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stenosis. A heavily calcified valve was noted at this time.
Marked relief followed for four years. An intercurrent pul­
monary infection then precipitated atrial fibrillation followed
by recurrence of his symptoms.

Within a year his activity was markedly limited and he con­
tinued having attacks of paroxysmal cardiac dyspnoea. while
in hospital under full treatment. On examination, atrial
fibrillation, jugular venous distension and hepatomegaly were
present with the signs of pure mitral stenosis, severe pul­
monary hypertension and tricuspid incompetence; heavily
calcified mitral valves were seen on screening.

.\t operation on I October 1962 nothing could be done to
the valves by closed valvotomy or under direct vision,
prosthetic valve replacement being necessary. There has been
marked improvement in haemodynamic function since the
operation.

SUMMARY AND CONCLUSIONS

Disordered function of the mitral valves, usually
rheumatic, is the commonest cause of valvular disease of
the heart. Better understanding of normal and abnormal
mitral valve function has resulted in the development of
new surgical techniques designed to repair the haemodyna­
mic disturbances produced by disease.

Probably the commonest sequel of rheumatic valvulitis
is mitral stenosis, which can be readily relieved by closed
mitral valvotomy. When mitral incompetence is present,
however, either in pure form or combined with stenosis,
cardiac bypass is required. The valves can usually be
mobilized, freed and, if necessary, lengthened or buttressed
by means of autogenous tissue, e.g. pericardium or some
sort of plastic material. A small but appreciable number
of patients, however, have such disturbed function that
the valves cannot be adequately opened or mobilized even
under direct vision. Function can only be restored by
complete excision of the valves and replacement by a
prosthesis.

The tendency for re-stenosis or recurrence of incompe­
tence is ever-present. A prosthetic valve would have the

great advantage of producing cure rather than palliation.
However, two exacting requirements must be fulfilled
before such a prosthesis can be substituted for the
patient's own valve. The prosthesis must open and shut
competently many millions of times over a period of many
years and clots must not form on the valve.

In this communication we present preliminary results on
a new prosthetic device which has been tried in 6 des­
perately ill patients with no operative mortality. Return to
normal cardiac function has been truly remarkable up to
a five-month period of observation. One patient, however,
has developed a hemiplegia five months after operation
presumably owing to an embolus. This danger is always
present in all patients with rheumatic mitral valve disease
and atrial fibrillation, even when having anticoagulants.
Further study will be required before the long-term value
of this prosthesis can be assessed.
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to publish. We also wish to thank Prof. J. H. Louw, Head of
the Department of Surgery of the University of Cape Town,
for his constant support and encouragement, and the technical
staff of the J. S. Marais Surgical Research Laboratory for
their loyal assistance. We are indebted for financial assistance
to the C. L. Herman, J. S. Marais and Fourcade bequests of
the University of Cape Town, to the City Council of Cape
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THE EXCRETION OF ~-AMINOLAEVULINIC ACID AND PORPHOBILINOGEN

IN THE ACUTE ATTACK OF PROTOCOPROPORPHYRIA*

L. EALES, M.D., F.R.C.P.; E. B. DOWDLE, M.D., M.R.e.p.; s. J. SAUNDERS, M.B., M.R.C.P., F.C.P. (S.A.); and

G. D. SWEENEY, M.B., CH.B.

Department of Medicine, University of Cape Town, and Groote Schuur Hospital

The acute attack in protocoproporphyria is characterized
by the excretion in the urine of the monopyrrole,
porphobilinogen (PBG), and its precursor, Il-amino­
laevulinic acid (ALA). These two substances are not
usuaUy excreted in abnormal amounts during remission.1.2

Attacks vary widely in their clinical severity. Apart from
the findings in one case,2 there have been no detailed
studies of the urinary ALA and PBG. This investigation
reports the findings in 15 patients. Serial determinations
of ALA and PBG have been carried out and the relation­
ship between alterations in urinary excretion of ALA and
PBG and the clinical findings has been studied.

"South Afri~ genetic porphyria or porphyria variegata.

