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wees nie, mits ons alles in ons vermoe doen om ons blik
en uitsig nie te laat beperk nie en ons perspektief nie te
laat belemmer nie. Om hier"die rede is dit dus goed en ver­
blydend dat daar tekens is van 'n hernieude belangstelling
in mediese geskiedenis en in die breer filosofiese, weten­
skaplike, artistieke, kulturele, en algemeen-menslike agter­
grond van die mediese kuns en wetenskap.

GeskrifteH wat afkomstig is van lede van die doserende
personeel van die Universiteite van Pretoria, Stellenbosch,
en Durban, het reeds al getoon dat die behoefte aan die
navraag na me herkoms van ons kennis en gebruike 'n
bewuste geestesinhoud geword bet. En onlangs het ruerme
neiging 'n nuwe impetus gekry aan die oudste' twee van
ons mediese skole, deur die stigting van 'n mediese museum'
aan die Universiteit van die Witwatersrand, onder die
geesdriftige leiding van dr. Cyril Adler, en die stigting van
die Klub vir Mediese Geskiedenis6 aan me Universiteit van
Kaapstad, onder die besielende leimng van dr. Hymie
Gordon. Ons boop en vertrou dat hierdie pogings allerwee
aangemoemg sal word, omdat die studie van me geskiedenis
van die medisyne een van die maniere is waarop ons ons
perspektief kan verbreed.

Aan sommige van me ouere mediese skole op die Vaste­
land van Europa en in Amerika word die geskiedenis van
me medisyne as vak gedoseer. Dit is 'n gewenste toestand
van sake. Of dit deesdae nog prakties uitvoerbaar is, in me
lig van die groot omvang van nuwe kennis wat maar steeds
by die leerplan ingevoeg word, is twyfelagtig. Maar, dat
daar iets daadwerkliks in hierdie verband gedoen moet
word, val nie te betwyfel nie. Daarom is dit 'n goeie
benadering om opsionele fasiliteite vir 'n studie van hierdie
aard daar te stel - veraI as dit gedoen kan word rondom
me kern van 'n bestaande klub of museum.

Die wortels van ons mediese kennis en gebruike gaan
ver terug in die verlede, en 'n studie van ruerme agtergrond

kan baie daaraan doen om vir ons 'n insig te laat kry in
die menslike persoonlikbeid. Die mens mag vandag baie
anders voorkom as vroeer, en by mag leef teen 'n onge­
kende tempo en met die fasade van volkome volwassen­
heid. Tog is dit nie so nie. Die mens bet in sy wesenlike
aard baie dieselfde gebly, en onder die dop van tegniese
vaardigheid skuil die basiese onsekerheid van aLmal nog
altyd.

Om die lig van verre en vergange dae op ons huimge
doen en Late te laat skyn, kan 'n bevrugtende en behou­
dende uitwerking he. Miskien sal dit juis goed wees om na
te speur hoe eenders me wesenlike mens tog maar is, ten
spyte van sy skynbare andersheid. Daarom is die hele
gebied van die lewe en strewe van die mens dwarsdeur
die historiese tydperk vir ons van belang.

Ons doeI met die stume van die geskiedenis van die
medisyne moet dus wees, nie net om ons eie prestasies op
te hemel nie, maar eintlik om die mens as mens beter te
leer ken en te verstaan. Dan salons moontlik kan uitvind
waarom groter geeste as ons in die verlede gefaal het. En
dan salons ook 'n insig kan kry in die gevaarpunte wat
vir ons vandag as waarskuwings moet men.

Om die studie van me geskiedenis van die medisyne
werklik vrugbaar te maak, is mt nomg dat ons die agter­
grond van die uitspraak van Ernile Littre werklik leer ken
en verstaan - 'n uitspraak wat meer as 'n honderd jaar
gelede al gemaak is en nou nog net so waar is as toe: ,as
die mediese wetenskap nie tot die vlak van 'n blote
meganiese professie moet daal nie, moet by homseLf besig
hou met 'n studie van sy geskiedenis'.
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4. Gordon. I. (1960): Ibid., 34, 414.
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ACUTE RENAL FAILURE-ITS DIAGNOSIS AND MANAGEMENT, INCLUDING
THE USE OF THE TWIN-COIL ARTIFICIAL KIDNEY

L. EALES, MD., F.R.C.P. and M. L. SIMENHOFF, M.B., CH.B., FC.P. (SA.)
Department of Medicine, University of Cape Town, and Groote Schuur Hospital

Acute renal failure may be defined as any abrupt deterio­
ration in renal function resulting in azotaemia and ms­
turbance of electrolyte metabolism, usually associated with
oliguria (400 rnI. per 24 hours or less*). This, however, is
not invariable, since instances of sudden renal failure
without oliguria are encountered. This is mstinct from
missed oliguric renal failure, where the oliguric phase has
lasted only a few hours, the patient presenting in the
diuretic phase.

Its causes are many and diverse. There is virtually no
field of medicine or surgery in which this condition may
not be encountered; hence all clinicians should be familiar
with the basic principles in the diagnosis and management
of acute renal failure. The progno is of the condition has
improved vastly with the introduction of the 'conservative

* This is an arbitrary level (see later).

regime','-' and there can be little doubt concerning the
admtional beneficial results of haemodialysis. The use of
the artificial kidney should no longer be regarded as a
heroic measure in a moribund patient. Today the safety
and the value of haemomalysis is accepted; it is now a
recognized therapeutic procedure to be considered seriously
in any patient with acute renal failure. The pendulum has
swung (perhaps too far) from occasional use as a desperate
measure to routine daily or prophylactic malysis.···

In Groote Schuur Hospital 55 patients with acute renal
failure have been treated during the period that the KoLff
disposable-coil kidney has been in operation. The advis­
ability of earlier dialysis has become apparent, and it is
therefore of paramount importance that patients be
referred to experienced specialized renal-insufficiency units
as soon as possible. This paper records 2 years'- experience
in the magnosis and management of acute renal failure
with particular reference to the use of the artificial kidney:
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DIAGNOSIS

Acute renal failure i a clinical syndrome like hepatic or
pulmonary failure. The majority of case of acute renal failure
are amibutable to acute tubular necro i. The variety of

associated conditions and other relevant clinical detail of the
55 patient are et out in Table I.

While efficient management of acute oliguric renal failure i
dependent on early recognition there are ertain difficultie in
the diagnosi .

TABLE 1. ACUTE RE AL FAlLURE-CLl nCAL DETAIL OF 55 CA E
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Misdiagnosed elsewhere as having an
'acute abdomen'-Iaparotomy per·
formed

Hepatorenal failure. Perforation and
peritonitis

Remarks

? Transfusion reaction. Fulminating
diarrhoea since day 7-? non-specific
enterocolitis

Slow diuresis.? ephrotoxic agent.
Severe bronchopneumonia

Infarction of bowel. Cbronic pyelone­
phritis

Acute pyelonephritis and osteomyelitis
of ribs

Persistent bleeding. 10 pints blood.
Hypokalaemia during diuretic phase

Caesarean section--oligaemic shock. 6
pints blood

Hypotension for 9 hours. 2 fits, 8 pints
blood

Eclamptic fits. 4 pint blood

4 pints blood. High potassium from in­
advertent potassium administration
countered with 'CTS-3 resin'. Late
urinaf)··tract infection

Rapid recovery. 3 pints blood
Cl. we/cll;; infection. Pelvic peritonitis.

Severe parotitis. 3 pints blood
Retained placenta. Septicaemia and pro­

longed oliguria
Septicaemia and peritonitis. 2 pints

blood. Called on 6th day to jaundiced,
overhydrated, moribund, patient

Perforated vaginal vault with severe
diarrhoea. Pelvic abscess. Septicaemia
and acute endocarditis. Gross jaun­
dice. Serum bilirubin 57 mg. per
lOOm!.

Pelvic peritonitis. Intravascular haemo­
lysis. Serum bilirubin 2·2 mg. per
100 ml. 2 pints blood

Cl. l'o'elchii infection. Serum bilirubin
I· 5 mg. per 100 m!. 2 pints blood

Cl. welchii infection. 3 pints blood
Prolonged diuretic phase-35 days.

