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Radioiso tope investigations of haematological disorders 
(excluding sickle cell disease) in Sierra Leone 

11. I I. M. K N O X - M A C A U L A Y 
Radioisotope Unit, Departments of Medicine Sc Pathology, Con/taught Hospital, Freetown, Sierra Leone 

Summary 

Using 5 l C r , l 2 5 I , and v >Fe, red ccll survival, 
blood vo lumes and cer ta in aspects of iron 
metabolism were invest igated in Sierra Leo-
neans re fe r red for f u r t h e r evaluat ion of various 
blood disorders . T h e da ta provided clarification 
of the na ture of the anaemia in some pat ients 
and demons t r a t ed the haemolyt ic and erythro-
poietic role of the spleen in o the r s with spleno-
megaly. Blood vo lume values in healthy indi-
viduals were found to be similar to those of 
normal sub jec t s in o t h e r popula t ions . Increased 
plasma vo lumes c o m m o n l y descr ibed in non-
Afr ican pa t ien ts with anaemia and splenomeg-
aly were also r eco rded in this g roup of Sierra 
Leoneans . In fo rma t ion ob ta ined f rom these 
studies indicates that facilities for radioisotope 
investigations would be an asset in the diagnos-
tic evaluat ion of complex blood disorders and in 
haematological research in developing Afr ican 
countries. 

Resume 

Utilisant le 5 l C r , le l 2 5 I , et 1c 5 9 Fe, on a examine 
la survivance des cellules rouges, des volumes 
de sang et q u e l q u e s aspects du metabol isme de 
fer, chez des Sierra Leonais , a t teints des 
diverses a f fec t ions sanguines , ndcessitants 
une evaluat ion addi t ionncl lc . Les donndes 
ont fourni une clarification de la na ture de 
Panemie de cer ta ines maladcs et aussi ont 
montre le role hemolyt iquc et erythropoidt ique 
de la ra te chez cer ta ines d ' au t r e s , a t teints de 
splenom<3galie. Les valeurs du volume de sang 
chez les individus en bonne santd dtaient pareils 
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aux gens normaux dans les autres pays. L 'aug-
mentation des volumes du plasma qui s'est 
trouvdc d 'habi tude chez des maladcs non afri-
caincs, atteints d 'anemie et de spldnom£galic 
etait remarqude aussi parmi ce groupe de Sierra 
L lona is . Les renseignements ob tenus de ces 
etudes indiquent que les moyens de recherche 
portant sur les radioisotopes seraient d 'un 
grand avantage pour revaluat ion diagnostique 
d 'affections sanguines complexes, et pour la 
recherche en hematologic dans les pays afri-
cains en voie de d£veloppement . 

Introduction 

In Sierra Leone, the diagnosis of common 
blood disorders such as sickle cell disease 
and folic acid deficiency anaemia usually does 
not present any difficulties. However , some 
patients are referred to hospital for fur ther 
diagnostic evaluation of complex haemato-
logical problems including ill-defined anaemias . 
Recently, radioisotopes have played a m a j o r 
role in the assessment of various blood diseases. 
The results of some of these studies in sickle cell 
disease have been reported previously |1). This 
communicat ion fur ther demons t ra tes the use-
fulness of radioisotopes in helping to elucidate 
and analyse ill-defined forms of anaemia and 
functional abnormali t ies associated with 
splenomegaly in a developing country. 

Subjects and methods 

During an 18-month per iod, 12 pat ients (seven 
male and five female) were referred to the 
Radioisotope Unit for fur ther evaluation of 
various haematological problems. Th ree sub-
jects had obvious iron deficiency anaemia and 
their results arc not included. Of the remaining 
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76 II II. M. Knox-Maauday 

nine pa t i en t s , five were a n a e m i c with varying 
deg ree s of sp l enomega ly , two were a n a e m i c 
wi thou t sp l enomega ly and two had an en la rged 
sp leen but were not a n a e m i c (Tab le s 1, 2 
a n d 4) . T h e fol lowing invest igat ions were 
p e r f o r m e d : ( a ) 5 9 Fe-fer rokinet ics , i .e. p lasma 
c l ea rance , o rgan u p t a k e and red cell incorpor-
a t ion ; ( b ) survival and organ up take of 
5 l Cr- labe l l ed red cells; and (c) red cell a n d 
p lasma vo lume m e a s u r e m e n t s using 
and 5 9Fe. 

