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ABSTRACT 

Background: Sickle cell disease (SCD) is a public health problem in sub-Saharan Africa. Recent 

improvement in healthcare has ensured significant increase in survival and increased chance of getting 

pregnant. Chronic haemolysis is a feature of SCD; haemolysis has been linked to chronic 

uncompensated anaemia, pulmonary hypertension, chronic leg ulcers, priapism, renal impairment, 

acute vaso-occlusion, venous thromboembolism and death in SCD. Hyperhaemolysis occurs in 

stressful conditions, and pregnancy can be stressful. Pregnancy in SCD, can be life-threatening and 

may be associated with poor fetomaternal outcome. Few studies, have looked at hyperhaemolysis 

during pregnancy and its association with fetomaternal outcome.  

 

Methodology: A prospective cohort study with 25 pregnant women with SCD, and their 2 sets of 

matched controls (23 pregnant women without SCD; 25 non-pregnant women with SCD) was 

conducted at the Obstetrics department, Korle-Bu Teaching Hospital, and the adult sickle cell clinic, 

Ghana Institute of Clinical Genetics, Korle-Bu. The pregnant women with and without SCD were 

matched for gestational age (±2weeks) and enrolled during the second trimester. Most pregnant women 

presenting to the clinic for their booking visit are unsure of the date of their last menstrual period. As 

such, the gestational age is determined by an obstetrics scan. During the second trimester an obstetrics 

scan gives an error margin of 10 to 14 days; hence there will be no difference in the gestational age 

match using ±2weeks. The SCD group (pregnant/non-pregnant) were matched for age (±2years) and 

phenotype. The age match was based on convenience. All pregnant women with and without SCD 

were followed up prospectively till six weeks postpartum. The non-pregnant women with SCD had 

only baseline samples drawn. The primary outcome of the study was to determine the association 

between hyperhaemolysis and fetomaternal outcome in pregnant women with SCD using selected 

markers of haemolysis- haemoglobin, absolute reticulocyte count, lactate dehydrogenase (LDH), 

aspartate aminotransferase (AST), serum bilirubin and urobilinogen. The maternal outcomes were  

acute pain, ACS and anaemia. The fetal outcomes were spontaneous abortion, intrauterine fetal death 

(IUFD), preterm birth and low birthweight. Data was extracted using Excel and analysed by the use of 

means, standard deviation, analysis of variance and logistic regression using STATA corps version 14.  

 

Results: The mean age of the study participants was 30.3 ± 5.3 years. The mean gestational age at 

enrollment for the pregnant women with and without SCD was 19.4 ± 3.7 weeks. There were 13 acute 

pain episodes in nine pregnant women with SCD with a pain incidence rate of 1.23 events per patient-

years. There was no admission for ACS during the study period. Using the criteria for defining 
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hyperhaemolysis, only one patient each had a drop in Hb ≥20% from baseline at 28 and 36 weeks’ 

gestation and six weeks postpartum; with no corresponding 25% increase in reticulocyte count and an 

increase in LDH, indirect bilirubin and AST. There were no significant differences in the 

concentrations of the haemolytic markers during study follow-up. Compared to the pregnant women 

without SCD, the pregnant women with SCD had more caesarean deliveries [4(19.0%) vrs 

18(72.0%);p=0.01]; preterm births [5(27.8%) vrs 10(41.7%);p=0.35], low birthweight babies 

[3(16.7%) vrs 7(29.2%); p=0.74] and IUFD [0 (0.0%) vrs 2 (8.0%)] respectively.  

 

Conclusion: This study did not demonstrate hyperhaemolysis in pregnant women with SCD; hence 

no association between hyperhaemolysis and fetomaternal outcome could be determined. There was 

no difference in steady state laboratory parameters of the selected markers of haemolysis between the 

SCD cohorts (both pregnant and non-pregnant). 
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CHAPTER 1: BACKGROUND 

1.1 Introduction 

Sickle cell disease (SCD) is a chronic haemolytic disorder. It involves the inheritance of an abnormal gene 

which codes for valine at position 6 of the β- globin chain resulting in HbS. Homozygous form of the 

disease (HbSS) is known as sickle cell anaemia (SCA); whereas double heterozygotes include HbSC, Hb 

S- beta thalassemia and HbSD, the commonest in Ghana being HbSC,1 HbS/β+-thalassemia and HbS/β0-

thalassemia.2 In SCD, the abnormal genotypes are associated with a wide range of clinical phenotypes: 

anaemia, chronic haemolysis, vaso-occlusive events and end organ failure. The disease is most prevalent 

in sub-Saharan Africa with approximately 200,000 SCD-related births per year.3 In Ghana, 15 to 30% of 

newborns are delivered with sickle cell trait (HbAS) while 2% are born with SCD each year.4–6 

Improvements in public awareness, technology and medical care, have significantly reduced SCD-related 

mortality.7 Currently, more women with SCD are living to their reproductive ages,8 and getting pregnant.9  

Pregnancy in SCD has become an emerging life-threatening condition in Africa. A recent meta-analysis 

found that pregnant women with SCD in both high- and low-income countries, had increased odds of 

maternal and perinatal morbidity and mortality compared to pregnant women without SCD.10 The reported 

adverse maternal outcomes included increased occurences of antenatal hospitalizations, acute vaso-

occlusive events [acute pain and acute chest syndrome (ACS)],11–14 severe anaemia and venous 

thromboembolism (VTE).15 Pulmonary complications are the commonest cause of death.16 The reported 

adverse fetal outcomes in pregnant women with SCD compared to the outcomes in the non- SCD 

population included spontaneous abortions, low birthweight, intrauterine growth restriction (IUGR), 

preterm birth, intrauterine fetal death/ stillbirth, perinatal and neonatal mortality.10 

 

Haemolysis in SCD and other haemoglobinopathies, is a pathologic event with known cardiovascular, 

pulmonary, gastrointestinal and renal manifestations.17 It results from the early destruction of sickled red 

blood cells (RBCs). It can be either intravascular or extravascular. In SCD, the average red cell lifespan 

is less than 20 days;18,19 as compared to the average red cell lifespan in the normal population of 90 to 120 

days.18,19 The rate of destruction of these sickled RBCs far exceeds the rate of production of RBCs, hence 

a chronic uncompensated anaemia results.  
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The chronic haemolysis in SCD adversely affects the bioavailability of nitric oxide, leading to pulmonary 

hypertension,17 chronic leg ulcers, priapism, renal impairment, acute pain episodes, ACS, VTE, and 

death.20–26 Markers of haemolysis have been correlated with the consumption of nitric oxide, the 

development and severity of chronic end organ damage.20,21 

 

1.2 Problem Statement  

Sickle cell disease patients have an ongoing chronic haemolysis. However,  increased haemolysis 

(hyperhaemolysis), is known to occur in stressful conditions in these patients.27 Pregnancy, is a stressful 

condition.  

 

A retrospective study looking at the causes of maternal deaths in 44 pregnant women with SCD at the 

Korle-Bu Teaching Hospital, Accra from January 2010 to December 2016 reported a worrying trend.28 

Thirty-three (75.0%) of the women were hospitalized for acute pain episodes with approximately 80% of 

them having a sequelae of ACS. There were also 2(4.5%) spontaneous abortions and 12(27.3%) 

intrauterine fetal deaths.28 A prospective cohort study was conducted in the same setting with 90 subjects 

from May 2015 to April 2016. During the study period 40(44.4%) pregnant women with SCD were 

hospitalized for acute pain episodes with 14(16.0%) of them developing a sequelae of ACS.29 There were 

also 3(3.3%) spontaneous abortions and 2(2.2%) perinatal deaths.29 

 

Of note however, is the fact that only 8(18%) cases in the retrospective cohort study, and none of the 

patients in the prospective cohort study had documented evidence of preceding hyperhaemolysis. The 

hyperhaemolytic states may have been missed, because markers of haemolysis were not systematically 

evaluated in both cohorts. The association if any, between hyperhaemolysis and fetomaternal outcome 

was therefore not established.  

 

It is clear from the above studies that pregnant SCD women face a significant risk of adverse fetomaternal 

outcomes. Establishing the effect of hyperhaemolysis on their fetomaternal outcomes will enable 

healthcare providers identify and intervene early during increased haemolytic episodes in these women. 

 

Additionally, the steady state mean values of the markers of haemolysis in both non-pregnant and pregnant 

women with SCD are currently not known. The frequency of hyperhaemolytic episodes during pregnancy 
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and the association between hyperhaemolysis and adverse fetomaternal outcomes amongst women with 

SCD have also not yet been established. These are the answers that this study sought to elucidate. 

 

1.3 Justification / Relevance 

This study has the potential to provide baseline data that will establish the association between 

hyperhaemolysis and fetomaternal outcome in pregnant women with SCD. It will also provide an estimate 

of the steady state of some selected markers of haemolysis in both pregnant and non-pregnant women 

with SCD.  

 

Due to the absence of systematic evidence and protocols to guide Clinicians on good clinical practice, this 

study will help develop guidelines to improve the management of women with SCD during pregnancy in 

Ghana. Monitoring of women with SCD during pregnancy for hyperhaemolysis, might help improve 

fetomaternal outcomes associated with these patients. 

 

1.4 Hypothesis 

Hyperhaemolysis in pregnant women with SCD results in poor fetomaternal outcome. 
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CHAPTER 2: AIM AND SPECIFIC OBJECTIVES 

2.1 Aim 

To determine the association between hyperhaemolysis and fetomaternal outcomes in pregnant women 

with SCD at the Korle-Bu Teaching Hospital.  

 

2.2 Specific Objectives  

 To determine the frequency of hyperhaemolysis in pregnant women with SCD  

 To determine the association between hyperhaemolysis (if any) and acute maternal events in 

women with SCD  

 To determine the association between hyperhaemolysis (if any) and adverse fetal outcomes in 

women with SCD  

 To compare the steady state values of the selected markers of haemolysis in non-pregnant 

women with SCD and pregnant women with SCD  
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CHAPTER 3: LITERATURE REVIEW 

3.1 Haemoglobin 

Haemoglobin is an oxygen binding protein of red blood cells (RBCs), weighs 68 Kilo Daltons and is made 

up of haem (an iron-porphyrin complex called Iron-Protoporphyrin IX) with an attached globin protein. It 

consists of four polypeptide subunits (tetramer) of two identical alpha-like globin chains [alpha (α) and 

zeta (ζ)] and two identical beta-like globin chains [gamma (γ), delta (δ), epsilon (ε) or beta (β)]. Each 

alpha polypeptide unit has 141 amino acid residues and each beta polypeptide unit has 146 amino acid 

residues. The alpha-like globin genes (α) are on the short arm of chromosome 16 while the beta-like globin 

genes (γ, δ, ε or β) are on the short arm of chromosome 11. The four subunits are bound as one unit by 

non-polar interactions and hydrogen bonds. Each haemoglobin subunit has one polypeptide unit and an 

attached cofactor - haem group; that has a ferrous iron atom centre for binding reversibly to oxygen. Each 

haemoglobin molecule therefore contains four iron atoms which carry four oxygen molecules. The 

functions of the haemoglobin molecule include transport of oxygen from the lungs to the peripheral 

tissues, transport of carbon dioxide to lungs, as well as contributing to acid-base balance.   

 

 

Figure 1: Structure of adult haemoglobin30 

 

Different haemoglobin molecules are expressed at the different developmental stages of life. The types of 

haemoglobin include the embryonic, fetal and adult haemoglobins. In embryonic development there are 
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four different kinds of haemoglobins: ζ2ε2 (Hb Gower-1), α2ε2 (Hb Gowler-2), ζ2γ2 (Hb Portland-1) and 

ζ2β2 (Hb Portland-2).31 These embryonic haemoglobins are found within the first few months of life. At 

conception, haematopoiesis occurs within the yolk sac. The major haemoglobins synthesized include Hb 

Gower-1 (ζ2ε2) and Hb Gower-2 (α2ε2) with approximately 32% ζ globin chains, 34% ε globin chains and 

24% α globin chains. At approximately 3 weeks gestation, whilst a slight reduction in production of the ζ 

and ε globin chains occurs, approximately 20% and < 5% of the γ and β globin chains respectively, are 

produced in addition in the yolk sac which combine with the existing ζ globin chain to produce Hb 

Portland-1 (ζ2γ2) and Hb Portland-2 (ζ2β2). Once the embryo develops into a fetus, the haemoglobins are 

replaced by fetal Hb. At approximately six weeks gestation, the liver takes over the production of the 

globin chains (α, γ and β) with a drastic reduction in the production of the ζ and ε chains. From 24 weeks 

gestation, haematopoiesis occurs in the liver, spleen as well as the bone marrow. At birth, while production 

of the γ globin chain is reducing, production of the β and δ globin chain increases; with most of 

haematopoiesis occurring in the bone marrow. In fetal life, the bulk of the haemoglobin synthesized is 

HbF (α2γ2). The fetal haemoglobin (HbF) has a higher affinity for carrying oxygen as compared to the 

adult haemoglobin, and remains in the child’s blood till six months of life where there is a switch to the 

adult Hb (α2β2). In normal adults, the bulk of the haemoglobin produced is HbA (α2β2): 95-98% with trace 

amounts of α2δ2 (HbA2): 2-3%, and HbF (α2γ2): 0.8-2%, Figure 2.  

 

Figure 2: Erythropoeisis during development: Gene expression of haemoglobin before and after birth32 
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Inherited haemoglobin disorders: These can be classified as either structural haemoglobin abnormalities 

[haemoglobin S (HbS), other haemoglobins with altered oxygen affinity, unstable haemoglobins and 

HbM]33 or haemoglobin disorders resulting from an imbalanced (reduced or absent) globin chain 

production (for example, thalassemia). 

 

3.2 Sickle Cell Disease 

Sickle cell disease is recognised as one of the major public health problems by the World Health 

Organization.34 It is most prevalent in the sub-Saharan region of Africa with approximately 200,000 SCD 

births per year.3 Currently, it has been estimated that, yearly there are more than 300,000 births with sickle 

cell anaemia worldwide; of which approximately 85% of these births are in sub- Saharan Africa.35,36 In 

Ghana each year, 15 – 30% of newborns have sickle cell trait (HbAS) whilst 2% of neonates are delivered 

with SCD.4–6 

 

Sickle cell disease (SCD) is a chronic haemolytic disorder involving the inheritance of an abnormal gene 

which codes for valine at position 6 of the β- globin chain resulting in HbS. Haemoglobin S (HbS) is a 

result of a single amino acid substitution in the Hb molecule. The base change in gene coding for β-globin 

chain of adult haemoglobin involves the substitution of glutamic acid (coded by GAG) for valine (coded 

by GTG) at codon 6 of the gene (Glu6Val).37  

 

Figure 3: Single gene amino acid substitution in sickle cell disease38 
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Homozygous mutation is known as sickle cell anaemia (SCA). Double heterozygosity occurs by the 

inheritance of dual mutations in the two  β-globin  alleles (that is, combination of HbS and another β-

globin mutation), leading to the formation of compound heterozygous groups with subsequent reduction 

or absence in the expression of a normal β-globin chain. The most common heterozygous groups are HbSC 

[where there is glutamic acid to valine substitution (HbS) and glutamic acid to lysine substitution (HbC)],1 

HbS/β+-thalassemia and HbS/β0-thalassemia.2  

  

The surface of the HbS molecule has mainly hydrophilic amino acid side chains that are held together 

with smaller hydrophobic side chains. The abnormal haemoglobin (HbS) in the deoxygenated state, has 

the beta-6-valine becoming buried inside a hydrophobic pocket on an adjacent beta-globin chain, which 

joins all the molecules together to form insoluble polymers. These polymerize, aggregate and lead to the 

formation of rigid, adherent sickled RBCs that become trapped in the microcirculation causing vaso-

occlusion as well as ischemia-reperfusion injury in various organs.39 These abnormal sickled shaped RBCs 

are also prone to haemolysis as a result of mechanical shearing of the RBC membrane by intracellular 

HbS crystal polymers, oxidative and metabolic stress.40,41 Haemolysis leads to exposure of surface 

phospatidylserine residues and a reduction in membrane fluidity. The pathophysiology of SCD involves 

the vascular endothelium, neutrophils, coagulation mechanism and inflammatory response triggered by 

the abnormality in the red cells,40,42,43 Figure 4.  
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Figure 4: Pathophysiology of sickle cell disease related pathologies 

 

The abnormal genotypes are hence correlated to a fairly wide range of clinical phenotypes such as 

anaemia, chronic haemolysis, vaso-occlusive events [such as acute pain episode in the chest, abdomen 

and limbs, acute chest syndrome and venous thromboembolism] as well as end organ damage resulting in 

autosplenectomy, cerebral infarction and childhood cerebral atrophy. Other clinical manifestations during 

adulthood include intracranial haemorrhage, retinopathy, sickle cell chronic lung disease, 

cardiomyopathy, splenic and hepatic sequestration, sickle cell nephropathy (glomerulosclerosis), 

osteonecrosis (avascular necrosis of femoral/ humeral head), gallstones (cholelithiasis) and chronic leg 

ulcers. Clinical symptoms of SCD can be precipitated by fever, infections, excessive physical activity or 
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exertion, temperature changes (cold weather leads to reflex vasospasm while warm weather predisposes 

to dehydration), hypoxia, high pH (which reduces HbS oxygen affinity) and stress. 

 

3.3 Haemolysis  

Haemolysis, is the destruction of RBCs from the peripheral blood circulation before they attain their 

normal lifespan of approximately 90 to 120 days in HbAA individuals.18,19 Haemolysis usually occurs in 

a small percentage of RBCs as a mode of eliminating damaged RBCs.  In disease however, haemolysis is 

usually associated with a haemolytic anaemia due to phagocytosis of deformed red cells, antibody-

mediated destruction of RBCs through complement activation or phagocytosis, direct mechanical trauma, 

oxidative stress, direct RBC destruction (by trauma, toxins or lysis) or RBC fragmentation. Haemolytic 

anaemias can be chronic to life-threatening and can be classified as either immune or non-immune 

haemolytic anaemias, inherited or acquired haemolytic anaemias, or intravascular or extravascular 

haemolytic anaemias. 

i. Immune or Non-immune Haemolytic anaemias 

Immune haemolytic anaemias  

Includes haemolytic anaemias that are mediated by antigen-antibody reactions with the RBC leading 

to complement mediated destruction or phagocytosis. These antibodies can either be self antibodies 

(autoimmune) or alloimmune; and the haemolysis involved here can be either extravascular or 

intravascular. Can be sub-classified into Autoimmune haemolytic anaemias and Alloimmune 

haemolytic anaemias. 

Autoimmune haemolytic anaemias: can be further sub-classified into: Warm autoimmune 

haemolytic anaemia or Cold autoimmune haemolytic anaemia. Warm autoimmune haemolytic anaemia 

involves IgG antibodies, and accounts for most of the cases of autoimmune haemolytic anaemias (e.g 

Systemic Lupus Erythematosis). Cold autoimmune haemolytic anaemia involves IgM antibodies (e.g 

Cold Haemagglutin Disease). 

Alloimmune haemolytic anaemias: include haemolysis caused by blood transfusion reactions. 

 

 



11 

 

Non-immune haemolytic anaemias  

Includes haemolytic anaemias that are not mediated by immune causes. These haemolytic anaemias 

can be diagnosed by positive routine tests for haemolysis; and are characterized by a negative anti-

human immunoglobulin or Coombs test. They can be further sub-classified as Hereditary or Acquired 

non-immune haemolytic anaemias. 

Hereditary non-immune haemolytic anaemias: includes both qualitative haemoglobin disorders (e.g 

sickle cell disease) and quantitative haemoglobin disorders (e.g thalassemias), red cell membrane 

disorders and red cell enzymopathies.  

Acquired non-immune haemolytic anaemias: includes haemolysis caused by infections, drug and 

metal intoxications and paroxysmal nocturnal. 

ii. Inherited or Acquired Haemolytic Anaemias 

Inherited or Intrinsic haemolytic anaemias can be further sub-classified as membranopathies (e.g. 

hereditary spherocytosis, hereditary elliptocytosis), haemoglobinopathies (e.g sickle cell disease and 

thalassemia) and enzymopathies (includes conditions such as  pyruvate kinase deficiency (PKD) and 

Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency). In SCD, there is the inheritance of an 

abnormal gene on the β-globin chain. The haemoglobin formed is hence abnormal and the RBC is 

prone to haemolysis. This haemolysis leads to exposure of phosphatidylserine on the RBC surface 

which leads to a myriad of complications. 

Acquired or Extrinsic haemolytic anaemias are caused by factors outside the RBC. In this situation, 

there is normal haematopoiesis with normal RBC production in the bone marrow. These RBCs are later 

destroyed directly in the bloodstream from factors such as antibodies, or get trapped and recycled 

prematurely in the spleen. Examples include autoimmune haemolytic anaemias, alloimmune 

haemolytic anaemia, drug induced haemolytic anaemia, mechanical haemolytic anaemia and 

haemolysis associated with infections such as malaria. 

iii. Haemolytic anaemias caused by either Extravascular or Intravascular haemolysis, or both 

Intravascular haemolysis: Occurs when there is lysis of RBCs with sustained release of RBC 

microparticles and intracellular contents into the circulation. Conditions that can result in intravascular 
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haemolysis include prosthetic cardiac valves, Glucose-6-phosphate dehydrogenase (G6PD) deficiency, 

SCD and Thrombotic thrombocytopenic purpura. 

Extravascular haemolysis: Occurs when abnormal or damaged RBCs with membrane alterations are 

removed from the blood circulation by the macrophages of the reticuloendothelial system of the spleen, 

liver, and bone marrow. This occurs in RBC membrane disorders like hereditary spherocytosis, and in 

haemoglobinopathies e.g SCD. 

 

3.3.1 Haemolysis in sickle cell disease 

Chronic haemolytic anaemia is an important pathology in SCD; and the amount of haemolysis varies 

between the genotypes of SCD. Generally, the lifespan of sickled RBCs is less than 20 days.18,19 Most of 

the haemolysis in SCD is extravascular, with about one- third being intravascular.39 This is because the 

pathology of SCD involves damaged or abnormal RBCs with membrane alterations or senescent RBCs 

which are removed from the blood circulation by the reticuloendothelial system of the spleen, liver, and 

bone marrow during extravascular haemolysis. CD163 and CD91 are scavenging macrophage receptors 

coexpressed on human dendritic cells and monocytes. Sickle cell disease patients are reported to have low 

serum levels of the anti-oxidant or scavenging molecules (haptoglobin and haemopexin)44 used primarily 

in intravascular haemolysis probably due to the effect of repeated vaso-occlusive infarctions in the liver 

and spleen. These organs cannot hence synthesize more of these scavenging molecules. In SCD patients, 

the few remaining CD163+ macrophages in the spleen and CD91+ macrophages in the liver cannot 

effectively clear the haptoglobin-haemoglobin and haemopexin-haem complexes respectively, as they 

should. In other words, there appears to be increased catabolism without compensatory synthesis of these 

molecules.   

 

3.3.1.1 Intravascular haemolysis in sickle cell disease 

Haem (ferrous protoporphyrin IX) is an extremely important iron complex in the human body because of 

its responsibility in oxygen and electron transfer. This haem, is however highly toxic because it promotes 

oxidative damage through catalysing free radical reactions which cause covalent modification of protein, 

carbohydrates,  lipids, as well as nucleotides that will result in tissue damage.45,46 
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In the event of red cell lysis from complement or shear mediation, cell-free haemoglobin is released into 

the circulation, with subsequent liberation of haem into the plasma20. Thus in chronic haemolysis, there 

are abnormally high levels of haem in the plasma.20 In healthy non-SCD controls however, haem levels 

in plasma is undetectable due to the absence of haemolysis.20 This excess amount of cell-free haemoglobin 

and haem are then bound and cleared rapidly by their respective scavenging or anti-oxidant molecules- 

haptoglobin and hemopexin (within 2 to 5 minutes for haem-hemopexin complex, and within 10 minutes 

for haemoglobin-haptoglobin complex.47,48 Haptoglobin and haemopexin however, have already been 

reported to exist in reduced quantities in SCD patients;44 with resultant impaired clearance of these 

damaging molecules.  

 

Figure 5: Mechanisms and consequences of haemolysis49 

 

Both cell-free haemoglobin and haem consume nitric oxide (NO) to generate methaemoglobin and 

nitrate.22 Further NO deficiency is caused by release of arginase-1 from sickled RBCs which degrades L-

arginine, a key substrate in the formation of NO by endothelial nitric oxide synthase.22,50 In addition, 

reactive oxygen species (ROS) reacts with NO via oxidative stress to produce peroxynitrite (ONOO--) 
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which damages various proteins (by nitrosylation) leading to protein malfunction. By the action of all 

these molecules: eDAMPs (erythrocyte damage-associated molecular pattern molecules), cell-free 

haemoglobin, haem and arginase-1, the bioavailability of NO is very low. The low levels of NO negates 

its beneficial properties such as regulation of vascular tone,23 inhibition of the expression of endothelial 

adhesion molecules,23 potency of antithrombotic effects,23 platelet activation,26 increased platelet 

adhesion51 and blockage of the progression of the cell cycle primarily at the G1/S phase. Thus, low NO 

leads to vasoconstriction, endothelial activation and cell proliferation with enhanced vaso-occlusive 

events.  

