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In 1963 five cases of cadaveric renal transplantation in man
were reported from this hospital (Calne et al., 1963a). Four
of these patients died within two months of operation, the fifth
was surviving after eight months. Fifteen further cadaveric
transplants have since been performed, and we here report the
results of the 20 cases. Three transplants were valuable thera-
peutically, restoring the patients to a normal existence. Certain
changes in calcium metabolism, blood pressure, and red-cell
production are discussed in detail.

Selection of Recipients and Donors

Recipients.-Patients in the terminal stages of chronic
uraemia who failed to respond to conventional therapy were
considered for transplantation. The experimental nature of the
procedure was explained to them. All the patients were gravely
ill at the time of the operation, and the majority required dialysis
before surgery. Both peritoneal dialysis and haemodialysis with
a twin-coil Kolff kidney were used.
Donors.-The selection of donors continues to be the most

difficult aspect of clinical renal transplantation from cadavers.
Most patients dying in hospital are unsatisfactory donors owing
to disseminated malignancy, infection, or renal-tract disease.
Some donors with carcinomatosis were used, and we had no
evidence of transplanting growth with the kidney; however,
two deaths have been recently described due to tumour in
transplanted kidneys which metastasized in the recipients
(McIntosh et al., 1965 ; Martin et al., 1965). All donors came
from Westminster Hospital Group or Atkinson Morley's Hos-
pital. In each case permission was obtained from the relatives
either before or just after the patient's death. In no instance
when a request was made was permission refused. Donors
were chosen of ABO groups compatible with the recipients'
according to conventional blood-transfusion principles. Thus
the major ABO group was either matched or an 0 donor was
used for a recipient of another group. The rhesus system was
ignored.

Surgical Technique
This has been described in detail elsewhere (Calne, 1963).

As soon as possible after death the kidney was removed from
the donor, full sterile precautions being used. In most cases
the kidney was perfused with approximately 200 ml. of Ringer's
solution at 40 C. containing 12.5 g. of human albumin and

* Westminster Hospital, London.
t Present address: Department of Surgery, Addenbrooke's Hospital,

Cambridge.

5,000 units of heparin per litre. The kidney was then trans-
ferred to a sterile polyethylene bag and surrounded by ice in
a vacuum flask. When it was apparent that the kidney was
macroscopically normal, with vessels and ureter suitable for
anastomosis, the recipient was anaesthetized and the iliac vessels
were approached extraperitoneally through a suprainguinal
incision. The renal vessels of the donor kidney were anasto-
mosed to the iliac vessels of the recipient and the ureter was
either implanted direct into the bladder or joined to the
patient's own ureter. In some cases the patient's own kidneys
and spleen were removed immediately after renal transplanta-
tion.

Imhunosuppression
Immunosuppression was based on the drugs azathioprine

(Imuran) and prednisone started on the day of transplantation.
When rejection was diagnosed actinomycin C and in some cases
400 r local irradiation of the transplant were added to the
immunosuppressive regimen. The dosage scheme was as
follows: azathioprine 5 mg./kg. for two days, then 2.5 mg./kg.
daily-the dose was lowered if the total white blood cell count
fell below 4,000/cu. mm. ; prednisone 200 mg./day for two days
gradually reduced unless rejection occurred; and actinomycin
C 200 ,ug. intravenously daily during rejection crises.

Prevention of Infection

Previous to surgery, bacteriological cultures were taken from
the recipient's nose, mouth, genital region, and urine. If patho-
genic organisms were found an attempt was made to eliminate
these by appropriate antibiotics. In the early cases prophylactic
antibiotics were given after surgery, but there was a high inci-
dence of severe infections with antibiotic-resistant organisms;
therefore subsequently antibiotics were reserved to treat estab-
lished infections. Patients were nursed under strict barrier
conditions in a room with positive-pressure ventilation until
the wound stitches had been removed. The patient was returned
to this isolation environment if the total white cell count fell
below 2,000.

Results

The basic data on the 20 patients are recorded in summary
form in the Table. The case reports of the three patients with
therapeutic transplants are described in more detail.
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Case 1

The course of this patient up to eight months postoperatively has
been described in detail in a previous paper (Caine et al., 1963a).
A 33-year-old housewife was referred in December 1962 in

terminal chronic renal failure with malignant hypertension and
severe azotaemia due to probable chronic glomerulonephritis. There

was no past history of arthritis and no family history of gout.
Hacmodialysis was performed, and shortly thereafter a renal homo-
transplantation operation from a cadaver donor was performed.
After two weeks' oliguria, proved on biopsy to be due to tubular
necrosis, renal function was established and the blood urea fell to
60 mg./100 ml. The patient was able to return home two months
after operation and to look after her household, attending hospital
at monthly intervals. A needle biopsy of the transplant at 4J months
showed a focal glomerulitis (Fig. 1). The blood urea at this time
was 110 mg./100 ml. and the blood pressure was readily controlled
by small doses of antihypertensive drugs. The patient felt remark-
%bly well.

In November 1963, 11 months postoperatively, she first com-

plained of severe pain of sudden onset over the dorsum of the right
hand-and in the right shoulder. There were no abnormal physical
signs in the joints at this time, but x-ray examination showed calci-
fication apparently in the capsules of the metacarpophalangeal joints
of the hands, in the wrists, and in the rotator cuff of the right
shoulder. Calcification was also seen in metatarsal arteries and in the
blood vessels of the renal graft itself. There was no radiological
evidence of hyperparathyroidism. The blood urea was 150 mg./
100 ml. and the serum uric acid averaged 8 mg./100 ml. Serum
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calcium was 9.8 mg./100 ml., P04 7.3 mg./100 ml., and alkalin
phosphatase 8 King-Armstrong units. Urinary calcium was SO
mg./24 hours.

