
KidneyTransplantation
Randomized Trial of Machine Perfusion Versus
Cold Storage in Recipients of Deceased Donor
Kidney Transplants With High Incidence of
Delayed Graft Function
Helio Tedesco-Silva, Junior, MD,1 Juliano Chrystian Mello Offerni,2 Vanessa Ayres Carneiro,2 Mayara Ivani de Paula,1

Elias David Neto,3 Francine Brambate Carvalhinho Lemos,3 Lúcio Roberto Requião Moura,4

Alvaro Pacheco e Silva Filho,4 Mirian de Fátima de Morais Cunha,5 Erica Francisco da Silva,5 Luiz Antonio Miorin,6

Daniela Priscila Demetrio,6 Paulo Sérgio Luconi,7 Waldere Tania da Silva Luconi,7 Savina Adriana Bobbio,8

Liz Milstein kuschnaroff,8 Irene Lourdes Noronha,9 Sibele Lessa Braga,9 Renata Cristina Barsante,10

João Cezar Mendes Moreira,10 Ida Maria Maximina Fernandes-Charpiot,11 Mario Abbud-Filho,11

Luis Gustavo Modelli de Andrade,12 Paula Dalsoglio Garcia,12 Luciana Tanajura Santamaria Saber,13

Alan Fernandes Laurindo,13 Pedro Renato Chocair,14 Américo Lourenço Cuvello Neto,14 Juliana Aparecida Zanocco,15

Antonio Jose Duboc de Almeida Soares Filho,15 Wilson Ferreira Aguiar,1 Jose Medina Pestana1
Background.This study compared the use of static cold storage versus continuous hypothermicmachine perfusion in a cohort
of kidney transplant recipients at high risk for delayed graft function (DGF).Methods. In this national, multicenter, and controlled
trial, 80 pairs of kidneys recovered from brain-dead deceased donors were randomized to cold storage or machine perfusion,
transplanted, and followed up for 12 months. The primary endpoint was the incidence of DGF. Secondary endpoints included
the duration of DGF, hospital stay, primary nonfunction, estimated glomerular filtration rate, acute rejection, and allograft and patient
survivals. Results. Mean cold ischemia time was high but not different between the 2 groups (25.6 ± 6.6 hours vs
25.05 ± 6.3 hours, 0.937). The incidence of DGF was lower in the machine perfusion compared with cold storage group (61%
vs. 45%, P = 0.031). Machine perfusion was independently associated with a reduced risk of DGF (odds ratio, 0.49; 95% confi-
dence interval, 0.26-0.95). Mean estimated glomerular filtration rate tended to be higher at day 28 (40.6 ± 19.9 mL/min per
1.73 m2 vs 49.0 ± 26.9 mL/min per 1.73 m2; P = 0.262) and 1 year (48.3 ± 19.8 mL/min per 1.73 m2 vs 54.4 ± 28.6 mL/min
per 1.73 m2; P = 0.201) in the machine perfusion group. No differences in the incidence of acute rejection, primary nonfunction
(0% vs 2.5%), graft loss (7.5% vs 10%), or death (8.8% vs 6.3%) were observed. Conclusions. In this cohort of recipients of
deceased donor kidneys with high mean cold ischemia time and high incidence of DGF, the use of continuous machine perfusion
was associated with a reduced risk of DGF compared with the traditional cold storage preservation method.
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razil is currently the second largest country in absolute and trained surgeons and sufficient time to recover the or-

gans, considering the distance to travel at the time of referral.
Bnumber of kidney transplant. The number of kidney

transplants with allografts recovered from deceased donors
has steadily increased of the last 10 years. This has been a
consequence of a well-organized public national transplant
system funded by the government.1

While our national short termoutcomes are comparable to
many published reports of registry data, our long-term out-
comes lag behind. Although several variables may concur
to this finding, the remarkable high incidence of delayed graft
function (DGF), which is at least 2 times higher than that ob-
served in the United States and Europe, is perceived as the
variable with highest relative risk associated with graft loss.2