Severe persistent diarrhoea since I1 th
day

Staphylococcal septicaemia. Pulmonary
ab ce s. 6 pints blood. Recovered from
renal failure. Normal blood urea for
12 days

Potassium remained low throughout.
Persistent vomiting

Cl. welchii infection with intravascular
haemolysis-bacteriogenic pan-agglu­
tin present. 3 pints blood

Pelvic peritonitis
Gross herpes febrilis. Peritonitis. Intra­

vascular haemolysis + + before trans­
fusion. Serum bilirubin 26' 5 mg. per
100 ml. 2 pints blood

Mild jaundice. 3 pints blood
Herpes febrilis. Cl. welchii infection.

4 pints blood
Herpes febrills. Pelvic peritonitis. Intra­

vascular baemo1ysis + +. Serum bili­
rubin 20- 8 mg. per 100 m!.

Kicked in abdomen. Postabortal hae­
morrhage

Ove'rhYdration. Extreme oliguria. 3 pints
of blood. PM: Fibrinoid necrosis of
interlobular arteries. 'Failed reRow'
kidney and mild proximal-tubule
necrosis

Collapsed uddenly. PM: Renal tubular
regeneration. Eclamptic lesions in
liver

Diagnosis

40 Accidental haemorrhage (34 weeks).
Afibrinogenaemia

46 Concealed accidental haemorrhage (32
weeks)

21 Concealed accidental haemorrhage (34
weeks)

30 Concealed accidental haemorrhage (34
weeks)

42 Concealed accidental haemorrhage (32
weeks)

26 Infected abortion (12 weeks)

24 Post-traumatic abortion (18 weeks)

32 Intra-uterine death-premature induc­
tion. POStpartum haemorrhage

58 Hepatorenal failure of unknown aetio­
logy

68 Mesenteric thrombosis

20 Infected abortion (t2 weeks)

20 Infected abortion (16 weeks)

50 Spontaneous abortion (1 20 weeks)
31 Infected abortion (10 weeks)

36 Incomplete abortion (12 weeks)

36 Infected abortion (12 weeks)

39 Infected abortion (12 weeks)

19 Infected abortion (24 weeks)
35 Incomplete abortion (20 weeks)

67 Extensive bums

27 Mercuric biniodide poisoning

23 Infected abortion (12 weeks)

29 01. cbenopodium poisoning

34 Infected abortion (12 weeks)
40 Infected abortion (14 week)

35 Staphylococcal septicaemia

25 Infected abortion (12 weeks)

40 Postpartum eclampsia

25 Incomplete abortion (8 weeks)
28 Infected abortion (8 weeks)

25 Infected abortion (12 weeks)
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27 C

12 C

13 C
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I C
19 C

25 II

20 C
21 C
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23 C

24 B

'ephrotoxic:
26 C

Age
·0. Race Sex (years)

Obstelric:
t B

III iscellaneous:
28 II
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CSNo. Race S~X (y~aT5) Diagnosis R~maTks q'O Cl';;
<>::- Q",.;::, Q",t:l,,":::"

32 E F 59 ? Periureteritis fibrosa Interminent oliguria lasting 2 or 3 days 311 7·6 R
relieved by catheterization

)3 B M 35 Cerebral malaria 0 true oliguric phase observed. 0 9 378 5·2 R
haemoglobinuria

34 E M 50 Protocoproporphyria Profound hypotension from peripheral 12 269 6·2 R
circulatory failure-respiratory para-
lysis

35 E M 44 Acute beriberi Total anuria for 6 days. Bilateral renal- 9 510 5·7 0-9
cortical necrosis. Infarction of papil·
lary muscles of heart

Postoperative:
36 C M 75 Prostatectomy Severe postoperative haemorrhage and 9 400 6·4 D-9

pyaem.ia~ Gross overhydration. PM:
Acute pyelonephritis and acute tubular
necrosis

37 E M 67 Prostatectomy Urinary infection treated with kana- 315 4·6 R
mycin

38 E F 60 Laparotomy (hepatic haemangioma) Severe haemorrhage fTom jj\'er haeman- 4 5 305 5·9 R
gioma

39 E F 60 Laparotomy (melaena) Cerebral haemorrhage with hemiplegia 8 204 4·9 0- 8
on day 8

40 C F 28 Laparotomy (gastric ulcer) Postoperative peritonitis 4 8 4 248 8·3 R
41 E M 65 Aneurysmectomy Popliteal embolism with gangrene. PuI- 7 5 269 7·2 0-7

monary embolism
42 E M 76 Aortectomy and graft Postoperative cerebrovascular accident 10 8 581 6·8 D-IO

and myocardial infarction
43 E M 21 Excision of aortic Hypotension during operation 9 13 650 6·9 R

coarctation
44 E M 27 VSD repair (hypothermia) Postoperative haemorrhage 4 15 437 4·4 R
45 E M 28 VSD repair (hypothermia) Cardiac arrest. Myocardial infarction. 4 174 6·6 0-4

Pulmonary embotism. PM: Mild
tubular necrosis

46 C F 68 Hysterectomy (uterine polyp) Known diabetic 4 8 133 5·4 R
47 E M 65 Colectomy (polyp of colon) Pulmonary embolism 9 203 5·8 D-9
48 E M 65 Choledochostomy Cholelithiasis. Suppurative cholangitis II 15 21 340 4·6 0-28

treated with kanamycin. Died of in-
fection after recovery from renal
failure

Post-traumatic:
49 C M 29 Multiple injuries Intercurrent influenza. PM: Crushed 10 6 471 6·9 0-10

chest, fracture of femur, acute tubular
necrosis

50 B M 45 Multiple injuries Complete anuria from day 2. PM: 9 8 426 5·6 0-9
Renal cortical necrosis

51 B M 30 Multiple injuries 2nd dialysis during diuretic phase stopped 8 12 7,14 490 6·4 0-15
because of severe gastro-intestinal
haemorrhage

52 E M 26 Multiple injuries Complete anuria from day 3. Pulmonary 6 280 6·6 0-6
embolism. PM: Renal cortical necrosis

53 B M 35 Multiple injuries Overhydrated and jaundiced when ~en 6 4 232 8·5 D-6
on the 4th day. Bronchopneumonia
and anoxia preterminally

54 C M 30 Multiple injuries Severe head injury. ? Fat embolism 5 255 5·6 0- 5
55 B M 49 Multiple injuries Severe oligaemic shock. 5 pints blood 3 326 5·6 R

B=Bantu, C=Coloured, E=European, M=male, F=female, PM=postmoriem findings, VSD=ventricular
septal defect.

Under 'remarks't the amount of blood transfused initially is recorded in pints.
• '1·1. day'=day on which urine volume reached I litre.
•• R=recovery, D=death, followed by the day of death.

Trauma, shock, blood loss, salt and water depletion - these
and many other pfe-renal factors lead to oliguria and azo­
taemia. This condition, which is here termed acute renal
circulatory insufficiency, may be difficult to differentiate from
acute renal failure caused by acute tubular necrosis. Apart
from clinical assessment of dehydration and the observation of
alterations in the specific gravity (SG) of the serum, and in
haemo..globin and haematocrit values, this distinction is made
in the first instance by directing attenlion to the urine and not
to the serum chemistry.

The Importance of Investigation of Urine
Careful urine collection is essential- inaccurate measure­

ments, failure to chart uriPe, urine mixed with bowel action,
wetting the bed, and blocked catheters, are all likely to lead
to a false assessment. The definition of oliguria has been a
contentious subject, and upper limits have been arbitrarily set
at 300 ml.! 400 mI.," 500 ml.,··7 760 ml." and even 1,000 m!."
We accept 400 m!. as the upper limit, since, in our experience,
once the urine volume reaches this figure a progre ive step­
wise increase follow , so that the 'I-litre day' is reached 4 - 5
days later. While the presence of pr?teinuria and abnormal

formed elements in the urinary sediment point to a primary
renal ondition, the measurement of the SG and analysis of
the composition of the urine is of real assistance in diagnosis.

