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Cyclosporine nephrotoxicity

DONALD R. STEINMULLER, MD

m Cyclosporine is a potent and useful immunosuppressive agent used primarily in conjunction with solid
organ transplantation. The most serious adverse reaction that limits its use is nephrotoxicity due to effects
on the renal vasculature, glomeruli, and tubular function. These effects result in a variety of clinical syn-
dromes. This review outlines the clinical syndromes and discusses ways to minimize nephrotoxicity in

patients receiving cyclosporine.
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YCLOSPORINE NEPHROTOXICITY con-
tinues to be a significant clinical problem,!?
and its various manifestations must be fully
understood to use cyclosporine effectively and
safely. For this discussion, this multl—faceted problem is
categorized into seven parts:
1. Hemodynamic effects on renal blood flow (RBF)
and glomerular filtration rate (GFR),
2. Renal tubular effects,
3. Renal vascular effects,
4. Hypertension,
5. Synergy with other nephrotoxins or renal insults,
6. Long-term toxicity of interstitial fibrosis and tubu-
lar atrophy, and
7. Whether nephrotoxicity is dose-related.

HEMODYNAMIC EFFECTS ON RBF AND GFR

Several studies in rats*® have confirmed that an infu-
sion of cyclosporine has the immediate effect of decreas-
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ing RBF and GFR. Although this effect has not been
confirmed in humans (studies are underway), a similar
immediate reduction probably occurs. The mechanism
for this reduction is unclear. In one study,’ the immedi-
ate effects on GFR and RBF in the rat could be pre-
vented with prior administration of an ACE inhibitor.
Murray and Paller,* however, did not confirm this effect;
they found that innervation of the kidney was necessary
since a denervated kidney did not show these acute
changes. Since the transplanted kidney is denervated (at
least initially), this effect would not be present in a renal
transplant recipient.

Apparently there is a similar reduction in GFR and
RBF chronically.*? In a study of humans, patients on cy-
closporine after renal transplantation had a reduction in
RBF (and to a lesser extent, GFR) that was reversed
when the medication was discontinued.’® Renal trans-
plant recipients who were “converted” from cyclos-
porine to alternative immunosuppressive therapy have
shown an improvement in renal function as assessed by
a reduction in serum creatinine levels."* Studies of
patients who have used cyclosporine for the treatment of
autoimmune disease also have shown a reduction in
GFR that was reversed after discontinuation of the med-
ication."* This reversible effect on GFR was apparent
after one year of therapy with cyclosporine.'*> The
long-term effects on GFR and RBF are probably not me-
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diated through the renin-angiotensin system, since the
renin levels tend to be low in both human %'7 and ani-
mal models.>'®* The mechanism may be due to direct
effects of cyclosporine on the renal vasculature or medi-
ated through the renal nerves. The decrease in GFR may
be only partially due to the decrease in RBE® A separate
effect on the permeability of the glomerular capillary
membrane (K;) may account for some of the impairment
of GFR.®

Renal prostaglandins may be the mediators for this ef-
fect on the GFR and RBE Petric et al*! and Smeesters et
al?”? have shown that the reduction in GFR seen with the
administration of cyclosporine in the rat model can be
prevented in part by the administration of a
thromboxane synthetase inhibitor. Elzinga et al®® have
also shown that the decrease in GFR and RBF seen in
the rat model could be partly prevented by administer-
ing the cyclosporine in a fish-oil preparation high in ei-
cosanoid precursors that change the distribution of pros-
taglandin production toward more vasodilating rather
than vasoconstricting substances.”> Makowka et al*
have prevented cyclosporine-induced reduction in renal
function and histologic injury by concomitant adminis-
tration of prostaglandins. However, prostaglandins may
reduce the immunosuppressive effects of cyclosporine.”
These studies, if confirmed in humans, may have impor-
tant clinical applications.
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The tubular effects of cyclosporine seem to be dis-
tinctly different from aminoglycosides.*® The typical in-
crease in urinary enzyme excretion (e.g., lysozyme, N-
acetyl-beta-glucosaminidose [NAG]) that is seen in
aminoglycoside nephrotoxicity is absent.” Some tubular
functions, such as urinary concentration, are well pre-
served. This argues against a structural effect on the
tubular cells and probably indicates less toxic injury with
cyclosporine than with aminoglycosides.

Specific pathologic changes in the tubular cells have
been described after cyclosporine administration®
vacuolization, giant mitochondria, tubular atrophy, and
interstitial fibrosis (specifically, a striped form). Some of
these changes may be due to the vehicle in which the
cyclosporine is administered. Animal studies suggest
that the vacuolization of the tubular cell may be in part
a nonspecific finding.”® Isometric vacuolization
(vacuoles of the same size) has been described as a spe-
cific effect of cyclosporine toxicity by Mihatsch et al.*2

There may be other significant effects on cellular
function. Studies of mitochondrial respiration have
shown toxic effects due to cyclosporine.’* Also, pro-
liferation of tubular cells as assessed by incorporation of
radiolabeled nucleic acids suggests a reparative response
to some cellular injury.®! This is an active area of inves-
tigation.

VASCULAR EFFECTS

TUBULAR EFFECTS

A study of the use of cyclosporine in patients with
uveitis has documented various abnormalities that prob-
ably are due to the tubular effects of the drug®?":

1. There is a decrease in serum magnesium due to an
increased fractional excretion of magnesium. This has
caused clinical problems with transplant recipients.?®?