Cr . , 2 5I 

SvFe-plasma clearance', organ uptake 
and red cell incorporation 

Scrum t ransferr in f rom the sub jec t s s tudied was 
labelled with 5 9Fe by a modif icat ion of Cavill 's 
m e t h o d (2). T h e p rocedure involved adding 
0 .5 ml of [ S 9 Fejfer r ic c i t ra te (Radiochemica l 
C e n t r e , A m e r s h a m ) to 5 ml of pa t ien t ' s and 
normal subjec t ' s se rum and incubat ing the 
sc rum at 37°C for I h be fo re passage through an 
anion exchange resin column to remove un-
bound [ ^ F e j f e r r i c citrate. A f t e r sterilizing the 
c lua te containing bound [ 5 9Fe)transferr in by 
passing it th rough a Millipore filter, 5 9Fe-
plasma clearance (Fig. 1) was then de te rmined 
as descr ibed previously in this popula t ion [1]. 
Organ up take of v ' F e was evaluated dur ing the 
first 6 h (Fig. 2) and periodically over the 
ensuing 20-30 days (Fig. 3). T h e degree of 
incorporat ion of 5 9Fe into red cclls was also 
d e t e r m i n e d (Fig. 4). 

5/ Cr red cell .survival 

This was measured by a modif icat ion | 1 | of the 
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Fig. I. svFc plasma clearance: rapid clearance of v , Fe 
from plasma in subject C with refractory anaemia, 
hyperplastic bone marrow and hcpatosplcnomegaly 
(plotted on semi-log paper). 
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Fig. 2. v 'Fe organ-surface counts: curves showing 
significant uptake of v 'Fe by the liver and spleen hut 
minimal uptake by the bone marrow during the first 
6 li after the intravenous administration of v,Fe-
labcllcd serum transferrin into subject ( ' . Subject II 
with idiopathic myelofibrosis also showed similar 
s"Fe uptake curves. ( • ) Liver. ( A ) spleen, (O) heart. 
( • ) marrow. 

t echn ique r e c o m m e n d e d by t h e In ternat ional 
C o m m i t t e e for S t anda rd iza t ion in Hemato logy 
( I C S H ) Panel | 3 | . O r g a n u p t a k e of S | Cr-
labelled red cells was assessed by the m e t h o d of 
the ICSH Panel | 4 | . 

Red cell volume 

Red cell vo lume was e s t ima ted by the use of 
Cr- label led red cells fol lowing the procedure 

r e c o m m e n d e d by the ICSH pane l [51. 

Plasma volume estimation 

Using rad io- iod ina tcd h u m a n serum albumin 
([ I J I ISA) , p lasma volume was es t imated ac-
cording to the m e t h o d r e c o m m e n d e d by the 
ICSH panel [5|. Plasma vo lume values were 
a lso calcula ted f r o m the S 9Fe plasma clearance 
da ta . 

Whole blood volume estimation 

Whole blood vo lume was calculated f r o m the 
var ious red cell vo lume , plasma volume and 
venous haematocr i t ( H v ) values (Tables 3 and 
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Time (doys) 

Fig. 3. 5vFc organ-surfacc counts: curvcs showing pcrsistcncc of low uptake of 5 ,Fc by the bone marrow and 
relatively high uptake by liver and spleen over a period of 29 days in subject C. Subject II with idiopathic 
myelofibrosis also showed a similar pattern. ( • ) Liver, (A) spleen, (O) heart, ( T ) marrow. 

Fig. 4. Radio-iron incorporation ( • ) and red cell 
survival (O) curves of subject C: The 5vFe graph 
shows clearly the negligible incorporation of 
radio-iron into the red cells; 5 ,Cr red cell survival 
curve shows a slightly reduced TX/i of 22 days; and 
normal 5 ,Cr red cell survival curvcs predrawn on 
imported graph paper from data based on 'Caucasian' 
population (E3). 

4). T h e body haematocr i t ( H B ) was derived 
from the quotient of the 5 , Cr- rcd cell volume 
and the total blood volume (Tables 3 and 4) . 

Normal reference values for the blood vol-
ume and ferrokinetic studies were established 
in six healthy male volunteers. However , values 
for which there were no normal volunteers had 
to be obtained f rom the li terature [6,7]. Exami 
nation of a bone marrow aspirate was carried 
out on the referred subjects. 

Results 

Ferrokinetic and radiochromate red cell survi-
val da ta are summarized in Tables 1 and 2. T h e 
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Fig. 5. MCr organ-surface counts: low spleen/liver counts ratio following injection of 5,Cr-labcllcd red cells into 
subject C indicates that possibly increased splenic sequestration is not a significant factor in reduced mean red 
cell life-span of 52 days (Table 2). ( • - - • ) Spleen/heart ratio, ( • - - • ) spleen/liver ratio, ( • ) liver, (A) spleen, 
(O) heart, ( T ) marrow. 
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Table I. v ,Fc-fcrrokinctic data 

Subjcct Referral diagnosis 
Hb 

(gAll) 

Plasma 
TX/i

 v ' Fc 
(min) 

T m „ s"Fe 
rbc inc. 
(days) 

v 'Fc rbc 
inc. max. 