FIG. l.-Case 1. Biopsy at 4j months. A glomerulus shows hyper-
cellularity and lobular stalk thickening. There is tubular atrophy and a

heavy plasma cell infiltration. (H. and B. X 156.2.)

Summary of Cases

Donor:
RePent: Sex. Age.
Sex . Blood Group. Length of Duration

Cae Blood Group. Diagnosis. Survival and of G.inical Course Pathology
No. Diagnosis. Total Ischaemia. Cause of Oliguria

Date of Time (min.). Death in Days
Transplant Warm Ischaemia.

Time (min.)

FP. 33. A + F. 37. 0+ 2}years. 15 Initial complicated post-operative course. Biopsies of transplant-18 hours: severe acute
Chronicglomerulo- Rheumatic heart Left ventricular Slow deterioration of renal function tubular necrosis; 30 days: oedema, aute

nephritis. disease. failure over 21 years. Recurrence of hyper- inflammation; 4 months: tubular atrophy;
15/12/1962 150. tension. Severe ana Metastatic plasma cell infiltration; glomerular basement

90 calcification membrane thickening. P.M.-transplant:
chronic lobular glomerulonephritis; inter-
stitial fibrous tubular atrophy. Arteriael
calcification and marked intimal thickcn4
Other findings: Cryptococcus neqoformns so
lungs, lymphoid tissue, spleen, and kidneys;
subcutaneous calcification; splenomeqps
with haemosiderosis; pulmonary oedeam

2 M. 21. 0 + M. 17. 0-. 14 months. Nil Good transplant function. Improvement
Chronic pyelo- Head injury. Alive and well of peripheral neuropathy. Pulmonary

hritis. 104. emboli and polycythaemia
12/911965 '52

3 P. 27. 0+. M. 58. 0+. 6 months. 14 Good transplant function after initial P.M.: cerebral oedema with petechial haemer
H oplastic Head injury. Encephalitis oliguria. Rapid fulminating encephal ges; own kidneys shrunken and pyelo

=dneys + . 156. itis after 6 months nephritic. Transplant: scattered perivascuist
Pyeionephritis. 98 mononuclear cellular infiltration; some inter
28/12/1964 stitial fibrosis and calcificaton

4 M. 32. A+. M. 38. A +. 66 days. Nil After initial excellent transplant function, Transplant: severe vasculitis with intrarena
Chronic interstitial Subarachnoid Transplant rejection occurred that could not be haemorrhage. Own kidneys: chronic inter-

nephritis. haemorrhage. rejection + reversed with toxic doses of steroids, stitial nephritis. Other findings: petechia)
9/3/1964 100. sepsis azathioprine, and actinomycin C cerebral haemorrhages, abscess of tongue

30 bronchopneuonia with abscess formatint
and monilia. infection

5* P. 25. 0+. M. 43. 0-. 55 days. Post-operative course complicated by uni- Biopsy 41 days: normal transplant. PFM
Chronic pyelo- Cirrhosis. Ureteric lateral deep-vein thrombosis and leakage necrosis of transplant ureter; acute pyelr-

nephritis. 143. necrosis + from ureto-ureteric anastomosis, which nephrids; no evidence of rejection
30/12/1964 97 sepsis led to severe local sepsis, septicaemia,

and death
6 M. 52. 0-. F. 50. 0+. 53 days. 8 After 8 days' oliguria diuresis occurred Biopsy of transplant 8 days: oedema tac

Chronic glomerulo- Carcinoma Transplant and transplant function was good. marked mononuclear cellular infiltrate
nephritis. of breast. rejection. Progressive rejection occurred that could P.M.-transplant: vasculitis and haemowrrba

26/7/1963 127. Marrow aplasia. not be reversed with toxic doses of
67 Pulmonary steroids, azathioprine, and actinomycin

haemorrhage C
71 F. 25. 0- M. 42. 0. 52 days. 20 Prolonged oliguria and epileptiform fits. Biopsy of transplant 49 days: oedema.

Glomerulo- Coronary athero- Ps. pyocyanea Transplant function begun after 20 days P.M.-Transplant: tubular dilatation ane
nephritis. sclerosis. septicaemia but septicaemia ensued calcification. Mild vasculitis. Right uppe

3/5/1965 182. lobe pneumonia
97

8 M. 44. A-. F. 56. A+. 48 days. 5 Postoperative course complicated by Biopsy of transplant 35 days: severe cedlar
Chronic glomerulo- Myocardial Ps. pyocyanea rejection and severe infection with rejection. P.M.-Transplant: acute pyeA

nephritis. infarction. septicaemia septi aeia |enepritis and mild vaseuia change s ;
24//963 110. peiadtsada Scesin paiets own rlgt;

60 kde
9 P. 31. B +. M. 60. 0+. 47 days. 15 Delayed onset of transplant function. Biopsy oftransplant 18 days: rcpair of ischaemic

Chronic pyelo- Rheumatic Pulmonary Sudden development of fatal pulmonary damage. P.M.-Transplant: oedema. MNld
nephritis. carditis. oedema and complication vasculitis. Pulmonary oedema and broncbo

