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T
he Indian College of Hematology (ICH) is the academic wing 

of the Indian Society of Hematology and Blood Transfusion 

(ISHBT). It is a conglomeration of haematological leadership in 

India and driven by the purpose of fostering excellence not only 

in academic and professional practice involving both clinical 

Hematology and laboratory Hematology, but also enhancing quality of health 

care and making it accessible to people everywhere in the country.

The ICH has a vision to standardise education, establish standard protocols 

for diagnosis, management and control of haematological diseases, promote 

research and development, and address the issues concerning academic excel-

lence and quality of care. 

It also aims to act as a national advisory body to give suggestions to NMC & 

NBE and allied bodies in all academic and technical activities of postgraduate 

education in the subject of clinical haematology and haemato-pathology; to 

promote nationwide collaborative research and prepare databases for various 

haematological diseases; to formulate the different guidelines, study groups, 

consensus documents, recommendations and research groups and other aca-

demic activities as assigned by ISHBT.

INDIAN COLLEGE 
OF Hematology

about us
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I
ndian Council of Medical Research (ICMR), New Delhi, the apex body 

in India for the formulation, coordination and promotion of biomedical 

research, is one of the oldest medical research bodies in the world.

The ICMR has always attempted to address itself to the growing de-

mands of scientific advances in biomedical research on the one hand, 

and to the need of finding practical solutions to the health problems of the 

country, on the other. 

The ICMR has come a long way from the days when it was known as the 

IRFA. It is driven by the mission to generate manage and disseminate new 

knowledge in the medical field, focus on research on the health problems of the 

vulnerable, the disadvantaged and marginalized sections of the society, harness 

and encourage the use of modern biology tools in addressing health concerns 

of the country, encourage innovations and translation related to diagnostics, 

treatment, methods, vaccines for prevention and inculcate a culture of research 

in academia especially medical colleges and other health research institutions 

by strengthening infrastructure and human resource.

Indian Council of 
Medical Research

about us
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S
ickle Cell Disease (SCD) is the most com-

mon genetic blood disease recorded in 

various parts of India. With variable inci-

dence ranging from 0 to 40% depending on 

geographical area, it has emerged as a major 

public health concern in the country especially in tribal 

dominated pockets. 

SCD contributes significantly to high infant mor-

tality rate, maternal mortality rate and anaemia, apart 

from inflicting huge socio-economic burden on the 

people living with the disease as well as their families. 

Adding to woes, the community faces social stigma for 

the disease. 

Awareness and access to health care are the corner-

stone of successful interventions for management and 

control of any public health issue. These are severely 

lacking in the country as far as SCD is concerned. As a 

result, the people living with SCD are feeling marginal-

ised and discriminated against.

Of late, however, things are marking a change. The 

Centre and state governments are realizing the public 

health and social impact of SCD and working towards 

improving health care and access for patients. New 

initiatives have been taken up. Due to improvement 

in facilities and skills of doctors, many patients are 

now becoming adult, getting married and going in for 

pregnancy.

But, despite the efforts, addressing the challenge 

of SCD in India is a complicated course. SCD in India 

has variable clinical presentation, complications and 

outcomes. Prediction or risk factors for morbidity and 

mortality are still not established. The clinical presenta-

tion with overall outcome varies among the haplo types 

(Senegal/ Benin/Bantu/Cameroon Vs Arab Indian Hap-

lo type, seen in India). The management based on data 

of other countries may not be suitable for our patients. 

Moreover, there is no uniform protocol for man-

agement of SCD in various situations of our patients 

based on evidence. There is, thus, a need to engage all 

the stakeholders to ensure holistic health care services 

for the entire sickle cell community with roadmap and 

timeline to achieve our targets. 

The ICH, the academic wing of ISHBT has taken 

up the responsibility by preparing this SCD guideline 

which will be immensely benefit for the SCD commu-

nity, policy makers, medical professionals, NGOs and 

other stakeholders.

As a nodal member, I extend my sincere thanks and 

appreciation to the Indian Council of Medical Research 

(ICMR) for joining hand with ICH to formulate and 

publish the first-ever national guidelines for manage-

ment and control of SCD in India. This comprehensive 

document will be helpful in bringing uniformity in 

medical interventions for SCD patients while laying a 

foundation for control of the disease in the communi-

ty-level.

I extend my gratitude to Dr Isaac Odame, Medical 

Director of the Global Sickle Cell Disease Network, for 

providing us with valuable inputs.

I offer my thanks and appreciation to all experts of 

Task force on SCD guideline, members of ISHBT, the 

sickle cell community and all stakeholders for their 

encouragement, cooperation and contribution to make 

these guidelines possible.

DR RK Jena
Editor and Nodal Officer

preface
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Sickle cell disease (SCD), the most common inherited 
disorders of haemoglobin, is a monogenic disorder 
caused by a single nucleotide substitution at position 

6 of the β-globin gene leading to polymerisation of the re-
sulting sickle haemoglobin variant (HbS). 

The Sickle variant of haemoglobin was first reported in 
India from Nilgiri hills among tribal population of South 
India in 1952. In the last 70 years, many studies and pub-
lished literature have established clinical diversity among 
its various compound heterozygous phenotypes. SCD is 
now recognized as a major public health problem in the 
country with an increasing burden on the health care sys-
tem. SCD was mainly believed to affect the tribal popula-
tion of Central India, however non-tribal persons are also 
affected in many states such as Odisha, Chhattisgarh, Gu-
jarat, Maharashtra and Madhya Pradesh have  a  significant 
burden of disease with a carrier frequency in the range of 
1 to 44 %.Globally, some of the highest βS allele frequen-
cies have been reported in the Indian population and India 
has been ranked as the country with the second heaviest 
burden in the world  in terms of estimated numbers of ba-
bies born with the sickle β-globin gene variant (trait and 
homozygous births, with 42,016 (inter-quartile range, IQR: 
35,347–50,919)  in 2010.

The magnitude of the problem of SCD in the country is 
very large and diverse. Yet, despite the realization of the im-
pact of SCD in the general population of India and its impor-
tance on public health, there is no definitive data available 
on theactual proportion of the population suffering from 
the disease nor the spread across regions and communities. 
Though many publications about the prevalence of disease 
are available for some regions, complete data at district, 
state and national levels are lacking.  The studies reported 
in literature are mostly institution-based retrospective or 
prospective series, which are not representative of the gen-
eral population hence make it difficult to draw conclusions. 

As a result, persons with SCD have not only been de-

prived of timely detection in a majority cases, but also, over-
all have been left out of adequate and specialized health 
care. They have been deprived of the advances and develop-
ments in diagnosis, treatment and adequate management 
so as to lead their lives optimally – with dignity and achiev-
ing the best potential. While there is inequity in health care 
system, medical advances that can bring more relief to the 
SCD patients have not been made accessible to them. Thus, 
a major chunk of the patients continue to live with serious 
unmet medical needs.

Along with unmet health care needs, people living with 
SCD are also forced to battle social discrimination and 
stigma all their lives. This social attitude towards people 
living with SCD is due to lack of awareness about the dis-
ease among the communities. A major contributing factor 
is  absence of dedicated health care delivery system which 
is accessible to all those suffering from the disease, lack of 
focus of the government, administration, public advocacy 
groups, lack of social support mechanisms, public educa-
tion and community sensitisation about SCD as a prevent-
able, treatable and manageable disease.

Thus, there is an urgent need to focus on recognising 
the important public health burden of SCD in the country 
and organise and restructure health care system to make 
high quality SCD service delivery universally accessible to 
people regardless of where they live.. This has to include 
major aspects:

1. Nationwide registry built on  a robust population screen-
ing exercise. 

2. Improvement of health care infrastructure and its exten-
sion to primary care settings.

3. A uniform nationwide standard protocol for diagnosis, 
treatment, management and monitoring of patients.

4. Patient education and community engagement.
5. Establishing support systems  dedicated to SCD at all lev-

els of the health  care system.

Executive Summary 1

1 Citations and references are included in the specific chapters of these guidelines document
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National Guidelines on Management and 
Control of SCD in India – A beginning

In a bid to achieve this goal, the Indian College of Haematol-
ogy (ICH) of the Indian Society of Haematology and Blood 
Transfusion (ISHBT) has sought to formulate a National 
Guidelines on Management and Control of Sickle Cell Dis-
ease in India that aims to not only standardise diagnosis, 
treatment and care of people suffering from SCD in India, 
but also sets a larger objective of bringing multi-sectoral 
engagement including governments, health care profes-
sionals, allied sectors, public health organisations, NGOs 
and patients groups to improve the health of people living 
with SCD by making quality care that addresses all aspects 
of SCD accessible.

For formulation of the guidelines, a national taskforce 
comprising top experts from the field of haematology was 
formed in early 2022. The core body held multiple sessions 
to deliberate on different aspects and form consensus on 
preparing a comprehensive document on SCD care in India 
along with a roadmap with specific time-frame for effect-
ing drastic improvement in SCD care delivery, accessibility 
and social attitudes. 

This document is the outcome of the rigorous exer-
cise over the last several months and has been finalised by 
achieving consensus among the experts. The taskforce has 
presented its recommendations on each and every aspect 
of SCD in India, all of which have been evaluated based on 
the best evidence. Where the evidence is weak, the recom-
mendations have been based on consensus among the ex-
perts..

This guidelines document is the first-of-its-kind of ini-
tiative  in the country. It is the most comprehensive docu-
ment on SCD in India, addressing all aspects of the public 
health problem.

Below are presented some of the major aspects addressed 
in the document along with the recommendations:

Diagnosis and screening

This section outlines the laboratory investigations and tests 

available for diagnosis and screening for sickle cell dis-
ease (including HbSS, HbS/β0or HbS/β+thalassemia, HbSE, 
HbSDPunjab and HbSC diseases, etc.) as well as the carrier 
state. It aims to provide laboratory and clinical haematol-
ogists with an evidence-based background to scientifical-
ly select the most appropriate and feasible laboratory test 
option(s) in various Indian practice settings. Important 
considerations in test performance and interpretation are 
included wherever relevant.

Recommendation:
1.	Test selection, performance and reporting must 

always be tailored to the necessity of the state, 
healthcare setting and testing scenario. 

2.	All screen-detected cases of sickle cell disorders 
should be subsequently confirmed by a diagnostic 
test using an independent technology. 

3.	Point-of-care rapid tests like paper-based haemo-
globin solubility assays and immunochromato-
graphic lateral flow assays are suitable for screen-
ing followed by confirmation using standard 
assays like CE-HPLC/A-CZE.

4.	Parental studies of haemogram and CE-HPLC or 
A-CZE are invaluable in resolving diagnostical-
ly difficult cases, even when genetic analyses are 
available.

5.	Discovery of a proband with a clinically signifi-
cant haemoglobinopathy must prompt the clinical 
advice to screen as many blood relatives as feasi-
ble for haemoglobinopathies. This enables detec-
tion of further asymptomatic carriers who can 
then participate in informed reproductive deci-
sion-making at the appropriate time points.

6.	For settings lacking CE-HPLC or A-CZE, a mini-
mal integrated screening panel combining tests 
for HbS (sickle solubility test, or paper-based 
haemoglobin solubility assays), β-thalassemia 
(hemogram analysis for microcytosis, i.e., MCV 
≤80 fL and/or MCH ≤27 pg) and, in high frequen-
cy regions, red cell indices or the dichlorophe-
nolindophenol (DCIP) test are recommended. 



PAGE 16    www. ishbt.com I n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

7.	Molecular genetic studies are rarely required in 
routine clinical practice but mandatory for prena-
tal testing. These can help resolve confusing cases, 
especially post-transfusion, or if parental studies 
are not available.

Clinical Presentation

A patient with SCD will most commonly present with var-
ied clinical manifestations such as persistent pallor, pain, 
fever, lethargy and jaundice. Sickle cell disease may present 
with acute and chronic complications. Major chronic man-
ifestations are chronic pain, anaemia, neurological defi-
cits or seizure disorder, pulmonary conditions including 
pulmonary hypertension, renal impairment, osteoporosis, 
bone infarction, cardiomyopathy with diastolic dysfunc-
tion, hepatotoxicity and pigmented gallstones, chronic leg 
ulcers and proliferative retinopathy.

Observations

•	 Considerable heterogeneity of clinical manifestations of 
SCD India. 

•	 Most common complication of SCD is an acute episode of 
severe pain referred to an acute VOC.

•	 Approximately 50 to 80% of hospitalization in SCD are 
due to VOC.

•	 The age at first clinical presentation varies from 1 month 
to 5 years.  

•	 Anaemia in Indian SCD children is multifactorial. Nutri-
tional deficiency (iron, Vitamin B12 folic acid deficiency), 
malnutrition, infections and parasitic infestations are 
common. 

•	 Indian SCD patients continue to have splenomegaly 
during the second decade of life.

•	 The prevalence of acute chest syndrome in Indian SCD 
was not well established by studies.

•	 Neurological complications are common among Indian 
patients and seen <20 years of age.

•	 Pulmonary hypertension is prevalent in over 1/3rd of the 
pediatric patients.

Management in stable condition

Sickle cell disease encompasses different states which may 
be acute and chronic or stable. The problems that can arise 
during stable conditions include chronic pain which can 
affect the day to day life of the patient including absence 
from school and from work, infections, deficiency disor-
ders and others.

Recommendation:
1.	Hydroxyurea should be started in all age groups at 

the dose 10 mg/kg/day irrespective of clinical con-
dition. If required, the dose can be increased by 5 
mg/kg/ every 8weeks till MTD or up to dose of 35 
mg/kg/day.

2.	The dose should be titrated to maintain ANC of 
minimum 1500 per microL and PLT of >80,000 per 
microL.

3.	Young females willing for pregnancy should 
discontinue hydroxyurea after discussion with 
their physicians. However it can be continued 
in selected cases if required after 1st trimester of  
pregnancy.

4.	Newer drugs for VOC (pain crisis) and other phar-
macological agents used for pain relief like parac-
etamol, pregabalin, triptiline,etc., should be tried 
when there is sub-optimal response to base level 
pain or intolerance to hydroxyurea.

5.	Folic acid, vitamin D, calcium and zinc supple-
mentation in all cases.

6.	Iron supplementation if there is evidence of iron 
deficiency anaemia

7.	Fever or any other infection is to be treated as 
medical emergency and penicillin prophylaxis 
should be given to children.

Iron Chelation

Recommendation:
1.	Sickle cell patients with Arab-Indian haplo type 

are the main category seen in India. The predom-
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inant phenotype is vaso-occlusive and thus iron 
overload requiring chelation is not required in 
most of the cases.

2.	Iron overload is possible in SCD and should be 
considered if anyone of the criteria is fulfilled 
-  SF is > 1000 ng/mL , LIC is  > 3.5 mg/g dry 
weight, received 10 transfusion or cumulative 
transfusions of > 120 mL of packed RBCs/kg or 
if the cardiac T2* is 8 ms or less aggressive che-
lation is indicated.

3.	Deferasirox at the dose 20 to 40mg/kg/day is the 
preferred agent.

4.	Combination of Depeferasirox and Deferiprone 
may be considered if the serum ferritin level is not 
controlled with DFX alone or there is a need of po-
tentiating the iron chelation due to the iron over-
load in various organs.

Vaso-occlusive Pain Management

Acute painful sickle cell episodes occur unpredictably, of-
ten without clear precipitating factors. Their frequency 
may vary from less than one episode a year to severe pain 
at least once a week. Pain can fluctuate in both intensity 
and duration, and may be at times excruciating. Nearly all 
individuals affected by SCD will experience a VOC during 
their lifetime. Recurrent episodes may lead to irreversible 
damage to organs. The majority of painful episodes are 
managed at home, with patients usually seeking hospital 
care only if the pain is uncontrolled or they have no access 
to analgesia. Goal of efficient VOC management is not only 
faster pain control but prevent tissue damage from isch-
aemic injury.

Recommendation:
1.	VOC pain in SCD should be controlled aggressive-

ly with adequate analgesics like tramadol, parac-
etamol, NSAIDs, diclofenac (if no contraindica-
tion) and regional Anaesthesia depending on case 
to case basis.

2.	Opoids and buprenorphin patch should be consid-

ered in severe cases not responding to convention-
al analgesic with precautions to prevent addiction 
as mentioned earlier.

3.	Other adjuvant therapies like management of flu-
id, electrolyte, oxygen saturation may be helpful.

4.	The medications/adjuvant interventions recom-
mended during stable condition should be con-
tinued.

5.	Steroid should not be used during VOC stage.
6.	Reduction of HbS level below 30-50% by exchange 

transfusion (simple/red cell apheresis) could be an 
effective modality in reducing pain in resistant / 
recurrent VOC.

Management of complications

The complications of SCD can be acute (vaso-occlusive 
crisis, sequestration crisis and aplastic crisis, haemolytic 
crisis, etc.) and chronic (involving almost all organs).

Recommendation:
1.	Regular monitoring should be done to detect any 

chronic complications/organ damage at early 
stage.

2.	Management of specific organ involvement should 
preferably be multi-disciplinary approach and the 
interventions are outlined above.

3.	Comorbidities like diabetes, hypertension, renal 
dysfunction and cardio-respiratory illness, etc., 
can deteriorate the Sickle-related organ damage 
and thus should be managed aggressively.

4.	Disease modifying therapy like HU and blood 
transfusion (wherever indicated, with extended 
crossmatching should be considered along with 
the specific treatment.

Blood Transfusion in SCD

Transfusion support in SCD depends on the clinical condi-
tion and feasibility and is of three methods - Simple Trans-
fusion (ST), Manual Red Cell Exchange (M-RCE) and Auto-
mated Red Cell Exchange (A-RCE).
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Recommendation:
1.	Transfusion should be done only when it is needed 

and cannot be managed by alternatives. Red cell 
transfusion if needed should be selected as per the 
antigen profile as mentioned below.

2.	Red cell antigenic profile should be performed at 
the earliest opportunity, optimally before 1st trans-
fusion. It includes minimum Rh (D, C, c, E, e), and 
Kell. It is preferable to include Duffy, Kidd, and 
MNS especially if there is already development of 
allo-antibodies.

3.	An extended red cell antigen profile by genotype 
or serology over only ABO/RhD typing for all pa-
tients.

4.	Red blood cell of choice for transfusion in 
ST and RCE: At least Rh, Kell matched, and 
preferably Duffy, Kidd, and MNS matched do-
nor blood unit, leuko reduced, sickle cell neg-
ative, and less than 7 days old, and AHG cross 
matched compatible unit, should be selected 
for transfusion.

5.	Antibody screening should be included in 
pre-transfusion testing of previously transfused 
patients.

6.	The management of post-transfused haemolytic 
reaction should be done with IVIG, high dose of 
EPO and other supportive therapy.

7.	High risk patients (who have already developed al-
lo-antibodies) who need blood transfusion as life 
saving procedure should receive prophylactic Rit-
uximab.

Monitoring

As the sickle cell disease is more prevalent in tribal ar-
eas of India in various states across the country, a uni-
form guideline should be practiced in managing as well 
as monitoring the patients. This should include regular 
annual monitoring of cerebrovascular disease, cardio-
vascular disease, pulmonary complications, renal and 
hepatic complications, blood transfusion, hydroxyurea 
treatment, etc.

Pregnancy

Pregnancy with SCD is of high risk category with increased 
maternal complications such as anaemia, VOC crises, 
acute chest syndrome, jaundice, maternal mortality, pre-
eclampsia, urinary tract infections, etc. There is paucity of 
evidence to recommend the management of SCD in preg-
nancy and vice versa due to lack of adequate randomized 
controlled trials. However, the following recommendations 
are based on available data, extrapolation of the evidences 
and consensus expert opinion.

Recommendation:
1.	The women with SCD and their husband should 

accept pregnancy on their own risk as there are no 
reliable predictors of the risk, morbidity and mor-
tality related to pregnancy.

2.	All women with SCD should undergo with partner 
testing prior to the initiation of pregnancy.

3.	High risk couples (both carrying the Hb Pathies 
genes) should be counselled for reproductive op-
tions, prenatal diagnosis or pre-implantation ge-
netic diagnosis (PGD).

4.	All women should be examined and managed by 
necessary special investigations as per the need 
prior to the pregnancy.

5.	Folic acid: 5 mg daily to all women before concep-
tion and throughout pregnancy.

6.	Vitamin D & calcium supplementation may be 
considered if there is no contraindication.

7.	Terratogenic drugs like ARBs, ACEi should be re-
placed with safer drugs. 

8.	Hydroxyurea should be discontinued 3 months 
prior to conception.

9.	Iron chelators should be stopped before concep-
tion and throughout the pregnancy.

10.	Iron overload should be treated preferably before 
conception.

11.	 Iron supplementation for women having evi-
dence of iron deficiency throughout the pregnan-
cy like that of others.
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12.	 �Injectable methylcobolamine or other legitimate 
preparation should be given in the usual dosage 
before and throughout pregnancy.  

13.	 PND @ 12 weeks followed by continuation or 
termination of the pregnancy if the fetus is 
likely to be healthy or diseased respectively. 
Antenatal care should be provided by a multidisci-
plinary team including an obstetrician, haematol-
ogists and other specialists. 

14.	Low dose aspirin: 75 – 150 mg per day from 12 
weeks of gestation. Should be reviewed at 36 weeks 
of gestation to considered stopping.

15.	 If needed transfusion should be given; ABO-com-
patible, extended Rh- and Kell matched, CMV Neg-
ative and HbS Negative. If there is any presence of 
red cell antibodies in the patient then the donor 
red cell should be negative for the corresponding 
antigen.

16.	 NSAIDs should be used with caution in 1st trimes-
ter and avoided after 31st weeks of gestation.

17.	 LMWH should be given to all women at usual dos-
age presenting with VOC or during any antenatal 
hospitalization.

18.	 Normal growing baby should be delivered be-
tween 38 – 40 weeks of gestation

Surgery

Patients with SCD are referred for surgery at some point 
in their life time. Surgical complications are more com-
mon in patients with SCD compared to the general popu-
lation due to their increased risk of post-operative acute 
chest syndrome, infections, vaso-occlusive pain crises and 
30-day surgical mortality. Surgery in patients with SCD is 
associated with increased riskof Sickle-related complica-
tions (painful crisis, acute chest syndromes, renal insuf-
ficiency, stroke), increased post-operative complications 
(25-30%) and increased peri-operative mortality (1.1%). 
Careful pre-operative assessment and judicious peri-op-
erative management are critical in mitigating these risks. 
Routine surgery should be avoided if patient is febrile and 
having a painful crisis.

Recommendation:

Pre-operative Evaluation

1.	Pre-operative optimization is a multidisciplinary 
process that involves a haematologist with SCD ex-
pertise, an anaesthesiologist, transfusion special-
ist and the surgical team. 

2.	Routine surgery should be avoided if patient is fe-
brile and having a painful crisis.

3.	Before proceeding for surgery, the treating physi-
cian should assess to:

4.	Determine whether all conservative measures 
have really failed .

5.	Determine the need for surgical procedure.
6.	Consider the risks associated with surgery vs con-

tinuing with conservative management.
7.	Explore lesser invasive options.
8.	Determine whether surgery will allow them to 

achieve their personal goals and improve the qual-
ity of life.

9.	The patient’s history of strokes, acute chest syn-
drome, obstructive sleep apnea, adverse reactions 
to sedation, or recurrent VTE should be document-
ed since these parameters increase the patient’s 
risk of peri-operative complications.

10.	For those with high baseline haemoglobin (above 
9 g/dl), perhaps exchange (or partial exchange) 
transfusion, rather than simple transfusion, 
should be used to avoid raising the haemoglobin 
level above 10g/dl. 

11.	 The transfusion plan should be patient-specific 
and take into account the SCD genotype, baseline 
haemoglobin, disease severity, risk classification 
of the surgery, and history of prior surgical com-
plications.

