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Abstract

Sickle cell anaemia (SCA) may be associated withtatations in coagulation pro-

file which may be associated with derangement of lkeaostatic mechanisms that
may impart a thrombogenic tendency. This coagulatio activation in SCA trig-

gers haemolysis thus affecting haemoglobin conceation. The aim of this study
Is to determine the correlation if any between haeoglobin concentration and co-
agulation profile among children with SCA in steadystate and crisis and those
with normal HbAA genotype. To compare the mean valas of haemoglobin con-
centration in steady state and crisis with those wh normal haemoglobin geno-
type. This is a prospective observational study irotving 50 children with SCA in

steady state, 50 with vaso-occlusive crisis and @a@th HbAA genotype carried out

from June 2009 through October 2009. All the valuesvere matched for age and
sex. Among sickle cell patients in steady state, @aoglobin concentration has a
significant negative correlation with activated patial thromboplastin time r= (-

0.33 for steady state) and (r=-0.26 for crises) anshows a negative correlation
with prothrombin time, bleeding time and thrombin time. Haemoglobin concen-
tration however shows a positive correlation with fatelet count. Among sickle
cell anaemia patients in vaso-occlusive crisis, haeglobin concentration shows a
significant positive correlation with platelet court (r=0.38), activated partial

thromboplastin time(r=-0.26) and a significant negéve correlation with

prothrombin time(r=-0.29). Among normal HbAA patients, haemoglobin concen-
tration shows no significant correlation with coagulation variables. The mean
haemoglobin concentration(g/dl) of children with stkle cell anaemia in steady
state (7.24.2) and crisis (6.8%.7), were significantly lower than those with nor-
mal haemoglobin genotype (10.8#2); P < 0.000Haemoglobin concentration corre-

lates positively with platelet and negatively withother coagulation profile among SCA in
steady state and crises but not affected in norm&BAA genotype.
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Introduction contributes the equivalent of 3.4% mortality inldren
aged under -5 worldwide or 6.4% in Africa [2]. Sikell
Sickle cell anaemia (SCA) is a genetic haemato#dgic disorder affects millions of people worldwide asdpiar-
disorder characterized by red blood cells thatrssan ticularly common among people whose descents ane fr
abnormal, rigid, sickle shapg] .This hereditary disorder Africa [3]. In Nigeria it occurs in about 3% of tipepula-
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tion while the trait is about 18-25% [4Furthermore, in  (NBSCU). The children outpatient clinic runs every
America, approximately 0.10% of the populations §mo weekday and a total of 840 patients are seen monthl
of whose ancestors are from Africa) are affectqdTbe  Ethical clearance for the study was obtained frbenRe-
disease occurs in about 1 in every 500 Africarhbjrais search and Ethical Committee of the University dafeN
against 1 in every 1000 - 1400 Hispanic Americathbi ria Teaching Hospital. A written consent was olsdin
from the parents/ caregivers of the subjects amirais
Sickle cell anaemia is associated with a hypercladdr  after explaining to them, in detail, the objectivasthe
state that may contribute to certain morbiditieshsas study as well as the method of specimen collection.
vaso-occlusion and cerebrovascular accidents [B]is
also worthy to note that decreased levels of nhami-  The subjects studied included known sickle celleania
coagulant proteins (protein C and S) are observed ipatients aged between 6 months to 18 years coesider
sickle cell anaemia and even more so in vaso-agelus clinically to be in bone pain crisis defined by Qio et al
crisis [7,8]. These reduced levels may be the apresece as bone or joint pains in a single or multiple siteeding
of chronic consumption of coagulation factors iags analgesics or hospitalization [1].
from increased thrombin generation and haemolysi$he stable patients were those with HbSS who had be
which occur in the vascular endothelium [9]. Thereta= ~ apparently well for a minimum of 4 weeks before re-
tions observed between haemoglobin concentratiod cruitment.Patients excluded include those with any type
plasma measures of coagulation activation sugdest t of infective illness and any patient with recenbdud
theactivated blood coagulation present in SCD is diie, transfusion during the preceding 3 months.
leastin part, to hemolysis with resultant scavenging of ) )
nitric oxideby cell-free plasma hemoglobin. These results! "€ controls were patients with normal Haemoglobh
are consistentith a recent report that hemolysis and de-9enotype matched for age and sex. Children witklesic
creased nitric oxidbioavailability appear to contribute to Cell anaemia who were attending the sickle cefiiclor
platelet activation SCD-associated PHT [10]. presented at the children emergency ward who il
This study therefore aims at determining the catieh, the inclusion criteria were consecutively recruiiet the
if any, and levels of some coagulation profiles agio Study. For the control group, the same method veasl u
patients with sickle cell disorder in this enviroemy (O recruit apparently healthy children (with HbA&m-
when compared with subjects with normal haemoglobifyPe confirmed by haemoglobin electrophoresis) cgmi
genotype. The findings from this study may addte t for fol_low up after recovery from an acute ill hitralike
increasing knowledge of this challenging diseagtraay ~ Malaria and upper airway disease malaria at thidreh
help to improve management of children with thisodi out patient department and the consultant’s clinic

