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1  | INTRODUC TION

More than a decade ago, high renal resistive index (RI) was identi‐
fied as a powerful predictor of the risk of death in renal transplant 
recipients1,2 and in atheromatous renovascular disease.3 However, 
the meaning of RI is not clearly understood. This parameter was 
originally interpreted as a reflection of renal vascular resistance, 

and studies indicated that it would increase as a result of decreasing 
cross‐sectional area of renal arterial bed.4 But it was also reported 
that changes in renal interstitial pressure, nephrosclerosis, intersti‐
tial fibrosis/tubular atrophy, or loss of peritubular capillaries and ar‐
teriolosclerosis result in RI changes.5-8

In marked contrast, it was recently stated, based on theoret‐
ical concepts as well as experimental and clinical findings, that in 
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High renal resistive index (RI) is observed in diabetes and is associated with poor pa‐
tient survival, but whether it is primarily due to renal vascular resistance or systemic 
vascular alterations is unclear. The respective impact of kidney transplant from dia‐
betic donors or to diabetic recipients on RI would shed some light on this issue. The 
objective of the study was to analyze the impact of donor and recipient diabetes on 
RI in order to understand the respective impact of the kidney and the vascular envi‐
ronment. The authors conducted a retrospective study in 1827 renal transplant re‐
cipients who received a kidney between 1985 and 2017, and had Doppler 
measurements at 3 months after transplant. Donor and recipient characteristics at 
the time of transplant and at 3 months were reviewed. Both donor diabetes and re‐
cipient diabetes were associated with RI in univariate analysis, but only recipient dia‐
betes remained significantly associated in stepwise multivariate analyses (effect 
estimate on RI: +0.03 ± 0.005, P < 0.001). These findings were confirmed when RI 
was expressed as a binary variable using a cutoff of 0.75 (OR = 2.50 [1.77, 3.54], 
P < 0.001). Other determinants of RI were recipient characteristics (age, sex, systolic 
and diastolic blood pressure, and duration of dialysis). Donor characteristics were not 
associated with RI. Our results suggest that high RI observed in diabetic recipients 
shortly after transplant is primarily due to the new vascular environment, rather than 
to characteristics of the transplanted kidney. Therefore, RI reflects systemic rather 
than intra‐renal changes.
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recipients of renal transplants, RI primarily reflects recipient aortic 
stiffness rather than donor kidney characteristics.4,9,10 However, 
things are probably more complicated since it was found that donor 
age was associated with recipients RI11,12 and with recipient aortic 
stiffness.13

It is interesting to notice that high RI is usually observed in 
patients with diabetes mellitus and in the setting of diabetic ne‐
phropathy.3,6,14,15 Whether it could be the result of higher arterial 
stiffness or renal vascular or of parenchymal changes is not known.6 
Transplant of kidneys from diabetic donors and/or to diabetic recip‐
ients could help to better understand the pathophysiology of RI by 
finding whether high RI is primarily due to (donor) kidney microvas‐
cular damage or (recipient) marked arterial stiffness.

In this retrospective study, we analyzed the impact of donor and 
recipient diabetes on RI at 3 months after transplant in a large cohort 
of renal transplant recipients; we also evaluated the role of other 
donor and recipient characteristics.

2  | PATIENTS AND METHODS

2.1 | Patient selection

We conducted a retrospective analysis of 2362 consecutive patients 
who received a renal transplant from October 1985 to October 
2017 at the Tours University Hospital, France. Among them, 113 
died or returned to dialysis within the three first months following 
transplant, and 422 patients were excluded because renal Doppler 
ultrasonography at 3 months was not available. Thus, 1827 patients 
were included in this study. Data were collected from the prospec‐
tively maintained institutional database of transplant patients of 
our hospital and the ASTRE database (CNIL agreement number: 
DR‐2012‐518). The study protocol was validated by the Ethics 
Committee in Human Research (Hôpital Bretonneau, CHU Tours, 
France).

