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Strengths and limitations of the study

 The study was a 10 year retrospective study involving all the registered renal 
transplant recipients in the UK over this time period.

 The database is filled in by each transplant center; therefore the data has not 
been independently corroborated. 

 A minority of patients will have refused to be enrolled in the national database 
potentially affecting our findings.

 The database is used to audit transplant provision in the UK therefore it was 
not set up specifically for this research project 
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Abstract

Objective: To identify whether renal transplant activity varies in a reproducible 

manner across the year

Design: Retrospective cohort study using NHS blood and transplant (NHSBT) data

Setting: All renal transplant centers in the UK

Participants: 24,270 patients who underwent renal transplantation between 2005 and 

2014

Primary outcome: Monthly transplant activity was analysed to see if transplant 

activity showed variation during the year

Secondary Outcome: The number of organs rejected due to healthcare capacity was 

analysed to see if this affected transplantation rates.

Results: Analysis of national transplant data revealed a reproducible yearly variance 

in transplant activity. This activity increased in late autumn and early winter (p=0.05) 

and could be attributed to increased rates of living (October-November) and deceased 

organ donation (November, December). An increase in deceased donation was 

attributed to a rise in donors following cerebrovascular accidents and hypoxic brain 

injury. Other causes of death (infections and road traffic accidents) were more 

seasonal in nature peaking in the winter or summer respectively. Only 1.4% of 

transplants to intended recipients were redirected due to a lack of healthcare capacity, 

suggesting that capacity pressures in the NHS did not significantly affect transplant 

activity.  

Conclusion: UK renal transplant activity peaks in late autumn/ winter in contrast to 

other countries. Currently healthcare capacity does not affect transplant activity; 
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however this may change if transplantation activity increases as the spike in transplant 

activity coincides with peak activity in the national healthcare system.
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Introduction

When organ donors and families of potential donors consent to donation, they make 

a very valuable gift which is life changing for the recipient. Despite recent 

improvements in the United Kingdom (UK)1 and other countries regarding access to 

transplantation demand for renal transplantation exceeds the number of available 

donors leading to increased patient mortality and morbidity.  Since many potential 

donors cannot be utilised for various reasons it is vital that these are minimised so that 

every potential organ for transplant is utilised for the primary intended recipient. One 

of the reasons transplantation does not proceed is due to a lack of clinical capacity. 

Therefore healthcare planning plays a key role in ensuring that sufficient capacity 

exists so that all transplants are utilised for the primary intended recipients.  This could 

be potentially difficult as the NHS often works near or at maximum capacity2, 

especially in winter months. 

Renal transplantation uses both living and deceased donors. Human mortality rates 

are known to oscillate in a seasonal manner from some diseases3. This can be 

attributed to the effects of endogenous seasonal rhythms and climatic factors on 

human performance and activity patterns. In the U.K. seasonal variations are 

commonly observed for infectious diseases such as influenza4, cerebrovascular 

disease5-10 and myocardial infarctions11. Several studies have recently shown how 

understanding these oscillations are crucial for planning and delivering optimum health 

care delivery12.  Despite the USA covering many different climate zones, 

cerebrovascular accidents in the USA peak in the winter 13, in a similar pattern to the 

UK 5-10. Surprisingly despite these deaths being a leading cause of organ donation 
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transplant activity in the USA is lowest in the winter months for both renal14 and heart 

transplantation15. A similar pattern is also seen in Italy16, suggesting this seasonal 

variance could be observed in other countries.   

To the best of our knowledge seasonal fluctuations in transplant activity have not been 

investigated in the UK. We therefore examined the national cohort over a 10 year 

period to establish both seasonal fluctuations and whether healthcare capacity 

influences activity. 
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Methods

All UK renal adults transplants, performed between 2005 and 2014 to recipients over 

18 years old, were included in the study. Data was provided by NHSBT (NHS Blood 

and Transplant) who maintain a comprehensive national database on the 24 adult 

kidney transplant centres in the United Kingdom.  This data was combined with data 

collected on donor activity, provided by the National Organ Retrieval Service (NORS). 

Deceased donation is categorised into donation after brain death (DBD) and donation 

after circulatory death DCD). All donor deaths are further classified according to the 

cause of mortality. “Cerebrovascular event” was defined as death due to intracranial 

haemorrhage, intracranial thrombus or unclassified intracranial event. “Infection” was 

defined as death due to meningitis, septicaemia, pneumonia or unclassified infection.  

Deceased donor transplants form about two thirds of all UK transplant activity. The 

other one third of kidney transplants, are transplants from living donors. Living donor 

transplants are logistically different as they are planned and scheduled elective cases 

depending on several factors which can usually be controlled. Deceased donor 

transplants on the other hand are unplanned occurring when organs become available 

after death of a suitable donor. Recipients are then allocated organs according to 

agreed national allocation criteria.

Data was analysed according to the month and year the transplant occurred. Donation 

details were analysed in a similar manner. The observed data was compared to the 

expected transplant activity calculated by measuring the total number of transplants 

divided by the number of days in the same year. 

Data was also analysed according to organs offered to different centres for named 

patients and declined, for various reasons by the centre. Organs are declined for 

various clinical reasons and, anecdotally, rarely due to capacity and peaks of activity. 
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Capacity issues for the purposes of this paper were sub classified into different 

categorical values (centre already transplanting, no beds, no staff, no theatre, no time).

Statistical methods

Generalised linear models (GLMs), with a Poisson link function were used to model 

the effect that month of the year had on our data. Offset variables were used to account 

for the slight differences in number of days per month. To account for the unknown 

correlation structure in our data, generalised estimating equations (GEEs) were used 

to estimate the GLM parameters17.

Chi-squared goodness of fit tests were used to assess whether the observed number 

of transplants per month differed from the expected value under the GLM. When this 

test was significant (i.e. the expected values were significantly different to the 

observed values), Pearson residuals were used to identify the particular months which 

caused this mismatch. Residuals that are greater than 2 in magnitude suggest some 

degree of lack of fit18. 