 

 

 

Figure 6: Haemolysis associated nitric oxide bioactivity23 

 

Again, during intravascular haemolysis, a large proportion of extracellular haem is borne by erythrocyte-

derived microparticles in the circulation, which then transfer their haem to endothelial cells.26 This 

transfer, results in a higher expression of endothelial adhesion molecules [like vascular cell adhesion 

molecule-1 (VCAM-1) and intracellular adhesion molecule (ICAM-1)] which enhance leukocyte 

recruitment and binding between circulating cells and the vessel wall,52  with a resultant poor 

vascularization and vaso-occlusion in SCD.26  
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Intravascular haemolysis is associated with an increased reticulocyte production due to a high red cell 

turnover. The reticulocytes have receptors and ligands eg. α4β1 and CD36,53 which adhere to the 

endothelium and leukocytes, providing another link between haemolytic anaemia and vaso-occlusion.54  

 

Intravascular haemolysis is further linked to red cell membrane damage. This results in the release of 

arginase and lactate dehydrogenase (LDH), as well as haemoglobin into plasma, and phosphatidylserine 

exposure on the surface of the red cell membrane. This results in the activation of tissue factor causing 

thrombosis (haemostatic activation).23 

 

3.3.1.2 Extravascular haemolysis in sickle cell disease 

Extravascular haemolysis happens when senescent, damaged or abnormal RBCs with membrane 

alterations are removed from the blood circulation by macrophages in the reticuloendothelial system. In 

extravascular haemolysis, RBCs with morphological abnormalities of the membrane surface and are 

unable to manoeuvre through splenic sinusoids, are immediately phagocytosed and destroyed by 

macrophages. This process also occurs in the liver. Haemoglobin is then degraded into haem and globin. 

The haem is further broken down into iron and protoporphyrin IX. This protoporphyrin IX is subsequently 

converted to biliverdin, and subsequently to unconjugated bilirubin via biliverdin reductase, with the 

release of carbon monoxide. The unconjugated bilirubin is then carried to the liver bound tightly to 

albumin. Here it is conjugated, and then excreted in the gastrointestinal tract as urobilinogen through the 

urine and stool. The globin is degraded to amino acids for the production of other proteins while the iron 

is bound to transferrin and transported into the circulation. 
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Figure 7: Processes involved in extravascular haemolysis55 

 

Chronic haemolysis in SCD hence results in haem production and nitric oxide depletion leading to 

oxidative stress, endothelial cell activation and inflammation with resultant vaso-occlusion.56,57 

 

3.3.2 Markers of haemolysis 

The investigation of haemolytic anaemias involves recognizing the existence of increased products of 

haemoglobin catabolism, and signs of increased erythroid activity. The following markers of haemolysis 

can be used:  

 

i. Reticulocyte count: Reticulocytes are non-nucleated direct precursors of RBCs and they contain 

residual RNA. This residual RNA exists in newly formed blood cells for 1 - 2 days before the cell 

reaches maturity.58  
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Figure 8: Production and maturation of reticulocytes59 

 

Reticulocytes are reported to be approximately 8% larger compared to the mature RBC.58 They are an 

index of haemopoietic activity in the bone marrow, and they are used to estimate the extent of effective 

erythropoiesis.  

 

The reticulocyte count is a well documented and strong marker that correlates with the red cell lifespan 

because they represent a distinctive cohort of cells that have just been introduced into the peripheral 

blood.58,60  

 

Clinical significance: It is elevated in haemolytic anaemias, and also in pathological and physiological 

conditions like haemorrhage and pregnancy; as well as following treatment of anaemias. 

Reticulocytosis is an important marker or pointer for monitoring recovery from haemolysis (that is, 

marrow compensation), or response to specific therapy for nutritional anaemia.58 Reticulocytopenia 

usually occurs in conditions like  aplastic anaemia, radiation therapy, untreated pernicious anaemia and 

bone marrow tumours where there is bone marrow suppression.  
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The number or proportion of reticulocytes is determined with the reticulocyte count. The reticulocyte 

count can be determined using either the manual or automated method.  

 

Manual method of reticulocyte count 

Advantages for the manual reticulocyte count include the fact that it is useful in smaller or medium 

sized low-resourced laboratories and has a lower cost compared to the automated method. This method 

however is tedious, and is prone to random errors such as intraobserver and interobserver variability. 

A study by Simionatto et al in Brazil which was translated and published in English language, reported 

a random error margin of between 7% and 40%. 61  

 

Automated method of reticulocyte count 

The automated method  is cost-effective, has much greater precision as well being more accurate in 

determining maturation levels of the reticulocytes as expressed by the immature reticulocyte proportion 

and also by other important factors, including the volume and concentration of haemoglobin.62 It 

however demands special precautions such as avoiding formation of bubbles when agitating samples 

within the reagent bottle; ensuring that the sample-stain diluent suspensions are incubated at room 

temperature; protecting the sample from exposure to light to ensure specimen integrity by avoiding 

haemolysis with subsequent erroneously low results; and also protecting the reagents since they are 

also light sensitive.63 

 

Simionatto et al in Brazil in 2010 concluded that variation between the manual and automated methods 

was very low. They confirmed that, if the execution criteria are strictly followed and quality control 

maintained, identification and evaluation of reticulocyte count either manually or by the use of 

automated method would be precise and trustworthy.63  

 

The reticulocyte count is reported as either an absolute reticulocyte count or as reticulocyte percentage, 

depending on the presence or absence of anaemia. If anaemia is present, the reticulocyte percentage 

has to be corrected; hence it is best to use the absolute reticulocyte count which doesn’t require 

adjustment. It is assumed that in the normal subject in a steady physiological state, the absolute number 

or percentage of reticulocytes found will theoretically be 1/120 or 0.8% of all red cells (representing 

the proportion of the reticulocyte lifespan in the peripheral blood to the normal red cell lifespan).58 
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Considering the fact that the normal red cell lifespan may have a 10% variation, this would in theory, 

give a reticulocyte range of 0.7% to 0.9% of all red cells.58 This range would however depend on 

observer variability in reporting what is positively stained. Hence reference ranges in various 

laboratories may differ.58 

 

The Reticulocyte Percentage is the percentage of reticulocytes per 1000 RBCs 

Reticulocyte percentage = number of reticulocytes per 1000 RBCs x 100% 

1000 

 

The correction of the reticulocyte count can be done using these formulas 

Corrected reticulocyte count (%) = reticulocyte count  x   patient’s Hb or haematocrit (hct) 

normal Hb or haematocrit (hct)  

The mean normal Hb concentration for males is 14g/dL with a Hct of 45%; whereas in females it is 

13g/dL with a Hct of 42%.  

  

The normal reference range of the corrected reticulocyte percentage varies with age as well as 

laboratories.58,63 For adults (irrespective of the gender), the normal value ranges between 0.5 to 

2.5%. In newborns (0 – 2 weeks) the value ranges from 1.8% to 8.0%; whereas in infants the value 

ranges from 2.5% to 6.0%. In children up to 5 years, the normal reference range is 0.5% to 5.0%. 

 

The Reticulocyte Production Index (RPI), is used to assess whether the bone marrow has adequate 

production compared to the anaemic condition. The absolute number of reticulocytes is determined 

as an index called the reticulocyte production index. 

Reticulocyte Production Index (RPI)  =  Corrected Retic count (%) 

Correction factor (~ 2) 

Where correction factor is number of days of maturation or maturation time  

 

Alternatively, RPI  = patient’s haematocrit  x patient’s reticulocyte count 

normal haematocrit   maturation time 
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Hutchinson et al (1996) defined Maturation time as a representation of the maturation time of RBC's 

(in days) at various levels of anaemia58,64. For a Hct value of ≥40%, the normal maturation time is 

1.0 and a Hct value of 30% – 39.9% will yield a maturation time of 1.5. A Hct of 20-29.9% will 

yield a maturation time of 2.0. If a Hct <20% then the maturation time is expected to be 2.5.  

 

The normal reference range for the RPI is 1 to 3. An RPI of greater than 3 shows a normal bone 

marrow response to anaemia whereas an RPI of less than 2 shows inadequate response to anaemia. 

 

The Absolute Reticulocyte Count (ARC) is the actual number of reticulocytes in 1L of whole blood 

Absolute reticulocyte count =  reticulocyte count (%)  x RBC count (1012/ L) 

100 

 

The reference range of the absolute reticulocyte count varies depending on the laboratory but usually 

found to be between 50 x 109/L to 100 x 109/L.65,66 

 

For this study, the absolute reticulocyte count was used. This is because the absolute reticulocyte count 

would not require adjustment if anaemia is present.  Most SCD patients have chronic anaemia. 

 

 

i. Whole blood haemoglobin (Hb): Haemoglobin, is the oxygen carrying molecule of the RBC. In 

haemolytic anaemias, this is considered the most direct indicator of clinical severity and outcome.67 

This is considered a weak correlate of haemolytic rate because it does not directly relate to RBC 

survival.41  

 

The normal reference range for non-pregnant females is 12 – 15.8g/dL.68 Reference ranges in 

pregnancy however, vary according to trimesters.68–70 The reference ranges for the first and second to 

third trimesters vary between 11.6 – 13.9 g/dL and 9.5 – 15 g/dL respectively. 

 

ii. Bilirubin and urobilinogen: Bilirubin can be derived from either the catabolism of the protoporphyrin 

ring of haem by the action of microsomal haem-oxygenase or from the catabolism of haemoglobin in 
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the reticuloendothelial system (RES). Majority (85%) of bilirubin is however derived from catabolism 

of Hb from RES.  

 

During the catabolism of Hb, haem is released from phagocytosed senescent red blood cells in the 

spleen and liver. The haem released is taken up by the cells of the RES including phagocytes, the 

Kupffer cells of the liver, and cells in the spleen and bone marrow. This haem is then acted on by haem-

oxygenase with the release of iron and carbon monoxide which is excreted by the lungs. The reaction 

produces a green pigment. Biliverdin is acted on by biliverdin reductase with the release of carbon 

monoxide and bilirubin (a yellow pigment). The unconjugated bilirubin produced is highly insoluble 

in aqueous solutions at neutral pH due to its compact hydrogen bonds.  Unconjugated bilirubin in the 

periphery is then transported to the liver tightly bound to albumin. In the liver, this bilirubin is converted 

to bilirubin mono- and diglucuronides through the action of a microsomal enzyme known as bilirubin 

uridyl diphosphate (UDP)- glucuronosyltransferase. This then travels through the biliary tree and 

ultimately into the duodenum and  excreted with bile as conjugated bilirubin. The normal 

gastrointestinal bacterial flora then convert majority of the conjugated bilirubin into urobilinogen and 

a small amount of urobilin. Urobilinogen is a colourless pigment; most of it is excreted with the faeces 

(about 90%), and the rest re-absorbed by the gastrointestinal mucosa back into the bloodstream where 

it is recaptured by the hepatocytes and re-excreted in the bile; as well as excreted by the kidneys and 

expelled in urine. Figure 9 on the next page shows  the metabolism of bilirubin. 
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Figure 9: Bilirubin metabolism71 

 

Clinical Significance of bilirubin: Unconjugated bilirubin is an excellent marker for extravascular 

haemolysis and to a lesser degree, intravascular haemolysis. Bilirubin is an early marker of response 

to therapy as its value returns to normal or within 10% of normal values in up to 4 hours after 

haemolysis has stopped. The main disadvantage is that, it is influenced by processes independent of 

haemolysis such as hepatitis, biliary obstruction, prolonged fasting and cirrhosis, and by drugs like 

erythromycin and penicillin, oral contraceptives, methyldopa, sulphonamides and indomethacin.72 
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Clinical Significance of urine urobilinogen: Levels of urine urobilinogen vary with the degree of 

haemolysis, and may be increased in haemolytic anaemias, or in the case of infectious hepatitis and 

cirrhosis.  

 

The interpretation of the urine urobilinogen test include false positive and false negative results. The 

False positive results include use of substances that will react with the Erlich’s reagent (this forms the 

basis for the reaction) as well as use of drugs containing Azo dyes such as sulphadiazine (due to the 

pink or red colour in positive reactions). False negative results will be obtained if stale urine that has 

been exposed to light is used. 

 

Normal reference range for total bilirubin, unconjugated bilirubin and conjugated bilirubin varies in 

the non-pregnant and pregnant adult70 and with laboratories. Reference ranges for total bilirubin, 

indirect bilirubin and direct bilirubin in the non-pregnant adult are 5.1 – 22.2 umol/L, 1.7 – 8.6 umol/L 

and 1.7 – 6.8 umol/L respectively.  

 

During pregnancy the following reference ranges in Table 1 are used68–70 

 

   Table 1: Reference ranges of bilirubin during pregnancy 

Period of 

pregnancy 

Total bilirubin 

(umol/L) 

Unconjugated (indirect) 

bilirubin (umol/L) 

Conjugated (direct) 

bilirubin (umol/L) 

First trimester 1.7 – 6.8 1.7 – 8.6 0 – 1.7 

Second 

trimester 

1.7 – 13.7 1.7 – 8.6 0 – 1.7 

Third trimester 1.7 – 18.8 0 – 8.5 0 – 1.7 

 

 

iii. Aspartate aminotransferase (AST): This enzyme facilitates the reversible transfer of an α-amino 

group between aspartate and glutamate. It is therefore an important enzyme in amino acid metabolism. 

This enzyme was formerly called serum glutamic-oxaloacetic transaminase (SGOT). It is found in 

various cells within the body but the majority are in the cells of the heart and liver and, to a lesser 
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proportion, in the cells of the kidneys, muscles, brain and RBCs. It has two isoenzymes [GOT1/ cAST 

(cytosolic isoenzyme derived mainly from RBCs and heart) and GOT2/mAST (mitochondrial 

isoenzyme present predominantly in the liver).  

 

Clinical Significance: Healthy individuals show low levels of AST in blood. Levels may rise in 

acute haemolytic anaemia, viral hepatitis, cholecystitis, acute fatty liver of pregnancy (AFLP), 

preeclampsia, highly elevated liver enzymes and low platelets (HELLP) syndrome, intrahepatic 

cholestasis, hyperemesis gravidarum, acute pyelonephritis, drugs (including heparin, isoniazid, 

acetaminophen, methyldopa) and pulmonary embolism,. 

 

The normal concentrations in non-pregnant adults ranges from 12 to 38 U/L;68 whereas the normal 

concentrations in the pregnant woman varies with trimesters.68–70 The normal concentrations for the 

first and second to third trimesters are 3 – 23 U/L and 4 - 32 U/L respectively.  

 

 

iv. Alanine aminotransferase (ALT): This enzyme converts alanine into pyruvate as an intermediate for 

cellular energy production. It is found primarily in the liver and kidney, but can be found in smaller 

amounts in the muscles and heart. It was formerly called serum glutamic pyruvic transaminase (SGPT). 

It is usually measured as a component of the liver function panel concurrently with AST to determine 

organ damage. 

 

Clinical significance: This enzyme is more specific for the liver; hence levels are increased with liver 

damage, and it is used primarily to screen for liver damage, as well as monitor liver disease. Elevated 

levels of this enzyme can be seen in viral hepatitis, fatty liver of pregnancy, autoimmune hepatitis, 

HELLP syndrome, preeclampsia and chronic liver disease. 

 

Its disadvantage is that, even though levels rise with liver damage, it cannot show the extent of damage 

to the liver or the amount of fibrosis involved. 

 

https://en.wikipedia.org/wiki/Hemolytic_anemia
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The normal concentrations in the non-pregnant adult is 7 to 41 U/L.68 Again, the normal concentrations 

in the pregnant woman varies with trimesters.68–70 The reference ranges for the first to second and third 

trimesters are 2 - 33 U/L and 2 - 25 U/L respectively. 

 

v. Serum LDH: It is an enzyme in the glycolytic pathway which catalyzes lactate conversion into pyruvic 

acid. It is found in the cytoplasm of cells, and is widely and unevenly distributed in the body with 5 

iso-enzymes- LDH-1 and LDH-2 (71% in the RBCs), LDH-3: lungs, LDH-4: kidneys, placenta and 

pancreas, LDH-5: skeletal muscle. Physiologically it is measurable within serum due to normal 

physiological cellular turnover.  

 

Clinical Significance: During haemolysis, LDH-1 and LDH-2 are often increased and may be useful 

in differentiating between intravascular haemolysis and extravascular haemolysis. In intravascular 

haemolysis, the serum LDH levels are increased 4- to 5- fold above the upper limit of normal because 

the enzyme is contained in the RBC. In extravascular haemolysis however, its levels are mildly 

increased.73 

 

The main advantage of using serum LDH as a haemolytic marker is that it is useful in assessing 

response to therapy because its level declines along with the reduction of the rate of haemolysis. The 

disadvantages of the test however, include the fact that its levels can be elevated in several conditions 

other than haemolysis, especially those conditions that involve cellular necrosis, apoptosis and high 

cellular or tissue turnover. 

 

The normal reference range in the non-pregnant adult is 115 – 211 U/L.68 During pregnancy, the LDH 

levels vary according to trimester and with laboratories.68–70 For the first and second trimester, the  

reference range varies between 78 – 433 U/L. whereas in the third trimester, it ranges between 82 - 524 

U/L. 

 

vi. Haptoglobin (Hp): It is an alpha-2-glycoprotein synthesized primarily in the liver. It can be detected 

in cells of the lungs, thymus, kidneys, spleen, and heart.74,75 It has two major alleles (Hp1 and Hp2) 

with three possible variants/ genotypes (Hp1-1, Hp2-2 and Hp2-1) with different binding strength, anti-
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oxidative capability, clearance rate and molecular weights distinguishable at high resolution 

electrophoresis.76  

 

Clinical Significance: Functionally, it is important for binding cell-free haemoglobin. Haemoglobin-

bound Hp targets a specific cellular pathway of clearance via the monocyte/macrophage surface 

receptor CD163.77 There are aberrantly low levels of haptoglobin in SCD;44 and this has been 

confirmed and reported by Allotey et al in a study conducted in adult SCD patients attending the sickle 

cell clinic, GICG in 2012 (unpublished data). Haptoglobin is also documented to be associated with 

inflammatory diseases like infections (malaria, HIV, tuberculosis) and non-infectious diseases like 

obesity, diabetes and cardiovascular disease. Another study conducted at the adult sickle cell clinic, 

GICG in Korle-Bu  reported that Hp2-2 phenotype has been linked to phenotype-dependent poor 

disease outcomes.78 

 

Haptoglobin is significantly decreased during intravascular haemolysis79 due to an increased plasma 

cell-free Hb and altered free or complexed haptoglobin balance. It is also decreased during 

extravascular haemolysis where some structurally abnormal or altered RBCs escaped from the reticulo-

endothelial system into the circulation.80  

 

The methods for testing include spectrophotometry, immunoreactive methods, and gel 

electrophoresis.79  

 

The disadvantages associated with use of the haptoglobin test include the fact that it is considered as 

an acute phase reactant. Only a few studies have also validated its use as a marker for haemolysis79. 

Haptoglobin is dynamic hence it is influenced by the Hb load from haemolysis, conditions that will 

impair  synthesis (eg. liver impairment, malnutrition), inflammatory mediators (IL-1 and IL-6)81 and 

genetically determined Hp isotypes (eg. Congenital Ahaptoglobinemia). 

 

vii. Hemopexin (Hx): It is a single chain glycoprotein produced by the liver. It binds to haem; and haem-

bound Hx complexes are cleared by the CD91 pathway. It mediates haem-iron recovery into 

hepatocytes for catabolism and excretion, and prevents the pro-oxidant and pro-inflammatory effects 

of haem. It also promotes detoxification of haem, especially when haptoglobin concentrations are very 
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low or depleted.79 Haemopexin however, is influenced by the kinetics of the Hb load, are found in 

aberrantly low levels in SCD44 and it is considered as an acute phase reactant/ protein. 

 

viii. Erthrocyte adenylate kinase (EAK): The enzyme adenylate kinase is involved in the 

phosphorylation transfer between adenosyl- triphosphate (ATP) and adenosyl- monophosphate (AMP) 

in potassium sensitive ATP channels. Just like LDH, it has at least five isenzymes, and can be found 

in the blood, brain, skeletal and cardiac muscles. Erythrocyte adenylate kinase is a red cell specific 

enzyme released from damaged red cells. It is a highly sensitive and specific marker for erythrocyte 

haemolysis compared to LDH and reticulocyte count, and can be used to differentiate between 

disorders of red cell destruction (such as occurs in SCD) and disorders of inadequate red cell 

production or blood loss. . Its activity can be measured in serum by rapid electrophoresis or 

immunological methods and correlates linearly with the degree of hemolysis in vitro.72  

 

Table 2: Table comparing sensitivity and specificity of erythrocyte adenylate kinase to other markers 

of haemolysis72 

 Sensitivity Specificity Likelihood ratio -Likelihood ratio 

EAK 96 97 35.5 0.04 

LDH 100 59 2.42 0 

Total bilirubin 39 50 0.78 1.22 

 % Reticulocytes 100 85 6.8 0 

 

Unfortunately, the haptoglobin and hemopexin tests, as well as the erythrocyte adeylate kinate test are 

reported to be expensive, and not routinely run in the clinical laboratories. They are used for research 

purposes. 

 

3.3.2.1 Effect of SCD on selected markers of haemolysis 

Sickle cell disease is  a chronic haemolytic disorder hence there is constant lysis of red cells leading to 

changes in the concentrations of markers of haemolysis. The effect of these changes on the well-being of 

the patient varies from person to person and can change over time with change in conditions.82,83 

Exacerbated haemolysis will result in hyperbilirubinaemia, increased urine urobilinogen, elevated liver 
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enzymes and serum LDH, as well as reticulocytosis.  Sickle cell disease patients are known to have steady 

state blood Hb levels. Blood Hb levels however are known to drop further from baseline concentrations 

during complications such as exacerbated haemolysis, SCD nephropathy, aplastic crisis or acute 

sequestration crisis.  

 

Two studies demonstrated a relationship between markers of haemolysis in the steady state and during 

acute pain episodes. The first study published by Ballas and Marcolina in 2006 looked at adult African‐

Americans with HbSS followed prospectively and longitudinally at the Sickle Cell Center of the Cardeza 

Foundation of Jefferson Medical College and Thomas Jefferson University Hospital over 15 years in 

Pennsylvania, USA. This study reported increased haemolysis evidenced by a drop in Hb with associated 

increase in reticulocyte count, bilirubin, LDH and AST during the evolution of acute painful episode.84 

The reticulocyte count increased from 9.5 ± 5.44 (%) in the steady state to 20.9 ± 8.14 (%) during acute 

painful episodes.84 The second study, a retrospective study published by Gardner et al in 2013 was 

conducted at King’s College Hospital, London, UK. This study looked at clinical and laboratory profiles 

of sickle-related VOCs over a ten-year period (2004–2013 inclusive) and involved 751 adult patients with 

4,136 patient-years of observation. Study reported a 28% percentage LDH increase (from 379 +/- 155 

IU/L in steady state to 507+/-272 IU/L in VOC) during haemolysis.85 

 

3.3.3 Haemolytic index in SCD 

This reflects direct markers of intravascular haemolysis (plasma red blood cell microparticles and cell-

free haemoglobin) in patients with SCD and allows for adjusted associations between haemolytic severity 

and clinical outcomes.86 It can however be calculated from the values of the indirect markers of 

intravascular haemolysis (LDH, total bilirubin, reticulocytes and aspartate transaminase) using the 

principal component analysis.87 The principal component analysis is a long established statistical method 

useful for studying underlying mechanisms reflected in individual biologic or physical measurements.88,89 

The haemolytic index is useful when the objective of the study is to investigate the role of an underlying 

mechanism.  
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3.4 Sickle cell disease and pregnancy 

3.4.1 SCD and adverse maternal outcomes 

In SCD, the commonly recognised adverse maternal outcomes include an increased odds of antenatal 

hospitalizations, acute vaso-occlusive events including acute pain and ACS,11–14 and severe anaemia. 

Pulmonary complications are a common cause of death in this group of patients.16 The odds ratio of some 

maternal outcomes are listed in Table 3.  