Kidneys that develop DGF after transplantation have an in-
creased risk of acute rejection, and are associated with pro-
longed hospitalization and overall increased costs.3,4 On the
other hand, the influence of duration of DGF on graft out-
comes is limited and controversial. In 1 cohort analysis in-
cluding 1412 kidney transplant recipients, DGF lasted more
than 15 days in 25%of patients andwas independently asso-
ciated with inferior allograft survival.5

Several factors beyond the traditional ones may account
for this high incidence of DGF. First, organ procurement or-
ganizations (OPO) are restricted to a few university hospitals
that cover large areas with over 50 regional hospitals. Late
referral of a potential donor to the OPOs is perhaps 1 of
the main reasons associated with the high incidence of
DGF. Second, donor maintenance till organ recovery occurs
at the expenses of these peripheral hospitals, which have lim-
ited financial and capacitated human resources. Third, the
typical deceased kidney donor today is older and has more
concomitant diseases than donors several years ago.6

Recent studies have suggested that machine perfusion
could result in lower rates of DGF after transplantation of
kidneys from all types of deceased donors.7 This could be
particularly attractive in programs with high incidence of
DGF. On the other hand, the effect of machine perfusion in
kidneys recovered from unstable hemodynamic brain dead
deceased donors is unknown. Additionally, machine perfu-
sion allows access to perfusion parameters, as flow and renal
resistance, variables that may assist in the decision to trans-
plant or discard kidneys recovered from high risk donors.8-10

This study compared the incidence of DGF in recipients of
kidneys recovered from brain dead deceased donors using
machine perfusion or cold-storage preservation.

MATERIALS AND METHODS

Trial Design

This was a multicenter, prospective, randomized, and con-
trolled trial comparing the influence of machine perfusion
versus cold storage on the incidence of DGF after kidney
transplantation. The study was approved by the local institu-
tional review board. Because randomization was carried out
right after organ recovery and intervention limited to the kid-
neys fulfilling the inclusion and exclusion criteria before allo-
cation, no informed consent was required from recipients.

Donors

We screened all adult brain dead deceased donors referred
to a single OPO during the enrollment period. To be included
in the trial it was required the availability of the equipment
We excluded donors younger than 18 years, with unstable
hemodynamic condition, and when combined transplants
were anticipated.

Randomization and Preservation Methods

A randomization sequence identifying which kidney had

to be place in the machine perfusion was generate using a
Web-based program (www.randomization.com) and placed
in opaque envelopes. After removal both kidneys were in-
spected to search for lesions or any other abnormalities. If
both kidneys were considered suitable for transplantation,
the randomization envelope was opened identifying treatment
allocation (continuous machine perfusion or cold storage).

Machine Perfusion

Kidneyswere initially flushedwith 500mL of Kidney Pres-
ervation Solution-1 and maintained in the machine perfusion
at 1°C to 8°C (KPS-1, LifePort Kidney TransporterMachine;
Organ Recovery Systems) from organ procurement until
transplantation. None of the kidneys were discarded base
on intravascular resistance and flow measurements.

Static Cold Storage

Kidneys were flushed with 500 mL and stored with Static
Preservation Solution-1 (SPS-1, LifePort Kidney Transporter
machine; Organ Recovery Systems) or with Celsior preserva-
tion solution (Genzyme) till transplantation.

Endpoints

The primary end point was the incidence of DGF. Second-
ary end points included the duration of DGF, length of hospi-
tal stay, incidence of primary nonfunction (PNF) and treated
acute rejection, renal function, and patient and allograft sur-
vival. All recipients were followed up for 1 year.

Study Definitions

DGF was defined as the need of dialysis within the first
week after transplantation. Duration of DGF was calculated
from the time of transplant till last dialysis section. PNF was
defined as permanent absence of kidney function from the
time after the transplant surgery. Biopsy-proven acute rejec-
tions (≥IA) were classified using the Banff 2009 scheme.
Clinical acute rejection included borderline changes in biopsy
treated with methylprednisolone bolus for at least 3 days. All
treated rejections, confirmed or not by biopsy, were included
in the analysis. Renal function was evaluated at days 7, 14,
21, 28, and 365.

