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Panic in the Pandemic: When Should Kidney
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Background: Pandemics greatly interfere with overall health care delivery as resources are diverted to

combat the crisis. Kidney transplantation programs were closed temporarily during the COVID-19

pandemic. Given the critical shortage of organs, their short shelf life, and their overall importance to

improving length and quality of life for those with kidney disease, this analysis examines the impact of

discarding deceased donor organs.

Methods: The net benefit (or harm) of discarding deceased donor organs was measured in projected life

years from a societal and individual perspective using a Markov model. A wide range of infection rates,

pandemic durations, and case fatality rates associated with infection in wait listed and transplant recipients

were examined.

Results: Overall, patient life expectancy fell for both wait listed and transplant recipients as the pandemic

conditions became more unfavorable. However, the overall net benefit of a transplant during the

pandemic was preserved. For example, prior to the pandemic, the net benefit of a kidney transplant over

dialysis was calculated to be 6.25 life years (LYs) or 8.24 quality-adjusted life years (QALYs) in a 40-year old

recipient. This fell to 5.86 LYs (7.78 QALYs) during the pandemic. Even assuming plausible but higher

relative case fatality rates and risks of nosocomial and donor transmission in transplant recipients

compared to wait listed patients, the net benefit remained >4 years for most deceased donor organs.

Conclusion: As long as hospitals have adequate resources to deal with the pandemic and can limit

nosocomial infection, kidney transplantation should not be curtailed.
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E
arly in the COVID-19 pandemic, there was a marked
reduction in organ transplantation, and recent sur-

veys suggest that many programs have rates that remain
below historic rates of transplantation.1�4 The lack of
hospital resources that differed by region and time, un-
certainty in the rate and mortality of infection in pa-
tients with end-stage kidney disease (ESKD) (case
fatality rate), the initial difficulty identifying those
with infection (lack of testing), the lack of antiviral ther-
apy, and the potential need to reduce immunosuppres-
sion in transplant recipients who were infected, all
were very understandable reasons to close programs.

During program closure/slow-down, many potential
years of life were lost in patients with end organ disease
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from the lack of transplantation. Given the current state
of knowledge, experts and transplant societies have
made reasonable recommendations of what donors
should and should not be considered for retrieval and
the testing required of donors and recipients.5�8 De-
cisions about closing transplant programs remain vague.
Transplantation is not recommended if there is wide-
spread community transmission or there is a lack of
hospital resources.6 Importantly, there will always be
the possibility of pandemics, and learning how to deal
with transplantation during this pandemic might inform
us how best to manage transplantation in future events.

Recently, a medical decision analysis was published
that looked at who should accept a kidney transplant
during the pandemic and who should defer (from the
perspective of the patient).9 As expected, longer delays
until subsequent transplant, high case fatality rates in
transplant patients relative to wait list patients, recip-
ient age, and overall infection rates in the community
had a significant impact on the decision. The overall
outlook was only 5 years, but long enough to surmise
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Table 1. Probabilities in model
Variable Baseline Range

Incidence rate in general population
(per 100,000 patient years)

12,000 6,000–
36,000

Dialysis/wait list patients 2-fold (2–4)a

Transplant recipients 2-fold (2–4)

Nosocomial risk (duration of exposure in hospital
21 days with a range of 14–30 days)

4-fold (2–10)

Case fatality rate - (age dependent
[see text])

Nosocomial acquired infection Age dependent (0.05–0.55)

Community acquired infection Age dependent (0.03–0.35)

In sensitivity analysis * community acquired infection 1-fold (1–2)

Graft loss with COVID 19 infection 0.06 (0.03–0.10)

False negative (%) 38 (18–65)

Window period (days) 14 (7–21)

Duration of pandemic 2 years (1–3)

aA 4-fold increase with upper general population infection incident rate would result in
>100% population. Rates were capped at 72,000 per 100,000 patient years.
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which option was the best. Importantly, this study did
not examine the lost benefit (both in terms of life years
and quality-adjusted life years) of discarded organs
from a societal perspective if kidney transplant pro-
grams close during a pandemic.

The primary purpose of this study was to estimate
potential life years lost from discarding a deceased
donor kidney organ during the COVID-19 pandemic.
Because transplant recipients and those on the wait list
are at risk for COVID-19, measuring the net benefit of
transplantation requires consideration of the conse-
quences of this infection both before and after trans-
plantation. The outcomes are likely to vary based on
infection rate and associated risk of death, especially in
older cohorts, in which fatality rates are quite high.
Information from this analysis might help to inform
programs on when to suspend activity in response to a
pandemic, and whether certain populations should
defer kidney transplantation to a later time.

MATERIALS AND METHODS

This medical decision analysis examines the option of
transplanting an available deceased donor kidney or-
gan during a pandemic, or discarding it to avoid the
increased pandemic-attributable risk. As a comparison,
the study also examines the option of transplanting an
available organ or discarding it in the absence of a
pandemic. In a further analysis, we examined the
impact of waiting for the pandemic to subside before
accepting a transplant compared to accepting a trans-
plant during the pandemic.

