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Acceleration in linear growth after splenectomy
for hypersplenism in homozygous sickle cell
disease

Atul Singhal, Peter Thomas, Tara Kearney, Sivarajan Venugopal, Graham Serjeant

Abstract
Chronic hypersplenism in homozygous
sickle cell (SS) disease markedly increases
haemolysis and the resulting erythro-
poietic expansion is likely to have a high
metabolic cost. Splenectomy for hyper-
splenism in SS disease is followed by
highly significant changes in haematologi-
cal indices and an increase in height, but
not weight, velocity. This pattern is
similar to that observed in the trichuris
dysentery syndrome after treatment, and
differs from the increases in both height
and weight velocity that follow nutritional
supplementation ofseverely malnourished
children. It is postulated that accelerated
linear growth after the reduction in
erythropoietic stress may implicate a
specific nutrient deficiency in hyper-
splenic children with SS.
(Arch Dis Child 1995; 72: 227-229)
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The spleen is central to much of the early
pathology in homozygous sickle cell (SS)
disease. Typically splenic enlargement occurs
in the first year of life and is followed by pro-
gressive fibrosis generally attributed to the
development of intravascular sickling. This
natural history may be punctuated, in some
patients, by episodes of acute splenic enlarge-
ment with life threatening falls in haemoglobin
(acute splenic sequestration) or by sustained
enlargement with chronic sequestration
(chronic hypersplenism). Chronic hyper-
splenism in SS disease markedly increases
haemolysis and the resulting erythropoietic
expansion is likely to have a high metabolic
cost. Relief of hypersplenism by splenectomy
results in lowered protein turnoverl and an
increase in height velocity.2 Hypersplenism in
SS disease appears to impose a high metabolic
load which competes with the requirements for
normal growth. This hypothesis has been
tested in a group of SS children by observa-
tions before and after splenectomy.

Patients and methods
The patients attended the Sickle Cell Clinic at
the University Hospital of the West Indies,
Kingston, Jamaica. Review of patient records
identified 32 children (13 boys) with SS
disease aged 1-11 years who had splenectomy
for hypersplenism in the period 1 January 1973
to 31 December 1991. Children below 1 year

were excluded because of difficulty in obtain-
ing reliable growth data and those over 11
years were excluded to avoid the possible con-
founding effects of the pubertal growth spurt.
Median age at splenectomy (range) was 4-7
years (1 4-9 3).
The diagnosis of SS disease was based on

standard criteria3 and haematological indices
were measured in an electronic counter
(Coulter S plus 4, Coulter Electronics). Fetal
haemoglobin was measured by the alkali denat-
uration method of Betke et al.4 Haematological
indices including haemoglobin concentration,
mean cell volume (MCV), mean cell haemoglo-
bin (MCH), and mean cell haemoglobin con-
centration (MCHC) were measured in children
three months before splenectomy (while
untransfused) and three months after splenec-
tomy (when transfused blood had disap-
peared). Patients were not given regular
transfusion treatment for hypersplenism and
were transfused only ifdeemed necessary at the
time of operation. Chronic hypersplenism was
arbitrarily defined as a spleen of 4 cm or more
below the left costal margin, haemoglobin con-
centration <60 g/l, reticulocyte counts >15%,
and platelet counts <200X109/l, all recorded
on at least two occasions three months or more
apart.

Height was measured with a wall mounted
stadiometer (Holtain Ltd) accurate to 1 mm,
and weight in light clothing but without shoes
on a beam balance (Detecto Ltd) accurate to
0 1 kg. The equipment was regularly calibrated
and measurements made by nursing or
medical staff trained in the procedures. Height
and weight was measured every three months
and the nearest available data used for com-
puting velocities over three six month periods:
six months before splenectomy and the first
and second six months after splenectomy. As
velocities are expressed over one year intervals,
the six month height or weight increment was
doubled and increments, where actual
measurements were available over shorter or
longer intervals, multiplied by an appropriate
factor. Height and weight at the time of
splenectomy were available before operation in
22 patients and immediately after operation in
10. Weight velocities, before and after splenec-
tomy, were also calculated taking account of
spleen size (median spleen weight 0-32 kg,
range 0-07-0 78). Standardised scores (z
scores) for height, weight, weight/height,
height velocity, and weight velocity in hyper-
splenic patients were calculated using age and
sex specific standards derived from a cohort of
200 SS subjects.
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The mean (SD) weight velocity in the six
months before operation was 1-5 (2.0) kg/year

Before (95% CI 0-8 to 2.2) and in the six months

* After after operation was 2-0 (2.0) kg/year (95% CI

1L2 to 2.7), a mean increase of 0 5 kg/year
(95% CI -0 7 to 1-6) (p=0 4). Comparing
weight velocities that had been adjusted for

:-/c t <,. spleen weight showed a mean increase of 0X6
kg/year (95% CI -0-6 to 1.8) (p=0 3).
Weight velocities expressed as z scores (table

4 6 8 10 1) also failed to show significant increases after
Age (years) splenectomy.