Intra-operative period

1.	The most important factor to consider intra-op-
eratively is to avoid imbalances in volume status, 
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temperature, acid-base balance, blood pressure, 
and oxygenation, since derangements on above 
parameters increase red blood cell sickling, which 
can result in acute organ injury.

2.	Practical strategies to maintain euvolemia include 
avoiding prolonged fasting prior to surgery with-
out IV fluids, monitoring fluid intake and output, 
and decreasing IV fluids as soon as patients are 
able to maintain adequate oral fluid intake.

Post-operative period

1.	Regular monitoring and treatment of infection.
2.	If oxygen saturation falls by ≥2% below the pa-

tient’s baseline or is ≤94%, it is necessary to give 
supplemental oxygen and to evaluate the patient 
with consideration for post-operative complica-
tions such as acute chest syndrome and pulmo-
nary embolism.

3.	Routine incentive spirometry to reduce the inci-
dence of atelectasis and acute chest syndrome.

4.	Post-operative pain management can be planned 
s, often similar to a patient’s usual inpatient acute 
pain plan and including patient-controlled anal-
gesia.

5.	Adequate deep vein thrombosis prophylaxis must 
be instituted. 

Curative options – BMT, Gene Therapy

Current treatment options, such as hydroxyurea and 
regular transfusion therapy for the disease, only amelio-
rate the disease severity rather than actually curing it. In 
light of this, an allogeneic hematopoietic cell transplant 
(allo-HCT) is the only treatment strategy that is widely 
available in the country and can actually cure this dis-
ease. More recently there is increasing excitement on the 
prospect of gene therapy becoming a one-time curative 
procedure for patients with sickle cell disease. There are 
different strategies being adopted for gene therapy in 
sickle cell disease and early phase clinical trials appear to 
be promising. 

Recommendation:
1.	SCD patients who are manageable with standard 

therapy should continue with their treatment reg-
imen.

2.	Allogenic BMT may be considered in a sub-set of 
high risk patients with anyone of the complica-
tions/indications discussed above.

3.	Myeloablative conditioning regimen with Busul-
fan, Cyclophosphamide and ATG are preferred.

4.	Pre and post BMT management should be as per 
SOPs.

5.	Gene therapy looks realistic, which may be avail-
able in near future.

Newer drugs

In recent years (2017-2019), FDA has approved three new 
medications for management of this disease along with hy-
droxyurea which remains standard of care for individuals 
with sickle cell anaemia. They include L glutamine, Crizan-
lizumab, Voxelotor, etc. Besides these FDA approved drugs, 
there are various novel agents based on different mecha-
nism of action which are being studied for sickle cell dis-
ease. The agents targeting adhesion includes Rivipansel, 
IVIg, Savuperin which acts by either selectin inhibitor or 
disrupts neutrophil mediated sRBC capture. Others like ar-
ginine, citrulline, N acetylcysteine, omega3 fatty acids act 
by preventing inflammation by reducing oxidative stress 
and decreased formation of reactive oxygen species. Novel 
agents are being studied for inducing HbF includes Decit-
abine, Metformin among others. Antiplatelets, anticoagu-
lants like Rivaroxaban, Apixaban, unfractionated Heparin 
are also being studied. Novel opioid sparing agents are in 
trials for managing painful crisis including Buprenorphine, 
Ketamine, Gabapentin, Momentin.

Recommendation:
1.	The FDA approved newer drugs for sickle cell dis-

ease had different mechanisms of action than hy-
droxyurea and have minor adverse effects. 

2.	These drugs can be considered  along with hy-



PAGE 21    www. ishbt.comI n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

droxyurea as  a possible option  to reduce compli-
cations in sickle cell disease. 

3.	Adherence to disease modifying therapies is im-
portant to reduce complications related to SCD. 

4.	Crizanlizumab may be beneficial in reducing the 
number of hospital visits associated with VOCs.

5.	Reduction in the cost of these newer drugs may 
lead to increased use as treatment options for sick-
le cell disease.

Prevention and Control of SCD in India

India has the main reservoir of Hbpathies like SCD and Thal-
assemia in the entire world, whose prevalence is high and 
varies from 5 to 30% depending on the geographical area. It 
has a huge socio-economic burden and contributes signifi-
cantly to IMR and MMR and anaemia. SCD, Thalassemia and 
haemoglobin diseases are three major HbPathies seen in 
different parts of India. Thus, a control of HbPathy is utmost 
essential. For logistic and financial realistic point of view, it 
is imperative to integrate all types of Hbpathy in one pro-
gramme as the patients, the blood sample, the equipment 
and human resources are the same. The short-term goal is 
to reduce haemoglobinopathies by 5% in 5 years.

Recommendation:
1.	Prevention and Control of SCD along with other 

haemoglobinopathies are cost-effective, benefi-
cial and realistic.

2.	Affordable and accessible holistic health care sys-
tem will improve the morbidity and mortality, and 
regain the confidence of SCD community. This 
will help in eradicating the social stigma which 
is essential for effectiveness of any control pro-
gramme.

3.	This guideline has outlined the framework of con-
trol and prevention programme. However, the 
Government of India/State governments should 
formulate their programmes considering their 
specific needs.

4.	Haemoglobinopathies are associated with anae-

mia in significant percentage of cases. Thus, the 
Taskforce unanimously feels that the national 
anaemia programme should be integrated with 
Haemoglobinopathies programmes.

5.	The data system should be robust and secured. It 
can be integrated to create a national database.

Research needs in SCD
Although a considerable number of studies were carried 
out in India, they are mostly limited to screening, and some 
are extended to molecular typing of Hb S. very few clinical 
and interventional studies are available. The Indian studies 
available so far have very fewer implications on practice, 
particularly in the prevention and management of the dis-
ease. Thus there is a huge unmet medical need which ur-
gently requires addressing with intensive research in the 
field. The research should encompass all aspects of SCD: 
Screening/Surveillance/Registry /Understanding the nat-
ural history; Clinical research, Treatment and manage-
ment, Equity in care, Health care models, Physical, social 
and economic impact of SCD, etc.

Roadmap for the next decade

Recognising SCD as a major public health issue and concern 
at the national and state-level is the first step towards com-
bating the disease in the country. While there is inequity in 
health care system, medical advances that can bring more 
relief to the SCD patients have not been made accessible to 
them. Thus, a major chunk of the patients continue to live 
with serious unmet medical needs. Along with the excruci-
ating suffering from the affliction, the patients also have to 
battle social stigma. Thus, a strategic plan with roadmap for 
holistic implementation of SCD community in the country 
is the need of the hour.

A strategic plan and a defined roadmap are required to 
make this possible. The plan should be based on the seven 
fundamental pillars – Identification, Accessibility, Effi-
cient, Quality, Safe, Equitable and Empowering.

•	 Strategy -1: Identification (Time frame 3-5 years)  : SCD 
registries should be initiated in a comprehensive manner 
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both at the hospital and population-level. This will help in 
studying the epidemiology and burden and also evaluat-
ing the outcomes of interventions on the ground. It will 
guide formulation and implementation of an effective 
national plan for prevention and control of SCD in India. 

•	 Strategy -2: Accessibility (Time frame 3-5 years): 
Comprehensive care centres with necessary infrastruc-
ture, human resources and facilities should be made 
available across the country which should be affordable 
as well as accessible. Laboratory infrastructure should be 
improved at the primary health care level for early detec-
tion of SCD. Referral facilities should be strengthened at 
DHH level to manage SCD. A module for training of doc-
tors and health care givers and ICE matter for patients 
and public should be designed.

•	 Strategy – 3: Efficient (Time frame 2-4 yrs ): Apart 
from increasing the number of doctors in speciality care, 
there is an urgent need to enhance SCD management 
capabilities among personnel posted at the primary 
care-level as well as general physicians in the communi-
ty. Comprehensive training should be given to all doctors 
posted at PHCs, CHCs, SDHs, DHHs, etc, which are the pri-
mary point of care for all SCD patients. Laboratory and 
nursing personnel at the grassroot level should be trained 
for SCD. All involved caregivers should receive periodic 
training with skill-upgradation to keep up with advances 
and changes in SCD care.

•	 Strategy 4: Quality (Time frame 2-3 years): Quality 
and efficiency of SCD care can only be achieved through 
constant monitoring at every level. A third party should 
be involved in conducting research to assess the quality 
of the available health care, its gaps and solutions there-
of. ICMR, other independent organisations can be in-
volved for such activities. The recommendations should 
be studied and acted upon in a timely manner so that im-
provements can be made for the benefit of the patients as 
well as enhancing strategy planning.

•	 Strategy 5: Safe (Time frame 2-4 years): Establish-
ment of Centres of Excellence (CoE) with research activ-
ity and allocation of funds for the purpose. There should 
be at least, two CoEs in each state. The CoE will function 
as referral centre for overall management of complicat-
ed/undiagnosed SCD cases. They will be responsible for 
training of health care professionals, allied personnel, 
modify the SOPs depending on the advances and changes 
in care systems, ensure establishment of new technology 
and services in centres as per the need and provide tech-
nical advice to govt and other related agencies.

•	 Strategy 6: Equitable (Time frame 3-5 years): SCD 
care in India should integrate holistic awareness gen-
eration programme along with strengthening advo-
cacy which will not only educate the persons with the 
disease but also sensitise the society on this crucial 
public health issue. Governments, health care provid-
ers, social organisations, all stakeholders and media 
should be involved in creating awareness about SCD. 
Special campaigns should be launched to sensitise 
the general communities on SCD regarding the avail-
ability and utilisation of holistic health care facilities 
and break the social taboos and end discrimination 
of the sufferers. Collaborative efforts among advo-
cacy groups, NGOs, community leaders, teachers and 
students, etc., should be strengthened for generating 
awareness.

•	 Strategy 7: Empowering (Time frame 2-3 years): Per-
sons with SCD should be empowered with all support 
systems to lead a normal life with dignity and freedom. 
All social stigma and taboos attached with SCD should 
be eradicated through sustained efforts to address the 
myths and misconceptions around the disease. Mission 
mode campaigns should be launched with the aim of 
eradicating social stigma around SCD. Education, voca-
tional, rehabilitation, skill-development initiatives to be 
strengthened for empowering persons with SCD to lead 
a dignified life.
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Magnitude Of Problem & Epidemiology 

Sickle cell Disease (SCD) is a monogenic disorder 
caused by a single nucleotide substitution at position 
6 of the β-globin gene leading to polymerisation of 

the resulting sickle haemoglobin variant (HbS). The most 
severe form is the symptomatic homozygous sickle cell dis-
ease, which results from the inheritance of two copies of the 
sickle β-globin gene variant (SS ). Individuals with mutation 
on one gene are called sickle cell traits/ sickle cell carriers 
and are clinically asymptomatic, however sickle shaped 
RBC’s can be demonstrated in their blood film. Though clin-
ically the sickle trait persons do not manifest disease they 
are important to recognize as the high prevalence of carri-
ers is an important  assessesment and will give rise to high-
er burden of births of patients with homozygous sickle cell 
disease. Hence identification of the sickle cell carriers has 
public health implications for awareness and prevention 
programmes.

The Burden of SCD in India

Sickle variant of haemoglobin was first reported in India 
from Nilgiri hills among tribal population of South India 
in 1952. In the last 70 years, published literature has estab-
lished clinical diversity among its various compound het-
erozygous phenotypes. SCD is now recognized as a major 
public health problem in the country with an increasing 
burden on its health care system. SCD was mainly believed 
to affect the tribal population of central India, however 
non-tribal persons are also affected in many states such  
Odisha, Chhatisgarh, Gujarat, Maharashtra and Madhya 
Pradesh show a burden of disease with a carrier frequency 
in the range of 1 to 44%.1-4

Globally, some of the highest βS allele frequencies have 
been reported in Indian populations 2-4 and India has been 
ranked the second worst affected country in terms of pre-
dicted sickle β-globin gene variant (trait and homozygous 
births, with 42,016 (interquartile range, IQR: 35,347–50,919) 
babies estimated to be born with SCA in 2010.5 

The Ministry of Tribal health is undertaking screening and 
this initiative is an important beginning. The district-wide 
data from 16 States most impacted by the high prevalence 
of sickle cell disease is important for public health policy 
planning, some data has already been collected and further 
screening is being conducted. Once completed in all affect-
ed districts this will be an invaluable resource.

Limitation of the present available data: The magnitude 
of the problem  of SCD in the country is very large; the dis-
cussion on magnitude is impeded by the lack of a popula-
tion-based registry. Though many publications about the 
prevalence of disease are available for some regions, com-
plete district-wise national data is lacking.  The studies re-
ported in literature are mostly institution-based either ret-
rospective or prospective compilation of consecutive cases, 
which are not representative of general population hence 
make it difficult to draw conclusion. The paucity of commu-
nity-based surveys and variability in the methodology fol-
lowed in the published prevalence studies make it difficult 
to draw comparison between the states. Also, the available 
community-based surveys are from different time periods, 
because of migration and inter-marriages, the data may 
not reflect the picture as of today.

The target population and testing methods also vary be-
tween studies and hence the comparison of prevalence data 
between different states is not possible. The screening test 
used in earlier studies was only solubility test which does 
not differentiate between sickle cell trait and disease. 

With the understanding that the published data is in-
complete, we have still undertaken the task to compile and 
present some of the most recent published literature from 
various parts of the country and present the current situa-
tional analysis of Sickle cell disease and trait in the country.
We have also presented district-wise distribution of sickle 
cell trait as it is more relevant for the purpose of prevention. 
The legend scale of the figures are specific to each state and 
not comparable between states due to the above mentioned 

ch  a p t e r  1
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lacunae.
SCD has varied spread from indigenous groups to oth-

er communities and now an overall reported prevalence 
of 4.3% in India. Heterogeneous distribution of Sickle hae-
moglobin (HbS) has been documented in diverse parts of 
India with a high prevalence in states Gujarat, Maharash-
tra, Madhya Pradesh, Chhattisgarh, Odisha, Jharkhand and 
Telangana. We describe below the current data ( published 
and few unpublished data shared) on epidemiology of Sick-
le Cell haemoglobin in various regions/ states of India.

Western India

Gujarat: Gujarat state is known to have 12 tribal districts 
with 89.12 lakh (14.7%) tribal population. The estimated 
number of SCT cases is at least 9,00,000 (10%) and that of 
SCD is 70,000 (0.75%) in the state.6 The Dhodia, Dubla, Kuk-
na, Gamit, Chaudhary, Halpati, Varli, Kokni, Kathodi, Kolcha, 
Kotwadia, etc. are major tribes in Gujarat with documented 
prevalence of HbS.7-11 The  Dhodia,  Dubla,  Gamit, and  Nai-
ka tribes are particularly reported to have a high prevalence 
of HbS in the range of 13-31% . 12 The reported prevalence 
of SCD ranged from 0.6% to 35%, however it cannot be gen-
eralized as studies have adopted different methodologies 
with different approaches and different classification of 
castes and target population.13 Fig 1. presents the preva-
lence of sickle cell trait derived from district-wise pre-mari-
tal screening programme of Gujarat conducted from 2004–
2022 (unpublished data). 

An extensive population survey has been done by the 
Indian Red Cross Society, Gujarat State Branch where 
1,68,498 tribals from 22 districts were screened and the 
overall prevalence of sickle cell carriers was 11.37% among 
tribal areas and 1.1% among non tribal areas.14,15  Some trib-
al groups in south Gujarat like Chaudry, Gamit, Rohit, Vasa-
va  and Kukana  have shown both a high prevalence of HbS 
(6.3 to 22.7%) as well as β-thalassaemia trait (6.3 to 13.6%). 
These tribal groups would have the likelihood of co-inherit-
ing both these genes.16-17

In a voluntary community screening programme, from 
rural south Gujarat, using a newer HPLC methodology for 

confirmation of diagnosis, a prevalence of SCT (15.63%) in 
Choudhary labeled as general caste (non-tribal) against 
18.5% in Rathva (ST sub-population) was cited , while the 
prevalence of 2.3% for SCD was documented using panel 
data methodology.18

Another larger community-based study  based on camp 
approach screened 32,857 samples of students from differ-
ent schools and colleges in South Gujarat, which found that 
the overall prevalence of BTT and SCT was 4.4% and 1.3% 
respectively. The study also documented Gamits, Vasavas, 
Mayavanshi, and Chaudhary as the most commonly affect-
ed subcastes. The  study documented prevalence of SCD 
among Mayavanshi subcaste (6.9%), which is not docu-
mented in any other published literature. Other prevalence 
studies among adolescents and medical undergraduates 
suggest the range of SCD from 12.7% to 37.5%. However, as 
these students were institutional-based, they do not reflect 
the community-level prevalence.19

A recent study analysed the tribal maternal admissions, 
in the community-based hospital of SEWA Rural (Kasturba 
Maternity Hospital) in Jhagadia block, Gujarat from 2011 to 
2015. The study reported 1.2% of tribal delivery admissions 
were homozygous for sickle cell disease and 15.6%  of tribal 
delivery admissions had the sickle cell trait.20

Newborn screening programme in South Gujarat re-
ported results of 5467 newborns, using HPLC, with diag-
nosis by molecular analysis, across four districts of South 
Gujarat over 2 years. There were (0.60%) babies identified 
as sickle homozygous, and (0.23%) had sickle-β-thalassae-
mia; 12.5% were identified with sickle cell trait. 0.23% of SC 
homozygous condition. The highest proportion of births 
with sickle cell trait was found in the Warli tribe (22.9%), 
followed by the Bhils (21.7%), Chaudharys (20.0%), and Dho-
diaPatels (18.5%). The proportion of births with sickle cell 
anaemia was highest among the Dhodia Patels (1.54%). 21 
The same programme adopted a targeted screening ap-
proach with HPLC test employed to test newborns of ante 
natal women found positive on solubility test. As a result of 
targeted screening, 3.5% of the newborns were diagnosed 
with HbS and started on the preventive penicillin treat-
ment.22
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Fig 1 : District-wise prevalence of Sickle Cell 
Trait reported from premarital screening 
programme 

Conducted from 2004-2022

Maharashtra: From initial studies, it was reported that 
sickle cell gene is widely spread in all districts of eastern 
Maharashtra (known as Vidarbha region), North Maha-
rashtra (Satpura ranges), and some parts of Marathwada 
region.23-24 The prevalence of sickle cell carriers in differ-
ent tribes varies from 0 to 35%. The tribal groups with a 
high prevalence of HbS (20-35%) include the  Bhils,  Madi-
as, Pawaras, Pardhans and Otkars. It has also been estimated 
that Gadchiroli, Chandrapur, Nagpur, Bhandara, Yoetmal 
and Nandurbar districts would have more than 5000 cases 
of sickle cell anaemia.25

A study conducted to find out the prevalence of sickle 
cell genes in the tribal population in rural area of Palghar 

district from August 2015 to August 2017 screened almost 
5000 subjects. 1% sample was found to be affected by sick-
le cell disease (HbSS) and 4.08% were sickle cell heterozy-
gous (HbAS). The subjects in the study belonged to schedule 
tribes (Warli, Kakari, Malhar Koli, Dhor Koli Vanjari, Wadwal) 
and schedule caste (Buddhist and Mahar).26

Another study based on a cross-sectional sample, ran-
domly collected and analysed from 294 individuals (165 
male and 129 female) in different rural areas of Chandra-
pur district of Maharashtra. The population was screened 
by solubility test followed by electrophoresis and preva-
lence of sickle cell anaemia was found to be 18.3%.27

A systematic mass screening was carried out in vari-
ous schools and at the community level in four districts of 
Vidarbha region of eastern Maharashtra. A sample from 
pre-marital age group were screened for haemoglobin S 
and haemoglobin βT using solutions of qualitative solubil-
ity test and NESTROFT, respectively. It was observed that 
6.4% individuals were positive for HbS and 2.1% for HbβT. 
The frequency for HbS and HbβThalassaemia varied be-
tween 0-33% and 0–10%, respectively, among the studied 
populations. A very high frequency of HbS was encountered 
among the Bais (33.3%) the Pardeshi (25%), the Pardhan 
(23.8 %) and the Marar (20.4 %). A moderate HbS frequency 
was observed among Dhiwar (12.8%), Gond (12.4%), Shim-
pi (11.1%), Mahar (10.9%), Madgi (10.0%), Khairekunbi (9.3), 
Bania (9.1%) the Zadekunbi (7.7%), and the Gowari (7.3 %). 
Significant frequencies of HbS were also observed among 
the Banjara (5.9%), the Dangekunbi (5.6%), the Kunbi (4.9%), 
the Telugu (4.8%), the Kalar (4.7%), the Bawanekunbi (4.3%), 
the Brahmin (4.2%), the Muslim (3.7%), the Tiralekunbi (3.6%) 
and the Teli (3.2%). The range of HbS gene frequency of 1-3 
per cent was accounted for the Chambhar, the Dhangar, the 
Dhobi, the Halba, the Kohali, the Lohar, the Maratha kunbi, 
the Mehetar, the Powar and the Rajput of eastern region of 
Maharashtra.28

The community-based descriptive cross-sectional sur-
vey was conducted in urban parts (cities and towns) of 
Amravati, Bhandara, Chandrapur, Nagpur and Yeotmal 
districts of East Maharashtra using screening camps ar-
ranged in schools, community halls. A total of 4.94% indi-
viduals were found to be positive for sickle cell disorder, 

The range of prevalence is 21.45% - 0.31% from premarital screen-
ing programme and legend is not comparable to other states
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of which 3.88% with heterozygous genotype and 1.06% 
with homozygous genotype. Bhandara district was found 
to be the area of maximum SCD gene frequency (9.02%), 
followed by Chandrapur (8.18%), Nagpur (4.0%), Amravati 
(3.73%), and Yeotmal (3.17%). The SCD was diagnosed from 
all tribal groups and 14 caste groups. Highest frequency of 
the disease was observed in Gond (14.28%) followed by Prad-
han (11.49%), Bhil (11.42), Teli (10.48%), Matang (8.75%) and 
Korku (7.89%).29

A study assessed the prevalence of sickle cell disease 
among backward communities of Yavatmal District, Ma-
harashtra using sickle cell solubility test to detect the pres-

ence of sickle haemoglobin and the positive samples were 
subjected to cellulose acetate membrane electrophoresis 
at pH 8.8 to confirm the diagnosis and classify Hb SS and 
Hb AS pattern. Out of 7568 screened population prevalence 
of sickle cell affected person was 21.41%. Electrophoresis 
pattern revealed 60.33% as heterozygous state Hb AS and 
36.58% as homozygous state (Hb SS), 3.08% cases were  

found with other Hb variants.30

Figure 2 represents district-wise prevalence of sickle 
cell trait in Maharashtra as reported in a state-wide study.25 
Although, there are reports from missing districts on prev-
alence of Hb S, the data was not clubbed due to variance in 
methodology of conduct of the study.

Rajasthan: In Rajasthan, there are 228 communities that 
include 12 scheduled tribes which constitute 13.5% of the 
state’s population. As per the census of the 2011, 5.73 mil-
lion population are living in the scheduled area and 73.17% 
of them are tribal. Bhil, Meena, Garasia and Damors are the 
principal tribes residing in the areas.