Model Assumptions
Rate of Infection

Rate of Infection. Daily infection rates in the United
States (population 331 million) have varied widely be-
tween 20,000 and 200,000 new cases per day, and this
has also varied by region.10 As a baseline, we examined
the equivalent of 108,000 cases per day (about 12,000
cases per 100,000 population per year) but also exam-
ined higher rates that would be equivalent to about
325,000 cases per day (36,000 cases per 100,000 person
years) in the United States.

Sources of Infection

Donor and Recipient. The overall rate of infection
transmission from a donor organ is related to the inci-
dence rate in the population, the test characteristics, and
the duration of time that a patient is infected before
testing positive (window period). The model assumes
that potential donors are screened, that those with pre-
hospital exposure or symptoms of lung inflammation
are to be excluded, and that nucleic acid amplification
testing (NAT) for COVID-19 in nasopharyngeal
Kidney International Reports (2021) 6, 1232–1241
secretions is performed and negative. Viral infection in
the blood has been detected in 15% of cases, and
therefore transmission through the organ is possible,
although to date this has not been reported.5,11,12

Despite testing by NAT, the false-negative rate is
high.13,14 The tests are often negative up to 3 days after
exposure, but the rate of false-negative results can also
be high thereafter.13 As a very conservative estimate, we
accommodated a large window period (from 7 to 21
days) along with a high false-negative NAT rate (38%
with range of 18%�65%) in our determination.14 We
also considered that 15% of cases would have viremia
(an expected overestimate) and transmit infection. The
model also included the possibility that the potential
recipient had an asymptomatic infection on admission
and was tested to be false negative. With immunosup-
pression, we assumed that the infection would become
symptomatic and would be associated with increased
mortality. Because infection rates might be higher in
ESKD patients, this increase in risk was taken into
account.15�17

In-Hospital Nosocomial. Spread from medical personnel
or undiagnosed patients is a potential source of infec-
tion. This is also likely related to the general population
incidence as well as hospital resources and practice.
Although nosocomial infection to patients has been re-
ported to be high, patient transmission with current
infection control policies is likely to be much lower.18,19

We assumed a 4-fold higher rate of exposure than the
baseline general population during hospital and early
post-transplantation follow-up period (Table 1).

Community. Infection rates have been reported to
be higher among in-center dialysis patients, but the
magnitude of this increase is unclear.13�16,20 Whether
the incidence of infection in transplant recipients is
1233
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higher than the general population is also unknown.
There is uncertainty as to whether the infection risk
is higher in wait listed patients than in transplant
recipients. As a baseline, a 2-fold higher rate was
modeled in the ESKD population (24,000 cases per
100,000 ESKD population per year). Importantly, a
very large range of infection rates were considered,
such that if relative rates in the ESKD population
were underestimated, the higher community rates
would compensate. Differential infection rate in-
creases were also explored such that wait list infec-
tion rate was greater than the transplant infection
rate and the transplant rate was greater than the wait
list rate.

Outcome of Infection

Case fatality rates have been reported in ESKD and CKD
nondialysis patients.21�27 In one large European study,
case fatality rates were approximately 3% in those
aged <49 years, 10% in those aged 50 to 59 years, 25%
in those aged 60 to 69 years, and 35% in those aged 70
to 79 years.21 The absolute case fatality rate for dialysis
and transplant patients is nearly the same (28-day
death rate about 20%). Although the absolute rates
are the same in both populations, the adjusted relative
risk is higher in transplant recipients (lower baseline
mortality rate), likely reflecting the impact of immu-
nosuppression. Wait listed patients are also at increased
risk for death from COVID-19.22�24

Case fatality rates in patients who have recently
undergone transplantation are not known, in part
because many programs were suspended early on. One
could assume that the risk of death is higher during the
period of intense immunosuppression. The model
assumed that the case fatality rate during the period of
intense immunosuppression would be approximately
1.5-fold higher (5% in those < aged 49, 15% in those
aged 50 to 59, 40% in those aged 60 to 69, and 55% in
those aged 70 to 79 years).

Transplant recipients with acute infection are rec-
ommended to have their immunosuppression reduc-
ed.5�7 In addition, there is an increased risk of acute
kidney injury with severe infection. Both could
contribute to graft loss in recipients. The evidence for
permanent graft loss varies considerably and may be
very high if only hospitalized patients are considered
but less when non-hospitalized patients are included in
the denominator. We examined a range (3%�10%) of
acute graft loss rates for patients developing a symp-
tomatic COVID-19 infection.25�27

As a baseline, we assumed that the pandemic lasted 2
years but examined a 1- to 3-year duration.

