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Abstract

Background and objectives: Conflicting data have been reported concerning the use of kidney
graft arterial resistance index (RI) measured by Doppler to predict death-censored graft loss. We
hypothesized that changes in RI values could carry better information than a single measure of
RI.

Design, setting, participants, & measurements: Four hundred twenty-five renal transplant
recipients were included in the study. We tested whether changes in renal arterial resistance
index between 4 and 12 months after transplant (ARI4—2) were predictive of graft loss.

Results: Neither 4-month nor 1-year RI predicted graft loss. The area under the receiver
operating characteristics curve of ARI4.1> for graft loss was 0.75. A ARI4—1> >10% had the best



sensitivity and specificity. One year after transplant, 22% of the study population had

ARI4-12 >10%. Fifty-five patients (12.9%) experienced graft loss during follow-up. The annual
incidence of graft loss was higher in patients with ARI4—12 >10% (3.5 versus 1.3%; P = 0.009).
In multivariate analysis, patients with ARI4—.12 >10% had an increased risk of graft loss (hazard
ratio, 6.21; 95% confidence interval, 1.99 to 22.15; P =0.002).

Conclusions: A variation in RI >10% in the first year after transplant is an independent risk
factor for death-censored graft loss in renal transplant recipients.

Despite advances in the prevention of acute rejection, long-term outcomes after kidney
transplantation have only modestly improved during the last years. Indeed, survival rates remain
quite stable, with only 50% of kidneys from deceased donors still functioning 10-year after
transplant (1). The leading cause of allograft failures is chronic allograft nephropathy, a complex
phenomenon characterized by progressive renal dysfunction, chronic interstitial fibrosis, tubular
atrophy, vascular occlusive changes, and glomerulosclerosis (2,3). Many risk factors are known
to influence long-term graft survival, such as recipient age, race, delayed graft function (DGF),
HLA mismatching, and acute rejection episodes (4,5).

Sequential biopsies may help to predict the subsequent development of chronic allograft
nephropathy and the worse outcome of the graft (6,7). Nevertheless, kidney biopsies are invasive
and expensive procedures. Recently, conflicting data have been reported concerning the use of
kidney graft arterial resistance index (RI) measured by Doppler to evaluate kidney function and
predict graft loss (8—11). We hypothesized that longitudinal changes in RI values could carry
better information than a single measure of RI to predict death-censored graft loss. We tested this
hypothesis in a cohort of 425 consecutive renal transplant recipients.

Go to:

Patients and Methods
Patients Characteristics

Four hundred eighty-three patients received a deceased kidney transplant in Saint-Jacques
university hospital between January 1993 and December 2006. Thirty-eight (7.9%) had a follow-
up period <1 year (death, 15; graft loss, 19; lost from follow-up, 4) and were excluded. All of the
patients transplanted in our unit have a protocol Doppler examination 4 months after transplant
and at each annual transplant birthday. Twenty patients did not have the two protocol
examinations. Four hundred twenty-five stable, renal transplant recipients with transplant
duration of at least 12 months and two ultrasound doppler evaluation at 4 months and 1 year after
transplant were included in the study.

All of the patients had received induction therapy rabbit anti-thymocytes globulins (either
thymoglobulin, genzyme, or fresenius; Fresenius Biotech GMBH, Gréfelfing, Germany) or
monoclonal anti-CD25 antibody (anti-CD25 mab; Novartis, Basel, Switzerland). They received
the same maintenance immunosuppressive treatment including cyclosporine (June 1993 to July



2001) or tacrolimus (August 2001 to December 2006), azathioprine (June 1993 to October 2000)
or mycophenolate mofetil (November 2000 to December 2006), and steroids.

Baseline Pretransplant Evaluation

Age, gender, diabetes, hypertension, smoking habit, and a history of cardiovascular events were
analyzed as covariates. Dialysis mode (none, hemodialysis, or peritoneal dialysis) and its
duration before transplantation were also recorded.