 

Table 3: Maternal outcomes in pregnant women with sickle cell disease compared to pregnant women 

without sickle cell disease10 

Condition OR 95% CI p-value 

Pre-eclampsia 2.05 1.47-2.85 <0.001 

Eclampsia 3.02 1.20-7.58 0.019 

Recurrent infections 2.48 1.23-5.01 0.011 

Caesarean delivery 1.42 1.04-1.93 Not documented 

Maternal mortality 10.91 1.83-65.11 0.009 

 

3.4.1.1 Sickle cell disease, pregnancy and anaemia 

Anaemia in pregnancy is considered a major public health problem worldwide.90,91 Globally, anaemia 

affects 32.4 million (38.2%) pregnant women, and it is a severe public health problem in Africa affecting 

46.3% of pregnant women.92 In tropical countries, the incidence of anaemia in pregnant women is 40% - 

80% whereas in developed countries, it ranges between 10% – 20%.93 A high incidence and severity of 

anaemia has been reported to occur in primigravidae living in malaria endemic areas.94 In Ghana, a 

baseline study conducted in 2005 by the Ghana Health Service (GHS) on the prevalence and aetiology of 

anaemia in Ghana, put the prevalence of anaemia in pregnancy at approximately 36% at registration and 

25% at term.95 A cross-sectional study conducted on 214 pregnant women who were attendants at KBTH, 

Accra, Ghana; and published by Dei-Adomakoh et al in 2014 reported the prevalence of anaemia in 

pregnant Ghanaians in their second trimester as 70%.96  
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In pregnancy, anaemia has a significant impact on the health of the fetus as well as that of the mother. It 

is associated with preterm deliveries, low birthweight, morbidity and perinatal mortality due to the 

impairment of oxygen delivery to the placenta and fetus.97  

 

Classification of anaemia in pregnancy:  

Blood haemoglobin concentrations during pregnancy have been detected to be generally lower than the 

non-pregnant state due to the maternal plasma expansion, along with the growing fetus's use of the 

maternal iron stores. Generally, the cut-offs for diagnosing anaemia in pregnancy have remained 

unchanged since 1968. Recent standard guidelines laid down by WHO, still maintain that anaemia in 

pregnancy is diagnosed when the haemoglobin (Hb) concentration in the peripheral blood is 11.0 g/dl or 

less.90,91 In postpartum mothers, anaemia is when blood Hb concentration is less than or equal to 

10.0g/dL.98 According to the WHO report on anaemia in 2011, “anaemia can generally be classified based 

on the public health significance to the population, and on the blood Hb concentration. 

 

i. Classification of anaemia in pregnancy based on the public health significance to the population: 

Table 4 outlines this classification system 

 

Table 4: Classification of public health significance of anaemia in populations on the basis of prevalence 

estimated from blood vessels of haemoglobin 91 

Category of public health significance Prevalence of anaemia (%) 

Severe 40 or higher 

Moderate 20.0 – 39.9 

Mild 5.0 – 19.9 

Normal 4.9 or lower 

 

ii. Classification of anaemia in pregnancy based on blood Hb concentration: Anaemia in pregnancy 

can be classified as “either mild, moderate or severe based on the blood Hb concentration. In pregnant 

women, an Hb level <7g/dL is considered as severe anaemia; an Hb level between 7.0g/dL - 9.9g/dL 

is considered moderate anaemia; while an Hb level ranging between 10.0g/dLl - 10.9g/dL is considered 

mild anaemia.”91  
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Aetiopathogenesis of anaemia in pregnancy:  

The aetiopathogenesis of anaemia in pregnancy can broadly be classified as either Physiological or 

Pathological.  

i. Physiological anaemia in pregnancy: During pregnancy, there is a disproportionate increase in the 

plasma volume and the RBC mass. In the first two weeks of pregnancy, the earliest changes that occur 

include adaptations to the cardiovascular and haematological systems. In the first month of pregnancy 

the heart rate and stroke volume increase, resulting in a proportional increase in cardiac output by 30-

50%. Additionally, there is a 25% - 50% increase in plasma volume, plus excessive erythropoietin 

production from the kidneys resulting in an increase in RBC mass by 20-30%.99 This increase 

progresses until the 32nd to 34th week of pregnancy. The consequence of these changes, is a 1-2 g/dL 

decrease in blood haemoglobin value creating a haemodilutional effect with dilutional anaemia.100 

 

Another physiological adaptation resulting in the anaemia in pregnancy, is the marked demand for extra 

iron especially in the second trimester.  

 

ii. Pathological anaemia in pregnancy, is anaemia resulting from any other cause apart from the normal 

physiological cause of anaemia. Examples of pathological causes of anaemia in pregnancy include 

deficiency anaemias and anaemia due to haemolysis, haemorrhage or malaria infection. 

 

Clinical significance of deficiency anaemias: Deficiency or nutritional anaemias are defined as a 

condition in which the haemoglobin content of blood is lower than normal as a result of deficiency of 

one or more essential nutrients, regardless of causes of the deficiency.101 The aetiopathogenesis of these 

anaemias include high demand, inadequate intake, malabsorption or excess loss. Deficiency anaemias 

include iron deficiency anaemia (the commonest) and megaloblastic anaemia. Deficiency anaemia may 

contribute to maternal and fetal morbidity and mortality through effects on the maternal immune system 

leading to an increased susceptibility to infections,102 decreased performance and work capacity,103 as 

well as mental disturbances (cognition, emotions and psychomotor) during the postpartum period104 

and infant life.105 It has also been associated with preterm delivery,106 low birthweight107 and increased 

blood loss during the peripartum period.108 

 



32 

 

Worldwide, iron deficiency anaemias is the most common type of anaemia in pregnancy, representing 

75% of all anaemia in pregnancy.109 The high prevalence of iron deficiency anaemia is as a result of 

the high demand and negative balance (especially during menstruation) in the non-pregnant state which 

is carried forward into pregnancy.  

 

A study by Dei-Adomakoh et al at KBTH and published in 2014 reported that twenty seven (18%) of 

the anaemic pregnant subjects in the second trimester had low serum iron and six (4%) had low serum 

folate levels.96 

 

Clinical significance of haemolysis: Haemolysis during pregnancy may result from 

haemoglobinopathies such as SCD, and in rare cases, autoimmune haemolytic anaemia which resolves 

after pregnancy. Haemolysis will result in increased breakdown and rapid turn over of red blood cells 

with a resultant anaemia.  

 

Clinical significance of malaria infection: Malaria infection in pregnancy contributes significantly to 

both maternal and perinatal morbidity and mortality. In the mother, infection has been associated with 

severe anaemia, haemolysis, renal failure, thrombocytopenia, pulmonary oedema and maternal 

death.110 In the fetus, it has been associated with higher rates of miscarriage, intrauterine fetal death, 

premature delivery, low birthweight neonates, and neonatal death due to placental sequestration of 

infected RBCs.110 Pregnant women are prone to more severe infection due to their 

immunocompromised state; and this risk is higher in primigravidas, adolescents and during the second 

trimester. Pregnant women suffer disproportionately from severe anaemia as a result of malarial 

infection. Malaria accounts for 25% of severe anaemia in pregnancy;110 and the aetiology is 

multifactorial. The commonest being folic acid deficiency and microcytic anaemia. In addition, 

sequestration of malaria infected RBCs in the placenta, as well as haemolysis from complicated malaria 

infection can result in severe anaemia.110 Current strategies in the prevention of malaria disease in 

pregnancy include use of insecticide-treated bed nets (ITN) and intermittent presumptive treatment 

(IPT) with antimalarial medications. IPT involves administration of two or more doses of 

chemoprophylaxis after 20 weeks of gestation in an attempt to reduce subclinical malarial load.  

During pregnancy, anaemia is the most common complication; even more so in women with sickle cell 

disease. In SCD, there is an existing chronic uncompensated anaemia due to the chronic haemolytic 
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process. Together, these two processes (anaemia in pregnancy and chronic anaemia in SCD) lead to a 

drop in the steady state blood Hb values in pregnant women with SCD with resultant increased anaemia. 

Hyperhaemolysis in pregnant women with SCD will further worsen anaemia with a resultant increased 

risk of both maternal and perinatal morbidity.111–114  

 

3.4.1.2 Sickle cell disease, pregnancy and acute vaso- occlusive events  

Acute vaso-occlusive events in SCD include acute pain episode, acute chest syndrome (ACS) and 

venous thromboembolism (VTE).115 During pregnancy in SCD, there is an increase in metabolic 

demand and an increase in blood viscosity as a result of the hypercoagulable state as well as increased 

red blood cell sickling.116 This effect is associated with an increase in occurrence of acute pain episodes, 

ACS, osteonecrosis, hepatic necrosis, leg ulcers and thromboembolic events.116 

1. Acute pain episode: In pregnant women with SCD, acute pain episode is said to be the most frequent 

complication and the most common cause of hospital admission.13,14 Between 27% - 50% of pregnant 

women with SCD have acute pain episodes at sites such as the lower limbs, waist, chest and ribs.13,14  

 

Acute pain episode has been noted to evolve through four phases; notably, the prodromal, initial, 

established and resolving phases.117 During the prodromal phase of acute painful events, vaso-

occlusion, inflammation and nociception occur concurrently. The prodromal phase is usually 

associated with numbness, paraesthesia or aches; and it usually lasts up to 1 or 2 days without medical 

intervention. Pain becomes most severe by day 3 of the crisis and starts decreasing by day 6 or 

7. Serious complications of acute painful crisis like ACS, multi-organ failure and sudden death can 

occur between 1 to 5 days after start of acute pain without medical intervention.117 The vaso-occlusion 

that occurs during the prodromal phase of acute painful events leads to hypoxia, ischaemia and 

eventually tissue damage. This is followed by chronic vascular inflammation which worsens with 

recurrent painful episodes. During the inflammation, there is release of inflammatory mediators from 

the injured cells, macrophages, mast cells and platelets;117 this activates nociceptors on the peripheral 

afferent nerves with a resultant nociceptive effect.   

The pathophysiology of acute pain and ACS in SCD arises from a cascade of interactions between the 

RBCs, vascular endothelium, neutrophils, coagulation mechanism and inflammatory response.40,42,43  

Neutrophils are an important component of the innate immune system, providing immunity against 
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invading pathogens, and have also been reported to be pro-inflammatory.118 When endothelial cells are 

activated, there is recruitment of neutrophils initiated by rolling of neutrophils on endothelial selectins 

and adhesion mediated by integrins. Adherent neutrophils through E-selectin, then activate Mac-1 (an 

αMβ2 integrin) which in turn captures circulating sickle RBCs with a resultant prolonged obstruction 

of blood flow in the veins.118  

 

Leukocytosis with a predominance in neutrophils is a common physiological adaptation to stress during 

pregnancy;100 hence this might explain why pregnant women with SCD have more pain during 

pregnancy.119 Additionally, vascular occlusion may occur in the placenta with a resultant necrosis, 

infarction and villous fibrosis , consequently leading to decreased utero-placental circulation and 

eventual fetal demise due to chronic fetal hypoxia.120 

 

2. Acute chest syndrome is the second most common cause of hospitalization and complication, reported 

in 7–20% of pregnancies.11,12 Acute chest syndrome is defined as the presence of a new pulmonary 

infiltrate on chest radiograph along with fever, chest pain, respiratory distress, or new onset hypoxemia 

(PaO2 of 71mmHg; 9.5KPa on room air).121 The aetiopathogenesis is incompletely understood, and 

may be multifactorial in nature, and not identifiable in 46% of cases.121 It includes pulmonary 

infections, atelectasis, infarctions (from intrapulmonary sickling and fat embolism) and venous 

thromboembolism.122  

 

The predisposing or risk factors to developing an ACS in pregnancy include acute pain episode,28,123 

pulmonary infection, thromboembolism and caesarean delivery. Management of acute pain in SCD 

often requires the  use of opioid analgesics and sometimes intravenous fluids. Opioid analgesics such 

as morphine have been known to cause respiratory depression, hypoventilation and then ataelectasis; 

this coupled with the fluid overload/ pulmonary oedema from excessive use of intravenous fluids will 

predispose to ACS.124 Vaso-occlusion in the bone will lead to marrow infarction, fat embolism and 

then ACS. Surgery (especially abdominal which includes caesarean delivery) has also been 

documented to predispose SCD patients to ACS. After abdominal surgery, patients tend to have 

abdominal pain if not given adequate analgesics. Any situation that will result in an increased 

abdominal pressure tends to aggravate this pain; hence patients tend to splint as a defence mechanism 
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to avoid pain. In cases where patients are given general anaesthesia, mucous secretions tend to 

accumulate in the airway, thereby resulting in atelectasis which predisposes to ACS. 

 

The documented mechanisms of vascular/ pulmonary damage in ACS includes the  release of haem 

and reduced bioavailability of nitric oxide (NO) secondary to haemolysis (results in vasoconstriction); 

increased endothelin 1 (a potent vasoconstrictor) leading to increased vaso-occlusion;125 activation of 

second messengers of NO such as nuclear factor- kappa B (NF-kB) ligand with a resultant upregulation 

of endothelial adhesion molecules such as VCAM-1 and ICAM-1 which facilitate the binding of sickle 

RBCs, white blood cells and platelets to the vascular endothelium. These processes would lead to a 

damage to vascular endothelium, worsened vaso-occlusion and hypoxia.118   

 

Acute chest syndrome is the most common manifestation of cardiopulmonary disease and the leading 

cause of death in patients with SCD.28 It is characterized by fever, increased respiratory effort, chest 

pain, drop in haemoglobin oxygen saturation and new radiodensity on chest x-ray.29 In a case series 

looking at the causes of maternal deaths in women with SCD at KBTH (2010-2016), the 

multidisciplinary SCD obstetrics team reported that approximately 87% of all the maternal deaths was 

due to an ACS, with almost 80% of deaths having a preceding acute pain episode.28 Most of the ACS 

cases and deaths occurred during the third trimester and puerperium.28,123  

 

3. Venous thromboembolism: Venous thromboembolism (VTE) constitutes deep venous thrombosis 

(DVT) and pulmonary embolism (PE). Both pregnancy and SCD are considered as hypercoagulable 

states. Whilst pregnancy increases the risk of venous thromboembolism (VTE) 4- to 5- fold over that 

in the non-pregnant state,126,127 SCD is considered an independent risk factor for pregnancy-related 

VTE with an odds ratio of 6.7 (95% CI, 4.4-10.1).128 Pregnant women with SCD are 2.5 times more 

likely to experience deep vein thrombosis compared to healthy age matched pregnant controls.129 

Similarly, cerebral-vein thrombosis is reported to be 5 times more likely to occur in pregnant women 

with sickle cell disease compared to pregnant women without sickle cell disease.129 

The obstetric and gynaecological risk factors associated with VTE are discussed in this paragraph. 

Pregnancy, is considered an acquired hypercoagulable state due to the increased oestrogen activity 

coupled with multiple changes in the coagulation system - such as an increase in Factors I, II, VII, VIII, 
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IX and XII; associated with an increased resistance to anti-thrombotic factors such as Protein S and 

activated Protein C deficiency (as gestation progresses) and inhibition of fibrinolysis.130 While these 

changes are good to help secure haemostasis and minimize intrapartum bleeding, they also predispose 

the pregnant woman to VTE. In pregnancy, there might also be a weight gain with an increase in body 

mass index (BMI); and this has been shown to be a risk factor for VTE.131 Pregnancy, is associated 

with a risk of developing pregnancy-induced hypertension; and hypertension has been linked to 

endothelial dysfunction. The normal endothelium is antithrombotic; but in endothelial dysfunction, 

there is a balance shift between clot generation and breakdown towards thrombosis due to decreased 

synthesis of nitric oxide and prostacyclin, and increased endothelin-1. A retrospective study done by 

Lindqvist P et al in 1999 revealed that women with pre-eclampsia were at a 3-fold higher risk of getting 

a VTE postpartum.132 As pregnancy progresses, there is mechanical venous compression of the inferior 

vena cava and pelvic veins by the enlarging uterus with resultant stasis; and this can predispose to a 

VTE. Again, with increasing reduction in mobility as pregnancy progresses (especially in the third 

trimester), during early postpartum period and during hospitalizations for pregnancy- related 

complications, stasis results; and this can also predispose to a VTE. Caesarean delivery (CS) has been 

associated with an increased risk of developing VTE. Compared to vaginal delivery, a meta- analysis 

by Blondon et al reported that the relative risk of VTE following caesarean delivery ranged from 1 to 

22, with a meta-analytic odds ratio of 3.7 (95% CI, 3.0-4.6).133 This same study also reported a pooled 

incidence of 2.6 VTE per 1,000 CS (95% CI, 1.7-3.5), with an increased incidence in studies with a 

longer and better follow-up in the postpartum period (4.3 per 1,000 CS).133 Most studies done on VTE 

in pregnancy suggests that VTE is more common in the postpartum period, with a 5- fold increased 

risk of DVT as compared to during pregnancy.126,127 Maternal age has also been implicated in VTE. In 

a retrospective study done in the US, women aged 35 years and older were found to have 38% higher 

risk for VTE.128  Finally, race or ethnic background has also been implicated in the development of a 

VTE during pregnancy; with Blacks or African-Americans having a higher incidence. James et al, 

reported a 64% higher risk of VTE in black women during pregnancy.128 

The hypercoagulable state in SCD and its subsequent predisposition to thromboembolic phenomena is 

attributed to several factors including the fact that components of haemostasis are altered in the 

direction of a procoagulant phenotype;134 there is a problem with platelet function,135,136, natural/ 
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physiologic anticoagulants as well as the fibrinolytic systems135 and there is loss of normal membrane 

phospholipid asymmetry with abnormal exposure of phosphatidylserine on red cell surface.  

In SCD, there are also low levels of protein S and C, increased expression of tissue factor on blood 

monocytes and endothelial cells,128 raised levels of factor VIII, the generation of hydroxyl radicals and 

liberation of fibronectin and thrombospondin. Table 5 summarizes the haemostatic alterations in 

patients with SCD. 

 

Table 5: Summary of haemostatic alterations in patients with sickle cell disease 

INCREASED LEVELS DECREASED 

LEVELS 

Platelet activation Fibrinopeptide A Factor V 

Platelet aggregation D- dimer Factor XII 

Phosphatidylserine-rich platelets and 

red blood cells 

Plasminogen activator 

inhibitor 

Factor IX 

Thrombin- antithrombin complexes  Protein C 

Prothrombin fragment F1.2  Protein S 

Plasmin- antiplasmin complexes   

Fibrinogen and fibrin- fibrinogen 

complex 
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3.4.1.3 Sickle cell disease, pregnancy and end organ damage 

Patients with SCD develop accumulating end organ damage as a result of both micro- and macrovascular 

vaso-occlusion and chronic haemolytic anaemia. The vaso-occlusive related end organ damage includes 

avascular osteonecrosis and retinopathy; while the haemolysis-related organ damage include renal failure/ 

nephropathy, pulmonary hypertension with pulmonary thrombosis, chronic leg ulcers, venous 

thromboembolism (stroke) and cholelithiasis (gallstones). The haemolysis-related organ damage is linked 

to the reduction in nitric oxide bioavailability and pathologic effects of erythrocyte damage-associated 

molecular pattern molecules (eDAMPs) made up of plasma cell free haemoglobin, heme and arginase 1. 

These disrupt endothelial function, drive oxidative and inflammatory stress with enhanced 

vasoconstriction and vasculopathy. The physiological changes or adaptations that occur during pregnancy, 

may overburden organs that already have chronic injuries secondary to SCD, thereby worsening end organ 

damage. 

Sickle cell nephropathy is a common chronic complication in adults with sickle cell disease.137,138 The 

major manifestations include albuminuria, acute tubular necrosis, and renal failure. During pregnancy, the 

physiological adaptation of many organ systems including increased plasma volume with accompanying 

increase in renal blood flow, increased glomerular filtration rate and solute delivered to the kidney may 

worsen any such pre-existing disease of the kidney. In the general population during pregnancy, 

glomerular filtration rate increases approximately 50% with a concordant decrease in serum creatinine; 

urea, and uric acid values and a drop in blood pressure levels by approximately 10mmHg.139  

Pulmonary hypertension, is another complication associated with chronic end organ damage in SCD. 

Pulmonary hypertension is defined as an increase in mean pulmonary arterial pressure (mPAP) ≥25 mmHg 

at rest as assessed by right heart catheterisation.140 Using Doppler echocardiographic screening alone, 

approximately 30% of adults with SCD are diagnosed with Pulmonary hypertension.141,142 Doppler 

echocardiographic screening with right heart catheterization however, have confirmed that 6 – 10% of 

adult SCD patients have a mean pulmonary artery pressure of ≥25 mmHg with a high mortality.143,144 The 

potential aetiologies reported include reduced biaoavailability of NO and vasculopathy secondary to 

intravascular haemolysis; upregulated hypoxic responses as a result of anaemia, microvascular obstruction 

and low oxygen saturation and chronic pulmonary VTE.83 Pulmonary hypertension is associated with 

multiple clinical conditions, and is characterized by endothelial dysfunction and imbalance between 

vasodilators and vasoconstrictors within the pulmonary circulation, followed by progressive smooth 
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muscle and neointimal hyperplasia and physical obliteration of the arteriolar circulation.145 The 

physiological adaptation of pregnancy includes an increased plasma volume with a decrease in systemic 

vascular resistance resulting in an increased cardiac output. During pregnancy, women with pulmonary 

hypertension are reported to have a high risk of morbidity and mortality.146 This is because in the presence 

of pulmonary hypertension, pulmonary vascular disease prevents the fall in pulmonary vascular resistance 

and this results in an increase in pulmonary artery pressure and cardiac output. Progressive increases in 

pulmonary vascular resistance (PVR) will result in right ventricle (RV) failure and reduced cardiac output. 

Again there is increased risk of pulmonary emboli and pulmonary arterial thrombosis as a result of the 

hypercoagulability in pregnancy.  

 

3.4.2 SCD and adverse fetal outcomes 

There are recognized adverse fetal outcomes related to pregnancy in SCD compared to the non-SCD 

population. Adverse fetal outcomes include an increased odds of spontaneous abortions, intrauterine 

growth restriction,10 low birth weight,10 preterm birth/ prematurity,10 stillbirth,10 perinatal mortality,10 and 

neonatal mortality.10 The increased odds ratio are documented in Table 6. These increased odds of adverse 

fetal outcomes, may be attributed to the frequent maternal vaso-occlusive events with resultant micro-

infarcts in the placenta which compromises fetal growth. 

  

Table 6: Fetal outcomes in pregnant women with and without sickle cell disease  

Condition OR 95% CI p-value Reference 

Intrauterine growth restriction 2.79 1.85– 4.21 Not documented 10 

Low birthweight 2.00 1.42–2.83 Not documented 10 

Preterm birth/ prematurity 2.14 1.56-2.95 <0.001 10 

Stillbirth 4.05 2.59-6.32 <0.001 10 

Perinatal mortality 3.76 2.34–6.06 Not documented 10 

Neonatal mortality 2.71 1.41-5.22 0.003 10 
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3.4.3 Sickle cell disease, pregnancy and haemolysis 

Chronic haemolytic anaemia is an important pathology in SCD; and haemolysis varies in intensity among 

the genotypes of SCD. Generally, the lifespan of sickled RBCs is less than 20 days.18,19 As previously 

mentioned, the haemolytic process in SCD, has been linked to many of the pathophysiological processes 

of complications in SCD such as anaemia, acute vaso-occlusive events (acute pain, ACS, VTE) and end 

organ damage.  

 

In SCD there is chronic haemolysis which results in a decreased bioavailability of nitric oxide. Low levels 

of NO adversely affects its positive properties such as regulating the vascular tone,23 inhibiting endothelial 

adhesion molecule expression,23 triggering platelet activation,26 increasing platelet adhesive properties,51 

and potent antithrombotic effects.23 This imbalance is skewed towards vasoconstriction, endothelial 

activation and proliferation, with enhanced vaso-occlusive events. The decreased nitric oxide 

bioavailability coupled with the pathologic effects of plasma cell free haemoglobin with enhanced 

vasoconstriction and vasculopathy result in haemolysis-related organ damage such as renal failure/ 

nephropathy, pulmonary hypertension with pulmonary thrombosis, chronic leg ulcers, venous 

thromboembolism (stroke) and cholelithiasis (gallstones).  

 

Again, during intravascular haemolysis, a large fraction of extracellular haem is carried by erythrocyte-

derived microparticles in the circulation, which then transfer their haem to endothelial cells.26 This 

transfer, results in an increased expression of endothelial adhesion molecules [like vascular cell adhesion 

molecule-1 (VCAM-1) and intracellular adhesion molecule (ICAM-1)] which promote leukocyte 

recruitment and binding between circulating cells and the vessel wall,52  with a resultant vascular 

dysfunction and vaso-occlusion in SCD.26  

 

Haemolysis also results in an increased number of reticulocytes due to a high cell turnover. The 

reticulocytes have receptors and ligands eg. α4β1 and CD36,53 which adhere to the endothelium and 

leukocytes, providing another link between haemolytic anaemia and vaso-occlusion.54  

 

Intravascular haemolysis is further associated with red cell membrane damage. This leads to the release 

of arginase and lactate dehydrogenase (LDH), as well as haemoglobin into plasma, and phosphatidylserine 
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exposure at the red cell membrane surface. This results in the activation of tissue factor causing thrombosis 

(haemostatic activation).23 

 

Gladwin et al reported that “measures of haemolytic rate (haemoglobin, total and indirect bilirubin, 

reticulocyte count and lactate dehydrogenase) correlated with indices of hypercoagulability. In fact, 

hemoglobin levels were inversely correlated and lactate dehydrogenase values directly correlated with all 

measures of haemostatic activation, including thrombin-antithrombin complex (TAT), prothrombin 

fragment F1+2, D-dimer, sCD40L (a marker of platelet activation), and soluble VCAM-1 (a marker of 

endothelial activation).”23  

 

The ischaemia- reperfusion injury, increased plasma levels of sCD40L and increased haemolysis are all 

potential mechanisms for increased tissue factor (TF) expression on monocytes and leucocytes;147 and this 

triggers the coagulation cascade via the extrinsic pathway. 