Sample Size Calculation

The incidence of DGF in the regional kidney transplant
population described previously has been stable around
60% over the last years.2 Assuming a 33% reduction in the
incidence of DGF with machine perfusion, from 60% to
40%, with a significance level of 5% and power of 80%,
76 kidney transplants per group was required for the analysis
of the primary endpoint. Assuming 30% drop out rate ap-
proximately 100 deceased donorswould be randomized after
kidney recovery.

Statistical Analysis

Continuous variables were summarized as mean values
and standard deviations and compared using Student t test.

http://www.randomization.com


TABLE 1.

Donor demographic characteristics (n = 80)

Parameter

Age: median (range), y 50 (20-71)
Sex, male: n(%) 46 (58)
Race, white, n (%) 47 (59)
BMI, mean ± SD 25.7 ± 4.1
KDPI: median (range), % 75 (8-100)
Expanded criteria donors, n (%) 43 (54)
Donor cause of death, n (%)

Cerebrovascular 53 (66)
Trauma 23 (30)
Malignancy 1 (1)
Infection 1 (1)
Anoxic encephalopathy 2 (2)

Infection, n (%) 24 (30)
Hypertension, n (%) 44 (55)
Diabetes, n (%) 11 (14)
Cardiorespiratory arrest before recovery, n (%) 14 (18)
Use of vasoactive drugs, n (%) 77 (96)
Sodium: median (range), mEq/L 154 (129-197)
Potassium: median (range), mEq/L 4.2 (2.3-7.3)
Aspartato aminotransferase: median (range), U/L 45 (11-2050)
Alanine aminotransferase: median (range), U/L 42 (6-1558)
Creatine phosphokinase: median (range), U/L 425 (22-76 800)
Creatine phosphokinase > 5.000 U/L, n (%) 8 (10)
Final creatinine: median (range), mg/dL 1.5 (0.2-8.5)
Final creatinine > 1.5 mg/dL, n (%) 41 (51)
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Categorical variableswere presented as percentages and com-
pared using the χ2 test. For the primary endpoint (DGF), we
used McNemar test for paired nominal data. Estimated glo-
merular filtration rate (eGFR) was compared using the gen-
eral linear model for multiple comparisons in the intention
to treat population (patients randomized who received at
least 1 dose of study drug) and in the per protocol population
(patients randomized who were receiving initial drug regi-
men at 12 months), with and without imputation using the
last observation carried forward for patients who died and
zero for those who lost the graft before 12 months. Patient
and graft survivals were estimated using the Kaplan-Meier
method and compared using the log rank test. Risk factors
for DGF were identified using multivariable logistic regres-
sion analysis (donor variables: age, type of death, previous
cardiac arrest, Kidney Donor Profile Index (KDPI), sodium,
transaminases, creatinine phosphokinase, terminal creati-
nine; transplant variables: type of preservation, cold ische-
mia time; recipients variables: age, body mass index (BMI),
time on dialysis, retransplant, panel-reactive antibody
(PRA), HLA mismatches, rabbit antithymocyte globulin in-
duction. Statistical tests were 2-sided and performed using
SPSS version 22 (IBM Company, Chicago, IL) and differ-
ences with a P value less than 0.05 were considered statisti-
cally significant.

Support

Organ Recovery Systems provided the Lifeport kidney
transporter machine, preservation solutions and perfusion
kits, and training of the organ recovery team.

RESULTS

Enrollment occurred in 2 periods, from July 26, 2014, to
August 22, 2014, and from January 26, 2015, to March
28, 2015, depending on the availability of machine, perfu-
sion kit, and preservation solution. During both periods,
the OPO screened 262 donors. Of 104 randomized donors,
39 were multiorgan donors and 65 kidney-only donors.
These kidneys were initially flushed in situ immediately af-
ter aorta cross-clamping (warm ischemia time less than
1 minute) using different preservation solutions at the discre-
tion of the surgical team (IGL, n = 8 pairs; Eurocollins, n = 49
pairs; SPS-1, n = 23 pairs; Celsior, n = 7 pairs; Custodiol,
n = 17 pairs). Then, 104 kidneys were maintained in the ma-
chine perfusion and 104 were stored (SPS-1, n = 41; Celsior,
n = 63) till transplantation.