Sine and cosine curves were fitted to the transplant data to investigate whether 

repeating patterns occurred across the months. All analyses were performed using 

SPSS 22 (IBM corp)

Ethics:

This study received ethical permission from NHSBT 

Page 9 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Results

During the ten-year study period 24,270 adult kidney transplants were performed in 

the UK. 15,094 (62%) were from deceased donors and 9,166 (38%) were from living 

donors

Kidney Transplant activity changes in a consistent manner throughout the year 

Kidney Transplant activity varied by 17.1% within a year (p<0.01, chi-square, 

fig 1a). Transplant activity was highest in November (11% increase from mean, 

p<0.01) and lowest in August (6% decrease from mean, p<0.01).  Investigating 

seasonal variation, transplant activity increased in the autumn compared to spring and 

summer (p<0.05 one way ANOVA); these patterns were consistent every year during 

the 10 year study period (p<0.01 GEE). 

Kidney transplantation utilises both living and deceased donors. Our dataset 

was therefore examined to see if one of these types was responsible for the variance 

in activity. Transplant activity utilising organs from living donors (fig. 1b) significantly 

increased in October and November and decreased in December, April, May and 

August. Transplant activity utilising organs from deceased donors (fig. 1c) increased 

in December and a similar trend was observed in November. Therefore the increase 

in activity for November, which has the highest activity, is due to an increase in 

transplants utilising kidneys from both living and deceased organ donors. This 

contrasts with August, which had the lowest activity, and is solely explained by a fall 

in living donor activity.

Incidence for brain injury donors fluctuates over the year
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Donation from cerebrovascular and hypoxic brain injury accounted for 78.8% of all 

deceased donor transplants, therefore we hypothesised that the spike in deceased 

donor transplants is due to an increase in donors from these categories during 

November and December. Cerebrovascular deaths, as a cause of donor death, were  

significantly increased in November (12% increase from the mean, p<0.01) (fig. 2a).  

Donations from donors who had experienced a hypoxic brain injury tended to increase 

during this period with the highest spike being in December (25% increase from the 

mean, p=0.15) (fig 2b). When these results are combined, they mirror the fluctuations 

seen for all deceased organ transplant activity (fig. 2c) with signifcant elevations in 

transplant activity during November and December (p<0.01).

   

Seasonal Variance in the incidence of donors after infection

We also examined other causes of donor death which significantly varied over the year 

(table 1). Donations from donors dying from infective causes peaked in the winter 

months and declined in the summer (fig3b) this relationship could be explained by a 

cosine curve (fig 3b, p<0.05) suggesting an underlying seasonal oscillation. Donations 

after road traffic accidents (fig. 3a) were higher during late spring, summer and early 

autumn (April-September) compared to other times of the year. 

The effect of healthcare capacity on transplant activity

The U.K. healthcare system routinely works at high capacity19, potentially resulting in 

reduced transplantation rates due to bed and staffing shortages. We therefore 

examined whether the reproducible monthly changes in transplant activity could be 

attributed to a lack of capacity in the healthcare system.  Although a large number 

28,789 of deceased donor offers were declined for transplantation over the study 
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period only a small fraction of these were due to lack of capacity (n=480 mean 1.22% 

(±0.22%SD). 
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Discussion

The National Health Service in the U.K. is coping with increased pressures especially 

in winter19. This study reveals that UK kidney transplant activity peaks in November 

and December, at the beginning of winter, in contrast with a number of European16 20 

and North American centres14 15. This unexpected finding is due to increased living 

and deceased donation. Although detailed causal analysis was beyond the scope of 

the study, the increases in deceased donation could be attributed to both increases in 

cerebrovascular and hypoxic brain events. This is consistent with findings from 

previous studies studying the incidence of these events both in the UK7 and other 

northern hemisphere countries9 10. 

The winter surge in transplant activity has important implications for the U.K. health 

system (NHS). During the UK winter there is also a surge in emergency admissions to 

hospitals, placing the system under significant strain, sometimes resulting in 

cancellation of elective and semi-elective operations for up to several months21. It was 

therefore reassuring that we found no solid evidence of transplant surgery utilising 

deceased donors being cancelled during the winter months. Despite this however it is 

important that transplant departments plan for this predictable and reproducible surge 

in transplant activity. We are confident that this is likely to continue into the future as 

two different statistical tests (chi-square and GEE) produced similar results. 

Healthcare capacity planning should take our findings into account when planning 

capacity at transplant centres. This is especially important as UK transplant activity 

should significantly increase the next two years.
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Certain limitations should be noted when interpreting the results of this study. We were 

not able to investigate whether healthcare capacity influenced the number of living 

donations since this data was not recorded. Since this was a retrospective study there 

is always the potential for inherent bias, although the large dataset will minimise this 

effect.

Our study clearly shows that UK renal transplant activity increases in the winter in 

contrast to previous studies investigating seasonal transplant activity in other 

countries. This could have implications for the UK health system since winter is when 

the British health system is placed under maximal strain and therefore should be taken 

into account for any future planning of increased resources and staffing.

Authorship: AT and JB conceived the study. AT, JB and ML obtained and analysed 
the data. RM did the statistical analysis. KP, JW, HD, DD, DWR, HD, AA 
substantially contributed to the interpretation of the data. AT, JB and AA drafted the 
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Tables

Table 1

Cause of death in the Donor n

p value for whether 

donation varied 

across the year

Intracranial / Cerebrovascular causes 9452 <0.01

Hypoxic brain damage 2448 <0.01

Trauma 1532 <0.01

Infective Causes 367 <0.01

Cardiovascular 237 0.13

Respiratory / Pulmonary causes 192 0.17

Brain Tumors 180 0.14

Poisoning / Drug overdose 55 0.03

Organ Failure (Various Causes) 53 <0.01

Other / Unknown 578 0.01

Table 1: Seasonal variation in kidney transplants utilising organs from 

deceased donors. All deceased donations over a 10 year period were split into 

groups according to aetiology, defined by NHSBT. The incidence for the majority 

(7/10) of causes varied significantly during the year.  
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Figure 1: Transplant activity changes throughout the year. The number of transplants per day (a) varied 
significantly throughout the year (p<0.01).  The November peak in overall transplant activity can be 

attributed to an increase in transplant activity from both living (b) and deceased donors (c). (*=p<0.05, 
**=p<0.01 Pearson residual) 
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Figure 2: Fluctuations in the number of donors with cerebrovascular and hypoxic brain injury explains the 
fluctuations in deceased donors. Organ donation after cerebrovascular events (a) were elevated in 

September, November and December. Donation after hypoxic brain damage (b) showed a similar end of 
year increase in activity. When both these causes were combined (c) it closely mirrored the fluctuation seen 

in transplant activity for all deceased donors (shown in fig 1c). 
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Figure 3: Donation from donors with infection and trauma also oscillate throughout the year. The rates of 
donation after infection and trauma were plotted against months of the year. Donation rates after trauma 

increased in the summer as opposed to the winter (a). For infection (b) the rates oscillated (cosine p<0.05) 
throughout the year peaking in the winter months. 
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohort reporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title #1a Indicate the study’s design with a commonly used term in the title or the 
abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

3

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

4

Objectives #3 State specific objectives, including any prespecified hypotheses 4

Study design #4 Present key elements of study design early in the paper 6

Setting #5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

6

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up.