The net benefit was measured in projected life years
using a Markov model. To measure the net benefit of an
1234
organ, we assumed that the reference population would
be wait listed patients using the rationale described by
Schnitzler et al.28 As with their analysis, the time ho-
rizon was limited to 40 years, a time when most organs
would have failed. The expected remaining life years
(area under the survival curve) on the wait list was
subtracted from the expected remaining life years with
a transplant, including the possibility of graft loss and
return to dialysis.

Annual mortality rates per 1000 patient years for
dialysis patients on the wait list, death with a func-
tioning transplant, and return to dialysis from a failed
transplant were taken from the United States Renal
Data System (USRDS) (unadjusted tables).29

Tables provide information on age groups (18�21,
22�24, 25�29, 30�34 years, etc.). Because annual rates
of graft loss are not available, rates were calculated
from 5-year survival tables (return to dialysis or re-
transplantation) for deceased donor transplants for
each of the age groups. Rates were converted to tran-
sition probabilities. The model assumed only 1 trans-
plant, as the objective was to examine the net benefit of
using or discarding a kidney organ during a pandemic.
In the determination of survival on the wait list, we did
not take into account that patients may be taken off the
wait list from illness, as these patients would not be
eligible for transplantation. In addition, we did not
take into account that some patients with a failed
transplant would be relisted and undergo retrans-
plantation. Several other studies that have calculated
net benefit have taken these events (wait list with-
drawal and censoring at retransplantation) into ac-
count, and no method is perfect.28,30�33 Our net benefit
is a more conservative measure, since wait list survival
is slightly overestimated and a patient’s post-
transplantation graft failure (return to dialysis) survival
is underestimated. In the deferred analysis, patients
were assumed to be relisted for transplantation after
the first year. The model examined different transplant
rates (30, range 20�50 transplants per 100 patient wait-
years) based on expected differences in Donor Service
Areas and the likelihood that patients would be “near
the top” of the list.34 The utility health state scaling
factors assigned were as follows: dialysis ¼ 0.8, func-
tioning transplant ¼ 1.0, and death ¼ 0, based on
previous health outcome studies.35 No utility adjust-
ments were made for time spent in the hospital.

The Markov model was developed in TreeAge Pro
Healthcare Version 2019 R2.1 (Tree Age Software, LLC,
Williamstown, MA) and used for this medical decision
analysis. The decision trees are shown in Figure 1.
Patients were considered to be their own controls such
that the characteristics of a patient accepting an im-
mediate transplant was identical to the one deferring or
Kidney International Reports (2021) 6, 1232–1241



Figure 1. Decision trees. With COVID-19 infection, mortality rates for health states will increase accordingly. DD, deceased donor.
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remaining on the transplant list. Uncertainty in the
conclusions was examined by 1-way sensitivity anal-
ysis for all model variables. Two- and 3-way sensitivity
analyses for key variables (age, incidence of infection,
case fatality rate, relative infection rates) were exam-
ined. Confidence intervals (95% CIs) for estimates of
the net benefit for a transplanted organ were deter-
mined by probabilistic sensitivity analysis using Monte
Carlo simulations of 100 trials. Distributions for age-
related mortality rates, graft loss (donor quality as
measured by the Kidney Donor Profile Index [KDPI]),
and kidney transplant rates (deferred transplantation)
were used in the simulation studies. The range of KDPI
relative risks were calibrated to expected 5-year graft
Table 2. Life years by options: baseline variables

Age (yr)

Transplant
COVID-19

LYs
(QALYs)

Transplant
No COVID-19

LYs
(QALYs)

Wait List (WL)
COVID-19

LYs
(QALYs)

25 24.14

(22.57)

24.84

(23.28)

18.47

(14.78)

40 19.35

(18.57)

20.05

(19.28)

13.49

(10.79)

50 14.24

(13.80)

15.54

(15.09)

9.93

(7.95)

60 9.27

(9.03)

11.14

(10.88)

6.93

(5.54)

70 5.88

(5.75)

7.53

(7.37)

5.10

(4.08)

LYs, life years; QALY, quality-adjusted life years; WL, wait list.
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survival for deceased donor transplants.36 Differences
in net benefit by sex, diabetes mellitus status, and race
(Black/White) were explored using relative risks taken
from the literature.9,29 Research ethics approval was
waived by our institution’s research ethics board (the
Nova Scotia Health Research Ethics Board).
RESULTS

Table 2 shows the projected life years in adults aged 25 to
70 years at the time of deceased donor kidney trans-
plantation during and not during a pandemic. At a
baseline rate of 12,000 infections per 100,000patient years
in the general population (with 2-fold higher rates in the
Wait List
No COVID-19

LYs
(QALYs)

Difference
COVID-19 (Transplant WL)

No COVID-19 (Transplant WL)
LYs [95% CI]

(QALYs [95% CI])

18.82

(15.06)

5.67 [5.44–5.90]
6.02 [5.78–6.26]
(7.79 [7.44–8.14])
(8.22 [7.86–8.58])

