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Summary. Urolithiasis is a rare complication 
following kidney transplantation. Experience 
with this complication in 6 of 426 transplanta- 
tions performed from 1968 to 1979 is reviewed. 
The clinical symptoms are different from the 
disease in non-transplant patients. Three major 
predisposing causes for the development of 
calculi after kidney transplantation were found 
in our patients - urodynamic disorders following 
complications of the ureterovesical anastomosis, 
persistent bacteriuria and renal tubular acidosis 
and, less importantly, the presence ofhyper- 
calcemia and hypercalciuria as a result of 
secondary hyperparathyroidism. Crystal-optical 
and x-ray-diffraction studies contributed to the 
interpretation of the constituents and texture of 
the calculi and of the aetiological factors con- 
cerned. 
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INT RODUCTION 

Of the numerous complications which recipients 
of kidney transplants are subject to, urolithiasis 
is one of the most uncommon. Altogether, 43 
patients with urolithiasis after kidney trans- 
plantation were reported up until 1979 (4-8, 
10-18, 20, 21, 23-26, 29-34). However, a de- 
tailed analysis of the cases was made in only a 
few reports (13, 16, 26, 30, 34). Opinions on 
the aetiology of urolithiasis after transplantation 
differ considerably, especially on the problems 
of secondary hyperparathyroidism and subtotal 
parathyroidectomy (13, 16, 21, 26, 30, 34). 

Exact analyses of the calculi are reported 
only in a few eases (16, 21, 26, 30) and detailed 
investigations of the structure of calculi have 
not been published. 

These facts stimulated us to review our ex- 
perience in a series of kidney transplant patients 
suffering from this complication. The aim of the 
present study was to make a contribution to the 
understanding of the aetiology of urolithiasis 
after kidney transplantation by reporting our 
clinical and mineralogical findings. 

M A T E R I A L S  AND M E T H O D S  

Among 426 human cadaver kidney transplantations 
performed from March 1968 to December 1979, 
6 patients developed urolithiasis (J,4%). There 
were 4 male patients, 1 female patient and a 
14-year-old boy. Ages of the patients ranged 
from 14 to 39 years. Data of these patients 
are summarized in Table l [see also (27)). 
Suitable recipients were selected on the basis of 
HLA typing and final cross matching for cyto- 
toxic antibodies. Kidney preservation consisted 
of simple hypothermic storage with Collins solu- 
tion in all 6 cases and an additional continuous 
hypothermic perfusion with the Gambro machine 
in one case. We employed standard surgical pro- 
cedures. The method of donor ureteric implanta- 
tion into the recipient's bladder was modified. In 
the first 60 patients the ureteroneocystostomy was 
performed according to the methods of Stevens 
and Marshall or Paquin. Since May 1972 we have 
employed the method of ]Braun (3) with extra- 
vesical anastomosis and submucosal tunnel. 
Immunosuppressive therapy consisted primarily 
of azathioprine and prednisolone as previously 
described (22). Rejection episodes were diagnosed 
by the usual clinical and laboratory criteria and 
treated with bolus doses of prednisolone. The 
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Table i. Data of transplant patients with urolithiasis 

Patient Sex/age Date of trans- Original Ischaemia time Delay in onset 
(years) plantation disease Warm Cold of normal graft 

(rain) (h) function (days) 

CD 11 m/33 4/70 GN/PN 65 4. 15 C 58 
CD 26 f/31 4/71 PN 45 7.40 C 23 
CD 62 m/30 6/72 GN 60 ii. 00 C 13 
CD 218 m/27 7/76 PN 5 9.00 C 1 
CD 229 m/39 8/76 GN 30 8.40 C 8 

7.35 G 
CD 240 m/14 10/76 PN 4 8.00 C 9 

C = preservation with Collins solution, G = perfusion with the Gambro machine, 
GN = glomerulonephritis, PN = pyelonephritis 

analysis of stone composition was performed with 
a highly differentiating combined crystal-optical- 
x-ray-diffraction method as described by Bick 
and Brien (2). In addition, the texture of the cal- 
culi was investigated on thin sections by polariza- 
tion microscopy. 