2. Thete is decreased secretion of potassium and a
tendency toward hyperkalemia. This is often clinically
insignificant unless associated with another condition
that may predispose to hyperkalemia (e.g., renal failure,
the use of ACE inhibitors, and/or potassium-sparing di-
uretics).

3. There is a decrease in hydrogen ion excretion,
probably a Type 1V renal tubular acidosis. This, when
combined with the acidosis of renal insufficiency, may
cause clinically significant acidosis.

4. There is a decrease in uric acid excretion with an
increase in the uric acid level. This has been used as a
possible marker for nephrotoxicity since there is a dis-
proportionate rise in the uric acid compared to patients
with similar degrees of renal insufficiency.
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Cyclosporine has distinct renal vascular effects. As
mentioned previously, there are changes in RBF and
GEFR that are probably mediated through the renal pros-
taglandin system, and the renin-angiotensin system may
play a role acutely within the first few hours of adminis-
tration.

Studies have shown that an exudative and prolifera-
tive lesion of the vessel wall may develop during cyclos-
porine administration in spontaneously hypertensive
rats. 36

In a small percentage of patients, vascular changes
have appeared to be similar to the hemolytic uremic syn-
drome, with the development of thromboses (consisting
of red cells, platelets, and fibrin) in the microvasculature
and glomeruli of the kidneys.*”*® This may or may not be
associated with thrombocytopenia. An obliterative
vasculopathy with intimal thickening and deposits that
may be associated with fibrin and platelet deposition has
also been described and may lead to severe graft damage
and loss.”** This seems to be a very unusual form of ne-
phrotoxicity in the nonrenal transplant patient. The in-
teraction of this toxicity with vascular forms of renal
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transplant rejection is unclear, but may make the renal
transplant patient more susceptible to these pathologic
events.

One study has suggested an increased risk of throm-
boembolic problems in association with the use of cy-
closporine after renal transplantation, possibly due to
these vascular effects.? However, this was not confirmed
by Gruber et al.®

The mechanism for these vascular effects may again
be mediated through local prostaglandin synthesis. In-
creased thromboxane production or decreased prostacy-
clin induced by cyclosporine could be responsible for
vascular deposits of platelets and fibrin and perhaps pro-
gressive thickening and deposits within the vascular
wall. However, results of studies dealing with the effects
of cyclosporine on the metabolism and production of the
different types of prostaglandins have been incon-
sistent, #4545 This is also an active area of investiga-
tion.

HYPERTENSION

Significant hypertension has been associated with the
use of cyclosporine, both in transplant recipients** and
in patients who have received the drug as treatment for
autoimmune diseases.'® The role of cyclosporine is hard
to evaluate because of the multiple factors that may
cause or aggravate hypertension in these patients. Ade-
quacy of allograft function, the presence of diseased na-
tive kidneys, the possibility of renal artery stenosis, the
effect of rejection, and the impact of corticosteroids all
may play a role in the hypertension present after renal
transplantation.**®® The incidence of hypertension,
however, is higher in patients treated with cyclosporirie,
especially in high dosages, than with alternative immu-
nosuppressive therapy.®

Myers et al* studied cardiac transplant recipients one
and two years after transplantation and documented a
significant increase in blood pressure in recipients re-
ceiving cyclosporine (mean blood pressure, 111 mmHg)
compared to those receiving azathioprine (mean, 101
mmHg).

Renal transplant patients were studied before and
after cyclosporine use and documented improvement in
blood pressure associated with an improvement in RBE®
After cyclosporine use, the patients did not respond to
ACE inhibition as treatment of their hypertension, sug-
gesting that, in these long-term renal transplant
patients, the renin-angiotensin system was not playing a
role in the cyclosporine-induced elevation of blood pres-
sure (Curtis JJ, personal communication). Supporting
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this are data from Bantle et al' that documented
decreased renin activity in cyclosporine-treated trans-
plant recipients.

~ Since cyclosporine is associated with renal vasocon-
striction and decreased RBF, agents that decrease reno-
vascular resistance are attractive for treating hyperten-
sion. Calcium channel blockers are effective
antihypertensive agents for this patient population.%
Other drugs, such as centrally acting sympathetic block-
ers, other vasodilators (such as hydralazine or alpha
blockers), and low doses of diuretics may also be useful.
Beta blockers, which may be associated with further re-
ductions in RBF, are probably best used only in combina-
tion with other agents that decrease renal resistance in
the patient with refractory hypertension.

Bantle et al' documented an increase in extracellular
fluid (ECF) volume associated with decreased peripheral
renin activity in hypertensive patients treated with cy-
closporine. They suggest that ECF volume expansion
may play a role in hypertension and in suppressing pe-
ripheral renin in a physiologic response. Diuretics to
control ECF volume expansion may thus be useful for
controlling hypertension. High doses of diuretics should
be avoided, however, since volume depletion causes an
exaggerated loss of GFR during cyclosporine therapy.*

The pathophysiology of hypertension associated with
cyclosporine is not entirely clear, and in addition to ECF
volume expansion, may relate to the impairment of the
normal pressor-natriuresis response in the normal kid-
ney. This may be related to the vascular effects caused by
cyclosporine as mentioned in the preceding section. The
characteristics of the hypertension (low renin, decreased
RBE, increased ECF volume, impairment of the pressor-
natriuresis response) are similar to those of primary hy-
pertension (low renin), and this may be a drug-induced
model for this genetic/environmental disease.