Kidneys procured from 24 donors were not included in the
analysis, 23 because both kidneys were not transplanted (bi-
opsy findings [n = 10, both kidneys discarded], macroscopic
evaluation [n = 5, 1 of the kidneys discarded], allocation of
1 kidney to combined transplant [n = 3], vascular lesions de-
tected afterwards in 1 kidney [n = 2], positive Chagas serol-
ogy [n = 1], lack of additional cannula to perfuse a kidney
with 2 arteries [n = 1], and 1 pediatric donor), and 1 recipient
was lost to follow-up. Therefore, 160 kidneys (80 preserved
in cold storage and 80 in continuous machine perfusion) from
80 donors were randomized, transplanted, and followed up
for 12 months in 14 different transplant centers in the state.
The demographic characteristics of the donors are shown
in Table 1. Mean age was 49 years, and 66% died due to
cerebrovascular accident. The mean KDPI was 70% with a
distribution shifted towards higher indexes (Figure 1). The
inadequate hemodynamic condition of the donors is well
characterized by the high percentage use of vasoactive
drugs (96%), previous cardiac arrest (18%) and significant
biochemical abnormalities. Importantly, mean terminal
creatinine was 1.79 mg/dL and 51% had a terminal
creatinine higher than 1.5 mg/dL (Table 1).

Recipients and Transplant Characteristics

The demographic characteristics of the study population
well represent the general kidney transplant population of
the state. Mean age was about 48 years and predominantly
nonobese whitemen on dialysis for over 2 yearsmedian time.
Low/moderate immunological risk is characterized by low
prevalence of previous transplant, low mean class I or class
II PRAs, and good HLA match. The proportion of kidneys
with more than 1 artery was low in both groups. Mean cold
ischemia time was 25 hours in both groups. The majority of
patients received induction therapy with rabbit antithymocyte
globulin followed by tacrolimus, mycophenolate, and predni-
sone (Table 2).

Outcomes

The incidence of DGF was lower in the continuous ma-
chine perfusion group (61% vs 45%, p = 0.039). There were
no differences in the incidence of PNF, and in the duration of
DGF or hospital stay (Table 3). Renal function recovery
occurred earlier among recipients receiving kidneys preserved
with continuous machine perfusion (Figure 2). Mean eGFR
tended to be higher at day 28 (40.6 ± 19.9 mL/min per
1.73 m2 vs 49.0 ± 26.9 mL/min per 1.73 m2; P = 0.262) and
1 year (48.3 ± 19.8 mL/min per 1.73 m2 vs 54.4 ± 28.6 mL/min
per 1.73 m2; P = 0.201) in the machine perfusion group



FIGURE 1. KDPI distribution according to previous standard (SCD) and expanded donor criteria (ECD).
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(Table 3). Similar trends were observed comparing patients
with or without DGF (data not shown). The incidence of
treated acute rejection during the first month was 16.3% in
the cold storage and 8.8% in the continuous machine
TABLE 2.

Demographic characteristics of the recipients and transplants

Parameter
Cold storage
(n = 80)

Machine perfusion
(n = 80) P

Age: mean ± SD, y 48.9 ± 12.3 47.4 ± 15.6 0.006
Sex: male, n (%) 49 (61) 45 (56) 0.521
Race: white, n (%) 45 (56) 40 (50.0) 0.428
BMI: mean ± SD 23.5 ± 6.5 24.3 ± 4.2 0.040
Time on dialysis: mean ± SD, mo 57.4 ± 45.1 55.2 ± 45.0 0.208
Previous transplant, n (%) 12 (15) 12 (15) 1.000
PRA class I: mean ± SD, % 8.6 ± 20.5 9.0 ± 20.8 0.920
PRA class II: mean ± SD, % 7.2 ± 20.3 6.5 ± 16.1 0.374
PRA distribution, n (%) 0.397
0% 57 (71.2) 51 (63.7)
1-20% 6 (7.5) 7 (8.8)
21-50% 7 (8.8) 14 (17.5)
> 50% 10 (12.5) 8 (10.0)