6

#6b For matched studies, give matching criteria and number of exposed and n/a
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unexposed

Variables #7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if applicable

6 and 7

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group. Give information separately 
for for exposed and unexposed groups if applicable.

6

Bias #9 Describe any efforts to address potential sources of bias n/a

Study size #10 Explain how the study size was arrived at 6

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

6 and 7

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

7

#12b Describe any methods used to examine subgroups and interactions 7

#12c Explain how missing data were addressed n/a

#12d If applicable, explain how loss to follow-up was addressed n/a

#12e Describe any sensitivity analyses n/a

Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 
included in the study, completing follow-up, and analysed. Give 
information separately for for exposed and unexposed groups if 
applicable.

n/a

#13b Give reasons for non-participation at each stage n/a

#13c Consider use of a flow diagram n/a

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for exposed and unexposed groups if applicable.

10

#14b Indicate number of participants with missing data for each variable of 
interest

10

#14c Summarise follow-up time (eg, average and total amount) n/a
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Outcome data #15 Report numbers of outcome events or summary measures over time. 
Give information separately for exposed and unexposed groups if 
applicable.

10

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

10-12

#16b Report category boundaries when continuous variables were categorized n/a

#16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and 
interactions, and sensitivity analyses

10-12

Key results #18 Summarise key results with reference to study objectives 13-14

Limitations #19 Discuss limitations of the study, taking into account sources of potential 
bias or imprecision. Discuss both direction and magnitude of any 
potential bias.

13-14

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

13-14

Generalisability #21 Discuss the generalisability (external validity) of the study results 13-14

Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

1

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY. 
This checklist was completed on 30. November 2018 using http://www.goodreports.org/, a tool made by the 
EQUATOR Network in collaboration with Penelope.ai
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Abstract

Objective: To identify whether renal transplant activity varies in a reproducible 

manner across the year

Design: Retrospective cohort study using NHS blood and transplant (NHSBT) data

Setting: All renal transplant centers in the UK

Participants: 24,270 patients who underwent renal transplantation between 2005 and 

2014

Primary outcome: Monthly transplant activity was analysed to see if transplant 

activity showed variation during the year

Secondary Outcome: The number of organs rejected due to healthcare capacity was 

analysed to see if this affected transplantation rates.

Results: Analysis of national transplant data revealed a reproducible yearly variance 

in transplant activity. This activity increased in late autumn and early winter (p=0.05) 

and could be attributed to increased rates of living (October-November) and deceased 

organ donation (November, December). An increase in deceased donation was 

attributed to a rise in donors following cerebrovascular accidents and hypoxic brain 

injury. Other causes of death (infections and road traffic accidents) were more 

seasonal in nature peaking in the winter or summer respectively. Only 1.4% of 

transplants to intended recipients were redirected due to a lack of healthcare capacity, 

suggesting that capacity pressures in the NHS did not significantly affect transplant 

activity.  

Conclusion: UK renal transplant activity peaks in late autumn/ winter in contrast to 

other countries. Currently healthcare capacity, though under strain, does not affect 

transplant activity; however this may change if transplantation activity increases in line 
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with national strategies as the spike in transplant activity coincides with peak activity 

in the national healthcare system.
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Strengths and limitations of the study

 The study was a 10-year retrospective study involving all the registered renal 
transplant recipients in the UK over this time period.

 The national transplant database is filled using data submitted by each 
transplant center therefore, the data has not been independently corroborated. 

 A minority of patients will have refused to be enrolled in the national database 
potentially affecting our findings.

 The database is used to audit transplant provision and outcomes in the UK 
therefore it was not set up specifically for this research project 
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Introduction

When organ donors and families of potential donors consent to donation, they make 

a very valuable gift which is life changing for the recipient. Despite recent 

improvements in the United Kingdom (UK)1 and other countries regarding access to 

transplantation, demand for renal transplantation still exceeds the number of available 

donors2. This results in  increased patient mortality and morbidity3.  Since many 

potential donors cannot be utilised for various reasons, it is vital that these reasons 

are minimised so that every potential organ for transplant is utilised for the primary 

intended recipient. One of the reasons transplantation does not proceed is due to a 

lack of clinical capacity. Therefore healthcare planning plays a key role in ensuring 

that sufficient capacity exists so that all transplants are utilised for the primary intended 

recipients.  This could be potentially difficult as the NHS often works near or at 

maximum capacity4, especially in winter months. 

Renal transplantation uses both living and deceased donors. Human mortality rates 

are known to oscillate in a seasonal manner from some diseases5. This can be 

attributed to the effects of endogenous seasonal rhythms and climatic factors on 

human performance and activity patterns. In the U.K. seasonal variations are 

commonly observed for infectious diseases such as influenza6, cerebrovascular 

disease7-12 and myocardial infarctions13. Several studies have recently shown how 

understanding these oscillations are crucial for planning and delivering optimum health 

care delivery14.  Despite the USA covering many different climate zones, 

cerebrovascular accidents in the USA peak in the winter 15, in a similar pattern to the 

UK 7-12. Surprisingly despite these deaths being a leading cause of organ donation 

transplant activity in the USA is lowest in the winter months for both renal16 and heart 
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transplantation17. A similar pattern is also seen in Italy18, suggesting this seasonal 

pattern is conserved in other countries.   

To the best of our knowledge seasonal fluctuations in transplant activity have not been 

investigated in the UK. We therefore examined the national cohort over a 10-year 

period to establish both seasonal fluctuations and whether healthcare capacity 

influences activity. 
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Methods

All UK renal adult transplants, performed between 2005 and 2014 to recipients over 

18 years old, were included in the study. Data was provided by NHSBT (NHS Blood 

and Transplant) who maintain a comprehensive national database on the 24 adult 

kidney transplant centres in the United Kingdom.  This data was combined with data 

collected on donor activity, provided by the National Organ Retrieval Service (NORS). 