13.80

(11.04)

5.86 [5.66–6.06]
6.25 [6.03–6.47]
(7.78 [7.56–8.00])
(8.24 [8.01–8.47])

10.67

(8.53)

4.31 [4.20–4.43]
4.87 [4.75–4.89]
(5.85 [5.69–6.01])
(6.56 [6.39–6.73])

8.15

(6.52)

2.34 [2.17–2.41]
2.99 [2.91–3.07]
(3.49 [3.43–3.55])
(4.36 [4.26–4.46])

6.36

(5.09)

0.78 [0.72–0.82]
1.17 [1.12–1.22]
(1.67 [1.62–1.72])
(2.28 [2.22–2.34])
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Table 3. Effect of COVID-19 general population incidence rate on transplant outcome and net benefit (over wait list) during a pandemic

Age (yr)

36,000 cases per 100,000
patient years

LYs [95% CI] (QALYs [95% CI])

12,000 cases per 100,000
patient years

LYs [95% CI] (QALYs [95% CI])

6,000 cases per 100,000
patient years

LYs [95% CI] (QALYs [95% CI])
No COVID-19

LYs [95% CI] (QALY- [95% CI])

25

Transplant

LYs 23.17 24.14 24.46 24.84

QALYs 21.59 22.57 22.90 23.28

Net benefit

LYs 5.18 [4.93–5.43] 5.67 [5.44–5.90] 5.83 [5.53–6.13] 6.02 [5.78–6.26]

QALYs 7.20 [6.91–7.49] 7.79 [7.44–8.14] 7.99 [6.69–8.29] 8.22 [7.86–8.58]

40

Transplant

LYs 18.39 19.35 19.68 20.05

QALYs 17.59 18.57 18.90 19.28

Net benefit

LYs 5.33 [5.13–5.53] 5.86 [5.66–6.06] 6.05 [5.85–6.25] 6.25 [6.03–6.47]

QALYs 7.14 [6.94–7.34] 7.78 [7.56–8.00] 7.99 [7.76–8.22] 8.24 [8.01–8.47]

50

Transplant

LYs 12.55 14.24 14.84 15.54

QALYs 12.12 13.80 14.40 15.09

Net benefit

LYs 3.58 [3.47–3.69] 4.31 [4.20–4.43] 4.57 [4.44–4.70] 4.87 [4.75–4.89]

QALYs 4.95 [4.83–5.07] 5.85 [5.69–6.01] 6.18 [6.02–6.34] 6.56 [6.39–6.73]

60

Transplant

LYs 7.01 7.39 10.12 11.14

QALYs 6.80 9.03 9.87 10.88

Net benefit

LYs 1.58 [1.53–1.63] 2.34 [2.17–2.41] 2.63 [2.55–2.71] 2.99 [2.91–3.07]

QALYs 2.45 [2.39–2.51] 3.49 [3.43–3.55] 3.88 [3.78–3.98] 4.36 [4.26–4.46]

70

Transplant

LYs 4.01 5.88 6.62 7.53

QALYs 3.90 5.75 6.48 7.37

Net benefit

LYs 0.38 [0.27–0.40] 0.78 [0.72–0.82] 0.95 [0.91–0.99] 1.17 [1.12–1.22]

QALYs 1.0 [0.96–1.04] 1.67 [1.62–1.72] 1.95 [1.89–2.01] 2.28 [2.22–2.34]

End-stage kidney disease (ESKD) infection rate was 2-fold higher than in the general population. Therefore, if infection rate is 36,000 per 100,000 patient years in community, then 72,000
cases per 100,000 ESKD patient years. LYs, life years; QALY, quality-adjusted life years; WL, wait list.
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transplant and wait listed/dialysis cohorts), receiving a
deceased donor kidney transplant during a pandemic
provided only modestly fewer LYs and QALYs than
receiving one prior to a pandemic. For example, the net
benefit of a deceased donor transplant was 5.86 compared
to 6.25 LYs and 7.78 compared to 8.24 QALYs in a 40-year
old patient, during and prior to the pandemic, respec-
tively. Absolute net benefit during and prior to a
pandemic were much lower in older patient groups.

Table 3 shows the impact of higher and lower general
population infection rates. The model predicts signifi-
cant reductions in remaining life years from this
pandemic for all age groups as the infection rate in-
creases. The largest proportional reduction in net benefit
is in the older age cohorts. However, in younger co-
horts, 6-fold increases in infection rates were associated
with a < 20% fall in the net benefit of a transplant.
1236
Table 4 shows the impact of different relative infec-
tion rates and case fatality rates between wait listed and
transplant recipients. Even under circumstances in
which both the infection rate and case fatality rate were
higher in transplant recipients relative to wait list/
dialysis patients, most transplants provided a net
benefit, the exception being among the older recipients,
where there was no net benefit and potentially was
harm (fewer LYs). However, when adjusted for quality
of life, even this older cohort benefited.

