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physiological and suggest a failure of the pregnant woman
to adapt to the pregnant state."

Evaluation of iron status in the present study has clearly
shown that adequate maternal iron stores during pregnancy
cannot be maintained by prevailing dietary patterns in spite
of the increased iron absorption that has been shown to
occur in pregnancy.'·» Only 12,3% of patients still had
normal iron stores at the end of pregnancy_ Correction for
the increased plasma volume in pregnancy failed to improve
the prevalence of depleted iron stores but did result in a
reduction in the prevalence of the more severe grades of
iron deficiency. Even so 74% had no iron stores at the end
of pregnancy. In this regard the correlation between the fall
in calculated body iron stores and the level at the start of
pregnancy is of interest. Women with low stores at the start
of pregnancy had the smallest fall in iron stores and thus
required an even greater proportion of iron from the diet
than women with normal stores. Most of the women in this
study started pregnancy with normal stores and the mean
cost of pregnancy in terms of the fall in calculated body iron
stores was 456 mg.

It has been suggested that reversal of the normal fall in
haemoglobin concentration and the normal size of red cells
induced by iron may increase blood viscosity and result in
impaired uteroplacental blood flow."'>' However, there was
no evidence that the withholding of maternal iron
supplementation had any beneficial effect on fetal birth
weight. There was no significant difference when the birth
weights of the infants born to non-supplemented mothers
were compared with those of a control group. In conclusion,
this prospective study has shown that iron supplementation
during pregnancy is necessary. Although only a small
proportion of patients developed iron deficiency anaemia,
the majority depleted their iron stores. Given that only about
two-thirds of pregnant patients take their iron as prescribed
because of the side-effects," and that the maximal iron
demand is during the third trimester, iron supplementation
should be given at least during the third trimester of
pregnancy unless iron deficiency anaemia develops before
this. Women who have depleted iron stores at the beginning
of pregnancy should receive supplementation throughout
pregnancy.
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Hyperosmolar non-ketotic
diabetic coma as a
cause of emergency
hyperglycaemic admission
to Baragwanath Hospital
M. Rolfe, G. G. Ephraim, D. C. Lincoln, K. R. L. Huddle

There were 136 emergency hyperglycaemic admissions

to Baragwanath Hospital over a 6-month period during

1992 - 1993, representing 1,2% of the total number of

medical admissions; 24 (18%) patients died. Diabetic

keto-acidosis (DKA) accounted for 88 (65%) admissions

(mortality rate 9%) while 16 admissions (12%) were as a

result of hyperosmolar non-ketotic coma (HNKC), defined

as hyperglycaemia, dehydration and an altered level of

consciousness with a plasma osmolality ~ 330 and an

arterial pH ~ 7,30, with absent or minimal ketonuria. Of

these 16 patients, 9 (56%) were known to have diabetes

mellitus. Patients with HNKC were significantly older than

those with DKA (P < 0,001) and other patients with non­

ketotic hyperglycaemia (P < 0,05). The overall mortality

rate was 44%; prophylactic low-molecular-weight heparin

appeared of benefit (P < 0,05).
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Table 11. Mean age (years). plasma osmolality (mOsm/l) and initial
electrolyte concentrations (mmol/l) in patients with HNKC

Survived (N = 9) Died (N = 7) Total (N = 16)

Age (range) 67,7 ± 10,9 64,3 ± 11,5 66,2 ±11,3
(54 - 82) (45 - 78)

Osmolality 353 ± 15 360 ± 32 356 ± 24
(range) (330 - 381) (330 - 433)

. Blood glucose
concentration 49,9 ± 14,0 50,5 ± 16,5 50,2±15,1
(range) (28,0 - 81,1) (21,4 - 72,0)
Blood urea
concentration 19,1 ± 14,6 20,4 ± 6,3 19,7±11,7
(range) (6,3 - 54,0) (8,5 - 29,8)
Plasma Na
concentration 138,9 ± 11,5 140,0 ± 17,7 139,4 ± 14,5
(range) (115 - 158) (116 - 168)
Plasma K
concentration 4,0 ± 1,4 4,8 ± 1,0 4,4±1,3
(range) (2,5 - 6,6) (3,3 - 6,4)