THE PATIENTS

Of the 15 patients, all of whom were White, 6 were male
and 9 were female. In these patients a firm diagnosis of
South African genetic porphyria was made - all had a
grossly raised faecal porphyrin concentration, 14 of the
15 had cutaneous manifestations, and 12 of the 15 had
unequivocal evidence of other affected members in their
families. Three patients who had no family history of the
disorder had cutaneous involvement and a raised faecal
porphyrin concentration. These two features in a patient
with an acute attack were regarded as sufficient evidence
to support the diagnosis of South African genetic
porphyria. Table I lists the relevant details.
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TABLE I. DIAG 'OSTIC DATA ON 15 PATIENTS WITH PROTOCOPROPORPHYRIA

101

Parit?nT Age Sex

Faecal porphyrin
(fLg./G.)

2
3
4
5

6
7

8

9
10

1I

12
13
14
15

23

26
32
28
31

33
44

64

32
39

77

50
28
47
32

F

M
F
F
F

M
M

M

F
F

M

M
F
F
F

Orher affecred members offamily

Mother-biochemical - ve. 2 aunts-cu-
taneous

Unknown-an orphan
Mother and 1 sister-cutar.eous
1 aunt, I sister-cutaneous
Sister, maternal aunt-cutaneous. Mother

died at 35 yrs. with probable acute por­
phyria

1 brother-cutaneous
A brother and maternal uncle-cutaneous,

the latter acute porphyria also
2 nephews, I brother and 1 sister-cutane­

ous
Unknown
3 sisters, 1 brother-cutaneous. 2 sisters

with acute porphyria
3 brothers-cutaneous

Father, I brother and I sister-cutaneous
Unknown
Uncle-cutaneous
Father, brother-cutaneous

ClIfaneollS inrol.'efl/em

Incr. fragility-3 yrs.

Incr. fragility-12 rs. Bli ters, car­
Incr. fragility:±. 5 yr . Blisters, scars
Incr. fragility ± 5 yrs.
Incr. fragility ± 10 yrs.

Incr. fragility-I 6 yrs. Blister and ero ions
Incr. fragility ± 20 yrs. Blisters, erosions

and scars
Incr. fragility--40 yrs. Scarring wilh

pseudoscleroderma ..l-

Incr. fragilily-3 yrs. Blisters and scars
one

Incr. fragility--40 yrs. Scarring and pseudo-
scleroderma --'--'-

Incr. fragilily-3 yrs. Scars
Incr. fragility-2 yrs.
Incr. fragility-17 yrs. Scars
Incr. fragility-8 yrs.

CP·
2,393

1,260
590

1,194
105

I, 34
6r

611

440
44

774

816
1,200

262
16

pp••
1,940

915
468

1,046
217

1 243
02

1,110

532
590

7

1,942
865
700
46

* CP = coproporphyrin:
*.pp = protoporphyrin:

Incr. = increased

Normal range
0- 113 IJ-"./G.
0- 37 IJ-g./G.

2. Moderate: Abdominal presentation and/or encephalo­
pathy and neuropathy, often with azotaemia and hypo­
natraemia.

The patients were graded according to their clinical
severity. Severe abdominal manifestations are almost
invariable during the acute attack and grading depended
on the presence and extent of the following features:
neuropathy, encephalopathy, electrolyte di order (serum
sodium 130 mEq.ji. or less) and nitrogen retention (blood
urea > 50 mg./ 100 ml.). The grading was as follows:

I. Mild:
evanescent
attack with

Abdominal presentation with or without
mild neuropathy - rapid resolution of the
little or no azotaemia or hyponatraemia.

TABLE 11. THE CLINICAL FEATURES OF THE ACUTE ATTACK

Case
No.

Mild:

I
2
3
4
5

Moderate:

6
7
8
9

Severe:

10
1I

12

13

14

15

Days in
hospiral

9
10
12
16
16

38
37
45
47

42
43

185

9

20

10

Abdo­
minal·

++
+

++
++

+++

+o
+++
+ +

Nellro­
parhy

o
o,
o
+

o
o

++
..l-

Encephalo­
parhy··

o
o
o
o
o

,--

Blood urea
(mg.j 100 ml.)