The measurement of the SG of the small amounts of urine
available is often difficult, and should be carried out by the
doctor and not by the nursing staff. While a high sa (> 1018)
favours a pre-renal cause, a low sa (usually about 1010)
does not necessarily mean renal failure. Physiological oliguria
can be demonstrated to occur with a low or a high urine con­
centration: depending on solute and water intake. Oliguria
with a low SG may be encountered when sodium and urea
excretion is low, as in renal circulatory insufficiency, and, post·
operatively, following pre·operative restriction of protein and
alt intake. Nevertheless, SG measurement when properly done

is useful, and wh.ile it is not as refined as the estimation of
urine osmolarity, it has the advantage of simplicity.

Urine-urea concentr.ation is especially useful when very
mall amounts of urine are available. It may be high in the

fir t in tance, but with the evolution of tubular necrosis the
concentration falls towards plasma levels - urea concentration
i usually below 1·5 G. per 100 m!. (510-1029 mg. per 100
m\. in thi serie). A blood-urea concentration above 100 mg.
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REVERSIBILITY OF THE RENA.L LESIO

Acute renal failure from tubular necrosis i reversible. The
truly irrever ible condition are: extensive bilateral renal corti­
cal necrosis, rare cases of glomerulonephriti and of severe
pyelonephriti with renal medullary necrosis, and vascular
obstruction to both kidneys. Renal cortical necrosis may be
suspected from the history - it usually follows concealed

orbital oedema, except in cases following carbon tetrachloride
and chloroform intoxication," is not a u ual feature of the
condition.

With underlying chronic renal disease, it may be difficult
to differentiate a superimposed acute episode from acute renal
failure de novo. Although the history may be helpful, radio­
logical evaluation of the size of the kidneys is mandatory. The
small kidney of chronic renal di ease may be demonstrated­
this i in contrast to the normal- ized or slightly enlarged
kidneys of acute tubular necrosis. .

Our cases of acute renal failure have been drawn from the
3· main racial group of the Cape Penin ula. There were 24
Coloured, 17 White and 14 Bantu patients. The important
clinical detail are recorded in Table I. These cases of acute
renal failure have been subdivided into 2 group; 64% in
group I and 36% in group IT.

Group I includes obstetric and nephrotoxic cau es and mis­
cellaneous causes such as infections, intravascular haemolysi
and hepatorenal failure of uncertain origin. Group IT is limited
to postoperative and post-traumatic cases where there is rapid
and extensive ti.ssue destruction, often with infection and
characterized by rapidly progressive uraemia. This differen­
tiation is important, since the prognosis is very different in the
2 groups.

Apart from the cases attributable to acute tubular necrosis
there was 1 patient with su pected peri-ureteric fibrosis in
which. however, acute tubular necrosis could not be excluded;
2 with severe acute pyelonephritis, one of whom had proximal
tubular necrosis as well; 3 patients with renal cortical necrosis;
and 1 with 'failed reflow' kidney." In assessing the mortality
of acute renal failure the last 2 conditions mentioned are
frequently excluded on the grounds that they are irrever ible.
This is not justifiable, since these conditions occur in the same
clinical setting and, furthermore, they frequently cannot be
distinguished during the oliguric phase. Two patients with non­
oliguric acute renal failure are included because this is a
variant of acute tubular necrosis.

Clinical Settings
The clinical settings are conveniently grouped as follows:

(1) obstetric; (2) medical; (3) postoperative, and (4) post­
traumatic.

The majority of the 25 obstetric cases followed infected
abortions, many of which, it is believed, were induced. 0 less
than 23 of the 27 patients of Russell eT af.!" who had abortions
in the first trimester were criminally induced. Apart from
mechanical interference, commonly soap and water, concen­
trated cWoroxylenol ('delto!') or unknown corrosives are intro­
duced into the uterus. The relationship between Cl. welchii
infection and acute renal failure" has been stressed. In 5
cases (cases 7, 12, 13, 17 and 21) Cl. welchii infection was
proved. In 4 further cases (cases 11, 19, 20 and 22) it was
strongly suspeoted on clinical grounds. In some of these,
intravascular haemolysis was severe.

Nephrotoxic cases numbered 2 only, but in 2 other cases
(37 and 48) kanamycin was a likely contributory cause. Of
the miscellaneous group of 8 cases, 3 unusual instances should
be noted, viz. cerebral malaria (without haemoglobinuria),
protocoproporphyria, and fulminating beriberi. In contradistinc­
tion to several other reports, mis-matched tran fusions do not
feature in this series. In only 2 cases was that possibility con­
sidered, and in only 1 could it not be excluded. The post­
operative cases include several with major arterial urgery, and
2 cardiac cases in which hypothermia was employed. The
traumatic ca es resulted from 6 motor accidents and 1 train
accident. The injuries were severe and multiple, involving
fractures of long bones, crushing oi the thorax and multiple
visceral injuries. Hypotension was the major precipitating
factor in most of these cases.

Sulphonamide crystalluria; and precIpItation
of uric-acid crystals following treatment with
nitrogen mustard, etc.
Ureteric and urethral obstruction.Extrarenal:

Extrinsic Renal Failure
1. Prerenal (acute circulatory insufficiency):

Hypotension
Haemorrhage
Water and electrolyte imbalance
Burns

2. Post-renal:
Intrarenal:

TABLE n. CAUSES OF ACUTE RENAL FAILURE

Intrinsic Renal Failure
1. Acute tubular necrosis:

Group I: Obstetric; nephrotoxic; intravascular haemo­
lysis; and miscellaneous, especially 'hepato­
renal' syndrome and infections

Group IT: Postoperative; and post-traumatic, including
'crush syndrome'

2. Bilateral cortical necrosis
3. Vascular obstruction:

Bilateral renal emboli
Bilateral thrombosis of renal artery and vein

4. 'HypersensiTiviTy states':
Acute diffuse glomerulonephritis
Polyarteritis nodosa
Systemic lupus erythematosus
Other hypersensitivity states, e.g. to penicillin

5. Acute pyelonephritis:
Renal medullary necrosis

6. Acute renal failure superimposed on chronic renal disease

AETIOLOGICAL CONSIDERATIONS

Acute renal failure rarely occurs without apparent cause and,
indeed, there is frequently evidence of more than one preci­
pitating factor.

Careful questioning is important (ingestion of drugs and
poisons, attempted abortion, previous state of shock, etc.). An
inadequate history is frequently the result of ignorance or
evasiveness on the part of the patient and, sometimes, the
uraemic mental state precludes questioning. Interrogation of
the relatives or friends may assist, but enquiries may be fruit­
less, particularly in cases of criminal abortion. Over 70

causes13 have been recorded and Table IT summarizes these.
Glomerulonephritis may cause acute oliguric renal failure.

As a rule, however, the history of a preceding streptococcal
infection in a young subject, and the association of facial
oedema and hypertension with proteinuria and haematuria
suggest the diagnosis. It should be realized that, while an
elevation of systolic blood pressure is common, diastolic hyper­
tension and retinopathy are not usual features of acute renal
fa.ilure from tubul.ar necrosis. Hypertension may be present
WIth gross sodium and water overload, and has been seen
most frequently in post-traumatic cases. Furthermore, oedema
usually occurs only if overhydration is present or as a result
of the underlying state, e.g. congestive heart failure. Peri-

per 100 m!. and a urine concentration under 2 G. per 100 ml.
has been held to favour acute renal failure, provided chronic
renal disease can be excluded.>·

The electrolyte pattern of the urine is variable; sodium con­
centrations have ranged from 43 - 102 mEq.fl., chloride from
19 - 64 and potassium from 16 - 50. In general, in acute tubular
necrosis urine-sodium concentration is almost invariably 'high'
(> 35 mEq.fl.), but may be low in certain cases-commonly
following burns," sometimes after trauma" and transfusion
reactions," and after pre-operative restriction of salt. Thus,
while a low Sodium concentration may sometimes occur in
acute tubular necrosis, in general a high urinary- odium
concentration and a low urea favour this diagnosis. On the
other hand, a low sodium and a high urea concentration
favour acute renal circulatory insufficiency. This is also the
pattern seen in acute glomerulonephritis.