RESULTS 

A. Clinical Findings 

The 6 patients developed urolithiasis 3 to 32 
months after kidney transplantation. 4 patients 
had one episode and 2 patients had three episodes 
of urinary stone formation. 9 of the i0 episodes 
occurred within the first 24 months after trans- 
plantation. 

The clinical pattern at the time of calculus 
demonstration was painless hematuria in 2 
patients, anuria in 3 cases, from ureteric and 
urethral obstruction each in I patient and clot 
retention of the urinary bladder in l patient. Only 
1 patient had a ureteric colicky pain; the origin 
of this patient's (CD 218) calculus was suspected 
to have been in his own kidneys. In 4 patients a 
temporary deterioration of graft function was ob- 
served, in one of them a rise of the serum cre- 
atinine level from I, 4 to 6, 4 rag% occurred due 
to ureteric obstruction by the calculus. 

3 patients passed 5 calculi spontaneously. 
In the other 3 patients 5 calculi had to be re- 
moved by operative procedures. Compared with 
the transplant patients without urolithiasis a 
striking fact in the 6 patients was the simul- 
taneous occurrence of 5 factors which are pos- 
sibly responsible for or predispose towards the 
development of urinary calculi after transplanta- 
tion. 

I. Long warm ischemia time (_>.30 rnin, 
4 patients) and a marked delay in onset of normal 
graft function (5 patients). 

2. High incidence of complications at the site 
of the transplant ureter and the urinary bladder 
(4 patients). 

3. Persistent bacteriuria (6 patients). 
4. Alkaline urinary pH (5 patients). 
5. Occurrence of postoperative hypercalcemia 

and hypercalciuria as a consequence of secondary 
hyperparathyroidism (3 patients). 

B. Mineralogical Findings 

Table 2 shows the results of the semiquantitative 
analyses of 8 calculi. The composition of the 
calculi was uniform in 5 of 6 patients. They were 
found to be exclusively composed of struvite and 
carbonate apatite which are typical of urinary 
tract infection with urea-splitting bacteria. 
Only one calculus was composed of whewellite 
and uric acid. This patient's calculus, as men- 
tioned above, was suspected to have originated 
in his own kidneys. 

From the other 7 calculi microscopical ana- 
lyses of thin sections of calculi by polarization 
microscope were performed. In all of the 7 stones 
investigated we found the 3 texture types of stru- 
vite/carbonate apatite calculi as observed by 
Schubert and Brien (28). 

Type I: Irregular mosaic texture of isometric 
struvite grains; basic mass is carbonate apatite 
and/or organic material. 

Type 2: Concentric ring texture; isometric 
s'truvite grains are pearl-string-like deposits 
in layers of carbonate apatite and/or organic 
material. 

Type 3: Radiating arrangement of mostly large 
struvite crystals. 

In spite of the similarities in the texture types 
the transplant calculi showed various specific 
features when compared with other stones of in- 
fective origin. The central part of the transplant 
calculi always consisted of an irregular mosaic 
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Table 2. Analysis of stone composition 
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Calculus Patient Stone locality Composition (%) 
Struvite Carbonate 

apatite 
Whewellite U ri c 

acid 

1 CD ii transplant I00 trace 
2 CD iI bladder 80 20 
3 CD 26 transplant i00 trace 
4 CD 62 bladder 50 50 
5 CD 218 own kidney 
6 CD 229 transplant 70 30 
7 CD 229 transplant 60 40 
8 CD 240 transplant 80 20 

9O i0 

Fig. i. Patient CD 26; cen- 
tral part of the calculus, 
mosaic-like texture of great- 
er, compact struvite grains, 
within the struvite crystals 
irregular structure of organ- 
ic substance. (x 60, crossed 
polarizers) 

F i g .  2. P a t i e n t  CD 26; 
p e r i p h e r a l  p a r t  ( l a y e r  1) of  
t he  c a l c u l u s ,  f o l l o w i n g  the  
c e n t r a l  p a r t ,  s m a l l e r  s t r u -  
r i t e  c r y s t a l s  in  a b a s i c  m a s s  
of carbonate apatite and or- 
ganic substance. (x 75, 
light-field microscopy) 
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Fig. 3. Patient CD 62; 
peripheral part of the cal- 
culus, deposition of pearl- 
string-like struvite grains 
in layers of organic sub- 
stance and carbonate apatite, 
(x 75, crossed polarizers) 

