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Effect of increased arterial resistance
index on long-term outcome
of well-functioning kidney grafts

Abstract An abnormal vascular
status is present in the transplanted
kidney. To define whether vascular
factors might influence kidney func-
tion of the graft, the renal volume,
blood flow and vascular resistance
of a group of healthy subjects were
compared with those of a group of
well functioning renal transplants by
color Doppler ultrasonography. Six-
ty healthy subjects and 75 well func-
tioning cadaver renal transplant re-
cipients were compared by color
Doppler ultrasonography. Subse-
quently, 15 couples of donors and
recipients of a living related renal
graft were compared to observe the
differences between the two organs
of the same subject in a different
environment. The variables studied
were: the diameters and the volume
of the kindey, renal blood flow and
renal resistance index (RI). The
group of cadaver renal transplant
patients showed higher mean blood
pressure (P = 0.009), higher serum
creatinine levels (P = 0.0001) and

introduction

Despite progress in treatment, the transplanted kidney
has a shorter half-life [22] than a native kidney after

lower endogenous creatinine clear-
ance (P < 0.0001) than healthy con-
trols. The length (P < 0.00001) and
volume (P < 0.001) of the kidneys of
cadaver transplanted patients were
significantly greater than those of
healthy subjects, while the length
and volume of the living donors kid-
neys were identical to those of the
recipients. R1, measured on renal
vessels, showed lower values in
healthy subjects and in kidney do-
nors than in transplantated patients
(P < 0.00001). Well functioning
transplanted kidneys showed in-
creased renal arterial R1. This non-
immunologic factor did not appear
to be detrimental with renal func-
tion in time, at least until 50 months
after successful grafting.
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Among non-immunologic factors involved in graft

damage, the reduced amount of transplanted nephrons
has recently been emphasized [5. 7, 8, 17, 18, 20, 23

contralateral nephrectomy [34].

The main cause of the late loss of the transplanted
kidney is “chronic graft dysfunction”, a complex picture
of multifactorial origin in which immunologic and non-

immunologic factors play a yet undefined role (7, 19,
46, 47].

45]: renal survival seems to be shortened when Jesg
than 50% of the required nephrons are allocated in the
recipient [2, 13, 14, 31, 38, 43].

Other non-immunologic differences between the pa-
tive and the transplanted kidney might be the presence
of hypertension and of an abnormal vascular status in
the recipient of the graft related [26] to the duration of
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Table 1 Characteristics of the groups of normal subjects, cadaver transplants, living donors and living-related transplants. Values are

means + 1SD

Normal Cadaver transplants Living-related transplants P*

CSA® AZA® Donors Recipients

N. of cases 60 60 15 15 15
Age (years) 40+9 43+9 48+9° s1t12° 3910 <0.01
Gepder (M/F) 30/30 32/28 817 6/9 7/18 NS®
Weight (kg) 69112 60+13° 6210° 6912 6111° <0.01
Height (cm) 169+ 10 162+9° 160+ 7° 165+9 160+ 8° < 0.0005
Body surfac;e area (m?) 1.741£0.21 1.62+£0.19° 165+0.16° 1.74+0.16 1.63£0.18° < 0.003
Mean arteru.il pressure (mm Hg) 91.2+6.1 97818.5° 93.118.2 96.8+9.1° 9841104° <0.009
Serun} creatinine (uM/1) 80.0%£9.7 97.4+11.8° 89.5+123 1012+10.8° 1065+12.9° < 0.0001
Creatinine clearance (ml/min) 94116 76+£17° 78+18° 77+13° 74116° < 0.0001

. (:’SA: patients treated with triple therapy (cyclosporine, aza-
thioprine and steroids), AZA: patients treated only with azathio-
prine and steroids

uremia and to dialysis treatment [9]. Moreover, renal
denervation, caused by the surgical procedure, and the
heterotopic placement of the graft in the iliac fossa,
might also play a role.

To define whether vascular factors might influence
graft function, the renal volume, blood flow and vascu-
lar resistance of a group of heaithy subjects were com-
pared with those of a group of well functioning cadaver
renal transplants by color Doppler ultrasonography.

A selected group of living donors and of their recipi-
ents was also compared in the same way to observe the
differences between the twin organs of the same subject
when located in a different environment.