der especially during crisis. o ) o
Prothrombin time was ascertained by delivering 0.dim

Methodology plasma into a glass tube placed in a water batn Quitml

of thromboplastin and calcium (a saline brain esttrzn-
The study was carried out at the children emergemoyn  taining tissue factor and a lipoprotein). Activateattial
(CHER), children’s outpatient (CHOP) and consuliant thromboplastin time in kaolin was done by mixingial
clinics of the Paediatrics Department of the Ursitgrof ~ volumes of the phospholipids reagent and the kel
Nigeria Teaching Hospital (UNTH) Ituku-Ozalla, Enyg pPension. Thrombin time was done by adding 0.1ml
Nigeria. The subjects were children with sickle | cel thrombin solution to 0.2ml of control plasma in &ss
anhaemia in Steady state aged 6months to 18yrgj'3:tg3n tube at 37 while the activity was timed with the stop-
the sickle cell clinic. There are about seven heddril-  watch [11].
dren registered at the sickle cell clinic of UNTERugu
with an average of 5 new patients a month. Theicclin Platelet count and haemoglobin concentration weee a
runs on Mondays with a weekly attendance of betwidgen lyzed using automated Sysmex KX-21N model [11].

to 20 patients. It is run by 3 Consultants, 2 SeRiegis- Bleeding Time was estimated using the Ivy's method
trars, and 4 Registrars. [12].All the laboratory tests were also done ondbetrol

samples that had been matched with age and sexheith
The control population were children who were apparsubjects.
ently healthy with normal heamoglobin genotype (DA
confirmed by haemoglobin electrophoresis. UNTH has Data was analyzed by SPSS version 13. An initied fr
total bed space of 480 and provides specializadcssrin - quency count of all variables was done. The mearges
the major fields of medicine. It is a referral genfor ~and standard deviation of the coagulation valueséady
various health centers in Enugu state and envirbhe. State were compared with values of normal haemaglob
Paediatrics department comprises the children tiatga genotype using ANOVA test. Correlation between Hae-
clinic (CHOP), the children emergency room (CHERg  moglobin concentration, coagulation variables aleed
general ward, and the new born special care uning time were compared using the Pearson correlatio
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variable. Haemoglobin concentration of subjects wasubjects (children with SCA) and controls were aisdl

compared with controls using student T test. Thetiom-  matched for sex; males (56%), females (44%) indstea
ship between age, sex and coagulation profile wal@i-  state; males (52%) and females (48.0%) in bone @&in
lated using chi-square. The Level of significanaswget ses (p=0.983); males (44.0%) and females (56%0)1A c

at P<0.05. trols (}¥=0.213, p=0.644)he sex distribution in the
groups of patients was examined with the Chi-sqtese
Results and the gross differences were not statisticafjpificant

