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Abstract  

Organs derived from deceased brain dead (DBD) donors show worse function than those 

from living donors (LD), possibly due to the inflammatory burst in DBD donors. Recently, 

renal lymphangiogenesis has been documented as an important player in inflammation, 

fibrosis and tubulointerstitial remodeling. We studied lymphatic vessels (LVs) in pre-

existent renal damage in kidney biopsies from DBD and LD and investigated their 

associations with other histological parameters.  

In biopsies of 73 DBD and 131 LD, the degree of focal glomerulosclerosis (FGS), interstitial 

fibrosis (IF), intima thickness and vascular hyalinosis were analyzed. Sections were 

evaluated for number of macrophages, granulocytes, lymphatic vessel density (LVD), α-SMA 

and interstitial fibrosis (IF).  

Arteriopathy, tubulointerstitial inflammation and fibrosis were increased in DBD compared 

to LD (p<0.05). LVs were mainly localized in the adventitial area around arteries and 

arterioles. LVD was ~1.7-fold higher in DBD kidneys compared to LD kidneys (p<0.001). 

Within the DBD group, LVD and other histological parameters were significantly higher in 

donors that died as a result of a CVA compared to traumatic BD.  

The increased signs of arteriopathy, IF and inflammation in DBD donor biopsies correlated 

to renal LVD which stresses the importance of investigating LVD in prospective studies on 

kidney transplant biopsies. 
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Introduction 

The majority of organs for transplantation are derived from deceased brain dead (DBD) 

donors. Unfortunately, the process of brain death is associated with a cascade of 

hemodynamic, inflammatory, hormonal and immunologic events that negatively affect 

function and outcome of transplanted kidneys (1-3). In kidney transplantation, Living 

Donation (LD) is a well-established way to increase the number of transplants and in many 

countries this is common practice. Transplantation outcome of LD kidneys is superior 

compared to DBD kidneys (4). 

The critical importance of donor organ quality, ability to withstand transplant-related 

injury, and capacity for repair in determining short- and long-term outcome is well 

recognized. In the kidney, minor interstitial, vascular and glomerular damage can already be 

present without clinical signs of deterioration such as proteinuria or decreased kidney 

function due to the large reserve capacity. Besides clinical parameters, donor baseline 

biopsies have been used to assess the quality of a donor organ mainly in centers in the USA 

(5-8). One of the components of the inflammatory events that take place in the DBD donor 

is the influx of macrophages and granulocytes (9-11). This infiltration is initially meant to 

modulate the inflammatory process and subsequently take part in repairing process once 

the initial trigger has vanished. Ultimately the continuing presence of inflammation 

becomes pathological, resulting in renal fibrosis with damaging consequences for the donor 

organ (12). Several studies have evaluated histological lesions in assessing organ quality as 

well as predicting early- and long-term transplantation outcomes (13-20). Interstitial 

fibrosis (IF), fibrous intimal thickening, focal glomerulosclerosis (FGS) and arteriolar 

hyalinosis have variably been identified as parameters in predicting delayed graft function 

(DGF) and/or poorer graft function and survival (7, 14, 21-23).  

 

Lymphatic vessels (LVs) and its outgrowths (lymphangiogenesis) seem to play an important 

role in kidney pathophysiology, especially in renal transplantation (24, 25). However, 

conflicting results on the role of LVs and lymphangiogenesis in organ transplantation have 

been reported. Lymph vessel density (LVD) has been reported to increase early after renal 

transplantation independently of signs of rejection, and associates with different kinds of 

inflammatory reactions (25, 26). Pre-existing lymphatic vessels in corneal transplant 

recipients significantly reduced corneal graft survival; while recipient’s pre-transplant 

blocking of lymphangiogenesis prolonged this graft survival (27, 28). The exact role of LVs 

within pre-existing renal damage at time of kidney donation and transplantation has not 

been established yet. 

 

Baseline histologic lesions at time of transplantation and their effect on kidney function and 

graft survival have been evaluated using different scoring systems. Although 

lymphangiogenesis has been proposed to be an interesting novel therapeutic target in 

kidney transplantation (25), none of these studies (5, 15, 18, 19, 29-32) have evaluated LVD 

and its association with other histological changes in biopsies from (pre)transplant DBD and 

living donors. In the light of the current knowledge about kidney transplant biopsies, we 
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aimed to study our single center kidney transplant population. Therefore we quantified LVD 

and other pre-existent damage parameters in kidney biopsies of DBD and living donors, and 

investigated the association between these structural changes. We hypothesize that LVD, 

pre-fibrotic, fibrotic and inflammatory glomerular, vascular and interstitial changes are 

increased in biopsies of DBD donors compared to biopsies of LD. Next, we expect the origin 

of brain death to be reflected by these pre-existent renal damage parameters. To provide 

more insight in the development of pre-existent renal damage in the DBD donor, we 

performed secondary analyses comparing all parameters between DBD donors who died 

due to a cardiovascular accident (CVA) with DBD donors who died because of a traumatic 

accident. 