Materials and methods

This study consisted of two parts. In the first part, 60 healthy sub-
Jects, 30 males and 30 females, with a mean age of 40 + 9 years,
and 60 cadaver renal transplant patients, 32 males and 28 females,
with a mean age of 43+ 9 years and a median transplant duration
of 50 months (range 6-106), were studied by color Doppler ultra-
sonography between January 1996 and March 1997. At the time
of investigation, mean serum creatinine levels in transplanted pa-
tients were 97.4 + 11.8 uM/l and mean immunosuppressive treat-
ment was cyclosporine 4.2+0.7 mg/kg per day, azathioprine
70+21 mg/day and 6-methylprednisolone 5.0+ 1.2 mg/day. Cy-
closporine mean trough blood levels were 206 + 21 ng/ml.

To reduce pharmacologic interference with the vascular vari-
ables studied, tests were carried out in the morning, 12 h after cy-
closporine and 24 h after 6-methyl prednisolone were taken. More-
over, to evaluate the potential importance of the treatment with cy-
c}osporine on the observed data, a second group of 15 well func-
tioning cadaver renal transplants treated only with azathioprine
(82.5 £ 12.5 mg/day) and 6-methylprednisolone (7.5 + 1.5 mg/day)
and with a transplant duration of 136 months (range 76-184) was
also studied (Table 1).

In the second part of this study, 15 couples of living kidney do-
nors and their recipients were investigated. Donors were, six men
and nine women, with mean age of 51 + 12 years. Recipients were
seven males and eight females, with a mean age of 39 + 10 years.

> Chi-square analysis
* One-way analysis of variance, statistical difference (Tukey’s test)
with respect to normal values indicated by ° (< 0.05)

Transplant duration was 53 months (range 7-97). Mean serum
creatinine levels were 106.5 £ 12.9 uM/1. We selected a group of liv-
ing related transplants in which the immunologic compatibility was
elevated (mean: 1.9 £ 0.1 mismatch HLA A, B and Dr), the warm
and cold ischemia times were short (warm ischemia less than
1 min and cold ischemia less than 3 h), the number of rejection epi-
sodes was small (one fully reversible episode in 5/15 recipients)
and the clinical course was favorable. Their mean immunosuppres-
sive treatment was cyclosporine (CSA) 4.5 + 0.6 mg/kg per day,
azathioprine 75%25mg/day and 6-methylprednisolone 6.0t
2.2 mg/day. Cyclosporine mean trough blood levels were
235 + 32 ng/ml. Body weight, height and body surface area of the
donors and recipients were also considered.

All transplants showed stable renal function before and after
the Doppler test. Criteria for exclusion were presence of a 24-h
proteinuria exceeding 500 mg/day and/or abnormal urinary sedi-
ment, presence of diabetes and of hypertension at the moment of
the ultrasound investigation. In all grey scale ultrasonography, ana-
tomic abnormalities of the kidney or of the urinary tract were ab-
sent.

Cyclosporine trough blood levels were measured with a mono-
clonal antibody by FPIA analysis.

All patients gave their informed consent to the study.

Assessment of renal volume, blood flow and resistance index

On the moming of the day of ultrasound test, after a 24-h urine col-
lection, a blood sample was collected from the fasting subjects to
determine serum creatinine and trough blood cyclosporine level
in patients treated with this drug. Endogenous creatinine clearance
was calculated from serum and urine creatinine concentration le-
vels. In all cases, body weight and height were also measured.

After 1h of rest in the supine position in a suitable environ-
ment (20-23° C) to obtain basal conditions, brachial arterial pres-
sure was measured and mean arterial pressure (MAP) was calcu-
lated. The color flow Doppler scan of the kidney was subsequently
performed with an ATL Ultramark-9 HDI scanner (Bothell, Wa-
shington, USA), using a 2-4 MHz broadband convex probe. The
same sonologist (R.R.) performed all the Doppler scans.

The outcome variables studied were the diameters and the
volume of the kidney, renal blood flow and RI measured on renal,
interlobar and cortical arteries.