(p= 0.644).This indicates that the groups were matched by

A total of 150 children aged 6 months to 18 yeaesey g€ and sex.

recruited into the study; 100 were confirmed to éhav Table 1 also shows that children with normal haeshay
haemoglobin SS genotype: 50 of whom were in steadgA had a significantly higher mean haemoglobin @mc
state while the remaining 50 were in bone pairesti¥he tration (10.8+1.2); P=0.000, than sickle cell anzepa-
control consisted of 50 children within the samee agtients who were either in steady state or in crisiew-

group who had haemoglobin AA genotype. ever there was no significant difference betweenrthe-
moglobin concentration of sickle cell patients teagly
As illustrated in Table 1, the mean ages of subject state and those in crisis.

steady state (8.41yrs+4.80), in crises (8.56yr€5and
control (8.39yrs+5.38) were comparable; ( p= 0.983

Table 1. Demographic characteristics of subjects and contdlD Comparison of haemoglobin concentration(g/dl)
among children with sickle cell anaemia

Steady state Crises state Normal Hb

n=50 n=50 n=50

n (%) n (%) n (%)
Age(in yrs)
<5 11(22) 10(20) 13 (26)
5-9 9(18) 11(22) 1020
10-189 30 (60) 29(58) 2(4)

P=0.018 f=0.983
Gender
Male 28(56) 26(52) 2244
Female 22(44) 24(48) 28(56)

X?=0.213 p=0.026
Haemoglobin conc Steady state patients Crisis state patients Normal Hb AA patients f p
(g/dl) (n =50) (n =50) (n =50)
Range (g/dl) 5.0-10.1 2.3-10.0 8.2-14
Mean Hb (g/dl) 7.2+1.2 6.8+1.7 10.8+1.2 121.8.000

The overall analysis (ANOVA) is significant (p =000

Table II: Correlation between haemoglobin concentration arehmvalues of coagulation variables among subjects
(HBSS in steady state and in crisis) and contrd@3A&A)

Hb Conc. Mean PT Mean APTT Mean TT Mean PC Mean B
Steady state
40-59 13.2+1.3 53.7+£13.8 125+14 21/163.6 38+1.2
6.0-7.9 124+1.2 41.1+9.0 124+1.2 306184.4 3.4+£0.9
8.0-9.9 123+1.1 37.4+5.9 120+1.1 3361%8.9 3.1+1.0
10.0-11.9 125+2.1 40.0+0.0 13.8+1.8 3064 5.0£0.0
r=-0.19 r=-0.33* r=-0.03 r=0.15 r=-0.06
Criss state
2.0-3.9 141+11 38.1+5.2 135+15 192126.3 29105
40-59 14.1+£29 43.8+10.4 134+11 193860 3.6+04
6.0-7.9 12.3+1.3 46.1+12.2 12.0+1.7 262138.0 3.2+0.6
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8.0-9.9 12.1+1.8 48.3+11.4 129+1.7 341163.3 2.9+0.9
10.0-11.9 12.0+£0.0 45.0+0.0 12.0+£0.0 635000 3.2+£0.0
r=-0.29* r =-0.26* =-0.20 r =0.38** =-011
Normal state
8.0-9.9 11.0+£0.8 37.9+7.6 95+25 233865 34+1.2
10.0-11.9 11.3+0.8 40.3+6.5 10.0+£0.8 206682.4 39+£1.0
12.0-13.9 109+1.0 37.3%+5.1 10.0+0.3 19060.8 3617
14.0 -15.9 11.0+£0.0 13.0+£0.0 10.0+£0.0 220000 4.1+0.0
r=-0.01 r=-021 r=0 r=-0.08 r=0.16

* - Significant (p< 0.05), ** - Significant( p< 0.01), PT — prothrombin time, APTT — ActivatedtR&iThromboplastin
Time, TT — Thrombin time, PC — Platelet count, EHleeding time. r — correlation coefficient

Table Il shows the relationship between haemoglobirtermine correlations between plasma measures df bot
concentration and coagulation variables. coagulationand endothelial activation, and markers of
hemolysis in SCpatients with and without PHT.