(%) 

A Sickle cell trait with 
unexplained anaemia 11.2 70 14 98.8 

B Unexplained anaemia 7.5 44 12 60.0 

C Refractory anaemia with 
splenomegaly 7.3 8 6 1.1 

D Refractory anaemia with 
splenomegaly 7.5 30 10 62.3 

E Tropical splenomegaly 
syndrome 10.0 52 11 91.5 

F Tropical splenomegaly 
syndrome 10.0 50 3 92.0 

G Idiopatnic splenomegaly 7.8 27 14 69.0 

H Idiopathic myelofibrosis 15.3 40 24 71.7 

J Oinhosis with splenomegaly 12.5 33 11 50.0 

Hb = haemoglobin, 7*^ *Te = plasma half clcarancc time of v 'Fe , 7*rilJX
 v 'Fe rbc 

inr =• time token for maximal incorporation of v 'Fc into red cclls, v 'Fc rbc inc. 
mat = maximum pcrccntagc of v 'Fc incorporated into red cclls (7*,̂  v 'Fe in six 
noirndl male subjects were 55. 60. 75 . 60, 115 and 116 min respectively). 

Table 2. 5 , Cr red cell survival data 

Subject Referral diagnosis 
Hb 

(g/dl) 
Retics. 

(%) 
5>Cr T w 
(days) 

MCLS 
(days) 

S/L counts ratio 
at MCr 

A Sickle cell trait with 
unexplained anaemia 11.2 0.6 35 108 1.2 

B Unexplained anaemia 7.5 0.5 ND ND ND 
C Refractory anaemia with 

splenomegaly 7.3 0.1 22 52 0.7 
D Refractory anaemia with 

splenomegaly 7.5 1.0 25 68 1.2 
E Tropical splenomegaly 

syndrome 10.0 0.3 22 47 0.7 
F Tropical splenomegaly 

syndrome 10.0 2.2 32 85 1.2 
G Idiopathic splenomegaly 7.8 3.2 17 30 2.0 
II Idiopathic myelofibrosis 15.3 0.5 29 95 0.8 
J Cirrhosis with splenomegaly 12.5 1.8 25 73 1.0 

Hb = haemoglobin. Relics. = reticulocyte count, MCr T^ = half-life of MCr-labellcd red cells. MCLS = 
mean red cell life span, ND = not determined, S/L = spleen/liver. 
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/iacmatohgical radioisotope investigations 79 

results of blood vo lume studies and l l u / H v 

ratios in the six normal vo lunteers and nine 
subjects are presented in Tables 3 and 4 re-
spectively. 5 9Fe and 5 , C r curves of one of the 
subjects (subject C) a re shown in Figs 1-5 . 
Plasma volume was increased in all the anaemic 
subjects except two (subjec ts A and F; Table 4) 
as well as in the non-anaemic individuals with 
splenomegaly. W h o l e b lood volume was also 
increased in six of the nine sub jec t s s tudied. 
Interestingly, p lasma vo lume values ob ta ined 
with the use of 5 9 Fe were essentially similar to 
those derived f rom using , 2 5 l . 

Discussion 

The referred sub jec t s (Tab les I , 2 and 4) fell 
into th ree groups : ( a ) unexp la ined anaemia 
only (subjec ts A and B) , (b) anaemia with 
splenomegaly ( sub jec t s C - G ) , and (c) spleno-
megaly wi thout a n a e m i a ( H and J ) . In the first 
group, v , Fe- fe r rok ine t i c s excluded abnor-
malities of iron uti l ization in both subjects , 
whilst no rma l 5 1 Cr s tudies indicated that 
haemolysis was not a fac to r in the anaemia of B 
(Tables 1 and 2). Mild rct iculocytosis suggestive 
of haemolysis was seen in only o n e of the five 
subjects in the second g roup . 5 , C r d a t a , how-
ever, revealed a significant reduction in the 
mean red cell life span of all ( C - G ) of them 
(Table 2) ; this indica tes that haemolysis was a 

significant feature in the pathogenes is of their 
anaemia . Radio- isotope studies are therefore 
extremely useful in evaluat ing anaemic pat ients 
with splenomegaly — a c o m m o n clinical prob-
lem in tropical countr ies — when the conven-
tional criteria of haemolysis are lacking. T h e 
increased spleen/liver (S/L) counts ra t io of 2.0 
provides suppor t ing evidence for significant 
sequestrat ion of red cells by the spleen in 
subject G (Table 2). Thus it is very likely that 
splenectomy would be helpful in correct ing the 
anaemia of this subject . Normal S/L counts 
ratio in the o ther four subjects of the ' anaemia 
cum splenomegaly ' g roup does not necessarily 
exclude a pathological sequester ing role for the 
spleen [8|. 