At the time of transplant, the following variables were reviewed: 
donor age, sex, diabetes, double or single transplant, machine per‐
fusion, and recipient age, sex, diabetes, graft rank, body mass index 
(BMI), and hemodialysis time before transplant. At the 3‐month visit 
after transplant, the following variables were reviewed: systolic, 
diastolic, and pulse arterial pressure, serum creatinine level, eGFR, 
(using MDRD equation), proteinuria (by a 24‐hour urine collection16), 
immunosuppressive induction and maintenance treatments, delayed 
graft function (DGF) after transplant, and renal resistive index. For 
double transplant, RI was the mean of both left and right graft RI 
value. Recipient diabetes was defined as diabetes diagnosed before 
the graft and did not include new‐onset diabetes after transplant 
(NODAT).

2.2 | Doppler ultrasonography studies

For the measurement of renal resistive index, three ultrasound sys‐
tems were used: Toshiba Aplio XG with PVT‐375BT probe, Esaote 
Technos MPX with probe, and Siemens Antares Premium Edition 

with CH5‐2 probe with vascular program for each examination.17 
Peak systolic velocity (PSV) and end‐diastolic velocity (EDV) were 
measured during Doppler ultrasonography spectral analysis in renal 
interlobar arteries in each pole. RI was calculated with PSV and EDV 
by the following equation:

The mean of three consecutive measurements was used. Doppler 
ultrasonography studies were routinely performed at 3 months after 
transplant. Renal artery stenosis was ruled out at the time of mea‐
surement18 (the incidence of renal artery stenosis in our center is 
around 6% as previously published19). The results of other Doppler 
studies were not considered in this report.

2.3 | Statistical analyses

All the variables had a normal distribution. Results are expressed as 
percentages or means ± standard deviations. Qualitative variables 
were compared using chi‐square test. Continuous variables between 
two groups were compared using Student's t test, after verifying 
equal standard deviations in each group.

In order to find potential confounding factors for differences in 
RI, characteristics of diabetic recipients and nondiabetic recipients, 
and characteristics of recipients of kidney from diabetic donors and 
nondiabetic donors were compared.

For multivariate analysis, we examined the effect of recipient 
and donor diabetes, as well as potential confounding factors, on RI 
as a continuous parameter using ANCOVA, and on RI as a binary 
variable using logistic regression. We used a multiple stepwise re‐
gression analysis, in which variables with a P‐value of 0.1 or more 
were removed from the models. To avoid collinearity between the 
variables, Pearson's correlation was assessed.

For a better estimation of the effect of blood pressure, we eval‐
uated in multivariate analysis the effect of a variation of 10 mm Hg.

For RI as a binary variable, a cutoff of 0.75 was used. Indeed, 
studies consider 0.70 as the upper threshold of normal RI,20 
whereas others showed that a RI greater than 0.80 was associated 
with poor allograft survival and death.1 Furthermore, 0.75 was the 
median of RI in patients who received a kidney from a diabetic 
donor.

A P‐value < 0.05 was considered statistically significant. 
Analyses were performed using the statistical software RStudio 
(RStudio Team, 2015, v1.0.153).

3  | RESULTS

3.1 | Baseline characteristics

Among these 1827 renal transplant recipients, 293 (16.3%) had dia‐
betes mellitus before transplant and 105 (5.8%) received a kidney 
from a diabetic donor. Diabetes status was missing in 30 renal trans‐
plant recipients and 14 kidney donors. It was the first transplant 

RI=
(

PSV−EDV
)

∕PSV
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for 1554 patients (85.1%), and 1732 patients (94.8%) received a 
cadaveric graft (Table 1). Regarding immunosuppression, induction 
was performed with anti‐interleukin‐2 receptor (45.5%) or thymo‐
globulin (53.2%), and methylprednisolone 250 mg before and after 
transplant. Maintenance immunosuppressive treatment included 
prednisone with a gradual tapering and mycophenolate mofetil 
(82.2%) or azathioprine (14.9%), associated with ciclosporin (39.4%), 
tacrolimus (56.2%), or mechanistic target of rapamycin (m‐TOR) in‐
hibitors (6.4%; Table 1).

Overall, 293 recipients had diabetes mellitus, and 105 recipients 
received a kidney from a diabetic donor.