Fig. 4. Patient CD ii; 
peripheral part of the cal- 
culus, great idiomorphic 
struvite crystal with striped 
deposition of organic sub- 
stance. (x 75, light-field 
microscopy) 

structure (Type i, Fig, i). Furthermore, a mas- 
sive deposition of isotropic, non-transparent, 
probably organic substance was observed. This 
isotropie substance can be seen in various parts 
of the struvite texture, for example on the edges 
of grains of the struvite crystals (Fig. I) and 
together with carbonate apatite forming the basic 
mass in the struvite mosaic texture (Fig. 2). In 
type 2 the organic substance is taken up in layers 
in the calculus (Fig. 3). 

It is striking that this substance can be ob- 
served also as inclusions in the struvite crystal 
(Fig. 4). The deposition of the organic substance 

occurs during the calculus growth and is partial- 
ly manifested as striation (Fig. 4). 

These phenomena in the texture of the trans- 
plant calculi can be explained by the particular 
~athogenetic conditions. The permanent composi- 
tion of the central part of the calculi as an ir- 
regular mosaic structure points to a rapid growth 
at the beginning of calculus formation and a high 
oversaturation of the urine with stone-forming 
ions. Also the massive deposition of an isotropic 
substance is made possible by a high concentra- 
tion of organic material in the urinary tract. This 
isotropic substance can be observed in all parts 
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Table 3. Details of calculi after kidney transplantation reported in the literature 
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Authors Number of 

patients 
(frequency) 

Stone composition Suspected cause of 
stone formation 

]Brynger et al., 1976 I 

Caralps et al., 1977 7 

Christensen and i 
Nielsen, 1977 

Dominguez et al., 1970 l calcium phosphate 

Dreikorn et al., 1975 2 (l, 6%) uric acid 

Hume et al., 1966 1 (1, i%) 

K~ss et al., 1973 3 (2, 5%) 

Lattimer et al., 1970 i calcium phosphate 

Leafy et al., 1975 1 (0,4%) 

Lucas and Castro, 3 (I, i%) calcium phosphate 
1978 

MacKinnon et al., 4 (6,7%) 
1968 

McLaughlin, 1977 1 

Narayana et al., 1978 1 carbonate apatite, 
brushite 

Previte et al., 1978 1 calcium oxalate 

Rambar and MacKenzi~ 3 
1978 

Rattazzi et al., 1975 2 (0,3%) struvite ? 

Rosenberg et al., 1975 1 whewellite, struvite 

Schweizer et al., 1977 I 

Shackford et al., 1976 1 calcium oxalate, 
apatite 

Starzl et al., 1970 2 (0, 9%) - 

Stubenbord et al., 1978 1 

Thiel et al., 1976 3 (2, 5%) weddellite, calcium 
oxalate, apatite, or- 
ganized blood clot 

Present series 6 (1,4%) struvite, carbonate 
apatite 

HPT, donor kidney, 
infection 

HPT 

HPT 

HPT 

HPT 

HPT, stenosis and 
infection 

proline suture nidus 

idiopathic ? 

HPT 

stenosis (ileum conduit) 

HPT~ RTA ? 

idiopathic ? 

stenosis, obstruction 

urinary flow disorders, 
infection, hematuria 

urinary flow disorders, 
infection, RTA 

HPT = hyperparathyroidism, RTA -- renal tubular acidosis 

of the calculus texture. Therefore, it must be 
assumed that the organic material is available in 
abundance during the whole growth process. The 
long warm ischemic time and the delayed onset 
of normal graft function (see Table i) lead to an 
optimal milieu for calculus formation consisting 
of a massive occurrence of cell degradation 
products and organic material in the presence of 
an infection with urea-splitting bacteria. 

DISCUSSION 

The development of urolithiasis after kidney 
transplantation is a late complication occurring 
between 2 months and 6 years following trans- 
plantation (4, 13, 16, 20, 25, 29). Details of the 
43 cases reported in the literature are described 
in Table 3. The clinical pattern and the symptoms 
are different from the disease in non-transplant 
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patients. Hematuria and transplant ureteric ob- 
struction may occur without pain because of the 
division and absence of regeneration of pain 
fibres (23, 29, 30). If hematuria occurs in a 
transplant patient, partieularly in the presence 
of some deterioration of graft function, as ob- 
served in our series, the possibility of urolithi- 
asis should be considered. Failure to appreciate 
that a rise in the serum ereatinine level might 
be caused by ureteric obstruction rather than 
rejection might lead to the unnecessary and 
potentially dangerous use of high dose immuno- 
suppressive therapy (30). 