Scenarios in which there was no net benefit (LYs) of a
transplant during the pandemic occurred in patients
aged $70 years, with a sustained infection rate of >
40,000 cases per 100,000 transplanted patient years
(compared to 24,000 infections per 100,000 wait list patient
years), or a case fatality rate of 1.5-fold higher compared to
wait list patients along with a sustained infection of
Kidney International Reports (2021) 6, 1232–1241



Table 4. Higher/lower relative risk of infection, higher/baseline case fatality rate (CFR) in wait listed/transplant recipients on net benefit of
transplant during a pandemic (over wait list)

Age (yr)

Risk of infection with a transplant
is equal to on the wait list

[95% CI]

Risk of infection
2-fold higher in

transplant
than wait list

Risk of infection
2-fold higher in

wait list
than transplant

Risk of Infection
1.5-fold higher
CFR 1.5-fold

higher in transplant
that wait list

Risk of infection
1.5-fold higher
CFR 1.5-fold

higher in wait list
than transplant

Risk of Infection
1.5-fold higher in

wait list CFR 1.5-fold
higher in transplant

60,000 cases per 100,00
patient years in wait list;

45,000 cases per 100,000
patient years in

transplant; CFR 2-fold
higher in transplant than wait list

25

Transplant

LYs 24.14 23.65 24.12 23.65 24.14 23.91 22.93

QALYs 22.57 22.04 22.56 22.00 22.57 22.35 21.40

net benefit

LYs 5.67
[5.44–5.90]

5.18
[4.91–5.45]

5.70
[5.45–5.95]

5.18
[4.88–5.48]

6.03
[5.73–6.33]

5.58
[5.28–5.88]

4.84
[4.55–5.13]

QALYs 7.79
[7.44–8.14]

7.26
[6.90–7.62]

8.00
[7.60–8.40]

7.22
[6.90–7.54]

8.09
[7.74–8.44]

7.69
[7.33–8.05]

6.93
[6.59–7.27]

40

Transplant

LYs 19.35 18.83 19.34 18.77 19.35 19.13 18.16

QALYs 18.57 18.04 18.56 17.99 18.57 18.35 17.39

net benefit

LYs 5.86
[5.66–6.06]

5.34
[5.15–5.53]

6.09
[5.89–6.29]

5.28
[5.28–5.68]

6.19
[5.98–6.40]

5.77
[5.56–5.98]

5.01
[4.79–5.23]

QALYs 7.78
[7.56–8.00]

7.25
[7.04–7.46]

7.96
[7.73–8.19]

7.20
[6.96–7.45]

8.05
[7.81–8.29]

7.67
[7.44–7.90]

6.88
[6.67–7.09]

50

Transplant

LYs 14.24 13.32 14.23 13.05 14.24 13.73 11.81

QALYs 13.80 12.88 13.79 12.63 13.80 13.31 11.42

net benefit

LYs 4.31
[4.20–4.43]

3.39
[3.26–3.52]

4.84
[4.72–4.96]

3.12
[2.98–3.26]

5.07
[4.97–5.21]

4.09
[3.96–4.22]

2.65
[2.54–2.76]

QALYs 5.85
[5.69–6.01]

4.93
[4.78–5.08]

6.28
[6.13–6.43]

4.68
[4.55–4.81]

6.46
[5.31–6.61]

5.59
[5.42–5.76]

4.09
[3.97–4.22]

60

Transplant

LYs 7.39 8.02 9.25 7.59 7.39 8.50 5.97

QALYs 9.03 7.80 9.01 7.38 9.03 8.28 5.800

net benefit

LYs 2.34
[2.17–2.41]

1.09
[1.03–1.15]

3.19
[3.07–3.26]

0.66
[0.61–0.71]

3.53
[3.43–3.63]

2.05
[1.99–2.11]

0.25
[0.19–0.31]

QALYs 3.49
[3.43–3.55]

2.25
[2.19–2.31]

4.16
[4.09–4.23]

1.84
[1.77–1.91]

4.44
[4.33–4.55]

3.12
[3.04–3.20]

1.22
[1.17–1.27]

70

Transplant

LYs 5.88 4.84 5.87 5.10 5.88 5.22 3.18

QALYs 5.75 4.72 5.74 4.36 5.75 5.10 3.10

net benefit

LYs 0.78
[0.72–0.82]

–0.26
[–0.29 to –0.23]

1.63
[1.58–1.68]

–0.63
[0.66 to –0.60]

1.96
[1.86–2.06]

0.60
0.56–0.64]

–0.73
[–0.76 to –0.70]

QALYs 1.67
[1.62–1.72]

0.64
[0.61–0.67]

2.35
[2.30–2.40]

0.28
[0.26–0.20]

2.61
[2.51–2.71]

1.40
[1.34–1.46]

–0.03
[–0.05 to –0.01]