HLA mismatches, mean ± SD 2.3 ± 1.4 2.3 ± 1.5 0.507
Zero mismatches HLA-A, n (%) 16 (20) 14 (18) 0.685
Zero mismatches HLA-B, n (%) 11 (14) 14 (18) 0.514
Zero mismatches HLA-DR, n (%) 60 (75) 58 (73) 0.719
Kidney with > 1 artery, n (%) 9 (11) 14 (18) 0.260
Cold ischemia time: mean ± SD, h 25.6 ± 6.6 25.05 ± 6.3 0.937
Induction therapy, n (%) 0.121
Antithymocyte globulin 44 (55) 56 (70)
Interleukin-2 receptor antagonists 18 (22.5) 10 (12.5)
None 18 (22.5) 14 (17.5)

Immunosuppression, n (%)
Prednisone 80 (100) 79 (99) 0.316
Cyclosporine 1 (1) 0 (0.0) 0.316
Tacrolimus 79 (99) 80 (100) 0.316
Azathioprine 21 (26) 19 (24) 0.715
Mycophenolate 54 (68) 54 (68) 1.000
Everolimus 2 (3) 7 (9) 0.086
perfusion group (P = 0.151). There were also no differences
in the incidence of treated acute rejection, graft loss, or
death (Table 4). One year patient and death-censored graft
survivals were not different between the 2 groups and were
not influenced by the incidence of DGF or acute rejection
(Figure 3). Finally, using multivariable logistic regression
analysis, only continuous machine perfusion was independently
associated with reduced incidence of DGF (odds ratio
[OR], 0.49; 95% confidence interval [CI], 0.26-0.95;
P = 0.034), whereas terminal donor creatinine above
1.5 mg/dL was independently associated with higher incidence
of DGF (OR, 1.66; 95% CI, 1.19-2.31; P = 0.03; Table 5).

DISCUSSION

The use of machine perfusion in kidney transplantation is
still widely debated.11,12 The benefit of this treatment modal-
ity is primarily observed in high-risk transplants, being kid-
neys recovered from brain-dead expanded-criteria donors13

or from donation after cardiac death14 as 2 good examples.
The wide differences in our organ procurement and alloca-
tion system, including the late identification and severe he-
modynamic compromise of the donors, long cold ischemia
time and high incidence of DGF, preclude immediate extrap-
olation of the benefits ofmachine perfusion observed in other
trials to our transplant population without a prospective
trial. This study demonstrated that continuous hypothermic
machine perfusion reduces the incidence of DGF compared
with cold storage in recipients of kidneys recovered from
high-risk deceased brain-dead donors.7 This result is in line
with the larger European multicenter study.15 Importantly,
in the cold storage group, our incidence of DGF was 61%
compared with 26.5% in the European study. This higher in-
cidence of DGF is associated with the hemodynamic instabil-
ity, high terminal creatinine, and longer cold ischemia time.
Also, the magnitude of reduction in DGF with machine per-
fusion was higher (30%) in our study compared with the Eu-
ropean multicenter trial (21%). The benefit was observed
among recipients of kidneys recovered from standard as well
as expanded criteria donors, as donor type was not indepen-
dently associatedwith development ofDGF. In 2 largeUnited



TABLE 3.