Deceased donation is categorised into donation after brain death (DBD) and donation 

after circulatory death DCD). All donor deaths are further classified according to the 

cause of mortality. “Cerebrovascular event” was defined as death due to intracranial 

haemorrhage, intracranial thrombus or unclassified intracranial event. “Infection” was 

defined as death due to meningitis, septicaemia, pneumonia or unclassified infection.  

Deceased donor transplants form about two thirds of all UK kidney transplant activity. 

The other one third of kidney transplants are transplants from living donors. Living 

donor transplants are logistically different as they are planned and scheduled elective 

cases depending on several factors which can usually be controlled. Deceased donor 

transplants on the other hand are unplanned occurring when organs become available 

after death of a suitable donor. Recipients are then allocated organs according to 

agreed national allocation criteria.

Data was analysed according to the month and year the transplant occurred. Donation 

details were analysed in a similar manner. The observed data was compared to the 

expected transplant activity calculated by measuring the total number of transplants 

divided by the number of days in the same year. 

Data was also analysed according to organs offered to different centres for named 

patients and declined, for various reasons by the centre. Organs are declined for 

various clinical reasons and, anecdotally, rarely due to capacity and peaks of activity. 
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Capacity issues for the purposes of this paper were sub classified into different 

categorical values (centre already transplanting, no beds, no staff, no theatre, no time).

Statistical methods

Generalised linear models (GLMs), with a Poisson link function were used to model 

the effect that month of the year had on our data. Offset variables were used to account 

for the slight differences in number of days per month. To account for the unknown 

correlation structure in our data, generalised estimating equations (GEEs) per year 

were used to estimate the GLM parameters19.

Chi-squared goodness of fit tests assessed whether the observed number of 

transplants per month differed from the expected value if there was no seasonal 

variability. When this test was significant (i.e. the expected values were significantly 

different to the observed values), Pearson residuals were used to identify the particular 

months which caused this mismatch. Residuals that are greater than 2 in magnitude 

suggest some degree of lack of fit20. 

Sine and cosine curves were fitted to the transplant data to investigate whether 

repeating patterns occurred across the months. All analyses were performed using 

SPSS 22 (IBM corp)

Patient and Public Involvement:

Patients and Public were not involved in the design or analysis of data for this study

Ethics:

Data was collected by NHSBT and analysed after obtaining approval from them in 

accordance with their policies

Data Availability:
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Raw data will be available from the corresponding author after permission has been 

obtained from NHSBT. The statistical code has been uploaded onto a data repository 

DOI: 10.17632/48nxwvcfnh.1
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Results
During the ten-year study period 24,270 adult kidney transplants were performed in 

the UK. 15,094 (62%) were from deceased donors and 9,166 (38%) were from living 

donors

Kidney Transplant activity changes in a consistent manner throughout the year 

Kidney Transplant activity varied by 17.1% within a year (p<0.01, chi-square, 

fig 1a). Transplant activity was highest in November (11% increase from mean, 

p<0.01) and lowest in August (6% decrease from mean, p<0.01).  Investigating 

seasonal variation, transplant activity increased in the autumn compared to spring and 

summer (p<0.05 one-way ANOVA); these patterns were consistent every year during 

the 10 year study period (p<0.01 GEE). 

Kidney transplantation utilises both living and deceased donors. Our dataset 

was therefore examined to see if one of these types was responsible for the variance 

in activity. Transplant activity utilising organs from living donors (fig. 1b) significantly 

increased in October and November and decreased in December, April, May and 

August. Transplant activity utilising organs from deceased donors (fig. 1c) increased 

in December and a similar trend was observed in November. Therefore the increase 

in activity for November, which has the highest activity, is due to an increase in 

transplants utilising kidneys from both living and deceased organ donors. This 

contrasts with August, which had the lowest activity, and is solely explained by a fall 

in living donor activity.

Incidence for brain injury donors fluctuates over the year
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Donation from cerebrovascular and hypoxic brain injury accounted for 78.8% of all 

deceased donor transplants, therefore we hypothesised that the spike in deceased 

donor transplants is due to an increase in donors from these categories during 

November and December. Cerebrovascular deaths, as a cause of donor death, were 

significantly increased in November (12% increase from the mean, p<0.01) (fig. 2a).  

Donations from donors who had experienced a hypoxic brain injury tended to increase 

during this period with the highest spike being in December (25% increase from the 

mean, p=0.15) (fig 2b). When these results are combined, they mirror the fluctuations 

seen for all deceased organ transplant activity (fig. 2c) with significant elevations in 

transplant activity during November and December (p<0.01).

   

Seasonal Variance in the incidence of donors after infection

We also noted that other causes of donor death significantly varied over the year (table 

1). Interestingly, this variance was mainly observed in donations after brain death 

(table 2) rather than circulatory death (table 3). Donations after road traffic accidents 

(fig. 3a) were higher during late spring, summer and early autumn (April-September) 

compared to other times of the year. Donations from donors dying from infective 

causes peaked in the winter months and declined in the summer (fig3b) this 

relationship could be explained by a cosine curve (fig 3b, p<0.05) suggesting a 

potential underlying seasonal oscillation. 

The effect of healthcare capacity on transplant activity

The U.K. healthcare system routinely works at high capacity21, potentially resulting in 

reduced transplantation rates due to bed and staffing shortages. We therefore 

examined whether the reproducible monthly changes in transplant activity could be 
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attributed to a lack of capacity in the healthcare system.  Although a large number 

28,789 of deceased donor offers were declined for transplantation over the study 

period only a small fraction of these were due to lack of capacity (n=480 mean 1.22% 

(±0.22%SD). 
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Discussion

The National Health Service in the U.K. is coping with increased pressures especially 

in winter21. This study reveals that UK kidney transplant activity peaks in November 

and December, at the beginning of winter, in contrast with a number of European18 22 

and North American centres16 17. This unexpected finding is due to increased living 

and deceased donation. Although detailed causal analysis was beyond the scope of 

the study, the increases in deceased donation could be attributed to both increases in 

cerebrovascular and hypoxic brain events. This is consistent with findings from 

previous studies studying the incidence of these events both in the UK9 and other 

northern hemisphere countries11 12. 