73
31
51
41
28

92
65

125
51

53
90

269

54

186

109

Serllm sodillm
(mEq.jl.)

138
134
136
133
136

117
120
124
125

137
122

128

130

122

128

Previolls hisrory

Salpingitis-2 days
Influenza-2 days
Varicose veins. 'Pentothal' 2 weeks before
Influenza--4 days
2 months postpartum. 'Soneryl' 2 weeks before

Respiratory infection 2 weeks. ? sulpha drug
Soneryl 2 weeks before
Hip injury treated I week before
'Doriden' I week before

Pentothal for 'appendicitis' 2 weeks before
Bronchitis I month before. 'Seconal' I week

before
Influenza 3 weeks before. 'Seconal == 10 days

before
Pregnant. Renal calculus. Phenobarbilone ± 7

days before
Gastrectomy for DU. Pentothal 2 weeks before

followed by oneryl and seconal
'Tercin' 3 weeks before

* A.bdominal: + :.;: mild, + + = moderate. + + + = severe symptoms.

7

... Encephalopathy + = cunfu ion. + .;- = evere confu ... iun and ,tupor.
+ + + = gros confusion with hallucinations. delu\ioo'" ur 'icizure.... O( cuma.
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3. Severe: Abjominal presentation with gross en­
cephalopathy and profound neuropathy with bulbar
involvement, often with azotaemia and hyponatraemia.

The major clinical features are summarized in Table 11.
Fjv~ patients were considerd to han had mild, 4
mo:!erate, and 6 sev~re attacks.

Three of the patients with mild attacks had neuropathy
amounting to evanescent slight motor weakness and tem­
porary areflexia. Only Case I had fleeting azotaemia. None
ha:! hyponatraemia. The stay in hospital varied from
9 to 16 days (mean 12).

The 4 moderate cases all showed azotaemia and hypo­
natraemia. Encephalopathy in the form of a confusional
state was seen in all these patients. Case 7 became stuporose
and Case 9 attempted suicide. Cases 8 and 9 had motor
neuropathy. The hospital stay varied from 37 to 47 days
(mean 41'7).

All the severe cases had quadriplegia with bulbar in­
volvement and encephalopathy with stupor and confusion,
often with hallucinations and delusions. Status epilepticus
occurred in Case 13. All had azotaemia and 5 of the 6
had hyponatraemia. Three patients died: Case 13 - cardio­
respiratory failure, Case 14 - peritonitis and septicaemia,
and Case 15 - pulmonary embolism following femoral
thrombosis.

METHODS

PBG and ALA were estimated by the method of Mauzerall
and Granick.3 After separation on an ion-exchange column,
PBG is estimated with Ehrlich's reagent and ALA is con­
v~rted to a monopyrrole by condensation with acetyl
acetone and estimated with the same reagent. Normal
values by this method are: for PBG up to 2 mg.j24 hours
and for ALA up to 5 mg.j24 hours.

RESULTS

Table III summarizes the range of daily excretions of
PBG and ALA in the urine. The maximal excretion of
ALA + PBG is given as ALA equivalents.

Maximum values for PBG excretion varied from 203·0
to 17·0 and for ALA from 318'0 to 8·3 mg.jday. Initially
PBG substantially exceeded ALA in all except Cases
13 and 15, both of which were fatal. Furthermore,
in Case 13 the ALA excretion of 318 mg.jday far excee:ed
all other ALA values. On discharge from hospital the
PBG values were normal or near normal in 8 patien:s
and slightly elevated in 4 others. ALA excretion was
normal in all except the 3 fatal cases. In these cases
(13, 14, 15) the excretion of ALA and PBG had declined
markedly by the time of death.

1f the parameter ALA plus PBG is taken as the index
of the degree of disturbance in the pyrrole metabolism,
it is obvious that there is some correlation with the clinical
grading of severity. Thus the mild cases have appreciably
lower values (mean 70·6 mg.jday). The difference between
the moderate (mean 146'1 mg.jday) and the severe cases
(mean 218·7 mg.jday) is less striking. There are dis­
crepancies. Thus case 12, the most severe to surv'v~,

excreted only 57·5 mg. at the height of the attack, but
spent 185 days in hospital, while case 5, a mild case,

TABLE HI. THE DAILY EXCRETION OF PBG Al'D ALA IN THE
ACUTE AITACK

Number Maximum
Case No. of PEG· ALA· ALA+PBG

observations (mg./24 hrs.) (mg./24 hrs.) (mg./24 hrs.)