31/1/1963 78. broncho- pneumonia
50 pneumonia

10 M. 26. 0+. M. 44. 0+. 44 days. Nil Initial excellent transplant function. Sep- Biopsy of transplant 10 days: fibrinoid
Chronic glomerulo- Cerebral glioma. Wound sepsis and sis in bilateral nephrectomy wound, of interlobular artery. P.M.: Mild vasculta

nephritis. 126. Ps. pyocyanea leading to septicaemia and breakdown in transplant and ureter- purulent peritonitis
l§/4f196552 septicaemia of ureteric anastomosis and pericarditis; cation of distal l

arteries

1346 3 December 1966 Renal Transplants Caine et al.
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Throughout the remaining 18 months of the patient's life she
suffered repeated similar attacks of acute pain in many joints.
Soft-tissue calcification increased and became clinically apparent in
the form of large, often inflamed, subcutaneous deposits, most pro-
aounced over the dorsum of the hands (Figs. 2 and 3). These
Hended to wax and wane in size and some disappeared entirely.
Excision of a few of the lesions revealed a thick white material
pving strong chemical reactions for calcium and phosphate but
iegligible reactions for urates. For all of this time there was a
gradual but inexorable deterioration of function of the renal graft,
with a concomitant rise in serum uric acid levels to a maximum of
i0 mg./100 ml. However, wide fluctuations did not occur and
-here was no relation between the onset of the acute attacks of joint
ain and the level of serum uric acid. Some relief of pain was

tchieved with analgesics. Colchicine was not given.
The patient died in May 1965, two and a half years after opera-

uon, the immediate cause of death being heart failure due to hyper-
%nsion and anaemia. The blood urea had reached 250 mg./100 ml.
Post-mortem examination of her own and grafted kidneys showed
a remarkably similar picture of glomerulonephritis (Figs. 4 and 5).
Examination of several joints confirmed the absence of damage to
rjint surfaces and the presence of extensive calcification in peri-
articular tissues. No positive chemical reaction for urates was
obtained. There was no evidence of parathyroid hyperplasia.

Case 2
A 21-year-old soldier presented in March 1965 with a seven-year

tiistory of intermittent dysuria and difficulty in starting micturition.
Three weeks before admission he had noticed progressively worsen-
omg dyspnoea on exertion, together with orthopnoea, anorexia, and
vomiting. On examination he was an irl-looking patient who was
dvspnoeic at rest. His apex beat was displaced 5 in. (12.5 cm.)

Burrs
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from the midline and was heaving in quality. There were an apical
third sound, an ejection click at the left sternal edge, and crepitationq
at both lung bases with the jugulovenous pressure elevated 2 cm
above the sternal angle. The blood pressure was 180/120 mm. Hg
The fundi showed severe hypertensive changes with arteriovenous
nipping, haemorrhages, and exudates.

Investigations.-Haemoglobin 57% (8.7 g./100 ml.). White-cell
count 15,700 (92% neutrophils). Serum electrolytes were: sodium
139 mEq/l., potassium 4 mEq/l., bicarbonate 10 mEq/l.,
calcium 6.9 mg./100 ml., phosphate 9.4 mg./100 ml., serum
urea 523 mg./100 ml., serum alkaline phosphatase 11 K-A.
units, antistreptolysin titre 300 units/ml. Serum electrophoresis:
reduced albumin fraction (1.8 g./100 ml.). Urine: 24-hour volume
300-500 ml. Protein excretion 1 g./24 hours. Microscopy: scanty
numbers of red cells, but no pus cells or casts. Creatinine clearance:
2.5 ml./min. Vitamin B12 clearance 1.5 ml./min. Chest x-ray
picture: a moderate degree of cardiac enlargement with much inter-
stitial oedema. Abdominal x-ray picture: neither kidney outline
could be defined. Electrocardiagram: T waves inverted in lead I
and leads V3-V7.
A diagnosis of renal failure secondary to chronic pyelonephritis

was made and he was treated by peritoneal dialysis. His blood
pressure remained at 180/120 despite treatment with methyldops
2 g. daily and pempidine 7.5 mg. daily. His blood urea stabilized
at 250-300 mg./100 ml. and he was discharged from hospital
Within two weeks, however, his urea had risen to 350-400 mg./
100 ml. and the pulmonary oedema recurred. He was treated again
by peritoneal dialysis, which successfully lowered the serum urea.
When treatment was stopped the urea rose again, and in view of
the poor prognosis renal transplantation was offered. Meanwhile
he was treated by intermittent haemodialysis.
On 12 September 1965 a 17-year-old youth died after a head

injury. The d-nor's left kidney was transplanted into the right

Summary of Cases-contd.

Recipient:
Sex. Age.

Blood Group.
Diagnosis.
Date of

Transplant

M. 49. A+.
Polycystic kidneys.
21/8/1963

M. 13. A+
Hypoplastic

kidney and
pyelonephritis.

16/9/1964

P. 27. A-.
Chronic pyelo-

nephritis.
28/6/1964

F. 23. A+.
Chronic pyelo-

nephritis.
22/8/1963

M. 41. 0+
Chronic glomerulo-

nephritis.
7/1/1964

M. 32. A+.
Chronic glomerulo-

nephritis.