In scheduled area of Rajasthan, the maximum preva-
lence of Hb S variant gene was found to be 14.6% and 31.14% 
in Gameti and Garasiya tribes, respectively. 31 Subsequently, 
0.6% to 7.35% incidence of sickle-cell gene in heterozygous 
(Hb-AS)  was reported among different tribes of scheduled 
area ofUdaipur division. 32-36 From the tribal area of Rajas-
than, 1.47% incidence of sickle-cell gene in homozygous 
state, Hb-SS (sickle-cell anaemia) in Bhil tribe has also been 
reported. 36 Besides the sickle cell genes, genes of other mu-
tant Hb variants (Hb-D, E, C, J and H) have also been found 
in people of scheduled area of Rajasthan. This indicates that 
the state of Rajasthan is pool of diverse Hb variants. There-
fore, more haematological studies are required to screen 
the people of different caste groups residing in desert and 
arid environments of Rajasthan for current status and evi-
dence of endemicity of any new Hb variants.37  Figure 3 rep-
resents the district-wise distribution of SCT in Rajasthan as 
reported in a review paper. 37

A study was undertaken in the scheduled areas Pratap-
garh, Banswara, Dungarpur, Udaipur (parts) and Abu Road 
block of Sirohi districts of Rajasthan to conduct sickle cell 
screening on the boarding students 6-12 years of age from 
the MaaBadi Centres. The prevalence of sickle cell disorder 
was reported as 5.8% in the tribal sub-plan districts of Rajas-
than. Among the sickle cell disorder cases, the prevalence 
of the heterozygous was 5.61% and homozygous prevalence 
was 0.17%. The prevalence of the sickle cell disorders was 
10.5% in the Sirohi district, which was highest among all 
the districts. This was followed by Banswara (7.42%) and 

The range of prevalence is 24 % - 4% and legend is not comparable 
to other states
Data is not available for the districts in grey

Fig 2 : District-wise Prevalence of Sickle Cell 
Trait in Maharashtra
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Udaipur (6.53%). The prevalence of sickle cell disorder in 
Dungarpur and Pratapgarh districts were 1.89% and 5.51% 
respectively. The highest prevalence of sickle cell disorder 
was reported in the Garasia tribe and the prevalence was 
13.81%.38 

During May 2014-December 2015, health checkup 
camps for tribal children was organized in Sirohi and Udai-
pur districts of Rajasthan for tribal (Garasia) children under 
the age of 15 years. A total of 1090 children were screened. 
The prevalence of sickle cell disease among tribal (Garasia) 
children of Sirohi and Udaipur districts was found to be 
8.53% of which 0.77% were homozygous (Hb SS), whereas 
7.7% were heterozygous (Sickle Trait/HbAS). 39

Figure 3:  District-wise Prevalence of Sickle Cell 
Trait in Rajasthan

Central India

Madhya Pradesh: Madhya Pradesh State contributes to 
about 15.0% of the total tribal populations of India, and trib-
al communities have been reported to suffer from various 

haemoglobinopathies. Madhya Pradesh has the highest 
load with an estimated number of 9,61,492 sickle heterozy-
gotes and 67,861 sickle homozygotes. In addition, 27 of the 
45 districts of Madhya Pradesh fall into the sickle cell zone, 
and the pervasiveness of sickle haemoglobin (HbS) fluctu-
ates between 10% and 33%. Four tribal districts of the state 
namely Alirajpur, Anuppur, Chhindwara, and Dindori con-
stitute around 75% of the existing cases of sickle cell anae-
mia according to the annual report 2020–2021.40 Figure 4 
presents the prevalence and district-wise distribution of 
sickle cell trait in the state of Madhya Pradesh. 41

Fig 4 : District-wise Prevalence of Sickle Cell 
Trait in Madhya Pradesh

A recent study screened a total of 3992 tribal individu-
als comprising students of Tribal schools, ashrams of Din-
dori, Mandla, and Chhindwara districts of Madhya Pradesh 
State.  In this study, prevalence of homozygous sickle cell 
disease (0.7%), sickle cell trait (14.4%), b-thalassaemia trait 
(1.4%) was observed. The prevalence of sickle cell trait varies 
from 5.9 to 34.7%. The allele frequency of sickle cell gene was 
highest in the Pradhan tribe followed by the Panika tribe. 
Dindori district had the highest prevalence of sickle cell 

The range of prevalence is 31 % - 5.5% and legend is not compara-
ble to other states
Data not available for the districts in grey 

The range of prevalence is 25% - 10%and legend is not comparable 
to other states
Data not available for the districts in grey 
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trait. The Gond tribe is the major tribe of Madhya Pradesh 
with the prevalence of homozygous sickle cell disease in the 
range of 6.0 to 33.0%, whereas in the Baiga tribe, it varies 
from 6.0 to 20.0%.42

Similarly previous studies also reported the uneven dis-
tribution of prevalence of sickle cell trait among different-
tribes.43-47 

Chhattisgarh: 32% of population is of tribal origin in Ch-
hattisgarh State and as public health measure they have 
started a screening programme for sickle haemoglobin 
which focuses on children aged 3–15  years  since 2007. 
This programme had two objectives, the detection of pa-
tients with an SS phenotype who are referred for clinical 
care, and the education and counselling of subjects with 
the sickle cell trait in order to reduce the number of births 
affected by sickle cell disease. Target population selected 
for screening was aged 3–15 years and was approached in 
schools at village level. Screening was initially performed 
by solubility tests on fingerprick samples in the field and 
those with positive tests have venepunctures for haemo-
globin electrophoresis. In this programme, 17,18,909 in-
dividuals from 11 districts and special camps in six dis-
tricts were screened for presence of sickle cell anaemia. 
These 17 districts include Raipur, Baloda Bazar, Gariy-
aband, Dhamtari, Mahasamund, Durg, Balod, Kabeerd-
ham, Bemetara, Kanker, Kondagaon, Mungeli, Raigarh, 
Dantewara, Korba, Bilaspur, Bastar and Narayanpur. The 
average prevalence for sickle cell carrier/trait (HbAS) was 
11.71%, whereas it was 0.46 % for sickle cell disease. In 
this study, the highest occurrence of sickle gene was ob-
served in Gond (20.63%), followed by Halbi (10.40%), Khad-
iya (5.03%), Sanwra (3.78%) and Uranmi (3.27%) tribes. In 
non-tribals groups, the highest occurrence was depicted 
by Teli (13.1%) followed by Panika (5.48%), Agharia (5.08%) 
and Rawat (4.97%) in OBC while in the SC category, Sat-
nami (6.21%), Ganda (5.70%), Mahar (4.97%) and Gharsiya 
(1.46%). SCA was also seen among the general social group 
with a highest prevalence in Brahmin (0.1%) and Rajput 
(0.08%) communities.48-50

A study assessed the prevalence of SCD among school-
age children (3–15 years age) in different regions and so-

cial categories of population of Chhattisgarh using the 
data generated through SCD screening programme in Ch-
hattisgarh. The calculated prevalence of carrier state (AS) 
in ST, SC, OBC and GEN categories was found to be 9.56, 
8.33, 10.82 and 6.30%, respectively. Similarly, the calculat-
ed prevalence of sickle cell disease (SS) in ST, SC, OBC and 
GEN categories was found to be 0.35, 0.31, 0.42 and 0.26%, 
respectively by the researchers.51

A pilot study from  Raipur in Chhattisgarh, was under-
taken where 1158 neonates were screened and 5.2% were 
sickle heterozygous, five babies had sickle cell anaemia and 
one had sickle-β-thalassaemia.52

A study was undertaken to assess the association be-
tween sickle cell anaemia (SCA) and glucose-6-phosphate 
dehydrogenase (G6PD) deficiency from Sahu and Kurmi 
population of Durg and Rajnandgaon district of Chhattis-
garh. Among 982 samples collected from Durg, 9.26% were 
found sickle positive and out of 767 samples from Rajnand-
gaon, 6.77% were found sickle positive and 106 individuals 
were found G6PD deficient among which 66 were sickle 
positive.53-54

Northern India

Uttarakhand: Tribes of Uttarakhand mainly comprise five 
major groups - the Jaunsari tribe, Tharu tribe, Raji tribe, 
Buksa tribe, and Bhotiyas. In terms of population, the Jaun-
sari tribe is the most significant tribal group of the state.A 
survey collected data from various Primary Health Centre’s, 
Certified Pathology labs and district hospitals of Kumaun 
Region and analyzed the status of anaemia, thalassemia 
trait and variants, sickle cell β thalassaemia and thalassae-
mia major in the state. It was reported that that most of the 
cases of haemoglobinopathies including Hb S are present 
in Udham Singh Nagar, followed by Nainital, Pithoragarh, 
Almora, Champawat, and Bageshwar. Although, most of the 
cases were thalassaemics but presence of sickle cell disease 
and trait was also noted. Sickle cell diseases are very com-
mon in tribal communities, especially prevalent in Tharu 
communities in Sitarganj area.55 Similar results were re-
ported by a three-year study conducted in health care facil-
ity of Uttarakhand.55
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Uttar Pradesh: Uttar Pradesh is not known to be prevalent 
with HbS. However, an institution-based  study conducted 
between 2009 and 2012 among pre-marital candidates, 
pregnant mother with known suspicious or unknown 
family history, clinically suspicious or haemoglobin fall 
patients referred by the physician and some self partic-
ipants assessed the prevalence of haemoglobinopathies 
in north UP. The study reported haemoglobinopathies 
among the participants 12.01%, with β- thalassaemia het-
erozygous individuals (5.04%) was the most frequently en-
countered quantitative haemoglobinopathies, followed by 
HbAE (3.32%), β-thalassaemia homozygous state (0.43%), 
HbE β-thalassaemia trait (1.82%), HbAS (0.86%) and HbS 
β-thalassaemia trait (0.54%).56

East India

Odisha: The state of Orissa is inhabited by 36.7 million of 
population,comprising 22.4% scheduled tribes and 16.2% 
scheduled caste people. HbS variant haemoglobin is known 
to be prevalent in the tribal areas of Odisha, however there is 
paucity of population-based screening studies in literature.1

A cross-section of 15 major tribal communities from 
different parts of Odisha was randomly screened for hae-
moglobin variants and G6PD deficiency. High frequencies 
of sickle cell haemoglobinopathy (0-22.4%) and G6PD defi-
ciency (4.3 to 17.4%) were found with 12 individuals inher-
iting both these abnormalities.54 Unpublished data from 
Odisha Sickle Cell & Thalassaemia Control Programme in-
volving 11 districts of the state covering 61,409 ante-natal 
women suggests 9% prevalence of SCT while 0.3% and 4.3% 
for SCD and beta thalassaemia respectively. Figure 5 pres-
ents the data on prevalence of SCT from the programme.57

In the Kalahandi district in Odisha, 1668 newborns were 
screened and 19.03% of tribals were sickle heterozygous 
and 2.1% with homozygous sickle cell disease were identi-
fied.58

A cross-sectional study for sickle cell carrier screening 
was conducted in Koraput district of Odisha. A total of 1092 
individuals from 22 villages were screened for sickle cell 
trait. Out of 1092 individuals, 9.43% individuals were found 
to be sickle cell carriers. Also, the study found a significant-

ly higher prevalence of sickle cell haemoglobins among SCs 
(9.98%) than STs (3.33%).59

An observational study was carried out for a period of 2 
years at multiple institutes among the blood samples (cas-
es) advised for diagnosis of different haemoglobin disor-
ders. The most common abnormal haemoglobin disorder 
was found to be sickle haemoglobin variant (48.67%) which 
was diagnosed as sickle cell trait (22.1%), homozygous sick-
le cell anaemia (20%), double heterozygous state of sickle 
cell-b-thalassaemia (3.2%). The second prevalent variant 
was b-thalassaemia states (11.32%) which was diagnosed 
as b-thalassaemia trait, b-thalassaemia major, and double 

heterozygous state with sickle cell, haemoglobin E and hae-
moglobin Lepore.60

A study from Medical College, Cuttack assessed the 
spectrum and magnitude of hereditary haemoglobin disor-
der from a large sample size comprising those referredfor 
evaluation of anaemia from 2008 to 2017. A total of 21,371 

26 should be 36

Fig 5: District-wise Prevalence of Sickle Cell 
Trait in Odisha

The range of prevalence is 26 % - 7.4% and legend is not compara-
ble to other state
Data not available for the districts in grey 
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patients were enrolled during these 10 years of study peri-
od. Out of which 50.2% cases were diagnosed with differ-
ent types of haemoglobinopathies. Beta-thalassaemia was 
detected in 54.06%, HbS 52.48% and HbE in 9.19%. Other 
haemoglobinopathies like a-thalassaemia,HbD Punjab, Hb 
Lepore, HPFH were present in less than 1% each.61

Jharkhand: The predominant population of the newly 
formed state of Jharkhand, is tribal. Incidence of SCD is 
3.3% in tribal children of Chotanagpur (Jharkhand) which is 
upto 10% in various parts of the state. 4 In a recent study on 
the prevalence of haemoglobinopathies in the eastern re-
gion of India (eastern Uttar Pradesh, western Bihar, Chhat-
tisgarh and Jharkhand); it was reported that the frequen-
cies of thalassaemia as well as HbS traits to be the same 
(3.6%), but while BTT was distributed uniformly through the 
region, HbS was confined to Chhattisgarh and Jharkhand, 
the regions abundant in tribal communities. However, in 
Jharkhand, which shares borders with Uttar Pradesh, Ch-
hattisgarh, Odisha, Bihar and Bengal, HbS was seen in the 
populations adjacent to Chhattisgarh and Odisha but not in 
those bordering UP and Bengal.62

A report assessing the genetic basis of the discrimina-
tory distribution of HbS in different regions of Jharkhan-
drecorded the number of HbS casesas 3.3%. The sub-cat-
egorisation of the tribal samples from Sahibganj and 
Tatanagar districts included communities of Santhals, Pa-
tars and Oraon. Though tribals constitute major part of the 
population, only 3% of the examined samples showed Hb-
Sas against 13% in Chhattisgarh, with a rather uneven re-
gion-wise distribution, it being highest in Tatanagar (10%), 
nil in Sahibganj and only a minor presence in Garhwa and 
Ranchi. However, this distribution follows a regional bias: 
Tatanagar is contiguous with the Odisha border whereas 
Sahibganj is adjacent to West Bengal. The other two re-
gions, Garhwa, borders with UP and Chhattisgarh, while 
Ranchi, being the state capital, is nearly at the centre of 
Jharkhand state.63

West Bengal : A community based screening was conduct-
ed from June 2010 to August 2013 to evaluate the preva-
lence of β-thalassemia, HbS, HbD, HbE in the state. A total 

of 50,487 cases were subjected to study from different dis-
tricts of rural areas of West Bengal by arranging camps in 
schools, colleges and university also for screening of indi-
viduals for detection of different haemoglobinopathies us-
ing HPLC. The prevalence of β-thalassaemia trait was 6.61% 
making this the major haemoglobinopathy in West Bengal, 
followed by HbE trait at a prevalence of 2.78% in the study 
population.A total of (0.56%) of sickle cell trait were detect-
ed in the study.64

Earlier studies by Mohanty et al. have shown a preva-
lence of 0.14% and 0.13% from Kolkata and Dibrugarh re-
spectively.65 A study from Kolkata done on retrospective 
data of a diagnostic centre showed only  0.276% of sickle cell 
trait amongst 14, 145 cases included in the study.(66) An-
other institution-based study from North Bengal included 
cases of pallor and weakness from camps and diagnosed Hb 
S variant with HPLC reported sickle cell haemoglobin vari-
ant in 2.16% of the study subjects.67 Unpublished data from 
state screening revealed a prevalence of Hb S as 0.1% while 
that of thalassemia trait as nearly 10%.

Southern India

Tamil Nadu: HbS haemoglobin was first described in the 
Nilgiri Hills of northern Tamil Nadu in 1952. The scheduled 
tribal population of Tamil Nadu was found to be 6.51 lakhs 
widely distributed in 30 districts constituting 36 tribes. 
The Nilgiri district includes six primitive tribal communi-
ties viz., Todas, Kothas, Kurumbas, Irulas, Paniyas and Kat-
tunaikkans unevenly distributed in forest and hilly areas of 
six talukas of this district. The distribution of SCD in vari-
ous tribal populations in Nilgiri district of Tamil Nadu has 
been studied to identify the high risk areas. Among these 
population 11.7% were found to be sickling homozygous 
(HbSS), whereas 28% population examined had heterozy-
gous state (HbAS). The highest incidence of SCD cases were 
reported in six village panchayat namely Cherangode, Nel-
lakota, Jakkanarai, Konakkarai, Kengarai and Arakkode. A 
maximum of cases were recorded in Jakkkanarai of Kota-
giri taluka.68

The sickle cell gene is known to be wide spread among 
people of the Deccan plateau of central India with a small-
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er focus in the north of Kerala and Tamil Nadu. Extensive 
studies performed by the Anthropological Survey of Indi-
ahave documented the distribution and frequency of the 
sickle cell trait which reaches levels as high as 35% in some 
communities.65

Kerala: In Kerala, sickle cell anaemia is prevalent in 
Wayanad district and the Attappady block of Palakkad dis-
trict. Prevalence of homozygous sickle cell  disease among 
tribals in Wayanad is about 0.31% and that of sickle cell trait 
is about 4.33%.69

A population-based study of gene frequencies and dis-
ease characteristics using haemoglobin electrophoresis 
was done in 1016 subjects belonging to the tribal and Chetti 
communities in Wayanad district. The study was conduct-
ed in schools by evaluating everyone present at the time of 
the visit. The gene frequency of haemoglobin S ranged from 
0.019 in Kattunayakan to 0.196 in Wayanadan Chettis.70

Andhra Pradesh and Telangana : Andhra Pradesh and Tel-
angana are the Indian states with a total population of 76.2 
million and harbour 5 million tribal population that consti-
tutes 6.6% of the total population. These two states are rich 
reservoirs of HbS gene. The prevalence of carriers (Hb AS) 
is ranged up to 24.5% in Andhra Pradesh and 30% in Telan-
gana. In an analysis of 13,922 people from 27 tribal commu-
nities conducted to estimate SCD from different studies 
among the states, it was found that Hb S gene was present 
in almost all tribal groups and the gene frequency ranged 
from 0.0014 (in Chenchu tribe) to 0.1545 (in Pardhan tribe). 
Based on Hb S gene frequencies, birth rate and inbreeding 
coefficient of these tribes, the expected births with SCD are 
calculated. The expected number of children born with SCD 
is 1.8 and 1.7 per 1000 births in Andhra Pradesh and Telan-
gana states, respectively.71

In Andhra Pradesh, the highest frequency of sickle cell 
carriers are recorded among tribes, such as Pardhan, Konda 
Kammara, Bod Mali, Manzai Mali, Valmiki, Parangi Poraja, 
etc., which inhabit hilly terrains with dense forest cover. 
Interestingly members of the Yanadi and Yerukula tribes 
residing in the plain areas show total absence and very low 
incidence of sickle cell trait, respectively. Among early sur-

veys, very low frequencies of homozygous sickle cell anae-
mic individuals were recorded in the state. Most of these 
studies were carried out as part of population variation 
investigations with anthropological perspective and hence 
all these studies are based on the screening of only adults. 
The sickle cell anaemic children with severe phenotype 
may have might have expired. The frequencies of sickle cell 
anaemia patients in the dense forests of Andhra Pradesh, 
varies between tribes such as Pardhan (31.78%), Konda Kam-
mara (22.3%), Bod Mali (15%), Valmiki (14.8%), Manzai Mali 
(13,7%), etc.72

A study assessing prevalance of sickle cell anaemia 
among the Thotis, of Andhra Pradesh reported 12.84% in-
dividuals who had positive screen test for sickle cell hae-
moglobin, 9.32% were heterozygous (AS) for sickle cell trait 
while 2.52% were homozygous (SS).73

North East India

Assam : Haemoglobinopathy, particularly HbE and sickle 
cell haemoglobin (HbS) and thalassaemia are considered 
to be contributing factor in occurrence of anaemia in As-
sam and HbS was reported to be mostly restricted to the 
tea garden community of Assam. A community-based 
study conducted at 16 tea estates of Assam assessed the 
determinants of anaemia among adolescent girls . They 
reported that 12% of the anaemic girls had Hb S.74 Another 
study carried out to determine the frequency and types of 
haemoglobinopathies in the tea garden community near 
Dibrugarh town assessed 250 cases from two different 
tea gardens, irrespective of age and sex. The study report-
ed abnormal haemoglobins asHbE trait (1.6%), HbS trait 
(12.0%) and HbS disease (2.0%) among the study popula-
tion.75

The study was carried out to determine the prevalence 
of haemoglobinopathies and β-thalassaemia among the 
tea garden workers of Assam, where 1204 samples were as-
sessed with HPLC. The study results indicated a higher prev-
alence of β-thalassaemia (3.07%) among the Munda ethnic 
group and higher prevalence of sickle cell anaemia (4.73%) 
among the Lohar ethnic group. 1.66% of the participants 
were compound heterozygotes of β-thalassaemia which 
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co-inherited with HbE and HbS.76 A community-based 
cross-sectional study conducted among 770 numbers of 
adult females belonging to the tea garden community re-
ported momozygous Hb SS in 2.4% and heterozygous Hb AS 
among 14.2% of study population.77

Tripura: Nineteen tribes are represented in the popula-
tion of Tripura, the two largest being the Tripuri and Reang, 
which together accounted for 71% of the tribal population 
in 2001. Newborn screening for haemoglobinopathies was 
also undertaken in the malaria endemic region in Agarta-

la in Tripura where HbE is widely prevalent but HbS is also 
seen among the tea garden workers who are migrant labor-
ers from other states.78

In summary the data is useful as it sheds light on the 
magnitude of the problem, but the varied target populations, 
different test methodology used and other lacuna, limit the 
use of this data for good policy implementation. Registry 
data and well-planned screening from the 16 states, partic-
ularly from the districts with high sickle cell burden have 
been initiated and this complete dataset will be invaluable 
for improving the care that the patients receive.

SUMMARY:
1.	Exact prevalence of SCD in most parts of India based on population based survey is not available.
2.	Sickle Cell Disease (HbAS, HbSS, Sickle Beta-Thal) have variable frequency of 1 to 44%, constitute one major public 

health problem. It varies from place to place.
3.	SCD is considered a major socio-economic burden of India by considering its magnitude and multiple impacts.
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The objective of this section of the ICH guideline is to 
outline the laboratory investigations and tests avail-
able for diagnosis and screening for sickle cell disease 

(including HbSS, HbS/β0or HbS/β+thalassemia, HbSE, HbSD-
Punjab and HbSC diseases, etc.) as well as the carrier state. It 
aims to provide laboratory and clinical haematologists with 
an evidence-based background to scientifically select the 
most appropriate and feasible laboratory test option(s) in 
various Indian practice settings. Important considerations 
in test performance and interpretation are included where 
relevant.

Evidence-based recommendations are provided wherever 

possible. For several issues, however, only expert guidance is 
given and these are clearly indicated as such. Test selection, 
performance and reporting depend heavily on, and must 
always be tailored to the clinical setting and scenario (popula-
tion or hospital-based screening, anaemia/thrombosis work-
up, prenatal diagnosis etc.). Readers must therefore always 
take the same into account while applying this guideline. 
Test procedures are not provided in this guideline for brevity.

Definitions and terminologies
Some key terminologies pertinent to disease nomenclature 
and laboratory testing are defined in Table 1:

Screening And Diagnosis

Terminology Definition
Adult haemoglobin 
(HbA)

The predominant normal haemoglobin fraction. It surpasses fetal haemoglobin as the ma-
jor haemoglobin fraction by 6 months of age; levels of over 90% are attained by 1-year of 
post-natal life and subsequently maintained at 92-96% throughout life. Structurally, HbA 
comprises of two α-globin and two β-globin polypeptide chains and is denoted as α2β2.

Amplification-re-
fractory mutation 
system (ARMS) PCR

A modified conventional PCR technique to detect single base-pair changes by using sets 
of allele-specific or sequence-specific primers for selective DNA amplification. Commonly 
used to detect point mutations in the β-globin gene.