Community infection rate is 12,000 cases per 100,000 patient years; baseline end-stage kidney disease (ESKD) population infection rate is 24,000 cases per 100,000 ESKD patient years; 1.5-fold
higher ESKD rate is 36,000 cases per 100,000 ESKD patient years; 2-fold higher in ESKD population is 48,000 cases per 100,000 ESKD patient years. Last column 20,000 cases in the general
population, 60,000 cases in the wait list population, 50,000 cases in transplant patients all per 100,000 cohort patient years. LYs, life years; QALYs, quality-adjusted life years.
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> 30,000 infections per 100,000 transplant patient years
(compared to 24,000 in wait list patients). No net benefit
(LYs) was also seen in patients aged 60 to 70 years, with a
sustained infection rate of > 2-fold higher in transplant
compared to wait list patients and a case fatality rate that
was > 1.8-fold higher in transplant compared to wait list
patients. When considering the net benefit in terms of
Kidney International Reports (2021) 6, 1232–1241
QALYs rather than LYs, some of these scenarios were
associated with net benefit (Table 4).

In further sensitivity analyses, at a baseline
infection rate of 12,000 per 100,000 patient years in
the general population (2-fold higher in the ESKD
population), other factors in the analysis that
affected the net benefit of a deceased donor
1237



Table 5. Net benefit of immediate transplant during a pandemic compared to deferred transplant outside of a pandemic: relatively higher
infection rates and case fatality rates (CFR)

Age (yr)
Baseline
[95% CI]

1.5-fold higher CFR in transplant
recipients relative to
dialysis/wait list

1.5 Higher infection rate in
transplant relative to
dialysis/wait list

1.5 Higher infection rate in wait list;
1.5-fold higher CFR in transplant

1.5 Higher infection rate
in wait list; CFR 2-fold higher
in transplant than wait list

25

LYs 0.48 [0.12–0.84] 0.26 [–0.13 to 0.60] 0.21 [–0.13 to 0.55] 0.42 [0.08–0.76] 0.20 [–0.13 to 053]

QALYs 0.63 [0.23–1.03] 0.42 [0.06–0.78] 0.35 [–0.03 to 0.73] 0.57 [0.17–0.97] 0.36 [–0.04 to 0.76]

40

LYs 1.32 [1.06–1.58] 1.10 [0.85–1.35] 1.04 [0.79–1.29] 1.25 [0.99–1.51] 1.03 [0.76–1.20]

QALYs 1.63 [1.35–1.91] 1.42 [1.12–1.72] 1.35 [1.05–1.65] 1.56 [1.27–1.85] 1.35 [1.06–1.64]

50

LYs 1.32 [1.17–1.47] 0.81 [0.66–0.96] 0.83 [0.68–0.98] 1.15 [0.98–1.32] 0.66 [0.51–0.81]

QALYs 1.67 [1.50–1.84] 1.18 [1.00–1.36] 1.18 [1.00–1.36] 1.50 [1.32–1.68] 1.02 [0.84–1.20]

60

LYs 0.90 [0.81–0.98] 0.15 [0.07–0.23] 0.23 [0.16–0.30] 0.65 [0.57–0.73] –0.06 [–0.16 to 0.04]

QALYs 1.23 [1.13–1.33] 0.28 [0.18–0.38] 0.56 [0.46–0.66] 0.96 [0.86–1.06] 0.27 [0.16–0.38]

70

LYs 0.32 [0.26–0.38] –0.33 [–0.39 to –0.27] –0.25 [–0.29 to –0.21] 0.13 [0.08–0.18] –0.47 [–0.53 to –0.41]

QALYs 0.62 [0.57–0.67] –0.01 [–0.07 to 0.05] 0.06 [0.01–0.11] 0.41 [0.32–0.50] –0.18 [–0.24 to –0.12]

Based on 12,000 cases per 100,000 patient years in general population; 24,000 cases per 100,000 (end-stage kidney disease) ESKD patient years; 1.5-fold higher in wait list patients is
equal to 36,000 case per 100,000 per wait list patient years. LYs, life years; QALYs, quality adjusted life years.
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transplant were less important. If acute graft loss
with COVID-19 infection increased from 6% to
10%, there was fall in the net benefit during a
pandemic from 5.86 LYs (7.78 QALYs) to 5.71 LYs
(7.61 QALYs). If the duration of the pandemic
lengthened from 2 to 3 years, there was a reduction
in the net benefit to 5.71 LYs (7.59 QALYs). Over
the range of probabilities for a nosocomial infection
in-hospital, false-negative COVID-19 test rates
(18%�65%) and window period (7�21 days) of
infection, the net benefit for a 40-year-old to un-
dergo transplantation changed by < 0.05 LYs.