10/3/1965
M. 53. A_.
Pelycystic

kidneys.
22/4/1964

M. 44. A+.
Chronic glomerulo-

nephritis.
26/3/1963

M. 31. B+.
Chronic glomerulo-

nephritis.
5/3/1963
M. 42. B+.
Chronic glomerulo-

nephritis.
1813/1964

Donor:
Sex. Age.

Blood Group.
Diagnosis.

Total Ischaemnia.
Time (min.).

Warm Ischaemia.
Time (min.).

M. 30. A-.
Cerebral abscess.
123.
48

F. 55. 0+.
Gastric

carcinoma.
100.
50

M. 18. O+.
Cardiac arrest
under
anaesthesia.

115. 42
M. 19. 0+.
Synovial

sarcoma.
108.
73
F. 61. 0+.
Maxillary

carcinoma.
125.

Length of
Survival and
Cause of
Death

44 days.
Haemorrhage
from biopsy
of transplant

43 days.
Pulmonary

cytomegalic
infection.
Pulmonary and
renal moniliasis

42 days.
Transplant

rejection

39 days.
Cerebral
oedema during
dialysis

33 days.
Peritonitis.
Transplant
infarction

0ou
P. 41. 0-. 24 days.
Cerebral Septicaemia

astrocytoma. + pyonephrosis
113. 47 own left kidney
M. 56. 0+. 19 days.
Gastric Myocardial and

carcinoma. cerebral
100. broncho-.
60 pneumonia

M. 56. A+. |16days.
Peritonitis. Marrow aplasia
140. + pulmonary
65 haemorrhage
F. 15. 0+. 2 days.
Chondrosarcoma. Hypertensive
120. encephalopathy
74
M. 53. 0+. 8 hours.
Maxillary Cardiac failure

carcinoma.
95. 50

Duration
of

Gliguria
inN3iIa

21

9

39

33

15

NRi

h1

2

A3 hoiur;

-i l-

Clinical Course

Early satisfactory transplant function.
Rejection crisis slow to respond to added
immunosuppressive therapy. Renal
biopsy resulted in haemorrhage and
rupture of the transplant

Prolonged initial oliguria. Onset of
O"Q~~t{rt;A onl~etoA li-tr5an UL IUI onUAU cUompl1ictLeU Uy

pulmonary infection

Inexorable progress of vascular rejection
after short period of good transplant
finction. Transplant removed 3 days
before death

Very marked hypertension during trans-
plant operation. Not relieved by
removal of patient's only remaining
kidney. Transplant never functioned
well

Kidney was perfused with cold citrated
venous blood from the kidney donor.
? the cause of glomerular microthrombi.
Severe atherosclerosis of common iliac
artery required a thromboendarterectomy
to permit renal transplantation. No
evidence of transplant function

Transplant function was poor until
septicaemia and death

Considerable haemorrhage from operative
biopsy of transplant at time of trans-
plantation required second anaesthetic
and suture. Cardiac arrest after 24
hours from myocardial infarct. Resus-
citated with internal massage and
defibrillation but residual cerebral infarc-
tion. Good transplant function

Poor transplant function. Sevare marrow
depression with sudden fatal pulmonary
haemorrhage

Poor transplant function. Hypertensivt
encephalopathy with death following
epileptiform fits

Rapid diuresis after transplantation.
Vent.ricular fibrillation 8 hours later

Pathology

P.M.-Transplant: tear encircling kidney.
Interstitial oedema. Retroperitoneal haemor-
rhage. Pulmonary oedema

Biopsy of transplant 14 days: interstitial
oedema. P.M.-Transplant: mild vasculitis.
Own kidneys: left hypoplastic, right hydro-
nephrotic. Cytomegalic and monilia pneu-
monitis. Heart: small V.S.D.

Biopsy of transplant 21 days: interstitial
haemorrhage, tubular necrosis, and vasculitis.
Removal of transplant at 38 days: severe
intrarenal necrosis with arterial and venou
thrombosis

P.M.-Transplant: severe oedema and ischa-
mic damage. Marked cerebral oedema

Operative biopsy of transplant: microtbrombi
in glomeruli. P.M.-Transplant: infarcted
with thrombus partially occluding renal
artery. Peritonitis

P.M.-Transplant: mild vasculitis. Own left
kidney: pyonephrosis

P.M.-Transplant: oedema. Myocardial and
cerebral infarction Thoracotomy wound
sepsis

P.M.-Transplant: oedema and tubular
dilatation. Pulmonary haemorrhage

P.M.-Transplant: severe acute tubular
necrosis. Pulmonary oedema and early
bronchoppneumonia

Cauae of death not determined. Transplant;
slightly swolles, with mild ischaemic change

'; Splsnectcmy and removal of patients own kidneys at time of transplas3ttion. t Removal of patient's single remaining left kidney.