Direct DNA  
sequencing

A technique to determine the linear nucleotide sequence of an amplified DNA fragment 
(usually up to 1000-1200 base pairs in length). It is most often based on the termination of 
elongating DNA chains by a fluorescently-labelled dideoxynucleotide (Sanger method) fol-
lowed by automated ultra-high-resolution capillary electrophoresis.

Fetal haemoglobin 
(HbF)

A normal haemoglobin fraction that constitutes the predominant form of haemoglobin for 
oxygen carriage during fetal life. It reduces by one-year after birth to levels of approximate-
ly 1-1.5%. Structurally, HbF comprises of two α-globin and two γ-globin chains and is denot-
ed α2γ2.

Gap-PCR A specific PCR-based technique to detect large deletional mutations using primers flanking 
the deleted regions. It is primarily used to detect deletions in α- or δβ-thalassemia, HPFH and 
Hb-Lepore rearrangements. Since the normal result is generation of no amplified product, 
internal controls are especially important in this PCR-type. A multiplexed gap-PCR is avail-
able to simultaneously detect eight α-thalassemia deletions that are commoner in India.

Haplotype A set of polymorphic genetic markers that are located spatially close to each other on the 
genome, and are hence likely to be co-inherited together over generations. In the context 
of the sickle cell mutation, it refers to the coinherited milieu of the β-globin gene cluster, 
including the gamma globin genes, β-locus control region and other regulatory loci that in-
troduce variation in fetal haemoglobin levels between sickle cell disease patients in various 
ethnic groups, and thus affect disease expression.

Haemoglobin A2 A minor normal haemoglobin fraction comprising 2.0-3.3% of adult haemoglobin and com-
posed structurally of two α-globin and two δ-globin chains (α2δ2). 

Table 1 - Definitions and terminologies pertaining to the sickle cell haemoglobinopathy. Entities 
are arranged in alphabetical order.1–7

ch  a p t e r  2
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Terminology Definition
Haemoglobin cap-
illary zone electro-
phoresis (CZE)

A high-throughput, fully-automatable technique for rapid and high-resolution separation 
of haemoglobin fractions by electrophoresis in silica-coated capillaries subjected to high 
voltage currents. Charged molecules are separated by their electrophoretic mobility at a 
specific pH in an alkaline buffer. Separation occurs according to the electrolyte pH and elec-
tro-osmotic flow. CE has a steady flow result in narrower peaks and better resolution. It has 
emerged as a viable alternative to CE-HPLC for screening of thalassemias and haemoglob-
inopathies in modern hematology laboratories.

Haemoglo-
bin D-Punjab 
(HbD-Punjab)

Also known as HbD-Los Angeles, this β-globin chain structural variant results from an amino 
acid substitution (glutamic acid to glycine) in exon 3 (HBB:c.364G>C p.Glu122Gln). Common 
in north-western India, HbD-Punjab is nearly asymptomatic in heterozygous, homozygous 
and in a compound heterozygous state with β-thalassemia. It however interacts with HbS to 
give rise to moderately severe hemolytic anaemia with vaso-occlusive crises.

Haemoglobin E 
(HbE)

A β-globin chain structural haemoglobin variant with additional thalassemic features. It re-
sults from an amino acid substitution (glutamic acid to lysine) at position 26 (HBB:c.79G>A 
p.Glu27Lys) leading to the creation of an alternative splice site, and leading to reduction in 
β-globin chain (βE) output to ~25-30% of normal in heterozygotes. HbE is the commonest 
haemoglobin variant in eastern India and southeast Asia. 

Haemoglobin elec-
trophoresis

A technique to separate haemoglobin variant/s based on their net electrical charge. It uses 
alkaline (cellulose acetate; pH 8.4-8.6) or acidic (citrate agar; pH 6.0) gels or membranes in 
conjunction with buffer-filled tanks to maintain an electrical gradient. Both manual and 
automated versions are available.

Haemoglobin S / 
sickle cell haemo-
globin (HbS)

The commonest and the most well-studied of all human structural haemoglobin variants, 
HbS occurs due to single amino acid substitution (glutamic acid to valine) at position 6 of 
the β-globin chain (HBB:c.20A>T p.Glu7Val). Its deoxy form tends to polymerize and precip-
itate, resulting in characteristic sickle-shaped RBCs.

Haemoglobinopa-
thies

A group of blood disorders characterized by structural (qualitative) defects in one or more 
of the globin chains, giving rise to a variant haemoglobin with altered physiochemical prop-
erties.

Hereditary per-
sistence of fetal 
haemoglobin 
(HPFH)

Relatively benign/asymptomatic haemoglobin disorders/variations resulting in an in-
crease in HbF levels post-infancy. HPFH are extremely heterogeneous genetically, arising 
due to either large deletions in β-globin gene cluster (deletional HPFH), point mutations in 
promoters of γAor γG globin genes (non-deletional HPFH), or due to one or more of several 
trans-acting genetic events. 

Cation-exchange 
high-performance 
liquid chromatog-
raphy (CE-HPLC)

A quantitative technique to separate RBC lysates into haemoglobin fractions (HbA0, HbA2, 
HbF and variants) depending upon their elution time windows utilizing cation-exchange 
columns. This rapid, high throughput and mostly fully-automated technology is often used 
as the first-line screening technique for thalassemias and haemoglobinopathies in a non-re-
source-constrained setting.

Multiplex liga-
tion-dependent 
probe amplifica-
tion (MLPA)

A modified multiplex-PCR followed by capillary electrophoresis-based fragment analysis 
technique that detects copy number changes (1000-100,000 bp) across multiple target re-
gions using a single primer pair and multiplexed target-specific probes. Useful to detect 
large deletions and determining breakpoints in α- and β-thalassemia.

Next-generation 
sequencing (NGS)

A high-throughput massively parallel method of sequencing large DNA/RNA segments at 
high fidelity. This may be applied to targeted regions, exomes or the entire genome. Globin 
genes, due to their relatively small sizes, do not usually require NGS for diagnostic eval-
uation. Exceptions however abound, in the form of hyperunstable variants missed by CE-
HPLC/CZE, detection of low frequency fetal alleles in NIPT/NIPD, etc.

Non-invasive Pre-
natal Testing or 
Diagnosis (NIPT or 
NIPD)

Techniques for analysis of cell-free fetal DNA (or less commonly, fetal cells) from maternal 
blood specimens. This may be used to screen for common chromosomal conditions / aneu-
ploidies (NIPT) or specifically test for a known parental/familial disorder (NIPD).
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Terminology Definition
Reverse dot-blot 
hybridization 
assay

A rapid DNA-based test for mutations/polymorphisms by using immobilised targeted oligo-
nucleotide probes. Common variants and β-thalassemia point mutations prevalent in spe-
cific locales can be screened using this relatively simple technique.

Sickle cell anaemia Homozygous (SS) state for the sickle cell mutation, wherein both the copies of the β-globin 
gene (HBB) on chromosome 11 carry the c.20C>T mutation, and no normal β-globin chain is 
synthesized.

Sickle cell disease An umbrella term that includes all symptomatic individuals possessing the sickle cell vari-
ant at the β-globin gene locus. It includes sickle cell anaemia (SS state), sickle-β-thalassemia, 
sickle-haemoglobin D-Punjab, sickle-haemoglobin E and other states. Sickle cell trait i.e. 
heterozygotes are typically excluded from this rubric. A few publications expand SCD as 
sickle cell disorders, and they include sickle cell traits as well. Hence, use of the unqualified 
acronym SCD should be avoided.

Sickle cell trait The heterozygous state for the sickle cell mutation wherein an individual possesses one β-
globin gene with the sickle cell mutation, while the other β-globin gene is normal. Also re-
ferred to as the carrier state for sickle haemoglobin.

Thalassemia An autosomal recessive quantitative globin gene defect resulting in reduced or absent syn-
thesis of one or more of the normal globin chains. They are named after the specific globin 
gene(s) that are affected, and superscript notations of 0, + and ++ are affixed to denote the 
degree of reduction in chain synthesis (for e.g., β0, β+, β++).

Thalassemic hae-
moglobinopathies

Distinct subtypes of haemoglobinopathies in which the structural defect in the normal glo-
bin gene also results in reduced quantitative output of the chain. Examples include haemo-
globins E, Lepore, Constant Spring and Koya Dora. 

Common indications for diagnostic 
laboratory testing for a sickle cell 
disorder 3,7–11

•	 Work-up of a patient suspected to have a sickling disorder: 
Typical presentations include consequences of:

•	  vascular occlusion and ischemic necrosis (avascular ne-
crosis of bones leading to dactylitis/hand-foot syndrome/
shortened digits and osteomyelitis, acute splenic seques-
tration, initial chronic hypersplenism followed by auto-
splenectomy and hyposplenism, cerebral haemorrhage 
and infarcts, lung infarcts leading to fibrosis, heart failure 
and infections, retinopathy, priapism, renal papillary ne-
crosis etc.), or.

•	 hemolysis (anaemia, jaundice, gallstones etc.), or.
•	 both hemolysis+vascular occlusion (for e.g., leg ulcers, renal 

dysfunction, pulmonary hypertension etc.) 7,10,11

•	 Family screening of relatives of a patient known to have 
a sickling disorder.

•	 Screening of populations at higher risk of inheriting the 
disease (for e.g., tribal populations, certain central Indian 
states.) 12–15

•	 Screening of populations where interventions will be desir-
able for disease control, prevention or timely management 
(for e.g., pregnant women, couples coming for pre-concep-
tional counselling, college students, other younger adults 
of marriageable age, neonates.16–18

•	 Confirmation of an incidentally detected variant peak on 
CE-HPLC and Capillary Electrophoresis done for HbA1c 
quantitation in diabetes mellitus testing.19

•	 Screening of specific target populations at higher risk of 
developing disease complications (for e.g., in areas with 
high prevalence of the sickle cell gene, one could consider 
screening prior to elective surgeries in high-risk areas, 
before posting personnel to high altitude locations, par-
ticipants in high-intensity sports etc.) 20–24

Target populations for screening for 
sickle cell haemoglobin (HbS) 12–18,20–22,24

In the absence of symptoms, screening tests may be done in 
tribal populations, antenatal women (ideally in the first tri-
mester, but also those presenting later in pregnancy), school 
and college students and newborn babies. Husbands, wives 
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and fiancées as well as siblings of all those detected to carry 
a significant haemoglobinopathy or thalassemia must also 
be screened. Testing of extended family members must be 
encouraged.

Screened persons may also include mountaineers, trav-
ellers, armed forces personnel posted to high altitudes, 
sportspersons, or other groups at risk for exertional /heat-re-
lated injuries etc. as per governmental/organizational/em-
ployers’ policies.

Laboratory identification of sickle cell 
haemoglobin (HbS)

Haemoglobin S can be readily detected at the protein and the 
molecular level by a variety of tests with varying degrees of 
specificity and sensitivity.4,5,7  These can be broadly classified 
into screening and diagnostic tests, although one catego-
ry may also serve as another, depending on the laboratory 
setting.

Screening tests

These technically simpler and lower cost tests have been 
applied for larger scale screening of general or specific pop-
ulations. They aim at high sensitivity, typically sufficient to 
detect even heterozygotes and should be interpretable by 
trained non-medical staff. Additional advantageous charac-
teristics would be non-dependence on electric supplies, not 
being affected by high ambient temperatures or requiring 
air conditioning or refrigeration.4,5,7

All screen-detected cases of sickle cell disorders need to 
be subsequently confirmed by a diagnostic test using an in-
dependent technology.4,5,25

The commonly employed screening 
tests are

1.	Sickle solubility test: This inexpensive test requires 
commonly available reagents and glassware along with 
a standard centrifuge. It is also available from multiple 
manufacturers in the form of kits that can be stored at 
room temperature, with pre-prepared reagents.The sickle 

solubility test is based on the principle that on exposure to 
a concentrated phosphate buffered solution containing 
sodium metabisulfite or dithionite and a red cell lyzing 
agent, haemoglobin S from lysed erythrocytes crystallizes 
and precipitates, leading to turbidity in the solution. The 
interpretation is based on a visual inspection of the test 
tube and is enhanced by centrifugation, which is now a 
standard step in all procedures.

The test has sufficient sensitivity to detect HbS levels 
greater than 10%, making it suitable for use in virtually ev-
ery setting (including mass screening) except for newborn 
screening.4,5,7,25–29 The percentage of HbS in heterozygotes 
is approximately 40%, but declines with concomitant iron 
deficiency, megaloblastic anaemia or with co-inherited 
α-thalassemia to levels as low as 15-20%.30–33 However, this 
test will not distinguish homozygous from heterozygous 
cases.

The newer generation of Sickle Solubility Test based on 
filter paper Eg. Watman Filter Paper with SICKLEVUE reagent 
is a very simple, user friendly and sensitive screening method 
with a lot of advantages especially at field.
2.	Wet mount slide-based microscopic test for sickling: This 

test relies on incubating a minute volume of RBCs in an 
airtight cover-slipped suspension of 2% freshly prepared 
sodium metabisulfite or dithionite solution on a glass slide 
at 37 degrees Celsius and periodically examining it micro-
scopically for the presence of typical crescent-shaped sickle 
cells. It is very important to let the preparation stand for 
24 hours before declaring the test negative. However, this 
test will not distinguish homozygous from heterozygous 
cases.

Inexpensive, rapid, and sensitive, this test, however, re-
quires a microscope, incubator and sufficient expertise or 
training to evaluate slides, making it cumbersome to use 
for screening large numbers of samples. In a routine hema-
tology laboratory, it, however, can serve as a near-optimal 
confirmatory test for a sickle cell disorder discovered on 
HPLC/CZE/electrophoresis, due to its very high specificity 
via visualization of the sickled erythrocytes.25,27,29,34,35 This is 
especially helpful as some non-S variant haemoglobins like 
HbM-Iwate and HbQ-Thailand can elute in the S-window on 
CE-HPLC as well as migrate in the S/D/G region on alkaline 
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pH electrophoresis.34,36

3.	Haemoglobin electrophoresis at alkaline pH: Although 
technically more challenging, the cellulose acetate or 
paper strip electrophoresis at ph 8.4-8.6 have been used 
on a mass-scale to screen for the typical slow-migrating 
band. Other variant haemoglobins migrating with HbS are 
HbD-Punjab, HbD-Iran, HbG, Hb Lepore and HbQ-India. A 
further acidic pH electrophoresis is sometimes performed 
to distinguish HbS from HbD variants, however, practically 
the solubility or slide-based sickling tests are more feasible 
and equally confirmatory. Electrophoretic bands can be 
quantitated densitometrically, but the values show a high 
coefficient of variation for the smaller fractions.4,5,7,25,37–40

4.	Point-of-care rapid tests (PoCRT): Several PoCRT devices 
have been developed for sickle cell disorders. These prom-
ising tests are based on diverse diagnostic principles. One 
technology involves different mobilities of cells with sickle 
and adult haemoglobin on filter paper after mixing with 
sickling-inducing reagents.41–43 It has been successfully 
applied to neonatal screening, with 100% sensitivity and 
83% specificity.44

Other applications use differences in erythrocyte den-
sity observed in multiphase aqueous systems, and antibody 
capture-based immunoassays.45,46 Among the latter, the 
HemoTypeSC assay based on monoclonal antibody-based 
distinction of adult haemoglobin versus haemoglobin S and 
C by a competitive enzyme-linked, immunochromatograph-
ic lateral-flow assay has shown 100% accuracy in correct 
identifying the variant Hb, regardless of the haemoglobin 
F levels.47 Another point‐of‐care immunoassay, SickleSCAN 
(BioMedomics™), rapidly distinguishes haemoglobins S, C 
andhaemoglobins other than S or C (most often, haemoglo-
bin A) in dried blood spots with 100% sensitivity in infants 9 
months or older.48,49 Both the immunological assays require 
minuscule quantities (5-15 μl) of blood, are not interfered 
with by haemoglobin F and require no power source or instru-
mentation (droppers and tubes are included in the kit).46,49

Cellulose acetate paper-based microfluidic electrophoret-
ic techniques like HemeChip with integrated stainless-steel 
electrodes (both quantitative and qualitative) require a power 
source.50 One such micro-engineered device, Gazelle™, tested 
in 960 Indian patients, demonstrated over 99% sensitivity 

and specificity to distinguish sickle cell disorders from nor-
mal, as well as distinguish heterozygotes from those more 
severely afflicted.51

NOTE: Automated analyzer derived red blood cell indices 
or the peripheral blood features are not sufficiently sen-
sitive to serve as reliable screening tests for the sickle cell 
disorders.7,25,52,53 They may however, be of diagnostic help 
in distinguishing sickle cell anaemia (SS) from compound 
heterozygous sickle-β-thalassemia state.54 Even in the latter 
scenario, it is important to remember that sickle cell anae-
mia (SS state) can display microcytic hypochromic red cell 
indices in the presence of iron deficiency or co-inherited 
α-thalassemia.30–32,55  Table 2 lists more details on utility of 
peripheral blood features of sickle cell disorders.

Definitive diagnostic tests for 
demonstrating haemoglobin fractions

These are confirmatory tests for not only sickle cell diseas-
es but for all hemogobinopathies and thalassemia.
They include tests based on highly-specific and fully au-
tomatable protein separation techniques including cat-
ion-exchange high-performance liquid chromatography 
(CE-HPLC) and high-voltage capillary zone electrophoresis 
(CZE). Isoelectric focussing and capillary isoelectric focussing 
are less commonly used.

1.	High-performance liquid chromatography (CE-HPLC): This 
is based on the principle that positively-charged haemoglo-
bin molecules adsorb onto a negatively-charged stationary 
phase in a microbore precision column till they are eluted 
out into a high-precision gradient-generating liquid buffer 
(mobile phase). The duration of adsorption is termed “re-
tention time” and once the flow rate, temperature and pres-
sure have been standardized, this time is precisely aligned 
to the chromatographic affinities of specific haemoglobin 
molecules, permitting their identification.4,5,7,35,56,57

Currently one of the leading technologies for haemoglob-
inopathy diagnosis due to its speed, precision, labour-saving 
nature, low sample requirement and versatility (it diagnoses 
both thalassemia and haemoglobinopathies and quantitates 
HbA1c), CE-HPLC is nonetheless capital-intensive and re-
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quires expertise to run and report.4,5,7,56

2.	Automated capillary zone electrophoresis: Performed 
in glass capillaries, this technique relies upon ionic mi-
gration in an alkaline buffer with electro-osmotic flow 
to segregate the different haemoglobins, whose identi-
ty is then determined as per their zone of separation in 
comparison to adult haemoglobin. High-end instruments 
have higher throughput than comparable CE-HPLCs, sam-
ple requirement is similarly low, and the results require 
pathologist-level interpretation.4,5,7,56 Post-translational 
modified fractions of adult and variant haemoglobins 
are not separated from HbA, making interpretation more 
straightforward.58 Unlike CE-HPLC, CZE can separate hae-
moglobin A2 from E and Lepore, and can also pick up 
minute quantities of haemoglobin Constant Spring, HbH 
and Hb Bart’s. 7,37,59–62

3.	Isoelectric focussing: Utilization of an agarose, polyacryl-
amide, or cellulose acetate gel/plate with a pH gradient 
across the gel results in high resolution separation of 
haemoglobin fractions that migrate along the gel till they 
reach an isoelectric pH (i.e., have a net charge of zero) and 
immobilize. Despite its very resolution, densitometric 
quantification is difficult for low percentage but critical 
fractions (HbA2), and interpretation requires skill and ex-
perience.7,60,61,63

4.	Other diagnostic techniques used in literature include 
liquid chromatography-mass spectrometry 64,65, image 

or photoacoustic flow cytometry 66,67, a variety of bio-
sensors [surface plasmon resonance-based 68 or elec-
trochemical genosensors 69, and optical tweezer-based 
red cell capture and analysis.25,70,71 With several reported 
advantages, although they are yet to make the transition 
to routine diagnostics, they may do so in the future. 
Many of these are also being developed for point-of-care 
applications.

Number of tests required for a definitive diagnosis: Regard-
less of the initial screening of diagnostic technique ap-
plied, the detection of sickle cell haemoglobin (and, in fact, 
any variant haemoglobin) by any one technique remains 
presumptive until its identity is verified through a second 
technique based on an independent principle.4,5,7,63 In this 
regard, the second technique, specifically for a suspected 
sickle haemoglobin in a microscope-equipped laboratory 
should preferably be the slide-based test for sickling, as it 
provides highly specific visual confirmation of the sickling 
phenomenon.29,34

RBC transfusions interfere with all techniques that quan-
titate haemoglobin fractions, and reduce the sensitivity of 
qualitative techniques. A history of recent blood transfusions 
must be sought wherever possible. A recent transfusion is not 
a reason to decline to test the patient, but the report must 
mention that values will be erroneous and that quantita-
tive defects like thalassemia may be missed in transfused 
patients.
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Test name Accuracy 
indices

Advantages Limitations / 
pitfalls

Role in testing

Presence of 
sickled RBCs and 
other features on 
microscopic 
examination  
of a blood  
smear 7,52,53,72,73

Sickled cells are 
generally not seen 
in smears from 
heterozygotes. 
In SS and Sβ-thal-
assemia, sickled 
cells vary from a 
few to 30-40%. 
Numbers tend to 
increase in times 
of crises.
Sensitivity in SS is 
approx. 75% and 
specificity near-
100%.

Low cost, easy availability.
Apart from sickled RBCs, 
smears are useful to assess 
other lineages – for e.g., 
pancytopenia is seen in marrow 
infarction and in megaloblastic 
crisis (latter also shows mac-
roovalocytes and hyperseg-
mented neutrophils), hyper-
haemolytic transfusion 
reactions (nucleated RBCs, 
spherocytes), stigmata of 
infections (toxic changes, 
maturational left shift, neutro-
philia) or of hyposplenism 
(Howell Jolly bodies, thrombocy-
tosis, target cells, erythroblasts, 
etc). Microcytosis is seen in 
Sβ-thalassemia and in iron 
deficient SS or those with 
co-inherited α-thalassemia.

Low sensitivity.
Artifacts can mimic 
sickled cells.

Useful general 
test.
Not suitable for 
primary diagno-
sis.
Presence of 
circulating 
sickled appearing 
RBCs should 
prompt specific 
testing. 

Sickle solubility 
test26–29,74,75

Positive when HbS 
is over 10% of total 
Hb.
Accuracy varies 
widely between 
reports: sensitivity 
/ specificity were 
93.8% / 100% in a 
large Indian study, 
but only 45% / 90% 
in a Ugandan study 
and 88.9% / 79.4% 
in a report from 
New York.

Simple, low cost, rapid, requires 
low sample volume.

Cannot distinguish 
heterozygotes from 
homozygotes or 
compound heterozy-
gotes. 
False negative in 
newborns, very low 
Hb (hematocrit should 
be corrected to ~0.50), 
coinherited α-thalas-
semia.
Interferences (false 
positives) by leukocy-
tosis, paraproteins, 
hyperlipidemia, 
erythroblastosis, RBCs 
with Heinz bodies.

Useful and 
convenient mass 
screening test 
(may be supplant-
ed by point-of-
care testing in the 
future).
Positive tests 
should always be 
followed by 
definitive testing.
Negative tests in 
clinically signifi-
cant scenarios 
should also be 
reconfirmed by 
another tech-
nique.

Wet-mount 
slide-based 
microscopic test 
for sickling 29,34,57

Detects HbS when 
it is around 10-20% 
or above as a 
fraction of total 
Hb.
Sensitivity was 
65% when evaluat-
ed at 15 minutes 
(would have been 
higher at extended 
incubations) and 
specificity 95.6% in 
a Ugandan study 
that declared it as 
more reliable, 
cheap and easy to 
perform vis-à-vis 
solubility test.

Highly specific, offers micro-
scopic confirmation.
Low cost, technically simple.

