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Abstract
Background: A significant proportion of procured deceased donor kidneys are discarded.  The UK Kidney Fast-Track Scheme (KFTS) was introduced in 2012, enabling kidneys at risk of discard to be simultaneously offered to participating centres. We undertook an analysis of discarded kidneys to determine if unnecessary organ discard was still occurring since the KFTS was introduced.

Methods: Between April and June 2015, senior surgeons independently inspected 31 consecutive discarded kidneys from throughout the UK. All kidneys were biopsied. Organs were categorised as usable, possibly usable pending histology, or not usable for implantation. After histology reports were available, final assessments of usability were made.

Results: There were 19 donors (six donation after brain death, 13 donation after circulatory death), with a median (range) donor age of 67 (29-83) years and Kidney Donor Profile Index of 93 (19-100). Reasons for discard were variable. Only three discarded kidneys had not entered the KFTS. After initial assessment post-discard, 11 kidneys were assessed as usable, with nine kidneys thought to be possibly usable. Consideration of histological data reduced the number of kidneys thought usable to ten (10/31; 32%). 

Conclusions: The KFTS scheme is successfully identifying organs at high risk of discard, though potentially transplantable organs are still being discarded. Analyses of discarded organs are essential to identify barriers to organ utilisation and develop strategies to reduce unnecessary discard.

Introduction
The limited availability of suitable deceased donor organs is a major concern in all forms of solid organ transplantation. However, a significant proportion of deceased donor organs are procured and subsequently discarded.  In kidney transplantation, this rate varies between 12% in the UK and 18% in the US1,2. Registry analyses suggest that many discarded organs might have provided a survival benefit over remaining on the waiting list if they had been implanted3. However, reasons for organ discard are often multiple and complex, and registry data alone cannot determine usability.

Hitherto, the only study to examine individual discarded kidneys showed that 65% of kidneys were thought to have been implantable and therefore were discarded unnecessarily1. This prompted the introduction of the UK Kidney Fast-Track Scheme (KFTS) in 2012, enabling marginal kidneys at risk of discard to be simultaneously offered to centres willing to implant them4,5. 

We evaluated a series of discarded deceased donor kidneys in order to determine if they had passed through the KFTS appropriately and if unnecessary organ discard was still occurring since the KFTS had been introduced.



Materials and Methods
Deceased donor kidneys in the UK are offered through the KFTS if any one of the following criteria is met:
1) If, at any point, the kidney is deemed unusable by a donor co-ordinator or surgeon in the procuring or transplanting teams (excluding those organs with an absolute contraindication to transplantation).
2) Five transplant centres decline a kidney offer for either donor or organ quality reasons. Kidneys from donation after circulatory death (DCD) donors require three centre declines for donor / organ quality.
3) The organ has accrued six hours of cold ischaemic time (CIT) and has not yet been accepted for transplantation, or 12 hours in the case of kidneys that are first accepted as part of a multi-organ transplant (e.g. simultaneous pancreas-kidney transplant). Kidneys from DCD donors require three hours of CIT (or six hours if first accepted as part of a multi-organ transplant).
4) If a kidney from a Maastricht III DCD donor has been accepted for transplantation but is subsequently declined by the implanting centre after withdrawal of life-sustaining treatment but before organ procurement has begun.
All 24 UK kidney transplant centres have the choice whether to receive offers of kidneys through the KFTS, or not. Kidneys entering the KFTS are offered simultaneously to all 12 currently participating centres, which have 45 minutes to express an interest. The organ is then allocated to the accepting centre with the highest priority patient according to the 2006 National Kidney Allocation Scheme algorithm6. The centre has the option of implanting the organ into any recipient on their waiting list.  

Between April and June 2015, all discarded deceased donor kidneys in the UK were transported to our centre, where they were independently inspected and assessed by consultant surgeons.  Wherever possible, two opinions were sought for each discarded kidney. Assessing surgeons were given the same donor clinical data that were available to surgeons offered the organs for transplantation, and were given information on reasons for organ offer decline and discard. Discarded organs were visually inspected, photographed, and were flushed with hyperosmolar citrate (Marshall’s) solution if there were concerns about patchy perfusion. Data on whether organs were placed on hypothermic machine perfusion (HMP) at the implanting centre and subsequent perfusion parameters were not available. 