The winter surge in transplant activity has important implications for the U.K. health 

system (NHS). During the UK winter there is also a surge in emergency admissions to 

hospitals, placing the system under significant strain, sometimes resulting in 

cancellation of elective and semi-elective operations for up to several months23. It was 

therefore reassuring that we found at the national level no solid evidence of transplant 

surgery utilising deceased donors being cancelled during the winter months. Despite 

this however it is important that individual transplant departments plan for this 

predictable and reproducible surge in transplant activity making sure their own activity 

is not affected. We are confident that this surge is likely to continue into the future as 

two different statistical tests (chi-square and GEE) produced similar results. This is 

especially important as UK transplant activity is likely to increase due to recent 

changes in legislation.  
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Certain limitations should be noted when interpreting the results of this study. We were 

not able to investigate whether healthcare capacity influenced the number of living 

donations since this data was not recorded. Since this was a retrospective study there 

is always the potential for inherent bias, although the large dataset will minimise this 

effect. Finally, each centre is responsible for submitting their own data, and therefore 

could not independently verify this data.

Our study clearly shows that UK renal transplant activity increases in the winter in 

contrast to previous studies investigating seasonal transplant activity in other 

countries. This could have implications for the UK health system since winter is when 

the British health system is placed under maximal strain. This seasonal variation 

should therefore be considered for any future planning especially with the potential 

impact of the opt out legislation and strategies to increase organ donation and 

transplantation.
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Tables

Table 1

Cause of death in the Donor n

p value for whether 

donation varied 

across the year

Intracranial / Cerebrovascular causes 9452 <0.01

Hypoxic brain damage 2448 <0.01

Trauma 1532 <0.01

Infective Causes 367 <0.01

Cardiovascular 237 0.13

Respiratory / Pulmonary causes 192 0.17

Brain Tumors 180 0.14

Poisoning / Drug overdose 55 0.03

Organ Failure (Various Causes) 53 <0.01

Other / Unknown 578 0.01

Table 1: Seasonal variation in kidney transplants utilising organs from deceased 

donors. All deceased donations over a 10-year period were split into groups according 

to aetiology, defined by NHSBT. The incidence for the majority (7/10) of causes varied 

significantly during the year.  
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Table 2: 

Cause of death in the Donor n

p value for whether 

donation varied 

across the year

Intracranial / Cerebrovascular causes 6985 <0.01

Hypoxic brain damage 1232 <0.01

Trauma 970 <0.01

Infective Causes 260 <0.01

Cardiovascular 71 <0.01

Respiratory / Pulmonary causes 7 0.18

Brain Tumors 149 0.57

Poisoning / Drug overdose 26 <0.01

Other / Unknown 350 0.21

Table 2: Seasonal variation in kidney transplants utilising organs from donors 

after brain death. All donations after brain death over a 10-year period were split into 

groups according to aetiology, defined by NHSBT. The incidence for the majority (6/9) 

of causes varied significantly during the year.  
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Table 3:

Cause of death in the Donor n

p value for whether 

donation varied 

across the year

Intracranial / Cerebrovascular causes

Hypoxic brain damage 1216 0.159

Trauma 562 <0.01

Infective Causes 107 0.05

Cardiovascular 166 0.88

Respiratory / Pulmonary causes 185 0.25

Brain Tumors 31 0.07

Poisoning / Drug overdose 29 <0.01

Other / Unknown 228 <0.01

Table 2: Seasonal variation in kidney transplants utilising organs from donors 

after circulatory death. All donations after circulatory death over a 10-year period 

were split into groups according to aetiology, defined by NHSBT. The incidence for a 

minority (3/9) of causes varied significantly during the year.  
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Figure legends

Figure 1: Changes in transplant activity during the year.  (a) The number of UK 

renal transplants per month varied significantly during the year (p<0.01) peaking in 

November. (b) Transplants arising from living donors varied significantly throughout 

the year peaking in October and November (c) Transplant activity utilising deceased 

donors varied significantly over the year peaking on December (*=p<0.05, **=p<0.01 

Pearson residual)

Figure 2: Changes in transplant activity utilizing donors after cerebrovascular 

events or hypoxic brain injury. (a) Transplant activity using donors following 

cerebrovascular events changed throughout the year increasing in November. (b) 

Transplant activity using donors with hypoxic brain damage also increased in activity 

at the end of the year (November and December). (c) By combining both these causes 

the graph mirrors the fluctuation seen in transplant activity for all deceased donors 

(shown in fig 1c). (*=p<0.05, **=p<0.01 Pearson residual)

Figure 3: Seasonal variation in transplant activity arising after infection or 

trauma. (a) Transplant activity using donors following traumatic incidents increased in 

the summer (b) as opposed to transplant activity utilising donors following infection 

which oscillated in a sinusoidal manner peaking in the winter. (*=p<0.05, **=p<0.01 

Pearson residual, best fit line for infection is a cosine (P<0.05))
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Figure 1: Changes in transplant activity during the year.  (a) The number of UK renal transplants per month 
varied significantly during the year (p<0.01) peaking in November. (b) Transplants arising from living 

donors varied significantly throughout the year peaking in October and November (c) Transplant activity 
utilising deceased donors varied significantly over the year peaking on December (*=p<0.05, **=p<0.01 

Pearson residual) 
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Figure 2: Changes in transplant activity utilizing donors after cerebrovascular events or hypoxic brain injury. 
(a) Transplant activity using donors following cerebrovascular events changed throughout the year 

increasing in November. (b) Transplant activity using donors with hypoxic brain damage also increased in 
activity at the end of the year (November and December). (c) By combining both these causes the graph 
mirrors the fluctuation seen in transplant activity for all deceased donors (shown in fig 1c). (*=p<0.05, 

**=p<0.01 Pearson residual) 
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Figure 3: Seasonal variation in transplant activity arising after infection or trauma. (a) Transplant activity 
using donors following traumatic incidents increased in the summer (b) as opposed to transplant activity 

utilising donors following infection which oscillated in a sinusoidal manner peaking in the winter. (*=p<0.05, 
**=p<0.01 Pearson residual, best fit line for infection is a cosine (P<0.05)) 
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohort reporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title #1a Indicate the study’s design with a commonly used term in the title or the 
abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

3

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

4

Objectives #3 State specific objectives, including any prespecified hypotheses 4

Study design #4 Present key elements of study design early in the paper 6

Setting #5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

6

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up.