Immunological and nonimmunological risk factors for graft loss such as pretransplant panel
reactive antibodies (0 versus positive panel reactive antibodies at any level) and transplant
number (first versussecond or more) were analyzed as covariates.

Data concerning relevant donors (age, serum creatinine level, and collapses during reanimation)
were collected. Information on kidney transplant (cold ischemia and human leukocyte antigen
compatibility status) was also gathered.

The cumulative dose of steroids at 1 year after transplant, the use of calcineurin inhibitors, and
the use of tacrolimus versus cyclosporine were considered potential covariates.

One-Year Posttransplant Evaluation

All patients had a clinical and biologic evaluation 1 year after transplant. Body mass index
(BMI) was calculated (weight/[height]?) at transplant and 1 year after transplant. Subjects were
categorized as current smokers or nonsmokers. BP was measured using a semiautomatic device,
based on an oscillometric method with the patients in a sitting position after having rested for >5
minutes. Pulse pressure (systolic BP — diastolic BP) was calculated as well as mean arterial
pressure (diastolic BP + 1/3[systolic BP — diastolic BP]). Anti-hypertensive drugs were assessed
for each patient. Hypertension was defined by a BP >135/85 mmHg or medication. Diabetes and
new-onset diabetes after transplantation was defined according to the 2003 international
consensus guidelines on diabetes mellitus in transplantation (12). Serum creatinine concentration
and urinary protein excretion were measured. Creatinine clearance was calculated using the
Gault-Cockceroft formula. DGF was defined by the need of at least one dialysis after
transplantation. Only biopsy-proven acute rejections were considered. Biopsy was considered in
any case of serum creatinine increase without other evident causes (obstacle, graft artery
stenosis). Diagnosis of cytomegalovirus (CMV) disease required the presence of viral replication
and treatment by ganciclovir.

Ultrasonographic Determination of RI

Either an Acuson or Sequoia ultrasound machine (Siemens) with a 3.5-MHz curved-array
multifrequency transducer was used. The B-mode measurements were performed at the same
time as the Doppler measurement of the resistance index. Intrarenal Doppler signals were
obtained from three representative proximal segmental arteries. We controlled all our data by
retrospective inspection of the original color mode images and the Doppler flow curves. The



peak velocity (Vmax) and the minimal diastolic velocity (Vmin) were determined. The renal
interlobal and segmental arterial resistance index was calculated as 100 % [1 — (Vmin/Vmax)], and
the results from the three measurements were averaged.

To rule out renal artery stenosis in the transplant, the course of the renal artery was determined
with color-flow imaging. Stenosis was suspected if a segment of the vessel showed color-flow
disturbance. Patients with renal artery stenosis were excluded.

Doppler examinations were performed by two investigators. Nevertheless, each of the two
Doppler examinations (4 and 12 months) performed in a same patient were done by the same
investigator. This way, interindividual operator variations could not explain intraindividual
variations in the patients.

All Doppler examinations were done in stable patients.

Statistical Analyses

The results are expressed as mean + SD. The median and range are given for variables where
distribution is not normal. First, univariate analyses were carried out to examine the relationship
between RI, ARI4_.z(variation in RI between months 4 and 12) and a number of potential
independent variables. Among the latter, covariates to enter multivariate analyses were selected
as follows:

Continuous variables were tested using ¢ test or Mann-Whitney's nonparametric test.
Categorical variables were tested using Pearson's x> or Fisher's exact test.

Multivariate regression analysis was performed to determine the factors associated with RI and
ARls-12

We calculated both positive and negative predictive values of different thresholds of ARI4—, for
the subsequent occurrence of graft loss. A receiver operating characteristics curve was performed
to determine the relevance of ARI4.12 to predict graft loss. The best threshold was the

ARI4-.12 corresponding to the higher value of the equation: sensitivity + specificity — 1 (Youden
index). This threshold was chosen for further analysis.