The increase in postoperative height
velocity occurred despite normal z scores for
height and weight, six months before and at
splenectomy and normal z scores for height
and weight velocity in the six months before
operation (table 1).
Body mass index (BMI, calculated as

weight/height2) of hypersplenic patients at
splenectomy (mean (SD) 15-2 (1.2) kg/M2,

| ,I s ,-~ |range 13-3-18-0) was similar to that six months
4 6 8 10 before operation (15.4 (1.5), range 13.0-19.4)

Age (years) (p=0'2) and the range did not differ from the

over six month intervals before
BMI of the cohort of 200 SS children aged

hypersplenism connected by a 1-10 years (range 1 1 1-19 9). Six months post-
boys and girls. Height velocities operatively, the BMI had fallen (mean (SD)
Ctiles) for a cohort of200 14-7 (1 2), range 12-9-17-2) significantly
kulated over 12 month intervals, (p=0.004) and remained low 12 months post-

operatively (14-8 (1.3), range 13a1-17.2).
After splenectomy, there were significant

ignificance of changes in increases in haemoglobin concentration,
!locity, height, weight, and packed cell volume, MCHC, red cell count,
ssed in original units or as and platelet count and a fall in reticulocytes
natology before and after (table 2). As both height velocity and many
Lssessed using the paired t haematological indices change after splenec-
es subjects without data tomy, the relationship of change in height
er splenectomy). The one velocity to presplenectomy haematological
ed to assess whether stan- indices and to degree of change in these
,rowth indices were from a indices was examined to search for possible
ean of zero. correlates. Of the presplenectomy indices,

only MCHC was significantly related and
haemoglobin, red cell count, and MCV were
of borderline significance (table 3). Multiple

Leight velocity in the six regression confirmed MCHC as the only
enectomy was 7-0 (3 1) independent correlate of the presplenectomy
dence interval (CI) 6-0 to haematology with change in height velocity.
cm/year (95% CI 8-2 to Change in height velocity was not related to
iths after operation, repre- the serum iron concentration (r=-0 09,
ease of 2-2 cm/year (95% p=0 63), iron binding capacity (r=0-32,
e second six months post- p=0.09), transferrin saturation (r=-0-14,
n (SD) height velocity was p=0 46), or serum folate (r=0.12, p=0.58)
95% CI 5.5 to 7 8). The before splenectomy. Examining the change
velocity associated with in haematological values, only MCHC was

re to values observed in significantly related to change in height
, are shown in the figure velocity and this was confirmed on multiple
scores in table 1. regression.

Table 1 Standardised scores (z scores) for growth indices before and after splenectomy

Before operation At operation Postoperative (1) Postoperative (2) Comparison of columns 1-4

No Mean (SD) No Mean (SD) No Mean (SD) No Mean (SD) 1v2 1v3 1v4 2v3 2v 4 3v4

Height velocity 32 -0-01 (1-83) - 32 1-82 (1-75)ttt 29 0 10 (2 46) - * NS -**
Height 32 -0 07 (1-03) 32 -0-13 (0 94) 32 0-16 (1-01) 29 0-27 (1-01) NS * ** * * NS
Weight velocity 31 -0-32 (246) - 31 0-12 (247) 28 0-51 (233) - NS NS NS
Weight 32 0 30 (1-18) 31 0-24 (0-98) 32 0-33 (1-16) 29 0 39 (1-14) NS NS NS NS NS NS
Weight/height 31 0-43 (1-20) 31 0-41 (0 92)t 32 030 (1-12) 28 049 (1-18)t NS NS NS NS NS NS

Comparison using paired t test; ***p<0.001, **p<0.01, *p<0.05; one sample t test; fftp<0001, tp<0 05.
Height and weight velocities were measured over 0-6 months before splenectomy, 0-6 months postoperatively (1), and 6-12 months postoperatively (2).
Weight velocities calculated without consideration of splenic weight.
NS=not significant.
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Table 2 Changes in haematology after splenectomy for hypersplenism