Methods and Materials 

Biopsies from 238 donor kidneys were consecutively collected during organ procurement 

and transplantation procedures from 2005 through 2008 at the University Medical Center 

Groningen. Renal biopsies were obtained from DBD (n=73) and living donors (n=131) at 

three different time points: just prior to donation (before kidney recovery and start of 

preservation), at the end of cold ischemia and 45 min after reperfusion. All DBD donors 

were declared brain dead on the intensive care and samples were collected after 

declaration of brain death with consent from the legally authorized relative according to 

the Dutch Transplantation Law. According to this law, general consent for organ donation 

and transplantation includes consent for research projects. Nevertheless, the Institutional 

Review Board approved the study protocol, which was in adherence to the Declaration of 

Helsinki and all methods were carried out in accordance with the approved guidelines. 

All clinical data were anonymized prior to analysis. Biopsies were taken using a 16-gauge 

needle (Acecut®, TSK Laboratory, Japan), and subsequently stored in formalin and paraffin 

fixed until analysis. Renal donor biopsies from 21 donors showed merely non-cortical tissue 

and were excluded from analysis. Since three biopsies were taken from each kidney the 

exclusion was not considered to have any effect on the outcome. Screening or follow-up 

data from 13 donors were missing. This results in a total of 204 donors eligible for analysis.  

 

Immunohistochemistry 

Deparaffinized sections were subjected to heat-induced antigen retrieval either by 

overnight incubation in a 0.1 M Tris-HCl buffer (PH 9.0) at 80°C, or 10 mM Tris-1 mM EDTA 

buffer (PH 9.0) for 15 minutes in the microwave. Endogenous peroxidase was blocked with 

0.3% H2O2 in PBS for 30 min. Sections were incubated with D2-40 antibody (clone D2-40, 

diluted 1:40, DAKO, Glosstrup, Denmark) for lymphatic vessels, α-SMA antibody (clone1A4, 

diluted 1:10000, Sigma, Zwijndrecht, The Netherlands), CD68 antibody (clone PGM-1, 

diluted 1:250, DAKO, Glosstrup, Denmark) for macrophages, or with monoclonal antibody 

12.8 (33) (clone 12.8, diluted 1:10) for 60 min at room temperature for neutrophils. This 

monoclonal antibody was a gift from Prof. Dr. C.A. Stegeman (University Medical Center 

Groningen, The Netherlands). Binding of the antibody was detected using sequential 

incubations (30 min each) with PO-labeled rabbit-anti-mouse (RAMPO, diluted 1:100, 

DAKO) and PO-labeled goat-anti-rabbit antibodies (GARPO, diluted 1:100, DAKO). PO 
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activity was developed using 3, 3’-diaminobenzidine tetrachloride (DAB) for 10 min. 

Sections stained for lymphatic vessels and macrophages were counterstained with PAS. 

Sections for neutrophilic granulocytes were counterstained with hematoxylin. Interstitial 

cortical lymphatic vessels were counted manually (Image J version 1.46r) and expressed as 

the number of LVs per mm2 of cortical area, lymph vessel density (LVD). As we do not 

expect any new lymph vessel formation during cold ischemia or after reperfusion, the mean 

score of all counted lymphatic vessels in three biopsy time points were calculated and used 

for statistical analysis. α-SMA expression was determined by Positive Pixel Count (Aperio 

Imagescope version 10.2.2). Macrophages and neutrophilic granulocytes were counted 

manually in the interstitium. Since the influx of inflammatory cells does not occur during 

cold ischemia, we used the scores from the second biopsy for analysis. Glomeruli, the renal 

medulla and vessels were excluded from counting and surface area calculation. For α-SMA 

expression analysis, average score from all three biopsy time points were used. All scores 

were adjusted for biopsy surface area (BSA). 