Organs were initially categorised as usable, possibly usable (pending histology), or not usable for implantation based on donor data and macroscopic assessment. Findings and opinions were recorded on a proforma. Organ CIT was ignored in order to enable an assessment of usability that was independent of the organ offering and transport systems, i.e. it was assumed for the purposes of this evaluation that these systems were optimal.

Two core biopsies were taken with a 16 G needle from the lower pole of each kidney in order to provide additional information on underlying chronic histological changes. Any suspicious lesions were excised in order to identify malignancies. Histological samples were fixed in formalin and underwent analysis by a specialist renal histopathologist. Chronic histological changes were expressed using the Remuzzi score7. Where there were insufficient glomeruli in the sample, a score for glomerulosclerosis could not be provided accurately and so was excluded from the final score. 

The final assessment of usability was made after review of the proformas, photographs, and histology reports. A modified Remuzzi approach was used, i.e. kidneys with a Remuzzi score of 4 were felt to be acceptable for single kidney transplantation; those with a score of 5 – 6 suitable for dual kidney transplantation; those above 6 were felt to be unsuitable for transplantation. This approach was based on analyses that demonstrate graft survival of kidneys with a Remuzzi score of 4 to be similar to those with a score of 0-38-10. If a renal malignancy was identified, advice was taken from a specialist transplant urologist. 

The Kidney Donor Profile Index (KDPI) was calculated to aid characterisation of donor organ quality, but was not used to guide opinions on usability11. Organ CITs at arrival at the original accepting centre and at entry into the KFTS were collected retrospectively from National Health Service Blood and Transplant (NHSBT).

The study was authorised and funded as a service evaluation by NHSBT.



Results
Thirty-one consecutive discarded kidneys were included in the study. There were 19 donors (six donation after brain death (DBD) and 13 DCD); 12 kidney pairs and seven single kidneys. The median (range) donor age was 67 (29-83) years and KDPI was 93 (19-100). Donors typically had multiple co-morbidities. Donor details, reasons for discard, and usability assessments are shown in Table 1.

Reasons for discard were variable.  Twelve kidneys were discarded due to donor history or biopsy result at the implanting centre, seven kidneys were discarded due to poor perfusion, three due to retrieval injury and two due to polycystic appearance.  Five kidneys were discarded due to a mass within the kidney or its pair; two were discarded due a mass in the donor lung.  

After initial assessment post-discard, 11 kidneys were assessed as usable with nine kidneys thought to be possibly usable.  After taking histological information into account, the number of discarded kidneys that were felt to be usable was reduced to 10 (32%). These 10 kidneys could have resulted in transplants for up to seven recipients (three dual transplants and four single transplants), depending on whether kidney 10 was used as a single transplant or as part of a dual transplant. 

Of the twelve kidneys discarded due to donor history or unfavourable renal biopsy results at the implanting centre, just three were subsequently felt to be usable on repeat assessment (kidneys 10, 12, and 13). Where a pre-implantation biopsy had been performed at the original implanting centre, repeated biopsies at our centre confirmed the original findings and all seven kidneys were not felt to be usable. Of the 7 kidneys discarded due to poor perfusion, three were assessed to be adequately perfused and suitable for transplantation (e.g. kidney 11, Figure 1). All kidneys with a reported retrieval injury were considered unsuitable for transplantation.  Five kidneys were discarded due to masses within the kidney or on its pair: one was shown to be a renal cell carcinoma making the kidney untransplantable (kidney 7); one was a papillary adenoma making the kidney and its pair transplantable (kidneys 26 and 27); one was shown to be a cyst but was a single kidney and had a Remuzzi score of 5 making it unusable (kidney 25); and one was shown to be an area of haemorrhage (kidney 28).  Although the biopsy of kidney 28 suggested that it was transplantable as a dual transplant, its pair (kidney 29) had a significant retrieval injury, and therefore neither was felt to be usable. The two kidneys discarded due to possible polycystic kidney disease were felt to be usable (Figure 2).