T h e non-anaemic subjec ts with marked 
splenomegaly (subjects H and J) were referred 
specifically for a preoperat ive evaluat ion of the 
possible therapeut ic effect of splenectomy. In 
subject J with a reduced mean red cell life span 
of 73 days (Table 2) and marrow erythroid 
hyperplasia (this is not reflected in his reticulo-
cyte count of 1 .8%), splenectomy would prob-
ably have been a useful p rocedure ; in subject 
H , with idiopathic myelofibrosis, a high splenic 
uptake of 5 9Fe (very similar to that shown for 
subject C in Figs 2 and 3) combined with a 
maximum 5 9Fe red cell incorporat ion of about 
70% af ter 24 days (Table 1), strongly suggests a 
significant role for the spleen as an organ of 
erythropoiesis. T h e r e f o r e , sp lenectomy in the 

Table 3. Blood volumes (including red cell and plasma volumes) and body/venous hacmatocrit ratios in 
six normal male subjects 

5 ' c r '2*1 v 'Fe BV BV 
RCV PV PV ( 5 ,Cr RCV+ ,25l PV) ( , 2 5I P V / l - H v ) 

Subject (ml/kg) (ml/kg) (ml/kg) (ml/kg) (ml/kg) H,, H v H|»/Hv 

K 29.0 47.0 48.5 76.0 85.7 0.38 0.43 0.88 
L ND 44.4 48.2 ND 78.5 ND 0.48 ND 
M 31.0 39.3 44.3 70.3 67.9 0.44 0.46 0.96 
N 27.9 41.7 40.3 75.6 81.0 0.37 0.45 0.82 
P ND 36.0 41.5 ND 60.2 ND 0.44 ND 
0 28.5 46.2 44.2 74.7 78.3 0.38 0.43 0.88 

Mean 
± s.d. 29.1 42.4 44.6 74.2 75.3 

± 1.2 ± 3.9 ± 3.1 ± 2.3 ± 8.6 

RCV = red cell volume. PV = plasma volume, BV = whole blood volume, H„ = body hacmatocrit, 
Hv = venous hacmatocrit, ND = not determined. 
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absencc of a cel lular a n d func t ion ing b o n e 
marrow is likely to lead to the d e v e l o p m e n t and 
inexorable progress ion of a n a e m i a . 

The results of b lood vo lume s tud ies in the 
normal male sub jec t s (Tab le 3) a r e similar to 
those of normal ma le individuals in o t h e r 
population g roups (6) while b lood v o l u m e da ta 
for the r e fe r red sub jec t s (Tab le 3) a re similar 
also to those of n o n - A f r i c a n sub jec t s with 
anaemia and sp lenomega ly [6). T h e r e w e r e , 
however , some add i t iona l in te res t ing obser-
vations. First , a lmost identical p lasma vo lume 
values were o b t a i n e d using 5 9 Fe a n d , 2 5 I . 5 9 Fe 
can the re fo re be used for s imu l t aneous ferro-
kinetic a n d b lood v o l u m e s tud ies the reby re-
ducing costs — an impor t an t cons idera t ion for 
developing coun t r i e s . Secondly , the slightly low 
haemoglobin concen t r a t i on of the female sub-
ject (A) with sickle cell trait was mos t likely the 
result of a m o d e r a t e increase in p lasma vo lume 
rather than an abso lu te dec rease in red cell 
volume. Th i rd ly , the I I » / H V ra t ios in the 
healthy Sierra L e o n e a n sub jec t s covered a wide 
range (Table 3) , and are in ag reemen t with 
findings in o t h e r nat ional i t ies [9,10]. T h e in-
crease in H B and I l n / I I y ratios in the subjects 
with sp l enomega ly is possibly d u e to intra-
splcnic pool ing of red cells. 

O u r expe r i ence at the Rad io i so tope Unit in 
Freetown indicates that using s imple equip-
ment , the in t roduct ion of radionucl ide tech-
niques in to teach ing and large genera l hospitals 
in developing coun t r i e s will increase the range 
of diagnost ic facilities, improve the s tandard of 
clinical ca re and e n h a n c e the level of haem-
atological research in these inst i tut ions. More-
over, the same relatively inexpensive count ing 
equ ipment can also be used for non -haema to -
Iogical invest igat ions [11], thus decreas ing the 
cost/bcnefit ra t io of the service. 
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