Sixteen (12%) patients (11 women, 5 men) were diagnosed
as having HNKC (Table 11); 7 (44%) of these patients died
(4 women, 3 men). Of the 16 patients, 9 (56%) were known
to have had non-insulin dependent diabetes (3 deaths),
while 7 (44%) were newly diagnosed (4 deaths). The mean
BMI of survivors was 27,0 ± 5,3 (N = 5). Five of the known
diabetic patients had defaulted from treatment (2 deaths).
Five (31 %) patients were receiving treatment for
hypertension, but only 1 was known to be taking diuretics.
There was no significant difference in age, mean oSrTlOlality
or electrolyte concentration between those who died and
those who survived. Five patients were hyponatraemic
(Na < 130 mmol/I) at presentation, 4 had hypernatraemia
(Na> 150 mmol/I), 3 hypokalaemia (K < 3,0 mmol/I) and 3
hyperkalaemia (K > 5,5 mmol/I). Patients with HNKC were
significantly older than patients with DKA (mean difference
27 years, 95% confidence interval (Cl) 18,7 - 35,3 years;
t = 6,38, df = 100, P < 0,001) and other patients with non­
ketotic hyperglycaemia (mean difference 7,8 years, 95% Cl
0,8 - 14,8 years; t = 2,19, df = 45, P < 0,05). Levels of
consciousness varied at presentation from obtundation to
deep coma (4 patients, 3 deaths). Of the 9 survivors, 3 had
focal neurological signs, which persisted in 1 patient, 3 had
infections, 1 renal failure and in 2 there were no obvious
precipitating factors. Of the 7 patients who died, 2 had focal
neurological signs, 2 had septicaemia, 1 meningitis, 1 had a
large subdural haematoma, while 1 patient died suddenly
from probable metabolic causes. There was no obvious
difference in treatment between those who died and those
who survived, although 6 survivors received prophylactic
subcutaneous heparin compared with none of those who
died (x2 =4,89; P < 0,05). The mean time between
admission and death was 3 days (range 1 - 8 days).

Table l. Hyperglycaemic emergency admissions

(%)

(9)

(44)
(19)

(18)

8
1
7
6

24

Deaths

88
1

16
31

136

No.

DKA
Alcoholic-starvation ketosis
HNKC
Hyperglycaemia, non-ketotic

Total

HNKC

Hyperosmolar non-ketotic diabetic coma (HNKC) was first
described in a 32-year-old black man admitted to
Baragwanath Hospital, Johannesburg.' This 3 400-bed
hospital serves between 2 and 3 million people. Diabetes
mellitus is a common medical problem in this population;
some 150 - 200 patients attend the weekly specialist clinic
at Baragwanath Hospital, with an unknown number
attending the twelve community health clinics situated
around Soweto. There is an average of 1 600 admissions
annually for diabetes-related problems, representing around
5% of the total number of medical admissions. HNKC is
regarded by local physicians as a relatively common cause
of emergency admission of diabetic patients, but no formal
studies on its prevalence have been undertaken. The
objective of this study was to assess the importance of
HNKC as a cause of morbidity and mortality in diabetic
patients admitted as emergencies to Baragwanath Hospital
and to make recommendations for improved management of
such patients, if necessary.

Patients and methods
Patients who require admission to Baragwanath Hospital are
first seen in the emergency medical ward. Severely ill patients
may stay there for several days or be transferred to the
intensive care unit; the majority, however, are transferred to
one of six medical units within 24 hours. Data were collected
on all patients admitted to the emergency ward with a
diagnosis of diabetes mellitus over a 6-month period, from
September 1992 to February 1993. Patients were entered into
the study if they were regarded as a hyperglycaemic
emergency, i.e if they required intravenous saline and insulin!
A form was completed for each patient with details of age,
sex, previous history of diabetes, current drug treatment and
possible precipitating factors for the recent illness. The level
of consciousness at presentation was assessed together with
pulse, blood pressure, degree of dehydration and other
physical findings. Haematological and biochemical data were
recorded with special attention paid to the arterial pH and
presence of ketonuria. Plasma osmolality (mOsrn/l) was
calculated from the formula 2 (sodium + potassium) + blood
urea nitrogen + blood glucose (mmol/I). Diabetic keto­
acidosis (DKA) was defined as hyperglycaemia in the
presence of ketonuria ~ 1 +, arterial pH < 7,30, and plasma
bicarbonate < 15 mmol/1. HNKC was arbitrarily defined as an
altered level of consciousness in a patient with
hyperglycaemia, and dehydration with absent or 1 +
ketonuria, arterial pH ~ 7,30, plasma bicarbonate ~ 15 mmol/I
and a plasma osmolality ~ 330 mOsm/1.

The progress and outcome of each patient's illness was
followed in each medical unit, and body mass index (BMI)
(kg/m2) recorded upon recovery.

Statistical analysis was by means of Student's Hest or the
x2-test, with Yates correction, as appropriate.