4 December 1966 Renal Transplants-Ca/le et al.
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1348 3 December 1966 Renal Transpla

iliac fossa of the recipient by the standard technique. Azathioprine
150-200 mg. daily was given after a loading dose of 300 mg. for
two days. In addition, he was given prednisone 30 mg. daily after
receiving 400 mg. of hydrocortisone at the time of operation.
A diuresis of 6 litres occurred in the 36 hours after transplanta-

tion. The daily urinary volume then fell to 1,500-2,000 ml. and
remained at this level subsequently. The blood urea fell rapidly
after operation and stabilized at 50-70 mg., apart from a few days
in the third week when it rose to a value of 93 mg./100 ml. Over
this period the prednisone was temporarily increased to 200 mg.
daily and actinomycin C 200 pug. was given daily for three days.
The " standard " urea clearance remained within the range of 30-
40% normal.
The blood pressure returned to the preoperative level within three

days of operation, and remained elevated for six weeks. In the
seventh week it fel, the pempidine was stopped, and the dose of
methyldopa was reduced to 750 mg. daily. On this regimen the
blood pressure was maintained at an average level of 150/100. Over
the next few months the blood pressure began to rise again, so that'
the methyldopa had to be increased to 2 g. daily to keep the diastolic
blood-pressure at 100.
Three months after operation he developed pleuritic chest pain

and haemoptysis. In view of a heavy growth of monilia in the
sputum and the presence of two small radiological opacities, this
was initially treated with amphotericin B. Two weeks later, how-
ever, he developed a left-sided external iliac vein thrombosis and

nt Calne et al. MEDICALm

he was anticoagulated with heparin and phenindione. Six months
after operation he was symptom-free, out of hospital, and studying
mechanical engineering. His immunosuppressive treatment was
prednisone 7.5 mg. and azathioprine 125 mg. daily.
A further mild impairment of renal function was treated with

increased doses of preZnisone and azathioprine; renal function then
rapidly returned to its previous level and at the time of writing,
14 months after transplantation, the patient was clinically well.

Haematological Changes
The haematological changes present features of considerable

interest. Preoperatively the patient was clinically anaemic and
required transfusion with 0.5-1 1. of blood at each haemodialysis.
For six weeks after operation his haemoglobin remained in the-range
of 11.5-12.5 g./100 ml. Then over the next six weeks a progressive
rise occurred until the haenqoglobin reached a level of 18.8 g./
100 ml., and it remained at 'this level subsequently. Other inves-
tigations during the fourth and fifth months were white cell count
4,400-7,000/c.nm.; platelets 150,000-200,000/cmm.; packed cel
volume 54% ; red-cell count 5,600,000/c.mm.; a film of the blood
showed a moderate degree of anisocytosis only-; reticulocyte count
3-5%; erythrocyte sedimentation rate 1 mm./hr.; serum iron
103.4' pg./100 mnl.; serum B12 364 uug./100 ml.; serum folate
2.8 mpg./ml.; direct Coombs test negative; serum haptoglobins
present at a 1 in 4 dilution (equal to normal control); plasma
erythropoietin level i* unit/ml., compared with negligible activity
in normal controls (Fe uptake in polycythaemic rats 6% compared
with 2% normal control). Blood volume measurements 19 weeks
postoperatively were: red cell volume 2.3 1. (32.4 ml./kg.) (normal
mean 30.3 ml./kg.); plasma volume 2.4 1. (66.2 ml./kg.) (normal
mean 71.4 ml./kg.). These measurements were made with 5Cr-
labelled red cells. The extracellular fluid volume (measured by the

Do-sri-' - -A.

FIG. 2.-Case 1. Appearance of dorsum of hands 18 months after renal
transplantation. Shows subcutaneous swellings.

FIG. 4.-Case 1. Patient's own kidney, showing chronic lobular
glomerulonepluitis. (H. and E. X 143.)

'/FIG. s.--Case 1. a-ray nnM or hnans i1 monras after renal transpian-
rtioa. Shows cal tion in and around joint capsules.

FIG. 5.-Case 1. Glomerulus in transplant, showing similar changes to
those in paitienes own Idneys. (P.A.S. x 142.)
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Renal Transplants-Calne et al.

dilution of "Br) was 21.3 1. eight weeks postoperatively and 21.5 1.

22 weeks postoperatively (normal range 16.2-24.1 1.).

Case 3
An Italian woman of 27 first presented in August 1964 with a

history of four to five weeks' vomiting and effort dyspnoea. Pre-
vious to this she had been in good health. Physical examination
revealed a pale ill-looking patient with a blood pressure of 110/70
mm. Hg; otherwise there were no abnormal physical signs.

Investigations.-Haemoglobin 4.5 g./100 ml. (38%); white cell
count 8,000/cu. mm. Microscopy of urine: many white cells, a few
hyaline casts, and bacteria. Culture of urine: profuse growth of
Escherichia coli. She passed 1 to 1.5 litres of urine daily containing
0.5-0.8 g. of protein. Serum electrolytes were: sodium 130 mEq/l.,
potassium 5.3 mEq/l., chloride 90 mEq/l., bicarbonate 19 mEq/l.
Blood urea was 220 mg./100 ml. Serum electrophoresis showed
a reduced albumin (2 g./100 ml.). The antistreptolysin titre was
less than 100 units/ml. The E.C.G. and chest x-ray picture were

normal. Retrograde pyelography showed bilaterally shrunken
kidneys.
A diagnosis of congenital renal hypoplasia with chronic pyelo-

aephritis was made, and she was transfused and discharged home.
The blood urea rose to 520 mg./100 ml. over the course of the
next two months and so peritoneal dialysis was begun. In view of
the poor prognosis she was flown to England for renal transplanta-
tion.
The operation was carried out on 28 December 1964. The donor

was a 58-year-old man who had died after a head injury. The
right kidney was transplanted into the left iliac fossa of the recipient.
Azathioprine and prednisone were used as immunosuppressive agents.