Only three discarded kidneys (10%) had not entered the KFTS.  Two of these were from a donor where a biopsy of a lung mass had revealed adenocarcinoma, and one was from a poorly perfused pair where the other kidney did enter the KFTS and was also subsequently discarded. The median (range) cold ischemic time of the discarded kidneys at arrival in the original accepting centre was 3.6 (2.8-7.7) hours and at entry to the KFTS was 9.3 (2.2-15.2) hours. Where time of organ arrival and time of entry into the KFTS were both known, median (range) duration between these two time points was 6.2 (1.1-12.4) hours.



Discussion
Approximately 250 deceased donor kidneys are discarded each year in the UK1. Many of these organs will be justifiably discarded due to the presence of unexpected tumours, or severe damage incurred at procurement. However, given the on-going shortage of deceased donor organs, it is essential that transplant systems be optimised to minimise unnecessary organ discard. The KFTS was introduced in order to identify organs at high risk of discard, and offer them simultaneously to centres that are most willing to transplant them. This study suggests that the majority of discarded deceased donor kidneys in the UK have appropriately been offered through the KFTS, and therefore it is successful in identifying organs likely to be discarded. Although the deceased donor kidney discard rate in the UK is lower than many other countries, it appears that the unnecessary discard of kidneys is still occurring despite the introduction of the KFTS.

The assessment of deceased donor kidneys for transplantation is subjective, and decisions on usability vary between surgeons, and units. The underlying reasons for this variation are likely to include differences in staffing resources, access to theatres, waiting list volumes, unit policy, surgical experience, and the absence of an objective and reliable means of predicting graft outcome. Current tools for predicting graft outcome include risk indices based on donor demographics and co-morbidities, histopathological scoring systems for chronic changes, perfusion parameters on HMP12. Donor risk indices and HMP parameters are not predictive enough for use on individual organs12,13, and histopathological scoring systems, although widely used in some countries, remain controversial14,15. 

Given these variations and uncertainties, it is likely that there will always be a proportion of deceased donor kidneys that are declined after inspection at an implanting centre. This is particularly true if the organ allocation system leads to marginal kidneys being offered to recipients that are unsuitable for higher risk grafts. Although the entry criteria for the KFTS enable organs at risk of discard to be identified, this study suggests that more needs to be done to prevent discard. As a result of this analysis, NHS Blood and Transplant plans to introduce a pilot study whereby electronic images of donated kidneys are available with the offer. This may be particularly useful for organs with surgical damage, or those that are described as poorly perfused. Minimising organ CITs is also essential, requiring rapid assessment of organs at the implanting centre. This is especially important for kidneys from DCD donors, where graft survival appears to decrease after 12 hours of static cold storage16. The use of novel perfusion technologies such as normothermic machine perfusion may enable enhanced organ viability assessment, particularly for organs that appear poorly flushed after cold perfusion17. 

The authors acknowledge the weaknesses of this analysis. Decisions on usability were subjective, and made without the pressure of clinical responsibility as discarded organs adjudged to be usable were not implanted. The number of surgeons assessing each discarded organ was limited, as kidneys were evaluated immediately after transfer, which invariably occurred out-of-hours. This was necessary in order to facilitate timely offering of discarded kidneys to researchers. Although the present study found that a lower percentage of kidneys had been unnecessarily discarded when compared to the previous analysis1, it is not possible to be confident that this drop is a true finding, as the studies were performed by different groups of surgeons and the current study took into account histological analysis, while the prior study did not. Finally, there is uncertainty around the role of kidney biopsies in predicting graft outcome and decisions about single versus dual kidney transplantation. It is noted, however, that previous studies have suggested that a biopsy-based allocation system may reduce discard rates18, and that graft outcomes in kidneys with KDPI >90% are superior in dual transplants19.

Even with these weaknesses, we believe that this study has enabled a more objective assessment of discarded organs than those provided by registry data alone, and has highlighted an on-going issue. Findings from this study are likely to lead to further modifications to offering systems and surgical practice within the UK. We urge other countries to undertake similar analyses, with the aims of identifying barriers to organ utilisation and thereby reducing the unnecessary discard of deceased donor kidneys.
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Figure legends
Figure 1. Kidney 11 (from left to right: anterior surface, posterior surface, lower pole from above) was discarded due to poor perfusion and a lower polar scar, however on assessment perfusion was thought to be acceptable and the scar not to be of significant concern.  