Having made the diagnosis of acute renal failure, question
of aetiology and reversibility must be considered.
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accidental haemorrhage, but other causes have been recog­
nized.'7 Two of our cases were post-traumatic (cases 50 and
52), and one followed acute fulminating beriberi (case 35).
Complete anuria, macroscopic haematuria, especially in the
first few days of severe oliguria, and prolongation of profound
oliguria beyond 3 week, are features favouring the diagnosis
of bilateral cortical necrosi. In cases of doubt and when
anuria continues past the 3rd week, renal biopsy may help,
but this may be hazardous because of the bleeding tendency
of the uraemic state. We have, therefore, been reluctant to use
this procedure. Furthermore, biopsy need not necessarily assist
in asses ing the extent of the necrosis. Although the study of
routine biopsy sample is of considerable academic interest,
it is of little or no practical assistance.

Apart from renal cortical necrosis, complete anuria may
also occur in acute diffuse glomerulonephritis and in a post­
renal obstructive lesion - the most frequent cause of complete
anuria. In post-renal obstructive le ions the clinical features,
cystoscopy, ureteric catheterization and retrograde pyelography
usually establish the diagno is, but peri-ureteric fibrosis is a
ource of difficulty. Orrnond' • has recently emphasized the

importance of severe low backache, and abdominal and flank
pain, which often precede the onset of oliguria or, more
usually, anuria. The picture is further complicated by symp­
toms of uraemia and of secondary infection. Pyuria was
present in 24 of 34 patients.'· The presence of oliguria or
anuria with no recognizable cause of obstruction is suggestive,
especially when urine flow is re-established following ureteric
catheterization. The importance of intravenous urography in
demonstrating widening of the upper ureter and pelvis, in
contrast to narrowing of the mid-ureter with medial deviation,
has been stressed."

COURSE AND MANAGEMENT

The course and management demand consideration togeth­
er since mismanagement can materially alter the course
and produce disastrous results. In order to gauge the course
during the oliguric and early diuretic phases, daily estima­
tion of the concentrations of blood urea or serum
creatinine and serum electrolytes is essential, in addition to
meticulous measurement of fluid intake and output and
regular weighing, where possible. The daily urine volume
and the blood-urea or serum-creatinine estimations provide
the main yardsticks in assessing progress.

The mean duration of the oliguria in 35 'recovered'
patients was ll·l days (± 6'5) and varied between 4 and
29 days. Findings similar to these have been reported by
others.'·'" While the division into early and late diuretic
phases has been defined as the point at which the first
sustained downward trend in the blood-urea level occurs,"
we have preferred to note the 'I-litre day'. The mean
duration for the period, onset to 'I-litre day', was 14·6
days (± 7'4) and varied between 5 and 37 days. In general,
with the start of the diuretic phase, a stepwise increase in
urine output occurred until the 'I-litre day' was reached
4 - 5 days later. Unlike the findings 10 years ago, when
basic fluid intake was 750 - 1,000 ml. per 24 hours, the
urine volumes rarely exceeded 3 litres in the diuretic phase.

With the onset of oliguria the blood-urea and serum­
creatinine concentrations rose rapidly. At the same time
the fall in serum bicarbonate was profound, frequently
10 levels in the vicinity of 10 mEq./l. Hpyocalcaemia
occurred concurrently with a marked rise in serum in­
organic phosphate, often to levels of 10 mg. per 100 ml.
or more. Hyperkalaemia (potas ium - 6 mEq./I. and
above) occurred in 2 patients (> 7 mEq./l. in 11, and>

mEq./l. in 4 patients). Where sufficient data were avail­
able, the mean daily rise in blood urea during the oliguric

phase was calculated. In group I the rise in both dialysed
and undialysed patients was 35 mg. per 100 m!. In group
II the rise was considerably greater - 48 mg. per 100 ml.
The clinical course of our recovered patients in group I
has, in general, resembled that described by Loughridge
et al." - despite the frequency of severe infection in the
ob tetric cases.

otwithstanding wide publicity concerning the im­
portance of a restricted fluid intake, 6 patients (5 of whom
died) were overhydrated when first seen by us (cases 3,
9, 24, 36, 48, and 53).

The management of acute renal failure ha been well
reviewed;' but in order to assess our results it is necessary
to consider our practice, including the use of haemo­
dialysis.

Careful explanation of the management to the patient
is important. Initially the patient may feel perfectly well
and resent the restrictions of food and fluid imposed on
him. Most' of our patients were· drawn from the under­
privileged section of the community. The intelligent, well­
informed patient usually has little difficulty in under­
standing the purpose of the restrictions, but considerable
tact and patience are necessary to overcome the ignorance
and fear of some patients. Explanation to these patients
in their own language through an interpreter, where
necessary, is essential.

We have avoided the use of indwelling urethral catheters,
except in patients with local complicating pathology. Only
if necessary is the patient catheterized initially to obtain a
urine specimen for diagnosis. Early mobilization of bed
patients (and physiotherapy for those confined to bed),
and isolation with barrier nursing is important in prevent­
ing infection - a prime cause of death in acute renal
failure.

The 'Conservative' Regime
Restriction of the fluid intake and the use of an elec­

trolyte-free carbohydrate solution is the basis of therapy.
Following admission to hospital, assessment of the state

of water and electrolyte balance, although often difficult,
must be made before the maintenance programme is insti­
tuted - overhydration is likely to be present. After judi­
cious correction of any major losses, daily maintenance
fluids are set at 400 - 500 ml. per day. In the absence of
any great variation in the breathing, temperature or
humidity, this allows for adjustment to insensible respira­
tion at a rate of 0·5 ml. per kilo. per hour and for water
of oxidation on a protein-sparing regime. Additional basic
fluids to cover the losses during fever [+ 200 ml. (?) for
every degree over 100°F.] or the very hot weather of the
local summer are difficult to estimate, and we have excep­
tionally set the intake at 750 or even 1,000 ml. per 24
hours. A record of the daily weight provides the best guide.
With appropriate fluid intake the patient should lose 250­
500 G. per day.

Replacement fluids consist of an amount equal to the
previous day's urine output plus any gastro-intestinal
aspirate or loss from vomiting and/or diarrhoea. Owing
to the poor gastro-intestinal tolerance of these patients, we
have abandoned the use of oral fat emulsions ali a mean
of decreasing protein metabolism. or do we believe tube
feeding offers any advantage. An amount of 100 G. glu-
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cose a day provides a near-maximal protein-sparing
effect'" We have found oral lactose more palatable than
glucose, and most patients tolerate a 15 - 20% concentra­
tion well with minimal diarrhoea. Where intravenous ad­
ministration is necessary, we have avoided indwelling
venous cannulae because of the very real danger, particu­
larly in uraemic patients, of suppurative thrombophlebitis
following infection with a resistant staphylococcus. We
have abandoned the intracavaI use of concentrated glucose
(40%) in view of the great hazard of thrombosis. l

• A
10 - 15% invert-sugar or glucose solution, sometimes com­
bined with ethyl alcohol, is used. The alcohol provides
6 calories per rnl. and should not be infused faster than
15 m!' per hour. The rate of infusion of the glucose and
alcohol mixture can be calculated from this basic infor­
mation.

During the oliguric phase the use of glucose or lactose
only is often essential, but in practice many patients with
normal or slightly raised serum potassium are given the
following: small helpings of apple charlotte, ice cream,
custard, maize-flour puddings and potassium-free car­
bonated sweet drinks - ginger beer has been a great
standby. Glucose sweets are allowed ad lib Small slivers
of crisp toast with occasional cups of black tea add variety
and help to maintain the morale of many patients. Any
bread and butter used is salt-free, and fruit juices and
high-potassium foods are forbidden. Allowance is made
for the fluid content of the food. When, however, nausea
or vomiting occurs, the intravenous route is used - pre­
ferably with a fine needle in a peripheral vein.