 

 

Figure 10: Processes involved in the hypercoagulable state in sickle cell disease (Ataga and Key, 2007)148 

KEY: Ab: antibody; NO:nitric oxide; PS: phosphatidylserine; RBC: red blood cell; MPs: microparticles; TF: tissue factor 
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Hyperhaemolysis in pregnant women with SCD may further worsen anaemia, vaso-occlusion and end 

organ damage with a resultant increased risk of both maternal and perinatal morbidity.111–114 The 

heterogeneity of the pathophysiology in SCD, however makes it unclear whether the presence of 

hyperhaemolysis (acute or exacerbated haemolysis) contributes to the adverse pregnancy complications 

observed in these patients. An increase in reticulocyte count and LDH during haemolysis have been 

associated with acute pain episodes.84,85 

 

Contrary to this however, a study by van Tuijn et al in Netherlands (2010) reported that pregnancy 

complications in SCD were more prevalent in women with vaso-occlusion related organ damage than 

haemolysis related organ damage.149 
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CHAPTER 4: METHODOLOGY 

4.1 Study Design:  

This was a prospective cohort study conducted from 18th February 2019 to 30th December 2019 in pregnant 

women with and without SCD who received obstetric care at the Korle-Bu Teaching Hospital (KBTH); 

and non- pregnant women with SCD who received care at the adult sickle cell clinic of the Ghana Institute 

of Clinical Genetics (GICG), Korle-Bu.   

 

4.2 Study site:  

The study sites were the Obstetrics Department, KBTH, the adult sickle cell clinic of the Ghana Institute 

of Clinical Genetics and the Korle-Bu Polyclinic Laboratory. 

 

Korle-Bu Teaching Hospital: The KBTH is the largest tertiary hospital in Ghana located in the national 

capital, Accra. The Accra sub- metropolitan area has an estimated population of about 4 million. The 

hospital serves as the major tertiary referral hospital for most of southern Ghana.  

Obstetrics Department, KBTH: The department runs for 24hours every day, and has both outpatient and 

in-patient services. The inpatient services include two labour wards and six lying-in wards. The maternity 

unit has a total bed capacity of 261, and receives referral cases from both primary and secondary care 

facilities. Over 80% of the unit’s 9,000 - 10,000 deliveries a year are referred from these facilities. The 

outpatient services include antenatal clinics; high-risk clinics like the SCD Obstetrics clinic; a 

Fetomaternal Unit with ultramodern ultrasound scans and a Public Health Unit. 

SCD Obstetrics Clinic, KBTH: The SCD obstetrics clinic is held once a week at the Obstetrics 

Department, KBTH. Each year, approximately 150 to 200 pregnant women with SCD attend the antenatal 

and postnatal clinic. Majority of the pregnant women with SCD are referred from the Ghana Institute of 

Clinical Genetics (GICG). This clinic is run by a multi-disciplinary SCD obstetrics team including 

obstetricans, haematologists, anaesthesiologist with an interest in pulmonology, a midwife and public 

health nurses. Each pregnnat woman with SCD is reviewed by both an obstetrician and a haematologist 

on outpatient basis and during admissions for acute events. 
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Ghana Institute of Clinical Genetics: The GICG runs a daily outpatient clinic with urgent daycare beds. 

It is located on the KBTH campus. Approximately 2,500 adolescents and adults with SCD are attended to 

each year at the clinic, of which approximately 1,400 are women of reproductive age.150 

Korle-Bu Polyclinic: The Korle-Bu Polyclinic is a 42-bed facility that offers primary health care to the 

Korle-Bu community, its environs and the city of Accra as a whole. It was established primarily to serve 

as a service delivery facility in the catchment area, but has grown over the years into a sub-BMC under 

the Korle-Bu Teaching Hospital. It has been accredited both by the Ghana College of Physicians and 

Surgeons and the West African College of Physician to train Family Physicians. They have a range of 

services which include a Laboratory. The laboratory is well resourced tailor made to meet the demands of 

the clinicians for ultimate patient care. The Biomedical scientists with the assistance of Medical 

Laboratory Technicians provide expert services in all departments of the laboratory. The laboratory 

services run are Microbiology, Chemical pathology, Immunology and Haematology, The haematology 

unit of the laboratory performs investigations, including Full blood count, Reticulocyte count, Sickling, 

Blood film for malaria parasites and Haemoglobin electrophoresis. The Haematology analyser in use is 

the Mindray BS5300 which is a five-part analyser and the Chemistry analyser is Mindray BC200E. The 

site was chosen due to cost effectiveness. 

 

4.3 Study population 

The study population included 25 pregnant women with SCD, 23 pregnant women without SCD (1st 

control) and 25 non- pregnant women with SCD (2nd control). Pregnant women without SCD were chosen 

as 1st  controls to eliminate possible bias from pregnancy related events. The non-pregnant women with 

SCD were chosen as 2nd controls to eliminate possible bias from SCD related events as well as reduce 

confounders. Since the non-pregnant population also have SCD they  are expected to have an ongoing 

chronic haemolysis which is part of the disease pathophysiology. We do not know the steady state values 

of the selected markers of haemolysis in the pregnant women with SCD prior to they becoming pregnant; 

hence these controls will provide an estimate of their distribution in the non-pregnant SCD steady state.    

 

4.3.1 Inclusion criteria 

1. All study participants were adults within the reproductive ages of 18 to 45 years as defined by 

World Health Organization (WHO).151 

2. Pregnant women confirmed by a pregnancy test or/ and pelvic ultrasound scan. 
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3. Pregnant women in their second trimester with a confirmed diagnosis of SCD (HbSS, HbSC) by 

haemoglobin (Hb) electrophoresis.  

4. Pregnant women with HbAA confirmed by haemoglobin (Hb) electrophoresis were chosen as 1st  

controls. 

5. Non-pregnant women with a confirmed diagnosis of SCD (HbSS, HbSC) by haemoglobin (Hb) 

electrophoresis as 2nd controls.  

6. Pregnant and non-pregnant women with SCD in steady state at enrollment/ baseline visit. That is, 

“should not have had any acute painful episode that required treatment in the emergency 

department or in the hospital for at least four consecutive weeks; no history of blood transfusion 

during the previous four months prior to enrollment; and no history of intercurrent illness such as 

infection or inflammation during the previous four weeks.”152  

7. Pregnant study participants should have at least two laboratory reports for each laboratory test 

(blood Hb, absolute reticulocyte count, serum bilirubin, serum LDH, AST, ALT and urine 

urobilinogen).  

8. Non-pregnant women with SCD should have at least one laboratory report for each laboratory test 

(blood Hb, absolute reticulocyte count, serum bilirubin, serum LDH, AST, ALT and urine 

urobilinogen). 

 

 

4.3.2 Exclusion criteria 

1. Pregnant and non-pregnant women with SCD with other phenotypes on Hb electrophoresis. 

2. Patients with sickle cell trait 

3. Pregnant women who plan to deliver outside KBTH. 

4. Non-pregnant women with SCD (2nd control) who subsequently became pregnant during the study 

period. 

 

4.4 Sample Size Determination 

The primary outcome of the study, is to establish the relationship between hyperhaemolysis (evidenced 

by increased markers of haemolysis) and fetomaternal outcome in pregnant women with SCD. An increase 

in reticulocyte count will be used as the marker for haemolysis. Since acute pain episode is the most 
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common cause of hospitalization in pregnant women with SCD,13,14 it will be used as the main maternal 

outcome measure to calculate the sample size.  

 

To determine the sample size required for this study, a statistical tool comparing the mean values of the 

reticulocyte counts during the steady state and acute painful episodes was used. Based on findings from 

the Ballas and Marcolina study,84 the formula below was used in calculation of the sample size 

N=[4σ2(Zcrt+Zpwr)2] / D2  (Pagano et al. 2000)153 

Where,   σ = 8.14 

Zcrt =1.96, the z-score at 95%  confidence levels 

Zpwr = 0.842, the Z-value for statistical power of 0.8 

D= minimum mean difference between the two states = 20.9 – 9.5 =  11.4 

N= 4 x 8.142  (1.96+0.842)2 / 11.42 

N= 16.23 = 17 per group; so three groups will be 51  

Since study involved recruiting pregnant women, some of whom may not have delivered in KBTH e.g. if 

they went into labour at night, adding 30% non response or possible loss to follow up gave a total sample 

size of 66 for all the three groups. Rounding it up gave a sample size of 25 per group. 

  

4.5 Study Procedure 

The median gestational age at enrollment of pregnant women with SCD attending antenatal clinic at 

KBTH is 24.3 (range 7-40) weeks.29 Hence, recruitment for the pregnant study participants started in the 

second trimester (13 weeks 1 day to 26 weeks gestation).  

 

An Eligibility criteria form was used as a checklist for ease of recruiting all eligible patients (Appendix 

II); and unique study identification numbers given to all consented participants. 
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Figure 11: Process map showing recruitment and follow up in study participants 

 

In addition to the above processes, all pregnant SCD study participants who were admitted with acute 

events, had some of the specified laboratory tests done at their own cost as part of standard care protocol 

of the SCD Obstetrics multidisciplinary care. 

 

All non-pregnant women with SCD had only baseline laboratory samples (blood and urine) taken and 

processed for blood Hb, absolute reticulocyte count, serum bilirubin, serum LDH, AST, ALT and urine 

urobilinogen . 

 

4.5.1 Sampling Methods  

Using the attendance list for the day, consecutive patients [pregnant women with and without SCD in their 

2nd trimester (gestational ages between 13 weeks 1 day to 26 weeks) attending antenatal care at KBTH; 
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and non-pregnant women with SCD receiving care at GICG] who met the inclusion criteria, were 

recruited. The pregnant women were matched for gestational age (± 2 weeks) but not age. Most pregnant 

women presenting to the clinic for their booking visit are unsure of the date of their last menstrual period. 

As such, the gestational age is determined by an obstetrics scan. During the second trimester an obstetrics 

scan gives an error margin of 10 to 14 days; hence there will be no difference in the gestational age match 

of ±2weeks. The non-pregnant women with SCD were matched for age (± 2 years) and phenotype to the 

pregnant women with SCD.  

 

In order to ensure retention and avoid loss to follow up:  

1. Details of all study procedures was explained to all individuals in their local language by study 

personnel (either study nurse, research assistants or principal investigator)  

2. A summary of the study procedures was provided in the informed consent for them to read and 

understand.  

3. All study procedures were done during the antenatal, postnatal or routine clinic visits to avoid loss to 

follow up.  

4. Study participants were sent reminders a day prior to their intended follow up visit. 

 

4.5.2 Data collection 

The questionnaire (which took approximately 10 minutes to fill) was pretested on 4 patients (5% of the 

study population) before the study commenced. Two research assistants were trained to help to 

administering the questionnaire.  

 

Consenting study participants, after having had the study thoroughly explained to them, filled out 

structured questionnaires at baseline (Appendix V- A and VI- A) and during follow up visits (Appendix 

V- B) which were used to assess participants’ demographic characteristics and medical history. Each 

patient had a brief clinical examination after filling out the questionnaire.  

 

The main maternal outcomes collected included: 

a) Incidence of acute pain episodes 

b) Incidence of acute chest syndrome (ACS) 

c) Incidence of severe anaemia (evidenced by a drop in baseline Hb concentration by ≥2g/dL) 
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The main fetal outcomes collected included incidence of: 

a) Spontaneous abortions 

b) Preterm births 

c) Low birthweight infants 

d) Stillbirth infants/ Intrauterine fetal death (IUFD) 

 

The following variables were recorded; 

a) Demographic data: Age, education and occupation 

b) Haemoglobin phenotype: SS, SC, AS and AA were recorded 

c) Obstetrics and Gynaecological history: Gravidity, parity, gestational age at recruitment, history of 

abortions or stillbirths  

d) Clinical/ Medical history:  History of chronic illness; steady state haemoglobin; frequency of sickle 

cell crisis (acute pain episode and ACS episodes) during current pregnancy; number of 

hospitalizations/ admissions during current pregnancy (including reason and duration of admission); 

number of blood transfusions during current pregnancy; history of SCD chronic complications (stroke, 

nephropathy, gallstones. avascular necrosis (AVN), pulmonary hypertension, chronic leg ulcers).  

For clinical evidence of haemolysis, participants were also asked to state their urine colour, verify if 

they had noticed any progressive jaundice or increased yellow colouration of the eye, as well as state 

whether they had symptoms of anaemia. 

e) Clinical measures: Blood pressure, pulse rate, oxygen saturation, respiratory rate, temperature. 

 Blood pressure and pulse rate were obtained using an OMRON digital BP machine (Intelli sense 

R) and measurement were done in the sitting position using the left arm 

 Oxygen saturation was obtained using a pulse oximeter  

 Respiratory rate was counted manually over 1 minute 

 Temperature was obtained using a digital thermometer 

 Weight was obtained using a standing scale  

f) Laboratory tests: Samples were taken for Hb electrophoresis, FBC, manual reticulocyte count, serum 

LDH, serum bilirubin (total, direct and indirect), AST, ALT and urine urobilinogen. 
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4.5.2.1 Sample collection 

Specimen required: Venous blood and fresh urine samples 

Patient preparation: No special patient preparation was required before samples were taken. 

Time periods of sample collection: Study samples were collected at convenience (between 8am and 

12pm) on the clinic day when study participants presented at enrollment/ baseline and during the specified 

serial follow up visits- 28 and 36 weeks gestation; and six weeks postpartum for pregnant women with 

and without SCD).  

 

In addition, laboratory results were obtained from the medical records of the pregnant women with SCD 

during acute events as part of standard care protocol of the multidisciplinary sickle cell obstetrics clinic. 

  

For the non-pregnant control study participants laboratory samples were collected from 8am to 12pm at 

baseline/ enrollment during clinic hours at the adolescent and adult sickle cell clinic of the GICG.  

 

The aim  was to have at least two laboratory samples for all pregnant study participants with and without 

SCD, and at least one laboratory sample for non-pregnant women with SCD. 

 

4.5.2.2 Method of sample collection:  

 Venous blood: In total, 9mL of venous blood sample was drawn from each study participant at each 

study visit.  

 4 mL of this venous blood was put into a bottle with ethylene diamine-tetra-acetic acid (EDTA) 

anticoagulant for haemoglobin (Hb) electrophoresis, FBC and reticulocyte count. The blood in the 

EDTA tube was then inverted 8 – 10 times to ensure adequate mixing.154  

 5 mL of venous blood was put into a gel separator bottle for serum lactate dehydrogenase (S- LDH), 

serum bilirubin (direct and indirect bilirubin), AST and ALT tests. The blood in the gel separator 

bottle was allowed to clot.154  

 Urine sample: At least 10 mL of fresh urine specimen was collected into a clean, dry, detergent-free 

urine container to test for urobilinogen.  
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4.5.2.3 Precautions taken during sample collection154:  

The following precautions were adhered to; 

 Sample collection was done under aseptic techniques.  

 Sample collection was done in a quiet, well-lit area to prevent distraction and multiple or traumatic 

venepunctures. 

 To avoid haemolysis which would interfere with analysis, the following precautions were taken: 

 Tourniquets were tied for short periods during sample collection  

 Mixing of blood samples in the tube was done by inverting the sample bottles gently eight times  

 The venepuncture procedure was explained to each study participant before actual sample collection. 

This was to prevent anxiety attacks during blood sample collection. 

 The samples from each subject were duly labelled with unique study identification numbers. This was 

done systematically to avoid errors. 

 

4.5.2.4 Handling of sample:  

 All laboratory samples were collected and labelled at the study sites- Obstetrics clinic, KBTH (for 

pregnant women) and GICG (for non-pregnant women).  

 Sample Transportation: At the end of recruitment and follow-up visit for the day, the laboratory 

samples were transported to the laboratory at Korle-Bu Polyclinic(within the premises of Korle-Bu) in 

routine containers (for urine) and cryobox (for blood) at room temperature.  

 Receipt of specimen at the Laboratory: Samples were visually checked or inspected for sufficient 

volume as well as for features of haemolysis before analysis. 

 

4.5.2.5 Mode of sample and reagent storage 

Haematology laboratory tests:  

The RBCs, white blood cell count (WBC), platelet count, and red cell indices are documented to be stable 

for 8 hours after blood collection. Reticulocytes are considered relatively unstable after 4 hours especially 

at room temperature as a consequence of possible in vitro maturation to RBCs.155 In view of the above, 

samples for Hb electrophoresis, FBC and absolute reticulocyte count were kept on the bench and 

laboratory tests run/ analysed within 4 hours after collection.  
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Biochemistry laboratory tests:  

Storage of Reagents 

Reagents were stored at 2 to 8°C strictly in an uninverted position and away from light. The reagent is 

stable until the expiration date appearing on the label when stored at this temperature. Once uncapped and 

on board the analyzer, reagents were stable for up to 23 days. 

Storage of Specimen 

Venous blood (5ml) was collected by standard venipuncture techniques into gel blood collection tubes 

(with inert gel barriers). Blood was allowed to clot adequately and centrifugation was effected at 5000 

revolutions per minute for 15 minutes to harvest adequate serum for analysis. Serum was immediately 

separated from red cells and gel and kept in another test tube ready for analysis. It was ensured that the 

separated serum was entirely free of any clots. For serum specimen which were not run immediately after 

harvesting, samples were stored at 2 to 8ºC and run within the next 3 days. Serum samples are reported 

stable for ten days when refrigerated (2 to 8°C), two weeks when frozen (-20°C), and four days when 

stored at room temperature (15 to 30°C). Non-haemolysed serum was strictly ensured.  

 

Sample for urinalysis: Urine samples were analysed within 4 hours after collection. 

 

4.5.2.6 Laboratory analysis: 

 The procedure for Haemoglobin (Hb) Electrophoresis is described in the next pages. 

 Full blood count (FBC) was carried out using the Mindray BC5300 Automated Haematology Analyser. 

The principle and procedure for FBC by the manufacturers were followed.   

 A manual reticulocyte count was carried out instead of the automated reticulocyte count due to cost. 

The procedure for manual reticulocyte count is described in the next pages. As part of Quality Control, 

random samples were sent to the Central Laboratory, KBTH and MDS Lancet (a private laboratory 

outside Korle-Bu) for analysis. Analysis on these samples were done using the Sysmex Automated 

Haematology Analyser, and results compared with the manual count.  

 Blood biochemistry (serum LDH; total, direct and indirect serum bilirubin; AST and ALT) were carried 

out using the Mindray BS200E Fully Automated Biochemistry Analyzer. The principle and procedure 

for biochemistry laboratory tests by the manufacturers were followed. 
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 Test for urine urobilinogen  

o A urobilinogen test was carried out using the Combi 10 urine dipstick.  

o The principle and procedure for urobilinogen test by the manufacturers, were followed. 

o Before use, strips were examined for discolouration and expiry date. 

 

 

 

 

 



54 

 

4.5.2.6.1 Method for Haemoglobin (Hb) Electrophoresis  

Principle of Hb Electrophoresis  

At alkaline pH, Hb is a negatively charged protein and when subjected to a direct power supply from an 

electrical field will migrate toward the anode (+). Separation of the haemoglobins also depends on the size 

or molecular mass of the molecules, shape of the molecule (whether it is hydrophobic), the frictional 

effects of the medium, the strength of the electric field, the ionic strength of the buffer and the temperature 

of the buffer. Structural variants that have a change in the charged amino acids on the surface of the 

molecule at alkaline pH separate from Hb A eg. HbF, HbS, HbC, HbD and HbE. Haemoglobin variants 

that have an amino acid substitution that is sited internally (for example, haemoglobins with reduced 

oxygen affinity) may not separate from the haemoglobin variants of clinical importance, and those that 

have an amino acid substitution that has no effect on overall charge will not separate by electrophoresis. 

 

Reagents and equipment 

Tris-EDTA-Borate 

Ponceau S Stain 

5% Glacial acetic acid 

Cellulose acetate membranes 

Electrophoretic tank and power pack 

Blotting paper 

Applicators 

 

Preparation of Haemolysate and Control 

1. Blood samples of each patient, as well as the control sample were washed independently, four times in 

physiological saline (0.85%) by centifuging the blood sample at 3500 rpm for 5 minutes. This was to 

allow removal of plasma and denatured haemoglobins from the sample.   

2. The washed red blood cells of each blood sample were then frozen at -800 C and thawed for 10 minutes 

to lyse the red cells.  

3. A quarter volume carbon tetra chloride (CCl4) was then added to ensure further adequate removal of 

all red cell waste after centrifugation.  

4. The mixture was vortexed and centrifuged to separate the haemoglobin solution. 
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5. In preparing controls, equal volumes of Hb AA, AS, and AC blood samples were mixed. This was to 

ensure a good representation of the haemoglobin bands A, S and C during separation.  

6. Few drops of 0.2M KCN was added  for elution. 

7. A 20% concentration of haemolysate was then prepared.  

8. The quality of the control was assessed by electrophoresis to ensure that three bands were present; 

bands A, S and C.  

 

Storage of reagents:  

The reagents were stored at 15 to 30oC in a tightly closed bottle to prevent evaporation 

 

Procedure for the Hb Electrophoresis  

- The electrophoretic tank was filled with Tris-EDTA–Borate (TEB) buffer at a pH of 8.4 to a depth of 

about 2.5cm.  

- The cellulose acetate membrane was then impregnated with the TEB buffer.  

- 20µl of each test haemolysate was pipetted into the appropriate wells with a constant distance from one 

bridge to the other.  

- The cellulose acetate membrane that was previously impregnated with the TEB buffer was then blotted 

with gauze to remove any obvious surface fluid.  

- Tha applicator was then loaded by depressing the tips into the sample wells twice. The first load was 

applied to clean blotting paper while the second load was applied to the cellulose acetate membrane. 

- By means of an applicator, the control haemolysate and test haemolysates are applied on the same line 

of origin on the cellulose acetate membrane.  

- The cellulose acetate membrane was then positioned flat with the plastic side uppermost on the frame 

of the electrophoretic tank with the two ends in contact with the TEB buffer.  

- The tank was subsequently covered and a a current of 50mA with voltage of 350V allowed to run for 

30 min.  

- The membrane was removed from the electrophoretic tank immediately after the run of 30 min and 

stained with Ponceau-S for about 5 min  

- It was then de-stained with 2-5% glacial acetic acid in three successive washes, with each wash lasting 

2 minutes. This was to ensure a clear or white background 

- The cellulose acetate papers were then air-dried.  
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- The membranes were then labelled 

- The Hb phenotypes were then read and recorded. The figure below demonstrates the relative mobility 

of some of the abnormal haemoglobins. 

 

 

Figure 12: Unstained electrophoretic strips of study participants with SCD. 

Figures (a) and (b) show electrophoretic patterns in pregnant women with SCD; Figure (c) shows 

electrophoretic patterns in non-pregnant women with SCD (2nd controls) 
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Figure 13: Stained electrophoretic strip of pregnant women without SCD (1st controls) 

 

Precautions taken: 

1. Reagents that showed signs of deterioration like dampness, discolouration or bacterial contamination 

were discarded 

2. Ponceau S stain that had large amounts of precipitate were discarded 

3. Freshly venepunctured whole blood samples collected into EDTA bottles were inverted eight times to 

ensure good mixing 

4. Samples were washed with physiological saline four times 

5. Samples were stored at -80oC to ensure preparation of good haemolysates by the freeze and thaw 

method.  

6. The quality of separation was affected primarily by both the amount of haemoglobin applied and the 

positioning of the origin. 
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4.5.2.6.2 Methodology for Full Blood Count (FBC) using Mindray BC5300 Automated 

Haematology analyser 

 

Test Principle 

The principle for the test is based on the coulter principle. Two electrodes placed in isotonic solutions are 

separated by a glass tube having a small aperture. A vacuum is applied and as a cell passes through the 

aperture, flow of current is impeded and a voltage pulse is generated. The requisite condition for cell 

counting by this method is high dilution of sample so that minimal numbers of cells pass through the 

aperture at one point of time. There are two electrodes on either side of the aperture; as the solution in 

which the cells are suspended is an electrolyte solution, an electric current is generated between the two 

electrodes. When a cell passes through this narrow aperture across which a current is flowing, change in 

electrical resistance (i.e. momentary interruption of electrical current between the two electrodes) occurs. 

A small pulse is generated due to a temporary increase in impedance. This pulse is amplified, measured, 

and counted. The height of the pulse is proportional to cell volume. The width of the pulse corresponds 

with the time required for the cell to traverse the aperture. Cells that do not pass through the center of the 

aperture generate a distorted pulse that is not representative of the cell volume.  