SYNERGISTIC TOXICITY WITH OTHER NEPHROTOXINS OR RENAL
INSULTS

The most clinically significant additive or synergistic
renal injury after renal transplant is ischemia. Most
cadaver kidneys undergo some degree of ischemic dam-
age at the time of harvesting and implantation. Early
clinical trials documented a slow recovery from ischemic
acute renal failure in patients treated with cyclospor-

ine®® and a significant increase in the number of
patients who never recovered, compared to the outcome
in patients treated conventionally, with azathioprine,
prednisone, and anti-lymphocyte preparations.”®” One-

year graft survival in large registry studies documented
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worse results in kidneys that had undergone 24 to 48
hours of cold ischemia.” Animal studies have further
substantiated the synergistic toxicity of ischemia and cy-
clospotine.”” The mechanism for this may relate to the
effects of cyclosporine on RBF or to compensatory
changes that occur in a solitary kidney.”

Several techniques have been employed clinically to
avoid this problem. One is to delay the onset of cyclos-
porine therapy until the kidney has recovered from its
ischemic injury. The patient is given an anti-lympho-
cyte preparation to prevent rejection during this time of
recovery.® An alternative technique is to use low
dosages of cyclosporine and gradually increase the
dosage as the kidney recovers. If the kidney does not re-
cover, renal biopsy is performed and decreasing or stop-
ping the cyclosporine should be considered. A third ap-
proach is to try to minimize the ischemic injury by
limiting the cold ischemia time to less than 24 hours and
minimizing warm ischemia at the time of harvest and
transplant. Newer preservation techniques, including a
new preservation medium, may also help reduce the
ischemic insult to the kidney.” By using such tech-
niques, ischemic acute renal failure requiring dialysis
may be kept to an incidence of near 10%, allowing full
dosages of cyclosporine from the time of transplantation
in almost all patients.

Other nephrotoxic agents may act in an additive or
synergistic fashion to worsen nephrotoxicity associated
with cyclosporine. Aminoglycosides and amphotericin
B have been reported to have this effect both in animals
and in humans.”% A preliminary report suggesting that
acyclovir might increase the risk of nephrotoxicity has
not been confirmed in a more recent study.®! Mannitol,
which usually protects against acute renal injury, may
also induce synergistic toxicity,® although this has not
been reported in humans.

LONG-TERM NEPHROTOXICITY OF CYCLOSPORINE

Initial studies by Myers et al*®® of heart transplant re-
cipients showed a significant reduction in GFR of about
50% at one year after cardiac transplantation. These
patients showed a small but significant worsening of
renal function from years 1 to 2, but no significant re-
duction in GFR from years 2 to 3.8 These patients were
often treated with higher doses of cyclosporine in the
early post-cardiac-transplant course than are currently
employed, and levels were not monitored as closely as is
now the case in most centers. It is possible that these
patients, treated early in the experience with cyclos-
porine, exhibited more nephrotoxicity than current re-
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cipients of either cardiac or renal allografts. In several of
these heart transplant recipients at Stanford and other
centers, biopsy specimens showed evidence of chronic
irreversible changes (tubular atrophy, fibrosis, and glom-
erulosclerosis).®*® Long-term animal studies have also
suggested irreversible injury with interstitial fibrosis.®

At several centers, renal transplant patients have
been maintained on cyclosporine for more than five
years.® Long-term follow-up studies of these recipients
have suggested that renal function tends to remain
stable. However, patients who remain on cyclosporine
may be a select group; the drug may have been discon-
tinued in patients who had nephrotoxicity problems, in
whom chronic progressive disease might develop. These
patients may have been removed from long-term analy-
sis. It may be that the risk of long-term nephrotoxicity
and progressive chronic renal failure due to fibrosis and
glomerulosclerosis is outweighed by the benefit of reduc-
ing the incidence of chronic rejection (the most
frequent cause of chronic progressive loss of renal func-
tion in the renal transplant recipient).

Some centers have tried to eliminate the problem of
long-term nephrotoxicity by converting patients from
cyclosporine to therapy using prednisone and azathio-
prine.!?8%8 Three studies of patients after such a conver-
sion have documented a significant incidence of rejec-
tion episodes.®* The rejection episodes usually
respond to adjustment of the immunosuppressive ther-
apy. Lorber et al”* have suggested, however, that patients
who undergo conventional therapy with azathioprine
and prednisone after being given cyclosporine have a
poor long-term graft survival due to late rejection. An
alternative approach is to use “triple” therapy with low
dosages of cyclosporine combined with prednisone and
azathioprine.”** Lower dosages of each individual agent
may reduce drug toxicity and still maintain adequate im-
munosuppression.

More studies with larger numbers of patients followed
for longer periods will be necessary to help determine
the risk of chronic renal failure with cyclosporine and
the benefits and risks of various conversion protocols.

1S NEPHROTOXICITY DOSE-RELATED?

The value of drug monitoring cyclosporine levels
after transplantation remains controversial.”* Several
studies have documented a statistical correlation be-
tween low cyclosporine levels” and the risk of rejection
and high cyclosporine levels and the risk of toxicity.”®
However, the overlap is significant and there is no cutoff
that will allow the clinician to differentiate with cer-
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tainty when trying to reach a clinical diagnosis. Ne-
phrotoxicity can be seen with low levels of cyclosporine
and rejection can be seen with therapeutic or even high
levels. Some of the reasons for the difficulty in correlat-
ing levels with clinical effect are:

1. Pharmacokinetic profiles, peak levels, and rates of
elimination may be more important than the standard
trough cyclosporine level in determining risk of rejec-
tion or toxicity.*®

2. How the drug is distributed within the body in the
lymphoid tissues and other organs may be more impor-
tant than the blood levels in determining clinical and
toxic effects.!!

