (SD), y 50 (15) 50 (15) 0.27
Men, n (%) 6132 (61) 1476 (60) 0.74
Race, n (%) 0.47
White 6329 (63) 1547 (63)
Black 3044 (30) 744 (30)
Asian 609 (6) 127 (5)
Multiracial, other or unknown 152 (2) 36 (2)

Primary cause of ESRD, n (%) 0.24
Glomerulonephritis 1535 (15) 369 (15)
Diabetes 3035 (30) 736 (30)
Hypertension 2384 (24) 545 (22)
Polycystic kidney disease 764 (8) 183 (8)
FSGS 626 (6) 136 (6)
Graft failure 89 (0.9) 22 (0.9)
Others 1701 (17) 463 (19)

BMI categories, n (%) 0.78
< 19 507 (5) 119 (5)
19 to <25 2963 (29) 725 (30)
25 to <30 3156 (31) 776 (32)
≥ 30 2779 (27) 675 (28)
Missing 729 (7) 159 (7)

PRA categories, n (%) 0.55
0% 4521 (45) 1105 (45)
1 to <20% 2191 (22) 554 (23)
20 to <80% 1517 (15) 368 (15)
≥ 80% 1054 (10) 233 (10)
Missing 851 (8) 194 (8)

DGF, n (%) 2278 (23) 541 (22) 0.64

CNS, central nervous system; PHS, Public Health Service; ESRD, end-stage renal disease; BMI, body
mass index; PRA, panel-reactive antibody.
a Within the timeframes studied, 31 patients received a second transplant.
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high-risk donors. Such concerns might even impact a trans-
plant center's willingness to accept high-risk donor allo-
grafts in settings of limited staffing. However, we found no
associations with important posttransplant outcomes, and
we noted similar kidney quality (based on KDRI) for discarded
kidneys between timeframes. Nonetheless, our finding of
21% increased odds for discard during ATC can be com-
pared with the 13% increased odds for discard on week-
ends as reported by Mohan et al.6

Interestingly, Mohan et al6 also noted that kidneys pro-
cured and discarded during weekends tended to be of slightly
better quality (lower Kidney Donor Profile Index [KDPI])
than those that were discarded during weekdays (KDPI,
76.5% vs 77.3%; P = 0.02). Our sample size may have lim-
ited our ability to detect small differences in donor kidney
quality. Alternatively, it may be that the limits in staffing that
can occur during ATC reduces the total number of transplants
that certain centers can physically perform during those few
days but does not alter acceptance thresholds regarding kid-
ney quality per se. Of note, kidneys discarded during the
ATC meetings were more often machine perfused, indicating
that transplant centers may be more willing to forego trans-
plantation of a machine-perfused kidney (despite its associ-
ated costs) during ATC conferences than at other times.

There have been no other published studies examining po-
tential ATC effects on postoperative transplant care and out-
comes, but prior research of the weekend effect revealed no
significant associations between night and weekend liver
transplant operations and graft survival.9 In addition, Baid-
Agrawal et al,10 and more recently Anderson et al, found
no significant associations for kidney transplant operations
performed on weekends compared with weekdays with re-
gard to posttransplant outcomes, such as DGF and kidney
allograft and recipient survival. Our study of ATC versus
non-ATC timeframes found no change in DGF rates, and over-
all allograft and recipient survivalwere not different at amedian
follow-up of 4.7 years. Taken as a whole, these reassuring
findings suggest transplant centers are able to adequately
maintain treatment protocols and patient safety measures
during periods that could be challenging in terms of staffing
TABLE 2.

Associations for donor characteristics with kidney discard

Characteristics

Unadjusted Adjusted

Odds ratio
(95% CI) P

Odds ratio
(95% CI) P

ATC vs non-ATC 1.15 (1.01-1.31) 0.037 1.21 (1.05-1.40) 0.009
Age, per 5 y 1.34 (1.31-1.37) <0.001 1.30 (1.26-1.34) <0.001
Black race 1.28 (1.10-1.48) 0.001 1.26 (1.06-1.50) 0.01
Weight < 80 kg 0.79 (0.71-0.88) <0.001 1.17 (1.02-1.33) 0.02
Height < 170 cm 1.35 (1.21-1.51) <0.001 1.50 (1.32-1.71) <0.001
Hypertension 4.45 (3.98-4.98) <0.001 1.80 (1.56-2.06) <0.001
Diabetes 4.44 (3.78-5.21) <0.001 2.32 (1.94-2.76) <0.001
Creatinine, per 1 mg/dL 1.60 (1.43-1.80) <0.001 1.86 (1.61-2.15) <0.001
Stroke as cause of death 2.73 (2.45-3.05) <0.001 1.15 (1.00-1.32) 0.045
Cardiac cause of death 1.30 (1.10-1.53) 0.002 2.19 (1.81-2.64) <0.001
Hepatitis C positive 5.87 (4.81-7.16) <0.001 9.43 (7.47-11.92) <0.001

CI, confidence interval.
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TABLE 3.