 

Figure 14: Schematic diagram demonstrating principle of flow cytometry for automated analyzers 
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The haemoglobin concentration was determined using the imidazole-haemoglobin complex measured at 

540nm. 

 

Procedure 

The Mindray BC5300 Haematology analyser was calibrated using an International calibrant for which 

specific blood cell count values had been assigned. Commercial controls were run alongside the batch of 

each day’s cell count on study samples. 4mL of freshly venepunctured whole blood specimen was 

collected into potassium ethylene diamine tetra acetic acid (EDTA) sample collection tubes. Sample was 

inverted eight times to ensure good mixing. Cell counts were performed by aspirating 25 µl of the freshly 

well mixed EDTA blood sample into the haematology analyser within 4 hours of sample collection. 

Results were displayed on the LED monitor. After results had been validated based on the clinical 

summary of the study participants, results were printed and entered into the database for data analysis.  
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4.5.2.6.3 Methodology for manual reticulocyte count 

Principle 

Using a supravital stain (new methylene blue), residual ribosomal ribonucleic acid (RNA) within the 

reticulocytes is precipitated. An equal volume of stain is then added to EDTA-anticoagulated blood, the 

dilution mixture incubated, and a smear is prepared. The smear is examined to determine the number of 

reticulocytes present. An erythrocyte containing two or more particles of blue-stained material is a 

reticulocyte. The number of reticulocytes is expressed as a percentage of the total number of erythrocytes 

counted.156  

 

Specimen and storage 

4mL of whole blood specimen in potassium EDTA sample collection tubes. Analysis was performed 

within 6 hours after sample collection.  

 

Reagents 

One gram (1.0 g) of New methylene blue (CI 52030) was dissolved in 100 ml of iso-osmotic phosphate 

buffer pH 6.5 to form the reticulocyte staining preparation. 

 

Staining and slide preparation procedure 

1. Using a plastic Pasteur pipette, 2 to 3 drops of the New Methylene blue dye solution were pipetted into 

a 75 × 10 mm plastic tube.  

2. Two to 4 drops of the patient's thoroughly mixed EDTA anticoagulated blood was added to the dye 

solution.  

3. The contents of the plastic tube were then mixed gently by using a Pasteur pipette to avoid haemolysis 

4. The whole mixture was then incubated at room temperature (25°C) for 15–20 minutes.  

5. At the end of the incubation time, the red cells sediment was resuspended by gentle mixing again with 

the Pasteur pipette. 

6. Using a capillary tube, a drop of the resuspended mixture was placed near the frosted edge of three 

glass slides, and thin peripheral smears prepared.  

7. The slides were then labelled with the patients’ unique identification number and allowed to air dry. 

8. After drying, the films were examined without fixing or counterstaining.  
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Figure 15: New methylene blue stain of reticulocytes 157 

 

Counting Procedure 

1. The slide was placed on the microscope stage, and using the low power objective (x10), an area in the 

thin portion of the smear where the red cells were evenly distributed, undistorted, not touching each 

other and where the staining was optimum was chosen for examination.  

2. The objective was carefully changed to the oil-immersion objective (x100); and an area in which there 

were approximately 100 red cells per oil immersion field was chosen.  

NB: This was done by mentally dividing the field into 4 quadrants. Cells in one quadrant were counted. 

If there were approximately 25 cells in one quadrant, then the field was good for counting.  

3. The Miller Ocular eyepiece was used to count the cells with blue staining filaments or at least two or 

more discrete blue aggregates of reticulum in the erythrocyte. 

NB: The Miller disc imposes two squares (one 9 times the area of the other) onto the field of view. A 

good area for counting will show 3 – 10 RBCs in the smaller square of the Miller disc 
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Figure 16: Miller Ocular Disc Square Microscope 

  

4. The reticulocytes within the entire large square including those touching the lines on the left and bottom 

of the ruled area were counted. 

5. RBCs in the smaller square whether they contained stained RNA or not were also counted. 

6. All prepared 3 slides were counted and an average count used 

 

Counting was continued until a minimum of 111 RBCs were observed between 15 – 20 fields. This 

corresponded to 1000 RBCs.  

Calculation of reticulocytes: 

Number of reticulocytes in n fields = x 

Average number of red cells per field = y 

Total number of red cells in n fields = n × y 

Reticulocyte percentage = [x ÷ (n × y)] × 100% 

Absolute reticulocyte count = % × RBC count 

 

Results were then entered into the database. 
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At the Korle-Bu Polyclinic Laboratory where the samples were run, the normal reference range for the 

percentage reticulocyte count for adult females ranged between 0.5% to 4.0%; whereas the absolute 

reticulocyte count for adult females ranged between 18 x 109/L to 158 x 109/L. 

 

Precautions taken: 

1. Resuspension of the whole blood-stain mixture prior to preparing smears was done to avoid the 

reticulocytes from remaining on top of the mixture during incubation. Reticulocytes have a lower 

density than mature red blood cells. 

2. The incubation time was not allowed to exceed the stipulated time of 15 – 20 minutes. This was to 

prevent the erroneous results of the new methylene blue dye adhering to mature red cells. 

3. To decrease the error of imprecision between reticulocyte counts performed on the same blood sample 

a. Three slides were prepared for each sample, and an average of the reticulocyte count used 

b. An experienced biomedical scientist also performed counts on each patient independently, and 

counts compared. In the case of discrepancies, manual counts were repeated and counts were 

confirmed using the Sysmex automated haematology analyser from the Central Laboratory, KBTH 

or MDS_Lancet (a private laboratory). 

c. Random samples were sent to the Central Laboratory, KBTH for reticulocyte counts to be performed 

with the automated analysers. In the case of discrepancies, trouble-shooting for staining and slide 

preparation procedure as well as counting procedure was done, and technique improved upon.  

 

Sources of error  

a. The difference between a refractile appearance of erythrocytes and reticulocytes should be known 

b. Filtration of the stain is required for precipitated material.  

c. The difference between erythrocyte inclusions and reticulocytes should be known 

d. Decreased reticulocyte counts may occur as a result of under staining of blood with New Methylene 

Blue thus incubation must be done within a specified time.  

e. High glucose levels can cause reticulocytes to stain 

f. Where no reticulocytes are observed after scan of at least two slides, report, “none seen”. 
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4.5.2.6.4 Methodology for blood biochemistry using Mindray BC200E Fully Automated Analyser 

Test Principles  

Serum Bilirubin Test 

Total (conjugated and unconjugated) bilirubin couples with a diazo reagent in the presence of a surfactant 

to form azobilirubin. The diazo reaction is accelerated by the addition of surfactant as a solubilizing agent. 

The increase in absorbance at 548 nm due to azobilirubin is directly proportional to the serum bilirubin 

concentration.  

Serum Aspartate Aminotransferase (AST) Test 

Aspartate aminotransferase (AST) catalyzes the transfer of the amino group from L-aspartate to α-

Ketoglutarate to yield oxalacetate and L-glutamate. The oxalacetate undergoes reduction with 

simultaneous oxidation of nicotinamide adenine dinucleotide + hydrogen (NADH) to nicotinamide 

adenine dinucleotide (NAD) in the malate dehydrogenase (MDH) catalyzed indicator reaction. The 

resulting rate of decrease in absorbance at 340nm is directly proportional to the AST activity. Lactate 

dehydrogenase (LDH) is added to prevent interference from endogenous pyruvate which is normally 

present in serum.  

Serum Alanine Aminotransferase (ALT) Test 

Alanine pyruvatetransferase (ALT) or Glutamate pyruvate transaminase (GPT) catalyses the reversible 

transfer of an amino group from alanine to ketoglutarate forming glutamate and pyruvate. The pyruvate 

produced is reduced to lactate by lactate dehydrogenase (LDH) and NADH: The rate of decrease in 

concentration of NADH, measured photometrically, is proportional to the catalytic concentration of ALT 

present in the sample. 

Serum Lactate Dehydrogenase (LDH) Test 

Lactate Dehydrogenase (LDH) catalyzes the conversion of lactate to pyruvate, the forward reaction and 

the conversion of pyruvate to lactate, the reverse reaction. The enzyme may be assayed using either 

material as a substrate; however, the enzyme activities obtained by the two methods are not directly 

comparable. The forward reaction does not require preincubation to exhaust endogenous α-keto acids and 

displays linearity over a wider range of activity in patient samples. This LDH method utilizes the forward 
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reaction.  Lactate and NAD+ are converted to pyruvate and NADH by the action of LDH. NADH strongly 

absorbs light at 340 nm, whereas NAD+ does not. The rate of increase in absorbance at 340 nm is directly 

proportional to the LDH activity in the sample. 

 

Procedure for serum biochemistry 

The Mindray BC200E Fully Automated analyser was switched on and start-up effected for about 10 

minutes for the software to synchronize with the fluidics and hydraulics of the analyser. The reagent 

mixture (ready to use) for the specific chemistry laboratory test was placed on board the analyser. 

Chemistry calibrator catalog number C7506-50 and control catalog number 12-C7592-50 were placed on 

board and calibration run for all serum biochemistry laboratory tests. Calibration for serum bilirubin was 

stable for approximately 14 days (336 hours) when run while that of AST and ALT was stable for 

approximately 23 days (552 hours). Calibration for LDH was also stable for approximately 30 days (720 

hours) when run. Calibration was required with each change in reagent lot number. Calibration was 

verified with at least two levels of controls according to the established quality control requirements for 

the laboratory. Control solutions were run prior to specimen runs. On any occasion that control results fell 

outside acceptable ranges, recalibration was effected. Serum samples for study participants  were thus run 

after calibration and controls and results displayed on the LED screen. After results had been validated 

based on the clinical summary of the study participants, results were printed and entered into the database 

for data analysis. 

 

At the Korle-Bu Polyclinic Laboratory where the samples were run, the normal reference range for the 

total serum bilirubin, direct serum bilirubin and indirect serum bilirubin were 3.4 to 22.0 umol/L, ≤ 5.13 

umol/L and ≤10.0 umol/L respectively. The normal reference range used for AST and ALT was 0 – 35 

U/L. The normal reference range used for LDH was 100 – 190 U/L. 
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4.5.2.6.5 Methodology for testing urine urobilinogen 

 

Test Principle 

Urobilinogen and diazonium produce pink azo dyes under the function of a strong acid medium. 

 

Specimen and storage 

Fresh urine specimen were voided into clean, dry, leak-proof wide-mouthed screw capped containers. 

Specimen was mixed well prior to analysis within 4 hours of collection. 

 

Procedure 

1. The reagent test strip was taken from the canister and the cap promptly replaced after taking out strip.  

2. Strips were then dipped briefly in the urine making sure that the test areas were fully immersed. 

3. Excess urine was removed from the strip by running the edge of the strip along the rim of the urine 

container. 

4. The strip was held up horizontally and reaction was then read in  good light at exactly the time stated 

by the manufacturer.  

5. Reactions were compared by holding the strip close to the colour chart on the container label and results 

recorded. 

 

 

Figure 17: Urine dipstick and container158 
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Precautions   

The strip was read between 1-2 minutes after dipping.  

For positive results the test was repeated and compared with the colour chart at the time specified.    

Colour changes beyond 2 minutes were not recorded. 

Controls were read before test specimen were analyzed. 
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4.5.2.7 Use of controls 

Controls were run daily on both the haematology and chemistry analyzers before samples were run. 

 

How controls were obtained:  

 Controls for the haematology and blood biochemistry analysers were obtained from the manufacturers.  

 For Hb electrophoresis, controls were obtained from individuals with HbAA, HbAS and HbAC 

phenotypes and prepared at the beginning of each week.  

 Control reference solutions for the urinalysis were obtained from the manufacturers.  

 

Storage of controls:  

 Haematology and blood biochemistry analysers: 

 The storage instructions supplied with the controls by the manufacturer were adhered to.  

 The control samples were kept refrigerated at 2-80C. 

 Urine dipsticks/ strips:  

 To prevent deterioration of the reagent urine strips, the following were adhered to:  

 The urine strips were protected from moisture and excessive heat and light. 

 The urine strips were not refrigerated.  

 The urine strips were removed only as required. 
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4.5.3 Data Handling 

All data collected for this study were used for research purposes only. The data collected from patient’s 

medical record were limited to only what is necessary to carry out the study as outlined. No data from the 

study was reported on an individual basis; all findings from this study were reported in statistical summary 

form only. All data were treated with strict confidentiality. Each participant was assigned a unique study 

code number that was used on all data forms; patient names were not used. A list of patient names and 

study code numbers were maintained separately from the data extraction forms, under secured lock. The 

Principal Investigator was the only one who had access to this information. Access to the files were logged 

electronically. Data will be stored for two years after the study (from December 2019 to 31st December 

2021) after which data will be discarded. 

 

4.5.4 Statistical / Data analysis 

The study sought to determine the association between increased haemolysis and fetomaternal outcome. 

Analysis was done using Stata statistical software package (StataCorp.2007. Stata Statistical Software. 

Release 14. StataCorp LP, College Station, TX, USA) and significant levels was taken as α < 0.05. Data 

was presented in tables and charts. 

 

Categorical variables such as the phenotype, parity, education and occupation were summarised by 

frequencies and proportions. Continuous variables such as age, weight, gestational age (at enrollment and 

delivery), total duration of follow up and selected markers of haemolysis were summarised by means and 

standard deviation (std dev).  

 

The student t- test was used to compare the means of the gestational age at enrollment, delivery and total 

follow up time between the pregnant women with and without SCD; and between the pregnant women 

with HbSS and HbSC phenotypes.  

One-way analysis of variance (ANOVA) was used to compare the means of the markers of haemolysis 

between pregnant women with and without SCD. A  one- way analysis of variance (ANOVA) test was 

also used to compare the means of the selected markers of haemolysis  in the pregnant women with SCD 

at enrollment (baseline) and during the follow up visits (28 weeks, 36 weeks and 6 weeks postpartum). 
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For the first objective, which was to determine the frequency of hyperhaemolysis in pregnant women with 

SCD, the criteria for defining hyperhaemolysis in SCD (see Glossary) was used to determine the number 

of pregnant women with SCD who met the criteria. 

 

The second and third objectives were to determine the association between hyperhaemolysis during 

pregnancy and acute maternal outcomes in women with SCD; and to determine the association between 

hyperhaemolysis during pregnancy and adverse fetal outcomes in women with SCD. There was no 

increased frequency of haemolysis (hyperhaemolysis) hence no logistic regression was run. 

 

The fourth objective was to compare the mean steady state values of the selected markers of haemolysis 

in non- pregnant women with SCD and pregnant women with SCD. Comparison was made using the t-

test with a p value of less than 0.05.  

 

Additionally, the Fisher’s exact test was used to compare the maternal outcomes such as mode of delivery; 

and the fetal outcomes such as preterm delivery, birthweight and perinatal outcome between the pregnant 

women with and without SCD. The significant level was set at a p value less than 0.05.  

 

The pain rate was defined and calculated as the sum of the number of pain episodes requiring 

hospitalization during the study period per the number of patient- years; with the number of patient-years 

being calculated as the sum of duration of follow up during and after pregnancy. 

 

The ACS rate was defined and calculated as the sum of the number of ACS episodes requiring 

hospitalization during the study period per the number of patient- years; with the number of patient-years 

being calculated as the sum of duration of follow up during and after pregnancy. 
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CHAPTER 5: ETHICAL CONSIDERATIONS 

This study was approved by the Scientific and Technical Committee and the Institutional Review Board 

of the Korle-Bu Teaching Hospital (approval number: KBTH-IRB/000100/2018)- Appendix I. In 

addition, Institutional approval was granted by the Department of Obstetrics, KBTH and the Ghana 

Institute of Clinical Genetics (GICG), Korle-Bu.  

  

The study was fully and clearly explained to all eligible participants in a language understood by them, 

using the study information leaflet provided. Acceptance was confirmed by signing of the consent form 

by the participant. All consent forms were countersigned by the Principal Investigator. 

 

All data collected for this study were used for research purposes only. The data collected from the medical 

record were limited to only what was necessary to carry out the study as outlined. No data from the study 

were reported on an individual basis; all findings from this study were reported in statistical summary 

form only. 

 

Patient confidentiality was assured and study documents were safely locked and kept by the Principal 

Investigator. The Principal Investigator was the only one who had assess to the documents.  

 

The participants were informed of the voluntary nature of their participation and their liberty to withdraw 

from the study at any point should they wish to do so, without affecting their care subsequently.  

 

All cost of treatment (including blood transfusions and intravenous fluids) were borne by the study 

participants since it is the normal routine management procedure. There was no extra cost to the study 

participants beyond their routine follow up, investigations and procedures as part of their standard of care. 

 

Possible Benefits: The direct benefits to the study participants with SCD from this study were that they 

were referred to the adult sickle cell clinic (Ghana Institute of Clinical Genetics, GICG) to continue 

management at the end of the study. The indirect benefits to the study participants with SCD were that, 

participation may help develop new and more effective preventive measures as well as better 

understanding and treatment modalities for the management of pregnant women with sickle cell disease.  
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Possible Risks: This research presented minimal risk to participants and their babies. The main risks 

included, psychological distress from discussing upsetting issues such as hospital admissions, treatment 

options and adverse fetal outcomes e.g. stillbirths and intra-uterine growth restriction. Confidentiality was 

protected as described in the section below. There was also some discomfort in drawing blood sample, 

even though, every effort was made to reduce such experience to the barest minimum.  

 

Participants were not paid for their participation in the study; however, in order to ensure retention, 

pregnant study participants were given transportation fare for their follow- up visits. 
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CHAPTER 6: RESULTS 

Data for 73 study participants (25 pregnant women with SCD, 23 pregnant women without SCD and 25 

non-pregnant women with SCD) were used for analysis. Figure 23 below describes the selection criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

77 patients were recruited into the study instead of 75 patients.  

73 study participants were included in the 

final analysis 

4 pregnant women did not meet requirements for 

inclusion in analysis; they had only one laboratory 

sample taken). 

- 1 pregnant woman with SCD had spontaneous 

abortion and was lost to follow up after 

recruitment 

- 3 pregnant women without SCD were lost to 

follow up after recruitment 

 

25 pregnant women with SCD 23 pregnant women without SCD 25 non-pregnant women with 

SCD 

25 pregnant women with SCD 

were followed till six weeks 

postpartum and used for analysis 

21 pregnant women without SCD 

were followed till six weeks 

postpartum and used for analysis 

2 pregnant women without SCD 

were loss to follow up 

Figure 18: Flowchart showing selection criteria of study participants included in the analysis 

25 non-pregnant women with 

SCD were used for analysis 
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6.1 Socio-demographic characteristics of study participants at enrollment 

 

The 73 study participants were aged between 21 and 42 years with a mean age of 30.3 ± 5.3 years. 

Although the pregnant women with and without SCD were not matched for age, there was no significant 

difference in their mean ages (29.8 ± 5.2 years vrs 31.7 ± 5.4 years respectively; p=0.42). The mean weight 

of the pregnant women with SCD was 62.8 ± 8.4 kg; while the mean weight of the pregnant women 

without SCD and non-pregnant women with SCD were 76.7 ± 18.1 kg and 59.8 ± 11.3 kg, respectively. 

Almost all the study participants had some level of formal education, with more than 60.0% having 

acquired a secondary education. About  two-thirds each of the SCD cohort [15 (60.0%) pregnant women 

with SCD and 17 (68.0%) non-pregnant women with SCD], and three-quarters of the pregnant women 

without SCD [18 (78.3%)] had an informal occupation such as petty trading.. 

 

Among the pregnant women with SCD, 16 (64.0%) had sickle cell anaemia while 9 (36.0% had HbSC 

phenotype as shown in Figure 21 below 

 

 

Figure 19: Phenotypic distribution of pregnant women with sickle cell disease 

16; 
64.0% 

9; 36%

HBSS HBSC
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6.2 Baseline study characteristics of the pregnant women with and without SCD 

 

The mean gestational age at enrollment for both the pregnant women with and without SCD (n=48) was 

19.4 ± 3.7 weeks (SCD: 19.1 ± 3.8 weeks; non-SCD: 19.7 ± 3.7 weeks; p=0.58). There was no significant 

difference in the mean gestational age at delivery between the pregnant women with and without SCD 

(37.0 ± 2.8 weeks vrs 36.2 ± 5.4 weeks respectively; p=0.57). The mean duration of follow-up for both 

the pregnant women with and without SCD was 22.6 ± 5.4 weeks (23.8 ± 5.4 weeks vrs 21.3 ± 5.6 weeks 

respectively; p=0.11). All the pregnant women with SCD had had between zero and two births at 

enrollment. In contrast, 20 (87.0%) of the pregnant women without SCD had zero to two births. There 

was however no significant difference in the parity between the pregnant women with and without SCD 

(p=0.26). 

 

 

6.3 Frequency of hyperhaemolysis in pregnant women with SCD  

 

The follow up times in the pregnant women with SCD were categorized as enrollment, 28 weeks gestation, 

36 weeks gestation and six weeks postpartum.  

 

Using the criteria for defining hyperhaemolysis (see Glossary), half of the women at 28 weeks gestation, 

and a third at 36 weeks gestation and six weeks postpartum respectively, had a drop in Hb from baseline; 

with only one of them in each category having a decrease in Hb ≥ 20% from baseline. In the pregnant 

women with SCD who had a decrease in Hb ≥ 20% from baseline, there was no corresponding increase 

in reticulocyte count by ≥25% from baseline. None of the pregnant women with SCD met the diagnostic 

criteria for defining hyperhaemolysis (Figures 22, 23 and 24). 

 

This study hence did not demonstrate hyperhaemolysis in pregnant women with SCD.
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23 pregnant women with 
SCD screened for 

hyperhaemolysis at 28 
weeks gestation

13 pregnant woman with 
SCD had a decrease in Hb 

from baseline

1 pregnant woman with 
SCD had a decrease in Hb 

≥ 20% from baseline

0 pregnant women with SCD 
had a decrease in Hb by ≥ 20% 
from baseline and an increase 
in absolute reticulocyte count 

by ≥ 25% from baseline

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥25% from 

baseline and ↑ LDH

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥ 25% from 
baseline and ↑ indirect bilirubin

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥ 25% from 

baseline and ↑ AST

0 pregnant women with 
SCD had a decrease Hb by 
≥ 20% from baseline and 
an increase in absolute 

reticulocyte count

Figure 20: Pregnant women with SCD meeting criteria for defining hyperhaemolysis at 

28 weeks gestation 
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18 pregnant women with 
SCD screened for 

hyperhaemolysis at 36 
weeks gestation

6 pregnant woman with 
SCD had a decrease in 

Hb from baseline

1 pregnant woman with 
SCD had a decrease in 

Hb ≥ 20% from baseline

0 pregnant women with SCD had 
a decrease in Hb by ≥ 20% from 

baseline and an increase in 
absolute reticulocyte count by ≥ 

25% from baseline

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥25% from 

baseline and ↑ LDH

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥ 25% from 
baseline and ↑ indirect bilirubin

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥ 25% from 

baseline and ↑ AST

0 pregnant women with 
SCD had a decrease Hb 
by ≥ 20% from baseline 

and an increase in 
absolute reticulocyte 

count

Figure 21: Pregnant women with SCD meeting criteria for defining hyperhaemolysis at  

36 weeks gestation 
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25 pregnant women with 
SCD screened for 

hyperhaemolysis at 6 
weeks postpartum

9 pregnant woman with 
SCD had a decrease in Hb 

from baseline

2 pregnant woman with 
SCD had a decrease in Hb 

≥ 20% from baseline

0 pregnant women with SCD had 
a decrease in Hb by ≥ 20% from 

baseline and an increase in 
absolute reticulocyte count by ≥ 

25% from baseline

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥25% from 

baseline and ↑ LDH

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥ 25% from 
baseline and ↑ indirect bilirubin

0 pregnant women with SCD had a 
decrease in Hb by ≥ 20% from 

baseline and an increase in absolute 
reticulocyte count by ≥ 25% from 

baseline and ↑ AST

0 pregnant women with 
SCD had a decrease Hb by 
≥ 20% from baseline and 
an increase in absolute 

reticulocyte count

Figure 22: Pregnant women with SCD meeting criteria for defining hyperhaemolysis at  6 

weeks postpartum 
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6.4 Association between hyperhaemolysis and adverse maternal and fetal outcomes in 

women with SCD  

 

The aim of this study was to determine the association between hyperhaemolysis and  fetomaternal 

outcomes in pregnant women with SCD. Using the criteria for defining hyperhaemolysis in SCD  (see 

Glossary), none of the pregnant women with SCD met this criteria as shown in Figures 22, 23 and 24. 

This study therefore did not demonstrate hyperhaemolysis in pregnant women with SCD; hence no 

association between hyperhaemolysis and fetomaternal outcome could be determined. 

 

6.5 Steady state values of the selected markers of haemolysis in non-pregnant women with 

SCD compared pregnant women with SCD 

 

Generally, the mean steady state concentrations of the markers of haemolysis in the non-pregnant women 

with SCD were relatively higher compared to the laboratory values in the pregnant women with SCD. 