Postoperatively the daily urinary output fell to 200 ml. and her
blood urea rose to 360 mg./100 ml. Accordingly, she was haemo-
dialysed on the third postoperative day. During the dialysis she
had a profuse haemorrhage from her wound and shunt sites, and
became temporarily hypotensive (systolic B.P. 60-70 mm. Hg).
Over the next 12 hours she required a total of 4 litres of blood.
Nevertheless, her urinary volume rose to 760 ml. after six days.
On the seventh day her urinary output began to fall again, and at
the same time her blood pressure rose to 160/110. Two days later
she developed a pyrexia of 1010 F. (38.30 C.). On the eleventh
day, when her blood urea had reached 390 mg./100 ml., peritoneal
dialysis was begun and continued for 48 hours, when it had to be
stopped because of repeated convulsions. Subsequently the daily
urinary volume progressively increased, reaching 2 litres 16 days
after operation. The blood urea fell to the preoperative level
of 120-140 mg./100 ml. by the end of the third week, and became
stabilized at this value when the patient was maintained on a restricted
protein diet (40 g./day). The " standard " urea clearance was
9-12% of normal from the end of the third week onwards.

In the fifth postoperative week she developed pyrexia of 100.4' F.
(38' C.). There was no local tenderness over the transplant, but
in view of the persistent elevation of the blood urea it was thought
likely that a low-grade rejection process was occurring, and accord-
ingly she was given a short, more intensive anti-rejection regimen-
that is, prednisone, 200 mg. daily, falling to 50 mg. after 11 days,
and actinomycin C, 200 mg. daily for three days. The temperature
settled, but the blood urea did not fall. Apart from persistent super-
ficial perineal ulcers and anaemia that required repeated transfusion
she remained well for the four months after operation, and returned
to Italy. At this time she had been weaned off steroids and was
taking 75 mg. of azathioprine daily. However, six and a half
months after operation she suddenly sank into coma after an upper
respiratory infection and died 36 hours later. At necropsy the only
abnormal findings in the central nervous system were haemorrhages
in the brain substance. It was thought likely that her death was
a-ttributable to viral encephalitis.

Discussion

Our experience of renal transplantation from cadaveric
donors during the last three years, which is reported here, has
resulted in a valuable therapy in only three of our 20 cases.
However, the observations on calcium metabolism, blood
pressure, and haematological changes were of considerable
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interest, and the overall experience has made it quite clear that
cadaveric renal transplantation in man requires high-quality
dialysis of a nature similar to that used in chronic intermittent
dialysis units. A great deal of morbidity in our patients could
probably have been prevented if they had been dialysed twice-
weekly before transplantation and during the immediate post-
transplantation oliguria that occurred in the transplants which
suffered ischaemic damage. It was found necessary to reduce
the dose of azathioprine from 2.5 mg. to approximately 1.5
mg./kg. when renal function was severely impaired, otherwise
fatal depression of the bone marrow was likely to occur.

Calcium Metabolism and Arthropathy
The clinical presentation of the arthropathy in Case 1 closely

resembled acute gout. However, plasma uric acid levels were
not grossly raised, and chemical analysis of the periarticular
deposits showed negligible reactions for urates. Demonstration
of high concentration of calcium and phosphate in the tissues
surrounding the joints, with preservation of the actual joint
surfaces, suggests that this was an example of crystal-induced
arthropathy due not to urates, as in true gout, but to the
presence of crystals of calcium phosphate compound. The
joints were not aspirated during life, and unfortunately post-
mortem examination of the joint fluid for crystals was over-
looked. McCarty et al. (1962) introduced the term " pseudo-
gout" for the syndrome of gout-like arthropathy associated
with articular chondrocalcinosis and the presence of synovial
crystals of calcium pyrophosphate. Faires and McCarty (1962)
induced in themselves an identical clinical picture of acute
arthritis by injecting into the knee joint either sodium urate
or calcium pyrophosphate crystals.

Caner and Decker (1964) described episodes of acute arthritis
in five out of six patients with chronic renal failure whose lives
were being prolonged by chronic intermittent dialysis. The
joints most commonly affected were the small joints of the
hands, the wrists, shoulders, and elbows, and the clinical picture
closely resembled true gout. In some instances subcutaneous
radio-opaque periarticular nodules were present and tended
to wax and wane in size. Though serum uric acid levels
tended to be above normal in these patients even after dialysis,
since uric acid is less readily dialysable than urea, there was
no regular relation between the timing of attacks and the current
uric acid level. Chemical analysis of the nodules in these
patients showed negligible amounts of urates and high conI-
centrations of calcium and phosphate. The arthropathy in
these chronically dialysed patients appears to correspond better
with the pseudogout syndrome than with true secondary gout.

The mechanism of development of the pseudogout syndrome
in these patients and our own is unknown. All had some
degree of renal insufficiency. There was no evidence of para-
thyroid hyperplasia at necropsy in the patient who received the
kidney transplant.

Blood-pressure Changes
Several types of blood-pressure change have been described

sporadically in the literature of renal transplantation. These
include:

1. Acute hypertension at the time of transplantation associated
with ischaemic damage to the transplant (Swales and Morgan, 1965).

2. A temporary hypertension associated with rejection (Starzl,
1964).

3. A lowering of the blood pressure produced by a renal trans-
plant in a hypertensive patient (Murray et al., 1958; Kolff et al,
1964). This has been studied in experimental animals on a number
of occasions (Muirhead ea al., 1956 ; Gomez et al., 1960; Rosas
et al., 1964).