The management of urolithiasis after kidney 
transplantation should include the treatment of 
the underlying causes of stone formation (i). Pa- 
tients with stones in the transplanted kidney or 
ureter should be investigated thoroughly for all 
possible aetiological factors (21). Secondary hy- 
perparathyroidism as a possible eause of uroli- 
thiasis has been given most attention (6, 12, 13, 
26, 32). Leapman et al. (]3) advocate early sur- 
gery when secondary hyperparathyroidism and 
recurrent transplant calculi occur. We disagree 
with this point of view. Indeed, parathyroid ex- 
ploration and subtotal parathyroidectomy should 
be reserved for resistant eases and those with 
evidence of metastatic calcification or secondary 
bone disease (16). In none of our patients was 
parathyroideetomy performed. We observed hy- 
percaleemia and hypercaleiuria only in the first 
months after transplantation at the time of resto- 
ration of normal graft and parathyroid function 
and mobilization and resolution of metastatic 
calcifications developed during chronic hemo- 
dialysis as described by Hornum (9). 

It is remarkable that no calculus formation 
has occurred in our last 186 transplant patients. 
]By the introduction and technical perfection of 
the extravesieal ureterneoeystostomy (3) and 
technical improvements in donor nephreetomy in 
recent years a significant reduction of ureterie 
and urinary bladder complications from 33,3% to 
12, 6% has been obtained (19). The delayed onset 
of normal graft function and urodynamic disorders 
as a result of posttransplant ureterie and bladder 
complications (fistula, stenosis, insufficient, 
anastomosis) accompanied with persistent bae- 
teriuria and occurrence of renal tubular acidosis 
possibly caused by isehemic damage resulting 
from long warm isehemic time (35) constitute 
th~ eommon predisposing causes of urolithiasis 
in our patients. These aetiological factors are 
also demonstrated and discussed in the literature 
(16, 29, 34). A typical ease of stone formation 
which seemed to follow urinary infeetion and 
stagnation caused by stenosis of the ureterovesi- 
eal anastomosis was described by Lucas and 
Castro (16). Following restoration of pateney 
and normal urinary drainage, no further infee- 
tionor stasis calculi were observed. A similar 

aetiology accounts for the formation of calculi 
in the allograft in patients with supravesieal 
urinary diversion into ileal conduits (25, 33). 

An exact mineralogical investigation of trans- 
plant calculi seems important to us especially 
with regard to the relevance of secondary hyper- 
parathyroidism in ealculogenesis and the result- 
ing therapeutic procedures. Our crystal-optical 
and x-ray-diffraction studies of the trans- 
plant calculi clearly show the importance of 
urinary tract infection and isehaemic damage of 
the transplant kidney as causes of stone forma- 
tion after renal transplantation. 

RE FE REN CE S 

I. Becker, J.A., Kutcher, R.: Urologic com- 
plications of renal transplantation. Seminars 
in R0entgenology 13, 341 (1978) 

2. Bick, C., Brien, G.: Erfahrungen mit der 
kombinierten kristalloptis oh- rbntgendiffrak- 
tometrischen Harnsteinanalytik. Zeitschrift 
fir medizinische Labortechnik 17, 341 (1976) 

3. Braun, E.: Eine einfache Methode der Ure- 
terozystoneostomie mit extravesikaler sub- 
mukbser Tunnelbildung. Zeitschrift filr Urolo- 
gie und Nephrologie 66, 765 (1973) 

4. Brynger, H., Bitter-Suermann, G., G~bel, 
H°, Ahlm&n, J., Blohm@, I., Gustafsson, A., 
Gelin, L.E. : Complications after renal trans- 
plantation. Scandinavian Journal of Urology 
and Nephrology, Suppl. 38, 113 (1976) 