6

#6b For matched studies, give matching criteria and number of exposed and n/a
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unexposed

Variables #7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if applicable

6 and 7

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group. Give information separately 
for for exposed and unexposed groups if applicable.

6

Bias #9 Describe any efforts to address potential sources of bias n/a

Study size #10 Explain how the study size was arrived at 6

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

6 and 7

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

7

#12b Describe any methods used to examine subgroups and interactions 7

#12c Explain how missing data were addressed n/a

#12d If applicable, explain how loss to follow-up was addressed n/a

#12e Describe any sensitivity analyses n/a

Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 
included in the study, completing follow-up, and analysed. Give 
information separately for for exposed and unexposed groups if 
applicable.

n/a

#13b Give reasons for non-participation at each stage n/a

#13c Consider use of a flow diagram n/a

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for exposed and unexposed groups if applicable.

10

#14b Indicate number of participants with missing data for each variable of 
interest

10

#14c Summarise follow-up time (eg, average and total amount) n/a
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Outcome data #15 Report numbers of outcome events or summary measures over time. 
Give information separately for exposed and unexposed groups if 
applicable.

10

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

10-12

#16b Report category boundaries when continuous variables were categorized n/a

#16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and 
interactions, and sensitivity analyses

10-12

Key results #18 Summarise key results with reference to study objectives 13-14

Limitations #19 Discuss limitations of the study, taking into account sources of potential 
bias or imprecision. Discuss both direction and magnitude of any 
potential bias.

13-14

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

13-14

Generalisability #21 Discuss the generalisability (external validity) of the study results 13-14

Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

1

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License CC-BY. 
This checklist was completed on 30. November 2018 using http://www.goodreports.org/, a tool made by the 
EQUATOR Network in collaboration with Penelope.ai
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Abstract

Objective: To identify whether renal transplant activity varies in a reproducible 

manner across the year

Design: Retrospective cohort study using NHS blood and transplant (NHSBT) data

Setting: All renal transplant centers in the UK

Participants: 24,270 patients who underwent renal transplantation between 2005 and 

2014

Primary outcome: Monthly transplant activity was analysed to see if transplant 

activity showed variation during the year

Secondary Outcome: The number of organs rejected due to healthcare capacity was 

analysed to see if this affected transplantation rates.

Results: Analysis of national transplant data revealed a reproducible yearly variance 

in transplant activity. This activity increased in late autumn and early winter (p=0.05) 

and could be attributed to increased rates of living (October-November) and deceased 

organ donation (November, December). An increase in deceased donation was 

attributed to a rise in donors following cerebrovascular accidents and hypoxic brain 

injury. Other causes of death (infections and road traffic accidents) were more 

seasonal in nature peaking in the winter or summer respectively. Only 1.4% of 

transplants to intended recipients were redirected due to a lack of healthcare capacity, 

suggesting that capacity pressures in the NHS did not significantly affect transplant 

activity.  

Conclusion: UK renal transplant activity peaks in late autumn/ winter in contrast to 

other countries. Currently healthcare capacity, though under strain, does not affect 

transplant activity; however this may change if transplantation activity increases in line 
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with national strategies as the spike in transplant activity coincides with peak activity 

in the national healthcare system.
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Strengths and limitations of the study

 The study was a 10-year retrospective study involving all the registered renal 
transplant recipients in the UK over this time period.

 The national transplant database is filled using data submitted by each 
transplant center therefore, the data has not been independently corroborated. 

 A minority of patients will have refused to be enrolled in the national database 
potentially affecting our findings.

 The database is used to audit transplant provision and outcomes in the UK 
therefore it was not set up specifically for this research project 
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Introduction

When organ donors and families of potential donors consent to donation, they make 

a very valuable gift which is life changing for the recipient. Despite recent 

improvements in the United Kingdom (UK)1 and other countries regarding access to 

transplantation, demand for renal transplantation still exceeds the number of available 

donors2. This results in increased patient mortality and morbidity3.  Since many 

potential donors cannot be utilised for various reasons, it is vital that these reasons 

are minimised so that every potential organ for transplant is utilised for the primary 

intended recipient. One of the reasons transplantation does not proceed is due to a 

lack of clinical capacity. Therefore healthcare planning plays a key role in ensuring 

that sufficient capacity exists so that all transplants are utilised for the primary intended 

recipients.  This could be potentially difficult as the NHS often works near or at 

maximum capacity4, especially in winter months. 

Renal transplantation uses both living and deceased donors. Human mortality rates 

are known to oscillate in a seasonal manner for some diseases5. This can be attributed 

to the effects of endogenous seasonal rhythms and climatic factors on human 

performance and activity patterns. In the U.K. seasonal variations are commonly 

observed for infectious diseases such as influenza6, cerebrovascular disease7-12 and 

myocardial infarctions13. Several studies have recently shown how understanding 

these oscillations are crucial for planning and delivering optimum health care 

delivery14.  Despite the USA covering many different climate zones, cerebrovascular 

accidents in the USA peak in the winter15, in a similar pattern to the UK7-12. Surprisingly 

despite these deaths being a leading cause of organ donation transplant activity in the 

USA is lowest in the winter months for both renal16 and heart transplantation17. A 
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similar pattern is also seen in Italy18, suggesting this seasonal pattern is conserved in 

other countries.   

To the best of our knowledge seasonal fluctuations in transplant activity have not been 

investigated in the UK. We therefore examined the national cohort over a 10-year 

period to establish both seasonal fluctuations and whether healthcare capacity 

influences activity. 
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Methods

All UK renal adult transplants, performed between 2005 and 2014 to recipients over 

18 years old, were included in the study. Data was provided by NHSBT (NHS Blood 

and Transplant) who maintain a comprehensive national database on the 24 adult 

kidney transplant centres in the United Kingdom.  This data was combined with data 

collected on donor activity, provided by the National Organ Retrieval Service (NORS). 