Recipient outcomes after the first week of transplant

Event Average follow-up, y

Incidence ratea (95% CI) HRb (95% CI)Outcome n (%) P Median (IQR) P

Overall allograft failure 0.95 (0.88-1.02)
Non-ATC (n = 10134) 3561 (35) 0.25 3.9 (1.3-7.1) 0.17 8.0 (7.7-8.2)
ATC (n = 2454) 832 (34) 4.0 (1.5-7.1) 7.5 (7.0-8.1)

Death 0.96 (0.88-1.05)
Non-ATC (n = 10134) 2613 (26) 0.36 4.1 (1.8-7.5) 0.20 5.6 (5.4-5.8)
ATC (n = 2454) 611 (25) 4.2 (1.9-7.6) 5.3 (4.9-5.8)

Death-censored allograft failure 0.96 (0.86-1.07)
Non-ATC (n = 10134) 1753 (17) 0.68 3.9 (1.3-7.1) 0.17 3.9 (3.7-4.1)
ATC (n = 2454) 416 (17) 4.0 (1.5-7.1) 3.7 (3.4-4.1)

HR, hazard ratio.
a Per 100 person-years.
b Model adjusted for recipient age, sex, race, primary renal disease, body mass index, serum panel reactive antibody, and cold ischemic time.
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(ie, during weekends and ATC conferences) compared with
other, potentially more resource-replete timeframes.

We estimated there have been about 5 additional discarded
kidneys per ATC conference each year, which may seem small
relative to the total number of nearly 12500 deceased-donor
kidney transplants performed in 2015.11 However, consider-
ing that approximately 25 patients are removed everyday
from the ever-growing kidney waiting list because of death
or deteriorating health, discarding any available kidneys be-
cause of logistical or other nonmedical reasons can seem un-
acceptable to those continuing to wait on the list. For many
of these patients, receiving a kidney that may otherwise be
discarded, especially if it means coming off thewaiting list ear-
lier, could potentially save their lives.12-17

This study has a number of important limitations, includ-
ing its retrospective, observational design and use of registry
data. Hence, while we controlled for multiple factors to eval-
uate independent associations for ATC on transplant out-
comes, residual confounding remains possible. In addition,
several reasons may combine and lead to kidney discard,
but such complex decision making is not captured by the
SRTR database. Detailed biopsy findings for transplanted
or discarded kidneys were not available. Lastly, our analysis
was designed to evaluate direct ATC effects on transplant
outcomes, but we could not assess potential indirect (though
no less important) effects that the ATC conferences likely
have on the field of transplantation in terms of knowledge
dissemination.

In summary, this is the first study to report an increased
odds of kidney discard during ATC meetings, leading to ap-
proximately 5 additional procured kidneys going unutilized
each year. Although the annual ATC conference is tremen-
dously important for disseminating new knowledge within
the transplant community, the loss of potential life years
saved from these additionally discarded kidneys may repre-
sent the true opportunity cost of the ATC. This is especially
relevant given that transplantation during ATC meetings
does not appear to negatively impact recipient outcomes.

In conclusion, our findings suggest the need for innovative
staffing or other logistic solutions for transplant centers
during ATC conferences, such as enhanced remote confer-
encing for essential clinical staff who stay behind. However,
individual center-level interventions may not be feasible and
may not adequately address the relatively small negative
impact that activities like the ATCmay have on kidney discard.
Alternatively, generalized modifications to organ allocation de-
signed to reduce the effect of such time-dependent community-
based activities on organ utilization could be considered. For
example, the OPTN could propose and request feedback
on a policy change to allocate kidneys by centers instead of
individual candidates after a certain point in the match run.
These and other creative solutions may ultimately help to re-
duce the complexity of certain acceptance decisions and at-
tenuate the impact of staffing on organ utilization.
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