Mean (SD) before Mean change (95% CI) p Value
splenectomy (n=29) after splenectomy (n=27) (paired t test)

Haemoglobin (g/l) 51 (12) 32 (26 to 37) <0-001
Packed cell volume 0-17 (0-04) 0-08 (0-07 to 0 10) <0 001
MCHC (g/l) 309 (32) 23 (7 to 39) 0-007
Red cell count (x101A) 2-0 (05) 11 (0 9 to 1-3) <0 001
MCV (fl) * -3 0 (-6-1 to 0-1) 0-06
MCH (pg) 26-3 (4-1) 0 7 (-0 9 to 2 3) 0-4
Recticulocyte count () 20-0 (83) -11-3 (-14-7 to -80) <0 001
Platelet count (x109/1) 231 (109) 336 (252 to 420)t <0 001

*Vanable not normally distributed: median (range) ofMCV is 85 (69-117); tn=21.

Discussion
Hypersplenism is associated with excessive red
cell destruction in SS disease with mean red cell
life spans as short as two days.5 In the face of
this haemolysis, haemoglobin concentrations of
30-60 g/l can only be maintained by marked
erythropoietic expansion and consequently
increased demands of amino acids and calories
that may compete with demands for growth.
The normal mean standardised scores for
height (compared with a cohort of SS children)
suggest that SS patients with hypersplenism as
a group adapt to the increased erythropoietic
demands and maintain normal growth.

Splenectomy for hypersplenism reduces
haemolytic rate and was associated with an
increase in height velocity. The need to docu-
ment height velocity over periods as short as six
months inevitably leads to greater variability as
evidenced by the greater than expected spread
in presplenectomy values apparent in the figure.
Despite this source of inaccuracy, there was a
significant increase in height velocity after
splenectomy suggesting that processes com-
pensating for hypersplenism before splenec-
tomy produce a temporary growth spurt once
the excessive erythropoietic stress is removed.
Similar observations of accelerated height
velocity have also been made in Crohn's
disease6 and trichuris infection7 after treatment.
The increase in weight velocity after splenec-

tomy for hypersplenism was not significant.
Adjusting for splenic weight had little effect on
the change in weight velocity after surgery,

Table 3 Correlation between change in height velocity and haematological indices in SS
patients with hypersplenism

Haematology before splenectomy Change in haematology
(n=29) (n=27)

Correlation Correlation
coefficient p Value coefficient p Value

Haemoglobin 0 35 0-06 -0-22 0-28
Packed cell volume 0-21 0-28 0 00 0.99
MCHC 0-38 0 04 -0 47 0 01
Red cell count 0-35 0-06 0-08 0-68
MCV -0.35* 0-06 0-02 0.93
MCH -0.10 0-62 -0-32 0 10
Reticulocyte count 0 00 0 99 -0 05 0-81
Platelet count -0 07 0-72 0-31t 0-18
Haemoglobin A2 0-17 0 37 - -
Fetal haemoglobint 0.04* 0-85

*In transformation used; tn=2 1. *Not routinely measured after splenectomy.

although such adjustment must be very
inaccurate, splenic weight being influenced by
random factors such as the degree of sequestra-
tion at the time of operation and the interval
between clamping the splenic artery and vein.
The increase in height velocity after splenec-
tomy clearly exceeded any increase in weight
velocity, contrasting with the effect of nutri-
tional supplementation of severely malnour-
ished children in whom an increase in weight
velocity precedes an increase in height velocity.8
This suggests that the accelerated linear growth
is not simply consequent on a general improve-
ment in nutrition but that hypersplenism
produces specific nutritional demands. The fall
in BMI in the six months postoperatively is
consistent with this observation and argues
against a general energy deficiency9 but in
favour of a specific defect such as the marginal
availability of glycine in this condition.'0
The failure of the increase of height velocity

after splenectomy to correlate with an
improvement in haematological indices was
surprising and suggests that the acceleration in
growth was not related to any of these factors.
Changes in height velocity after splenectomy
correlated positively with preoperative MCHC
values and negatively with changes in MCHC
levels. These observations, and the borderline
significant correlations with preoperative
haemoglobin concentrations and red cell
counts, suggest that children able to maintain
higher haemoglobin production in the face of
increased erythropoietic stress are better
equipped for a growth spurt postoperatively.
The acceleration in linear growth, conse-

quent on removal of an excessive erythropoi-
etic stress in hypersplenism in SS disease, may
also have implications for the widely recog-
nised growth abnormalities in other patients
with SS disease.
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