Electrolytes are withheld during the oliguric phase except
for replacement of gross losses. Gastric and intestinal
losses are conveniently replaced by 0'5-N saline or fluid
containing an anionic pattern similar to that of plasma
with regard to choride and bicarbonate ions. Like some,
we usually replace urine volume by water only, but others
add electrolytes, depending on the urinary losses. Usually
no attempt is made to correct hyponatraemia, since exces­
sive amounts of cation need to be infused. Only occasion­
ally is correction of acidosis with MI6 sodium lactate
necessary. Calcium gluconate may be used to combat
hypocalcaemia. Appropriate electrolyte replacement in the
diuretic phase is required when sodium and potassium
losses are considerable, but no good purpose is served
by forcing electrolytes at this stage, since the restoration
of tubular function is usually rapid. During the diuretic
phase there is a rapid fall in blood urea, and once levels
of about 150 mg. per 100 m1. are reached at 20 G. protein
diet is instituted.

Hyperkalaemia must be viewed in relation to the course
of acute renal failure. In addition to the daily (or twice
daily) estimation of potassium, ECG monitoring for evi­
dence of hyperkalaemia is necessary. Hypocalcaemia and
hyponatraemia potentiate the effect of a high serum
potassium and should be corrected when gross. In group
II cases, and when there is much infection with rapid
tissue destruction, the serum potassium may rise sharply,
out of proportion to the other biochemical indices, and is
often at dangerous levels before the end of the first week.
These levels may be reached rapidly and serum-potassium
concentration per litre may rise more than a milli-equiva­
lent in the course of 24 - 48 hours. In such cases the rise

is countered by the administration of glucose and insulin
(1 G. glucose per unit of insulin). It is unnecessary to use
cation-exchange resins prophylactically in all case, but
they are of value where the serum-potassium le el has
shown a sharp upward trend. The oral administration of
a s6dium-cycle resin* in amounts of 35 - 45 G. per day
in ginger beer has been effective.. A continuous infusion
of a standard mixture of calcium and sodium with glucose
may also be effective;' but we are reluctant to use it as
part of our daily regime, despite the claim that sodium
administration has no dire effects.

If these measures fail, dialysis should be performed
without delay. If uraemic symptoms are present in addi­
tion to hyperkalaemia, the measures for reducing serum
potassium outlined are used temporarily before urgent
dialysis. We have observed that in 3 out of 5 post-abortal
patients with marked intravascular haemolysis from severe
Cl. welchii infection, the serum potassium failed to rise
with the advance of the other clinical and biochemical
indices of acute renal failure.

Other Measures
McCracken and Parsons' claim" that an anabolic agent,

norenthandrolone, ('nilevar') was capable of reducing pro­
tein catabolism by approximately 70% in obstetric cases,
but not in post-traumatic cases, needs to be confirmed.

orandrostenolone ('durabolin'), 25 mg. by injection every
second day, has been given for 7 - 15 days in 21 cases, but
we have been less impressed with its value. It should be
noted that the obstetric cases in which it is claimed to be
effective are, in any event, those with the best prognosis.

Antibiotics have not been used prophylactically, although
they have not been withheld in cases of infection. Due
regard is given to the disappearance rates of the appro­
priate antibiotic in serum. Penicillin, erythromycin, chlorte­
tracycline, 'active' 'chloromycetin', and 'active' novobiocin
behave normally..···? In uraemic patients the glucuronic­
acid conjugates of chloromycetin persist for many hours
in the serum and their potential toxicity is unknown. When
infection is already present, as it is in many cases, these
antibiotics may be used with a normal loading and slightly
reduced or normal maintenance dosage, with the possible
exception of chloromycetin. Whenever possible the use of
streptomycin, the other tetracycline antibiotics, and the
nephrotoxic drugs, neomycin and kanamycin, has been
avoided, since their half-lives are considerably prolonged.
Polymyxin B and vancomycin tend to accumulate in
uraemia and must be used with the utmost caution.

In addition to penicillin treatment, antigas-gangrene
serum has been administered in all cases of suspected
Cl. welchii infection. Where vomiting and restlessness are
troublesome, promazine, chlorpromazine and trifluopera­
zine have been used in low dosage. A transfusion of fresh
packed cells has been given when the haemoglobin level
has fallen below 8 G. per 100 rnl.

Haemodialysis
While many patients can be atisfactorily managed on

the above regime, in some haemodialysis is necessary. The
indications have been reviewed elsewhere,'· but in general

* crS-3 carboxylic-acid-type resin (sodium salt) supplied by
courte y of Eli LiHy & Co.
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Fig. 1. Illustrating severe uraemia necessitating dialysis
on 2 occasions.

acid concentrations are reduced materially, while hypo­
calcaemia, if present, is corrected. While all cases show
biochemical improvement, it is clear that without dialysis
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certain patients (e.g. case 19, Fig. 1) would not have
survived.

The magnitude of the fall in the blood-urea and serum­
creatinine levels was considerable, averaging 186 and 6·7
mg. per 100 m!' respectively. The fall in blood urea
exceeded 300 mg. per 100 m!' in only 2 patients, and 200
mg. per 100 m!' in 11 ; it was less than 100 mg. per 100
m!. in 3. In the earlier cases bath water was not changed,
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more weight is given to the early clinical signs and symp­
toms as opposed to the abnormal serum chemistry (marked
hyperkalaemia excepted). Although it is frequently diffi­
cult to differentiate the milder symptoms of uraemia from
those of evere infection, our practice is to dialyse even
when symptoms are mild. Of the 55 patients, 30 unaer­
went dialysis, and 6 needed a further dialysis. Of these
patients, 16 were from the obstetric, 1 from the nephro­
toxic, 4 from the miscellaneous, 5 from the postoperative,
and 4 from the post-traumatic group.

Dialysis is carried out in a room specially designed for
the purpose. The procedure is described in the appendix.
Apart from occasional sudden hypotension at the start of
dialysis, no great variation in the blood pressure has been
ob erved during the procedure. As the dialysis proceeds
the blood pressure may tend to rise, but the use of hypo­
tensive agents has been unnecessary. The temperature has
usually remained unchanged, and haemolysis has not
occurred.

Sedation may be necessary to allay restlessness. Pethidine
or an intermediate-acting barbiturate is usually given.
Unless the patient is already getting an antibiotic, peni­
cillin, t mega unit, is given twice in the 24 hours.

ot only may the drugs given be dialysable, but the
electrolyte concentration may influence their action. In
a digitalized patient a sudden drop in serum potassium
may precipitate digitalis intoxication, with the develop­
ment of dangerous arrhythmia. Regular ECG control is
therefore essential throughout the procedure.

Apart from the bursting of defective coils on 2
occasions, intermittent irregularity of tbe arterial in­
flow in 4 patients, and intermittent venous obstruction in
1, the procedure has been trouble-free and accomplished
without fatality. Deaths during dialysis have, however,
been recorded." The main complication has been transient
hypotension. Other complications have included a case of
ventricular tachycardia in 1 patient, troublesome epistaxis
in 2 and gastro-intestinal haemorrhage in 2. In 1 the
haemorrhage was of such gravity that it led us to abandon
dialysis after 3 hours. In 4, cut-down wounds became
infected.

Biochemical Changes caused by Dialysis

The improvements following dialysis are shown in Table
Ill. The reduction in the blood-urea and serum-creatinine
levels is considerable. Hyperkalaemia is corrected in all

Substance Before dialysis After dialysis
Blood urea-mg. per 100 ro!'

(31) .. 376 ±111·6 182 ± 82·3
Serum creatinine-mg. per

100 m!' (23) 15·4± 4·8 8·6± 3·1
Serum potassium - mEq.j1.

(30) .. 6·6± 1·6 4·6± 1·0
Serum CO2-mEq.j1. (24) 10·9± 4·2 19'3± 4·9
Serum sodium-mEq./!' (23) 133·7± 4·4 135·9± 3·6
Serum cWoride-mEq./1. (25) 88·8± 7·6 93·6± 6·0

Bracketed figures represent number of observations.

patients and acidosis relieved or greatly ameliorated in
most. Abnormal sodium and chloride concentrations show
a return towards normal levels. The phosphate and uric-

I 2 3 4 5 i

HOURS OF DIALYSIS 2
Fig. 2 Unlike urea, creatinine continues to fall.
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and hence the fall was less than in subsequent cases. In
addition, however, there are marked differences in the
clearance of urea at comparable levels of blood urea.
Variation in dialysance of urea may be related to the
tightness of the coil packing, resulting in inefficient per­
fusion, and the recently suggested remedies" have been
adopted.