Milj:

I 8 19·6- 0·4 11,8- 1·5 34·6
2 7 17·0-- 2·3 11,5- 2·0 31·2
3 5 28,8- 2·6 8,3- 2·0 41·7
4 11 40,9- 3·9 33·4- 3·0 80·9
5 11 106,3- 0·0 57·4- 1· I 164·6

Modcratc:

6 33 132'5- 9·6 51· 3- O' 7 205·0
7 7 28'5- 3·0 23,3- 2·8 56·3
8 44 203·0-- I· 5 85,0- 1·8 322·0
9 8 66·0-- 7·3 13·9- 3·9 91·1

S~vere:

10 21 126,1-11,9 76'7- 2·3 201·2
11 24 77,2- 0·5 51,3-0'5 140·8
12 44 38·6- 0·2 16·6- 0·2 57·5
13 7 156·8-39'4 318·0--28·5 499·6
14 15 123·0--22·4 41·4-12·1 194·1
15 5 49·0--18·0 51· It

* PBG and ALA - maximal and m:nimal excret:ons.
t PilG + ALA - eX;Jressed as ALA equiva~ents.

;: S~ng!e determination when PBG was 24-7 mg./24 hOl:r5.

excreted 164·6 mg.jday and s;Jent only 16 days III

hospital.

RepresenraTive Case ReporTs

Figs. I - 4 portray the biochemical and clinical features
of 4 representative patients: I mild, 1 moderate, and 2
severe - one with a short and the other with a protracted
course.

Fig. 1, Case 5, a primipara (1 week)." Two months post­
partum. Admitted WIth abdominal pain and mild motor
weakness of the legs with areflexia. Pain settled by the 5th
day and the neuropathy had resolved by the 12th day. Ther·~

was neither azotaemia nor electrolyte disorder. Promazine,
150-300 mg.jday, was given throughout, and stilboestrol (to
supress lactation) from the 4th day. ALA and PBG fell
rapidly to norm:l1 levels within 12 days.

Fig. 2, Case 8, a farmer (1 week). Admitted with severe
abdominal pain and distension, and motor weakness of th~

proximal muscles of the legs with areflexia. Abdominal pain
had subsided by the 10th day. The confusion had resolved,
but the neuropathy persisted until the 20th dav. The initial
hyponatraemia was rapidly corrected, but the azotaemia sub­
sided very slowly. The pulse rate throughout showed a m:lrked
hbility. ALA and PBG were markedly elevated for the first
13 days. but reached normal values by the 31 st day. Pyri­
doxine therapy was probably coincidental with spontaneous im­
provement.

Fig. 3, Case 11, a farmer (2 .....eeks). AdmiUed with sevcrc
confusion and quadriplegia with rapid deterioration despite
improvement in the azotaemia and rapid correction .of th·e
hyponatraemia. Decline in the excretion of ALA and PBG
commenced on the 5th day and reached normal levels by the
11th day. The confusion had resolved, but the neuropathy
persisted until the 16th day. Urinary tract infection was suc­
cessfully treated with 'fumdantin'. The administration of
adenosine monophosphate (AMP) coincided with improvement
in the mental status, but ALA and PBG values had already
shown a decline.

.. Figure'i in brackets refer to estimated duration of the acute auack
before admission 10 hospital.
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DISCUSSION

Although varying considerably in magnitude, excretion of
ALA and PBG was raised during the acute attacks in all
15 patients. The first random specimen analysed has
usually contained the highest concentration. It is probable
that excretion was considerably higher at an earlier stage,