 

Morphological damage 

To evaluate the degree of FGS, IF and vascular hyalinosis, paraffin sections (3 µm) were 

stained with Periodic Acid Schiff (PAS) and scored by a renal pathologist blinded for donor 

type and other clinical characteristics. A surface calculation using Aperio Imagescope was 

performed on all the sections. IF was defined as expansion of the interstitial space, with or 

without the presence of atrophied and dilated tubules and thickened tubular basement 

membranes. The glomeruli, renal papilla and vessels were excluded from the calculated 

fibrotic areas. The degree of IF was scored on a scale of 5: 0%, 0-10%, 10-25% 25-50%, 50-

75% and 75-100% of biopsy surface area. FGS was scored as % of total glomeruli. Vascular 

hyalinosis was scored as none, scarce, moderate, or severe. A mean score was calculated 

from the three different time points and adjusted for surface area. To calculate a mean 

score, at least three arteries had to be present.  

 

Arterial intima thickness 

Intima surface was expressed as a percentage of the media surface, to provide a 

standardized estimation of the severity of intima thickening independent of vessel size. A 

higher percentage represents a relatively thicker intima. For this purpose, all arteries 

present in the biopsies were analyzed in the α-SMA stained sections. For each vessel, media 

and intima were outlined to calculate individual surfaces using Aperio Imagescope. Intima 

surface was expressed as percentage of media surface. For each donor, the separate vessel 

scores of all three biopsy time points were mediated. At least values from three vessels 

were required to calculate an overall score. 

 

Donor kidney function measurements 

Through constant low-dose infusion of the radiolabeled tracer 125I-iothalamate the 

glomerular filtration rate (GFR) was measured in the living donor as described by Visser and 

Apperloo et al. four months prior to transplantation(34, 35). During the measurements, 

donors were seated in a quiet room in a semi supine position. After drawing a blank blood 

sample, the priming solution containing 0.04 mL/kg body weight of the infusion solution 
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(0.04 MBq of 125I-iothalamate and 0.03 MBq of 131I-hippurate per mL saline) plus an extra of 

0.06 MBq of 125I-iothalamate was given, followed by constant infusion at 12 mL/h. To attain 

stable plasma concentrations of both tracers, a 2-hour stabilization period followed, after 

which the clearance periods start. Clearances were measured over the next 2 hours and 

calculated as (U*V)/P and (I*V)/P, resp. U*V represents the urinary excretion of the tracer, 

I*V represents the infusion rate of the tracer and P represents the tracer value in plasma at 

the end of each clearance period. GFR was calculated from U*V/P or 125I-iothalamate and 

corrected for voiding errors by multiplying the urinary clearance of 125I-iothalamate with 

the ratio of the plasma and urinary clearance of 131I-hippurate. The day-to-day variability for 

GFR is 2.5%. 

 

Table 1. Characteristics of 131 living donors and 73 DBD donors at the day of their last pre-transplant 

visit to the out-patient clinic or last pre-transplant data reported by Eurotransplant 

Donor type DBD donors 

(n = 73) 

Living donors 

(n = 131) 

P 

Demographics    

Age at donation (years) 53 [44-57] 53 [45-59] 0.51 

Female donor, n (%) 65 46 0.006 

BMI at donation (kg/m2) 25 ± 4 26 ± 4 0.003 

Underlying illness    

History of hypertension (%) 26 20 0.31 

History of diabetes mellitus (%) 6 0 0.007 

Hemodynamic parameters    

SBP (mmHg) 130 ± 27 129 ± 15 0.18 

DBP (mmHg) 70 ± 13 77 ± 9 <0.001 

Renal Function parameters    

Serum creatinine (µmol/L) 73 ± 25 78 ± 15 0.002 

GFR (ml/min/1.73 m2) NA 117 ± 21  

Death    

Death: CVA 74 % NA  

Death: trauma/other 26 % NA  

Duration of brain death (min) 613 [478-740] NA  
 

Data are presented as mean ± SD, % or median [interquartile range]. Abbreviations: DBD, deceased brain dead; BMI, body 

mass index; SBP systolic blood pressure; DBP diastolic blood pressure; GFR, glomerular filtration rate; CVA: cardiovascular 

accident. P for difference was tested by the Mann-Whitney U test. 

 

Body surface area (BSA) was calculated as according to Dubois (36). GFR was normalized by 

dividing the raw sample by BSA and multiplying it with 1.73, giving GFR/BSA. 

 

Clinical data  

We measured body mass index (BMI), systolic blood pressure (SBP), diastolic blood 

pressure (DBP) and serum creatinine in the living donor prior to transplantation during the 

GFR measurements. For DBD donors these parameters were recorded from the 

Eurotransplant donation forms. 
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Table 2. Correlations of LVD and histopathological damage parameters based on renal biopsies of 

kidney transplant donors. 