Second, univariate analyses were carried out to examine the relationship between graft loss and a
number of potential independent variables including RI and ARI. Using log rank tests on Kaplan-
Meier nonparametric estimates of graft loss distribution, we selected first variables with P <
0.20. The selected variables were included into a Cox proportional hazards model, and a
backward stepwise selection process was performed—this time at a classical a = 0.05. The
number of years of follow-up was calculated from the date of the 1-year post-transplant
ultrasonography until the date of the first event (graft loss) or the last documented visit in our
outpatient unit. RI was split into two classes (<0.68 and > 0.68 [median value]). Changes in RI
between the first determinations 4 months after transplant (Rlsm) and the second one, 1 year after
transplant (RIom), were calculated for each patient. The variation in RI (ARI4—.12) was calculated



as (RIi2m — Rlum/Rlam). ARI4—12 was split into two categories (<10 and >10%) according to
sensitivity/specificity analysis.

Age (<50 or >50 years), creatinine clearance (<50 and >50 ml/min), C-reactive protein (<3 and
>3 mg/L [median value]), and urinary protein excretion (<0.5 and >0.5 g/d) were split into two
classes.

Results are expressed as hazard ratio (HR) and 95% confidence interval (CI), with a P value
testing the null hypothesis: HR = 1. Therefore, when P < 0.05, HR is significantly different from
1: either >1 (i.e., risk of graft loss is increased) or <I (i.e., risk of graft loss is decreased).
Assumptions of Cox models (log-linearity, proportionality of risk in time) were met in this
analysis.

Go to:

Results
Study Population

The cohort of 425 patients was followed for a mean duration of 7.2 + 5.7 years. The
characteristics of the study population are depicted in Table 1.

Table 1.

Characteristics of the study population (mean, thresholds used to categorize patients, percent of
patients in the category previously defined)

Variables Mean £ SD Category Percent
Age (years) 47+13 =50 42
BMI at transplant (kg/m?) 23.8+43 226 23
BMI at 1-year after transplant (kg/m?) 24.7+4.7 >26 32
Mean increase in B.M.I. (kg) 44+£85 >5% 45
Creatinine clearance (ml/min) 53.6£17.2 <50 46
Urinary protein excretion (g/day) 0.36 £0.62 >0.5g/d 21
Positive PRA (%) 9.6

First transplant (%) 81.1

Acute rejection (%)° 19.8

CMV disease (%)° 21.7

DGF (%) 13.9

Diabetes (%) 18



Variables Mean £ SD Category Percent

Gender (% male) 67
Hypertension (%)* 83
Current smokers (%)? 24

Open in a separate window
BMI, body mass index; PRA, panel reactive antibodies; CMV, cytomegalovirus; DGF, delayed
graft function.
At 1-year after transplant.
*During the first year after transplant.

All of the patients were followed in our unit weekly the first 2 months and then according to
clinical status. In the late post-transplant course, the patients were referred to our unit at least
twice a year.

Eighty-four patients (19.8%) experienced at least one episode of biopsy-proven acute rejection.
Only two patients were treated for acute rejection without allograft biopsy confirming the
diagnosis. These patients were not considered as having had acute rejection.

Intrarenal RI

The mean RI 1 year after transplant was 0.67 + 0.08 (median value, 0.68; range, 0.50 to
0.94; Table 2). Mean RI values did no significantly vary between the 4th and 12th months after
transplant.

Table 2.
Resistance index and ARI
ARI 412 RI4m RIIZm
Mean (SD) 2% (8) 0.67 (0.08) 0.67 (0.07)

Median (range) 1% (—23 to 40%) 0.68 (0.44 to 0.87) 0.68 (0.50 to 0.94)
n>10% (%) 95 (22%)
Open in a separate window

ARI,_..», variation in RI between 4 and 12 months after transplant; R, Rl 4 months after
transplant; Rl,.,, RI 12 months after transplant.