In the overall analysis, the net benefit for a deceased
donor transplant in a 40-year-old patient was reduced by
0.39 LYs (6.25�5.86 LYs) or 0.46 QALYs (8.24�7.78
QALYs)during thepandemic. The reductionwas 0.40LYs
(0.46 QALYs) for male and 0.34 LYs (0.40 QALYs) for fe-
male patients. The reduction for patients with diabetes
mellitus was 0.49 LYs (0.57 QALYs) and for patients
without diabetes mellitus was 0.38 LYs (0.44 LYs). The
reduction for Black patients was 0.38 LYs (0.48 QALYs)
and for White patients was 0.45 LYs (0.54 QALYs).

In our prespecified analysis from a patient perspec-
tive, a patient was put back on the transplant list after
1 year (pandemic ongoing) with a transplant rate of 30
transplants per 100 patient wait years. Most patients
benefit from immediate rather than deferred trans-
plantation (Table 5). However, if the relative rate of
infection or the case fatality rate is higher in transplant
recipients, then the younger and older cohorts fare less
well, and some may be harmed. Longer delays in
relisting and lower subsequent transplantation rates
improve the benefits of continuing with trans-
plantation during a pandemic (data not shown).
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DISCUSSION

The study shows that discarding kidneys during a
pandemic may result in a significant lost opportunity
from a societal perspective. Although the pandemic is
associated with a significant reduction in ESKD life
expectancy, much of the net benefit of a transplant is
preserved. At this point, how many potential trans-
plant organs were not transplanted is unclear, but this
information will become available with time as the
transplant data are collected. Assuming that kidney
programs remained closed to deceased donor trans-
plantation over the last 9 months because of the
pandemic, there could be 10,000 fewer deceased donor
transplants, and this could mean as many as 50,000 lost
LYs. The impact of potential life years lost is not easily
captured when transplants are not performed. How-
ever, patients remaining on dialysis with higher mor-
tality rates will contribute to the COVID-19�related
excess mortality in the general population, even
though their deaths may not be from the infection.
During the early period of considerable uncertainty
with respect to the rate of infection, its impact on
various populations, and the lack of hospital personal
protection equipment, caution was prudent and justi-
fied. Now that there is some information, this study
highlights the potential gains of maintaining kidney
transplant programs open, even during periods of
moderately high infection risk, assuming that hospitals
are adequately resourced.

Some centers have advocated for continued trans-
plantation in the pandemic, especially for those pa-
tients who have no dialysis option equivalent (e.g.,
liver failure) or those who are unlikely to receive a
Kidney International Reports (2021) 6, 1232–1241
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kidney (highly sensitized ESKD wait list patients). One
could argue that less sensitized wait list patients should
also undergo transplantation, assuming that they are
fully informed and willing to undergo transplantation
during the pandemic. The risk of infection-related
death and morbidity will likely be the same in sensi-
tized and unsensitized recipients (assuming similar in-
tensities of induction); graft outcomes will be the same
or better in the less sensitized recipients; highly
sensitized individuals are already prioritized by the
allocation algorithms; and denying the unsensitized
patient the option of a transplant effectively converts
that individual to one who is sensitized (forced to wait).

The model shows that there are scenarios in which
the net benefit is small and even negative. The most at
risk are the older recipients (age > 65 years), for whom
the net benefit of a transplant is already considerably
less compared to that in younger patients. To achieve a
negative net benefit (harm) in LYs, older transplant
recipients would need to have sustained infection rates
and case fatality rates that were considerably higher
than wait listed patients. Even in these circumstances,
however, the net benefit as measured by QALYs (rather
than LYs) was positive. Under most reasonable sce-
narios, the reduction in net benefit in younger patients
is < 20% compared to transplantation during a non-
pandemic period. Unfortunately, much of the infor-
mation needed to provide a more precise estimate of net
benefit in the pandemic is still not available or is
changing.

The results of this study need to be considered in the
context of the existing literature.Although the benefits to
society can be large, the patient perspective is also of
paramount importance. This approach was taken by a
recently published study.9 Both this and our study used
Markov models with similar decision trees and data
sources; however, our model had a longer period of
follow-up to capture the full effect of the transplant,
consideredquality of life, and included the additional risk
of graft loss associated with COVID-19 infection in
transplant recipients. Their study advantages included a
calculator projecting benefit (or loss) based on individual
characteristics and rate of subsequent transplantation if
deferred to after the pandemic passed. Knowingwhen the
pandemic will end is an important unknown when
considering the patient perspective. Since the publication
of that study, infection rates have increased. Despite the
differences, both studies concluded that transplantation
during the pandemic was superior to deferring, except if
the case fatality rate was considerably higher in trans-
plant recipients relative to the wait list and infection rates
were high. Our study also uniquely considered higher
infection rates in transplant recipients relative to the wait
list. Under these scenarios, both studies showed that
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selected patients might benefit from a delay, but only if
they subsequently underwent transplantation. Delay
likely benefited younger patients because of lower wait
list mortality (more likely to survive the pandemic). Im-
mediate transplantation in the elderly patientswas poorly
tolerated during high infection rates and with relatively
high case fatality rates. The bigger reality is that most
programs have re-opened even while the spread of
infection has increased.