Deceased donation is categorised into donation after brain death (DBD) and donation 

after circulatory death DCD). All donor deaths are further classified according to the 

cause of mortality. “Cerebrovascular event” was defined as death due to intracranial 

haemorrhage, intracranial thrombus or unclassified intracranial event. “Infection” was 

defined as death due to meningitis, septicaemia, pneumonia or unclassified infection.  

Deceased donor transplants form about two thirds of all UK kidney transplant activity. 

The other one third of kidney transplants are transplants from living donors. Living 

donor transplants are logistically different as they are planned and scheduled elective 

cases depending on several factors which can usually be controlled. Deceased donor 

transplants on the other hand are unplanned occurring when organs become available 

after death of a suitable donor. Recipients are then allocated organs according to 

agreed national allocation criteria.

Data was analysed according to the month and year the transplant occurred. Donation 

details were analysed in a similar manner. The observed data was compared to the 

expected transplant activity calculated by measuring the total number of transplants 

divided by the number of days in the same year. 

Data was also analysed according to organs offered to different centres for named 

patients and declined, for various reasons by the centre. Organs are declined for 

various clinical reasons and, anecdotally, rarely due to capacity and peaks of activity. 
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Capacity issues for the purposes of this paper were sub classified into different 

categorical values (centre already transplanting, no beds, no staff, no theatre, no time).

Statistical methods

Generalised linear models (GLMs), with a Poisson link function were used to model 

the effect that month of the year had on our data. Offset variables were used to account 

for the slight differences in number of days per month. To account for the unknown 

correlation structure in our data, generalised estimating equations (GEEs) per year 

were used to estimate the GLM parameters19.

Chi-squared goodness of fit tests assessed whether the observed number of 

transplants per month differed from the expected value if there was no seasonal 

variability. When this test was significant (i.e. the expected values were significantly 

different to the observed values), Pearson residuals were used to identify the particular 

months which caused this mismatch. Residuals that are greater than 2 in magnitude 

suggest some degree of lack of fit20. 

Sine and cosine curves were fitted to the transplant data to investigate whether 

repeating patterns occurred across the months. All analyses were performed using 

SPSS 22 (IBM corp)

Patient and Public Involvement:

Patients and Public were not involved in the design or analysis of data for this study

Ethics:

Data was collected by NHSBT and analysed after obtaining approval from them in 

accordance with their policies. Since the data was fully anonymized no ethical 

permission was sought.

Data Availability:
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Raw data will be available from the corresponding author after permission has been 

obtained from NHSBT. The statistical code has been uploaded onto a data repository 

DOI: 10.17632/48nxwvcfnh.1
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Results
During the ten-year study period 24,270 adult kidney transplants were performed in 

the UK. 15,094 (62%) were from deceased donors and 9,166 (38%) were from living 

donors

Kidney Transplant activity changes in a consistent manner throughout the year 

Kidney Transplant activity varied by 17.1% within a year (p<0.01, chi-square, 

fig 1a). Transplant activity was highest in November (11% increase from mean, 

p<0.01) and lowest in August (6% decrease from mean, p<0.01).  Investigating 

seasonal variation, transplant activity increased in the autumn compared to spring and 

summer (p<0.05 one-way ANOVA); these patterns were consistent every year during 

the 10 year study period (p<0.01 GEE). 

Kidney transplantation utilises both living and deceased donors. Our dataset 

was therefore examined to see if one of these types was responsible for the variance 

in activity. Transplant activity utilising organs from living donors (fig. 1b) significantly 

increased in October and November and decreased in December, April, May and 

August. Transplant activity utilising organs from deceased donors (fig. 1c) increased 

in December and a similar trend was observed in November. Therefore the increase 

in activity for November, which has the highest activity, is due to an increase in 

transplants utilising kidneys from both living and deceased organ donors. This 

contrasts with August, which had the lowest activity, and is solely explained by a fall 

in living donor activity.

Incidence for brain injury donors fluctuates over the year
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Donation from cerebrovascular and hypoxic brain injury accounted for 78.8% of all 

deceased donor transplants, therefore we hypothesised that the spike in deceased 

donor transplants is due to an increase in donors from these categories during 

November and December. Cerebrovascular deaths, as a cause of donor death, were 

significantly increased in November (12% increase from the mean, p<0.01) (fig. 2a).  

Donations from donors who had experienced a hypoxic brain injury tended to increase 

during this period with the highest spike being in December (25% increase from the 

mean, p=0.15) (fig 2b). When these results are combined, they mirror the fluctuations 

seen for all deceased organ transplant activity (fig. 2c) with significant elevations in 

transplant activity during November and December (p<0.01).

   

Seasonal Variance in the incidence of donors after infection

We also noted that other causes of donor death significantly varied over the year (table 

1). Interestingly, this variance was mainly observed in donations after brain death 

(table 2) rather than circulatory death (table 3). Donations after road traffic accidents 

(fig. 3a) were higher during late spring, summer and early autumn (April-September) 

compared to other times of the year. Donations from donors dying from infective 

causes peaked in the winter months and declined in the summer (fig3b) this 

relationship could be explained by a cosine curve (fig 3b, p<0.05) suggesting a 

potential underlying seasonal oscillation. 

The effect of healthcare capacity on transplant activity

The U.K. healthcare system routinely works at high capacity21, potentially resulting in 

reduced transplantation rates due to bed and staffing shortages. We therefore 

examined whether the reproducible monthly changes in transplant activity could be 
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attributed to a lack of capacity in the healthcare system.  Although a large number 

28,789 of deceased donor offers were declined for transplantation over the study 

period only a small fraction of these were due to lack of capacity (n=480 mean 1.22% 

(±0.22%SD). 
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Discussion

The National Health Service in the U.K. is coping with increased pressures especially 

in winter21. This study reveals that UK kidney transplant activity peaks in November 

and December, at the beginning of winter, in contrast with a number of European18 22 

and North American centres16 17. This unexpected finding is due to variations in living 

and deceased donation. Although detailed causal analysis was beyond the scope of 

the study, the winter increases in deceased donation could be attributed to both 

increases in cerebrovascular and hypoxic brain events. This is consistent with findings 

from previous studies studying the incidence of these events both in the UK9 and other 

northern hemisphere countries11 12.  