3. Cyclosporine toxicity and rejection may occur
simultaneously in many patients.

4. Metabolites of cyclosporine may or may not be
measured, depending upon the technique, and may be
important in determining either immunosuppressive ef-
fect or toxicity.

5. There may be significant individual variation in
the therapeutic response to cyclosporine and individual
susceptibility to the nephrotoxic effects of the drug.

REFERENCES

1. Kabhan BD. Cyclosporine nephrotoxicity: pathogenesis, prophylaxis,
therapy, and prognosis. Am J Kidney Dis 1986; 8:323-331.

2. Myers BD. Cyclosporine nephrotoxicity. Kidney Int 1986; 30:964—
974.

3. Murray BM, Paller MS, Ferris TE  Effect of cyclosporine administration
on renal hemodynamics in conscious rats. Kidney Int 1985; 28:767—
774.

4. Murray BM, Paller MS. Beneficial effects of renal denervation and
prazosin on GFR and renal blood flow after cyclosporine in rats. Clin
Nephrol 1986; 25 (suppl 1):537-539.

5. Jao S, Waltzer W, Arbeit LA. Acute cyclosporin (C,A) induced
decrease in GFR is mediated by changes in renal blood flow (RBF) and
renal vascular resistance (RVR)(abstr). Kidney Int 1986; 29:431.

6. Paller MS, Ferris TE  Effects of Nva2-cyclosporine on glomerular filtra-
tion rate and renal blood flow in the rat. Transplantation 1987; 43:893—
895.

7. English ], Evan A, Houghton DC, Bennett WM. Cyclosporine-in-
duced acute renal dysfunction in the rat: evidence of arteriolar
vasoconstriction with preservation of tubular function. Transplantation
1987; 44:135-141.

8. Jackson NM, Hsu C-H, Visscher GE, Venkatachalam MA, Humes HD.
Alterations in renal structure and function in a rat model of
cyclosporine nephrotoxicity. ] Pharmacol Exp Ther 1987; 242: 749—
756.

9. Kaskel FJ, Devarajan F, Arbeit LA, Partin JS, Moote LC. Cyclosporine
nephrotoxicity: sodium excretion, autoregulation, and angiotensin II.
Am ] Physiol 1987; 252:F733-F742.

10. Curtis JJ, Luke RG, Dubovsky E, Diethelm AG, Whelchel JD, Jones P.
Cyclosporin in therapeutic doses increases renal allograft vascular resis-
tance. Lancet 1986; 2:477-479.

11. Sweny P, Hopper J, Gross M, Varghese Z. Nephrotoxicity of
cyclosporin A (letter). Lancet 1981; 1:663.

12. Chapman JR, Griffiths D, Harding NGL, Morris P]. Reversibility of
cyclosporin nephrotoxicity after three months’ treatment. Lancet 1985;
1:128-130.

13. Strom TB, Loertscher R. Cyclosporine-induced nephrotoxicity: in-

JANUARY - FEBRUARY 1989

CYCLOSPORINE NEPHROTOXICITY M STEINMULLER

In any case, cyclosporine monitoring helps to avoid
extremely high or low levels that might be associated
with noncompliance, unusual absorption or metabolism,
and interaction with other drugs. Quantification of the
interaction that may occur with drugs that affect the ac-
tivity level of the P450 enzyme system in the liver may
be one of the most important uses of cyclosporine moni-
toring. Several drugs have been shown to increase the
activity of the P450 enzyme system,'>'® increase the
metabolic rate of cyclosporine, decrease the trough cy-
closporine levels, decrease the risk of cyclosporine ne-
phrotoxicity,!* and increase the risk of rejection. These
drugs include phenytoin sodium, phenobarbital, and ri-
fampin. Drugs that decrease the activity of the P450
enzyme activity will decrease the rate of cyclosporine
metabolism,°*'% increase cyclosporine trough levels, in-
crease the risk of cyclosporine nephrotoxicity, and in-
crease the immunosuppressive effect of the drug. Ery-
thromycin,'® ketoconazole,!®1% diltiazem,'® and
verapamil''® have been shown to have this effect. Moni-
toring trough cyclosporine levels helps determine the
appropriate cyclosporine dosage adjustment.

evitable and intractable? N Engl ] Med 1984; 311:728-729.

14. Von Graffenried B, Hatrison WB. Renal function in patients with
autoimmune diseases treated with cyclosporine. Transplant Proc 1985;
17(suppl 1):215-231.

15. Stiller CR, Keown PA, Heinrichs D, et al. The effect of cyclosporine
on renal function in newly diagnosed diabetics. Transplant Proc 1985;
17 (suppl 1):202-208.

16. Bantle JP, Boudreau R], Ferris TE  Suppression of plasma renin activity
by cyclosporine. Am ] Med 1987; 83:59-64.

17. Bantle JP, Nath KA, Sutherland DE, Najatian JS, Ferris TE  Effects of
cyclosporine on the renin-angiotensin-aldosterone system and potas-
sium excretion in renal transplant recipients. Arch Intern Med 1985;
145:505-508.