Among sickle cell patients in steady state, haeotzg|
concentration has a significant negative correfatioth  There is a negative correlation between Haemoglobin
activated partial thromboplastin time r= (-0.33)l@hows  concentration and coagulation profile (PT, aPTT).TT
a negative correlation with prothrombin time. Tisi®ven  This is also in keeping with the study of Atagalketwho
lower with bleeding time and thrombin time. Haenwegl noted that hemoglobin concentration showmddest
bin concentration however shows a positive coli@at negative correlations with TAT, F1+2, D-dimers and
with platelet count. SVCAM. In this present study we did not correlateh

] ] ] o ] moglobin concentration and TAT, F1+2, D-dimers and
Among sickle cell anaemia patients in crisis, hagiotin  s\yCAM due to lack of facility. Correlations obsedve
concentration shows a significant positive corietat petween markers of hemolysied plasma measures of
with platelet count (r=0.38), activated partial di-  coaqylation activation suggest that thetivated blood
poplagtln tlme(r=0.26)_and a significant negatieerela- coagulation present in SCD, is due, at léaspart, to
tion with prothrombin time(r=-0.29). hemolysis with resultant scavenging of nitric oxiole
cell-free plasma hemoglobin. These results areisimms
with a recent report that hemolysis and decreaseid n
oxide bioavailability appear to contribute to plateletiac
vationin and coagulation activation SCD-associated PHT
[13].Several factors, including abnormald blood cell
phospholipid membrane asymmetry, with increased
pression of phosphatidylseringnd ischemia-reperfusion
injury appear to contribute to these phenomenom [14,15].
Children with sickle cell anaemia both in steaditestand
crisis have significantly lower haemoglobin concatibn
when compared to control. This may be due to prereat
haemolysis and reduced red blood cell lifesparhasd
ésubjects [16, 17].

Among normal HbAA patients, haemoglobin concentra
tion shows no significant correlation with coagidat
variables.

Discussion

The findings of this study provided further evidenan
the impact of coagulation abnormalities on haemaiglo
concentration among children with sickle cell an@em
There is a significant negative correlation betwbae-
moglobin concentration and most of the coagulatian-
ables studied both in patients with sickle celleani in
crisis and steady state when compared with control
These negative correlations portend the fact toat |
haemoglobin concentration may have an adverseteffec
the haemostatic system. The positive correlatidwéen
haemoglobin concentration and platelet count waedo
in both subjects in steady state and crisis, unfikéhose
with normal haemoglobin genotype.

It is however striking to note that some childreithw
sickle cell anaemia in steady state have relativegh
haemoglobin concentration. This may be due to legh
els of fetal haemoglobin (HbF) as found by Ibia][18e
noted that red blood cells which contain HbF, idiadn
to HbS, were less susceptible to haemolysis tharcetls

Reduced haemoglobin concentration generates 2,3 Jyithout HbF.

phosphoglcerate with reduced adenosine diphosphate. .

Lower aggregation threshold of adenosine diphogphaf-onclusion

causes a significant increase in platelet numbdrran » ) )
cro-aggregate formation [12].These results are istemt There are positive correlation between haemo_globm
with a recent report that hemolysis and decreagti¢ n Centration (HB) and platelet count and a negatoreeta-
oxide bioavailability appear to contribute to plateletiac tion between HB and PT, aPTT and TT. This shows tha

vationin SCD-associated PHT [13Maga et al [13] de- the lower the HB the more probable will a sickld pa-
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tient be exposed to either thrombosis or posdilded- 9. Lane PA, O’Connell JL, Marler RA. Erythrocyte mem-
ing; a curious paradox! brane vesicles and irreversibly sickled cells bigd
protein S. Am J Hematol 1994; 47: 295-300.
10. Kenneth |, Attaga I, Charity G, More |, Cherry A,
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