Results
There were some 11 800 admissions to the medical wards
during the 6-month study period; of these, 136 (1,2%) were
hyperglycaemic emergencies (Table I) and 24 (18%) patients
died.
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DKA
There were 88 admissions (86 patients: 52 women, 34 men)
with OKA; in 14 patients (10 women, 4 men) this was their
initial presentation with diabetes. Their mean age was
39,2 ± 16,2 years (range 12 - 74 years); 8(9%) patients died
(7 women, 1 man). They were significantly older (mean
difference 15,9 years, 95% Cl 4,4 - 27,4; t =2,71, df =84,
P < 0,01) than the survivors. The mean BMI (N = 73) was
23,3 ± 3,9 kg/m2

, range 15,4 - 36,6; there was no significant
difference between men and women. Of the 8 deaths, 4
were known diabetic patients, 3 were new presentations and
in 1 patient this information was missing. Precipitating
factors in episodes of OKA were non-compliance or
inadequate insulin (40 patients: 21 women, 19 men),
infection (21 patients: 17 women, 4 men), alcohol abuse
(7 patients: 1 woman, 6 men), stroke (1 woman), and were
unknown in 14 patients (11 women, 3 men). The mean
plasma osmolality of all patients with OKA was 317 ± 20
mOsm/1 (range 287 - 373); 21(26%) patients had a plasma
osmolality greater than 330 mOsm/l, and there were 3
deaths. They were also markedly acidotic with a mean
arterial pH of 7,08 ± 0,14.

Others
There were 31 patients (22 women, 9 men) admitted with
non-ketotic hyperglycaemia, who were not considered
hyperosmolar. Their mean age was 58,4 ± 11,7 years (range
40 - 85 years) with women being significantly older than
men (mean difference in age 11,7 years, 95% Cl 3,5 - 19,9
years; t =2,81, df =29, P < 0,01). The mean BMI was 27,4 ±

4,6 kg/m2 (N = 19), range 18,8 - 35,7. Seven (23%)
admissions were new presentations of diabetes (4 women, 3
men). Of the remainder, the precipitating factors identified
were infections (10 patients: 8 women, 2 men), defaulting
treatment (9 patients: 6 women, 3 men), stroke (2 women)
and seizures (1 man). There were 6 (19%) deaths (5 women,
1 man). Two deaths were in patients whose osmolality was
close to the arbitrarily defined level of 330 mOsm/l; 1 patient
(326 mOsm/l) had septicaemia and renal emphysema and
the other (327 mOsm/1) died abruptly from probable
metabolic causes.

Discussion
This study confirms that HNKC is relatively common in this
black diabetic population, accounting for 12% of all
emergency diabetic admissions. Therefore, physicians at
Baragwanath Hospital can expect to see 2 or 3 cases each
month and each medical unit can expect about 5 or 6
patients annually. Nearly half the patients had not previously
been diagnosed as suffering from diabetes mellitus, while
defaulting treatment was a major factor in known diabetic
patients. No patients were taking drugs, such as steroids,
phenytoin, chlorpromazine or propanalol, which can
precipitate HNKC,3 and only 1 patient was known to be
taking a diuretic for the treatment of hypertension. Glucose­
rich carbonated drinks taken to alleviate the thirst of
hyperglycaemia may occasionally be a factor leading to
HNKC;4 although they are popular in Soweto no information
was available on their consumption by patients in this series.

Patients with HNKC should be managed along similar
lines to those with OKA.' Normal saline should be rapidly
infused initially, unless the plasma sodium concentration
exceeds 150 mmol/l, when hypotonic saline should be
used,' but after 1 - 2 litres it is preferable to switch to half
normal saline as water losses exceed those of solute.
Khardori and Soler 3found no relationship between the
volume and type of fluid used in the treatment of HNKC and
the final outcome; it would seem desirable, however, to
attempt to reverse the severe biochemical abnormalities with
a simple scientific approach. Small quantities of neutral
insulin should be given hourly until the blood glucose
concentration is about 12 - 15 mmol/1. The intravenous route
should be used as absorption may be erratic from other
sites in the severely dehydrated patient. Potassium
supplementation is essential and may need to be
prolonged.· Infection, which may not appear clinically
severe should be vigorously treated. Prophylactic heparin
has been reported not to reduce mortality in HNKC,' but in
view of the high risk of thrombosis of major vessels we
believe that prophylactic low-molecular-weight heparin
should be given; this study provides some statistical
support for this.

Focal neurological signs and seizures are common in
HNKC,' and affected 31 % of patients in the present series.
They may be secondary to cerebral thrombosis or cerebral
dehydration, but hyperosmolality per se may activate
epileptogenic foci' or cause widespread demyelination of the
central nervous system.·

Of concern was the observation that some patients, who
were not hyperosmolar initially, became so after some days
in hospital. This was likely to be related to the excessive use
of intravenous normal saline, and perhaps also failure to
continue insulin treatment in sick non-insulin-dependent
patients. A quarter of patients admitted with OKA also
exhibited hyperosmolality; these patients with a mixed
picture may have a poorer prognosis, and should be
carefully monitored.