There was no statistically significant difference in the Hb (p= 0.89), absolute reticulocyte count (p= 0.27), 

direct bilirubin (p= 0.05), indirect bilirubin (p= 0.05), LDH (p= 0.14), AST (p= 0.05) and ALT (p= 0.24). 

There was however a statistical difference in the steady state total bilirubin in non-pregnant women with 

SCD compared to the pregnant women with SCD (p= 0.04). 
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Table 7: Steady state laboratory parameters of both pregnant and non-pregnant women with sickle cell 

disease 

Laboratory parameters (baseline) Non-pregnant women with 

SCD (N= 25) 

Pregnant women with 

SCD (N= 25) 

p- 

value 

Mean Hb, (std. dev.) (g/dL) 8.7 (1.8) 8.8 (1.8) 0.89 

Mean absolute reticulocyte count, 

(std. dev.)(x 109/L) 

103.0 (32.4) 122.7 (80.7) 0.27 

Mean total bilirubin, (std. dev.) 

(umol/L) 

43.0 (36.3) 26.2 (13.5) 0.04 

Mean direct bilirubin, (std. dev.) 

(umol/L) 

8.9 (7.9) 5.5 (3.4) 0.05 

Mean indirect bilirubin, (std. dev.) 

(umol/L) 

34.1 (31.8) 20.6 (11.3) 0.05 

Mean LDH, (std. dev.) (IU/L) 373.2 (152.3) 322.1 (73.3) 0.14 

Mean AST, (std. dev.) (IU/L) 42.7 (25.2) 30.5 (15.9) 0.05 

Mean ALT, (std. dev.) (IU/L) 35.1 (20.7) 27.9 (22.1) 0.24 
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6.6 Additional results 

 

6.6.1 Mean values of laboratory parameters of the pregnant women with and without SCD  at 

baseline, 28 weeks and 36 weeks gestation 

 

Table 8, 9 and 10 compares the laboratory parameters between the pregnant women without SCD and the 

two predominant SCD phenotypes (HbSS and HbSC).  

 

At baseline, the pregnant women with sickle cell anaemia had relatively higher mean concentrations of 

the markers of haemolysis with the exception of the mean Hb. The absolute reticulocyte count, total 

bilirubin, direct bilirubin, indirect bilirubin, AST and ALT values were not statistically different compared 

to both the pregnant women with HbSC and HbAA at p=0.27, p=0.11, p=0.07, p=0.17, p=0.14 and p=0.83 

respectively. The mean Hb and mean LDH were however elevated, and statistically different compared to 

both the pregnant women with HbSC and HbAA (p=0.01; p=0.01 respectively), Table 8.    

 

Similarly, the pregnant women with HbSS had relatively higher mean concentrations of the markers of 

haemolysis with the exception of the mean Hb at 28 weeks gestation. The mean Hb and mean LDH were 

statistically different compared to both the pregnant women with HbSC and HbAA (p=0.00; p=0.01 

respectively). All the other haemolytic markers were not statistically significant when the three groups 

were compared- absolute reticulocyte count (p=0.71), total bilirubin (p=0.41), direct bilirubin (p=0.13), 

indirect bilirubin (p=0.37), AST (p=0.37) and ALT (p=0.07), Table 9. 

 

At 36 weeks gestation, the markers of haemolysis were elevated in the pregnant women with SCA 

compared to the pregnant women with HbSC and HbAA, but the absolute reticulocyte count, total 

bilirubin and indirect bilirubin were not statistically significant at p=0.13, p=0.10 and p=0.46 respectively. 

The Hb, direct bilirubin, LDH, AST and ALT were significantly elevated at p=0.00, p=0.00, p=0.02, 

p=0.03 and p=0.02 respectively, Table 10. 
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Table 8: Baseline laboratory parameters of pregnant women with HbSS and HbSC compared to HbAA 

 Pregnant women 

with HbSS  

(n = 16) 

Pregnant women 

with HbSC  

(n = 9) 

Pregnant 

women 

with 

HbAA 

(n=23) 

p value 

Mean Hb, (std dev) 

(g/dL) 

 8.1 (1.2) 9.9 (2.1) 10.4 (1.2) 0.01 

Mean absolute 

reticulocyte count, (std 

dev) (x 109/L) 

 136.4 (96.2) 98.3 (33.2) 115.5 

(22.6) 

0.27 

Mean total bilirubin, 

(std dev) (umol/L) 

 29.4 (14.3) 20.3 (10.4) 23.7 

(11.3) 

0.11 

Mean direct bilirubin, 

(std dev) (umol/L) 

 6.5 (3.7) 3.9 (1.9) 1.7 (1.4) 0.07 

Mean indirect bilirubin, 

(std dev) (umol/L) 

 23.0 (12.1) 16.4 (8.8) 19.0 

(10.7) 

0.17 

Mean AST, (std dev) 

(IU/L) 

 34.1 (18.1) 34.2 (6.5) 15.6 (5.9) 0.14 

Mean ALT, (std dev) 

(IU/L) 

 28.6 (25.1) 26.6 (16.9) 18.0 (7.1) 0.83 

Mean LDH, (std dev) 

(IU/L) 

 351.0 (67.4) 270.7 (54.4) 185.9 

(99.3) 

0.01 

Urobilinogen test, n (%) Normal 16 (100.0) 9 (100.0) 23 

(100.0) 

0.23 

Increased 0 (0.0) 0 (0.0) 0 (0.0)  

Bilirubin, n (%) Neg 16 (100.0) 9 (100.0) 23 

(100.0) 

0.24 

Pos 0 (0.0) 0 (0.0) 0 (0.0)  
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Table 9: Laboratory parameters of the pregnant women with HbSS and HbSC compared to HbAA at 28 

weeks gestation 

 Pregnant women 

with HbSS  

(n = 14) 

Pregnant 

women with 

HbSC  

(n = 9) 

Pregnant 

women with 

HbAA, n=17 

p value 

Mean Hb, (std dev) 

(g/dL) 

 8.0 (0.9) 9.8 (0.8) 10.7 (1.2) 0.00 

Mean absolute 

reticulocyte count, (std 

dev) (x 109/L) 

 121.9 (76.5) 109.4 (55.6) 128.8 (34.7) 0.71 

Mean total bilirubin, 

(std dev) (umol/L) 

 32.8 (16.6) 20.9 (7.0) 20.2 (9.4) 0.41 

Mean direct bilirubin, 

(std dev) (umol/L) 

 10.5 (10.9) 4.6 (2.9) 4.5 (5.6) 0.13 

Mean indirect 

bilirubin, (std dev) 

(umol/L) 

 22.3 (10.2) 16.3 (5.6) 15.5 (8.2) 0.37 

Mean AST, (std dev) 

(IU/L) 

 44.7 (66.1) 25.5 (15.8) 21.3 (7.7) 0.37 

Mean ALT, (std dev) 

(IU/L) 

 22.6 (13.5) 21.2 (7.1) 24.4 (9.5) 0.07 

Mean LDH, (std dev) 

(IU/L) 

 358.6 (145.9) 306.6 

(137.1) 

210.3 (81.9) 0.01 

Urobilinogen test, n 

(%) 

Normal 14 (100) 9 (100) 17 (100) 0.20 

Increased 0 0 0  

Bilirubin, n (%) Neg 14 (100) 9 (100) 17 (100) 0.34 

Pos 0 0 0  
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Table 10: Laboratory parameters of pregnant women with HbSS and HbSC compared to HbAA at 36 

weeks gestation 

 Pregnant women 

with HbSS  

(n = 9) 

Pregnant 

women with 

HbSC  

(n = 9) 

Pregnant 

women with 

HbAA, n=14 

p value 

Mean Hb, (std dev) 

(g/dL) 

 8.1 (1.0) 10.0 (0.9) 11.0 (1.0) 0.00 

Mean absolute 

reticulocyte count, 

(std dev) (x 109/L) 

 136.8 (48.6) 101.2 (30.9) 118.4 (29.8) 0.13 

Mean total bilirubin, 

(std dev) (umol/L) 

 56.4 (30.3) 28.9 (18.1) 16.9 (7.2) 0.10 

Mean direct bilirubin, 

(std dev) (umol/L) 

 16.2 (6.6) 5.6 (3.7) 5.3 (5.4) 0.00 

Mean indirect 

bilirubin, (std dev) 

(umol/L) 

 38.1 (31.8) 23.2 (17.7) 13.4 (5.4) 0.46 

Mean AST, (std dev) 

(IU/L) 

 44.6 (30.5) 24.6 (17.0) 20.7 (6.5) 0.02 

Mean ALT, (std dev) 

(IU/L) 

 44.3 (19.6) 25.5 (17.6) 26.5 (12.3) 0.03 

Mean LDH, (std dev) 

(IU/L) 

 387.0 (154.2) 205.6 (40.5) 223.8 (173.9) 0.02 

Urobilinogen test, n 

(%) 

Normal 9 (100) 9 (100) 14 (100) 0.64 

Increased 0 0 0  

Bilirubin, n (%) Neg 9 (100) 9 (100) 14 (100) 0.71 

Pos 0 0 0  
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6.6.2 Trends in concentrations of laboratory parameters during follow up in pregnant women with 

SCD 

The means of the laboratory parameters in the pregnant women with SCD showed no statistically 

significant change during follow up through to six weeks postpartum: Hb (p=0.88), absolute reticulocyte 

count (p=0.87), total bilirubin (0.53), direct bilirubin (p=0.46), indirect bilirubin (p=0.63), LDH 

(p=0.82), AST (p=0.97) and ALT (p=0.66), Table 11. 

  

Table 11: Trends in concentration of haemolytic markers in pregnant women with SCD during the study 

period 

 Enrollment 

(n=25) 

 

 

28 weeks 

gestation 

(n=23) 

 

36 weeks 

gestation 

(n=18) 

 

6 weeks 

postpartum 

(n=25) 

 

P 

value 

Mean Hb, (std. dev.) 

(g/dL) 

8.8 (1.8) 8.7 (1.2) 9.1 (1.3) 9.2 (1.8) 0.88 

Mean absolute 

reticulocyte count, (std. 

dev.) (x 109/L) 

122.7 (80.7) 117.0 (68.0) 119.9 (43.5) 139.3 (58.6) 0.87 

Mean total bilirubin, 

(std. dev.) (umol/L) 

26.2 (13.5) 28.1 (14.7) 42.7 (28.1) 29.4 (20.4) 0.53 

Mean direct bilirubin, 

(std. dev.) (umol/L) 

5.5 (3.4) 8.2 (9.1) 10.9 (7.5) 6.0 (4.7) 0.46 

Mean indirect 

bilirubin, (std. dev.) 

(umol/L) 

20.6 (11.3) 19.9 (9.0) 30.7 (26.1) 23.3 (19.0) 0.63 

Mean LDH, (std. dev.) 

(IU/L) 

322.1 (73.3) 328.3 (141.8) 296.3 (143.8) 351.6 (139.6) 0.82 

Mean AST, (std. dev.) 

(IU/L) 

30.5 (15.9) 37.2 (52.6) 34.6 (26.1) 35.2 (23.4) 0.97 

Mean ALT, (std. dev.) 

(IU/L) 

22.1 (11.2) 27.9 (22.1) 34.9 (20.5) 29.7 (22.9) 0.66 
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6.6.3 Trends in concentrations of laboratory parameters during follow up in pregnant women with 

HbAA 

 

The means of the laboratory parameters in the pregnant women with HbAA showed no statistically 

significant change during follow up through to six weeks postpartum: Hb (p=0.29), absolute reticulocyte 

count (p=0.53), total bilirubin (0.31), direct bilirubin (p=0.18), indirect bilirubin (p=0.25), LDH 

(p=0.68), AST (p=0.06) and ALT (p=0.07) , Table 12.  

 

Table 12: Trends in concentrations of laboratory parameters in pregnant women without SCD during 

study period 

 Enrollment, 

n= 23 

28 weeks 

gestation, n= 

17  

36 weeks 

gestation, n= 

14  

6 weeks 

postpartum, n= 

21 

p 

value 

Mean Hb, (std. dev.) 

(g/dL) 

10.4 (1.2) 10.7 (1.2) 11.0 (1.0) 11.1 (1.5) 0.29 

Mean absolute 

reticulocyte count, 

(std. dev.) (x 109/L) 

115.5 (22.6) 128.8 (34.7) 118.4 (29.8) 

 

130.7 (53.1) 0.53 

Mean total bilirubin, 

(std. dev.) (umol/L) 

23.7 (11.3)  20.2 (9.4) 16.9 (7.2) 21.5 (16.1) 0.31 

Mean direct bilirubin, 

(std. dev.) (umol/L) 

1.7 (1.4) 4.5 (5.6) 5.3 (5.4) 3.6 (6.5) 0.18 

Mean indirect 

bilirubin, (std. dev.) 

(umol/L) 

19.0 (10.7) 15.5 (8.2) 13.4 (5.4) 17.9 (13.2) 0.25 

Mean AST, (std. dev.) 

(IU/L) 

15.6 (5.9) 21.3 (7.7) 20.7 (6.5) 20.3 (9.9) 0.06 

Mean ALT, (std. dev) 

(IU/L) 

18.0 (7.1) 24.4 (9.5) 26.5 (12.3) 20.3 (10.9) 0.07 

Mean LDH, (std. dev.) 

(IU/L) 

185.9 (99.3) 210.3 (81.9) 223.8 (173.9) 248.6 (117.1) 0.68 
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6.6.4 Fetomaternal outcomes in pregnant women with and without SCD 

 

Maternal outcomes 

Hypertensive disorders in pregnancy:  

Three (12.0%) of the pregnant women with SCD (all with HbSS) were diagnosed and had hospital 

admissions for hypertensive disorders in pregnancy- two during prepartum (with one complicated by 

sickle cell nephropathy); and the last at two weeks postpartum. There were however more pregnant women 

without SCD diagnosed with hypertensive disorders in pregnancy than pregnant women with SCD [7 

(33.3%) vrs 3 (12.0%); p=0.03], Table 13.  

 

Mortality:  

All the pregnant women with and without SCD were still alive at the end of the study. This put the maternal 

case fatality rate at 0%, Table 13. 

 

Delivery 

There were 24 (96.0%) deliveries among the pregnant women with SCD compared to 18 (85.7%) 

deliveries among the pregnant women without SCD. Three of the participants without SCD had 

spontaneous abortions. In contrast, only one pregnant woman with SCD had a spontaneous abortion. The 

pregnant women with SCD had more caesarean deliveries compared to vaginal deliveries [18 (72.0%) vrs 

4 (19.0%)]. In all, there was a significant difference in the mode of delivery between the pregnant women 

with SCD and the pregnant women without SCD (p=0.01), Table 13.  

 

Perinatal outcomes 

Time of delivery: None of the pregnant women with and without SCD had very preterm births (at 28 to 

32 weeks gestation). There were 10 (41.7%) moderate to late preterm births (32 weeks to 36 weeks + 6 

days gestation) in the pregnant women with SCD compared to five (27.8%) moderate to late preterm births 

in the pregnant women without SCD. Most of the deliveries in both the pregnant women with and without 

SCD were term deliveries [14 (58.3%) vrs 13 (72.2%)] respectively. There was however no significant 

difference in the number of preterm and term births between the pregnant women with and without SCD  

(p=0.35), Table 13.  
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Birthweight: None of the pregnant women with and without SCD had very low birthweight babies (< 

1,500g). There were seven (29.2%) low birthweight babies (< 2,500g) in the pregnant women with SCD 

compared to three (16.7%) low birthweight babies in the pregnant women without SCD. Most of the 

babies in both the pregnant women with and without SCD had normal weight (2,500g to 4,000g) at birth 

[16 (66.7%) vrs 14 (77.8%)] respectively. Two pregnant women with and without SCD had big babies (> 

4,000g) each. Though the rate of LBW babies almost doubled in women with SCD compared to those 

without SCD, 29.2% and 16.7% respectively, the difference was not significant when the frequencies were 

compared (p=0.74). There was also no significant difference in the mean birthweights of babies born to 

the pregnant women with SCD compared to pregnant women without SCD (2.9 ± 0.7 kg vrs 3.3 ± 0.4 kg 

respectively; p=0.21), Table 13.  

 

Fetal outcome: There was only one (4.0%) spontaneous abortion in the pregnant women with SCD 

compared to three (14.3%) spontaneous abortions in the pregnant women without SCD. Two (8.0%) 

pregnant women with SCD had intra-uterine fetal deaths (IUFD) whereas no pregnant woman without 

SCD had IUFD. In all 22 (88.0%) pregnant women with SCD and 18 (85.7%) of the pregnant women 

without SCD had live births. There was no statistical difference in the fetal outcome in the pregnant 

women with SCD compared to the pregnant women without SCD (p=0.28), Table 13.  

 

Perinatal deaths: There was a higher perinatal death rate in the pregnant women with SCD compared to 

the pregnant women without SCD (83.3 vrs 0 per 1,000 total births respectively), Table 13.  
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Table 13: Fetomaternal outcomes in pregnant women with and without sickle cell disease 

Characteristic Pregnant women 

with SCD (n = 25) 

Pregnant women with 

HbAA (n = 21) 

P 

value 

MATERNAL OUTCOME 

Number of patients diagnosed with Hypertensive 

disorders in pregnancy, n (%) 

3 (12.0%) 7 (33.3%) 0.03 

Mean gestational age at delivery (std. dev) 37.0 (2.8) 36.2 (5.4) 0.57 

Mode of delivery, 

n (%)  

Caesarean 18 (72.0) 4 (19.0) 0.01 

 Vaginal 6 (24.0) 14 (66.7) 

 Not delivered 1 (4.0) 3 (14.3) 

Maternal 

outcome, n (%) 

Alive 25 (100.0) 21 (100.0) 

 Deaths 0 (0.0) 0 (0.0) 

PERINATAL OUTCOME 

Time of delivery, n 

(%) 

Very preterm (28 to 32 weeks) 0 (0.0) 0 (0.0) 0.35 

 Moderate to Late preterm (32 

weeks to 37 weeks + 6 days) 

10 (41.7) 5 (27.8)  

 Term delivery (>37 weeks to 40 

weeks) 

14 (58.3) 13 (72.2)  

Mean birthweight (std. dev) 2.9 (0.7) 3.3 (0.4) 0.21 

Birthweight, n 

(%) 

Very low birthweight (<1,500g) 0 (0.0) 0 (0.0) 0.74 

 Low birthweight (<2,500g) 7 (29.2) 3 (16.7)  

 Normal weight (2,500g to 4,000g) 16 (66.7) 14 (77.8)  

 Big baby (>4,000g) 1 (4.2) 1 (5.6)  

Fetal outcome, n 

(%) 

Spontaneous abortions  1 (4.0) 3 (14.3) 0.28 

 Intra-uterine fetal death (IUFD) 2 (8.0) 0 (0.0)  

 Alive 22 (88.0) 18 (85.7)  

Perinatal deaths, n (%) 2 (8.0) 0 (0.0) - 

Perinatal deaths per 1,000 total births 83.3 0 - 

Not delivered includes spontaneous abortions (< 28 weeks gestation). 
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6.6.5 Demographic characteristics of pregnant women with SCD according to phenotypes 

 

Comparing the pregnant women with HbSS to HbSC, there was no difference in their mean age (30.0 ± 

5.5 years vrs 29.4 ± 4.7 years; p=0.80), mean gestational age at enrollment (19.2 ± 3.3 weeks vrs 19.0 ± 

4.8 weeks; p=0.90) and the mean gestational age at delivery (37.0 ± 1.9 weeks vrs 36.8 ± 4.1 weeks; 

p=0.90).  

 

 

6.6.6 Fetomaternal outcomes in pregnant women with SCD based on haemoglobin phenotypes 

 

Maternal outcome 

Hospital admissions:  

Thirteen (52.0%) of the pregnant women with SCD had 20 admissions for acute events (acute pain 

episode, anaemia and haemolysis) and for hypertensive disorder in pregnancy. Of the 13 pregnant women 

with SCD who were admitted, five (38.5%) were admitted for acute pain episode only, two (15.4%) for 

acute pain with anaemia, and one (7.7%) each for anaemia only; anaemia with haemolysis; acute pain 

with haemolysis; and acute pain with hypertensive disorder in pregnancy. Two (15.4%) of the pregnant 

women with SCD were also admitted for hypertensive disorder in pregnancy alone. Almost all of the 

patients who were admitted had HbSS. Only one pregnant woman with HbSC disease had an admission 

for acute pain with haemolysis.  

 

Acute pain: Nine pregnant women with SCD (HbSS: 8; HbSC: 1) were admitted for acute pain episodes 

during the study visit. There were however 13 admissions for acute pain episode among these nine 

pregnant women with SCD; with HbSS patients having 12 admissions for acute pain compared to pregnant 

women with HbSC phenotype [12 (75.0%) vrs 1 (11.0%); p= 0.01]. The pain incidence rate was 1.23 

events per patient-years in the pregnant women with SCD (HbSS: 1.14 events per patient-years; HbSC: 

0.09 events per patient-years). Most of the acute pain events occurred during the third trimester (8/13; 

61.5%) with five (38.5%) of them occurring in the second trimester. 

 

Acute chest syndrome: There were no admissions for acute chest syndrome in neither the pregnant women 

with sickle cell anaemia (HbSS) nor the pregnant women with HbSC disease. 
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Delivery:  

Even though more pregnant women with HbSS phenotype had more caesarean deliveries compared to the 

pregnant women with HbSC disease [13 (81.3%) vrs 5 (55.6%), there was no significant difference in 

their mode of delivery (p=0.14).  

 

Perinatal outcome: 

Time of delivery: There were seven (46.7%) moderate to late preterm births (32 to 37 weeks gestation) in 

the pregnant women with HbSS compared to three (33.3%) moderate to late preterm births in the pregnant 

women with HbSC. Most of the deliveries in both the pregnant women with sickle cell anaemia and with 

HbSC disease were term deliveries [eight (53.3%) vrs six (66.7%)] respectively. There was no significant 

difference in number of babies born preterm between the HbSS and HbSC women (p=0.68).  

 

Birthweight: There were seven (46.7%) low birthweight babies (<1,500g) delivered to mothers with 

HbSS. In contrast, none of the pregnant women with HbSC had low birthweigh babies. Most of the babies 

delivered to both the pregnant women with sickle cell anaemia and with HbSC disease had normal 

birthweights [eight (53.3%) vrs eight (88.9%)] respectively. Only one (11.1%) woman with HbSC disease 

had a big baby. There was a significant difference in the frequencies of birthweights in babies born to 

pregnant women with HbSS compared to the pregnant women with HbSC phenotype (p=0.03). Similarly, 

there was a significant difference in the mean birthweights of the pregnant women with SS compared to 

SC; 2.7 ± 0.5 and 3.3 ± 0.4 respectively (p<0.01). 

 

Fetal outcome: The pregnant women with HbSS had one (6.3%) spontaneous abortion and two (12.5%) 

intra-uterine fetal deaths (IUFD) whereas no pregnant woman with HbSC had a spontaneous abortion or 

IUFD. There were 13 (93.8%) live births in the pregnant women with HbSS and 9 (100.0%) livebirths in 

the pregnant women with HbSC. There was no statistical difference in the fetal outcome in the pregnant 

women with SCD compared to the pregnant women without SCD (p=0.69). 

 

Perinatal deaths: Both perinatal deaths (IUFD: 2) were in the pregnant women with HbSS phenotype 

compared to HbSC (2 perinatal deaths compared to 0 perinatal deaths respectively). 
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6.6.7 Fetomaternal outcomes in pregnant women with sickle cell anaemia compared to HbAA 

 

Maternal outcomes: 

Hypertensive disorders in pregnancy:  

Three (12.0%) of the pregnant women with HbSS were diagnosed and had hospital admissions for 

hypertensive disorders in pregnancy- two during prepartum (with one complicated by sickle cell 

nephropathy); and the last at two weeks postpartum. More pregnant women without SCD were diagnosed 

with hypertensive disorders in pregnancy than pregnant women with SCD but this was not statistically 

significant (p=0.14].  

 

Mortality:  

All the pregnant study subjects were still alive at the end of the study. This put the maternal case fatality 

rate at 0%. 

 

Delivery: 

The mean gestational age at delivery in the pregnant women with sickle cell anaemia compared to pregnant 

women with HbAA was 37.0 ± 1.9 weeks vrs 37.0 ± 1.9 weeks respectively (p=0.57). There were 16 

deliveries among the pregnant women with HbSS compared to 18 (85.7%) deliveries among the pregnant 

women without SCD. Three (14.3%) of the participants with HbAA had spontaneous abortions. In 

contrast, only one pregnant woman with HbSS had a spontaneous abortion. The pregnant women with 

HbSS had more caesarean deliveries compared to vaginal deliveries [13 (81.3%) vrs 4 (19.0%)]. In all, 

there was a significant difference in the mode of delivery between the pregnant women with HbSS and 

the pregnant women without SCD (p=0.01).  