Changing the bath fluid influenced the fall in blood­
urea concentration, but not that of creatinine (Fig. 2).
There is a rapid fall in blood-urea concentration in all cases
up to 3 hours and a levelling out thereafter in cases in
which bath fluid is unchanged. When the fluid is changed
the level continues to fall. The serum-creatinine level falls
gradually throughout dialysis and changing the bath water
bas little effect.

Fig. 3 compares the urea levels in serum and bath
fluid. With the fall in urea concentration there occurs a

Fig. 3. Illustrating the changes in concentrations of blood
and bath urea during dialysis without change of bath
water. (Shaded areas represent bath-urea concentrations.)

reciprocal rise in the bath urea - to as much as 139 G.
Potassium behaves similarly. Normal serum-potassium
values are achieved by the end of the second hour.
Although the increase in bath potassium is small when the
initial bath concentration is 5 mEq.jl., it has amounted to
350 mEq. with a bath concentration of 2-5 mEq./1. Gj.prup
and Thaysen, when dialysing against a potassium-free
olution throughout, found the amount of potassium

removed to average 419 mEq.·· Although this exceeded
the calculated excess potassium in their patients, the serum
values remained within normal limits.

Bacteriological and chemical investigations have pro­
vided no 'explanation for the alteration in the colour of
the bath fluid, which changes gradually to a yellow-green
colour. This is maximal at the end of 1 - 2 hours in some
cases. A characteristic odour is also present.

Died
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TABLE N. RESULTS OF TREATMENT IN 55 CASES OF ACUTE RE AL
FAILURE Tt

Patients Dialysed· Died %
Mortality

Group I:
Obstetric 25 16 5** 20
Nephrotoxic 2 I 0 0
Miscellaneous 8 4 3t 37

Total 35 21 8 23

Group 11:
Postoperative 13 5 7 54
Post-Iraumatic 7 4 6 86

Total 20 9 13 65
• Six patients were dialysed twice.
•• In 3 of the obstetric cases the renal lesion was irreversible-2 tv.ilh tilal fa

cortical necrosis and I 'with 'failed reftow' kidney.
t One patient with beriberi had bilateral cortical necrosis.

RESULTS

Of 25 patient managed conservati ely, 16 survived. Of
the 9 who died, 7 were con idered to have died as a
result of the primary condition or its complications. One
of these died of epticaemia when well over the acute
renal failure. Case 2 died a a result of fulminating
enterocolitis, while case 25 died from uraemia before
dialysis could be started. Thirty patients were dialysed
with 15 deaths, but there were no fatalities during dialy i .

While dramatic improvement frequently followed hae­
modialysis, the final assessment is judged simply as death

tt Since the submission of this paper for publication, a
further 13 patients have been treated, with the following
results:

or survival. The results in all cases are summarized in
Table IV, and the causes of death are given in Table V.

In group I, 8 of 35 patients died (23%). Whereas the
mortality in the obstetric group was 20%, it should be
noted that only 3 of the 5 deaths could reasonably be
attributed to uraemia per se. Thus, case 24 had an irrever·
sible parenchymal renal lesion ('failed reflow' kidney).
Case 9 was in extremis with gross overhydration when
referred for treatment. Pelvic peritonitis was also present.
In case 25, in addition to a liver lesion of eclampsia, there
was evidence of commencing recovery from acute tubular
necrosis. Autopsy, however, failed to reveal any explana­
tion for her sudden death. In the remaining 2, infection
was responsible for the fatal outcome. In case 10 the
severity of the septicaemia with acute endocarditis was
sufficient in itself to cause death. Case 15 had recovered
from the acute renal failure and the blood-urea level had
been within normal limits for 12 days, when a recurrence
of septicaemia resulted in death on the 22nd day. In the
miscellaneous group, 2 of 3 deaths were attributable to
uraemia. In the patient with burns (aged 67 years) fluid
loss from fulminating diarrhoea contributed materially,
while case 35 had bilateral renal cortical necrosis. The
third patient died from the primary condition - a mesen­
teric thrombosis with infarction of the bowel.

In group H, 13 of the 20 patients died (65%). In the
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DISCUSSION

The necessity for prompt diagnosis of acute renal failure
has been emphasized. While there are difficulties in diag­
nosis, these can be avoided by directing attention to the
quantity of urine and its composition. While, in general,
blood-urea levels appear to ref.lect the clinical status of
the uraemic patient, discrepancies are well known. Some
of our patients were relatively symptom-free with blood­
urea levels of over 400 mg. per 100 m!' Hyperkalaemia,

~cidosis, electrolyte imbalance and uraemic symptoms are
Integral features of acute renal failure, all of which can
be corrected with efficient treatment. This treatment can
best be achieved by referring suspected cases as soon as
p.ossib~e to a renal centre with an experienced haemodialy­
SiS urnt. Such centres, with their trained and experienced
personnel, are best equipped to deal with the complicated
problems of fluid and electrolyte balance, the efficient
prevention and control of infection and the other compli­
cations of the uraemic state. Early transfer of patients will
permit of timely dialysis, and patients should be referred
not later than the 3rd day of oliguria. The indications for
dialysis have been considered elsewhere!· The majority of
patients have a good clinical and biochemical result from
dialysis, but there are some cases in which the degree
of reduction in the blood urea is disappointing. It is our
impression, however, that there is a beneficial effect despite
very moderate reduction in the blood-urea level.

Death in acute renal failure results from: (1) the under­
lying primary condition, and (2) acute renal failure and its
complications. Apart from an irrecoverable primary con­
dition and an irreversible renal lesion (cortical necrosis),
death from acute renal failure should be reduced to a
minimum with modem methods of management. In the
past the chief causes of death were hyperkalaemia, pul­
monary oedema and uraemic coma. In this series there
were only 6 recoverable cases in which death was ascrib­
able to uraemia itself. In 2 instances patients were referred
when moribund and in an overhydrated state, and in 1 of
these infection was also present.

The frequency of the complications of acute renal
failure increases with delay in the use of the artificial
kidney. The main factors contributing to fatality are:

(l) Infection. This is the most important factor and has
been stressed by many authors.'"·Sl...... It accounts for
from 45% to 72% of the deaths. It should be noted that,
while Balch et al." pointed out that infection was respon­
sible for 45% of deaths from post-traumatic renal insuffi­
ciency, Balch3

• claimed that there was no evidence that
patients with post-traumatic renal insufficiency are more
susceptible to infection. He considered factors such as
extent of tissue damage, delay in treatment, and inade­
quacy of debridement of wounds, to be of major im­
portance. Nevertheless, infection is frequently present in
cases of acute renal failure, and it is difficult to control.
In the uraemic state there is delayed wound healing"
with resultant poor localization of infection. Apart from
the possible lethal effect of infection, morbidity is pro­
longed. Patients should be barrier-nursed under strict anti­
infective precautions, and antibiotics should not be used
prophylactically. Staphylococcal enteritis has been a much
feared complication.SI Avoidance of unnecessary urethral
catheterization, active physiotherapy (especially breathing
exercises), and early mobilization all contribute to the
prevention of infection.