The high mortality rate (25%) of hyperglycaemic
emergencies seen at Baragwanath Hospital in previous
years' has been reduced, but much remains to be done.
Public education on the signs and symptoms of diabetes,
and greater awareness of the possibility of diabetes in older
patients attending Soweto polyclinics, should lead to an
earlier diagnosis, while the diabetic nursing services have a
major role to play in stressing the importance of compliance.
A failure of diagnosis and defaulting on treatment were
significant correctable factors in this series.

The management of patients with HNKC presents a
considerable challenge to clinicians. It may not be possible
to reduce the high mortality rate significantly as most
patients are elderly, with advanced disease, and the cause
of death is usually multifactorial. In this population rigorous
treatment of infection, careful monitoring of the metabolic
milieu, avoidance of excessive use of normal saline and
prophylactic low-molecular-weight heparin may be important
factors leading to a successful outcome.

We thank the Diabetic Nursing Sisters for their invaluable
assistance, Or Geoff Gill for helpful comments and Lynne Rolfe
for typing the manuscript.
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Brucellosis in childhood in
the Western Cape
M. K. Hendricks, E. M. Perez, P. J. Burger,

P. A. Mouton

Human brucellosis, a multisystem disease which may

mimic other conditions, has a low incidence in childhood

and the diagnosis may easily be missed. Over a 7-month

period 9 children with brucellosis presented to the

Department of Paediatrics and Child Health, Tygerberg

Hospital. Six of the children had consumed unpasteurised

milk. The main presenting symptoms were fever, fatigue,

headache, myalgia and haematuria. Clinical signs included

lymphadenopathy (3), nasopharyngitis (2), features of

lower respiratory tract infection (2), splenomegaly (2) and

pyrexia (1). The diagnosis was made on the basis of a

positive serological titre (> 1:160) for Brucella abortus.

The prozone phenomenon was encountered in 6 cases;

however, the Coombs test confirmed the diagnosis in

these cases. Children under 7 years were treated with

co-trimoxazole and rifampicin and those over 7 years

with tetracycline and rifampicin, for at least 6 weeks.

No relapses were detected on follow-up.
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Brucellosis, a zoonosis with a worldwide distribution, is
caused by Gram-negative organisms belonging to the genus
Brucella of which there are six species. The four species that
cause disease in man are Brucella abortus (cows and
camels), B. mellitensis (goats), B. suis (pigs) and B. canis
(dogs). Man is infected by consumption of unpasteurised milk
or dairy products or through handling of contaminated rT)eat.'
The incidence of brucellosis in South Africa is low compared
with other parts of the world such as Central and South
America, southern Europe, the rest of Africa, the Middle East
and central Asia, where the disease is a serious public health
problem! Brucellosis appears to be rare in childhood. 2

.,. For
10 years prior to this report only 1 child with the disease was
treated by us. We report on the clinical presentation,
diagnosis and treatment of 9 children with brucellosis seen
over a 7-month period at Tygerberg Hospital.

Material and methods
The sample included children 14 years of age or younger
seen at Tygerberg Hospital between 1 August 1992 and
27 February 1993. A diagnosis of brucellosis was suggested
by the clinical picture and confirmed by positive serological
findings based on the tube agglutination test. This entailed
serial dilutions of the patient's serum to which Brucella
suspension (Wellcome) was added. After overnight incubation
at 37°C the tubes were assessed for agglutination the next
day. A titre of 160 or greater or a fourfold rise in titre was
considered positive. A Coombs test was done in the event of
the prozone phenomenon (a negative reaction obtained with
serum that has a high antibody titre). In all patients
serological investigations were undertaken on initial
presentation and in 8 cases at follow-up 1 - 4 months later.
Blood cultures and liver function tests were done on 7 of the
9 patients. C-reactive protein levels or erythrocyte
sedimentation rates were ascertained in 6. Full blood and
differential counts were determined in all the patients.

Results
There were 9 children with the diagnosis of brucellosis. Two
lived in urban and 7 in rural areas. Five of the children were
from two families, in which the parents were also infected.
A history of having drunk unpasteurised milk was elicited in
6 cases. Health inspectors were unsuccessful in uncovering
the source of the infection. The clinical and laboratory
findings of the children are summarised in Table I. There
were 3 boys and 6 girls and their ages ranged from 11/2 to
14 years. The main presenting symptoms were fever (6),
arthralgia and myalgia (5), headache (5), fatigue (5) and
haematuria (1). In the child presenting with haematuria, the

. diagnosis was made after an extensive search for the cause.
The physical findings in the patients were sparse and
variable. They included lymphadenopathy (3),
nasopharyngitis (3), lower respiratory tract infection (2),
splenomegaly (2) and pyrexia (1).

Laboratory investigations did not provide clues to the
diagnosis. Two children had leucopenia and 1 had
leucocytosis. The haemoglobin and platelet counts were
normal. C-reactive protein levels were raised in 2 and the
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