 

Perinatal outcomes 

Time of delivery: None of the pregnant women with HbSS and HbAA had very preterm births (28 to 32 

weeks gestation). There were 7 (46.7%) moderate to late preterm births (32 weeks to 36 weeks + 6 days 

gestation) in the pregnant women with sickle cell anaemia compared to five (27.8%) moderate to late 

preterm births in the pregnant women without SCD. Most of the deliveries in both the pregnant women 

with HbSS and HbAA were term deliveries [8 (53.3%) vrs 13 (72.2%)] respectively. There was however 
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no significant difference in the number of preterm and term births between the pregnant women with and 

without SCD (p=0.26). 

  

Birthweight: The mean birthweight in the pregnant women with sickle cell anaemia compared to pregnant 

women with HbAA was 2.7 ± 0.5kg vrs 3.0 ± 0.8kg respectively (p=0.04). None of the pregnant women 

with HbSS and HbAA had very low birthweight babies (< 1,500g). There were seven (46.7%) low 

birthweight babies (< 2,500g) in the pregnant woman with HbSS compared to three (16.7%) low 

birthweight babies in the pregnant women without SCD. Most of the babies in both the pregnant women 

with sickle cell anaemia and without SCD had normal weight (2,500g to 4,000g) at birth [8 (53.3%) vrs 

14 (77.8%)] respectively. One pregnant woman without SCD had a big baby (> 4,000g). Though the rate 

of LBW babies more than doubled in women with HbSS compared to those with HbAA, 46.7% and 16.7% 

respectively, the difference was not significant when the frequencies were compared (p=0.14).  

 

Fetal outcome: There was only one (6.3%) spontaneous abortion in the HbSS group compared to three 

(14.3%) spontaneous abortions in the HbAA group. Two (12.5%) pregnant women with HbSS had intra-

uterine fetal deaths (IUFD) whereas no pregnant woman without SCD had IUFD. In all 13 (81.3%) 

pregnant women with HbSS and 18 (85.7%) of the pregnant women without SCD had live births. There 

was no significant difference comparing the fetal outcomes in the women with HbSS compared to those 

with HbAA (p=0.20).   

 

Perinatal deaths: There were more perinatal deaths in the HbSS group compared to the HbAA group (2 

vrs 0 respectively).  
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CHAPTER 7: DISCUSSION 

 

7.1 Hyperhaemolysis and fetomaternal outcome 

Chronic haemolysis, is an ongoing feature and an important pathology of SCD. Haemolysis varies in 

intensity among the genotypes of SCD;18,19 and increased haemolysis (hyperhaemolysis) is known to occur 

in stressful conditions. Pregnancy, is a stressful condition. The frequency of hyperhaemolytic episodes 

during pregnancy and the association between hyperhaemolysis and adverse fetomaternal outcomes 

amongst women with SCD have not yet been established. The aim of this study was to determine the 

association between hyperhaemolysis and fetomaternal outcomes in pregnant women with SCD.  

 

This study reports novel findings in pregnant women with SCD. Contrary to what has been postulated that 

pregnancy is stressful, and stressful conditions result in increased haemolysis in SCD patients,27 the mean 

markers of haemolysis during follow up were not statistically different. Similarly, using the criteria for 

defining hyperhaemolysis- “marked drop in Hb determined in the steady state with evidence of increased 

red blood cell destruction in the absence of other unidentifiable causes such as splenic and hepatic 

sequestration” (see Glossary), none of the pregnant women with SCD met this criteria during follow up. 

Haemolysis was hence not increased in the pregnant women with SCD in this study. Hyperhaemolysis 

may therefore not be a significant complication of pregnancy in SCD.  

 

Haemolysis is a complex process that can occur intravascularly, extravascularly or both. It can be 

diagnosed by a combination of non-specific laboratory tests including serum LDH, reticulocyte count and 

serum bilirubin. The site of haemolysis may differentially affect the LDH and bilirubin levels. With the 

exception of an elevated mean serum bilirubin and mean serum LDH throughout pregnancy, all the other 

markers of haemolysis for the pregnant women with SCD remained within the normal reference range in 

this study. Most of the pregnant women with SCD had hyperbilirubinaemia (both conjugated and 

unconjugated) and an elevated serum LDH during follow up. The elevated mean direct and indirect serum 

bilirubin and serum LDH supports the evidence that the haemolysis in SCD is both intravascular and 

extravascular; but largely extravascular.39 Unfortunately, the highly sensitive and specific markers of 

intravascular haemolysis such as haptoglobin, haemopexin, erythrocyte adenylate kinase and 
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haemosiderin in urine were not tested; hence a conclusion cannot be made about intravascular haemolysis 

in pregnant women with SCD.   

Haemolysis in general, has been associated with acute pain episodes.84,85 Even though the baseline serum 

bilirubin and serum LDH values of the pregnant women with SCD were elevated albeit of a lower value 

compared to the non-pregnant women with SCD, the selected markers of haemolysis in this study were 

not associated with acute pain episodes in this cohort. This contradicts findings from other studies where 

haemolysis evidenced by an increase in reticulocyte count84 and an increase in serum  LDH85 have been 

associated with acute pain events. In this study, the serum LDH value in the nine pregnant women with 

SCD who had acute pain was increased by approximately 9.9% from the baseline or steady state value at 

the time of acute pain; and this is low compared to the percentage increase of 28% reported by Gardner et 

al where LDH increased from 379 +/- 155 IU/L in steady state to 507+/-272 IU/L in VOC as a result of 

haemolysis.85  

 

This study reported a third of the pregnant women with SCD experiencing a stressful pregnancy with more 

admissions for acute maternal events (acute pain and severe anaemia). Most of the acute pain episodes 

occurred in the third trimester. This finding is similar to studies conducted in both low-resource setting by 

Asare et al in 2018,28,119 and high resource settings by Cardoso et al. in 2014.123 During pregnancy, the 

major haematological changes are physiologic anaemia, mild thrombocytopenia and a hypercoagulable 

state (increased procoagulant factors, low fibrinolysis). There is also an increase in metabolic demand as 

well as increased red blood cell sickling.116 Another common adaptation during pregnancy, is 

leukocytosis, with a predominance in neutrophils, due to the physiological stress of pregnancy.100 The 

neutrophil count begins to increase in the second month of pregnancy and plateaus in the second or third 

trimester.100 Both pregnancy and SCD are hypercoagulable states. The pathophysiology of acute pain and 

ACS in SCD arises from a cascade of interactions between the RBCs, vascular endothelium, neutrophils, 

coagulation mechanism and inflammatory response.40,42,43  These effects are associated with an increase 

in occurrence of acute pain episodes, ACS, osteonecrosis, hepatic necrosis, leg ulcers and thromboembolic 

events.116 Other factors that could have played a role in the frequency of acute pain episodes include rainy 

or cold climate,150 and the increased risk of recurrent infections in this cohort.10,15,159 

 

The pregnant women with SCD as expected had a lower mean Hb with a higher reticulocyte count as 

compared to the pregnant women without SCD. This could be explained by the fact that patients with 
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SCD have chronic haemolysis with a resultant chronic anaemia and increased bone marrow turnover.115,160 

The elevated reticulocyte count could provide another link between haemolytic anaemia and vaso-

occlusion54 since reticulocytes have receptors and ligands eg. α4β1 and CD36,53 which adhere to the 

endothelium and leukocytes during vaso-occlusion.  

 

It is widely reported that HbSS is a more severe phenotype than HbSC,161 with more SCD-related 

complications in the non-pregnant state. Pregnant women with SCA in this study had lower blood Hb 

concentration with marked elevation of absolute reticulocyte count, serum bilirubin and serum LDH, and 

mild elevation of serum AST and ALT compared to the HbSC group. It is worth noting however that the 

mean Hb concentrations in the HbSS group were within the normal for steady state compared to the non-

pregnant group and did not fall during pregnancy. This may be attributed to the regular use of haematenics 

(oral iron supplements, folic acid and multivitamin) during pregnancy to prevent severe anaemia. The 

afore mentioned laboratory markers seem to translate the pathophysiological mechanism underlying SCD 

where acute pain episodes are heightened by persistent haemolysis. The SS group had more admissions 

for acute pain episodes compared to the SC group. Despite the fact that pregnant women with  HbSS had 

higher frequencies of moderate-to-late preterm birth, low birthweight babies and perinatal deaths, findings 

from this study showed that pregnancy outcomes in both groups were comparable. These findings are 

similar to those reported by Oppong et al at KBTH in 2018.159 Generally, it is well known that sickle cell 

anaemia runs a severe but markedly variable clinical course compared to HbSC disease which is milder 

and may be diagnosed in adulthood.8 In sub-Saharan African countries like Ghana and Nigeria where SCD 

is most prevalent, the homozygous SS form is more prevalent at birth and during adolescence.6,150 

However, due to anecdotal evidence of a high mortality rate in HbSS patients, more HbSC patients are 

seen during adulthood;150 and pregnancy is seen more frequently among patients with HbSC disease.29,159 

A previous study by Serjeant et al conducted in Jamaica in 2005, reported a relatively benign pregnancy 

outcome in women with HbSC disease compared to HbSS.8 Findings from this study and from other 

studies however, have reported statistically similar obstetric and SCD-related outcomes (including acute 

pain rates) in both pregnant women with HbSS and HbSC.28,119,159,162 Pregnant women with HbSC 

therefore need to be managed  with the same aggressive multidisciplinary approach to care of pregnant 

women with sickle cell anaemia. 
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The non-pregnant women with SCD were chosen as 2nd controls to  eliminate possible bias from SCD 

related events as well as reduce confounders. Since the non-pregnant population also have SCD; they  are 

expected to have an ongoing chronic haemolysis which is part of the disease pathophysiology. We 

however did not know the steady state values of the selected markers of haemolysis in the pregnant women 

with SCD prior to them becoming pregnant. The markers of haemolysis evaluated in the non-pregnant 

women were hence to provide an estimate of the steady state distribution of these markers in the pregnant 

women with SCD. Generally, the mean concentrations of serum bilirubin, serum LDH, serum AST and 

ALT were higher confirming the chronic haemolytic process of SCD. It is worth noting that the steady 

state whole Hb concentrations were comparable among the pregnant and non-pregnant SCD cohorts and 

did not fall during pregnancy. This may be attributed to the regular use of haematenics (oral iron 

supplements, folic acid and multivitamin) during pregnancy to prevent severe anaemia. The absolute 

reticulocyte count values also increased marginally throughout the trimesters of pregnancy even though 

they were still within the normal reference range. The increase in the absolute reticulocyte count coupled 

with the maintenance of the blood Hb concentration with increasing trimesters of pregnancy further 

validates the employed strategy of using haematenics to prevent severe anaemia during pregnancy. As 

expected, changes in value of certain serum liver function tests occur during normal pregnancy.68–70 In 

this study, the serum bilirubin, AST and ALT concentrations in the pregnant women with SCD during all 

three trimesters of pregnancy were lower compared to the non-pregnant SCD controls. These findings are 

comparable to published studies on this topic.68–70 Contrary to this, Bacq reported that serum ALT and 

AST activity levels during pregnancy remain within the normal limits established for non-pregnant 

women.163    

 

7.2 Fetomaternal Outcomes In Women With And Without SCD: 

Pregnant women without SCD were chosen as 1st  controls to eliminate possible bias from pregnancy 

related events.  

Maternal outcomes  

Pregnant women with SCD had more admissions to hospital for acute events. This shows that SCD is 

associated with increased morbidities and a risk factor for hospital admission during pregnancy.10,15,159  

 

There were more caesarean (CS) deliveries (72%) in the cohort of pregnant women with SCD compared 

to pregnant women without SCD, even though it has not been shown that SCD is a risk factor for caesarean 
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delivery. This finding compares similarly to the study by Oppong et al (2018) in the same setting who also 

observed a higher caeserean delivery rate in this group.159 

 

There was no mortality in this cohort. This can be attributed to better healthcare delivery by a 

multidisciplinary SCD obstetrics team during pregnancy with a resultant reduction in materal mortality to 

similar levels in pregnant women with SCD.159 

 

Fetal outcomes  

The pregnant women with SCD had relatively more moderate-to-late pre-term deliveries compared to the 

pregnant women without SCD. This could be related to the increased morbidities of acute pain episode.10  

 

Low birthweight (<2500g) was observed in pregnant women with SCD (29.2%) compared to pregnant 

women with HbAA (16.7%) and this finding was comparable to findings reported by Oppong et al (2018) 

where 25.2% of babies delivered to the pregnant women with SCD had a low birthweight.159 The high 

number of low birthweight babies could be as a result of maternal anaemia, intrauterine growth restriction 

and preterm delivery. 

 

This study found no difference in the fetal outcome and perinatal deaths comparing both pregnant women 

with SCD and pregnant women without SCD. Contrary to this, Boafor et al in 2016 reported in a meta-

analysis, an increased adverse fetal outcome in pregnant women with SCD compared to those without 

SCD.10 Our finding however corroborates with findings by Oppong et al where a multidisciplinary 

approach to care of pregnant women with SCD reduced perinatal deaths in pregnant women with SCD to 

levels comparable with pregnant women without SCD.159 A multidisciplinary approach to care of pregnant 

women with SCD should hence be the gold standard to reduce adverse fetomaternal outcomes. 
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7.3 Socio-demographic characteristics  

The 73 participants had a mean age of 30.3 ± 5.3 years which was within the reproductive age using the 

WHO criteria (15 to 44 years).151 This compares to a study done in the same setting (KBTH) by Oppong 

et al (2018) where the pregnant women with and without SCD had a mean age of 29.5 ± 4.8 years.159  

 

Nineteen (76%) of the study participants were within the ages of 20 to 34 years. This compares similarly 

to a study published by Asare et al in the same setting in 2018 where a high proportion (81.1%) of the 

pregnant women were young, and of the same age group.28 In general, it was observed that pregnant 

women with SCD are likely to be younger females aged less than 35 years. The contributing factors 

include the fact that there is improvement in their healthcare with an increased survival beyond childhood,7 

and a resultant increased chance of getting pregnant.8 The young age seen at the antenatal clinic may also 

be attributed to the high mortality rate as a result of high incidence of chronic complications and multi-

organ failure seen in older adults with SCD.164 Recently, a study published by Vichinsky et al in 2017 in 

a high resource setting reported that “the National Center for Health statistics in the US published 

population-based surveillance data for causes of death among 12,000 patients with SCD; and found an 

overall age of death for women with SCD as 43 years.”164  One of the causes of multi-organ failure, is 

chronic renal disease. A study published by Sharpe et al in 2014 reported that “at least 25% of older sickle 

cell adults have chronic kidney disease.”165 In Ghana, unpublished data from a study conducted at the 

adult sickle cell clinic, GICG in Korle-Bu over a period of five years, found a high prevalence (67%) of 

microalbuminuria (one of the earliest signs of renal impairment)  in the adult population. Another 

contributing factor could be societal expectations for young females to start bearing children early; more 

so in patients with SCD whose life expectancy is shorter than the average female population. Elleamoh et 

al in 2019 reported that “marriage and childbearing are integral components of cultural and social 

processes in Africa.”166 

 

Pregnant women without SCD had a higher mean weight compared to both pregnant women with SCD 

and non-pregnant women with SCD. Prior studies have shown that, individuals with SCD have a low body 

mass index (BMI; calculated with weight and height) when compared with individuals without SCD due 

to the increased resting metabolic rate. According to Khan et al, the proposed mechanisms for the 

increased metabolic rate include “hyper protein metabolism, increased haemolysis, increased red cell 

turnover, increased cardiac output, and appetite suppression due to enhanced cytokine production.”167 
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All the pregnant women with SCD had a maximum parity of two at enrollment. This may be due to the 

increased maternal and fetal complications associated with SCD such as spontaneous abortions, IUFD, 

and perinatal death.10 This group also have a lower fecundity rate compared to pregnant women without 

SCD due to their peculiar inherent haematological condition.8 Fourty-eight percent of the pregnant women 

with SCD were nulliparous at enrollment; and this compares with Oppong et al (2018) where 45% of 

pregnant women with SCD were nulliparous;159 but Asare et al had a higher proportion of 71.5% pregnant 

women with SCD who were nulliparous.28  

 

Pregnant women with SCD enrolled at the antenatal clinic relatively early compared to the pregnant 

women without SCD. This finding can be explained by the proximity and prompt referral of pregnant 

SCD women seen at the adult Sickle Cell Clinic (GICG) to the Obtetric Clinic in KBTH, as they are 

considered a high-risk group of pregnant women.10,28,159 The Obstetric Clinic also runs a high-risk 

multidisciplinary obstetrics clinic where prompt referrals irrespective of gestational age are attended to.  

 

Both the pregnant women with and without SCD had comparable gestational ages at delivery [37.0 ± 2.8 

weeks for the former, 36.2 ± 5.4 weeks (p=0.57) for the latter]. A gestational age of birth at 37 weeks is 

described by WHO as “late preterm birth”; 91 which was observed in both the pregnant women with and 

without SCD. In SCD there is increased risk of maternal morbidities such as acute pain episodes with a 

resultant reduced blood flow to the placenta. Pregnant women with SCD also have an increased risk of 

adverse fetal outcomes including preterm birth.15,28,123 These two findings were observed in this cohort. 

 

Even though both the pregnant women with and without SCD had a similar gestational age at enrollment, 

the pregnant women with SCD had a longer duration of follow-up than the pregnant women without SCD 

at 23.8 ± 5weeks vrs 21.3 ± 5.6 weeks respectively (p=0.11). This could be explained by the fact that the 

pregnant women with SCD had a relatively longer mean gestational age at delivery and more compliant 

to both antenatal and postnatal care at the hospital.  
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Study Limitations 

The limitations of this study include: 

 Medications (for example suphathiazine and methyldopa) which might influence laboratory parameters 

of the markers of haemolysis were not eliminated during the recruitment of controls. 

 There was no laboratory data on the pregnant women with SCD before they became pregnant. This 

would have been the ideal baseline. 

 Study was unable to determine if the haemolysis in the pregnant women with SCD was more 

intravascular or extravascular since this was not systematically evaluated. 

 Study was not designed or powered enough to compare differences between HbSS and HbSC  

 It was difficult to match the pregnant participants for both age and gestational age 
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS  

 

6.2 CONCLUSIONS 

This study aimed at finding the association between hyperhaemolysis and fetomaternal outcome in 

pregnant women with SCD.  

The findings from this study have demonstrated that: 

1. There was no increased haemolysis (hyperhaemolysis) during pregnancy in women with SCD.  

2. There was no significant difference in the steady state values of the selected markers of haemolysis 

in the pregnant and non-pregnant SCD cohorts. 

3. At a significant level of 5%, there is sufficient evidence that haemolysis was not associated with 

adverse fetomaternal outcomes in pregnant women with SCD.  

 

 

8.2 RECOMMENDATIONS 

 A longitudinal study with a high power to compare differences between HbSS and HbSC be conducted 

in women with SCD from preconception through to conception, delivery and postpartum at the 

adolescent and adult sickle cell clinic of the Ghana Institute of Clinical Genetics, Korle-Bu. This would 

help provide baseline and follow up data as well as help to compare differences between HbSS and 

HbSC.  

 Other markers of haemolysis with a high sensitivity and specificity index such as haptoglobin, 

haemopexin, erythrocyte adenylate kinase and haemosiderin in urine be used to determine haemolysis 

in this cohort; and subsequently their association with fetomaternal outcome. 

 All pregnant women with SCD be managed the same despite the different phenotypes since there was 

no difference in the acute pain rate between the HbSS and HbSC phenotypes.  
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APPENDIX II: ELIGIBILITY FORM 

       

1. Is the patient pregnant?     Yes  No 

 

2. Does patient have sickle cell disease?    Yes  No 

 

3. Is there documented evidence of the Hb phenotype?  Yes  No   

If yes, what is the phenotype     HbSS  HbSC  HbAA 

 

If the patient has sickle cell disease, 

 

4. Has the patient had any acute painful episode that required treatment in the emergency department 

or in the hosiptal for at least four consecutive weeks after a previous painful crisis?  

       Yes  No   

 

5. Has the patient had any blood transfusion in the last four months?      

        Yes             No   

 

6. Has the patient had any intercurrent illness such as infection or inflammation during the last four 

weeks?       Yes  No 
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APPENDIX III: CONSENT FORM FOR PREGNANT (BOTH SCD AND NON-

SCD) PARTICIPANTS  

Title: Effects of Increased Haemolysis on Foeto-maternal Outcome In Pregnant Women With Sickle Cell 

Disease at the Korle-Bu Teaching Hospital 

Principal Investigator: Dr. Eugenia Vicky N.K. Asare. Department of Haematology, Korle- Bu Teaching 

Hospital, P.O.Box KB77, Korle- Bu, Accra  

Information: (To be read or translated to patients that are 18 years of age and older that meet study criteria 

in their own mother tongue by study personnel (Principal Investigator or research nurse)   

Dear Volunteer,  

This consent form contains information about the research titled “Effects of hyperhaemolysis on Feto-

maternal Outcomes In Pregnant Women With Sickle Cell Disease at the Korle-Bu Teaching 

Hospital.” In order to be sure that you are duly informed about your participation in this research, I am 

asking you to read (or have read to you) this Consent Form. You will also be asked to sign it (or 

thumbprint) in front of a witness. I will give you a copy of this form. This consent form might contain 

some words that are unfamiliar to you. Please ask me to explain anything you may not understand.  

 

Why is this study planned?  

You are being asked to participate in the above study in order to look at the steady state/ baseline level of 

some laboratory tests used to detect haemolysis (increased breakdown of red blood cells) as well as to 

determine whether pregnancy is a cause of further increased breakdown of red blood cells. This study also 

seeks to establish a relationship between some laboratory tests used to detect haemolysis and pregnancy 

outcome in women with sickle cell disease followed up in a systematic manner throughout their pregnancy 

till six weeks postpartum. Such a follow up will allow me to record all events that occur during the 

pregnancy period. I am interested in your opinion because you are receiving care at the Korle-Bu Teaching 

Hospital.  

 

What does this study entail? 

This study entails that the Investigator follows you up from enrollment till end of study (which is six 

weeks postpartum). Study time periods are enrollment (in the second trimester), 28 and 36 weeks gestation 
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and six weeks postpartum for pregnant women with and without SCD. In addition, pregnant women with 

SCD on admission will be followed up during acute events.  

Each study visit will require you filling out a questionnaire which will take approximately 10 minutes; 

after which you will have a brief clinical examination with the measurement of blood pressure, pulse rate, 

oxygen saturation, respiratory rate, and temperature. You will also have 7mLs of venous blood and 10mLs 

of fresh urine sample collected during each study visit. 

 

Possible Benefits:  

The direct benefit to you from this study will be that haemolytic events will be detected and treatment 

initiated early. Additionally, your participation may help develop new and more effective preventive 

measures as well as enable better understanding and treatment plans/ modalities for the management of 

pregnant women presenting with sickle cell disease. You will not be paid for participation in this study 

and you are also not expected to pay anything. Cost of treatment (including blood transfusions and 

intravenous fluids) which fall under normal routine management procedure for patients will be covered 

under NHIS. All patients will be required to enroll on NHIS. There will be no extra cost to the study 

participants beyond their routine follow up, investigations and procedures as part of their standard of care. 

You will be given hardcopies of your study laboratory results as baseline laboratory results.  

Possible Risks:  

This research presents minimal risk to you or your baby. The main risks include, psychological distress 

from discussing potentially upsetting issues such as hospital admissions treatment options and adverse 

foetal outcomes e.g. stillbirths and intra-uterine growth restriction. Confidentiality will be protected as 

described in the section below.  

 

Withdrawal from study:  

I would like to stress that this study is strictly voluntary. Should you decide not to participate in the study, 

it will have no consequences for you. Should you, at any point during the study, decide that you do not 

wish to participate any further, you are free to terminate/ stop the participation, effective immediately. 

Any such decision will be respected without any further discussion. Your decision will not affect the 

health care you would normally receive.  
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Confidentiality:  

All efforts, within reason, will be made to keep your protected health information (PHI) private. PHI is 

your health information that is, or has been gathered or kept by Korle-Bu Teaching Hospital, as a result 

of your healthcare. This includes data gathered for research studies that can be traced back to you. Using 

or sharing such data will follow ethical privacy rules by research personnel. By signing the consent for 

this study, you are agreeing to the use and likely sharing of your PHI. If you decide to be in this research 

study, you are also agreeing to let me use and share you and your child’s PHI as described below.  

As part of the study, I may share the results of you and your child’s study and/or non-study linked 

laboratory results as well as parts of you or your child’s medical record, with the personnel from Korle-

Bu Teaching Hospital, and your doctor if a medical condition that needs urgent attention is discovered. 