18. Dieperink H, Leyssac PP, Starklint H, Jgrgensen HA, Kemp E. An-
tagonist capacities of nifedipine, captopril, phenoxybenzamine, pros-
tacyclin and indomethacin on cyclosporin A induced impairment of rat
renal function. Eur ] Clin Invest 1986; 16:540-548.

19. McAuley FT, Whiting PH, Thomson AW, Simson JG. The influence
of enalapril or spironolactone on experimental cyclosporin
nephrotoxicity. Biochem Pharmacol 1987; 36:699-703.

20. Barros EJG, Boim MA, Ajzen H, Ramos OL, Schor N. Glomerular
hemodynamics and hormonal participation on cyclosporine
nephrotoxicity. Kidney Int 1987; 32:19-25.

21. Petric R, Freeman D, Wallace A, McDonald ], Stiller C, Keown P. In-
hibition of thromboxane synthesis reduces cyclosporine nephrotoxicity
(abstr). Clin Invest Med 1987; 10:B-146.

22. Smeesters C, Chaland P, Giroux JM, et al. Prevention of acute
cyclosporine A nephrotoxicity by a thromboxane synthetase inhibitor.
Transplant Proc 1988; 20(suppl 2):663-669.

23. Elzinga L, Kelley VE, Houghton DC, Bennett WM. Modification of
experimental nephrotoxicity with fish oil as the vehicle for
cyclosporine. Transplantation 1987; 43:271-274.

24. Makowka L, Lopatin W, Gilas T, Falk ], Phillips M]J, Falk R. Preven-
tion of cyclosporine (CyA) nephrotoxicity by synthetic prostaglandins.
Clin Nephrol 1986; 25(suppl 1):589-594.

25. Ryffel B, Donatsch P, Hiestand P, Mihatsch NJ. PGE, reduces
nephrotoxicity and immunosuppression of cyclosporine in rats. Clin

Nephrol 1986; 25 (suppl 1):595-S99.

CLEVELAND CLINIC JOURNAL OF MEDICINE 93

Downloaded from www.ccjm.org on July 13, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

26.

27.

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

38.

39.

41.

42.

43.

45.

46.

Palestine AG, Nussenblatt RB, Chan C-C. Side effects of systemic
cyclosporine in patients not undergoing transplantation. Am ] Med
1984; 77:652-656.

Palestine AG, Austin HA, Nussenblatt RB. Cyclosporine-induced
nephrotoxicity in patients with autoimmune uveitis. Transplant Proc
1985; 17(suppl 1):209-214.

Barton CH, Vaziri ND, Martin DC, Choi S, Alikhani S. Hypomag-
nesemia and renal magnesium wasting in renal transplant recipients
receiving cyclosporine. Am ] Med 1987; 83:693-699.

June CH, Thompson CB, Kennedy MS, Nims ], Thomas ED. Profound
hypomagnesemia and renal magnesium wasting associated with the use
of cyclosporine for marrow transplantation. Transplantation 1985;
39:620-624.

Bennett WM. Comparison of cyclosporine nephrotoxicity with
aminoglycoside nephrotoxicity. Clin Nephrol 1986; 25(suppl 1):
S126-S129.

Humes HD, Jackson NM, O’Connor RP, Hunt DA, White MD.
Pathogenetic mechanisms of nephrotoxicity: insights into cyclosporine
nephrotoxicity. Transplant Proc 1985; 17(suppl 1): 51-62.

Mihatsch NJ, Thiel G, Ryffel B. Brief review of the morphology of
cyclosporin nephropathy. Contrib Nephrol 1987; 55: 136-141.
Racusen LC, Kone BC, Whelton A, Solez K. Renal blood flow,
glomerular filtration rate, and renal morphology in cyclosporine-in-
duced acute renal failure in Munich-Wistar rats. Am ] Kidney Dis 1986;
8:319-322.

Zenatti M, Aupetit B, Ghazzi A, et al. Is the inhibition of oxidative
phosphorylation chains in kidney mitochondria responsible for
cyclosporine nephtotoxicity? Transplant Proc 1988; 20(suppl 3):700~
704. :
Ryffel B, Siegl H, Mueller A-M, Hauser R, Mihatsch M].
Nephrotoxicity of cyclospotine in spontaneously hypertensive rats.
Transplant Proc 1985; 17:1430-1431.

Ryffel B, Siegl H, Petric R, Muller A-M, Hauser R, Mihatsch M].
Nephrotoxicity of cyclosporine in spontaneously hypertensive rats: ef-
fects on blood pressure and vascular lesions. Clin Nephrol 1986;
25(suppl 1):5193-5198.

Shulman H, Striker G, Deeg HJ, Kennedy M, Storb R, Thomas ED.
Nephrotoxicity of cyclosporin A after allogenic marrow transplanta-
tion: glomerular thromboses and tubular injury. N Engl ] Med 1981;
305:1392-1395.

Atkinson K, Biggs JC, Hayes ], et al. Cyclosporin A associated
nephrotoxicity in the first 100 days after allogeneic bone marrow
transplantation: three distinct syndromes. Br ] Haematol 1983; 54:59-

So;rlmer BC, Innes JT, Whitehurst PM, Sharma HM, Ferguson RM.
Cyclosporine-associated renal arteriopathy resulting in loss of allograft
function. Am J Surg 1985; 149:756-764.

