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Cyclosporine renal cortical vasoconstriction measured by colour
doppler imaging in kidney transplantation
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Important side-effects limit the use of cyclosporine A
CSA), the most insidious of which is nephrotoxicity,
Which manifests as a preglomerular arteriolar vasocon-
Striction causing a reduction in glomerular filtration rate
(GFR) and renal plasma flow (RPF). This condition is
Initia]ly purely functional, but with time can become
anatomic and irreversible [4].

In clinical practice we lack suitable methods for evalu-
ating CSA vasoconstriction. Our present knowledge is
ased on indirect information obtained from repeated
Measurements of plasma creatinine levels and from
lood concentrations of the drug. Sometimes more com-
Plex and non-routine tests, such as the evaluation of GFR
and RPF, or invasive methods, such as renal biopsy, are
also employed,

In this study we used the colour-Doppler technique to
In.eélsure directly the vascular effects of CSA in patients
With transplanted kidneys, evaluating changes in blood

OW at the hilus and on the cortex of the kidney when the
Tug was at trough or peak levels.
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Materigl and methods

\Xe Studied 14 patients with cadaveric renal transplants (seven men
plamSeVen women) with a mean age of 34.5 +8.5 years. The trans-
$ were well established (34.6 %27 months), with good renal
lction (plasma creatinine < 140 mMIl). None of the patients was
re"lg antihypertensive drugs. All were under triple immunosup-
SSive therapy, with identical doses of steroids and azathioprine.
4.51_0Was taken in two equal daily doses at a mean dose of
FPIA S mg/kg per day. Whole-blood levels of the drug, measured by
700 (Abbott polyclonal antibody), ranged between 350 and
ng/ml. Before the trial, patients took no medications for 12 h.
a.m. blood samples for the measurement of CSA trough

ley,
els ang plasma creatinine were taken, mean arterial blood press-
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ure (MAP) was determined and colour-Doppler spectra obtained.
At the end of the procedure, patients took their dosesof CSA and3 h
later (peak time) the same determinations were repeated.

To evaluate the effect of the drug on the chronically damaged
kidney, the same parameters were repeated on a group of 13 ca-
daveric renal transplant patients with reduced, but stable, renal func-
tion (plasma creatinine 140-350 mM/1).

The ATL Ultramark-9 apparatus with a 3.5 or 5 MHz probe was
used to obtain the hilar and cortical colour-Doppler spectra. We used
the indices RI (resistive index = peak systolic velocity minus the
lowest diastolic velocity divided by peak systolic velocity) and PI
(pulsatility index = peak systolic velocity minus the lowest diastolic
velocity divided by mean velocity) to eliminate the bias associated
with the angle of determination of the velocity in the vessel. With this
system it is possible to compare the data obtained at different times
with a large margin of specificity, sensitivity and accuracy (1, 3, 6, 7].
All the colour-Doppler values presented are the mean of five suc-
cessive measurements.

The values are presented as means + SE. The significance of the
differences between the values obtained at trough and peak levels
was determined by the r-test for paired data. Linear regression anal-
ysis was used to look for relationship between blood cyclosporine
and colour-Doppler parameters.

Results

In our patients, the mean CSA blood levels increased
from 338 £36 ng/ml (trough) to 801 +106 ng/ml (peak)
(P <0.002). Mean blood pressure (MAP) did not change
significantly, being 107.5+5 mmHg at the trough time
and 114 + 3 mm Hg at the peak time.

The PI and RI measured at the hilus of the kidney did
not vary significantly (PI, trough 1.01+£0.05 vs peak
1.17£0.10; R, trough 0.62 £ 0.02 vs peak 0.64 + 0.03.

The changes in the Doppler spectra of the renal cortex
after CSA were more striking. The PI increased from a
trough value of 0.82 £0.02 to a peak value of 1.11 £0.03
(P <0.0001). The change in the RI was analogous, going
from a trough value of 0.54£0.009 to a peak value of
0.64 £ 0.007 (P < 0.0001).

In the cortex, a positive linear correlation between
CSA level and PI value (r, 0.60; P<0.02; n = 28) was
found. The higher the level of the drug, the more the pe-
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Fig.1. Relationship between CSA levels in whole blood and pulsat-

ility index (PI) measured on the renal cortex at the same time (n =
28)

ripheral resistance increased and the diastolic flow de-
creased (Fig.1).

The effect of CSA on colour-Doppler spectra of the
kidney in the group of patients with chronically impaired
renal function was identical to that observed in well-func-
tioning grafts, except for higher trough values. At the hilus
of the kidney PI was 1.32 £ 0.12 at trough vs 1.41 £ 0.15 at
peak (NS) and RI was 0.68 £ 0.03 at trough vs 0.70 £ 0.03
at peak (NS). On the renal cortex PI was 1.07£0.09 at
trough-vs 1.43+0.016 at peak (P<0.02) and RI was
0.62 £0.03 at trough vs 0.71 £ 0.03 at peak (P < 0.03).

Discussion

Cyclosporine dose-dependently decreased cortical blood
flow in the transplanted kidney. The effect was specific
and agreed with other reports that show a vasoconstrictive
action of the drug on afferent arterioles [S].

Orally administered CSA causes continuous cyclic
changes in renal cortical blood flow and in renal vascular

resistance related to the varying blood levels of the drug
during the daytime. In the patients with good graft func-
tion, these variations did not appear to have produced any
clinically relevant renal damage. However, the greater ne-
phrotoxicity related to the higher peaks obtained when
CSA was given once a day [2] indicates that these vascular
changes are not entirely risk free.

The vasoconstrictive effect of CSA is not modified by
the presence of impaired renal function. In these cases, an
identical level of the drug will produce a greater reduction
in blood flow than in the well-functioning kidneys.

Itis therefore reasonable to believe that at higher doses
of CSA, or in the presence of other concomitant disease
states that reduce renal function, these variations in corti-
cal blood flow might play a part in the production of the
complex physiopathological phenomenon that leads to
nephrotoxicity. If this hypothesis is true, then colour-Dop-
pler imaging which is sensitive, repeatable and non-inva-
sive, may be a new tool for monitoring renal blood flow
over time and for evaluating the risk of nephrotoxicity as-
sociated with CSA therapy.
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