With RI as a binary variable, 1345 patients (74%) had a RI of 0.75 
or less. Among patients with diabetes, 120 (40%) had a RI ≤ 0.75. 
Among patients who received a diabetic kidney, 52 (50%) had a 
RI ≤ 0.75 (Table 2).

3.2 | Univariate analysis

Renal resistive index at 3 months was significantly higher in dia‐
betic than in nondiabetic patients (P < 0.001), and in recipients of 
diabetic kidney than in nondiabetic donor (P < 0.001). The other 
determinants of RI at 3 months in univariate analysis were recipi‐
ent age, recipient BMI, systolic, diastolic, and pulse arterial pressure 
at 3 months, serum creatinine at 3 months, double transplant, tac‐
rolimus, recipient sex, DGF, double transplant, and deceased donor 
(Tables S1 and S2).

With RI expressed as a binary variable, with a cutoff of 0.75, re‐
cipient diabetes was significantly associated with high RI (P < 0.001), 
as well as donor diabetes (P < 0.001). Deceased donor, higher donor, 
and recipient age, higher BMI, perfusion machine, double transplant, 
high systolic and pulse arterial pressure and low diastolic arterial 
pressure at 3 months, high serum creatinine at 3 months, DGF, tac‐
rolimus, m‐TOR inhibitors, absence of ciclosporin, and absence of 
azathioprine were also associated with high RI (Table 2).

Of note, although recipient age and diabetes were associated 
with RI value, the interaction between age and diabetes was not 
linked with RI (P = 0.69), indicating there was no significant differ‐
ence in the age‐RI relationship between diabetic and nondiabetic 
patients (Figure 1).

3.3 | Multivariate analysis

A correlation of more than 0.7 was found between recipient age and 
donor age (r = 0.804), and between systolic arterial pressure and 
pulse pressure at 3 months (r = 0.775). Therefore, donor age and 
systolic blood pressure were removed from the analysis.

In multivariate analyses, after stepwise selection of the vari‐
ables, RI was associated with recipient diabetes (effect estimate on 
RI: +0.03 ± 0.005, P < 0.001), but not with donor diabetes (Table 3).

Logistic regression was also performed with RI as a binary vari‐
able, with a cutoff of 0.75. High RI was associated with recipient 
diabetes (OR = 2.5 [1.77, 3.54], P < 0.001), but not with donor dia‐
betes (Table 4). 
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None of the other donor characteristics were associated with RI 
in multivariate analyses. The other determinants of RI in multivariate 
analysis were recipient age, double transplant, high PP, low DBP, and 
recipient sex, for RI as a continuous variable and as a binary variable. 
For RI as a continuous variable, hemodialysis time before graft was 
also associated with RI.

The results remained unchanged when using SBP instead of PP 
in the multivariate model.

4  | DISCUSSION

The aim of this study was to analyze the impact of donor and re‐
cipient diabetes on RI after renal transplant. Whereas RI has been 
identified as a good prognostic marker for patients with renal artery 
stenosis,3 chronic kidney disease,21 and kidney transplant recipi‐
ents,1,2 its clinical signification is not clearly established. Indeed, for 
some authors, it is related to renal vascular resistance and to renal 

TA B L E  2   Baseline characteristics stratified with RI as a binary variable

  RI < 0.75 RI > 0.75 P

Total patients 1345 482  

Donor characteristics

Deceased donor (%) 1260 (93.7) 472 (97.9) <0.001

Donor age (y) 47.1 (16.6) 62.4 (15.4) <0.001

Donor with diabetes (%) 52 (3.9) 53 (11.0) <0.001

Donor sex (% male) 813 (60.4) 280 (58.1) 0.395

Recipient characteristics at time of transplant

Diabetes (%) 120 (9.1) 173 (36.2) <0.001

Hemodialysis time (y) 3.02 (3.57) 2.88 (2.91) 0.441

Age (y) 46.9 (14.0) 63.4 (9.5) <0.001

Sex (% male) 872 (64.8) 293 (60.8) 0.126

BMI (kg/m2) 24.7 (4.71) 26.8 (5.12) <0.001

Graft rank (%)     0.534

0 1141 (84.8) 413 (85.7)  

1 170 (12.6) 62 (12.9)  