In univariate analysis, RI was associated with recipient age, recipient's history of cardiovascular
disease, the occurrence of CMV disease in the first year after transplant, creatinine clearance,
and urinary protein excretion. The multivariate analysis showed that intrarenal RI depends only
on recipient age (P = 0.005), recipient's history of cardiovascular disease (P = 0.012), and the
occurrence of CMV disease in the first year after transplant (P = 0.009). None of the donor
characteristics correlated with RI. There was no difference in RI or ARI4_.12 between patients



under cyclosporine and those under tacrolimus. Moreover, Rl and ARI4—1> were similar in
patients receiving or not receiving angiotensin receptor blockers or angiotensin converting
enzyme inhibitors 1 year after transplant.

Mean percent of change in RI was 2 + 8% (Table 2). Nevertheless, we observed great individual
variations (from —23 to +40%). Table 3 depicts sensitivity, specificity, and both positive and
negative predictive values of different ARI4_. 1> thresholds for the later occurrence of graft loss.
The area under the receiver operator characteristics curve was 0.75 (Figure 1).

Table 3.

Resistance indices (Rl..) and variations in resistance indices (ARI ,_.;,) in different categories of
patients

Rli:m ARIy.12 (%)

No Yes P No Yes P
Age > 50 years 0.64 £0.07 0.72+0.08 <0.0001 2+10 2+9 0.677
Male gender 0.68+0.09 0.66+0.07 0024 1+£9 2+10 0.474
Past history of CVD 0.66+0.07 0.7+0.1 <0.0001 2+10 2+9 0.665
Smoking habit 0.67+0.07 0.66+0.1 0556 2+10 1+9 0.536
Hypertension 0.68+0.07 0.67+0.08 0569 5+£9 2+£9 0.229
Diabetes 0.66+0.07 0.69+0.07 0.061 2+10 2+9 0.783
Creatinine clearance <50 ml/min 0.67 £0.07 0.66+0.07 0.479 1+£10 2+10 0.328
U.P.E. >0.5 g/day 0.66+0.07 0.68+0.09 0.076 1+10 4+11 0.143
CMV disease 0.66+0.07 0.69+0.08 0.003 2+10 2+10 0.486
Acute rejection 0.67+0.08 0.66+0.07 0338 2+10 1+10 0.534

0.67+0.07 0.68+0.09 0.211
0.67+0.08 0.67+0.08 0.561
0.67+0.07 0.67+0.07 0.423

2+10 2+£9 0.712
1+10 2+9 0.483

2+10 1£10 0.553

Open in a separate window
RIiom, RI 12 months after transplant; ARL_..,, variation in RI between 4 and 12 months after
transplant; CVD, cardiovascular disease; U.P.E., urinary protein excretion; CMV,
cytomegalovirus.

Donor age >42 years
Donor creatinine >100 uM

Cold ischemia time >20 h
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Figure 1.

Association of sensitivity and specificity for different ARIs-12 values using the receiver operating
characteristics curve. The receiver operating characteristics curve was obtained as described in
the Patients and Methods section.

A ARI4—12 >10% had the best sensitivity and specificity. Therefore, this threshold was chosen for
further analysis. Positive predictive values were low for all values of ARI4-12.

Ninety-five patients (22.3%) had an increase in RI >10% between the fourth month and the first
year after transplant. These patients with and without a significant increase in RI did not differ
for any parameters except for changes in BMI in the first year after transplant (Table 4). Mean
variation in BMI was 0.3 £+ 7% in patients without ARI4_1> <10% and 3.8 £+ 7% in those with a
significant increase in RI (P = 0.019). We observed a significant correlation between ABMI and
ARIL4—12 (r=0.20; P =0.018).



Table 4.