Variables were determined in this order:
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Table 2 Ultrasonographic variables of normal subjects, cadaveric transplants, living donors and living-related transplants. Values are

mean £ 1 SD

Normal Cadaver transplants Living-related transplants P

Right kidney Left Kidney CsA §? Aza §° Donors Recipients

(n = 60) (n = 60) (n=15) (n=15) (n=15)
Renal length (mm) 105.2 8.1 108.4+9.2 123 +£10.5° 125+9.3° 118+ 8° 117£8° < 0.00001
Renal volume (ml) 125 +47 12725 183 £ 49° 195 £51° 164 £28° 157+35° <0.001
Renal blood flow (ml/min) 258 + 166 26390 2774120 260 £ 105 250 + 87 228+ 95 NS
Renal resistance index 564148 578+5.1 704+6.7° 666x5.1° 575+95 66.4 + 8.8° < 0.00001
Interlobar resistance index 543148 555149 64.8£8.1° 61.0+59° 56.4 8.1 60.3+7.2° < 0.00001
Cortical resistance index 505+49 50.7+47 56.5+64° 54.1 £38° 52050 §59+4.7° < 0.00001

4 CsA: patients treated with triple therapy (cyclosporine, aza-

thioprine and steroids), Aza: patients treated only with azathio-
prine and steroids

—_—

. The length, width. and thickness of the graft in mm. The kidney
volume was calculated in cm® by the formula (0.49 x
length x width x thickness) [1, 6, 12, 21, 30, 40]. With the probe
used, Doppler sample width was 1.5 mm and, at depth of 6 cm,
axial and lateral resolution were respectively 0.5 and 0.8 mm.

. Renal blood flow (RBF) was measured from Doppler spectrum
time-averaged mean velocity and vessel diameter as previously
described [3, 4. 11, 15, 16, 36]. Every measure represented the
mean of five subsequent determinations.

. Resistance index (RI) was determined from the analysis of the
spectral waveform as follows: the peak systolic frequency shift
minus the lowest diastolic frequency shift divided by the peak
systolic frequency shift [24, 32, 33, 36, 37, 39]. Doppler sample
width was set at 2.5 mm. RI was calculated as an average value
obtained for five waveforms of the main renal and interlobar ar-
tery. The measurement of RI on cortical vessels was obtained by
color imaging, positioning the exploration probe externally to
the visualized arcuate vessels. The mean of six waveforms was
measured: two on the upper. two on the medium and two on
the lower pole of the organ.

In our experience, the mean intraexamination coefficient of RI
variation was 3.5 + 2.1 % at the cortical and 3.0 £ 1.9 % at the renal
and interlobar level [39]. Doppler waveforms were made at the
lowest pulse repetition frequency possible to avoid artifacts [24,
44). This maximized the size of the Doppler spectrum and de-
creased the percentage of error in the measurements. All Rl values
reported are multiplied by 100.

Statistical analysis

The data were analyzed with SPSS software (SPSS Inc.. Chicago.
USA). Categorical data were examined by chi-square analysis.
Student's r-test for independent or dependent groups was used
when appropriate. One-way analysis of variance was used to exam-
ine outcome variables in more than two groups. Tukey’s multiple
comparison procedure was chosen to identify significant differen-
ces among the groups.

Two-factor ANOVA was used to analyze RI with respect to the
two selected factors: site of sampling (i. e. renal, interlobar or corti-
cal artery) and different groups (healthy subjects, cadaver trans-
plant. living donors and related recipients).

Linear regression analysis was used to assess the effects of
transplant duration on the examined variables. Data are shown as

means + 1 SD unless otherwise indicated. P < 0.05 was considered
significant.

* One-way analysis of variance. statistical difference (Turkey’s
test) respect to normal values is indicated by ° (< 0.05)

Results

Compared with healthy subjects, the group or renal
transplants showed lower body weight. height and body
surface area (Table 1).

Mean blood pressure (P < 0.009) and serum creati-
nine levels (P < 0.0001) were higher, while endogenous
creatinine clearance was lower (P < 0.0001) in the sub-
jects with a single kidney, either donors or transplanted
patients.

Living donors and cadaver transplants, treated with
azathioprine and steroids, were older than living kidney
recipients and CSA treated patients (P <0.01) (Ta-
ble 1). The median transplant duration was not different
in the two groups of CSA-treated patients (50 months.
range 6-106 for cadaver and 53 months, range 7-97 fo;
living transplant recipients) and their age distribution
was fully comparable.

The only difference observed between the two
groups of kidney recipients treated with or without cy-
closporine was transplant duration, which was longer in
patients treated with azathioprine and steroids (median
136, range 76-184 months; P < 0.001).