Requires basic 
microscopy skills. 
Sickle cell traits may 
take up to a few hours 
to show sickled RBCs.
Incorrect procedure, 
esp. careless reagent 
preparation can lead 
to false negative 
results.

Most useful as a 
rapid confirmato-
ry test for HPLC/
CE detected 
S-peak.

Table 2. An overview of common/widely used tests for the detection of sickle cell 
disorders
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Test name Accuracy 
indices

Advantages Limitations / 
pitfalls

Role in testing

Haemoglobin 
CE-HPLC 4,5,7,35,56,57

Peaks as low as 
1-2% eluting in the 
S-window are 
identified.

Extremely sensitive, rapid, low 
sample volume, backed-up by a 
large body of literature, fully 
automatable, high throughput.
β-thalassemia, HbH and 
variants detected in one 
procedure.
Post-translationally modified 
adult haemoglobin detection 
enables incidental detection of 
diabetes mellitus, corroborates 
hemolysis (low P2%).

Capital intensive.
Requires trained man-
power and expertise.
False elevation of HbS 
due to post-transla-
tional modified adult 
haemoglobin (for e.g., 
carbamylated forms).
Second confirmatory 
technique is still 
required.
Transfusions can 
hamper precise 
classification al-
though the variant is 
detected.

Useful as the 
first-line screen-
ing technique for 
non-resource 
constrained 
settings.

Automated 
capillary zone 
electrophoresis 
7,37,37,59–62

Identifies peaks as 
low as 1-2% 
migrating in the 
zone(S).
Performance has 
been comparable 
to CE-HPLC for 
sickle cell disorders 
in nearly all 
studies.

High resolution, rapid, low 
sample volume, backed-up by a 
significant body of literature, 
fully automatable, very high 
throughput, no additional 
requirement for a densitome-
ter.
β-thalassemia, HbH and 
variants detected in one 
procedure.
Separates HbE/A2/Lepore.
A2 estimation is more accurate 
than CE-HPLC in samples 
containing HbD or HbS.
Identifies Hb Constant Spring, 
Hb Bart’s, HbH even when 
present in minute quantities.

Capital intensive.
Requires trained man-
power and expertise.
Second confirmatory 
technique is still 
required.
Transfusions can 
hamper precise 
classification al-
though the variant is 
detected.

Useful as the 
first-line screen-
ing technique for 
non-resource 
constrained 
settings.

Agarose gel 
electrophoresis at 
alkaline pH 
4,5,7,25,37–40

Used as the main 
technique in most 
older studies prior 
to advent of 
CE-HPLC.
Bands of up to 
5-10% are easily 
visualized by most 
techniques and can 
be quantitated 
densitometrically.

Relatively inexpensive.
Offers clear interpretation in 
most cases.
Manual methods are available 
for low resource settings.

Co-migration of HbD, 
G, Q-India, Lepore 
make it non-specific 
by itself.
Second confirmatory 
technique is still 
required.
Technically cumber-
some despite automa-
tion as most instru-
ments are not truly 
walk-away.
Densitometric 
quantitation is 
insufficiently robust 
to diagnose β-thalas-
semia trait.
Transfusions can 
hamper precise 
classification al-
though the variant is 
mostly detected.

Useful mainly as 
a confirmatory 
technique; 
difficult to apply 
as a first-line 
screening or 
diagnostic test.
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Test name Accuracy 
indices

Advantages Limitations / 
pitfalls

Role in testing

Isoelectric 
focussing 7,60,61,63,76

Shows 100% 
concordance to 
CE-HPLC for 
variant haemo-
globins in a 
Tunisian study.

High resolution.
Can be semi-automated.

Technically cumber-
some.
Relatively expensive.
Multiple bands may 
make interpretation 
difficult.
Transfusions can 
hamper precise 
classification al-
though the variant is 
detected.
Quantitation of 
low-level fractions 
can be erroneous by 
densitometry.

Difficult to apply 
as a first-line 
testing modality; 
may be used for 
secondary 
confirmation by 
advanced and/or 
research labora-
tories.

ARMS-PCR or 
PCR-RFLP for Ddel 
restriction 
enzyme site 
obliteration 
7,54,59,77–79

Reported sensitivi-
ty/specificity for 
ARMS-PCR is 75% 
to 92.5%/100%, 
while for PCR-RFLP 
is possibly similar-
ly high.

Yields a definitive diagnosis, 
mandatory for prenatal testing.
Helps resolve confusing cases 
that are post-transfusion, or if 
parental studies are not 
available.

Low throughput.
Require molecular 
laboratory set-up.
More expensive and 
technically cumber-
some than protein 
separation tech-
niques.
Polymorphisms at 
priming sites may 
cause false negatives.
Maternal contamina-
tion is a concern in 
prenatal diagnosis.
Proper controls are 
essential, for e.g., a 
large deletion on the 
partner allele may 
give a false homozy-
gous pattern.

Sufficiently 
accurate for use 
in prenatal 
diagnosis.

Covalent reverse 
dot blot hybridiza-
tion assay 5,79–82

92.5% sensitivity 
and 100% specifici-
ty for β-thalassem-
ia mutations.

Technically straightforward.
Inherent multiplexing.
No specialized interpretation 
skills are required.
An NIIH-ICMR designed kit is 
available that screens for 
common Indian β-globin gene 
mutations: IVS 1 nt 5 (G>C), IVS 
1 nt 1 (G>T), CD 8/9 (+G), CD 
41/42 (-CTTT), CD 15 (G>A) and 
CD 30 (G>C) along with HbS and 
HbE variants.

Inflexible format of 
pre-prepared strips, if 
purchased commer-
cially.
Closely located 
mutations may 
interfere with each 
other’s detection – 
awareness of patterns 
is required.

Suitable for medi-
um complexity 
labs to verify 
screen detected 
cases; has been 
used for prenatal 
diagnosis.

High-resolution 
melting curve 
analysis 83

Reported sensitivi-
ty/specificity are 
97.5%/99.7%.

Accurate.
Relatively low cost.

Low throughput.
Requires real-time 
PCR instrument and 
molecular biology lab 
set-up.
Technical expertise is 
necessary.
Polymorphisms at 
priming sites may 
cause false negatives.
AS (trait) may not be 
distinguished from SC 
state (compound 
heterozygous).

Sufficiently 
accurate for use 
in prenatal 
diagnosis.
Primer design is 
critical for assay 
success.
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Test name Accuracy 
indices

Advantages Limitations / 
pitfalls

Role in testing

Direct DNA 
(Sanger) sequenc-
ing 4,7,63

Used as a gold 
standard for 
genotypic studies 
on β-globin.

Highly accurate for germline 
disorders caused by point 
mutations and small indels.
Assesses the entire amplified 
region, and not only the sickle 
substitution.

Deletions are not 
detected.
Interpretation 
requires knowledge of 
polymorphisms, 
artifacts and back-
ground clinical and 
routine test data. 
Very capital intensive.
Technically demand-
ing.
Instrument mainte-
nance is critical.

Sufficiently 
accurate for use 
in prenatal 
diagnosis and as 
a confirmatory 
test for other 
molecular 
techniques.

Immunochroma-
tographic lateral 
flow assays 48,84,85

Typically, 100% 
specificity with 
over 95-99% 
specificity.

Relatively inexpensive.
Rapid.

Do not detect other 
Hb Variants or 
differentiateSS from 
Sβ-thalassemia.
Misinterpretation in 
cases of recent 
transfusion.

Suitable for 
point-of-care 
applications.

Paper-based 
haemoglobin 
solubility assays 
41–43

100% sensitivity 
and 83% specificity 
in neonatal 
screening.

Cheap, diagnostically robust, 
easy to interpret.
Rapid (20 minutes).
Low sample volume.
No power source required.
Room temperature storage of 
reagents.

Interference by 
microclots.
Operator-based 
interpretation may be 
subjective, esp. for 
heterozygotes.
Newborn testing 
needs rigorous 
validation.

Promising 
technology for 
field and point-
of-care applica-
tions.

Clinical effects of various compound 
heterozygous combinations with the 
sickle cell haemoglobin

Interpretation of the clinical significance of coinherited 
variants requires knowledge of their interactions from 
literature and clinical experience. Due to the multiple 
genotypic influences that make the sickle cell disorders 
behave more like polygenic traits (despite being a mono-
genic disorder), due caution and appropriate disclaimers 
are advised while counselling patients about the expected 
clinical phenotype in any particular genotype, especially 
when dealing with rare combinations. Some general point-
ers are offered below:

Sickle cell disease, i.e., deleterious states are 
caused by

•	 Sickle cell anaemia (homozygosity for HbS).10

•	 Compound heterozygous states for HbS with β-thal-

assemia, HbD‐Punjab, Hb Lepore, Hb C, and with the 
rare variants of haemoglobins C‐Harlem, O‐Arab, Hofu 
etc.7,9,11

•	 Heterozygosity for Hb S‐Antilles, Hb S‐Oman, and Hb Ja-
maica Plain.7,86

•	 Compound heterozygous state for HbS with δβ0 thalas-
semia (milder than SS state due to higher fetal haemo-
globin).7,87

Asymptomatic or minimally symptomatic 
combinations with haemoglobin S are

•	 Compound heterozygous state for HbS with haemoglobin 
D-Iran.7,88

•	 Compound heterozygous state for HbS with haemoglobin E.89

•	 Compound heterozygous state for HbS with hereditary 
persistence of fetal haemoglobin.87

•	 Combinations of HbS with α-globin chain variants (it is in 
general, but not always asymptomatic).

•	 β-thalassemia mutation in cis with a βS mutation.



PAGE 46    www. ishbt.com I n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

Distinguishing sickle cell anaemia from sickle 
β-thalassemia
This is often a major diagnostic decision in CE-HPLC or CZE re-
porting. While definitive conclusions can only be derived from 
parental testing or, more laboriously, from molecular genetic 
assays, a few pointers in routine studies are as follows:7,39,54

•	 Hypochromic microcytosis, an elevated HbA2% (4.0-5.6%) 
and persistence of significant splenomegaly beyond ado-
lescence favour sickle β-thalassemia.

•	 Normocytic normochromic red cell indices and normal 
range HbA2% (1.6-3.6%) favour (but do not prove) sickle 
cell anaemia (SS state).

Role of family studies and cascade 
screening

Parental studies in the form of haemogram and CE-HPLC or 
CZE are invaluable in resolving diagnostically difficult cases. 
Parental samples are important even when genetic analyses 
are available, to dissect the intricacies of the several genotypic 
modifiers of disease phenotype. In case parental samples are 
unavailable, those of other first-degree relatives (siblings, 
children) or less helpfully, the extended family may be tested.

Discovery of a proband with a clinically significant hae-
moglobinopathy must prompt the clinical advice to get as 
many blood relatives screened for haemoglobinopathies as 
feasible. This enables detection of further asymptomatic 
carriers who can then participate in informed reproductive 
decision-making at the appropriate time points.

Newborn screening for sickle cell 
disorders

In view of evolving national policy of hospital-based child-
birth, neonates comprise an easily targeted population in 
high-risk areas, and screening should be done. However, this 
should be guided by individual state governments depend-
ing on the policy, requirements and resources available. The 
cases positive by the screening test must be confirmed at the 
end of 6 months. Considering its cost effectiveness, logistic 
challenges and technical advantages, the task force considers 
this NBS as an additional tool to assess the effectiveness of 

any public health control programme (baseline values vis-à-
vis values post-intervention). Parents of newborns detected 
by screening may opt for prenatal diagnosis in subsequent 
pregnancies. (14,31,40,64,65)

Choice of target population for newborn 
screening

From an epidemiological perspective, a screening pro-
gramme targeting high-risk areas appears more feasible 
in the Indian setting. Prior efforts in the form of large pi-
lot studies have been concentrated in the states of Gujarat,  
Maharashtra, Chhattisgarh, Odisha and Madhya Pradesh . 
14,31,90–93,93–95 Strategies may focus on babies of women de-
tected to be carriers previously, to optimize resources. Spec-
imens include cord blood of supervised births, or heel prick 
or other samples from babies where cord blood collection 
has not been done.

Choice of technique for newborn screening. From 
a laboratory perspective, several techniques like CE-HPLC 
and Capillary Zone Electrophoresis can be used for new-
born screening with their inherent advantages and draw-
backs. Large studies have used CE-HPLC & CZE as the initial 
tool (moving away from isoelectric focussing used in the 
past).14,91,92 However, they require sample transfer to central 
laboratories. Among the new point-of-care devices, immuno-
chromatographic lateral flow assays have been shown to fulfil 
the requirements for a non-electricity dependent, simple 
assay where results are available rapidly (before the mother 
and baby leave the testing site).95–97

Role of integrated screening for multiple 
haemoglobin disorders prevalent in India

The immense genetic diversity of the Indian subcontinent is 
equally reflected in the plethora of haemoglobin disorders 
that occur in our country. Various thalassemic alleles and 
haemoglobin variants of all types are present in polymorphic 
frequencies in the Indian population. While a regional and 
ethnic distribution is found for many of these, screening 
for only one or two common variants in the subject’s com-
munity or region is no longer feasible both logistically as 



PAGE 47    www. ishbt.comI n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

well as in face of increasing mobility, intermarriages and 
general awareness. 

In such a scenario, for this guideline to advocate the 
most appropriate test for screening for all significant hae-
moglobin disorders is very challenging. Taking the β-thal-
assemias, HbS and HbE as epidemiologically as well as clin-
ically the most significant haemoglobin diseases in India, 
the close to optimal tests in a completely non-resource re-
stricted setting even for screening could be CE-HPLC and 
CZE. In large urban centres and for patients with adequate 
resources, one or the other of these two are already being 
used as part of mandatory or voluntary testing in preg-
nant women coming for their first antenatal visit. Govern-
mental programmes like the National Health Mission are 
attempting to increase the penetration of CE-HPLC-based 
diagnostics into the more remote areas.4,5,98

However, in light of the reality of resource, infrastruc-
ture and expertise constraints across large swathes of India, 
in the absence of CE-HPLC or A-CZE, other options must be 
examined.  A combination of tests to screen for HbS (sickle 
solubility test, or paper-based haemoglobin solubility as-
says), β-thalassemia - hemogram analysis for hypochromic 
microcytosis,(i.e., MCV ≤80 fL and/or MCH ≤27 pg) coupled 
with analysis of anisocytosis/poikilocytosis (RDW-CV <14%)
(99,100) and, in high frequency regions, the dichlorophe-
nolindophenol (DCIP) test to screen for haemoglobin E het-
erozygosity, homozygosity or compound heterozygosity 
E-β thalassemia may be feasible. The DCIP test is inexpen-
sive, technically simple and was recently shown to have a 
sensitivity/specificity of 96.4%/97.4%. (101) Red cell indices 
including alow MCV of <80fl, or indices-derived formulae 
can be considered as a broad screening test for HbE states 
in a resource-constrained set up, with patients being con-
firmed by A-CZE/CE-HPLCS.99,100

Molecular diagnostic testing

The single nucleotide substitution that gives rise to hae-
moglobin S can be reliably and relatively easily confirmed 
at a molecular genetic level by genomic DNA testing. This 
is however, not required in the vast majority of cases, as 
a combination of at least 2 non-molecular techniques 

can robustly clinch the diagnosis just as accurately, but 
at much lower cost and technical complexity.

Indications for genetic testing in a sickle 
cell disorder are:

1.	Prenatal diagnosis. Molecular genetic confirmation is 
mandatory when determining the genotype of a fetus in 
a couple-at-risk. 

2.	Ambiguous diagnosis. In several situations, the CE-HPLC/
CZE along with a second technique may not clinch the di-
agnosis, necessitating molecular testing. Examples include:

a.	Testing done on a recently transfused, or frequently trans-
fused patient, especially when one or more parents is/are 
unavailable. In such a situation, distinction between SS 
and Sβ, or indeed sickle cell trait with an unrelated cause 
for anaemia cannot be ascertained.

b.	Clinical discordance with routine test results, for e.g., se-
vere symptoms in an apparent sickle cell trait on CE-HPLC 
(seen, for e.g., in haemoglobin S-Antilles, S-Oman or S-Ja-
maica Plain where another mutation is inherited in cis 
with HbS(86); or alternatively, when S-traits show sickling 
crises due to coinherited pyruvate kinase deficiency)(102), 
or unusually mild or no symptoms in a patient with pre-
dominantly HbS+HbF on electrophoresis. The last is seen 
in sickle-β-thalassemia where the coinherited thalassemic 
allele is a β++ one.54

c.	Laboratory test discorrelation, for e.g., sickled red blood 
cells are seen on blood smear, but electrophoretic mobility/
CE-HPLC retention time of the variant seen do not corre-
spond to HbS. This is the case in Hb C-Harlem, where, in 
addition to the substitution of valine for glutamic acid at 
position 6, there is another β-chain substitution at posi-
tion 73 (asparagine to aspartic acid) that is the same as 
Hb Korle Bu. C-Harlem migrates with HbC on alkaline pH 
electrophoresis, but gives a positive sickle solubility test 
and sickles RBCs.103

Molecular tests for the sickle cell 
mutation

The commonly performed tests for detecting the sickle hae-
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moglobin mutation in DNA specimens are listed and dis-
cussed in Table 2. It is important for testing laboratories to 
be aware of strengths as well as pitfalls of the assays they 
employ, including false negative rates. Some salient points 
to be aware of are:
1.	Some patients with sickle-β-thalassemia may have a thal-

assemic mutation that lies close to the restriction/HbS site, 
like the codon 5(-CT) [HBB:c.17_18delCT]. This can lead to a 
loss of the DdeI restriction site, giving a pseudo-homozy-
gous pattern on PCR-RFLP suggesting sickle cell anaemia. 
ARMS-PCR for HbS shows the correct heterozygous state 
for HbS.54

2.	ARMS-PCR testing must always include primers for both 
the wild-type and mutant alleles, even if the CE-HPLC ap-
pears to be a clear-cut case of sickle cell anaemia. This is 
because a large deletion on the homologous chromosome 
11 can give rise to the PCR with the mutant primer giving 
a false apparently homozygous pattern.104

3.	Presence of a neutral polymorphic variation at the prim-

er binding site, especially if close to its 3’ end, can lead to 
non-amplification in RFLP as well as ARMS-PCRs.105

4.	High-fidelity Taq polymerase with exonuclease/proof-read-
ing activity should not be used in ARMS-PCRs.(105)

5.	In ARMS-PCR, annealing temperatures should be set 
high, depending upon the primer, and PCR cycle num-
ber should be lower, to prevent non-specific amplifica-
tion.106,107

6.	ARMS-PCRs may show false-positive results due to non-spe-
cific amplification, hence, positive, negative and internal 
controls are important.105

Genetic modifiers of disease phenotype

Sickle cell anaemia and compound heterozygous states like 
sickle-β-thalassemia show marked phenotypic variation.30, 54, 

108 The genetic basis of this heterogeneity has been studied in 
detail, and the salient modifiers are listed in Table 3. Routine 
testing of these genetic loci is however not currently indicated.

β globin gene haplotypes that can be determined by analysis of restriction fragment length polymorphisms or sequencing. The 
5 common haplotypes are: Arab-Indian, Senegal (both with high HbF), Bantu/Central African Republic (with lowest HbF), and 
Benin and Cameroons haplotypes with moderate HbF levels.30,32,89,109

Coinherited α-thalassemia reduces hemolysis, end-organ damage, leg ulcers, stroke, splenic dysfunction and priapism.
(7,30–32,55,89)

Enhancement of fetal haemoglobin (HbF) production by:15,30,110,111

1. mutations / polymorphisms in the β-globin gene cluster: For e.g., co-inherited deletional HPFH, δβ-thalassemia, Gγ-158(C>T)-
Xmn1 polymorphism, β-thalassemia mutations in the promoter region, or,
2. Single nucleotide polymorphisms in quantitative trait loci in other non-globin genes: For e.g., HBS1L-MYB intergenic region 
on 6q23, BCL11A gene on 2p16, or KLF1 on chromosome. 19p13

Nature of mutations in the β-globin (HBB) gene (β0, β+, β++) in case of sickle-β-thalassemia.54

Genes unrelated to haemoglobin production that influence the onset and severity of other complications like thrombosis, bone 
disease, jaundice, gallstones, and iron overload. Some examples are listed below:

Organ system or metabolic 
pathway affected

Tertiary genetic modifiers of 
phenotype including  

commonly studied variants

Observed phenotypic variation(s) or complication(s)

Coagulation pathways. 112–114 Factor V Leiden, MTHFR C677T, 
and prothrombin G20210A.

Hemostatic changes including those in platelets, 
endothelium, leukocytes, the clotting cascade, and, the 
natural anticoagulant systems.
Increased frequency of thromboembolic events (cere-
brovascular, DVT, PE etc.).

Myocardial dysfunction. 115 Apolipoprotein E, ε4 allele. Left ventricular cardiac failure.

Bilirubin metabolism.33 Polymorphism of the promoter 
region of bilirubin UDP-glucu-
ronosyl transferase (UGT1A1) 
[TA7/TA7 genotype].

Jaundice, indirect hyperbilirubinemia, cholelithiasis.

Table 3 - Genetic modifiers of phenotypic variability in sickle cell disorders
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Prenatal testing

Prenatal diagnosis as a component of a prevention pro-
gramme for sickle haemoglobinopathies provides an option 
for couples at risk (i.e., when both partners are heterozygous 
for a haemoglobinopathy or thalassemia) for terminating 
affected fetus. 

Techniques of fetal DNA sampling are:77–79

•	 Chorionic villus sampling (CVS) is usually performed in 
10-14 weeks of gestation. It reduces the emotional stress 
as well as the complications associated with 2nd trimester 
diagnosis. CVS is a good source of fetal DNA, permitting 
rapid results.

•	 Amniocentesis is done between 14-16 weeks of pregnancy. 
~20-35 mL of amniotic fluid is aspirated and centrifuged 
to obtain sufficient fetal DNA from fetal-origin amniotic 
cells.

DNA extracted from the above specimens is tested for 
inheritance of parental mutations using any of several 
techniques including ARMS-PCR, reverse dot blot assay, 
PCR-RFLP etc. Choice of molecular technique depends on 
local resources, expertise and mutational spectrum ob-
served.

Correlation of fetal sample results with parental speci-
mens run in parallel is important. Maternal contamination 
must be excluded if solely the maternal allele is detected. 
This is most often done by analysis of variable number of 
tandem repeats (VNTRs) by PCR followed by agarose gel 
resolution or by fluorescent capillary electrophoresis-based 

fragment length analysis. VNTRs are highly polymorphic 
genomic markers that are used for paternity testing, gene 
mapping, identity confirmation etc. Markers used routine-
ly for this purpose include Apo B, D1S80, ACTBP2 and Ig-
JH.116–118

Invasive techniques carry a 0.5-2.0% risk of fetal loss. 
Non-invasive diagnostic procedures avoid risk of miscar-
riage and are based on isolating and analyzingfetal cells or 
circulatory cell-free fetal DNA in the maternal circulation.

NIPT for sickle cell disorders has been tested in Indian 
settings independently as well as in collaboration with ad-
vanced laboratories and analytical sensitivities have ranged 
from 92% to >98% with specificities of >99%.79,119,120

Genetic counselling and ethics in the lab-
oratory context
Issues of consent for testing, confidentiality of results, data 
safety, prevention of stigmatization, autonomy in reproduc-
tive choices and the possibility of discovering mis-paternity 
are inherent to laboratory testing, and should be reflected 
upon and SOPs decided at the initiation of testing. A trained 
genetic counsellor should be available at either the clinical 
end or affiliated to the laboratory for couples at risk, and 
those undergoing prenatal diagnosis. In the absence of the 
above manpower, the haematologist, paediatrician, physician 
or obstetrician must discharge the duties of educating and 
informing the subject of the implications and interpretation 
of sickle cell disorder testing.4,5 For persons discovered inci-
dentally on HbA1c testing to have sickle cell trait, most have 
no reservations about further confirmatory testing, which 
can be done reflexly.19

Recommendation:
1.	Test selection, performance and reporting must always be tailored to the patient’s clinical background, healthcare 

setting and testing scenario. 
2.	In addition to clinically suspected cases, testing for the sickle haemoglobin should be conducted in all available 

blood relatives of a patient known to have a sickling disorder. Cascade screening of extended family members 
must be encouraged.