. Wolfe JA, McCann RL, Sanfilippo FE. Cyclosporine-associated

microangiopathy in renal transplantation: a severe but potentially re-
versible form of early graft injury. Transplantation 1986; 41:541-544.
Schlanger RE, Henry ML, Sommer BC, Ferguson RM. Identification
and treatment of cyclosporine-associated allograft thrombosis. Surgery
1986; 100:329-333. .

Vanrenterghem Y, Roels L, Lerut T, et al. Thromboembolic com-
plications and haemostatic changes in cyclosporin-treated cadaveric
kidney allograft recipients. Lancet 1985; 1:999-1002.

Gruber SA, Pescovitz MD, Simmons RL, etal. Thromboembolic com-
plications in renal allograft recipients: a report from the prospective
randomized study of cyclosporine versus azathioprine-antilymphocyte
globulin. Transplantation 1987; 44:775-778.

. Lindsey JA, Morisaki N, Stitts JM, Zager RA, Cornwell DG. Fatty acid

metabolism and cell proliferation: IV. Effect of prostanoid biosynthesis
from endogenous fatty acid release with cyclosporin-A. Lipids 1983;
18:566-569.

Whisler RL, Lindsey JA, Proctor KVW, Morisaki N, Cornwell DC.
Characteristics of cyclosporine induction of increased prostaglandin
levels from human peripheral blood monocytes. Transplantation 1984;
38:377-381.

Fan T-PD, Lewis GP. Mechanism of cyclosporin A-induced inhibition
of prostacyclin synthesis by macrophages. Prostaglandins 1985; 30:735-

94 CLEVELAND CLINIC JOURNAL OF MEDICINE

CYCLOSPORINE NEPHROTOXICITY B STEINMULLER

41.
48.

49.

51.
52.
53.
54.

55.
56.

57.
58.

59.
60.

61.
62.

63.

65.
66.

67.
68.

69.

741.

Nield CH, Rocchi C, Imberti L, et al. Effect of cyclosporine on pros-
tacyclin synthesis by vascular tissue in rabbits. Transplant Proc 1983;
15(suppl 1):2398-2400.

Perico N, Benigni A, Bosco E, et al. Acute cyclosporine A
nephrotoxicity in rats: which role for the renin-angiotensin system and
glomerular prostaglandins? Clin Nephrol 1986; 25(suppl 1):583-588.
Stahl PAK, Kudelka S. Chronic cyclosporine A treatment reduces
prostaglandin E; formation in isolated glomeruli and papilla of rat kid-

neys. Clin Nephrol 1986; 25 (suppl 1):578-S82.

. Baxter CR, Duggin GG, Hotvath JS, Hall BM, Tiller DJ. Cyclosporin

A and renal prostaglandin biosynthesis. Res Commun Chem Pathol
Pharmacol 1984; 45:69-80.

Adu D, Lote CJ, Michael ], Turney JH, McMaster P. Does cyclospotine
inhibit renal prostaglandin synthesis? Proc EDTA-ERA 1984; 21:969~
971. .

Kawaguchi A, Goldman MH, Shapiro R, Foegh ML, Ramwell PW,
Lower RR. Increase in urinary thromboxane B2 in rats caused by
cyclosporine. Transplantation 1985; 40:214-216.

Perico N, Benigni A, Zoja C, Delaini E Remuzzi G. Functional sig-
nificance of exaggerated renal thromboxane A, synthesis induced by
cyclosporin A. Am J Physiol 1986; 251:F581-F587.

Voss B, Hamilton K, Samara E, McKee P Cyclosporine suppression of
endothelial prostacyclin generation: a possible mechanism for
nephrotoxicity. Transplant Proc (in press).

Kho T, Teule ], Leunissen KML, et al. Cyclosporine and urinary pros-
taglandins. Transplant Proc 1988; 20(suppl 3):650-663.

Brown Z, Neild GH, Lewis GP. Mechanism of inhibition of pros-
tacyclin synthesis by cyclosporine in cultured human umbilical vein en-
dothelial cells. Transplant Proc 1988; 20(suppl 3):654—657.

Bunke M, Wilder L, McLeish K. Effect of cyclosporine on glomerular
prostaglandin production. Transplant Proc 1988; 20(suppl 3):646—649.
Casas A, Fernandez-Cruz L, Puig-Parellada P, et al. The effect of
cyclosporine and cyclosporine and steroids on arachidonic acid metabo-
lites. Transplant Proc 1988; 20(suppl 3):670-674.

Myers BD, Ross ], Newton L, Luetscher ], Perlroth M.  Cyclosporine-
associated chronic hephropathy. N Engl ] Med 1984; 311:699-705.
Jarowenko MV, Flechner SM, Van Buren CT, Lorber MI, Kahan BD.
Influence of cyclosporine on posttransplant blood pressure response.
Am ] Kidney Dis 1987; 10:98-103.

Munoz S, Vlasses P, Boullata ], Zaragoza M, Jarrell B, Maddrey W.
Elevated arterial blood pressure in survivors of liver transplantation
treated wtih cyclosporine and corticosteroids. Presented at the Second
International Congress on Cyclosporine, Washington, DC, November
4-7,1987.

Lorenz M, Wiese B, Pichmayr R, Koch K. Cyclosporine-associated
posttransplant hypertension: incidence and effect on renal transplant
function. Presented at the Second International Congress on
Cyclosporine, Washington, DC, November 4-7, 1987.