4. Hypertension occurring after several months in animals which
had received renal autografts that had been subjected to severe
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Renal Transplant!
ischaemia (Simso et al., 1963). This has not been observed in
human patients, but a late form of hypertension has been described
where the transplanted kidney has apparently been involved in the

original nephritic process for which the operation was performed

(Murray et al., 1958).

In addition to the above, bilateral nephrectomy, which is

often performed as a simultaneous procedure, frequently, but
not always, cures the hypertension or makes it more susceptible

to control (Kolf et al., 1964).
None of these blood-pressure changes are consistently or

predictably seen, however, and the circumstances in which they

occur are obscure. The blood-pressure changes in our 20 cases

have been reported elsewhere (Swales, 1 966a). They were

correlated with other clinical features which might throw some

light on renal hypertension and the control of blood pressure

after renal transplantation. In summary, the findings were

as follows:
1. Acute Hypertension Occurring Immediately after Establish-

ment of the Circulation to the Transplant.-This occurred in four
patients (Cases 14, 15, 16, and 17), none of whom was initially
hypertensive, and none of whom showed satisfactory renal function
postoperatively. This seems to be due to the acute release of
rasopressor material from the damaged kidney.

2. Hypertension Associated with Rejection.-This occurred only

in those patients who were not severely hypertensive preoperatively;
if one patient (Case 12) with a left-to-right cardiac shunt is excluded,
it occurred in all patients who showed other evidence of rejection
(Cases 3, 7, 9, 13, and 14). It is suggested that renal ischaemia

produced by rejection provokes the release of vasopressor material.

3. Normotensive Effect of Renal Transplantotion.-This was

observed in three patients who were initially hypertensive (Cases 1,
2, and 13). It is suggested that the more severe ischaemic damage
produced by the use of cadaveric donors accounts for the infrequency
of such a normotensive effect. Bilateral nephrectomy did not

prevent postoperative hypertension.
4. Late Hypertension Produced by Glomeruilonephritis in the

Transplant.-Case 1 (see Table).

Changes in sodium metabolism were observed in two of our

patients and are reported in detail elsewhere (Swales, 1966b).
In one hypertensive patient (Case 2) a sodium diuresis occurred,
reaching a maximum during the sixth and seventh postoperative
weeks. At the same time the blood pressure fell, though
remaining slightly raised for the remainder of the period of
study. A markedly raised total exchangeable sodium returned
to normal after this period of increased loss of sodium. Studies
of the preoperative and postoperative extracellular volumes
ln#dicate that this sodium loss was exclusively extracellular.
A second case (No. 3) was initially normotensive, but

developed a moderate degree of hypertension seven days after
operation. This was associated with an elevation of a previously
normal total exchangeable sodium. Resolution of this hyper-
tension occurred after a sodium diuresis.

fHaematological Changes
Erythraemia has once previously been described in renal

transplantation (Nies et al., 1965). Our case (see Table) differs
from the one described in that paper in several respects.
Firstly, the degree of erythraemia is less in our case. This is
reflected in the peripheral blood film where the only evidence
of increased marrow activity was a mild reticulocytosis (3 to
S %). Haemolysis as a cause of this finding was ruled out
by the absence of a positive Coombs reaction, the presence of
normal concentrations of serum haptoglobins, and the presence
of a normal serum iron level. Neither could any evidence be
obtained of blood loss in our patient. The second point of
difference between our case and that of Nies et al. is that in
our case the raised haemoglobin level appears to be more

attributable to a diminished plasma volume than to an increased
red-cell mass. Nevertheless, a markedly raised plasma erythro-
poietin level was found in our patient, and it was this pre-
sumably that gave rise to the progressive increase in haemo-

s-Calne et al. B

globin levels from the sixth week onwards. Thirdly, it wa2
suggested in the case report of Nies et al. that the rise in

erythropoietin levels responsible for the erythraemia was caused
by a low-grade rejection process in the transplant. In our cast
erythraemia appeared during the period of optimal renal func-
tion, when the blood urea averaged about 50 mg./100 ml. This
does not of course exclude a low-grade smouldering rejection
process, but there is no evidence for this.
A measurement of the extracellular fluid volume had been

obtained before the erythraemia was established, when the
haemoglobin level was 13.4 g./l00 ml. This measurement wa&s
repeated when the haemoglobin level was at its height and
found to be, within the limits of experimental error, unchanged
Thus the reduced plasma volume cannot simply be a reflectiorn
of a reduced extracellular fluid compartment. This makes l,
unlikely that the elevated haemoglobin level is attributable to
changes in sodium or water metabolism induced by the trans-
plant. An analysis of sodium metabolism in this patient 1i
to be published elsewhere (Swales, 1966b). What part the
erythraemia played in the development of the external ilia,
vein thrombosis, which occurred on the opposite side from the
transplant, cannot be judged. All that can be said about thr
progressive rise in haemoglobin levels which occurred after thW
sixth postoperative week is that they appear to have beer
induced by an increased secretion of erythropoietin by thb
transplanted kidney.

All the remaining cases in this series had subnormal haemo-
globin levels after transplantation, and those that survived long
enough required repeated blood transfusions. Serum folate and
vitamin-B,2 levels, where measured, were within normal limits
and iron failed to relieve the anaemia. Thus marrow depression
associated with renal failure and antimetabolite agents is pre
sumably responsible for the anaemia.