3.	All screen-detected cases of sickle cell disorders should be subsequently confirmed by a diagnostic test using an 
independent technology. 
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4.	Point-of-care rapid tests like paper-based haemoglobin solubility assays and immunochromatographic lateral 
flow assays are suitable for screening followed by confirmation using standard assays like CE-HPLC Automated 
capillary zone electrophoresis.

5.	High-performance liquid chromatography (CE-HPLC) or Automated capillary zone electrophoresis (A-CZE) are 
recommended for diagnostic use in non-resource-constrained hospital or diagnostic laboratory settings.

6.	HbS or another variant haemoglobin detection by any technique must be considered presumptive until its identity 
is verified through a second technique based on an independent principle.

7.	Parental studies of hemogram and CE-HPLC or A-CZE are invaluable in resolving diagnostically difficult cases, 
even when genetic analyses are available.

8.	Discovery of a proband with a clinically significant haemoglobinopathy must prompt the clinical advice to screen 
as many blood relatives as feasible for haemoglobinopathies. This enables detection of further asymptomatic 
carriers who can then participate in informed reproductive decision-making at the appropriate time points.

9.	For settings lacking CE-HPLC or A-CZE, screening for a single haemoglobinopathy is often not clinically realistic. 
A minimal integrated screening panel combining tests for HbS (sickle solubility test, or paper-based haemoglobin 
solubility assays), β-thalassemia (hemogram analysis for microcytosis, i.e., MCV ≤80 fL and/or MCH ≤27 pg) and, 
in high frequency regions, red cell indices or the dichlorophenolindophenol (DCIP) test to screen for haemoglobin 
E are recommended.

10. Molecular genetic studies are rarely required in routine clinical practice but are mandatory for prenatal testing 
and can help resolve confusing cases, especially post-transfusion, or if parental studies are not available.

11. Prenatal diagnosis as part of a prevention programme for sickle haemoglobinopathies should be conveniently 
available as an option for couples at risk at an advanced centre with sufficient expertise and availability of appro-
priate genetic counselling for this purpose.

12. Considering the magnitude of population and required logistics, the Taskforce unanimously recommends screen-
ing tests for common prevalent haemoglobinopathies (HbS, β-thalassemia and HbE). The positive cases detected by 
any screening test should be subjected to CE-HPLC or capillary zone electrophoresis for confirmation. Whenever 
required, evaluation of both the parents, and, or, genetic mutation study may be taken up.

13. Screening test for sickle cell disease could be a paper-based haemoglobin solubility test, the sickle solubility test 
or another point-of-care assay. For β-thalassemia screening, cell counter-derived red cell indices (MCV <80fl, MCH 
<27 pg) are useful, and for HbE, screening could be done using the DCIP test, and/or, a very low MCV of <80 fl.

14. The Taskforce strongly recommends a package of screening tests in any public health screening programme of 
the Government to detect common haemoglobin disorders like SCD, Beta-Thal and HbE. This will be immensely 
beneficial from logistic point of view along with feasibility.
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ch  a p t e r  3

A suspected patient with sickle cell disease (SCD) 
will most commonly present with varied clinical 
manifestations such as persistent pallor, pain, 

fever, lethargy and jaundice. Sickle cell disease may 
presents with acute and chronic complications. 

The major acute complications of SCD 
include the following

a)	Infections.
b)	Severe anaemia (may be due to splenic sequestration, 

aplastic crisis, or hyperhemolysis).
c)	Vaso-occlusive phenomena presenting as acute vaso-

occlusive pain, stroke, acute chest syndrome, renal 
infarction or medication toxicity, dactylitis or bone 
infarction, and  Myocardial infarction.

d)	Complications related to pregnancy including 
spontaneous abortions, still births, IUGR. Priapism, 
venous thromboembolism are also common. 

Major chronic manifestations as chronic pain, 
anaemia, neurologic deficits or seizure disorder, 
pulmonary conditions including pulmonary hypertension, 
renal impairment, osteoporosis, bone infarction, 
cardiomyopathy with diastolic dysfunction, hepatotoxicity 
and pigmented gallstones, chronic leg ulcers and 
proliferative retinopathy. 

Sickle Cell Crisis

This refers to a worsening, over a short period of time, of the 
symptoms and signs of SCD; usually associated with pain 
and/or anaemia. The most common complication of SCD 
is an acute episode of severe pain referred to an acute VOC 
involving target organs such as bone, spleen, liver, kidney, 
lung and brain.

The severe sickle cell painful crisis that requires 
hospitalization in adults typically seems to evolve along 
four distinct phases: prodromal, initial, established, and 

resolving. Each phase may to be associated with certain 
clinical and laboratory findings and lasts approximate 10 to 
12 days.

Predisposing Factors for Sickle Cell Crisis

These include exposure to cold/drenched by rain, 
physical exertion, dehydration, injury (including surgical 
injury), psychological stress, idiosyncratic (peculiar to 
the individual), idiopathic (unidentified), Infections/
infestations.

Initial Evaluation of a SCD Patient in Crisis

These should include history of pain, self-assessment 
of pain, and prior treatment taken before arrival at the 
hospital.
a)	History of usually effective analgesics.
b)	Drug allergies.
c)	Assessment of vital signs: blood pressure, heart rate, 

respiratory rate, oxygen saturation (administer oxygen if 
O2 saturation<90%) and temperature.

d)	History of increasing jaundice and passage of coke-
coloured urine.

e)	Assessment of areas of bone tenderness.
This is very much essential to establish and treat the disease. 

SCD among Indian patients 

There is considerable heterogeneity of manifestations in 
SCD in India.  Many factors  contribute to this heterogeneity. 
The factors are Hb-F levels and coinheritance of alpha 
thalassemia, interaction with beta C gene and b-thalassemia 
gene.  Indian patients with SCD behave like Arab Indian 
haplotype with mild clinical presentation as compared to 
Africans.

SCD in India is associated with high and early 
mortality.8-11 A Study from Aboriginal Community 

Clinical Presentation
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from Tamil Nadu reported 22 deaths out of 157 patients 
(14.01%) in 10-year follow up. The median age of death 
is 25 years which was 20 years less than the non SCD 
population. Acute chest syndrome (ACS) is one of the 
important reasons for death 7/22 patients.8 In a study 
conducted in Madhya Pradesh among 776 patients 
followed up from 2010-2014, 81 patients (10.4%) had 
died during the period. Hepatic failure and splenic 
sequestration were predominant causes of death.9 In a 
case-control study from Odisha, 22 deaths (cases) with 44 
alive patients (controls) in 1 year were studies.10 Another 
autopsy study from Gujarat, with 679 autopsy cases 
25 cases with SCD were reported.11 In both the studies 
mortality peaks in 2nd and 3rd decade with median age 
of death 20 to 30 years. Major cause of death remains, 
complicated VOC especially ACS, Sudden Death, and 
infections. Pain episode is associated with 60-70% of 
death in SCD patients.10-11

SCD is associated with organ complications occurring 
very early in life. Neurological complications are common 
among Indian patients and seen as early as <20 years.12,13 
Neurological complications is seen in approximately 10% 
of patients (stroke, seizures).12-15 Silent cerebral infarct was 
seen in additional 10% of cases and 1/4th of the children 
with SCD in India showed abnormal findings in TCD.14,15 
There was also a substantial reduction in IQ, borderline 
intellectual disability & mild MR observed in SCD children 
compared to controls.16 Renal complications are common 
among Indian patients and observed as early as <20 years 
of age.17-18

The magnitude of renal dysfunction was observed 
in 30% of the patients. Seventeen  Cardiopulmonary 
complications are observed as early as <20 years of age. 
Pulmonary Hypertension is prevalent in over 1/3rd of the 
pediatric patients.19-20

Vaso-Occlusion is the hallmark of SCD. Vascular 
dysfunction, inflammation, and P-selectin mediated 
cell-to-cell and cell-to-endothelium adhesion play an 
important role in the pathophysiology of SCD.16,21-23 VOCs 
associated with a higher risk for death (Time to death 
HR=1.56; 95% CI [1.19-2.05]) and complications including 
ACS,(Time to ACS HR=58.67, 95% CI [50.21-68.55])  stroke 

(Time to stroke HR = 2.26, 95% CI [1.94-2.63]), pulmonary 
embolism(Time to PE HR=2.82, 95% CI[2.21-3.58], splenic 
sequestration (Time to splenic sequestration HR=43.99, 
95% CI[30.65 – 63.13]) and pulmonary HTN (Time to 
Pulmonary HTN HR=4.12, 95%CI[3.14-4.41].24 Vaso-
occlusive crises are a common and repeated cause of 
morbidity and hospitalizations among sickle cell disease 
patients. Approximately 50 to 80% of Hospitalization in 
SCD are due to VOC.16,25-30 VOC is the most common cause 
of mortality among Indian patients and substantially 
reduces the life span.8-11 VOC substantially reduces the 
Quality of Life (QOL) of patients living with SCD.It also 
affects work, productivity along with sleep and daily 
activities.31-34

Clinical presentation of SCD patients 
among various cohorts in India

Newborn Cohort follow up 35

The age at first clinical presentation varied from 1 month to 
5 years.  All painful events do not lead to VOC, pain and VOC 
were considered as separate complications. Pain followed 
by acute febrile illness and severe anaemia with blood 
transfusion requirements were the major complications. 
Some are presented with severe clinical complications, 
such as sepsis and severe vaso-occlusive crisis requiring 
frequent hospitalization. 

Non-newborn Cohort studies 36

The presenting signs and symptoms at the time of early 
clinical manifestation were often fever, joint pain, 
musculo-skeletal pain, anaemia, jaundice, and chest 
infection. It was observed that 44.3% of SCA and 35.9% of 
SB patients had first appearance of signs or symptoms of 
the disease prior to attaining the age of 3 followed by 3–6 
years.

Recently the Clinical manifestation of sickle cell disease 
in India was reviewed by Dr Dipty Jain and Dr Dipika 
Mohanty.37 The common clinical manifestations in SCD 
India are described below. 
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Anaemia and Splenomegaly

Double heterozygote SCD such as sickle beta thalassemia 
and SD thalassemia are common in some parts of India. 
They are often associated with severe anaemia, requiring 
more frequent blood transfusions.

Anaemia in Indian SCD children is multi-factorial, 
apart from nutritional deficiency (iron, Vitamin B12 folic 
acid deficiency), malnutrition, infections and parasitic 
infestations are common and should be corrected along 
with sickle cell disease. Usually, aplastic crisis is rare in 
Indian SCD. 

In Indian SCD patients, the spleen is larger and 
preserved for longer duration. Indian SCD patients 
continue to have splenomegaly during the second decade. 
Persistent splenomegaly is more common in Sb thalassemia 
than SS. The transfusion requirements are also more in Sb 
thalassemia. 

Acute Chest Syndrome 

The prevalence of acute chest syndrome in Indian was not 
well studied. Sometimes the acute chest   syndrome may be 
associated the respiratory tract infections.

Infections 

Infections are important and most common causes for 
hospitalization in SCD children. In India, Staphylococcus 
aureus, Salmonella, Klebsiella and Escherichia Coli are the 
most common infections. Sickle cell gene protects against 
Plasmodium falciparum infections, higher HbF is not 
associated with better prognosis in SS patients in India. 

Stroke

SCD children may suffer from stroke by 5 years of age and 
in some Indian cohort’s stroke is rare. Sometimes the SCD 
was diagnosed after an episode of stroke in India. 

Dactylitis

The prevalence of dactylitis varies significantly across 
different geographical regions in India.

Priapism and Leg Ulcer

Priapism and leg ulcers are not uncommon in SCD patients 
from India.
      
Avascular Necrosis of Hip

SCD children from India develop avascular necrosis (AVN) 
of hip usually by the second decade of life. 

Renal Involvement

Glomerular hyper filtration is more common during the 
first decade, whereas renal insufficiency increases during 
the second decade in Indian patients. 

Pregnancy Outcome

The rate of still birth and low birth weight and preterm 
delivery was three times higher in SCD than non-SCD in 
India. 

Conclusion

Sickle cell disease is a complex disease with genotype 
and phenotypic heterogeneity associated with several 
acute, chronic, and acute-on chronic complications 
leading to several end-organ damage and life-threatening 
complications. In the last decades, the knowledge of SCD 
pathophysiology has grown with an improvement in 
care and life expectancy. Care of SCD is highly complex 
and requires a multidisciplinary team approach. The role 
of the haematologists and sickle cell specialists is very 
important.
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Management In Stable Condition
ch  a p t e r  4

Sickle cell disease (SCD) refers to all disease genotypes, 
including SCA and compound heterozygous condi-
tions, such as Hb SE, HbSβ+-thalassemia ,HbSD , HbS 

alpha thalassemia and  HbS/HPFHHbSC, HbSD.
Depending on the underlying genetic conditions, the 

phenotype varies and therefore the sickle cell syndromes 
have heterogeneous presentation.

Sickle cell disease encompasses different states which 
may be acute and chronic or stable. The problems that can 
arise during stable conditions include chronic pain which 
can affect the day to day life of the patient including ab-
sence from school and from work, infections, deficiency 
disorders and others.

Pain is the commonest symptom of SCD and it can be 
acute, chronic, or acute on chronic types. Chronic pain is 
the predominant symptoms in stable condition. Smith and 
colleagues1 in an analysis of pain diaries of 232 adults with 
SCD reported pain in 54.5% of the more than 30,000 days 
entered in the daily pain diaries. One significant observa-
tion of this study was that patients went for medical care in 
only 3.5% of 30,000 days.

Objective of management of Sickle cell in 
stable condition 

•	 Prevention of pain episodes and minimization of acute 
events, prompt and adequate treatment of infections, 
prevention of complications and counselling so that the 
patient gets a good quality of life and school-going chil-
dren lead a normal life and get education at par with a 
normal child of his or her  age. 

Strategy to achieve these objectives
 
•	 HU for all age groups
•	 Vaccination and antibiotic prophylaxis
•	 Supplementation of folic acid, vitamin D, calcium, meth-

ylcobolamine, zinc and iron ( in presence of iron defi-

ciency)
•	 Lifestyle modification which includes avoidance of stress, 

strain, exertion, avoidance of dehydration and extreme 
climatic condition to minimize acute complications

•	 Early management of an infection

Prevention of pain episodes and acute 
complications

Hydroxyurea (HU) is the key drug for treatment of sickle 
cell disease in stable condition and is established as the safe 
and effective treatment of SCD. It increases fetal haemo-
globin which in turn retards gelation and sickling of RBCs. 
It also reduces the levels of circulating leukocytes, which 
decreases the adherence of neutrophils to the vascular en-
dothelium. As a result there is reduction in vaso-occlusive 
pain events and other vaso-occlusive complications. Thus, 
hydroxyurea improves quality of life of the patients as well 
as survival. It is especially useful for severe genotypes e.g. 
SCD-SS, Sickle Beta Thalassemia.

In 1998, hydroxyurea was the first FDA-approved med-
ication for the treatment of SCD after it was proven to re-
duce frequency of pain crisis in adults. Hydroxyurea is an 
inhibitor of ribonucleotide reductase and, similar to RBC 
transfusions, reduces the relative HbS%. Hydroxyurea does 
this by increasing the production  of β-globulin, which in 
turn increases the percentage of HbF (HbF%) in the blood.

Initial evidence for the efficacy of hydroxyurea in SCD 
came from studies in adults2;studies in children (Baby Hug 
trial) and then in infants soon followed.3,4,5.

Observational Multicentre Study of Hydroxyurea 
(MSH),1 in 299 individuals with SCD, hydroxyurea was 
compared with placebo. The study has observed improved 
survival, besides other benefits with a follow up of over 17 
years and the results were as follows:6,7

•	 Never exposed – 5 deaths per 100 person-years
•	 <5 years exposure – 6.8 deaths
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•	 5 to 10 years – 4.4 deaths.
•	 10 to 15 years – 1.8 deaths.
•	 ≥15 years – 0 deaths.
The study has concluded that there is a definite benefit on 
overall survival; several other studies subsequently validat-
ed this.8

A prospective clinical study 8 of hydroxyurea therapy 
from Greece with 17-year follow up which enrolled SCD pa-
tients  older than 16 have shown similar results;  the results 
showed reduction in frequency of painful episodes and ACS 
events, reduction in  need for RBC transfusions, hospitaliza-
tions and significant improvement in  survival when com-
pared to conventional therapy.

The other benefits of hydroxurea were observed in social 
functions, pain recall, and general health perception within 
2 years of the MSH study. The 17.5 year followup analysis 
also indicated continued safety and benefit of hydroxyurea. 
Fifteen years of pediatric data also has highlighted on the 
the safety and efficacy of hydroxyurea for young people 
(reviewed in Ware 2010).12 Long-term observational stud-
ies suggest sustained beneficial effects of hydroxyurea for 
young people without significant myelotoxicity, adverse 
effects on growth, development and fertility or increase in 
carcinogenicity.14,15,16

Supporting evidence from 21 observational studies 
involving 3,378 adults, with followup periods of 24–96 
months, was consistent in showing a reduction in pain cri-
ses (60–90%), hospitalizations (90–100%), and an increase 
in HbF (4–20%). 

A  meta-analysis to study  the efficacy, effectiveness, 
and toxicity of hydroxyurea in children with SCD found 
that fetal haemoglobin levels increased from 5-10% to 15-
20%; haemoglobin concentration increased significantly; 
hospitalizations decreased by 56-87%; and the frequency of 
paincrisis was also decreased.17

Additional benefit of hydroxyurea in decreasing stroke 
risk was observed in phase III multicenter international 
clinical trial in children as it could lower the elevated ce-
rebral blood flow velocities. After a mean of 10.1 months, 
transcranial Doppler (TCD) ultrasound showed that mean 
velocity had decreased 15.5 cm/sec in patients receiving 
hydroxyurea but had increased 10.2 cm/sec in those on ob-

servation only (P=0.02).18, 19

Other benefits of hydroxyurea are improved gener-
al quality of life and daily functioning. These in turn may 
translate to better school attendance and fewer days lost 
from work. It is also cost-saving due to reduced number of 
hospitalisations (baby hug).

Dose of HU

The aim of hydroxyurea dosing is to give Minimum Effec-
tive Dose which can be increased to Maximum Tolerated 
Dose (MTD) if required. General principle of starting HU is 
to calculate the initial dose based on body weight. The dose 
is increased approximately every eight weeks by 5 mg/kg 
daily, to a maximum dose of 35 mg/kg daily or until one or 
more of the MTD parameters are reached. 

The starting dose of 10mg/kg body weight has been 
found to be effective in three prospective studies from dif-
ferent parts of India. 20, 21, 22 A cohort of both pediatric and 
adult patients 129, 128, 60 with confirmed HbSS cases re-
spectively each [18 years age, vaso-occlusive crisis] (2/years 
and/ or rate of transfusion 1–2 units/month) with no dis-
ease related end-organ damage were assessed prospective-
ly. They were started on 10 mg/kg/day hydroxyurea along 
with other supportive care and followed up monthly for 1 
year or more. Pain episodes (VOC) and transfusion require-
ment was lowered in 92% and 87% patients respectively. 
Therefore, it is recommended to start hydroxyurea on 10 
mg/kg per day; patients with CKD, however, need 50% dose 
reduction.

Hydroxyurea is available as capsule; for infants and 
small children, the capsule can be opened and contents 
can be mixed with food. However, paediatric formulation 
is preferable.

HU dose escalation and toxicity

For any dose escalation of hydroxyurea, Absolute Neutro-
phil Count (ANC) should be should be >1000/microL, Abso-
lute Reticulocyte Count (ARC)>100,000/microL and Platelet 
Count (PLT), should be>150,000/microL.

MTD is achieved when,any one of the the parameters 
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e.g. ANC 1500 – 3000/microL, ARC 80 – 100,000/microL or 
PLT 80,000 – 100,000/microL is maintained.
Hydroxyurea toxicity is  to be considered when any of the 
above parameters are below the following ranges.
•	 ANC <1500/microL (<1000/microL if <2 years of age).
•	 ARC < 80,000/microL.
•	 PLT <80,000/microL.

The study from Odisha has observed that hydroxyurea  giv-
en at fixed dose of 10mg/kg without escalation  is effective, 
requires less frequent monitoring, easy to administer, eco-
nomical, well tolerated with better compliance without sig-
nificant adverse effects.

Hydroxyurea during pregnancy & 
Lactation

It is contra-indicated during pregnancy and lactation.
Refer to relevant chapter for more details

Toxicity
 
Besides cytopenia, a patient on hydroxyurea can have skin 
and nail changes; reassuring the patient would help.

Monitoring while on hydroxyurea therapy

It is recommended that while on therapy the following pa-
rameters are to be monitored
•	 CBC with differential, PLT, and reticulocyte count every 

two to three months.
•	 Creatinine and liver function tests every 6 to 12 months
•	 Ferritin and HbF once per year.
•	 Urine pregnancy tests as appropriate.
•	 For hematologic toxicity, weekly CBC until resolution, 

then restart with a lower dose.

How long to continue hydroxyurea 
therapy

Therapy can be continued as long as there are no adverse 
effects. However if response is not optimal, then compli-

ance must be ensured. In case of no response even after 
good compliance and MTD for 6 months, then hydroxyurea 
can be discontinued. It has been recommended addition of 
erythroid-stimulating agent to hydroxyurea for suboptimal 
response.22

Before considering non responder to hyrdoxyurea, however 
the following factors are to be checked.
•	 Compliance.
•	 Check dose and duration: MTD for at least 6 months.
•	 Add Erithropoisis Stimulating Agents (EPO etc).
•	 Check for any iron b12 deficiency.
•	 If none, then to discontinue.
For more details about hydroxyurea, please also refer to 
other relevant chapters 

Barriers in use of hydroxyurea

It is very important to remove barriers of suboptimal use 
of hydroxyurea which has proven benefit in SCD and nec-
essary measures are to be taken to remove these. The com-
mon reasons for suboptimal use of hydroxyurea are:
•	 Hesitancy among providers about the safety and efficacy 

of hydroxyurea.
•	 Patient concerns about carcinogenicity, teratogenicity. 
•	 Compliance issues with daily dosing. 
•	 Need for time to time clinical and laboratory monitoring
•	 No hydroxyurea solution for small children.
•	 Cost of the drug and non availability in remote areas.

Other measures for pain management in 
chronic state

L-Glutamine Oral Powder

It was approved by UD FDA in children of 5 years or older 
with SCD in 201723. L-glutamine increases the proportion 
of the reduced form of nicotinamide adenine dinucleotides 
in sickle cell erythrocytes; this probably reduces oxidative 
stress, which contributes to the pathophysiology of SCD.

In a randomized placebo controlled trial, it has been 
shown that patients on L-Glutamin had less pain epi-
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sodes, fewer hospitalisations and fewer disease related 
complications. 

