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Abbreviations
CIT	Cold ischaemic time
DBD	Donation after brain death
DCD	Donation after circulatory death
DGF	Delayed graft function
ECD	Extended criteria donor
HMP	Hypothermic machine perfusion
NMP	Normothermic machine perfusion



The benefits of hypothermic machine perfusion (HMP) in deceased donor kidney transplantation have been debated since the 1960s. The European randomized controlled trial published in The New England Journal of Medicine in 2009 provided the strongest evidence to date for the use of HMP over static cold storage techniques in deceased donor kidney transplantation1. The paired study demonstrated a 7% reduction in delayed graft function (DGF) for donation after brain death (DBD), extended criteria donor (ECD) and donation after circulatory death (DCD) kidneys preserved by HMP. An economic evaluation found that quality adjusted life year and life years were gained from HMP and therefore it is a cost effective technique of preservation2. As such, HMP has been adopted in many European countries especially for high-risk kidneys. The Netherlands is trialling HMP nationally as standard practice for all deceased donor kidneys.
The benefits of HMP include better protection of the endothelium and the fact that continual circulation of cold preservation solution flushes waste products from the kidney3. Although kidneys are perfused at 4–8°C, a low level of metabolism is sustained. The assessment of viability prior to transplantation is becoming increasingly important to prevent primary non-function and maximize organ utilization. Real-time measurement of perfusion parameters during HMP provides guidance on the quality of the kidney although they cannot be used in isolation to predict graft outcome4. With the reduced risk of DGF using HMP technology, there has been some consensus that HMP enables the preservation interval to be extended safely. Kidneys can be placed on the pump and transplanted at a more practical time5. In the UK, Guy et al used a single centre cohort of deceased donor kidneys to investigate the role of HMP as a tool to extend the cold ischaemic time (CIT). The median CIT of the HMP kidneys was 23.85h (n = 74) compared to 13h (n = 101) in the static cold storage group. The DGF rate was 27% in HMP kidneys and 47% in static cold stored kidneys. However, there was no difference in graft survival. This study suggested that prolonged CIT did not impact on DGF when kidneys underwent HMP. A larger study from the UK using registry data on DCD kidneys also confirmed these findings6.
In this edition of Transplantation, Jasper Kox and colleagues analysed the data from the European multicentre randomized controlled trial to answer two important questions7. Firstly, whether HMP has any benefit for kidneys with a short CIT (<10h) and, secondly, whether HMP protects against prolonged cold ischaemia. Cold ischaemia is an independent risk factor for DGF and reduced graft survival. HMP has been suggested as one such strategy to reduce the impact of cold ischaemic injury. Data from 376 DBD and Maastricht category II DCD kidney donors were included in the analysis. Pairs of kidneys were randomized to either static cold storage or HMP using the LifePort Kidney Transporter® (Organ Recovery Systems, IL, USA). The primary end point was DGF, defined as the requirement for dialysis within the first 7 days after transplantation. Kox et al divided recipients into four different groups based on the duration of cold ischaemia: 0–10h, 10–15h, 15–20h and >20h. The results showed compelling evidence that HMP had a beneficial effect when the duration of cold ischaemia was short (0–10h). The DGF rate was 6% compared to 28.1% in kidneys that had been cold stored. Univariable and multivariable analysis (OR 0.015, P = 0.007) also showed the risk for DGF was much less with HMP in this cohort. Interestingly, no benefit of HMP was found in kidneys with 10–15h or 10–20h cold ischaemia. There was a numerical difference in favour of HMP for kidneys with >20h cold ischaemia; however, the results were not significant (OR 0.335 (95% CI 0.11–1.015, P = 0.053). Multivariable logistic regression analysis revealed that the OR of each additional hour of cold ischaemia for static cold stored and HMP kidneys was equal (CS OR 1.08, 95% CI 1.03–1.14, P = 0.004 versus HMP OR 1.08, 95% CI 1.04–1.14, P = 0.003). Furthermore, the risk of DGF with either HMP or static cold storage was present across all donor types (DBD, DCD and ECD) within a similar range. Three year graft survival rates were similar for all the cohorts of cold ischaemia showing no benefit of HMP.
This present analysis demonstrates that the CIT remains an independent risk factor for DGF despite the mode of hypothermic preservation. The results from this study are likely to be reliable due to the strength of the paired data. Kox and colleagues emphasise that HMP should not be used as a means to extend the preservation interval. Nonetheless, the study does not address the effect of HMP with cold ischaemic times in excess of 20h which is common in the US. Under these circumstances HMP may have some benefit in reducing the risk of DGF.  Ischaemic injury still remains a significant clinical problem (Fig. 1). Alternative technologies that provide metabolic support during preservation and allow assessment of an organ may help to prolong graft survival and improve utilisation. Results are awaited from the European-led COPE-Compare study, which compared oxygenated HMP with HMP alone (ISRCTN32967928). The addition of oxygen at low temperatures can help to support the low level of metabolism during hypothermia and in the experimental setting has been shown to protect against injury8. Normothermic machine perfusion (NMP) is a new technique of perfusion being trialled in DCD kidneys in the UK (ISRCTN15821205)9. Kidneys are warmed to near body temperature for 1 hour with an oxygenated plasma-free red cell solution before transplantation. Mechanisms that protect against ischaemic injury are thought to be upregulated during NMP. More prolonged periods of NMP, which may negate cold ischaemia completely, are also being investigated in experimental models10. In the future it is likely that different modes of preservation (hypothermic and normothermic) may be used to limit ischaemic injury. In conclusion, Kox and colleagues advocate HMP for all deceased donor kidneys with particular benefit for kidneys with short cold ischaemic times. However, cold ischaemia remains an independent risk factor for DGF and it should not be assumed that kidneys placed on the pump are protected from CI injury.
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Fig. 1. Impact of cold ischaemia and future strategies to improve outcome. DGF: delayed graft function; HMP: hypothermic machine perfusion; NMP: normothermic machine perfusion; O2 HMP: oxygenated HMP.
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