5. Caralps, A., Lloveras, J., Masramon, J., 
Andreu, J., Brulles, A., Gil-Vernet, J.M.: 
Urinary calculi after renal transplantation. 
Lancet I, 544 (1977) 

6. Christensen, M.S., Nielsen, H.E.: The 
clinical significance of hyperparathyroidism 
after renal transplantation. Scandinavian 
Journal of Urology and Nephrology, Suppl. 
42, 130 (1977) 

7. Dominguez, J.M., Mautalen, C.A., Rodo, 
J.E., Barcat, J.A., Molins, M.E.: Ter- 
tiary hyperparathyroidism diagnosed after 
renal homotransplantation. The American 
Journal of Medicine 49, 423 (1970) 

8, Dre ikorn ,  K.,  ROhl, L . : U r o l o g i c a l  c o m -  
pl icat ions  in renal  t ransp lan ta t ion .  Eu ropean  
Urology 1, 170 (1975) 

9. Hornurn, I. : P o s t - t r a n s p l a n t  h y p e r c a l c e m i a  
due to mobi l iza t ion  of me ta s t a t i c  ca l c i f i ca -  
t ions.  Aeta med ica  scandinav ica  189, 199 
(1971) 

10. Hume, D . M . ,  Lee, H . M . ,  Wil l iams,  G .M. ,  
White, H . J . O . ,  Fe r r6 ,  J . ,  Wolf, J . S . ,  
P rou t  J r . ,  G . R . ,  Slapak, M.,  O 'Br ien ,  J . ,  
Kilpatr ick,  S . J . ,  Kauffman J r . ,  H . M . ,  
Cleveland, R . J .  : Compara t ive  r e su l t s  of 
cadave r  and re la ted donor  rena l  homogra f t s  
in man, and immunolog ic  impl ica t ions  of the 



G. Brien et al. : Urolithiasis After Kidney Transplantation 217 

outcome of second and paired transplants. 
Annals Of Surgery 164, 352 (1966) 

ii. K~iss, R., Poisson, J., Thibault, P., 
Gluckmann, J.C.: Le r~tablissement de la 
vote excr~trice dans l'allotransplantation 
rSnale p a r  anastomose urStSro-ur~t~rale et 
ses complications. Urologia Internationalis 
28, 91 (1973) 

12. Lattimer, R.G., Renning, J., Stevens, L. 
E., Northway, J.D., Reemtsma, K.:Ter- 
tiary hyperparathyroidism following success- 
ful renal allografting. Annals of Surgery 172, 
137 (1970) 

13. Leapman, S.B., Vidne, B.A., Butt, K.M.H., 
Waterhouse, K., Kountz, S.L.: Nephrolithi- 
asis and nephrocalcinosis after renal trans- 
plantation: a case report and review of the 
literature. The Journal of Urology 115, 129 
(1976a) 

14. Leapman, S.B., Vidne, B.A., Butt, K.M.H., 
Kountz, S.L.: Elective and emergency sur- 
gery in renal transplant patients. Annals of 
Surgery 183, 266 (1976b) 

15. Leary, F.J., Woods, J.E., DeWeerd, J.H.: 
Urologic problems in renal transplantation. 
Archives of Surgery if0, 1124 (1975) 

16. Lucas, B.S.C., Castro, J.E. : Calculi in 
renal transplants. Britisch Journal of Urolo- 
gy 50, 302 (1978) 

17. MacKinnon, K.J., Oliver, J.A., Morehouse, 
D.D., Taguchi, Y.: Cadaver renal trans- 
plantation: emphasis on urological aspects. 
Journal of Urology 99, 486 (1968) 

18. McLaughlin, M.G.: Late ureteric obstruction 
in renal transplants. British Journal of Urolo- 
gy 49, 93 (1977) 

19. Mebel, M., May, G., Horpacsy, G., Seeger, 
W., Weide, B.: 289 Leichennierentransplan- 
tationen im Zentrum Berlin-Friedrichshain; 
Ergebnisse. Zentralblatt ffir Chirurgie 103, 
1233 (1978) 

20. Najarian, J.S., Simmons, R.L., Tallent, 
M.B., Kjellstrand, C.M., ]Buselmeier, T.J., 
Vernier, R.L., Michael, A. F. : Renal trans- 
plantation in infants and children. Annals of 
Surgery 174, 583 (1971) 

