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F. Belzer - Prototype kidney perfusion 

system. San Francisco, late 1960ôs



Belzer, FO, et al. Successful seventeen-hour 

preservation and transplantation of human cadaver 

kidney, N Engl J Med, 1968



Principles developed in the 

70ôs

plasma based perfusates

attempts at normothermic perfusion

recognition of pulsatile perfusion as capable 

of reducing DGF and improving outcomes

recognition of ability to órescueô ischemically 

damaged kidneys, as well as providing an 

avenue of therapeutic intervention





Pulsatile perfusion in the 80ôs and 

90ôs

EuroCollins solution

UW solution

Use of metabolically inert substances for 

osmotic balance - lactobionate, raffinose

hydroxyethyl starch

free radical scavengers

Comparisons of static vs. perfused



Static vs. Machine Perfusion -

1990

Prospective RCT in 60 consecutive cadaveric 

kidneys

Paired kidney method

MALG, CsA, Aza

Similar DGF, dialysis requirements (41% vs. 

31%), serum creat

Cold storage becoming the standard in CsA era, 

based on diminishing superiority and simplicity

Merion, R, et al., Transplantation, 

1990.



Pulsatile perfusion in the 21st 

century

Increased dependence on ECD/DCD donor 

kidneys

Recognition of the profound sequelae of DGF

Combination of these and technical advances 

once again make pulsatile preservation an 

attractive option



Meta-analysis - 2003
Identified 62 reports comparing CS with MP 

dating from 1971 to 2001

Variety of methodologies

CS - Collins, Sacks II, TP-II, Euro-Collins, UW 

(93 onward)

MP - Waters MOX-100, Belzer LI-400, Gambro, 

Nikiso APS-02

MP perfusates - cryoprecipitated plasma, silica 

gel plasma, 5% albumin, UW

Donor sources from DND and DCD

Wight, J, Clin Transplant, 2003.



Meta-analysis 2003

42 of 62 excluded for inappropriate comparator groups

20 studies included in the analysis

Randomization of donors (n=1), of kidneys (n=1) and 

split allocation (n=18)

Overall, study quality was poor - Jadad scores of 2 

(n=4), 1 (n=7) and 0 (n=9)

Authors calculated that at least 119 subjects would be 

needed to detect a fall in DGF from 30% to 15% - only 

3 studies recruited this many subjects





Concluded that MP conferred a 20% 

reduction in DGF

Essentially the same graft survival 



UNOS SRTR data - 2005

Schold et al. set out to answer the question of 

MP in the UNOS data set from 1994-2003

Asked four questions:

What kidneys tend to be selected for MP?

How does MP affect utilization rates?

What effect does MP have on outcomes?

When is MP most efficacious?

Schold J, et al., Am J Transplant, 

2005



How does MP affect 

utilization?
98 736 DD kidneys

highest rate of MP use was 15.3% in 2003

discard rate was significantly lower when MP 

was used (<0.0001)

stratified by donor

non-ECD:  MP borderline association with 

utlilization AOR 1.09 (95%CI 1.00-1.19)

ECD: strong association: AOR 1.71 (95% CI 

1.55-1.88)



Which kidneys selected for 

MP?

Highly diverse across centers

18.5% of centers never used MP; 48.7% of 

centers used MP for < 5% of kidneys

AA donors, extended CIT, high donor Cr, DM 

history, increased donor age associated with 

use of MP

DCD had over 5-fold higher odds of undergoing 

MP



How does MP affect 

outcomes?

Overall rate of DGF was 26.6%

DGF was 27.6% for CS, 19.6% with MP

Differences in DGF rates were most 

pronounced in centers with >10% MP usage 

(17% vs 24.7%, p<0.001)

Effect was magnified at longer CIT





Authors concluded that MP allowed for a safe 

increase in utilization of marginal kidneys, 

with no adverse impact on long term graft 

survival

Small increase in graft survival, when all 

variables are corrected



MP use in ECD

UNOS study of 4618 ECD 

kidneys, 2000-2003

Risk factors for reduced 

viability were higher in the 

MP group 

MP associated with a 10% 

decrease in DGF (26% vs 

36% p<0.001)

GS was similar

Matsuoka, L. et al. Am J Transplant, 

2006