Clinical outcomes after transplantation

Cold storage
(n = 80)

Machine perfusion
(n = 80) P

DGF, n (%) 49 (61.3) 36 (45.0) 0.031
Duration of DGF, days, mean ± SD 9.0 ± 6.7 10.0 ± 13.0 0.060
Median (range) 8 (1-28) 6.5 (1-69)

Duration of hospital stay: mean ± SD, d 15.6 ± 11.7 13.5 ± 10.5 0.629
Median (range) 13 (4-60) 9 (5-70)

PNF, n (%) 0 (0) 2 (2.5) 0.155
Creatinine: mean ± SD, mg/dL
Day 7 6.6 ± 3.6 4.9 ± 3.7 0.870
Day 14 4.1 ± 3.2 3.0 ± 2.2 0.005
Day 21 3.0 ± 2.6 2.3 ± 1.8 0.021
Day 28 2.3 ± 1.5 2.07 ± 1.7 0.898
Day 365 1.75 ± 0.7 1.70 ± 0.9 0.350
eGFR: mean ± SD, mL/min per 1.73 m2

Day 7 17.8 ± 20.7 25.0 ± 21.6 0.457
Day 14 28.3 ± 21.4 38.4 ± 28.6 0.215
Day 21 36.0 ± 20.6 45.5 ± 28.6 0.098
Day 28 40.6 ± 19.9 49.0 ± 26.9 0.262
Day 365 48.3 ± 19.8 54.4 ± 28.6 0.201

TABLE 4.

Incidence and characteristics of acute rejection, graft loss,
and deaths

Parameters
Cold storage
(n = 80)

Machine perfusion
(n = 80) P

First treated acute rejection, n (%) 20 (25.0) 16 (20.0) 0.449
First clinical acute rejection, n (%) 10 (12.5) 6 (7.5) 0.292

Normal 2 (2.5) 0 (0.0)
Borderline 8 (10) 6 (7.5)

First biopsy-proven acute rejection, n (%) 10 (12.5) 10 (12.5) 1.000
IA 5 (6.3) 6 (7.5)
IB 2 (2.5) 3 (3.8)
IIA 2 (2.5) 0 (0.0)
Antibody mediated 1 (1.3) 1 (1.3)

Graft loss, n (%) 6 (7.5) 8 (10) 1.000
Acute rejection 2 (2.5) 0 (0)
Vascular thrombosis 2 (2.5) 1 (1.3)
IF/TA 2 (2.5) 0 (0)
Polyomavirus nephropathy 0 (0) 2 (2.5)
Recurrent glomerulonephritis 0 (0) 2 (2.5)
Nephrotoxicity 0 (0) 1 (1.25)
PNF 0 (0) 2 (2.5)

Deaths, n (%) 7 (8.8) 5 (6.3) 0.772
Infection 3 (3.8) 3 (3.8)
Cardiovascular 2 (2.5) 1 (1.25)
Malignancy 0 (0) 1 (1.25)
Unknown 2 (2.5) 0 (0)

Lost to follow-up, n (%) 2 (2.5) 0 (0) 0.155

IF/TA, interstitial fibrosis/tubular atrophy.
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Network for Organ Sharing registry analysis similar benefit
was observed among recipients of kidneys from standard or
expanded donor criteria.16,17 The only risk factor associated
with DGF was the final donor creatinine, which perhaps
reflects the overall hemodynamic instability of the donor
and is a variable included in the majority of DGF predic-
tion models.18 Hemodynamic instability as a risk factor for
DGF has also been described using more sophisticated anal-
ysis in a cohort of kidney transplants from donors after
cardiac death.19 On the other hand, continuous machine per-
fusion was the only variable independently associated with re-
duced risk of DGF. Interestingly, considering the high risk
donor population, the incidence of PNF was relatively low
and not influenced by the preservation method. In 2 studies
in recipients of kidneys recovered from expanded criteria
FIGURE 2. Mean (± SD) eGFR during the first year according to the pr
donors after brain death, the use of machine perfusion
was associated with a reduction in the incidence of PNF
compared with cold storage.13,20

There were no detectable differences in the duration of
DGF and hospital stay. In the European study, machine per-
fusion was associated with a small but significant reduction
in DGF duration (10 vs 13 days; P = 0.04). Considering this
small difference, the lack of difference in our study may be
eservation method.



FIGURE 3. A, Patient survival. B, Death-censored graft survival.
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due to the use of different criteria for stopping dialysis and
discharging the patients among the transplant centers.

Of course, efforts to reduce the incidence of DGF should
not be restricted to universal use of continuous machine
TABLE 5.