Figure 2.  Kidneys 5 and 6 (top pane left to right: left kidney anterior surface, left kidney posterior surface; bottom pane left to right: right kidney anterior surface, right kidney posterior surface) were discarded due to concerns about their polycystic appearance. On re-assessment after discard it was felt that there was no evidence of polycystic disease given the relatively small number of cysts and the donor age.



	Kidney number and side
	Donor age (years), sex, type, COD, relevant co-morbidities, weight (kg)
	Donor terminal creatinine (mg/dL)
	KDPI (%)
	CIT at arrival at original accepting centre 
	CIT at entry to KFTS
	Reason for discard from original accepting centre
	Initial usability assessment post-discard (number of surgeons’ opinions)
	Remuzzi score*
	Final usability assessment post-discard
	Comment

	1, right
	69 male, DCD, ICH (trauma), 102
	0.84
	88
	Not transported
	2h 11m
	Poor perfusion

	Unusable (2)
	3+
	Unusable 
	Poor perfusion confirmed

	2, left
	
	
	
	
	
	
	Unusable (2)
	4+
	Unusable 
	

	3, left
	73 male, DCD, HBI, HT, renal impairment, 83
	1.33
	99
	3h 22m
	7h 2m
	Donor history
	Unusable (2)
	5
	Unusable 
	Vascular disease along length of renal artery

	4, right
	
	
	
	
	11h 8m
	
	Usable (1), unusable (1)
	6
	Unusable
	Only suitable as dual transplant but paired kidney unusable

	5, left
	72 female, DCD, ICH, HT, 71
	0.62
	100
	Data not available
	5h 35m
	Anatomy (polycystic)
	Possibly (1), usable (1)
	5
	Usable (as dual transplant)
	Low number of small cysts, not polycystic disease

	6, right
	
	
	
	
	
	Anatomy (polycystic)
	Usable (2)
	6
	
	

	7, right
	54 male, DBD, trauma, 80
	1.24
	57
	7h 15m
	13h 25m
	Mass 
	Unusable (2)
	4
	Unusable 
	Tumour (RCC)

	8, left
	59 female, DCD, interstitial lung disease, 70
	0.64
	66
	3h 30m
	9h 34m
	Poor perfusion
	Usable (1)
	3
	Usable 
	Did not appear poorly perfused; perfusate flushed well

	9, right
	
	
	
	3h 15m
	14h 38m
	
	Usable (1), unusable (1)
	4
	Usable 
	

	10, left
	72 male, DBD, HBI, HT, renal calculi, 90
	1.61
	97
	7h 40m
	9h 30m
	Donor age and past medical history
	Possibly (2)
	4
	Usable 
	Preferably implantable as a dual transplant

	11, right
	67 male, DCD, ICH, 104
	1.13
	95
	2h 57m
	9h 46m
	Poor perfusion, lower pole scar
	Usable (2)
	3+
	Usable 
	Did not appear poorly perfused; lower pole scar small

	12, left
	68 male, DCD, HBI, AAA, HT, T2DM, 90

	1.23
	99
	3h 30m
	9h 7m
	Donor past medical history and patch appearance
	Usable (2)
	6
	Usable 
	Preferably implantable as a dual transplant

	13, right
	
	
	
	
	
	
	Usable (2)
	3+
	Usable 
	

	14, left
	61 male, DCD, ICH, 85
	1.37
	93
	Not transported
	7h 52m
	FSGS lesions on biopsy
	Possibly (2)
	8
	Unusable
	FSGS lesions confirmed on re-biopsy 

	15, right
	
	
	
	
	
	
	Possibly (2)
	5
	Unusable
	

	16, left
	67 male, DBD, ICH, HT, T2DM, IHD, 98
	0.86
	96
	6h 24m
	12h 36m
	High Remuzzi score
	Possibly (1), unusable (1)
	6
	Unusable
	High Remuzzi score confirmed on re-biopsy