Sensitivity, specificity, positive and negative predictive values, and Youden index for different

ARl Sensitivity Specificity PPV NPV Youden Index

ARI,_, thresholds
-5% 0.25

0 0.54

5% 0.63
10% 0.86
15% 0.93

0.82
0.71
0.65
0.59
0.34

0.1
0.13
0.16
0.25
0.32

0.93
0.92
0.92
0.91
0.89

0.07
0.25
0.28
0.45
0.27

Open in a separate window

ARI,_.;», variation in RI between 4 and 12 months after transplant; PPV, positive predictive value;
NPV, negative predictive value; Youden index, sensitivity + specificity — 1.

RI were also measured 3 and 5 years after transplant. RI remained stable in patients with
ARI4-12 <10% (0.69 = 0.07 and 0.70 = 0.08 at 3 and 5 years after transplant, respectively). In
contrast, RI increased until 3 years after transplant in patients with ARI4—.12 >10% (0.74 +
0.07 versus 0.72 £ 0.07; P =0.023).

Graft Loss (Death Censored)

Fifty-five patients (12.9%) lost their graft during follow-up. The annual rate of graft loss was
higher in patients with an increase in RI >10% (3.5 versus 1.3%; P = 0.004; Figure 2).

- <10%

—-a—-z10%

Graft survival

Figure 2.
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Death-censored graft survival according to changes in resistance index.

In univariate analysis, low creatinine clearance 1 year after transplant (P < 0.001), high urinary
protein excretion 1 year after transplant (P = 0.006), delayed graft function (P < 0.001), acute
rejection in the first year after transplant (P = 0.001), DGF (P = 0.039), an increase in BMI >5%
(P =0.023), and an increase in RI >10% (P = 0.004) were associated with graft loss. One-year
post-transplant RI was not predictive of graft loss.

Immunosuppressive drugs did not influence graft survival (cyclosporine versus tacrolimus,
azathioprine versus mycophenolate mofetil, anti-thymocytes globulins versus anti-CD25 mab).

In multivariate analysis, low creatinine clearance 1 year after transplant (HR, 1.83; 95% CI, 1.19
to 3.22; P=0.017), an increase in RI >10% (HR, 6.21; 95% CI, 1.99 to 22.15; P =0.002), and a
history of acute rejection (HR, 3.42; 95% CI, 1.41 to 9.67; P = 0.008) were independent risk
factors for graft loss (Table 5).

Table 5.
Cox model: Hazard ratio estimates for AE and 95% confidence intervals
Variable Category Hazard Ratio 95% Confidence Intervals P
.. . >50 1 _ _
Creatinine clearance ml/min
<50 1.83 [1.19; 3.22] 0.017
No 1
DRI, > 10%
Yes 6.21 [1.99; 22.15] 0.002
. No 1 _ _
Acute rejection
Yes 3.42 [1.41;9.67] 0.008

Open in a separate window

ARI,_.;», variation in RI between 4 and 12 months after transplant.

When entered into the model as a continuous variable, the percent of change in RI (ARI4—.12) was
found to be an independent risk factor for graft loss (HR, 1.11; 95% CI, 1.05 to 1.14 for each
increase of 1% of RI; P =0.009).

Changes in RI did not predict death or death-uncensored graft loss.

Discussion



Our study showed an increased rate of graft loss in patients with a substantial increase in
intrarenal RI in the first year after transplant. More precisely, patients with a 1-year post-
transplant increase in RI of >10% showed a six-fold increase in risk of graft loss. However, RI,
which primarily depends on recipient-related vascular status rather than on graft function, is not
predictive of graft outcomes. Therefore, our study suggests that only comparisons of RI over
time can help physicians to detect early graft dysfunction.