The study results will be kept in you and your child’s research records for at least one year after the study 

is finished. At that time, the research data that has not been put in you or your child’s medical records will 

be kept for an unknown length of time. Any research data that has been put into your medical record will 

be kept for an unknown length of time. Unless told otherwise, your consent to use or share PHI does not 

expire. If you change your mind, I ask that you contact me (Dr. Eugenia Vicky Asare) in writing and let 

me know that you withdraw your consent to participate in the study. My mailing address is Department 

of Haematology, P. O. Box KB77, Korle-Bu Teaching Hospital or Ghana Institute of Clinical Genetics, 

P. O. Box KB150, Korle- Bu, Accra. At that time, I will stop getting any more data about you. The health 

data I stored before you withdrew your consent will also not be reported on.  

 

At any time, you may ask to have your data or samples destroyed. You should contact me (Dr. Eugenia 

Vicky Asare), at either Department of Haematology, P. O. Box KB77, Korle-Bu Teaching Hospital or 

Ghana Institute of Clinical Genetics, P. O. Box KB150, Korle- Bu, Accra. (Telephone number 

0206301166) to have your sample destroyed and no longer used for research. I will not be able to destroy 

research data that has already been gathered using your sample. Also, if your identity was removed from 

the samples, I will not be able to locate and destroy them. There will be no costs to you for any of the tests 

done on your samples. You will not be paid for the use of your samples.  

 

Contacts:  

If you ever have any questions about the research study or study-related problems, you may contact me 

(Dr. Eugenia Vicky Asare), at either Department of Haematology, P. O. Box KB77, Korle-Bu Teaching 
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Hospital or Ghana Institute of Clinical Genetics, P. O. Box KB150, Korle- Bu, Accra. (Telephone number 

0206301166). For questions about the ethical aspects of this study or your rights as a volunteer, you may 

contact the Office of the Institutional Review Board, Korle-Bu Teaching Hospital (Telephone number 

0302667759).  

 

Your Rights As A Participant:  

This research has been reviewed and approved by the Institutional Review Board, Korle-Bu Teaching 

Hospital. An Institutional Review Board is a committee that ONLY reviews research studies in order to 

help protect participants. If you have any questions about your rights as a research participant, you may 

contact the Chairman of the Institutional Review Board, Korle-Bu Teaching Hospital.  

 

VOLUNTEER AGREEMENT:  

The above document describing the benefits, risks and procedures for the research titled: “Effects of 

Hyperhaemolysis on Fetomaternal Outcomes in Pregnant Women with Sickle Cell Disease at Korle- 

Bu Teaching Hospital”, has been read and explained to me. I have been given an opportunity to have any 

questions about the research answered to my satisfaction. I agree to participate as a volunteer. 

  

-------------------------------------    -------------------------------------------  

Date (Day/Month/Year)     Name of Volunteer/Study Participant (PRINT) 

 

------------------------------------  

Signature or Thumbprint of Volunteer/Study Participant  

 

If volunteer/study participant cannot read the form themselves, a witness must sign here:  

I was present while the benefits, risks and procedures were read to the volunteer. All questions were 

answered and the volunteer has agreed to take part in the research.  

 

--------------------------------------     --------------------------------------------  

Date (Day/Month/Year)     Name of Witness (PRINT)  
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--------------------------------------------  

Signature or Thumbprint of witness  

 

I certify that the nature and purpose, the potential benefits, and possible risks associated with participating 

in this research have been explained to the above individual.  

 

---------------   ----------------------    ---------------------------------------------  

Date    Time of Consent (HH; MM)   Name of Study Personnel (PRINT)  

 

---------------------------------------------  

Signature of Principal Investigator 
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APPENDIX IV: CONSENT FORM FOR NON- PREGNANT SCD 

PARTICIPANTS 

Information: (To be read or translated to patients that are 18 years of age and older that meet study criteria 

in their own mother tongue by study personnel (Principal Investigator or research nurse)  

 

Dear Volunteer,  

This consent form contains information about the research that aims  at “Determining The Steady State 

of Some Selected Markers of Haemolysis In Non-Pregnant and Pregnant Women With Sickle Cell 

Disease.” In order to be sure that you are duly informed about your participation in this research, I am 

asking you to read (or have read to you) this Consent Form. You will also be asked to sign it (or 

thumbprint) in front of a witness. I will give you a copy of this form. This consent form might contain 

some words that are unfamiliar to you. Please ask me to explain anything you may not understand.  

 

Why is this study planned?  

You are being asked to participate in the above study in order to estimate the steady state of some 

laboratory tests used to detect haemolysis (increased breakdown of red blood cells) in non-pregnant 

women with sickle cell disease, by comparing them to the same laboratory tests in pregnant women with 

sickle cell disease followed up in a systematic manner throughout their pregnancy. You will be matched 

by phenotype and age to a pregnant woman with sickle cell disease. I will follow you up till your pregnant 

match delivers through six weeks postpartum. I am interested in your opinion because you are receiving 

care at the adult sickle cell clinic of the Ghana Institute of Clinical Genetics, Korle- Bu.  

 

What does this study entail? 

This study entails that the Investigator follows you up from enrollment till end of study (which is when 

your corresponding pregnant participant is six weeks postpartum). Study time periods are baseline/ 

enrollment and at the end of the study (when their corresponding pregnant cases are at six weeks 

postpartum).  

 

Each study visit will require you filling out a questionnaire which will take approximately 10 minutes; 

after which you will have a brief clinical examination with the measurement of blood pressure, pulse rate, 
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oxygen saturation, respiratory rate, and temperature. You will also have 7mLs of venous blood and 10mLs 

of fresh urine sample collected during each study visit. 

Possible Benefits:  

The direct benefit to you from this study will be that haemolytic events will be detected and treatment 

initiated early. Additionally, your participation will help develop new and more effective preventive 

measures as well as better understanding and treatment modalities for the management of pregnant women 

presenting with sickle cell disease. You will not be paid for participation in this study and you are also not 

expected to pay anything. Cost of treatment (including blood transfusions and intravenous fluids) which 

fall under normal routine management procedure for patients will be covered under NHIS. All patients 

will be required to enroll on NHIS. There will be no extra cost to the study participants beyond their 

routine follow up, investigations and procedures as part of their standard of care. You will be given 

hardcopies of your study laboratory results as baseline laboratory results. 

 

Possible Risks:  

This research presents minimal risk to you. The main risks include, psychological distress from discussing 

potentially upsetting issues like hospital admissions and treatment measures. Confidentiality will be 

protected as described in the section below. There may also be some discomfort in drawing blood sample, 

however, every effort will be made to reduce such experience to the barest minimum.  

 

Withdrawal from study:  

I would like to stress that this study is strictly voluntary. Should you decide not to participate in the study, 

it will have no consequences for you. Should you, at any point during the study, decide that you do not 

wish to participate any further, you are free to terminate the participation, effective immediately. Any such 

decision will be respected without any further discussion. Your decision will not affect the healthcare you 

would normally receive.  

 

Confidentiality:  

All efforts, within reason, will be made to keep your protected health information (PHI) private. PHI is 

your health information that is, or has been gathered or kept by the Ghana Institute of Clinical Genetics, 

as a result of your healthcare. This includes data gathered for research studies that can be traced back to 
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you. Using or sharing such data must follow federal privacy rules by research personnel. By signing the 

consent for this study, you are agreeing to the use and likely sharing of your PHI. If you decide to be in 

this research study, you are also agreeing to let me use and share your child’s PHI as described below.  

 

As part of the study, I may share the results of your study and/or non-study linked laboratory results as 

well as parts of your medical record, with the personnel from Ghana Institute of Clinical Genetics, and 

your doctor if a medical condition that needs urgent attention is discovered. 

 

The study results will be kept in your research records for at least one year after the study is finished. At 

that time, the research data that has not been put in your medical records will be kept for an unknown 

length of time. Any research data that has been put into your medical record will be kept for an unknown 

length of time. Unless told otherwise, your consent to use or share PHI does not expire. If you change 

your mind, I ask that you contact me (Dr. Eugenia Vicky Asare) in writing and let me know that you 

withdraw your consent to participate in the study. My mailing address is Department of Haematology, P. 

O. Box KB77, Korle-Bu Teaching Hospital or Ghana Institute of Clinical Genetics, P. O. Box KB150, 

Korle- Bu, Accra. At that time, I will stop getting any more data about you. The health data I stored before 

you withdrew your consent will also not be reported on.  

 

At any time, you may ask to have your data or samples destroyed. You should contact me (Dr. Eugenia 

Vicky Asare), at either the Department of Haematology, P. O. Box KB77, Korle-Bu Teaching Hospital or 

Ghana Institute of Clinical Genetics, P. O. Box KB150, Korle- Bu, Accra. (Telephone number 

0206301166) to have your sample destroyed and no longer used for research. I will not be able to destroy 

research data that has already been gathered using your sample. Also, if your identity was removed from 

the samples, I will not be able to locate and destroy them. There will be no costs to you for any of the tests 

done on your samples. You will not be paid for the use of your samples.  

 

Contacts:  

If you ever have any questions about the research study or study-related problems, you may contact me 

(Dr. Eugenia Vicky Asare), at either the Department of Haematology, P. O. Box KB77, Korle-Bu 

Teaching Hospital or Ghana Institute of Clinical Genetics, P. O. Box KB150, Korle- Bu, Accra.  

(Telephone number 0206301166). For questions about the ethical aspects of this study or your rights as a 
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volunteer, you may contact the Chairman of the Institutional Review Board, Korle-Bu Teaching Hospital 

(Telephone number 0302667759). 

 

Your Rights As A Participant:  

This research is part of a broader study, which has been reviewed and approved by the Institutional Review 

Board, Korle-Bu Teaching Hospital. An Institutional Review Board is a committee that ONLY reviews 

research studies in order to help protect participants. If you have any questions about your rights as a 

research participant, you may contact the Chairman of the Institutional Review Board, Korle-Bu Teaching 

Hospital.  

 

VOLUNTEER AGREEMENT:  

The above document describing the benefits, risks and procedures for the research has been read and 

explained to me. I have been given an opportunity to have any questions about the research answered to 

my satisfaction. I agree to participate as a volunteer.  

 

-------------------------------------    -------------------------------------------  

Date (Day/Month/Year)     Name of Volunteer/Study Participant (PRINT) 

 

------------------------------------  

Signature or Thumbprint of Volunteer/Study Participant  

 

If volunteer/study participant cannot read the form themselves, a witness must sign here:  

I was present while the benefits, risks and procedures were read to the volunteer. All questions were 

answered and the volunteer has agreed to take part in the research.  

 

--------------------------------------     --------------------------------------------  

Date (Day/Month/Year)     Name of Witness (PRINT)  

 

--------------------------------------------  

Signature or Thumbprint of witness  
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I certify that the nature and purpose, the potential benefits, and possible risks associated with participating 

in this research have been explained to the above individual.  

 

---------------   ----------------------    ---------------------------------------------  

Date    Time of Consent (HH; MM)   Name of Study Personnel (PRINT) 

  

---------------------------------------------  

Signature of Principal Investigator
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APPENDIX V-A: QUESTIONNAIRE FOR PREGNANT (BOTH SCD AND NON-

SCD) STUDY PARTICIPANTS: ENROLLMENT 

Study ID number:     Visit number: 

Phenotype:      Age: 

Parity:       Gestational age: 

 

QUESTIONS 

1. Do you have sickle cell disease (SCD)?  ��Yes  ��No  ��Don’t 

Know 

If yes, when were you diagnosed with SCD?............................................................................. 

If no, skip to question 3 

2. Have you ever been diagnosed with any of these SCD co- morbidities? 

i. Acute chest syndrome   ��Yes  ��No  ��Don’t 

Know 

If yes, state how you were diagnosed………………………………………………………. 

     If yes, when did it occur?........................................................................................................ 

       Were you admitted?   ��Yes  ��No  ��Don’t 

Know 

     If yes, state the duration you were admitted…..…….……………………………………… 

ii.  Anaemia requiring blood transfusion in the last one year ��Yes  ��No   

If yes, state how you were diagnosed………………………………………………………. 

If yes, how many times you have been transfused? ��1 ��2 ��3 ��4 ��5 

 If yes, state the blood component you were given.…….…………………………………... 

      How many units were you transfused?................................................................................... 

iii.  Avascular necrosis of femoral or humeral head ��Yes  ��No ��Don’t 

Know 

 If yes, when were you diagnosed? ………………………………………………………….  

If yes, state how you were diagnosed……………………………………………………….      

iv. Chronic leg ulcers    ��Yes  ��No   

           If yes, when were you diagnosed?.......................................................................................... 
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      If yes, state how you were diagnosed………………………………………………………. 

v. Pulmonary hypertension    ��Yes  ��No  ��Don’t 

Know 

If yes, when were you diagnosed?.......................................................................................... 

If yes, state how you were diagnosed……………………………………………………….. 

vi. Sickle cell kidney disease   ��Yes  ��No  ��Don’t 

Know 

If yes, when were you diagnosed?.......................................................................................... 

vii. Stroke     ��Yes  ��No  ��Don’t 

Know 

If yes, when were you diagnosed?.......................................................................................... 

If yes, state how you were diagnosed……………………………………………………….. 

viii. Gallstones     ��Yes  ��No  ��Don’t 

Know 

If yes, when were you diagnosed?.......................................................................................... 

If yes, state how you were diagnosed……………………………………………………….. 

3.  Is this your first pregnancy?   ��Yes  ��No   

 If no,  

Do you have a history of recurrent spontaneous abortions?  ��Yes  ��No 

Do you have a history of stillbirths?     ��Yes  ��No 

Do you have a history of preterm births?     ��Yes  ��No 

Do you have a history of low birthweight infants?   ��Yes  ��No 

4.   Have you ever been diagnosed with hypertension    �� Yes  ��No 

       a. If yes, when were you diagnosed with hypertension...…………………………............... 
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APPENDIX V-B: QUESTIONNAIRE FOR PREGNANT (BOTH SCD AND NON-

SCD) STUDY PARTICIPANTS: SUBSEQUENT VISITS 

DEMOGRAPHICS 

Study ID number:     Visit number: 

Phenotype:      Age: 

Parity:       Gestational age: 

 

QUESTIONS 

Kindly jump to question 7 if you do not have SCD. 

If you have SCD, have you ever been diagnosed with any of these SCD- related complications since your 

last antenatal visit? 

1. Acute pain episode       ��Yes  ��No 

If yes, state the gestational age episode occured 

       Were you admitted?       ��Yes  ��No 

       If yes, state the date of admission………………….………………………………………. 

       If yes, state the duration you were admitted…..…….……………………………………… 

2. Acute chest syndrome       ��Yes  ��No 

       If yes, state the gestational age episode occured 

       Were you admitted?       ��Yes  ��No 

       If yes, state the date of admission………………….………………………………………. 

       If yes, state the duration you were admitted…..…….……………………………………… 

3. Darkening of the urine (coca colour- like)    ��Yes  ��No 

If yes, state the gestational age episode occurred…………………………………… 

       Were you admitted?       ��Yes  ��No 

       If yes, state the date of admission………………….………………………………………. 

       If yes, state the duration you were admitted..…….………………………………………… 

4. Progressive yellowing of the eyes (jaundice)    ��Yes  ��No 

If yes, state the gestational age episode occured 

       Were you admitted?       ��Yes  ��No 

        If yes, state the date of admission………………….…………………………………………. 
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        If yes, state the duration you were admitted..…….…………………………………………… 

5. Anaemia requiring blood transfusion     ��Yes  ��No  

If yes, how many times you have been transfused? ��1 ��2 ��3 ��4 ��5 

If yes, state the reason for the transfusion……………….………………………………….. 

 If yes, state the blood component you were given.…….…………………………………… 

 How many units were you transfused? ��1 ��2 ��3 ��4 ��5 ��6 ��>6 

6. Gall bladder disease       ��Yes  ��No 

 If yes, state the gestational age episode occured 

       Were you admitted?       ��Yes  ��No 

       If yes, state the date of admission………………….………………………………………. 

        If yes, state the duration of admission…..…….…………………………………………….. 

7. Have you had a spontaneous abortion since the last study visit?  ��Yes  ��No 

8. Have you had a stillbirth since the last study visit?   ��Yes  ��No 

9. Has the study participant delivered since the last study visit?  ��Yes  ��No 

    If yes, what was the birth weight?............................................................................................... 

10. Have you had an early neonatal death (one week after delivery) since the last study visit? 

          ��Yes  ��No 
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APPENDIX VI-A: QUESTIONNAIRE FOR NON- PREGNANT SCD STUDY 

PARTICIPANTS: ENROLLMENT 

Study ID number:     Visit number: 

Phenotype:      Age: 

 

QUESTIONS 

1. Are you pregnant?     ��Yes  ��No 

2. When was your last menstrual period (LMP)? ……………………………………………….. 

3. Do you have sickle cell disease (SCD)?     ��Yes  ��No 

If yes, when were you diagnosed with SCD?............................................................................. 

4. Have you ever been diagnosed with any of these SCD co- morbidities? 

i. Acute chest syndrome    ��Yes  ��No 

 ��Don’t Know 

If yes, state how you were diagnosed………………………………………………………. 

If yes, when did it occur?..................................................................................................... 

  Were you admitted?    ��Yes  ��No 

If yes, state the duration you were admitted…..…….……………………………………… 

ii.  Anaemia requiring blood transfusion  ��Yes  ��No 

If yes, state how you were diagnosed………………………………………………………. 

If yes, state the blood component you were given.…….…………………………………... 

How many units were you transfused?................................................................................... 

iii.  Avascular necrosis of femoral head  ��Yes  ��No 

 ��Don’t Know 

    If yes, when were you diagnosed? ………………………………………………………….  

             If yes, state how you were diagnosed……………………………………………………….    

iv. Chronic leg ulcers    ��Yes  ��No 

       If yes, when were you diagnosed?.......................................................................................... 

v. Pulmonary hypertension    ��Yes  ��No  ��Don’t 

Know 

   If yes, when were you diagnosed?.......................................................................................... 
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            If yes, state how you were diagnosed………………………………………………………. 

vi. Sickle cell kidney disease   ��Yes  ��No  ��Don’t 

Know 

   If yes, when were you diagnosed?.......................................................................................... 

            If yes, state how you were diagnosed……………………………………………………….  

vii. Stroke      ��Yes  ��No 

 ��Don’t Know 

   If yes, when were you diagnosed?.......................................................................................... 

viii. Gallstones     ��Yes  ��No  ��Don’t 

Know 

   If yes, when were you diagnosed?.......................................................................................... 

3.   Have you ever been diagnosed with hypertension    �� Yes  ��No 

       a. If yes, when were you diagnosed with hypertension...………………………….................... 
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APPENDIX VII: CLINICAL ASSESSMENT FORM FOR STUDY PARTICIPANTS 

(BOTH PREGNANT AND NON- PREGNANT) 

 

Study ID number :      Visit number : 

Phenotype:       Age : 

Parity:        Gestational age : 

 

Weight (kg) : 

 

Height (cm) : 

 

Body mass index (BMI) : 

 

Blood pressure (mmHg) : 

 

Pulse rate (per minute) : 

 

SpO2 measurement (%) :  

 

Respiratory rate (per minute) : 

 

Temperature (0C) : 
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APPENDIX VIII: REFERENCE RANGES OF LABORATORY 

PARAMETERS USED IN DATA ANALYSIS 

 

Reference range for anaemia in pregnancy91 

 REFERENE RANGE 

Severe anaemia < 7.0 g/dL 

Moderate anaemia 7.0 – 9.9 g/dL 

Mild anaemia 10.0 – 10.9 g/dL 

Normal > 10.9 g/dL 

 

 

Reference ranges used at the Korle-Bu Polyclinic Laboratory 

 REFERENCE 

RANGE 

CUT OFF VALUE USED FOR DATA 

ANALYSIS 

Absolute reticulocyte count 

(x 10 9 /L) 

18 – 158 158 

Total bilirubin (umol/L) 3.4 – 22.0 22.0 

Direct bilirubin (umol/L) ≤ 5.13 5.13 

Indirect bilirubin (umol/L) ≤ 10.0 10.0 

LDH (IU/L) 100 - 190 190 

AST (IU/L) 0 - 35 35 

ALT (IU/L) 0 - 35 35 
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GLOSSARY (STUDY DEFINITIONS) 

 

For the purposes of this study, the following definitions were used. 

Severe anaemia: Defined as a drop in haemoglobin (Hb) value by ≥ 2 g/dL from the steady state 

 

Acute events: Defined as any acute event (acute pain episode, acute chest syndrome (ACS) or relative 

anaemia) requiring hospital admission and management, including blood transfusion.  

 

Acute vaso-occlusive pain episode: Also known as acute pain episode was defined as acute sickle 

cell pain crisis requiring hospitalization and oral or intravenous opioid, distinguished from labour 

pains by absence of uterine contraction, labour progression, and delivery.  

 

Acute chest syndrome (ACS): Per standard definition, ACS is defined as “the presence of a new 

radio density on chest radiograph accompanied by respiratory signs and symptoms.”168 A diagnosis of 

pneumonia in SCD is considered an ACS episode.121   

“Due to the challenges of having a baseline chest x-ray for comparative purposes and in the absence 

of abdominal shields for chest x-rays during pregnancy, a diagnosis of ACS will be be made based on 

at least two of the following criteria: temperature >380C, respiratory rate >20 per minute, chest pain 

or abnormal pulmonary auscultatory findings, increased oxygen requirement (SpO2 drop >3% from a 

documented steady-state value on room air) ± a new radio density on chest roentgenogram.”29 A chest 

x-ray will be done for only postpartum women. A diagnosis of pneumonia will be considered an ACS 

episode.   

 

Hyperhaemolysis: Defined as “marked drop in Hb, determined in the steady state with evidence of 

increased red blood cell destruction in the absence of any other identifiable causes such as splenic or 

hepatic sequestration.”169  

Diagnostic criteria169 

• Decrease in Hb ≥ 20% from baseline values 

• Increase in reticulocyte count by 25% from baseline, or presence of nucleated red blood cells 

• Evidence of haemolysis (e.g., increased LDH, unconjugated bilirubin, or AST) compared with 

baseline 
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• Without: 

• Resolving human parvovirus B19 

• Resolving folate deficiency 

• Resolving hydroxyurea toxicity 

• Blood loss/ haemorrhage 

• Splenic or hepatic sequestration, acute chest syndrome 

Severity index 

Severity is judged by percentage reduction in haemoglobin level 

Classification 

Transfusion related 

• Innocent bystander mechanism 

• Acute or delayed haemolytic transfusion reaction 

Non-transfusion related 

• Due to acute painful episodes, infection, drugs, G6PD deficiency, or autoimmune 

hyperhaemolysis 

 

Second trimester: Period of gestation between 13 weeks 1 day and 26 weeks gestation 

 

Third trimester: Period of gestation between 26 weeks 1 day and 40 weeks gestation 

 

Hypertensive disorders of pregnancy using the WHO definition, includes pregnancy induced 

hypertension, preeclampsia and eclampsia170  

 Pregnancy induced hypertension was defined as “a rise in blood pressure to 140mmHg systolic and 

or 90mmHg diastolic or more after 20 weeks gestation.” 

 Preeclampsia was defined as “a rise in systolic blood pressure to 140mmHg and or diastolic blood 

pressure of 90mmHg or more after 20 weeks with associated proteinuria 1+ on dipstick or 300mg 

in 24-hour urine collection or more.” 

 

Maternal mortality was defined using the WHO definition as “death of a woman during pregnancy 

and up to 42 days after termination of a pregnancy irrespective of the duration or site of the gestation 
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from any event related to the pregnancy or its management but excluding incidental or accidental 

causes.”170  

 

Spontaneous abortion: Defined as spontaneous termination of a non-viable fetus (before 28 weeks 

gestation) 

 

Delivery was defined as birth (live birth or stillbirth) after 28 weeks of gestation.   

 

Preterm delivery was defined and classified using the WHO criteria as “babies born alive before 37 

weeks of pregnancy were completed171. There were sub-categories of preterm birth, based on 

gestational age: a) extremely preterm (less than 28 weeks); b) very preterm (28 to 32 weeks); c) 

moderate to late preterm (32 weeks to 36 weeks 1 day).”171 

 

Low birthweight: Per WHO definition low birthweight was defined as “birthweights below 2,500 

grams.”171 

 

Very low birthweight: Per WHO definition low birthweight was defined as “birthweights below 

1,500 grams.”171 

 

Intrauterine fetal death: Defined as babies born detected dead in-utero after 28 weeks gestation. 

 

Perinatal mortality: Per WHO was defined as “death of a fetus in-utero after 28 weeks and up to 

seven days after delivery.” 

 

Perinatal mortality rate: Per WHO was defined as “the number of stillbirths after 28 weeks gestation 

plus early neonatal death (newborn death within the first week of life) per 1000 total births.”  

 

Puerperium refers to “the period from delivery of the baby and placenta up to six weeks postpartum.” 

 

Adverse events and severe adverse events were defined as “adverse reactions that were expected 

complications in pregnant women with SCD, including acute pain, ACS, hyperhemolytic crisis, 
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hospitalization, and transfusion. We also defined severe adverse events as those adverse events that 

lead to prolonged hospitalization beyond 7 days, admission into the intensive care unit, and near 

death or death.” 