	17, left
	52 male, DCD, ICH, HT, 85
	0.75
	79
	2h 50m
	15h 11m
	Capsular tear and hilar vascular damage
	Usable (2)
	4+
	Unusable
	High Remuzzi score and damage

	18, left
	56 male, DCD, ICH, HT, 80
	2.07
	91
	4h 43m
	10h 46m
	High Remuzzi score with severe vasculopathy
	Possibly (1)
	6
	Unusable
	High Remuzzi score confirmed on re-biopsy

	19, right
	
	
	
	
	
	
	Possibly (1)
	7
	Unusable
	

	20, right
	66 male, DCD, HBI, 85
	1.31
	92
	2h 45m
	11h 5m
	Arterial intimal tear beyond hilum
	Unusable (2)
	5
	Unusable
	Intimal tear confirmed

	21, right
	58 female, DBD, ICH, drug abuse, 52
	0.52
	79
	Not transported
	Not in KFTS
	Mass in lung
	Unusable (2)
	5
	Unusable
	Confirmed lung adenocarcinoma

	22, left
	
	
	
	
	
	
	Unusable (2)
	2
	Unusable
	

	23, right
	83 male, DCD, ICH, PVD, IHD, 90
	0.87
	100
	3h 35m
	4h 48m
	High Remuzzi score
	Possibly (1), usable (1)
	5
	Unusable
	High Remuzzi score confirmed on re-biopsy

	24, left
	
	
	
	
	
	
	Possibly (1), usable (1)
	7
	Unusable
	

	25, right
	53 female, DBD, HBI, T2DM, PVD, HT, 103
	0.64
	68
	5h 40m
	11h 53m
	Mass
	Unusable (1)
	5
	Unusable
	Benign lesion but high Remuzzi score

	26, left
	72 male, DCD, ICH, HT, 75
	1.09
	100
	4h 5m
	5h 24m
	Mass on other kidney
	Possibly (1)
	4
	Usable 
	Biopsy showed benign lesion; implantable as dual transplant

	27, right
	
	
	
	
	
	Damage, mass 
	Possibly (1)
	4+
	Usable 
	

	28, left
	73 female, DBD, ICH, HT, 59
	0.88
	99
	6h 1m
	9h 31m
	Mass
	Unusable (1)
	5
	Unusable
	Benign lesion but high Remuzzi score for a single transplant

	29, right
	
	
	
	3h 1m
	9h 31m
	Retrieval injury - tear in renal vein
	Possibly (1)
	5
	Unusable
	High Remuzzi score and retrieval injury

	30, left
	29 male, DCD, trauma, 105
	1.15
	19
	Not transported
	2h 51m
	Poor perfusion
	Unusable (2)
	0
	Unusable
	Poor perfusion confirmed

	31, right
	
	
	
	Not transported
	Not in KFTS
	Poor perfusion
	Unusable (2)
	0
	Unusable
	



Table 1.  Data related to discarded deceased donor kidneys included in the analysis
AAA – abdominal aortic aneurysm; CIT – cold ischemia time; COD – cause of death; DBD – donor after brain death; DCD – donor after circulatory death; FSGS – focal segmental glomerulosclerosis; HBI – hypoxic brain injury; HT – hypertension; ICH - intracranial haemorrhage; IHD – ischemic heart disease; KDPI – Kidney Donor Profile Index; KFTS – Kidney Fast-Track Scheme; PVD – peripheral vascular disease; RCC – renal cell carcinoma; T2DM – type 2 diabetes mellitus 
*Histological scores with ‘+’ indicate that insufficient glomeruli were obtained for scoring glomerulosclerosis, and therefore the overall score would be at least the value shown if sufficient glomeruli had been obtained.


Figure 1. Kidney 11 (from left to right: anterior surface, posterior surface, lower pole from above) was discarded due to poor perfusion and a lower pole scar, however on assessment perfusion was thought to be acceptable and the scar not to be of significant concern.  
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Figure 2.  Kidneys 5 and 6 (top pane left to right: left kidney anterior surface, left kidney posterior surface; bottom pane left to right: right kidney anterior surface, right kidney posterior surface) were discarded due to concerns about a polycystic appearance. On re-assessment after discard it was felt that there was no evidence of polycystic disease given the relatively small number of cysts and the donor age.
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