Multivariate analysis for DGF

Univariate a

Variables OR (95% CI)

Donor
lAge (20-71), y 1.01 (0.97-1.03)
Cerebrovascular death 0.89 (0.47-1.69)
Expanded criteria donors 0.93 (0.50-1.74)
Infection 1.77 (0.87-3.58)
Hypertension 0.74 (0.39-1.41)
Diabetes 1.06 (0.43-2.63)
Cardiorespiratory arrest 1.45 (0.63-3.34)
Use of vasoactive drugs 1.99 (0.00-0.00)
KDPI (8-100), % 1.01 (0.99-1.02)
KDRI (0.65-3.22) 1.75 (0.86-3.55)
Sodium (129-197), mEq/L 1.01 (0.99-1.04)
Potassium (2.3-7.3), mEq/L 1.30 (0.94-1.81)
Aspartato aminotransferase (11-2050), U/L 1.00 (1.00-1.00)
Alanina aminotransferase (6-1558), U/L 1.00 (1.00-1.01)
Creatine phosphokinase (22-76 800), U/L 1.00 (1.00-1.00)
Final creatinine (0.2-8.5), mg/dL 1.63 (1.18-2.27)
Recipient
Age (7.0-76), y 1.01 (0.99-1.03)
Sex 0.69 (0.37-1.29)
Race, nonwhite 1.69 (0.90-3.16)
BMI (13.32-41.6) 1.02 (0.96-1.08)
Time on dialysis (2-294), mo 1.00 (0.99-1.01)
Previous transplant 0.95 (0.40-2.27)
PRA class I, no. (0-95) 1.32 (0.65-2.67)
PRA class II, no. (0-93) 1.57 (0.64-3.83)
HLA mismatches, no. (0-6) 1.52 (0.80-2.87)
Machine perfusion vs cold storage 0.52 (0.28-0.97)
Cold ischemia time (7-46), h 1.02 (0.97-1.07)
Induction, antithymocyte globulin 0.88 (0.46-1.68)

KDRI, kidney donor risk index.
perfusion. Several educational measures have been developed
and implemented primarily aiming earlier identification of
potential donors, which perhaps will allow earlier and better
donor management by the OPOs after donation consent.
nalysis Multivariate analysis

P OR (95% CI) P

0.929 1.00 (0.93-1.07) 0.997
0.730 0.72 (0.33-1.56) 0.404
0.827
0.113
0.362
0.892
0.377 1.58 (0.61-4.16) 0.347
0.999
0.135 1.01 (0.99-1.02) 0.271
0.124
0.221 1.02 (0.99-1.04) 0.207
0.110
0.044 1.00 (0.99-1.00) 0.148
0.080 1.00 (0.99-1.00) 0.557
0.310 1.00 (1.00-1.00) 0.563
0.003 1.66 (1.19-2.31) 0.003

0.436 1.01 (0.99-1.04) 0.373
0.249
0.103
0.552 1.02 (0.95-1.09) 0.653
0.224 1.01 (0.99-1.01) 0.168
0.912 1.74 (0.63-4.82) 0.284
0.442 1.43 (0.62-3.29) 0.397
0.321 1.18 (0.40-3.51) 0.766
0.199 1.47 (0.72-2.98) 0.290
0.040 0.49 (0.26-0.95) 0.034
0.397 0.98 (0.93-1.05) 0.643
0.696 0.92 (0.39-2.17) 0.842
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The use of new preservation solutions is another potential
strategy to reduce the incidence of DGF.21 We did not inves-
tigate systematically the effect of new solutions compared
with the Eurocollins in our kidney transplant population.
Certainly, a pharmacoeconomic analysis would be needed
considering that the new preservation solutions are at least
6 times more expensive than Eurocollins solution. Neverthe-
less, the incidence of DGF in the cold storage group (61%)
using these new solutions (SPS-1 or Celsior) was similar to
our historical incidence among 1508 kidneys over more than
10 years period preservedwith Eurocollins solution.2 Also, in
1 small cohort analysis, initial flushing with Eurocollins
followed by Belzer preservation solution did not influence
the outcomes of combined pancreas and kidney transplanta-
tion compared with Belzer solution alone.22