(il) Cardio-pulmonary complications. These include
arrhythmias (usually in those with previous cardiovascular
disease and/or during digitalis therapy), pulmonary
oedema and acute respiratory failure. Pulmonary oedema
results from overhydration and should no longer be a
frequent and lethal complication of acute renal failure.
Nevertheless, at least 15 of Salisbury's 31 fatal cases had

Septicaemia; uraemia and overhydra-
tion

Septicaemia with acute endocarditis
Staphylococcal septicaemia
Uraemia-'failed refiow' kidney
Uncertain-eclampsia

Staphylococcal pyaemia with pulmon-
ary abscess

Cerebrovascular accident
Pulmonary and popliteal embolism
Cerebrovascular accident and myo-

cardial infarction
Cardiac arrest-myocardial infarction
Pulmonary embolism
Suppurative cholangitis

TABLE V. CAUSES:OF DEATH

Case
no. Cause ofdeath

( 28 Uraemia-electrolyte imbalance
~ 30 Mesenteric thrombosis
l 35 Uraemia-renal cortical necrosis

j
( 36

39
41
42

I 45

l 47
48

Postoperative

Medical

Obstetric

Post-traumatic

Group II:

Group

Group I:

49 Intercurrent influenza and broncho­
pneumonia

50 Uraemia-renal cortical necrosis
51 Uraemia - gastro-intestinal haemorr-

hage
52 Uraemia-renal cortical necrosis
53 Bronchopneumonia and overhydration
54 Fat embolism

postoperative group there was a 50% mortality rate. In
5 of 7 cases death was attributable to a complication of
the primary condition which accompanied acute renal
failure and which may have, in any event, resulted in
death. Case 45, who died of cardiac arrest, was found
at autopsy to have a recent myocardial infarction. In the
7th case there was gross overhydration and severe com­
plicating pyaemia.

Only 1 of the patients in the post-traumatic group sur­
vived. Two patients who died had extensive renal cortical
necrosis and another had fat embolism. Case 49, with a
severe chest injury and multiple fractures of long bones,
developed influenza during an outbreak in the ward, while
making good progress, and succumbed rapidly from bron­
chopneumonia. Case 51 died, during the early diuretic
phase following the 2nd dialysis, from uncontrollable
gasho-intestinal haemorrhage resulting from uraemic
ulceration of the bowel. Case 53, who was referred on his
fourth oliguric day with gross overhydration, succumbed
2 days later from severe bronchopneumonia. Thus, in this
group 3 had irrecoverable disease, 2 died of complicating
infection, and 1 of severe haemorrhage ascribable to the
uraemic state itself.
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Group Jf

(postoperative and post-traumatic)

Group I

(obstetric and medical)

TABLE VI. RESULTS OF TREATMENT OF ActITE RE 'AL FAILURE FROM VARIOUS CENTRES
I

% %
Total Dialysed Died MortaliTy Total Dialysed Died MortaliTy

wann and Merrill (1953) 5 63 17 2- 40 22 41 14 64
ADlhonisen et al. (1956) .. 17 17 10 59· 18 1 14 7
Bull et at. (1956 - 8) '0-4. 67 5 26 39
Teschan et at. (1958) • 51 31 27 53
Parsons and McCracken (1959) " 3 26 6 16 25 19 1 7_
Bluemle et at. (1959) •• 62 29 22 35 38 22 2 74
Hammersmith (1960) 21," •• 36 17 22 74 39 59 0
Jackson et at. (1960) '5 33 18 1 55· 22 17 11 50
Kiley eT at. (1960)'· .. 23 14 2 9 57 35 37 6-
Groote Sehuur Hospital (present series) 35 21 8 23 20 9 13 65

• The unusually high mortality is artnDutable presumably to the exclusion of undialysed cases (Anlhornsen et al.) and to the inclusion of 11 fa'al cases of
glomerulonephritis (Jackson et al.) .

• " Group I figures are taken from Loughridge et al.,!l and Group II figures from Shackman et al. 14.

pulmonary oedema,'· Most renal units have had to treat
patients with overhydration. Despite repeated emphasis,
the importance of a restricted fluid and salt intake is not
yet suffici~ntly appreciated.

(iit) Central-nervous-system complications. Coma and
convulsions and the attendant danger of inhalation pneu­
monia may result in death, and are likely to be seen in
advanced cases when referred too late. Almost two thirds
of Bluemle s" patients with coma developed pneumonia.

(iv) Bleeding. Numerous bleeding defects have been
demonstrated - vascular abnormalities, platelet defects,
prothrombin depression, etc., while epistaxis, and oozing
from wounds and into injection sites were found in a few
patients - in only 1 of our patients was intractable bleed­
ing considered responsible for death.

Comparison of mortality rates from different centres
presents difficulties on account of the variable nature of
the clinical material and the differences in management.

evertheless, the mortality rate in this series, when com­
pared with others, reveals a remarkable consistency
(Table VI). In general, it is obvious that the mortality in
the group I patients (despite the frequency and severity
of infection in our cases) was very much lower than that
in group n. There is little doubt concerning the gravity
of the post-traumatic cases. The mortality from different
centres has consistently been above 50% and is often
above 70%. The differences may be related to:

1. The severe accelerated uraemia of the postoperative
and, in particular, post-traumatic cases. Whereas the daily
rate of rise in blood-urea concentration is usually below
35 mg. per 100 m!. in group I patients, it is considerably
greater in the group II patients and may amount to 50s
and 5)1° mg. per 100 m!. (blood-urea nitrogen) for post­
traumatic cases.

2. The grave and often fatal nature of the underlying
primary condition and its complications.

3. In the postoperative group the greater age and
infirmity of many of these patients is undoubtedly a factor
which is not sufficiently stressed. In fact, Bluemle et al.·'
stated there is no correlation between mortality and age.
Kiley et al.," in noting the effect of age, also emphasized
the bad prognosis in patients following aneurysmectomy.

Of 50 patients with acute renal failure resulting from
urgical'conditions, 12 were jaundiced, but in no instance

did Shac1Qnan et al." consider jaundice primarily respon-

sible for the condition. Jaundice, from hepatic disease, and
acute renal failure have long been held to be a particularly
unfavourable combination. Jackson et al.'" have suggested
separation of such jaundiced patients within the group of
acute recoverable renal failure 'to avoid presenting an
unnecessarily poor prognosis'. While none will deny that
jaundice may contribute to an unfavourable outcome, the
claim that the poor prognosis in all cases of renal failure
witb jaundice from hepatic disease is primarily attributable
to the hepatic disease, is open to question. In their series,
no less than 5 of 7 such fatal cases had undergone major
surgery and, therefore, we would have included them in
any event in group II with its poor prognosis.

In 2 cases in the post-traumatic group the renal lesions
were irreversible. It is common to find such cases excluded
from a consideration of acute renal failure, but irreversi­
bility may only become apparent after protracted treat­
ment, and there is always a possibility that cortical necrosis
may be partial or mild, with a definite, although slight,
prospect of survival. The possibility of improving mortality
in the potentially reversible cases lies in earlier reference
of such cases. Thus, with the avoidance of ill-considered
ovefhydration, the prompt institution of scrupulous anti­
infective precautions, and the opportunity for earlier
dialysis, some improvement in prognosis may be expected.
In the severe cases dialysis should be undertaken well
before the 6th day: and probably before the 4th day.

The benefits of prophylactic dialysis have been advo­
cated by Teschan et al: and it remains to be seen whether
this procedure will materially affect the poor outlook of
the post-traumatic cases. The stated aim of maintaining
the blood non-protein nitrogen at about 150 mg. per 100
ml., so that patients can enjoy a liberal food intake, has
merit, but one can only view with considefable apprehen­
sion the prolonged retention of indwelling cannulae, and
the statement that transient bacteraemia with fever and
chills occurred in some of their patients within an hour
of the beginning of dialysis is hardly reassuring. Despite
general improvement and 'well-being', marked anaemia
and some mental defect persisted, and there were 3 deaths
among their 15 patients. There is a case for early dialy i
and more frequent repetition, if necessary, but the advant­
ages of daily dialysis have to be established, as has the
harmlessness of such a procedure.

While the Kolff-Brigham rotating-drum kidney has been

•
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preferred on the grounds of greater efficiency, there is
the possible danger of overhydration, with pulmonary
oedema. We have little doubt that the 'fixed' capacity and
the advantage of ultrafiltration of the twin-coil kidney
more than compensates for its lesser efficiency.

Improvements in the performance of the twin-coil
kidney have resulted from minor modifications in design,
and the effects of using a coil of longer surface area
remain to be explored." It is hoped that unnecessarily
frequent dialysis may be avoided.

o matter what procedure is used, the most important
means of reducing mortality in patients with severe accele­
rated uraemia is the avoidance of ill-considered parenteral
administration of salt and water, and the prompt transfer
to a renal centre. Only then will the distressing experience
of death within hours of arrival" be avoided.