2 32 (2.4) 7 (1.5)  

3 2 (0.1) 0 (0.0)  

Perfusion machine (%) 128 (9.5) 146 (30.3) <0.001

Double transplant (%) 13 (1.0) 13 (2.7) 0.012

Recipients characteristics at 3 mo

SBP (mm Hg) 137.0 (14.9) 143.3 (17.6) <0.001

DBP (mm Hg) 80.4 (10.1) 73.7 (11.1) <0.001

PP (mm Hg) 56.56 (13.16) 69.6 (17.2) <0.001

DGF (%) 0.66 (0.06) 0.79 (0.04) <0.001

eGFR MDRD (mL/min/1.73 m2) 53.89 (20.08) 44.59 (16.07) <0.001

proteinuria (g/d) 0.86 (9.45) 0.56 (0.56) 0.574

Tacrolimus (%) 640 (53.9) 254 (62.7) 0.002

Ciclosporin (%) 508 (42.8) 120 (29.6) <0.001

Steroids (%) 1136 (95.8) 388 (95.8) 1.000

MMF (%) 962 (81.0) 346 (85.4) 0.055

Azathioprine (%) 194 (16.4) 43 (10.6) 0.007

m‐TOR inhibitors (%) 59 (5.0) 43 (10.6) <0.001

Thymoglobulin (%) 729 (54.3) 242 (50.2) 0.134

IL‐2‐R antibodies (%) 592 (44.2) 236 (49.2) 0.067

Resistive index 0.66 (0.06) 0.79 (0.04) <0.001

Values are mean (SD) or number (percentage) of patients.
BMI, body mass index; DBP, diastolic blood pressure; DGF, delayed graft function; IL‐2‐R, interleukin‐2 receptor; MMF, mycophenolate mofetil; m‐TOR, 
mechanistic target of rapamycin; PP, pulse pressure; SBP, systolic blood pressure.



     |  387de FREMINVILLE et al.

damages,4,5 whereas for others, it is related to systemic vascular 
alterations.6,22,23

Some authors observed that RI was increased in patients with 
diabetic nephropathy.14,15 Diabetic patients who undergo renal 
transplant have suffered for years from chronic glucotoxicity and 
therefore suffer from the vascular consequences of increased pro‐
duction of advanced glycation end products.24 These complications 
imply both systemic and renal vascularization; therefore, the impact 
of donor and recipient diabetes could help to understand whether 
high RI is related to renal or systemic vascular damages.

In the present study, we found that RI was associated with recip‐
ient diabetes in multivariate analyses, but not with donor diabetes. 
This finding seems consistent with the fact that RI is associated with 
systemic arterial disease, resulting in systemic arterial stiffness, but 
not with renal vascular resistance. Moreover, our results show that 
kidneys transplanted in a diabetic environment were associated with 
higher RI than kidneys transplanted in a nondiabetic environment, 
regardless of the donor characteristics, which confirms that the sys‐
temic vascular disease due to diabetes is associated with high RI, 
regardless of the renal impairment. Finally, we found that a kidney 
from a diabetic donor was not independently associated with higher 

RI than kidneys from a nondiabetic donor, which could mean that 
RI is not associated with renal vascular resistance or renal vascular 
damages due to diabetes.

Our study confirmed age as a strong determinant of RI.6,12,22 
The association between RI and donor diabetes in univariate anal‐
yses could be explained by the fact that the patients who received 
diabetic kidneys were much older. However, there was no interac‐
tion between recipient age and diabetes: The age‐RI slope was not 
steeper in diabetic than in nondiabetic patients. The high correlation 
between recipient and donor age could explain the results of the 
studies finding an association between RI and donor age.