Parameter 

LVD T1 

n = 99 

LVD T2 

n = 159 

LVD T3 

n = 152 
LVD mean 

ρ p Ρ p ρ p ρ P 

Macrophage intensity 

(number/10.000 µm2) 

0.24 0.02 0.27 0.001 0.03 0.78 0.22 0.03 

Mean arterial intima thickness  

(% of media thickness) 
0.22 0.04 0.041 0.62 0.08 0.32 0.14 0.07 

Glomerulosclerosis (% of total 

glomeruli) 
0.002 0.99 0.13 0.10 0.21 0.01 0.10 0.17 

Interstitial α-SMA (intensity) 0.03 0.76 0.12 0.15 0.09 0.30 0.10 0.17 

Mean vascular hyalinosis (number) 0.11 0.27 0.13 0.10 0.09 0.28 0.19 0.009 

Mean interstitial fibrosis (number) 0.07 0.49 0.07 0.40 0.16 0.06 0.12 0.09 

Interstitial neutrophilic 

granulocytes (number*10.000) T2 

  
0.20 0.01 

    

   Data are expressed as Spearman’s rho (ρ) and p-value. 

 

Statistical analysis  

Analyses were performed using SPSS version 20.0 (SPSS Inc., Chicago, IL). For comparison of 

two groups, Mann Whitney U test was performed in case of continuous variables, the Chi-

square test for dichotomous variables and the Fisher’s Exact test for the history of diabetes 

mellitus. Results are presented as mean ± SD (standard deviation). All eight 

histopathological injury parameters showed a skewed distribution. Biopsies of different 

donor types were not matched to analyze the difference in histopathological injury. To 

evaluate associations of these injury parameters with donor characteristics, Spearman’s 

correlation coefficients were calculated on the pooled donor data to determine which 

variables were significantly associated. Two-sided P-values of less than 0.05 were 

considered to indicate statistical significance. 

Results  

Donor characteristics 

The characteristics of DBD and LD are shown in table 1. The groups were similar with 

respect to age at donation, SBP and a history of hypertension. Females were 

overrepresented in the DBD group compared to the LD (65.4% vs. 45.8%). Compared to 

DBD donors, LD had significantly higher levels of serum creatinine (78±15 μmol/L vs. 73±25 

μmol/L, p=0.002). BMI and DBP at donation were significantly higher in the LD compared to 

DBD donors (BMI 26±4 kg/m2 vs. 25±4 kg/m2, p=0.003; DBP 77±9 mmHg vs. 70±13 mmHg, 

p<0.001).  

 

Correlations with donor characteristics 

Donor age was correlated with IF and FGS (ρ=0.5, p=0.02 and ρ=0.6, p=0.03 resp.) in all biopsies. 

No correlations of damage parameters with GFR prior to donation (living donors) were found. 

None of the histological damage parameters correlate with the use of antihypertensive drugs 

except for the use of calcium antagonists and IF (ß=0.48, p=0.03) in LD.  



CHAPTER 4 

60 

Table 3. Histological damage parameters at time of donation. 

Parameter 
DBD donors 

n=73 

Living donors 

n=131 
P value 

Lymphatic vessel density (lymphatic vessel/mm2) 7.7 ± 5.92 4.61 ± 3.14 0.001 

Interstitial α-SMA (intensity) 2.24 ± 2.09 1.55 ± 1.44 0.02 

Interstitial macrophages (number) 0.14 ± 0.1 0.09 ± 0.05 0.001 

Interstitial neutrophilic granulocytes (number*10.000) 0.33 ± 0.35 0.21 ± 0.27 0.007 

Glomerulosclerosis (% of total glomeruli) 0.38 ± 0.66 0.50 ± 2.92 0.72 

Interstitial fibrosis 0.76 ± 0.60 0.83 ± 0.49 0.59 

Vascular hyalinosis 0.44 ± 0.67 0.18 ± 0.42 0.003 

Arterial intima thickness (% of media thickness) 42.7 ± 29.4 36.5 ± 15.2 0.27 
Data are expressed as mean ± SD. IF, FGS and vascular hyalinosis are expressed in absolute numbers. P for difference was 

tested by the Mann-Whitney U test. 