Chapman JR, Marcen R, Arias M, Raine AEF, Dunnill MS, Morris PJ.
Hypertension after renal transplantation: a comparison of cyclosporine
and conventional immunosuppression. Transplantation 1987; 43:860-

864.

. Steinmuller DR. Hypertension, diabetes, and cardiovascular disease.

[In] Toledo-Pereyra LH, ed. Kidney Transplantation. Philadelphia, FA
Davis, 1988, pp 125-143. )

Curtis J]. Hypertension and kidney transplantation. Am ] Kidney Dis
1986; 7:181-196.

Jessup M, Cavarocchi N, Narins B, McClurken J, Kolff J. Antihyper-
tensive therapy in patients after cardiac transplantation: a step-care ap-
proach. Transplant Proc 1988; 20: 801-802.

Laskow D, Curtis ], Jones P, Luke R, et al. Renal response to volume
depletion in cyclosporine and azathioprine transplant patients.
Presented 4t the National Kidney Foundation 1987 Annual Scientific
Meeting, Washington, DC, December 1987.

Najarian ]S, Fryd DS, Strand M, et al. A single institution, ran-
domized, prospective trial of cyclosporin versus azathioprine-antilym-
phocyte globulin for immunosuppression in renal allograft recipients.
Ann Surg 1985; 201:142-157.

Sutherland DER, Fryd DS, Strand MH, et al. Results of the Minnesota

VOLUME 56 NUMBER 1

Downloaded from www.ccjm.org on July 13, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

0.

1.

2.

73.
74.

7.
76.
7.

78.
7.

80.

81.

82.

83.

84.

85.

86.

81.

88.

89.

90.

91.

randomized prospective trial of cyclosporine versus azathioprine-an-
tilymphocyte globulin for immunosuppression in renal allograft
recipients. Am ] Kidney Dis 1985; 5:318-327.

Novick AC, Hwei H-H, Steinmuller D, et al. Detrimental effect of
cyclosporine on initial function of cadaver renal allografts following ex-
tended preservation: results of a randomized prospective study.
Transplantation 1986; 42:154-158.

Abouna CM, Samhan MS, Kumar MSA, White AC, Silva OSG.
Limiting factors in successful preservation of cadaveric kidneys with is-
chemic time exceeding 50 hours. Transplant Proc 1987; 19: 2051-2055.
Opelz C. The influence of ischemia times and HLA-DR matching and
cyclosporine-treated cadaver kidney grafts. Transplant Proc 1985;
17:1478-1482.

Provoost AP. Cyclosporine nephrotoxicity in rats with an acute reduc-
tion of renal function. Am J Kidney Dis 1986; 8:314-318.

Kanazi G, Stowe N, Steinmuller D, Ha-Hsieh H, Novick AC. Effect of
cyclosporine upon the function of ischemically damaged kidneys in the
rat. Transplantation 1986; 41:782-784.

Chow SS, Thomer P, Baumal R, Wilson DR. Cyclosporine and ex-
perimental renal ischemic injury. Transplantation 1986; 41: 152-156.
Ferguson RM, Sommer BG. Cyclosporine in renal transplantation: a
single institutional expetience. Am J Kidney Dis 1985; 5:296-306.
McCabe R, Lin J, Cooke K, Jean-Jacques M. Short-term kidney preser-
vation: to perfuse or not to perfuse with the new Belzer perfusate. Proc
EDTA-ERA 1985; 21:1027-1031.

Whiting PH, Thomson AW, Simpson JG. Cyclosporine and renal en-
zyme excretion. Clin Nephrol 1986; 25(suppl 1):S100-S104.

Ryffel B, Miiller AM, Mihatsch M]. Experimental cyclosporine
nephrotoxicity: risk of concomitant chemotherapy. Clin Nephrol 1986;
25(suppl 1): S121-S125.

Termeer A, Hoitsma AJ, Koene RA. Severe nephrotoxicity caused by
the combined use of gentamicin and cyclosporine in renal allograft
tecipients. Transplantation 1986; 42:220-221.

Johnson PC, Kumor K, Welsh MS, Woo J, Kahan BD. Effects of coad-
ministration of cyclosporine and acyclovir on renal function of renal al-
lograft recipients. Transplantation 1987; 44:329-331.

Brunner FP, Hermle M, Mihatsch MJ, Thiel G. Mannitol potentiates
cyclosporine nephrotoxicity. Clin Nephrol 1986; 25 (suppl 1):S130—
S136.

Myers BD, Sibley R, Newton L, et al. The long-term course of
cyclosporine-associated chronic nephropathy. Kidney Int 1988; 33:
590-600.

Goldstein ], Thoua Y, Wellens E etal. Cyclosporine nephropathy after
heart and heart-lung transplantation. Proc EDTA-ERA 1985; 21:973—
981.

Bertani T, Perico N, Abbate M, Battaglia C, Remuzzi G. Renal injury
induced by long-term administration of cyclosporin A to tats. Am ]
Pathol 1987; 127:569-579.

Lewis RM, Janney RP, Van Buren CT, et al. A retrospective analysis of
long-term renal allograft function associated with cyclosporine-pred-
nisone immunosuppressive therapy. Transplant Proc 1988; 20(suppl
3):534-539.

Adu D, Michael ], Vlassis T, McMaster P. Convetsion from
cyclosporine to prednisolone and azathioprine. Safe or unsafe? Proc
EDTA-ERA 1985; 21:998-1001.