The winter surge in transplant activity has important implications for the U.K. health 

system (NHS). During the UK winter there is also a surge in emergency admissions to 

hospitals, placing the system under significant strain, sometimes resulting in 

cancellation of elective and semi-elective operations for up to several months23. It was 

therefore reassuring that we found at the national level no solid evidence of transplant 

surgery utilising deceased donors being cancelled during the winter months. Despite 

this however it is important that individual transplant departments plan for this 

predictable and reproducible surge in transplant activity making sure their own activity 

is not affected. We are confident that this surge is likely to continue into the future as 

two different statistical tests (chi-square and GEE) produced similar results. This is 

especially important as UK transplant activity is likely to increase due to recent 

changes in legislation.  
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Certain limitations should be noted when interpreting the results of this study. The 

donor rates reported in the paper are from utilised donations and therefore can be 

influenced by changes in donor conversion rates; the proportion of donor offers used 

in a transplant operation. This is unlikely however as these changes would have to be 

consistent occurring in the same way each year for ten years, furthermore the peak of 

deceased donation activity coincided with the epidemiological peaks for the underlying 

diseases7-12. Since this was a retrospective study there is always the potential for 

inherent bias, but since this is relatively large dataset it should minimise this effect. 

The data from each centre could not be independently verified, due to anonymisation 

in the dataset. Finally, the effect of healthcare capacity on living donations was not 

investigated, but this would be an important area to investigate in future research. 

Our study clearly shows that UK renal transplant activity increases in the winter in 

contrast to previous studies investigating seasonal transplant activity in other 

countries. This could have implications for the UK health system since winter is when 

the British health system is placed under maximal strain. This seasonal variation 

should therefore be considered for any future planning especially with the potential 

impact of the opt out legislation and strategies to increase organ donation and 

transplantation.
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Tables

Cause of death in the Donor n

p value for whether 

donation varied 

across the year

Intracranial / Cerebrovascular causes 9452 <0.01

Hypoxic brain damage 2448 <0.01

Trauma 1532 <0.01

Infective Causes 367 <0.01

Cardiovascular 237 0.13

Respiratory / Pulmonary causes 192 0.17

Brain Tumors 180 0.14

Poisoning / Drug overdose 55 0.03

Organ Failure (Various Causes) 53 <0.01

Other / Unknown 578 0.01

Table 1: Seasonal variation in kidney transplants utilising organs from deceased 

donors. All deceased donations over a 10-year period were split into groups according 

to aetiology, defined by NHSBT. The incidence for the majority (7/10) of causes varied 

significantly during the year.  
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For peer review only
Cause of death in the Donor n

p value for whether 

donation varied 

across the year

Intracranial / Cerebrovascular causes 6985 <0.01

Hypoxic brain damage 1232 <0.01

Trauma 970 <0.01

Infective Causes 260 <0.01

Cardiovascular 71 <0.01

Respiratory / Pulmonary causes 7 0.18

Brain Tumors 149 0.57

Poisoning / Drug overdose 26 <0.01

Other / Unknown 350 0.21

Table 2: Seasonal variation in kidney transplants utilising organs from donors 

after brain death. All donations after brain death over a 10-year period were split into 

groups according to aetiology, defined by NHSBT. The incidence for the majority (6/9) 

of causes varied significantly during the year.  
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Cause of death in the Donor n

p value for whether 

donation varied 

across the year

Intracranial / Cerebrovascular causes

Hypoxic brain damage 1216 0.159

Trauma 562 <0.01

Infective Causes 107 0.05

Cardiovascular 166 0.88

Respiratory / Pulmonary causes 185 0.25

Brain Tumors 31 0.07

Poisoning / Drug overdose 29 <0.01

Other / Unknown 228 <0.01

Table 3: Seasonal variation in kidney transplants utilising organs from donors 

after circulatory death. All donations after circulatory death over a 10-year period 

were split into groups according to aetiology, defined by NHSBT. The incidence for a 

minority (3/9) of causes varied significantly during the year.  
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Figure legends

Figure 1: Changes in transplant activity during the year.  (a) The number of UK 

renal transplants per month varied significantly during the year (p<0.01) peaking in 

November. (b) Renal transplants arising from living donors varied significantly 

throughout the year peaking in October and November (c) Transplant activity utilising 

deceased donors varied significantly over the year peaking on December (*=p<0.05, 

**=p<0.01 Pearson residual, dotted line shows average activity)

Figure 2: Changes in transplant activity utilizing donors after cerebrovascular 

events or hypoxic brain injury. (a) Transplant activity utilising donors following 

cerebrovascular events peaks in November. (b) Transplant activity utilising donors 

with hypoxic brain damage also increased in activity at the end of the year (November 

and December). (c) By combining both these causes the graph mirrors the fluctuation 

seen in transplant activity for all deceased donors (shown in fig 1c). (*=p<0.05, 

**=p<0.01 Pearson residual, dotted line shows average activity)

Figure 3: Seasonal variation in transplant activity arising after infection or 

trauma. (a) Transplant activity using donors following traumatic incidents increased in 

the summer (b) as opposed to transplant activity utilising donors following infection 

which oscillated in a sinusoidal manner peaking in the winter. (*=p<0.05, **=p<0.01 

Pearson residual, best fit line for infection is a cosine (P<0.05))
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Figure 1: Changes in transplant activity during the year.  (a) The number of UK renal transplants per month 
varied significantly during the year (p<0.01) peaking in November. (b) Renal transplants arising from living 

donors varied significantly throughout the year peaking in October and November (c) Transplant activity 
utilising deceased donors varied significantly over the year peaking on December (*=p<0.05, **=p<0.01 

Pearson residual, dotted line shows average activity) 
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Figure 2: Changes in transplant activity utilizing donors after cerebrovascular events or hypoxic brain injury. 
(a) Transplant activity using donors following cerebrovascular events changed throughout the year 

increasing in November. (b) Transplant activity using donors with hypoxic brain damage also increased in 
activity at the end of the year (November and December). (c) By combining both these causes the graph 
mirrors the fluctuation seen in transplant activity for all deceased donors (shown in fig 1c). (*=p<0.05, 

**=p<0.01 Pearson residual) 
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Figure 3: Seasonal variation in transplant activity arising after infection or trauma. (a) Transplant activity 
using donors following traumatic incidents increased in the summer (b) as opposed to transplant activity 

utilising donors following infection which oscillated in a sinusoidal manner peaking in the winter. (*=p<0.05, 
**=p<0.01 Pearson residual, best fit line for infection is a cosine (P<0.05)) 
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