SUMMARY

Two years' experience in the diagnosis and management
of acute renal failure, including the use of the twin~oil

artificial kidney, is described.
The cases are considered in 2 groups: group I (medical

and obstetric cases) has a very much better prognosis than
group II (postoperative and post-traumatic cases).

The factors underlying the differences in mortality are
discussed. The avoidance of ill-considered parenteral
therapy and the importance of prompt transfer of such
patients to a renal centre is stressed.

APPENDIX

Dialysis Procedure
In the event of dialysis, 6 pints of fresh blood are reserved

and compatibility tests are carried out against the patient's
blood and between each unit of blood as well. The patient is
weighed before dialysis and again after the procedure. This is
the most accurate way of assessing fluid loss during dialysis
(the disposable-coil artificial kidney is an ultrafilter as well as
a dialyser). Following skin preparation in the ward, and
observing scrupulous aseptic technique, artery and vein ex­
posures are carried out in the artificial-kidney room by
surgical colleagues in the artificial-kidney team. Brachial block
performed by an anaesthetist has been used in most of our
cases with excellent results. The procedure provides very
satisfactory anaesthesia and vasodilation. One patient developed
a pneumothorax as a direct result of the brachial block, but
this complication is rare in good hands. A severe bleeding
tendency and any significant respiratory pathology are con­
traindications to the performance of brachial block. After
calibrating the flow rate, the coils are filled to a pressure of
180 mm.Hg and usually need about 1,000 m!. of heparinized
blood.

In most of our patients the radial artery (coil inflow) and
deep cubital veins (coil outflow) of the same arm have been
cannulated. When this has not been feasible, a catheter has
been inserted into the inferior vena cava via the femoral vein.
For venous cannulation we have used an ordinary Baxter
infusion set, previously sterilized in 'zephiran'. For the radial
artery, a o. 4 polythene catheter has usually been passed
with little difficulty, except in very small vessels, when a No.
3 has been used. Smaller calibre catheters do not give adequate
flow rates, and in these cases it is better to use the inferior
vena cava as the inflow. Once the catheters are in situ, they
are kept patent by continuous flushing through of heparinized
saline.

Heparinization follows - initially 100 units per kilo., and
then 1,000 units hourly. Administration is stopped an hour or
two before the end of the procedure (usually 6 hours). Al­
though the clotting time was initially repeatedly checked with
the aim of keeping it between 15 and 20 minutes, in practice
it is so markedly prolonged with the above dosage that we

now only carry out the procedure in the last hours of dialysis.
We have had no experience with regional heparinization!>'"
Oozing from cut-down sites, especially if covered, should be
carefully looked for throughout dialysis. Oozing from sores
on the lips has been an irritating, but minor, complication in
some patients. Repeated firm packing is usually sufficient to
control oozing. Where oozing or other bleeding is severe,
protamine sulphate (50 mg. per 5,000 units heparin) is given
at the end of dialysis. The electrolyte composition* of the
bath fluid is similar to that of plasma. Where hyperkalaemia
is present, the amount of added potassium chloride is reduced
or omitted altogether. A flow rate between 200 and 300 ml.
per minute has been used. As dialysis proceeds, this speed
diminishes and may be increased if necessary. The bath fluid
is changed every 3 hours, and the procedure usually lasts 6
hours.

Initially, blood pressure, pulse and respiration rate are
measured every minute, then at 5-minute intervals, and after
I hour every 15 minutes. The danger period is that which
follows immediately on the commencement of dialysis. A
sudden drop in blood pressure may occur, probably from an
abrupt diminution in the circulating blood volume, since the
tubing of the artificial kidney is distensible. This can be pre­
vented by clamping the coil outflow initially for a few seconds
and then releasing it. Sudden flooding of the patient's circula­
tion with at least 2 units of citrated blood may, by. depressing
the serum calcium, cause a drop in the blood pressure. Some­
times the low blood pressure persists; this is usually easily
countered by elevation of the foot of the bed and the admini­
stration of 200 - 300 ml. of blood.

• Electrolyte composition:

MilLi-equivalents per litre
Compqnent

Na+ K+ Ca++ Mg++ C1- HC03-
NaCI .. 97 97
NaHCO, .. 36 36
KCl 5
CaCI, 5
MgCI, 1· 5 1·5

Total· 133 t·5 108·5 36

Invert sugar O· 4 %. Lactic acid to adjust pH to 7·4.
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ACUTE COR PULMONALE AS A COMPLICATIO T OF PNEUMONIA
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D

Chronic cor pulmonale has been observed frequently in
children and has been reported most commonly as a com­
plication of mucoviscidosis.' It has been described also in
the following: tuberculosis, severe kyphoscoliosis, children
suffering from primary vascular disease of the lung,'-'
asthma: and the Hamman-Rich syndrome:

Acute cor pulmonale, on the other hand, has received
little recognition as a complication of acute pulmonary
conditions in childhood. The only unequivocal cases of
acute cor pulmonale in children have been described by
Royce,' viz. 2 fatalities caused by calcium chloride crystals
in infused plasma. Controversial viewpoints are expressed
on whether or not cardiac failure occurs as a complication
of acute pneumonia. Royce1 had seen a few babies, suffer­
ing from acute bronchiolitis, who had developed cardiac
failure and who had recovered on digitalis therapy.

In an epidemic of acute bronchiolitis, Heycock and
oble" noted that the more severe cases, especially those

with a fatal outcome, had shown signs of congestive
cardiac failure. Similarly, Simpson,' in reviewing the case
histories of 50 infants with heart failure, found 6 children
in whom failure had been secondary to acute pulmonary
infection. The Editor of the 'Year book of pediatrics',lo
who commented on this paper, doubted that heart failure
was a complication of bronchiolitis and suggested that
ba al emphysema might be responsible for the engorged
neck veins, the enlarged liver and the basal cales. Disney
et al.,n commenting on an epidemic of bronchiolitis in
infants, did not consider cardiac failure as a cause of
death in their cases. The old concept of 'toxic' myocarditis
complicating pneumonia appears to have been discarded."

At Baragwanath Hospital we not infrequently encounter
a ute cor pulmonale as a complication of pneumonia in
hildhood. It is our purpose to describe the clinical

features, the outcome and the treatment of this condition.

MATERIAL AND METHODS

This investigation is based on 178 consecutive Bantu
children below the age of 9 years, who were admitted to
2 wards of the Baragwanath Hospital with pneumonia
during the winter of 1958. X-ray examination of the chest
was performed in all cases and electrocardiograms (ECGs)
were obtained in 124 patients.

There were 155 children with bronchopneumonia. In
the remaining 23 patients the bronchopneumonia was
associated with pertussis. One child presenting with an
acute pnenmonia was later proved on lung biopsy to be
suffering from the Hamman-Rich syndrome, but has been
included in this series because of the acute mode of onset.

The patients were carefully examined for evidence of
cor pulmonale; this was diagnosed in the presence of the
following combination of signs: central cyanosis; in­
creased venous pressure as shown by engorged neck veins
and by enlargement of the liver; a hyperdynamic circula­
tion characterized by a large pulse pressure, capillary
pulsation and warm, moist extremities; clinical evidence
of right ventricular dominance shown by a forceful left
parasternal thrust; and the presence of a gallop rhythm.
The ECGs were analysed for evidence of right ventricular
hypertrophy and/pr peaked P waves greater than 2·5 mm.
in height.13

-
15 Cardiomegaly was considered to be present

on the X-ray film if the cardiothoracic ratio was gTeater
than 55%.

Penicillin was the principal antibiotic used in the treat­
ment of these children; usually 250,000 unit were given
every 6 hour by intramu cular injection. The antibiotic
was changed if pyrexia had not subsided and the clinical
condition of the patient had not improved within 72 hours
of the commencement of therapy. If there was severe
dyspnoea, cyano i and restles ness, the child was placed
in an oxygen tent.