Milford EL, Kirkman RL, Tilney NL, Strom TB, Carpenter CB. Clini-
cal experience with cyclosporine and azathioprine at Brigham and
Women's Hospital. Am ] Kidney Dis 1985; 5:313-317.

MacDonald AS, Belitsky P, Gupta R, et al. Conversion from
cyclosporine to azathioprine in renal graft recipients. Transplant Proc
1985; 17:1940-1942.

Chapman JR, Taylor HM, Thompson JE Wood RE Morris PJ. The
problems associated wtih conversion from azathioptine and pred-
nisolone to cyclosporine. Uremia Invest 1985; 9:19-25.

Lorber MI, Flechner SM, Van Buren CT, Sorensen K, Kerman RH,

JANUARY - FEBRUARY 1989

CYCLOSPORINE NEPHROTOXICITY B STEINMULLER

93.

94.

95.
96.

97.
98.
9.
100.

101.

102.
103.

104.

105.

107.
108.

109.

110.

Kahan BD. Cyclosporine toxicity: the effect of combined therapy
using cyclosporine, azathioprine, and prednisone. Am ] Kidney Dis

1987; 9:476-484.

. Lorber M, Flechner SM, Van Buren CT, Kerman RH, Kahan BD.

Cyclosporine, azathioprine, and prednisone as treatment of
cyclosporine-ihduced nephrotoxicity in renal transplant. Transplant
Proc 1985; 17(suppl 1):282-285.

Simmons RL, Canafax DM, Strand M, et al. Management and preven-
tion of cyclosporine nephrotoxicity after renal transplantation: use of
low doses of cyclosporine, azathioprine, and prednisonie. Transplant
Proc 1985; 17(suppl 1):266-275.

Fries D, Kechrid C, Charpentier B, etal. Etude prospective d'une triple
association immunosupptessive en transplantation rénale: cyclosporine
A-cotticoides-azathioprine. Presse Med 1985; 14:2279-2282.
Steinmuller DR. Usefulness of cyclosporine levels one to six months
posttransplant. Transplant Proc 1986; 18(suppl 1):158-164.

Henry ML, Bowers VD, Fanning W], Sommer BG, Ferguson RM.
Cyclosporine levels are not helpful. Transplant Proc 1988; 20(suppl
2):419-421.

Moyer T, Post CR, Sterioff S, Anderson CF. Cyclosporine
nephrotoxicity is minimized by adjusting dosage on the basis of drug
concentration in blood. Mayo Clin Proc 1988; 63:241-247.

Holt DW, Marsden JT, Johnston A, Bewick M, Taube DH. Blood
cyclosporin concentrations and renal allograft dysfunction. Br Med ]
1986;293:1057-1059.

Kahan BD, Kramer WG, Wideman CA, et al. Analysis of phar-
macokinetic profiles in 232 renal and 87 cardiac allograft recipients
treated with cyclosporine. Transplant Proc 1986; 18(suppl 5):115-119.
Savoldi S, Kahan BD. Relationship of cyclosporine pharmacokinetic
parameters to clinical events in human renal transplantation.
Transplant Proc 1986; 18(suppl 5):120-128.

Kumar MSA, White AG, Alex G, Antos MS, Philips EM, Abouna GM.
Correlation of blood levels and tissue levels of cyclosporine with the
histologic features of cyclosporine toxicity. Transplant Proc 1988;
20(suppl 2):407-413.

Burke MD, Whiting PH. The role of drug metabolism in cyclosporine
A nephrotoxicity. Clin Nephrol 1986; 25(suppl 1): 5111-5116.
Schwass DE, Sasaki AW, Houghton DC, Benner KE, Bennett WM. Ef-
fect of phenobarbital and cimetidine on experimental cyclosporine
nephrotoxicity: preliminary observations. Clin Nephrol 1986; 25 (suppl
1):5117-5120.

Cunningham C, Burke MD, Wheatley DN, Thomson AW, Simpson JG,
Whiting PH. Amelioration of cyclosporin-induced nephrotoxicity in
rats by induction of hepatic drug metabolism. Biochem Pharmacol
1985; 34:573-578.

Jensen CW, Flechner SM, Van Buren CT, et al. Exacerbation of
cyclosporine toxicity by concomitant administration of erythromycin.

Transplantation 1987; 43:263-270.

. Gumbleton M, Brown JE, Hawksworth G, Whiting PH. The possible

relationship between hepatic drug metabolism and ketoconazole en-
hancement of cyclosporine nephrotoxicity. Transplantation 1985;
20:454-455.

Dieperink H, Kemp E, Leyssac PP, et al. Ketoconazole and
cyclosporine A: combined effects on rat renal function and on serum
and tissue cyclosporine A concentration. Clin Nephrol 1986; 25 (suppl
1):S137-S143.

Andetson JE, Morris RE, Blaschke TE Pharmacodynamics of
cyclosporine-ketoconazole interaction in mice. Combined therapy
potentiates cyclosporine immunosuppression and toxicity. Transplanta-
tion 1987; 43:529-533.

Walz G, Wagner K, Neumayer HH. Elevated cyclosporin metabolites
in diltiazem treated kidney transplant recipients? (abstr). Kidney Int
1988; 33:446.

Peterson JC, Brannigan ], Pickard T, Thompson R, Salomon DR.
Cyclosporine-verapamil interaction (abstr). Kidney Int 1988; 33: 449.

CLEVELAND CLINIC JOURNAL OF MEDICINE 95

Downloaded from www.ccjm.org on July 13, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