Crizanlizumab

It is a P-selectin inhibitor and was approved by US FDA in 
2019 in the treatment of SCD. It reduces the frequency of 
VOC in adults. The SUSTAIN clinical trial has shown that 
Crizanlizumab decrease pain episodes in both HU treated 
and HU untreated patients24, 25

Voxelator

It is a HbS polymerization inhibitor and improves Hb re-
sponse. It was approved for treatment of SCD in 2019. 26

Options when no cause for chronic 
pain is identified

For adults who have SCD-related chronic pain with no iden-
tifiable cause beyond SCD, ASH suggests serotonin and nor-
epinephrine reuptake inhibitors (SNRIs eg, duloxetine and 
milnacipran), tricyclic antidepressants (eg, amitriptyline), 
or gabapentinoids (eg, pregabalin) as options for pain man-
agement.

Prevention and management of infection 

Patients with SCD are susceptible to both viral and bacteri-
al infections; the infections are usually severe in presenta-
tion. Any fever or infection in a patient of SCD is to be treat-
ed as a medical emergency and immediate measures are to 
be taken. Patients and relatives should be counselled about 
importance of early detection and treatment of infection, 
which can otherwise be life-threatening. 
Refer to relevant chapter for details

Leg Ulcer

Chronic leg ulcer is seen in patients with SCD in stable con-
ditions and can be persistent if adequate care is not taken. 

The best approach is to prevention; properly fitted shoes 
should be worn by the patients and should avoid injuries to 
the legs.

Once ulcer sets in, prompt care is to be given; elevation 
and rest to the limb, use of systemic plus topical opioids for 
relief of pain are few immediate measures. Some patients 
may need surgical intervention and rarely grafting.

Nutrition

Taking care of nutrition in SCD children go a long way in 
giving good quality of life as well as their growth and de-
velopment.

Vitamin D & Calcium Supplementation

It has been shown patients with SCD are at higher risk of 
having vitamin D and calcium deficiency; the prevalence 
has been reported to range from from 33% to 100%. Vita-
min D regulates calcium metabolism and is essential for 
bone mineralisation. The deficiency of it can lead to dif-
ferent  musculoskeletal problems like muscle weakness, 
chronic bone pain, avascular necrosis, fragility of the bones 
and compression fractures. These can secondarily affect 
studies and work of the SCD patients. Even though strong 
evidence to recommend vitamin D and calcium supple-
ment is lacking it is suggested to be supplemented in pa-
tients with SCD.27

Folic Acid

Folic acid is given widely once a diagnosis of SCD is made 
for lifelong; there is no scientific evidence of using folic 
acid, but it is suggested to be given to prevent folic acid defi-
ciency due to chronic hemolysis and also for those patients 
who are on HU therapy.

Zinc 

Zinc deficiency has been reported in both children and 
adults. Deficiency of Zinc in children with SCD is associat-
ed with decreased in height and weight, poor muscle mass, 
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and delayed sexual and skeletal maturation. Besides Zinc 
having an important role in immune defence, multiple ran-
domised controlled studies have reported lower incidence 
of infection in patients with SCD when zinc supplementa-
tion was given. It has also been reported to reduce VOCs.28

Iron supplementation

For those patients who have confirmed iron deficiency 
anaemia, especially a menstruating woman, iron can be 
supplemented in therapeutic doses to correct the anaemia 
due to iron deficiency. One study from Odisha has docu-
mented iron deficiency in roughly 10% of cases while simi-
lar number of patients did show the iron overload needing 
iron chelation therapy. 29

Iron chelation

This is discussed in a specific chapter.

Monitoring during stable conditions: Regular monitoring 
of patients to prevent complication is an essential compo-
nent of management of SCD in stable condition.
Refer to relevant chapter for details

Sickle Cell Trait (SCT)

Patients with SCT have normal life–expectancy and do not 
suffer from   VOCs in physiological conditions; however 
they can have hematuria  due to renal papillary necrosis, it 
is usually microscopic; but gross hematuria can occur after 
heavy exercise. Measures to take are to increase fluid intake 
and to start
 
•	 Sodibicarbonate  tab: 650-1200 mg/day.
•	 Anti-fibrinolytic agents if bleeding persists: clot colic can 

be however be precipitated on taking these agents.
•	 Regular Monitoring.
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Hydroxyurea Therapy
ch  a p t e r  5

Sickle cell disease (SCD) is a progressively debilitating 
genetic disorder affecting approximately 5% of the 
world population, with a global burden of 2,75,000 

newborns affected with SCD every year.1 Of this burden, 
about 80% is from Sub-Saharan Africa, and almost 15% of 
world neonates with SCD are born in India.2

Several therapies and management protocols are avail-
able for treatment and management of SCD in other parts of 
the world, and they are proven to be safe and efficacious.3-5 
However, little was done in India to demonstrate the impact 
of these efficacious interventions. Although considerable 
research has been done in India, it is limited to screening 
and genetic research.6 This research has very fewer impli-
cations on clinical practice and policy.

Hydroxyurea (HU), also known as hydroxycarbamide, 
therapy is one of the efficacious therapies for treatment 
of SCD. This review demonstrates the efficacy of HU in re-
ducing adverse events among Indian SCD patients and im-
proves their conditions. This review is purely based on stud-
ies conducted in India among Indian SCD patients. 

Methodology

This section is based on the review of published papers that 
reported various kinds of interventions, primarily with HU 
therapy conducted in India to treat and manage SCD pa-
tients. These papers reported the data collected from Indian 
SCD patients were obtained by searching PubMed/Medline, 
Google Scholar, and Web of Science. The data from these 
papers were tabulated (Table 1). Heterogeneity was found 
across the sites in terms of patient characteristics, study 
design, treatment/intervention regimens and outcome 
indicators. The patients varied by age group. Concerning 
the intervention components, HU therapy, with or without 
other interventions, is used in most studies.Outcome indi-
cators for assessing the impact of the intervention varied 
across the studies. These indicators are the incidence of 
vaso-occlusive crisis (VOCs), hospitalization (including the 

duration in some studies), blood transfusion and haemato-
logical parameters.

Results

Out of 15 studies that dealt with HU therapy, 10 dealt 
with treatment with HU alone.7-16 In other studies, com-
bination therapy with HU was given. HU with folic acid 
was given in four studies,17-20 and HU with folic acid and 
ibuprofen was given in another study.21 Other than these 
15 studies, three reported comprehensive care, including 
HU therapy.22-24

Concerning the dosage of HU, most of the studies fol-
lowed the dosage of 10 mg/kg/day;7,8,9,17,18,20 three studies 
adopted the dosage of 20 mg/kg/day,11,21 and one study ad-
opted the dosage of 15 mg/kg/day.12 A study from Gujarat 
used the dosage from 15 mg/kg/day to 30/mg/day and built 
up the maximum tolerance dose (MTD) of HU.13 Three stud-
ies did not mention the dosage and presumed they followed 
the dose of 10 mg/kg/day.22,24

Impact of interventions

Various outcome indicators (alone or in combination) were 
used to assess the impact of HU therapy. Fifteen studies 
used the reduction of incidence of VOC,7-9,10,12-18,22,23 10 
studies used the reduction of incidence of hospitaliza-
tion,7,8,12-15,18,20,22,23 12 studies used some haematological 
parameters,7-10,12-18,20 and 11 studies used reduction of need 
of blood transfusion.7,10,12,13,15,17-20,22 A study among children 
assessed the impact of HU therapy on scholastic ability.11 

Another study by Jena and Swain21  assessed the effect of HU 
therapy on avascular necrosis of the femoral head in adult 
SCD patients. One study assessed the safety of HU dosage.13

All studies reported positive and statistically signif-
icant improvement by HU therapy. Post-intervention 
data revealed a significant reduction in the incidence of 
VOC after HU therapy treatment in all the studies that 
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used the incidence of VOC as an indicator.7-24 Hospital-
ization and blood transfusion rates have also signifi-
cantly reduced after HU therapy. Ten studies report-
ed the frequency of hospitalization, and all reported a 
significant reduction in hospitalization.7,8,12-15,18,20,22,23A 
study from Odisha reported a reduction in the duration 
of the hospitalization.17 Twelve studies assessed chang-
es in the incidence of blood transfusion and reported 
the reduction of blood transfusion needs after HU ther-
apy.7,10,12,13,15,17-20,22,23 However, this reduction is not sig-
nificant in one study.14

Haematological parameters were also compared simi-
larly. Across the studies, there was an increase in the lev-
els of Hb, Hb F, MCV, MCH and MCHC, whereas the levels of 
Hb S, WBC, platelets, etc., are reduced after treatment with 
HU. Fourteen studies have shown that these differences are 
significant.7-10,12-20,22 However, there are variations in the 
usage of these parameters, and all studies have not used all 
parameters. Twelve studies reported a significant increase 
in Hb F levels after HU therapy.7-10,13-20 Thirteen studies re-
ported improvement in Hb level 7-10,12-20 and reduction in 
the prevalence of anaemia.22

Table 1: Characteristics and intervention outcomes of the selected studies

Sr. 
No.

District/
state

Target 
group/
Sample 
size (n) 

Study 
design

Impact Reference

1. Sambalpur/ 
Odisha

All ages
n=104

Prospective 
open-label 
observational 
study

•	 Reduction in the number of vaso-occlusive crises 
(VOC)

•	 Reduction in blood transfusions
•	 Hospitalization rates and length of stay decreased
•	 HbF, mean corpuscular volume (MCV) and mean 

corpuscular Hb (MCH) increased
•	 HbS, white blood cells (WBC), platelet, total serum 

bilirubin, absolute neutrophil count (ANC) and 
lactate dehydrogenase (LDH) decreased

Dehury et al.7

2. Nagpur/ Ma-
harashtra

All ages
n=40

Long-term 
observational 
study

•	 VOC, hospitalization, stroke, severe anaemia, and 
acute chest syndrome decreased

•	 HbF, Hb, MCV, MCH increased

Jain et al.8

3. Sambalpur/ 
Odisha

Children 
and adults 
(3-45 years) 
n=118

Prospective 
open-label 
observational 
study

•	 Reduction in number of VOCs
•	 HbF, Hb, MCV, MCH and MCHC increased
•	 HbS, WBC, Platelet, total serum bilirubin decreased

Patel et al.9

4. Brahmapur/ 
Odisha

Children 
(5-14 years)
n=114

Prospective 
cohort study

•	 Reduction in VOC and blood transfusions
•	 HbF, Hb, MCV, MCH and MCHC increased

Barma et al.10

5. Indore/ Mad-
hya Pradesh

Children 
(5-14 years)
n=73 

Prospective an-
alytical study

•	 Improves scholastic performance
•	 Mean school attendance increased
•	 Grades of students improved significantly

Joshi et al.11

6. Indore/ Mad-
hya Pradesh

Children 
(5-14 years) 
n=49

Prospective an-
alytical study

•	 Reduction in VOC, blood transfusions, and hospi-
talizations

•	 An increase in haemoglobin levels
•	 Platelet, TLC decreased

Joshi et al.12

7. Vadodara/ 
Gujarat

All Ages
n=70

Observational 
study

•	 Decrease in VOC
•	 Reduction in blood transfusion
•	 Decrease in hospitalization
•	 Decrease in WBC, TLC and platelet

Despande et al.13
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Abbreviations: Absolute Neutrophil Count (ANC), Lac-
tate Dehydrogenase (LDH), Mean Corpuscular Hb (MCH), 
Mean Corpuscular Volume (MCV), Sickle Cell Disease 

(SCD), Total Leucocyte Count (TLC), Vaso-Occlusive Cri-
sis (VOC), White Blood Cells (WBC).

Sr. 
No.

District/
state

Target 
group/
Sample 
size (n) 

Study 
design

Impact Reference

8. Jagdalpur/ 
Chhattisgarh

All Ages
n=24

Prospective 
observational 
study

•	 Decrease in VOC and hospitalization
•	 Increase in Hb, HbF and MCV
•	 No significant change in MCHC
•	 Decrease in WBC

Singh et al. 14

9. Mumbai/Ma-
harashtra

Children 
and adults 
(5-35 years) 
n=77

Prospective 
observational 
study

•	 Reduction in VOC, blood transfusion and hospital-
ization 

•	 Reduction in frequency of stroke
•	 Increase in Hb, HbF, MCH, MCV, MCHC
•	 Decrease in Acute chest syndrome
•	 Decrease in Acute WBC and PLT

Italia et al.15

10. Nagpur/ Ma-
harashtra

Children  
(5-15 years)
n=40

Prospective 
longitudinal 
study

•	 No recurrence of acute chest syndrome
•	 Hb and HbF increased
•	 Reduction in acute painful events
•	 Decrease in blood transfusion

Somkuwar et 
al. 16

11. Sambalpur/ 
Odisha

All Ages
n=42

Longitudinal 
study

•	 Reduction in the number of VOC 
•	 Reduction in blood transfusions.
•	 HbF, MCV and MCH increased.
•	 HbS, WBC, Platelet, total serum bilirubin, ANC and 

LDH decreased

Patel et al.17

12. Nagpur/ Ma-
harashtra

Children 
(below 18 
years)
n=144

Prospective 
longitudinal 
study

•	 Reduction in VOC, acute chest syndrome, seques-
tration crises.

•	 Hospitalizations and blood transfusions decreased
•	 Reduction in platelet leucocyte count, platelet 

count, and reticulocyte count 
•	 HbF, Hb, MCV increased.

Jain et al.18

13. Cuttack/ 
Orissa

Adult (≥ 18 
years age)
n=128

Longitudinal 
Study

•	 Reduction in VOC and blood transfusions,
•	 HbF, Hb, MCV and MCH increased.
•	 Hbs, Platelet, total serum bilirubin, TLC and LDH 

decreased

Sethy, Panda and 
Jena.19

14. Nagpur/ Ma-
harashtra

Children (5 
to 18 years)

n=60

Double blind 
randomized 
controlled trial 

•	 Reduction in VOC, blood transfusions, and hospi-
talizations

•	 HbF and Hb, increased.
•	 Decreased WBC, total serum bilirubin, and reticu-

locyte count 

Jain et al.20

15. Odisha/ 
India

All Ages
n=46

Case-control 
study

•	 Reduction of pain in the hip joints 
•	 Radiological anomalies vanished.
•	 SCD with segmental collapse of the femoral head 

resulted in pain decrease

Jena and Swain.19
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Recommendation:
1.	 HU is cheap, user-friendly, and safe, with remarkable outcomes among Indian SCD patients. 
2.	 The starting dose of HU 10mg/ kg/day is adequate in most cases, and this can be increased gradually to MTD 

(35 mg/kg/day) whenever required. 
3.	 Regimens having HU alone or in combinations have been shown to reduce the incidence of VOC, hospitaliza-

tion and blood transfusion. 
4.	 Several haematological parameters have also been improved after HU therapy. 
5.	 HU cannot be recommended during pregnancy. However, it can be used in exceptional cases under medical 

supervision after the first trimester. 
6.	 SCD patients require lifelong HU therapy. Hence, interventions to promote treatment adherence are essen-

tial.
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Iron Overload & Chelation Therapy 
ch  a p t e r  6

Contrast to Thalassaemia destruction of RBC in 
SCD is intravascular which provides a potential 
mechanism for iron elimination in SCD through 

increased excretion of urinary and biliary iron as Hb, he-
mosiderin, or heme. Blood transfusion plays an important 
role in the management of patients with SCD and is the 
main cause of iron overload. A unit of RBCs contains   200 
mg of iron. The age of commencing blood transfusion, 
the rate of blood transfusion, and the nature of the trans-
fusion regime itself all affect the rate and extent of iron 
overload in SCD.

Iron derived from transfused RBCs initially accumu-
lates in macrophages and later in hepatocytes. In advanced 
transfusional iron overload, iron deposition has also been 
reported in Cardiomyocytes. Endocrine disturbances at-
tributable to iron overload are rare in SCD.

The Indian SCD patients are mostly Arab-Indian Haplo 
type. Predominant clinical problem is  vaso-occlusive type 
while hemolytic phenotype and combination of VOC and 
hemolytic phenotypes are less common. Study of Pranati 
Mohanty et al.,6 from Eastern India showed that only 9.6% 
of SCD (HbSS) patients had significant iron overload requir-
ing Iron chelation.

Assessment of iron overload

Serum Ferritin (SF) is the most frequently used test to esti-
mate iron overload, but has some particular limitations in 
SCD. Ferritin is disproportionately increased in relation to 
iron loading for several weeks after a vaso-occlusive sickle 
crisis. Relationship of SF with total body iron is not linear 
after 20 units of BT or SF value of 1500-2000 ng/mL.  Re-
verse also happens during monitoring of chelation therapy 
lowering of iron load is not reflected by SF even at one year .

Serum Ferritin

1.	First study after 10 transfusion.

2.	Ferritin  to be  measured after each transfusion or monthly.
3.	If ferritin trends are not consistent with the clinical cir-

cumstance, LIC to be measured.
4.	Critical treatment decisions based on ferritin alone 

should be made with great caution.

Value of LIC monitoring

1.	This reliable non-invasive liver iron measurement is valu-
able when starting and planning chelation therapy.

2.	Measure LIC if SF trend does not fit with clinical picture.
3.	If there is no downward trend in SF, LIC estimation may 

be required for modifying chelation.

Other monitoring of iron overload in SCD

1.	If a patient presents with a long-standing high SF or high 
LIC values, it is useful to know whether myocardial iron 
has accumulated by T2*.

2.	Cardiac T2* should be measured in any SCD patient who 
has had significant liver iron loading (LIC > 20 mg/g) over 
many years.

3.	Monitoring for the consequences of iron overload is also 
important. This includes annual monitoring of following 
in severely iron overloaded patients:  ( LIC > 20mg / g )

a.	thyroid function. 
b.	glucose metabolism. 
c.	morning cortisol. 
d.	adrenocorticotropic hormone and sex hormone. 

Therapeutic Strategies

Commencement of chelation therapy when 
1.	SF is > 1000 ng/mL. 
2.	 LIC is > 3.5 mg/g dry weight.
3.	Received 10 transfusion or cumulative transfusions of > 

120 mL of packed RBCs/kg.
4.	If the cardiac T2* is 8 ms or less aggressive chelation is in-
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dicated.
5.	The regimens to be  individually tailored for each patient 

to respect their lifestyle and to minimise toxicity.

6.	If the patient is on regular simple transfusions, the chela-
tion should not be totally stopped.

Chelating agents 
Deferoxamine Deferiprone Deferasirox

Route of administration Parenteral Oral Oral

Dose 40-50mg / Kg/d 75-100mg /Kg/d 20-40mg/Kg/d

Administration Over 10-24 hrs subcutaneously Three times daily Diluted in water or fruit 
juice. Once daily, two divided 
doses improves tolerance

Use in renal impairment Can be used Can be used Cannot be used

Removal of cardiac iron Effective when given by continuous 
intravenous infusion

Most effective Effective on long  time use

Combination Therapy( DFX + DFP )

1.	Ferritin > 2500 ng / ml.
2.	very high LIC (>15–20 mg/g). 
3.	No response after 6-12 months of monotherapy.

During treatment,  monitor

1.	Blood pressure.
2.	Creatinine.
3.	Creatinine clearance. 
4.	Neutrophil and platelet counts.
5.	Urine protein/creatinine at every transfusion visit. 
6.	Liver functions and electrolytes at least every 3 months. 

7.	Audiogram and eye examinations are done annually, ( if 
on DFO).  

8.	Stop DFX immediately if there is severe abdominal pain 
and to contact the centre. 

9.	Stop DFP immediately and go to the emergency room for 
a blood test if there is fever. 

Therapy Changes
 
1.	Ferritin <2000 ng/mL change combination therapy to sin-

gle agent.
2.	Ferritin < 1000 ng/mL reduce dose of chelating agent.
3.	Ferritin < 800 ng/mL reduce dose or stop therapy de-

pending on transfusion status.

Alteration of Chelation dose with transfusion
Transfusion modality Iron accumula-

tion mg/kg/d
DFO dose to balance input DFX dose to balance input

Simple transfusion Target < 30% HbS 0.42 40 mg/kg X 5 /wk 20 mg/kg/d

Simple transfusion Target < 50% HbS 0.32 32 mg/kg X 5/wk 16 mg/kg/d

Automated exchange Target  50% HbS 0.057 < 10 mg/kg X  5/wk  10 mg/kg  5/wk
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Chelator Toxicity
Toxicity Management

DFO

Injection  site reaction 1.Make sure that the needle is not intradermal
2. Rotate injection site
3. Lower concentration of drug
4. Add small amount of hydrocortisone 10- 20 mg

Infection Increased risk for ferrophilic organism like Yersinia

Retinal / Auditory Stop drug. Annual monitoring

DFP

Gastrointestinal Usually resolves within a month or two

Transaminitis Hold the drug, start at lower dose

Neutropenia Hold the drug till recovery

Arthropathy Hold the drug , restart at lower doses

DFX

Gastrointestinal 1.	 Lower dose
2.	 Give in two divided doses
3.	 New formulation

Renal 1.	 Monitor urine protein/Creatinine at each transfusion visit
2.	 In case of impaired function stop drug, restart at lower dose

Transaminitis Monitor LFT every 3 months
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 References

Recommendation:
1.	Sickle Cell patients with Arab-Indian haplo type are the main category seen in India. The predominant phenotype 

is vaso-occlusive and thus iron overload requiring Chelation is not required in most of the cases.
2.	Iron overload is possible in SCD and should be considered if anyone of the criteria is fulfilled -  SF is > 1000 ng/mL , 

LIC is  > 3.5 mg/g dry weight, received 10 transfusion or cumulative transfusions of > 120 mL of packed RBCs/kg or if 
the cardiac T2* is 8 ms or less aggressive chelation is indicated.

3.	Deferasirox at the dose 20 to 40mg/kg/day is the preferred agent.
4.	Combination of Deferasirox and Deferiprone may be considered if the serum ferritin level is not controlled with 

DFX alone or there is a need of potentiating the iron chelation due to the iron overload in various organs.
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Vaso-Occlusive Crisis Acute Pain
ch  a p t e r  7

Acute painful sickle cell episodes occur unpredictably, 
often without clear precipitating factors. Their fre-
quency may vary from less than one episode a year 

to severe pain at least once a week. Pain can fluctuate in both 
intensity and duration, and may be at times excruciating. 
Nearly all individuals affected by SCD will experience a VOC 
during their lifetime.7  The first  Vaso-occlusive Crisis (VOC) 
may occur as early as six months of age, often presenting as 
dactylitis, but thereafter VOCs occur with variable frequen-
cy.8,9,10  VOCs and their accompanying pain most commonly 
occur in the extremities, chest, and back. When they occur in 
other sites, they can be confused with, or can be the prodro-
mal stage of, other acute complications (e.g., head (stroke), 
flank (papillary necrosis), and abdomen (hepatic or splenic 
sequestration, constipation from opioid toxicity, or another 
hepatobiliary complication). The etiology of the pain must 
be determined in order to rule out potential causes of pain 
other than an uncomplicated VOC, such as ACS, pneumonia, 
or other abdominal complications. VOC can still occur in the 
presence of other complications. There are no tests to rule in 
or to rule out a VOC; there are only tests that potentially rule 
out other causes of pain. Persons with the genotypes HbSS or 
HbSβ0 -thalassemia are likely to experience more frequent 
VOCs. Persons with HbAS (commonly referred to as sickle cell 
trait) do not experience typical VOCs. Individuals with more 
than three hospitalizations for a VOC in a year are at an in-
creased risk of early death.7,9,11-13 The pathophysiology of Vaso 
occlusive crisis is complex, it usually results into ischaemic 
damage of tissue. Recurrent episodes may lead to irreversible 
damage to organs. The majority of painful episodes are man-
aged at home, with patients usually seeking hospital care only 
if the pain is uncontrolled or they have no access to analgesia. 
Goal of efficient VOC management is not only faster pain 
control but prevent tissue damage from ischaemic injury.