 

Correlations of LVD with other histological damage parameters 

These correlations in the whole donor group are shown in table 2. LVD mean and LVD at T1 

and T2 was associated with macrophage intensity (ρ=0.22, p=0.03; ρ=0.24, p=0.02; ρ=0.27, 

p=0.001 resp.). LVD measured at T1 was associated with arterial intima thickness (ρ=0.22, 

p=0.04). LVD T3 was associated with FGS (ρ=0.21, p=0.01). Mean LVD was found to be 

associated with mean vascular hyalinosis (ρ=0.19, p=0.009). At T2, LVD was associated with 

neutrophilic granulocytes (ρ=0.20, p=0.01). Within the DBD biopsies, LVD was correlated 

with signs of arteriopathy such as hyalinosis (ρ=0.25, p=0.04), and with markers of 

interstitial injury such as IF (ρ=0.3, p=0.02).  

 

Difference in pre-existent damage between DBD and LD 

Data on al histopathological damage parameters are shown in table 3. The number of 

interstitial macrophages and α-SMA intensity was higher in DBD donors compared to LD 

(1.55±1.44 vs. 2.24±2.09, p=0.001; 0.14±0.1 vs. 0.09±0.05, p=0.02; resp.; figure 1). The 

number of neutrophilic granulocytes and vascular hyalinosis scores were higher as well in 

DBD donors (0.33±0.35 vs. 0.21±0.27, p=0.007; 0.44±0.67 vs. 0.18±0.42, p=0.003; resp.; 

figure 1). No significant differences in glomerulosclerosis, IF and arterial intima thickness 

between both donor types were found (figure 1). LVD was markedly higher in DBD donors 

compared to LD (7.70±5.92 vs. 4.61±3.14, p<0.001, figure 2), and were found around 

arteries and veins. Almost no lymph vessels were observed in interstitial space far from 

arterial adventitia. 
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Figure 1. Representative image of stained cortical kidney sections of a living and DBD donor, 

demonstrating increased in the α-SMA expression (A, B), number of interstitial macrophages (C, D), numbers of neutrophilic 

granulocytes (E, F) and vascular hyalinosis (G, H) in DBD donor biopsies. The extent of FGS (I, J) and interstitial fibrosis (K, L) 

showed an increase in some samples of DBD, however, when comparing the whole series of biopsies between LD and DBD, 

there was no significant difference.  
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Table 4. Histological damage parameters at time of donation in of DBD donors separated by cause of 

death. 

Parameter 
DBD donors 

CVA 

n=57 

DBD donors 

Trauma 

n=16 
P 

LVD (lymphatic vessel/mm2) 8.11 ± 6.34 5.78 ± 2.80 0.71 

Interstitial α-SMA (intensity)  2.34 ± 2.13 1.95 ± 2.00 0.47 

Interstitial macrophages (number)  0.15 ± 0.09 0.12 ± 0.12 0.06 

Interstitial neutrophilic granulocytes (number*10.000)  0.37 ± 0.38 0.20 ± 0.15 0.27 

Glomerulosclerosis (% of total glomeruli) 0.43 ± 0.71 0.19 ± 0.44 0.17 

Interstitial fibrosis  0.92 ± 0.56 0.39 ± 0.53 0.001 

Vascular hyalinosis 0.50 ± 0.70 0.30 ± 0.57 0.25 

Arterial intima thickness (% of media thickness) 48.56 ± 33.29 28.75 ± 4.72 0.001 
Data are expressed as mean ± SD. IF, FGS and vascular hyalinosis are expressed in absolute numbers. P for difference was 

tested by the Mann-Whitney U test. 

 

Secondary analyses in DBD donors separated by cause of death 

In table 4, damage scores of the DBD donors are shown per cause of death. LVD was not 

significantly different in DBD donors that died from a CVA compared to trauma or other 

causes. IF and arterial intima thickness were higher in the group that died as a result of a 

CVA (0.92±0.56 vs. 0.39±0.53; 48.56±33.29 vs. 28.75±4.72, resp.; both p<0.05).  

Discussion 

To our knowledge, this is the first study showing that the number of lymphatic vessels is 

significantly higher in pretransplant kidney biopsies of DBD compared to LD. In line with the 

number of LVs, pro-fibrotic, vascular and inflammatory damage in the pretransplant DBD 

kidney biopsies were also higher. The prominent pre-existent renal damage in kidneys from 

DBD donors compared with kidneys from LD is supported by several other studies. 

However, this evaluation has not been performed in such a large cohort before, thereby 

providing a more complete understanding of the differences in donor kidney quality (6, 7).  