Fig. 4, Case /2, a brandy distiller (21 weeks). Admitted in a
critical condition with profound quadriplegia and bulbar in­
volvement. In addition he had bronchopneumonia and peri­
pheral circulatory collapse. Tracheotomy was performed and
intermittent positive-pressure respiration (I PPR) was commen­
ced. Although ALA and PBG excretions h:Jd declined
markedly by the 3rd day, azotaemia was progressive and was
accompanied by acidosis and purpura and the later dev lop­
ment of paroxysmal auricular fibrillation. Following haemo­
dialysis on the 6th day, improvement commenced and by the
9th day IPPR was no longer necessary. By the 16th day he
had slight knee movement and ALA and PBG had reached
norm:11 levels. Progress was very slow and marked by re­
current urinary infection. By the 56th day the tracheotomy
wound was closed. On the 77th day he sat up for the first
time and on the 123rd day was able to walk 25 yards un­
assisted. He was discharged on the l85th day with residual
weakness of the extensors of the thighs, shoulders and wrists.
A vesical calculus was successfully removed 3 months bter.
Progress

In all cases the daily excretion of the two precursors
declined to normal within I - 4 weeks. The initial fall in
PBG and ALA excretion was generally rapid with marked
parallel improvement in the abdominal manifestations, the
encephalopathy, the azotaemia and the hyponatraemia.
Improvement in the neuropathy was frequently dissociated
from the biochemical improvement, gross disability per­
sisting for weeks or months despite a normal urinary ALA
and PBG excretion. The tachycardia, too, often outlasted
the biochemical disturbance. .
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SUMMARY

Swedish genetic porphyria.4 The Swedish patients excrete
ALA and PBG in the latent phase and in remission.u ,;
Therefore, the finding of these substances in the urine
of such patients (even with suggestive symptoms) cannot
be taken as proof of an acute attack. However, the finding
of ALA and PBG in the urine of a South African patient
is best regarded as reliable evidence of an acute attack.

When due allowance is made for the probable durat:on
of the attack, the urinary ALA and PBG are reasona~ly

good indices of its severity, but there appeard to be a
better correlation between ALA plus PBG (as ALA
equivalents) and the clinical severity. Attention is drawn
to the fact that in two of the fatal cases initially ALA
excretion exceeded PBG and, furthermore, in Case 13,
ALA amounted to 318 mg./24 hours. This may be
interpreted as the result of an acute overload of ALA
which has exceded the capacity of the ALA dehydrase
system. This reversal of the usual ALA/PBG ratio may
have serious prognostic s:gnificance.

The daily excretion of ALA and PBG has been stujied
in 15 cases of South Afr:can genetic porphyria of vrying
severity.

There is some correlation between the excretioil of
these precursors and the clinical severity, lower valt:es
being encounterd in the mild cases.

The pattern of excretion in the acute attack is one of
rapid fall to normal in a period of 1 - 4 weeks with
resolution of the abdominal manifestations, the encephalo­
pathy and electrolyte disorder. Improvement in the neuro­
logical disorder is frequently dissociated an:! disability
persists after ALA an:! PBG excretions have returned to
normal.

PBG exceeds ALA, but they both show the same trend,
and in South African patients raised excretion is best
regarded as evidence of an acute attack. The possible
serious prognostic significance of the finding of an excess
of ALA over PBG is mentioned.
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since most of these patients had had acute symptcms for
many days before admission to hospital. This may well be
the explanation of the relatively low figures for Case 12,
one of the most severe cases we have seen. He had
developed suggestive signs and symptoms at least 14 days
before admission.

The pattern of excretion has been one of relatively rapid
decrease within a period not usually exceeding 4 weeks.
Normal or near normal figures are reached in the majority
of patients. Some patients continue to excrete small
amounts of ALA and PBG for longer periods. Such
patients ned to be observed further to ascertain whether
this will eventually resol¥<:. Thus in Case 10, at follow-up
3 months after discharge, no PBG was detectable.

umerous reports of the beneficial effects of various
therapeutic agents must be treated with the greatest reserve.
Sudden improvement in the clinical status is not infrequent,
but serial determination of ALA and PBG may show that
biochemical improvement has preceded therapy. This is
well illustrated in Case 11, where the excretion of both
substances had already declined substantially during the
4 days before treatment with adenosine monophosphate.

The ALA and PBG excretions have been comparable
in magnitude to those recorded in the acute phase of
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