Systolic and diastolic blood pressures were associated with RI. 
This confirms the link between blood pressure and RI, although 
pulse pressure, which is known to be a determinant of systemic ar‐
terial stiffness, and to be associated with RI,6 was removed from our 
model because of the high correlation with systolic blood pressure. 
Hemodialysis time was also independently associated with RI, but 
not with RI as a binary variable. This seems coherent with the fact 

TA B L E  4   Determinants of RI as a binary variable in multivariate 
analysis

  OR
95% confidence 
interval P

Double transplant 
(%)

0.30 (0.11, 0.82) 0.019

Recipient diabetes 
(%)

2.50 (1.77, 3.54) <0.001

Recipient age (y) 1.11 (1.09, 1.13) <0.001

PP (×10 mm Hg) 1.20 (1.08, 1.33) 0.001

DBP (×10 mm Hg) 0.70 (0.60, 0.81) <0.001

Recipient sex (% 
male)

0.68 (0.51, 0.91) 0.010

DBP, diastolic blood pressure; OR, odds ratio; SBP, systolic blood 
pressure.

TA B L E  3   Determinants of RI as a continuous variable in 
multivariate analysis

  Β ± SD P

Recipient diabetes 0.03 ± 0.005 <0.001

Recipient age (y) 0.003 ± 0.0001 <0.001

Double transplant −0.03 ± 0.015 0.048

PP (mm Hg) 0.001 ± 0.0001 <0.001

DBP (mm Hg) −0.001 ± 0.0001 <0.001

Recipient sex (male) −0.01 ± 0.003 <0.001

Hemodialysis time (y) 0.001 ± 0.0005 0.003

DBP, diastolic blood pressure; PP, pulse pressure.

F I G U R E  1   Relationship between 
RI and age in diabetic and nondiabetic 
patients
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that hemodialysis and chronic kidney disease are a known risk factor 
of systemic arterial stiffness.25 We also found a relationship with 
female sex, and this association persisted despite numerous adjust‐
ments. This association was reported in the general population26 but 
not in transplant.2 The meaning of this association is unclear. Finally, 
RI was independently associated with double transplant, but only 26 
patients in our cohort received two kidneys, which makes this result 
difficult to interpret. None of the other donor characteristics were 
associated with RI in multivariate analysis, which is consistent with 
the idea that it is not organ‐specific.22 Nevertheless, among other 
unknown determinants, it was also reported that genetics would 
play a role in RI and the heritability estimate of RI was 42% in the 
general population.26 Whether it is also true for RI in renal transplant 
is unknown.

Our study has many strengths. To our knowledge, it represents 
one of the largest cohorts of renal transplant recipients focused on 
the mechanism of increased RI in diabetic patients. RI has already been 
shown to be associated with recipient characteristics, not with donor 
characteristics in kidney transplant, but these findings have never 
been studied with diabetes, which harms both kidney and vascular en‐
vironment. Despite the small amount of patients receiving a diabetic 
kidney, we selected the parameters for our multivariate analysis with 
a stepwise method in order to limit their number. Regarding Doppler 
indices, they were measured by experienced physicians, as these pa‐
rameters are studied in our hospital since the early seventies.27

Our study also has limitations. It is a retrospective monocen‐
tric study, and therefore, our findings would need to be replicated. 
Despite the large number of patients in our cohort, the number of 
patients who received a diabetic kidney is only around 5% (105 pa‐
tients), which could be a power limit for the analysis of the impact of 
kidneys from diabetic donors. Besides, diabetes status was missing 
in 30 renal transplant recipients and 14 kidney donors. It was also 
not possible to provide the inter‐observer variability of the RI mea‐
sure due to the fact the RI was measured over a 30‐year period.

5  | CONCLUSIONS

Our results show that increased RI is associated with recipient di‐
abetes, but not with donor diabetes or any donor characteristics. 
This confirms the fact RI reflects systemic vascular changes (aortic 
stiffness), rather than intra‐renal changes, consistently with studies 
reporting associations of RI with extra‐renal vascular damage.6,9,22,23 
From a biophysical point of view, the stiffening of large arteries in‐
creases their characteristic impedance, which gets closer to the 
small artery characteristic impedance. This engenders less reflected 
pulsatile energy, and more pulsatility transmitted to the microcircu‐
lation, and therefore increases RI. A way to further explore these 
mechanisms would be a comparison of pulse wave velocity (PWv) 
with RI in diabetic patients to directly assess its link with aortic stiff‐
ness. Besides, further studies could benefit of ours in new evalua‐
tions of the prognostic impact of RI knowing that it reflects vascular 
environment and aortic stiffness.
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