The role of lymphangiogenesis in organ transplantation is still under debate. Upon renal 

transplantation, lymphangiogenesis has been observed; however, little is known about the 

role of lymphangiogenesis at time of donation. LVD was not different in biopsies collected 

from transplanted kidneys with interstitial fibrosis and tubular atrophy, independently of 

rejection (25). However, more LVs around cellular infiltrates were correlated with superior 

graft function at one year after renal transplantation (24). In our study, interstitial (mostly 

periarterial region) LVD in (pre)transplant biopsies was associated with arteriopathy and 

tubulointerstitial injury and not with fibrotic parameters. The living donors were somehow 

selected, since they had higher diastolic pressure, lower kidney function and higher BMI 

compared to the DBD donors. In their kidneys, this is histologically reflected by the high 

values of glomerulosclerosis, IF and arterial intima thickness. Despite this, all inflammatory 

parameters and LVD were low in these kidneys. This already suggests that pre-existent 

fibrotic responses are rather independent of inflammation and lymphangiogenesis. As CVA 

is the consequence of existing vasculopathy, of which vascular hyalinosis is an important 

sign, we expected to find a difference in hyalinosis between the two DBD donor types but  
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Figure 2. Representative image of double staining for PAS and D2-40 (lymphatic vessels) in the 

cortical region of kidney biopsy sections. 

 

our analysis did not demonstrate that. This is possibly due to the low number of trauma-

DBDs. On the other hand, the correlation we found between vascular hyalinosis and mean 

LVD seems reasonable. Hyalinosis is a sign of vascular leakageand fluid drainage, and on the 

other hand, accumulation of interstitial fluid and tissue swelling is one of the most potent 

lymphangiogenic stimuli in order to increase the key functional task of LVs in draining that 

interstitial fluid (26). Our data suggest that lymphangiogenesis, as part of a complex 

tubulointerstitial tissue remodeling program, is already present in donor biopsies prior to 

implantation. Whether interventional therapy aiming at the modulation of lymphatic 

numbers and/or functions can improve functional outcome after transplantation remains to 

be determined. In line with several other studies we found that donor age is correlated 

with IF and FGS (15, 17, 23). Interestingly, we found a difference in vascular hyalinosis 
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between the two types of DBD donors. This can not completely be the result of the 

difference in brain death origin. Perhaps other clinical factors which we did not collect, such 

as the number of antihypertensives used, play a role. No significant differences were found 

between LVD in DBD donors that died as a result of a CVA compared to DBD donors that 

died due to a trauma. However, the increased intensity of IF and arterial intima thickness in 

DBD donors that died as a result of a CVA compared to DBD donors that died of trauma, 

stresses the importance of these morphological damage that originated before brain death. 

This is illustrated by the observation that no significant difference in these parameters 

between DBD and LD are present, while LVD is significantly higher in DBD.  

Several limitations of our study deserve acknowledgement. First, it is based on one single 

European center with possible region-specific demographic characteristics. Our center does 

not include an absolute cutoff for donor age; however, only 22.5% of the donors were aged 

above 60 years. Only 11% of the donors had a BMI exceeding 30 kg/m2. Since in our center 

kidneys from LD with a history of diabetes are not used, one might question whether the 

significantly higher score of vascular hyalinosis in DBD donors is a reflection of diabetic 

vasculopathy. However, we did not find higher scores of glomerulosclerosis and arterial 

intima thickness in the DBD donors. Taking our observations together, some of the results 

we found in our single center transplant population are comparable to those of other 

centers while some new findings regarding LVD and the histopathology in DBD were 

presented as well. The different donor types in our study population make it difficult to 

make overall comparisons with other centers. However, our results highlight the 

multifactorial origin of histological damage in kidney transplant biopsies. 

In conclusion, this analysis, which incorporates and confirms the separate observations of 

previous studies, includes several new observations. Our study demonstrates that LVD, α-

SMA, macrophages, neutrophilic granulocytes and vascular hyalinosis are increased in the 

DBD donor at time of donation compared to living donors. We showed the relevance of LVD 

in pre-existent renal damage in kidney transplantation biopsies, which was mainly peri-

adventitial localized, mostly seen in DBD-CVA donor kidneys and associated with hyalinosis 

and renal inflammation, but not with fibrosis. Validation of LVD in the assessment of kidney 

quality before transplantation needs to be determined prospectively in an independent 

large cohort of kidney transplant biopsies. Furthermore, regarding the DBD donors, it needs 

to be evaluated whether a separate scoring approach predicting transplant outcome is 

warranted.  
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