The reduction of the cold ischemia time is also important
though several obstacles still exist. First, within the region
this study was conducted (São Paulo City, 12.04 million in-
habitants) there are 230 hospitals where organ procurement
takes place, all coordinated by only 4 OPOs. There are over
9000 patients on the waiting list, all managed by only 2 im-
munogenetics laboratories. After formal consent for organ
donation, peripheral blood is sent to the immunogenetics lab-
oratory for donorHLA typing. This information is sent to the
State Health Secretary where a list of potential recipients is
generated based on ABO blood type and HLA compatibility.
The immunogenetics laboratories then perform the CDC
crossmatches (each laboratory tests about 15 potential recip-
ients) using lymphocytes isolated from lymph nodes obtained
during organ recovery due to concerns of cell viability in the
peripheral blood. Both laboratories send final crossmatch re-
sults to the State Secretary that begins calling transplant cen-
ters to offer the kidneys to recipients with highest HLA
compatibility and a negative crossmatch. The size of the
waiting list hampers the ability to maintain it updated, lead-
ing to longer times to locate the potential recipient and fur-
thers delays for them to arrive at the transplant center,
depending on the distance, where occasionally the clinical
condition of the patient precludes transplantation. As a con-
sequence, there is no predefined time to decline the offer. This
process is repeated until both kidneys are transplanted. This
is further complicated for the allocation of kidneys recovered
from the expanded criteria donors, where final acceptance
only occurs after several declinations because there is still
no dedicatedwait list. Amongmeasures in development to re-
duce the cold ischemia time are the use of lymphocytes from
peripheral blood to perform the CDC crossmatch and initial
organ allocation based on virtual crossmatch. These mea-
sures will allow earlier localization and arrival of a potential
recipient at the transplant center while we wait for the final
CDC crossmatch. Under the current system 80% of kidney
transplants are performed with full DR match.

The incidence of acute rejection is higher among patients
with DGF. Although patients receiving kidneys preserved
in cold storage solution presented almost a 2-fold higher
incidence of treated acute rejection during the first month
compared with those receiving kidneys preserved with contin-
uous machine perfusion, this difference was not statistically
significant, perhaps due to the use of anti-thymocyte globulin
induction and the small sample size for this particular end-
point. Nevertheless, this difference in acute rejection rates
disappeared towards the end of first year. As expected, no
differences in graft loss or deaths were observed between
the 2 groups. Two recent meta-analysis did not reveal any
difference in the incidence of PNF, graft loss, or patient death
at 1 year after transplantation.11,12

Contrasting with the European trial, renal function recov-
ery was faster in the continuous machine perfusion group but
the differences in eGFR reduced on average from 10 mL/min
at month 1 to 6 mL/min at 12months. Patients receiving kid-
neys preserved with continuous machine perfusion tended to
show faster renal function recovery and superior renal func-
tion at the end of first year, both in those who developed or
not DGF.

The major limitations of our study is the lack of power to
detect differences in secondary key endpoints such as renal
function and graft survival at the end of first year. Also, be-
cause of the multicenter open label design, no uniformed
criteria for indicating or stopping dialysis and for hospital
discharge were used, precluding definitive conclusion re-
garding these important outcomes. It is not possible to an-
ticipate whether similar results would be observed if cold
ischemia times were lower, comparable to those observed in
the United States and Europe. Finally, a pharmacoeconomic
analysis is ongoing to evaluate the cost-effectiveness of this
strategy and to identify potential deceased donors in which
this procedure is dominant compared with cold storage
preservation.

In summary, in this cohort of recipients of deceased donor
kidneys with high incidence of DGF, the use of continuous
machine perfusion was associated with a reduced risk of
DGF comparedwith the traditional cold storage preservation
method. Nevertheless, the beneficial effects of machine perfu-
sion were modest and temporary and should be balanced
against other strategies to reduce the incidence of DGF such
as shorter cold ischemia times and use of better preservation
solutions.
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