The length (P < 0.00001) and volume (P < 0.001) of
the transplanted kidney were significantly greater than
those of the healthy subjects (Table 2), while the length
and volume of the living donor kidney were identical to
the recipients’ ones. In the three types of grafted kid-
neys, renal blood flow was not statistically different
from the living donor one and from the right or left kig-
ney of a healthy subject (Table 2). Resistance index
measured on kidney vessels, showed lower valueg i;;
healthy subjects and in kidney donors than in
transplanted patients (P < 0.00001) (Table 2).

!n renal grafts, RI was significantly increased in the
main renal artery; the difference decreased at the inter-
lobar level and was still present at the cortical leve]
The slope of decay of RI values in transplanted patients'
was steeper than in healthy subjects (Fig. 1). RI values
were comparable between healthy subjects and donors
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Fig.1 Relationship among RI, measured in three different sites of
renal vasculature, in the five groups examined. No statistical differ-
ences were observed between values of RI of normal subjects and
living donors. Statistically increased RI was observed in cadaver
and in living related grafts (P < 0.0001). In the three groups of re-
nal transplants, a statistical difference was observed between
main renal and interlobar artery (P <0.01) and between cortical
versus interlobar vessels (P < 0.001). Vertical bars are + 1 SE

and between the three groups of transplanted patients
(Table 2). Analysis of regression did not demonstrate

any relationship among all the reported variables and
graft duration.

Discussion

In the first part of this study, we compared normal sub-
Jects with renal transplant recipients. As expected,
transplanted patients had a smaller body size, higher
MAP and serum creatinine and lower creatinine clear-
ances than normal controls. Renal length and volume
were also increased in the transplanted kidneys and
were similar to those observed in donors after nephrec-
tomy.

!n donors, mean values of creatinine were higher
while blood flow and RI were similar to those found in
normal subjects. These data show that nephrectomy in
the adult is accompanied by parenchymal hypertrophy
of the residual organ without important changes in
blood flow.

Resistance index of the transplanted kidney vessels
showed a specific difference from the healthy ones. RI
measures the arterial impedance and influences the ar-

terial compliance [29]. The transplanted kidney showed
increased RI values when compared to donors in all
the explored vascular areas, the donor RI was identical
to that of healthy subjects. The observed differences
were maximal at the level of main renal artery and slow-
ly decreased at the interlobar and cortical level, so the
slope of decay of RI values was steeper than in donors
and healthy subjects.

Donors and recipients of a living related renal trans-
plant enabled the selection of two groups of twin kid-
neys, differing only in the anatomic placement and im-
munosuppressive therapy. The differences observed in
renal length, volume, and flow fall in the range of varia-
bility between right and left kidney of a healthy subject
[16, 25, 49]. Also in this particular condition, RI was in-
creased in transplanted recipients and normal in their
donor partners.

In order to investigate whether immunosuppressive
treatment could be the cause of the RI difference be-
tween transplanted patients and healthy subjects, we
studied both patients treated with or without cyclospor-
ine. Azathioprine does not appear to have vascular ef-
fects, while steroids tend to produce hypertension. It is
well known that cyclosporine exerts different vascular
effects: this drug has been shown to increase sympathet-
ic activity and vascular resistance in skeletal muscle [27,
41, 42]. The infusion of cyclosporine increases blood
pressure and reduces renal blood flow [48]. At the renal
level, cyclosporine gives rise to specific vasoconstriction
of the afferent arteriole [28], vessel located in the kidney
cortex. Our tests were carried out in the morning before
the drug was taken, in order to reduce its pharmocologic
interference on the studied vascular variables. In these
conditions, RI of renal vessels was similar when aza-
thioprine and steroids or cyclosporine and steroids
were used. In the transplanted kidney, cyclosporine in-
creases pulsatility and RI of cortical vessels, but this ef-
fect was not evident with main renal artery [35]. The ob-
served RI difference between donor and recipient
seemed to be without negative effect on transplant func-
tion because regression analysis did not show any varia-
tion in renal volume, blood flow and RI related to trans-
plant duration.

In conclusion, a well functioning transplanted kidney
shows, in comparison with the healthy one, increased re-
nal arterial RI In patients without rejection or other
complications, this non-immunologic factor does not ap-
pear to be detrimental to renal function at least until
50 months. An increase in RI, reducing the compliance
of the smaller vessels, might influence vessel structure
and accelerate vascular damage [10, 29]. Therefore it is
not possible to exclude that, in the presence of other
conditions of renal damage, such as arterial hyperten-
sion, diabetes or cyclosporine toxicity, this vascular ab-
normality might also play a role in chronic graft dys-
function.
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