In addition to exploring the effects of age, we also
explored other potential confounders and subgroups.
ESKD patients with diabetes mellitus have higher rates of
death.29 Nonetheless, the reductions in net benefit during
a pandemic are modest and in keeping with the overall
analysis. Individuals of Black ethnicity are at higher
risk for COVID-19 infection and may be at higher
mortality risk independent of comorbidity.37,38 Wait list
mortality is lower in Black than White individuals, but
Black patients experience higher rates of graft loss.29

Regardless, the absolute reductions in net benefit from
COVID-19 were similar compared to the general
analysis. The net benefit of proceeding with kidney
transplantation would be expected to be even greater in
those populations with lower infection and case fatality
rates, less virulent strains of SARS-CoV-2 (the virus
responsible for COVID-19 disease), or in patients who
are more tolerant of infection. Likewise, given the
superior outcomes observed in patients undergoing
preemptive kidney transplantation and the increased
morbidity and mortality observed in patients with
ESKD before and after transition to maintenance
dialysis, preemptive transplantation would still be
expected to be of net benefit during this and future
pandemics. Finally, once vaccine uptake is ubiquitous
among ESKD and transplant recipients, the net benefit
with transplantation will approach that in a non-
pandemic period.

There are limitations to this analysis. More informa-
tion is forthcoming even at the time of this analysis, and
assumptions may need to be adjusted accordingly. The
incident rates of infection in any region vary over time
(waves) and are not predictable.10 Higher incidence rates
over shorter periods of time may be experienced; how-
ever, under these circumstances, hospital resources
would be stretched and transplantation would not be
possible. Some of the sustained infection rates included
in the analysis would likely overwhelm hospital re-
sources. The duration of the pandemic and the potential
benefit of a vaccine, especially in our kidney disease
population, is unknown. If the pandemic remains
forever, then comparing it to a time of “no�COVID-19”
is irrelevant. Importantly, waiting for a COVID-19�free
period may results in thousands of lost years of life due
to discarding kidney transplant organs.
1239



CLINICAL RESEARCH AJ Vinson et al.: Kidney Transplantation During a Pandemic
We did not address live donor kidney trans-
plantation, as the procedure can be considered elective.
Deferring the procedure seems reasonable. However,
waiting might expose the patient to higher infection
risks if dialysis centers are superspreading areas, in
addition to a lower quality of life and a higher mor-
tality on dialysis, and the potential live donor may no
longer be available at a later date. Conversely, the
donor avoids the nosocomial risk of infection by
delaying to a non-pandemic period.

The assumed period of time that an infection is un-
detectable in a donor and recipient is still unknown;
however, we used a large window period and high false-
negative test result assumption in the model.14 Our es-
timate is likely to be very conservative. It is not clear
whether a kidney organ can transmit the infection from
deceased donors that are appropriately screened and
tested to be negative. The actual general population
infection rate is likely underreported based on current
antibody testing, and more recent increases in testing
have detected asymptomatic infections.20 Case fatality
rates have been dropping both from better care and
from detection of cases that were not previously known
(from antibody testing or NAT testing in asymptomatic
people).39 Together these would suggest that the nega-
tive impact of the pandemic on transplantation out-
comes in this analysis may be even less.

We did not consider other risk-mitigating strategies
such as having only patients undergo transplantation
who have resolved infection, have generated an anti-
body response and are now well, or increasing organ
utilization by using viable organs from infected or
high-risk donors to those with immunity. At this point,
the strength of the immunity and its duration are un-
known. Precise probabilities on mortality and graft loss
with acute infection during intense immunosuppres-
sion, and nosocomial spread from health care providers
or from patient to patient, are also unknown but were
considered in this analysis.

Finally, we modeled the impact of only a single trans-
plant organ. It is uncertain what the likelihood of re-
transplantation and subsequent graft survival would be
for an individual who underwent transplantation during
the COVID-19 pandemic, became infected, and lost their
transplant but survived. It is not clearwhether thiswould
differ from the situation of a similar patient who under-
went transplantation before the COVID-19 pandemic and
lost their transplant from a COVID-19�related illness.

In summary, the study shows that the net benefit of a
kidney organ is not greatly reduced during this pandemic
compared with a non-pandemic period. Therefore, this
study supports kidney transplantation at this time, with
very little reason to suspend activity unless other cir-
cumstances (hospital resources, nosocomial infection) are
1240
an issue. The lost benefit of a discarded deceased donor
organ cannot be retrieved. Patientswould need tobe fully
informed, although themagnitude of the risk is uncertain.
Deferred transplantation to a COVID-19�free period may
be a reasonable option for some, but the pandemic may
persist for a longer than hoped and a prolonged delaymay
be harmful. Hopefully what we have learned from this
experience is that certain aspects of health care delivery
such as transplantation, cancer, and cardiovascular care
must go on.
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