Pathological Changes
Rejection in human homotransplants has been fully discussed

elsewhere (Porter et al., 1963 ; Dempster et al., 1964). Althougl
the basic immunological mechanism remains uncertain, it
appears that renal function becomes impaired primarily as z
result of damage to the peritubular capillaries, arteries, and
arterioles. In long-surviving transplants fibrous intimu3
thickening of the arteries, probably the result of the hosts
versus-graft reaction, is often present.

Our findings have been similar to those described. Threr
of the transplants (Cases 4, 6, and 13) were irreversibly damaged
and showed very severe vascular changes. Less severe lesions
were present in other kidneys, which might have healed had
the patients survived.

In Case 1 the patient's own kidneys showed a chronic lobula
glomerulonephritis. The glomeruli in the transplant had E
very similar appearance, probably due to development of the
patient's original disease. Interpretation of glomerular changes
in transplants should, however, be cautious, since capillary base-
ment membrane thickening (Porter et al., 1963) and endothelial
proliferation (Paterson et al., 1966) have been described, which
may be due to the host-versus graft reaction.
Some ischaemic tubular necrosis is inevitable when cadaverk

kidneys are used. In most of our cases biopsy specimens have
been taken from the transplant at the end of the operation
These have given some guide regarding subsequent functiom
(MacGillivray and Calne, 1966). Biopsy specimens were also
taken later, when rejection was suspected, and to determine the
cause of poor renal function. Interpretation of biopsies is
difficult in cadaveric transplants, as damage due to ischaemiia
can resemble the changes occurring in rejection (Calne et al.,
1963a, 1963b). Vascular lesions, probably the most reliable
indication of rejection, were noted in only one biopsy (Case 10,
10 days after operation).
Haemorrhage after biopsy, as occurred in Case 11, has also

been reported by Murray et al. (1965).

1350 3 December 1966
 on 24 M

ay 2023 by guest. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
r M

ed J: first published as 10.1136/bm
j.2.5526.1345 on 3 D

ecem
ber 1966. D

ow
nloaded from

 

http://www.bmj.com/


3 December 1966 Renal Transplants-Calne et al. BRITISH 1351P ~~~~~~~~~~~~MEDICALJOURNAL

Leakage at the ureteric anastomosis occurred in two cases
(Nos. 5 and 10), and in Case 5 was probably the portal of entry
through which infection reached the kidney.
As has been the experience of others (Rifkind, 1964

Mlowbray et al., 1965), infection with a variety of bacteria or
fungi was a most important complication, and was the main
or contributory cause of death in many of our cases. Cyto-
megalic infection of the lungs following renal transplantation
has been described by Rifkind (1964) and cryptococcal menin-
gitis by Murray et al. (1965).

Conclusions
The first technically successful cadaveric renal transplants

were reported by Hume et ci. (1955). With the introduction
of moderately effective immunosuppression in the 1960s there
has been a tremendous increase in the number of transplants
performed, and considerable improvements and results have
recently been reported. Thus, between 30% and 50%1/ of
patients with cadaveric transplants were reported to be sur-
viving between three months and two years after operation
Hume et al., 1964; Kolff et al., 1964; Mowbray et ai., 1965).
The improvements have been due to two main factors resulting
from increasing experience:

1. The realization that adequate dialysis before transplantation
is absolutely essential, so that the patient is in a fit state to with-
stand the surgery and immunosuppressive treatment. Satisfactory
dialysis in patients without renal function requires treatment at
least twice weekly, and preferably haemodialysis by means of a
Scribner shunt.

2. Improved use of the immunosuppressive agents with the
realization that if the transplant has an anuric phase due to
ischaemic damage the dosage of azathioprine must be less than
half that given to a patient with adequate renal function.
During the last three years there has been a considerable

advance in tissue-typing techniques, and it is likely that methods
will soon be available for eliminating unsuitable donors for a
given recipient. This would be expected to improve the results
with cadaver donors even with present immunosuppressive
methods. More effective immunosuppression is also likely to
be developed.

O: e of the greatest difficulties we have encountered is
obtaining satisfactory cadaver donors. Clarification of the
Human Tissue Act could increase the availability of donors.
It is also desirable that kidneys are not wasted; thus if an
otherwise suitable cadaver donor has tissue antigens that are
incompatible with the recipient the kidney should be transferred
to another transplantation centre where there is a recipient of
the correct tissue group. In spite of the numerous setbacks
and disappointments, progress in renal transplantation is
occurring, and in conjunction with chronic intermittent dialysis
there is a prospect of a tolerable future for some patients who
would otherwise have died from chronic renal disease.

Summary

Twenty cases of renal transplantation from cadaver donors
dre described. Three patients had therapeutically valuable
transplants which survived from six months to two and a half
years. One of these is alive and well at 14 months. Changes
in calcium metabolism, blood pressure, and red-cell production,
3bserved in some of the patients, are described.

We wish to acknowledge the continued help we have had from
our colleagues, in particular Professor M. D. Milne, the medical
and nursing staff of Westminster Hospital, and the Departments
of Medical Photography, Physics, Chemical Pathology, and
Haematology of the Westminster Hospital Group. We are also
indebted to the medical and nursing staff of Atkinson Morley's
Hospital, Wimbledon, and Dr. D. G. Penington for the erythro-
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