Previous studies have reported a correlation between age, vascular compliance, and intragraft RI
(10). We also observed that RIs mainly depend on recipient's vascular compliance. Both age and
a history of cardiovascular disease correlated with RI. In contrast, neither graft function nor
donor characteristics were predictive of RI. Interestingly, we found CMV disease to be
associated with RI. CMV is implicated in vascular complications through endothelial
dysfunction. In heart transplant patients, CMV infection episodes are associated with impaired
coronary endothelial function (13). Moreover, Fearon et al. (14) reported that CMV
seropositivity and the lack of prophylaxis against CMV correlate with negative remodeling of
coronary arteries. Finally, both animal models and epidemiologic studies suggest a role for CMV
in atherogenesis (15—17). Concordant with these data, CMV may contribute to endothelial
dysfunction and vascular aging in renal transplant patients.

The predictive value of RI for subsequent graft loss is controversial. Some authors found
elevated RI to be predictive of graft loss (8,9). Radermacher et al. (8) reported that renal arterial
RI >0.8 at least 3 months after transplantation was predictive of a combined endpoint including a
decrease of 50% or more in creatinine clearance, allograft failure, or death. In this study, 20% of
the patients had an RI of 80% or more, which is an unexpectedly high rate of elevated RI. In our
study, only 3.3 and 5.4% of the patients had RI >80% at 4 and 12 months after transplant,
respectively. Concordant with our results is the fact that the median RI was 63% in a study by
Saracino et al. (9). This value is even lower than in our study. Thus, we believe that a very high
cut-off, if predictive of graft loss, is probably not relevant because it selects a small subset of
patients. Moreover, some other studies did not confirm these results (10,11). It should be noted
that RI did not depend on either donor characteristics or past transplant events. Because RI seems
to mainly reflect recipient vasculature, we think that a single measure of RI is not relevant to
appreciate current intragraft process and predict transplant course.

The major finding of our study is that changes in RI, rather than RI per se, are predictive of graft
loss. Because only intraindividual comparisons are of clinical use, RI should be determined as
baseline values in each patient for long-term follow-up. Nevertheless, for a continuous variable
used as a predictive factor, defining thresholds is mandatory for clinical practice. Thresholds
should have both good positive and negative predictive values to help physicians in patient
management. We found a variation in RI >10% to be the best threshold for subsequent graft loss.
A significant change in RI could be an indicator for histologic evaluation and/or therapeutic
intervention. Thus, Doppler RIs may be an early marker of intragraft vascular damage.

We recently reported that weight gain in the first year after transplant is a risk factor for graft
loss (18). Interestingly, we showed here that changes in RI may at least in part depend on weight
gain. Obesity is associated with afferent arteriolar dilation and glomerular capillary hypertension,



which could lead to glomerulosclerosis (19). Hall ef al. (20) suggested that, in response to the
reduced Na excretion capacity acting at sites proximal to macula densa in obesity, reduced NaCl
delivery to the macula densa site induces afferent vasoconstriction and renin release to produce
compensatory glomerular hyperfiltration, thereby restoring normal distal delivery.
Hyperinsulinemia could further interact with elevated intrarenal angiotensin II levels to augment
angiotensin II-dependent contraction of glomerular mesangial cells (21). Together, these
mechanisms could account for the association between weight variations and RI changes.

There are some limitations to our work. Our study design implied the inclusion of renal
transplant recipients with at least 1-year graft survival. A survival bias is possible, and the
conclusions of this study might not be applicable to short-term graft survival. Association does
not obligatory preclude causality, and one can suspect RI to be an effect of graft failure rather
than a cause. Moreover, we cannot exclude the sample size of our cohort to be too small to detect
an independent effect of other parameters. Finally, Doppler examinations were performed by two
different investigators. Nevertheless, each of the two Doppler examinations performed in the
same patient was done by the same investigator. This way, we minimized interindividual
operator variability.

A significant increase in RI during the first year after transplant is a powerful predictor of death-
censored graft loss. Because a single determination of RI does not predict graft outcome,
longitudinal survey of RI seems mandatory. Future studies should examine whether histologic
evaluation and/or therapeutic intervention based on RI modifications could prolong graft
survival.
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