21. Narayana, A., Loening, S., Culp. D.A.: 
Kidney stones and renal transplantation. 
Urology 12, 61 (1978) 

22. Oesterwitz, H., Horpacsy, G., May, G., 
Mebel, M. : Frequency of leukopenia incidents 
following azathioprine therapy after kidney 
transplantation, European Urology 4, 167 
(1978) 

23. Previte, S.R., Murata, G.T., Olsson, C.A., 
Schmitt, G.W., Nabseth, D. C., Cho, S.I. : 
Hematuria in renal transplant recipients. 
Annals of Surgery 187, 219 (1978) 

24. Rarnbar, A.C., Mackenzie, R.G. : Urolithi- 
asis in adolescents. American Journal of 
Diseases of Children 132, 1117 (1978) 

25. Rattazzi, L.C., Simmons, R.L., Markland, 

C., Casalji, R., Kjellstrand, C.M., Naja- 
rian, J.S. : Calculi complicating renal trans- 
plantation into ileal conduits. Urology 5, 29 
(1975) 

26. Rosenberg, J.C., Arnstein, A.R., Ing, T.S., 
Pierce Jr., J.M., Rosenberg, B., Silva, Y., 
Walt, A.J. : Calculi complicating a renal 
transplant. American Journal of Surgery 129, 
326 (1975) 

27. Scholz, D., Brien, G., Althaus, P., May, 
G., Bick, C. : Nephrolithiasis und chronische 
Niereninsuffizienz, unter besonderer Ber~ick- 
sichtigung der H~modialyse und Nierentrans- 
plantation. Fortschritte der Urologic und 
Nephrologie 14, 76 (1979) 

28. Schubert, G., Brien, G.: Struktur und GefCige 
yon Harnsteinen in Abh~ngigkeit yon verschie- 
denen pathogenetischen Bedingungen. p. 67 
II. Berliner Harnsteinmikroskopiewoche, 
Berlin, 1979 

29. Schweizer, R.T., ]Bartus, S.A., Graydon, R. 
J., Berlin, B.B. : Pyelolithotomy of a renal 
transplant. Journal of Urology 117, 665 (1977) 

30. Shackford, S., Collins, G.M., Kaplan, G., 
Harbach, L. : Idiopathic ureterolithiasis in a 
renal transplant. Journal of Urology 116, 
660 (1976) 

31. Starzl, T.E., Groth, C.G., Putnam, C.W., 
Penn, I., Halgrimson, C.G., Flatrnark, A., 
Gecelter, L., Brettschneider, L., Sionington, 
O. G. : Urological complications in 216 human 
recipients of renal transplants. Annals of 
Surgery 172, 1 (1970) 

32. Stevens, L.E., Bloomer, H.A., Lower, G. 
D., Maddock, R., Reemtsma, K.:Indica- 
tions for subtotal parathyroidectomy in pa- 
tients with renal transplantation. Annals of 
Surgery 169, 578 (1969) 

33. Stubenbord, W.T., Homan, W.P., Stenzel, 
K. H., Rubin, A.L. : Use of intestinal con- 
duits in renal transplantation. In: Excerpta 
Medica International Congress Series, 
Vol. IX, p. 149. Amsterdam 1978 

34. Thiel, G., Brunner, F., Enderlin, F., 
Harder, F., Leibundgut, B., Tondelli, P.: 
Urinary tract calculi after kidney trans- 
plantation. In: Urolithiasis Research, New 
York, London: Plenum Press 1976 

35. Wilson, D. R., Siddiqui, A.A. : Renal tubular 
acidosis after kidney transplantation: natural 
history and significance. Annals of Internal 
Medicine 79, 352 (1973) 

Dr. G. Brien 
Urological Clinic 
Hospital Friedrichshain 
and Department of Urology 
Division of Experimental 
Organ Transplantation 
Humboldt- University 
Berlin 
German Dernoeratic Republic 



218 G. Brien et al. : Urolithiasis After Kidney Transplantation 

ADDENDUM 

Since the preparation of the manuscript 15 further patients with urolithiasis after kidney transplanta- 
tion were reported in the literature (i, 2, 3). However, detailed investigations of the structure of cal- 
culi likewise have not been published. 
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