ACUTE PAIN MANAGEMENT

Early, aggressive, adequate treatment of pain is an essen-

tial component of the management of SCD.14 -17 Pain man-
agement must be guided by patient report of pain severity. 
No biomarkers or imaging studies can validate pain or as-
sess its severity.2

Key features of acute pain management include the fol-
lowing:
•	 Rapid Evaluation at Emergency Department.
•	 Prompt pain relief with Analgesia.
•	 Other considerations –Adjuvant Therapies.

Rapid Evaluation at Emergency Department

For those who present to the emergency department or day 
hospital, there should be rapid assessment of pain and SCD 
comorbidities that may require additional treatment. 

Treat an acute painful sickle cell episode as an acute 
medical emergency. Rapid (within 1 hour of ED arrival) as-
sessment and administration of analgesia with frequent 
reassessments (every 30 to 60 minutes) are to be done to 
optimize pain control.1

On arrival at emergency department along with pain as-
sessment it is important to note down vitals .5

• Blood pressure. 
• Oxygen saturation on air (if oxygen saturation is 95% or 

below, offer oxygen therapy).
• Pulse rate. 
• Respiratory rate. 
• Temperature.

Pain Assessment at Presentation: Aim is to determine 
whether their pain is being caused by an acute painful 
sickle cell vaso occlusive episode or whether an alterna-
tive diagnosis is possible, particularly if pain is reported as 
atypical by the patient.Use an age-appropriate pain scoring 
tool. Physicians should reassess pain frequently and adjust 
treatment to provide relief.

Figures 1 to 3 are examples of assessment instruments.
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Figure 1 is a unidimensional “Faces’ Pain” intensity 
scale.18,19

Figures 2 and 3 show a visual analogue scale (VAS) 20 and 
multidimensional scales for either chronic or acute pain 
assessment.
Diaries are also useful for assessment of pain at home. 21

Fig1: Wong-Baker Faces Pain Rating Scale 
18,19

Fig  2: Memorial Pain Assessment Card 20

For adolescents and adults, the card can be folded along the 
broken line so that each measure is presented separately in 
the numbered order.

Throughout an acute painful sickle cell episode, regard 
the patient (and/or their carer) as an expert in their condi-
tion, listen to their views and discuss with them:

• The planned treatment regimen for the episode. 
• Treatment received during previous episodes. 
• Any concerns they may have about the current episode. 
• Any psychological and/or social support they may need.

Patients should undergo a thorough history and physi-
cal examination to determine whether an illness might have 
precipitated the pain, so that the cause and symptom can be 
treated simultaneously. Patients should be seen immediate-
ly by a physician if they experience severe abdominal pain, 
recurrent vomiting, respiratory symptoms, neurologic signs 
of paresis or paralysis, acute joint swelling, priapism, or 
abrupt fall in haemoglobin. Superimposition of acute pain 
on chronic pain may confound assessment and treatment.

Prompt pain relief with Analgesia
 
Analgesia should be provided rapidly and its efficacy as-
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sessed frequently. As noted in the 2020 American Society 
of Hematology (ASH) guideline, standardized protocols are 
useful to ensure rapid analgesia for all individuals with 
sickle cell disease.17 Attention should be paid to hydration 
status, venous thromboembolism prophylaxis, renal and 
hepatic function, and potential opioid side effects.5

General Principle for Primary Analgesia: As suggested 
in NICE clinical guideline 143 Developed by the Centre for 
Clinical Practice at NICE NHS 2012 individualised assess-
ment at presentation should be done :

Ask about and take into account any analgesia taken by 
the patient for the current episode before presentation. 

 Ensure that the drug, dose and administration route 
are suitable for the severity of the pain and the age of the 
patient.

Refer to the patient’s individual care plan if available.

Offer a bolus dose of a strong opioid by a suitable admin-
istration route, in accordance with locally agreed protocols 
for managing acute painful sickle cell episodes, to all pa-
tients presenting with severe pain.

All patients presenting with moderate pain who have 
already had some analgesia before presentation, consider a 
weak opioid as an alternative to a strong opioid for patients 
presenting with moderate pain who have not yet had any 
analgesia.

Offer all patients regular paracetamol and NSAIDs 
(non-steroidal anti-inflammatory drugs) by a suitable ad-
ministration route, in addition to an opioid, unless contra-
indicated.22

The use of NSAIDs should be avoided during pregnan-
cy, unless the potential benefits outweigh the risks. NSAIDs 
should be avoided for treating an acute painful sickle cell 
episode in women in the third trimester.22

Fig 3: Multidimensional Assessment of Acute Pain 20
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Do not offer pethidine for treating pain in an acute 
painful sickle cell episode.2

PHARMACOLOGICAL MANAGEMENT OF 
SICKLE PAIN

Analgesics are the foundation for the management of sickle 
cell pain, and their use should be tailored to the individual 
patient. Sedatives and anxiolytics alone should not be used 
to manage pain, because they can mask the behavioural re-
sponse to pain without providing analgesia. Management 
of pain associated with SCD consists of the use of opioids, 
(NSAIDs) and adjuvant medications.23,24

Non-opioid Pharmacological agents

Role of NSAIDs 
A 2020 guideline from the American Society of Hematology 
(ASH) suggests a short course (five to seven days) of a  NSAID 
in addition to opioids for acute pain management in chil-
dren and adults with SCD.1 As stated in the guideline, this is 
a conditional recommendation based on very low certainty 
in the evidence for benefit.

Management of mild-to-moderate pain should include 
NSAIDs or acetaminophen, unless there is a contraindica-
tion; these are non-sedating, so patient activities can con-
tinue. If mild-to-moderate pain persists, an opioid can be 
added.34

The potential benefits of NSAID use in acute pain in 
SCD are low to moderate and include improved pain con-
trol, reduced opioid utilization, and decreased length of 
stay.35,36,37

The potential risks associated with NSAID use in acute 
SCD pain include nephrotoxicity, gastrointestinal disor-
ders, and bleeding.38 Patients specifically at increased risk 
of renal toxicity need to be identified before using NSAIDS. 
comorbidities (e.g.peptic ulcer disease, renal dysfunction, 
full-dose anticoagulation) are a significant risk factor.

Paracetamol38

It exerts analgesic and antipyretic but not anti-inflammatory 

effects. Indeed, it does not inhibit peripheral PGs and therefore 
appears to have a safer profile than NSAIDs. Moreover, there is 
considerable evidence of an additional central analgesic effect 
by inhibition of the liquoral PG synthesis, the nociceptive sig-
nal transmission in the spinal cord, and the activation of de-
scending serotonergic pathways.39 It can be administered by 
different routes, included IV preparations, providing a more 
rapid onset of analgesia than the oral route.68

yy �Score 1–4 (MILD Pain) Paracetamol 20 mg/kg/6 hrs (the 
first dose can be 40 mg/kg/6 hours). 

yy Score 5–7 (Moderate Pain) Paracetamol 20 mg/kg /6 hrs 
(the first dose can be 40 mg/kg/6 hours) associated with 
oral or parenteral tramadol (50–100 mg/6 hours).

yy Score 8–10 (Severe Pain) Paracetamol 20 mg/kg/6 hrs (the 
first dose can be 40 mg/Kg/6 hours) associated with oral 
morphine (5–10 mg/6 hours) or oxycodone (5–10 mg/6 
hours). In case of pain emergency, the IV route should be 
preferred.

In patients at risk of ACS and/or unsuitable for strong 
opioids, morphine or oxycodone should be replaced with 
ketorolac eventually associated with tramadol.

Ibuprofen38

In patients unsuitable for Paracetamol (liver failure), Ibu-
profen (10 mg/kg/8 hours) can be used. Should be avoided 
in patients with borderline renal function or failure and 
used with caution in patients at high risk of acute chest 
syndrome.

Acetaminophen

Doses ranged from 12.5 mg/kg/dose IV every 4 hours to 15 
mg/kg/dose IV every 6 hours.

IV acetaminophen reduces pain from a VOC in children 
with sickle cell disease. Clinically, acetaminophen reduces 
opioid requirements and opioid-related adverse effects.

Aspirin 

It is avoided due to a risk of Reye’s syndrome.6
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Tramadol41

It is an atypical opioid, has particular pharmacological 
characteristics. It acts on mu-receptors and potentiates 
the mono-aminergic system acting on the re-uptake of 
monoaminergic mediators at the level of the inhibitory 
pain pathways.43 Tramadol has a better safety profile than 
the major opioids particularly since it causes less respira-
tory depression.44 The co-administration of tramadol and 
ketorolac has been reported to be a valid balanced anal-
gesia in acute pain syndromes (e.g. post-operative pain, 
trauma).42 A combination of ketorolac 0.86 mg/kg/day, 
tramadol 0.3 mg/kg/hr and metoclopramide 0.57 mg/
kg/day can be  continuously infused for a maximum of 
72 hours.

Oral or parenteral tramadol alone or in combination 
with Paracetamol (50–100 mg/6 hours) can be given.

Regional Anaesthesia

Epidural or peripheral nerve catheter-delivered analgesia 
for abdominal, hip, or leg pain.

 The procedure needs to be technically feasible based on 
the anatomical location of the pain. 

 A thorough explanation of the procedure as well 
as risks, benefits, and alternative options should be 
provided to patients and families before the proce-
dure. 

The recommendation assumes administration of the 
procedure in a centre that has appropriate resources and 
expertise.

Data in the direct evidence included (1) reduced opioid 
utilization 45 and 2 reduced pain.45,46 Data for outcomes in 
the indirect evidence included the following:1 pain: im-
proved pain control compared with opioids in post-oper-
ative pain,49 improved pain control compared with other 
methods in labor pain,48 and improved pain control in hip 
fracture47; (2) reduced opioid utilization: reduced supple-
mental analgesia in hip fracture;47 and 3 satisfaction with 
care: a higher proportion of women with labor pain rat-
ed their satisfaction with pain relief as excellent or very 
good.48

Opioids

VOC with only severe pain should be  treated with opioids 
(dose as described in figure 4, tables 1-2), with or without 
NSAIDs and adjuvant medications.6

The specific defined terms for opioid administration 
used are as follows:1

Basal: Continuous IV opioid infusion. 
On-demand dosing: Opioid administered at an interval 
that relies on patients declaring their own need. Opioid can 
be administered via a patient-controlled IV analgesia pump 
or via an as-needed order for intermittent nausea adminis-
tered drug. 
Scheduled intermittent dosing: opioid administered on a 
timed schedule that does not rely on the patient asking for 
the drug.

Fig 4: Table 1

Usual Starting Doses of Opioid Analgesics in Opioid-Naive 
Adults and Children ≤ 50 kg Body Weight. 1

Caution 1: Doses listed for patients with body weight less 
than 50 kg cannot be used as initial starting doses for babies 
younger than 6 months of age. 
Caution 2: Recommended doses do not apply to patient 
with renal or hepatic insufficiency, or other conditions af-
fecting drug metabolism and kinetics. 
Caution 3: For morphine, hydromorphone and oxymor-
phone, rectal administration is an alternate route for pa-
tients unable to take oral medications. Equianalgesic doses 
may differ from oral and parenteral doses because of phar-
macokinetic differences. 
Caution 4:  Chronic administration of meperidine may re-
sult in central nervous system stimulation, including agi-
tation, irritability, nervousness, tremors, twitches myoclo-
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nus, or seizures, due to accumulation of the toxic metabolite 
normeperidine. The risk is much greater for patients with 
renal or hepatic impairment.
Caution 5: Addiction to opoids is a concern and should be 
kept in mind. Every effort is to be made to avoid this import-
ant complication.
a)	It should be given only in severe cases. 
b)	It should be available only in the hospital set-up.
c)	After monitoring by the doctor this should be stopped. 
d)	Every effort should be made to use alternative analgesic 

once the pain has been reduced by Morphine. 

Fig 4: Table 2 

Usual Starting Doses of Opioid Analgesics in Opioid-Naive 
Adults and Children ≥ 50 kg Body Weight.1

Caution 1: Recommended doses do not apply to adult pa-
tients with body weight less than 50 kg. For recommended 
starting doses for children and adults less than 50 kg body 
weight, see table 1. 
Caution 2: Recommended doses do not apply to patient 
with renal or hepatic insufficiency, or other conditions af-
fecting drug metabolism and kinetics. 
Caution 3: For morphine, hydromorphone, and oxymor-
phone, rectal administration is an alternate route for pa-
tients unable to take oral medications. Equianalgesic doses 
may differ from oral and parenteral doses because of phar-
macokinetic differences. 
Caution 4: Codeine doses higher than 65 mg often are not 
appropriate because of diminishing incremental analgesia 
with increasing doses but continually increasing nausea, 
constipation, and other side effects. 
Caution 5: Chronic administration of meperidine may re-

sult in central nervous system stimulation, including agi-
tation, irritability, nervousness, tremors, twitches, myoclo-
nus, or seizures, due to accumulation of the toxic metabolite 
normeperidine. The risk is much greater for patients with 
renal or hepatic impairment.

Intravenous Opioids is preferred; subcutaneous or in-
tranasal administration can be used for those with difficult 
intravenous access.

Side Effects of Opioids 6

Sedation: Usually precedes one of the most feared side ef-
fects of opioids, respiratory depression. Fortunately, toler-
ance to this side effect develops faster than to the analgesic 
action; nevertheless, nurses should monitor sedation levels 
when patients are at risk. If sedation persists after prompt 
intervention, then pulse oximetry, apnea monitors, and 
blood gas levels may be needed.
Nausea and vomiting: It can be treated with antiemetic 
such as prochlorparazine, metochlorpropamide, or hy-
droxyzine. 
Pruritus: It can be treated with hydroxyzine or with di-
phenhydramine; smaller doses given more frequently may 
be more effective, causing less sedation than larger doses 
administered less often. Patients should not be considered 
allergic to an opioid only on the basis of itching.
Constipation: If opioids are prescribed for home use, pa-
tients should also take stool softeners daily to prevent con-
stipation. 

TOLERANCE, PHYSICAL DEPENDENCE, ADDICTION, 
AND PSEUDOADDICTION 6

A major barrier to effective management of sickle cell 
pain is a lack of understanding of opioid tolerance, phys-
ical dependence, and addiction. Tolerance and physical 
dependence are expected pharmacologic consequences 
of long-term opioid use and should not be confused with 
addiction.
Tolerance is a physiologic response to the exogenous ad-
ministration of opioids, and the first sign is decreased dura-
tion of medication action. When tolerance develops, larger 
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doses or shorter intervals between doses may be needed to 
achieve the same analgesic effect. 
Physical dependence also is a physiologic response to the 
exogenous administration of opioids. It requires no treat-
ment unless withdrawal symptoms—such as dysphoria, na-
sal congestion, diarrhea, nausea, vomiting, sweating, and 
seizures—occur or are anticipated. The risk varies among 
individuals, but when opioids are given for more than 5 to 7 
days, doses definitely should be tapered to avoid physiolog-
ic symptoms of withdrawal.  
Addiction is a not physical dependence but, rather, a psy-
chologic dependence. Addiction is a complex phenomenon 
with genetic, psychologic, and social roots. The use of opi-
oids for acute pain relief is not addiction, regardless of the 
dose or duration of time opioids are taken. Patients with 
SCD do not appear to be more likely than others to devel-
op addiction. The denial of opioids to patients with SCD due 
to fear of addiction is unwarranted and can lead to inade-
quate treatment.
Pseudo addiction31 applies to patients who receive inade-
quate doses of opioids or whose doses are not tapered, and 
therefore they develop characteristics that resemble opioid 
addiction.

Ketamine as adjuvant to opioid for 
acute pain

  Ketamine may be appropriate in individuals with severe 
pain not responsive to standard opioid analgesics, as sug-
gested in the 2020 American Society of Hematology (ASH) 
guideline.1 It is also indicated in individuals with hyper-
algesia syndrome. Some institutional protocols include 
ketamine for initial pain management in the emergency 
department. Individual pain protocols embedded in the 
electronic medical record allows inclusion of ketamine in 
the initial pain plan for individuals whose pain is less re-
sponsive to opioids and/or when ketamine is preferred by 
the patient and providers.

 Ketamine is not an opioid. It prevents glutamate activa-
tion of the N-methyl-D-aspartate (NMDA) receptor, which 
may mitigate opioid tolerance. Its analgesic benefits are 
seen in low, sub-anaesthetic doses. It can be used in the 

emergency department intranasally at 0.25 mg/kg to a 
maximum of 1 mg/kg per dose. Continuous intravenous 
infusion has been reported to be safe and effective in SCD.  
at approximately 3 to 5 mcg/kg/min (0.3 mg/kg/hour with 
a maximum of 1 mg/kg per hour.32,33 However, due to po-
tential renal toxicity, the current recommendation is that 
ketorolac should not be used for longer than 5 days in a 
month.34

 Ketamine is also noted to have an antidepressive effect, 
which may help in the transition to pain prevention and 
management of chronic pain. 

Intranasal fentanyl

It has been safely used in the initial acute emergency de-
partment management of SCD pain, particularly in pae-
diatrics.25 This agent is rapid-acting, has a short duration 
of action, and avoids delays associated with obtaining in-
travenous access. Intranasal fentanyl should be restricted 
to two doses. A 2014 Cochrane review of the use of intra-
nasal fentanyl found it to be effective for pain control in 
children >3 years of age without SCD who had moderate to 
severe pain.26  For children who weigh ≥10 kg, two doses of 
1.5 mcg/kg administered 5 to 10 minutes apart (maximum 
single dose 100 mcg) have been administered.25In contrast 
to children, there is a lack of high-quality randomized con-
trolled trials in adults with SCD addressing the efficacy and 
risks of intranasal fentanyl. 

Non Pharmacological adjuvant Therapy

Blood transfusion 1,2

Red blood cell (RBC) transfusion is not a treatment for 
uncomplicated vaso-occlusive pain without symptom-
atic anaemia. Importantly, however, vaso-occlusive 
pain may accompany other SCD complications for 
which transfusion is indicated. If pain and a complica-
tion requiring RBC transfusion are present, pain control 
and transfusion should be administered concurrent-
ly. Patients with acute pain should not be transfused 
blood/PCV unless there is an additional indication for 
transfusion.50
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Resistant VOC

Few patients may not respond to the above standard treat-
ment. Reduction of HbS below 30-50% has been proved to 
be an effective measure in controlling the pain in such sit-
uation. This can be achieved bysimple (manual) 74 or auto-
mated exchange transfusion (apheresis). 
Hydration:  Individuals with SCD are frequently hypo-
volemic during pain episodes; hydration may improve 
pain control and reduce the likelihood of other compli-
cations. Reduced oral intake, increased insensible losses, 
and reduced urinary-concentrating ability of the kidney 
(hyposthenuria) may contribute to a negative fluid bal-
ance.51

Individuals with SCD should pay close attention to ad-
equate hydration. Fluid intake, urinary output, and daily 
weights should be monitored closely during hospitaliza-
tion. To avoid over hydration related complications recom-
mendation is to give fluid 60ml/kg /day either IV or Orally. 
Oxygen:1, 2 Do not use oxygen during uncomplicated va-
so-occlusive events when the individual’s oxygen satu-
ration is normal at room air and there are no pulmonary 
symptoms. However, it is advisable to monitor closely for 
these complications and administer oxygen for hypoxemia 
and/or respiratory indications.

Corticosteroids 1

ICH recommends no use of steroid for treatment of acute 
pain. There are no studies that addressed  some of the  
prior–defined patient-centred outcomes, including pain, 
HRQOL, satisfaction with care, and missed days of school or 
work with use of Steroid in acute pain relief. The risk of re 
hospitalization increased with steroid exposure.72

Psychosocial support: As with any condition that produc-
es chronic pain, SCD pain may be associated with various 
psychosocial stresses that contribute to depression and so-
cial isolation. This may be especially true during transition 
from paediatric to adult care. Psychosocial support should 
be appropriate to the individual’s needs and may include 
cognitive-behavioural approaches, relaxation or breathing 
exercises, yoga, or self-hypnosis.14,17,60-63

Massage,65 Yoga,63 TENS, Guided imagery/AV relax-
ation,66,67 and VR 68 in children or adults with SCD for the 
management of acute pain.

The potential benefits of acute pain treatment with mas-
sage, yoga, TENS, guided AV relaxation/imagery, and VR 
are small and include improved pain control, pain coping, 
decreased opioid use, and decreased length of stay. Most pa-
tients value additional improved pain outcomes from these 
nonpharmacological therapies, especially considering that 
interventions such as yoga and massage likely have lower 
risks than conventional pharmacological treatments.

Data on all of the existing nonpharmacological thera-
pies lacking (e.g., mindfulness, spirituality, exercise, and 
cognitive therapy) that may have the potential to reduce 
acute pain in SCD.

Acupuncture and biofeedback for treatment of acute pain: 
There is no direct or indirect evidence supporting the idea that 
biofeedback has benefits for the outcomes of interest.

Other adjuvant therapies

Other medications recommended during stable condition 
like Hydroxyurea, folic acid, calcium vitamin D, etc. should 
be continued during the crisis if no contra-indication.

Treatment for breakthrough pain: It is critical to make ad-
ditional treatment available for breakthrough pain (defined 
as transitory pain that occurs intermittently while the in-
dividual is receiving opioid therapy, may last only a few 
minutes to an hour, and is difficult to distinguish from the 
persistent pain). The hallmark of breakthrough pain is the 
swift increase in pain while the individual is being treated 
with continuous or around-the clock opioid therapy.

All individuals hospitalized with pain episodes should 
have written orders for breakthrough pain medication to 
maintain a therapeutic effect when the breakthrough pain 
occurs. The best approach is to provide immediate access 
to pain medication without requiring the individual to call 
the nurse and wait for additional medication. This is most 
easily achieved using PCA with a demand-dose option.
Neuropathic pain: Neuropathic pain may exacerbate acute 
pain episodes, and therapies directed at neuropathic pain 
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should be included if appropriate.
Ongoing assessment – All individuals should be assessed 
with pain tools and sedation scales to ensure that analgesia 
is adequate and oversedation does not occur. Haemoglobin 
oxygen saturation monitoring is also helpful in managing 
severe painful episodes. Orders should include temporary 
cessation of analgesia and physician notification if the hae-
moglobin oxygen saturation level decreases by more than 
four percentage points from the individual’s baseline or 
if bradypnea occurs. Other potential complications of opi-
oids, including gastrointestinal effects and pruritus, should 

also be anticipated, and managed appropriately. 

Comprehensive assessment for chronic pain or 
followup of persons who have acute pain

This type of assessment usually occurs at the end of a painful 
episode, at office/clinic visits for chronic pain, or between ep-
isodes. The objective is treatment planning,70  which involves 
the patient, family,71 and health care team. Assessment is 
multidimensional and should include physiologic, sensory, 
affective, cognitive, behavioural, and socio-cultural factors.2

Algorithm of Pain Management

Fig 4:6

Fig  5:73

 �Should be 
considered 
Medical 
Emergency

 �If unresolving 
consider PCA

 �Look for 
precipitating 
problems and 
complications

Patient 
presents in 
Acute pain

Assess and 
initate 

adequate pain 
relief within 

30 minutes

Reassess pain 
every 30 minutes 
until adequate 

pain relief is 
achieved

Ensure adequate 
discharge 
planning 
including 

analgesia to 
take home

(PCA: Patient controlled analgesia)
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Recommendations:
1.	VOC pain in SCD should be controlled aggressively with adequate analgesics like Tramadol, Paracetamol, NSAIDs 

an, Diclofenac (if no contra-indication)  regional Anaesthesia depending on case to case basis.
2.	Opoids and buprenorphin patch should be used in severe cases not responding to conventional analgesic with 

precautions to prevent addiction as mentioned earlier.
3.	Other adjuvant therapies like management of fluid, electrolyte, oxygen saturation may be helpful.
4.	The medications/adjuvant interventions recommended during stable condition should be continued.
5.	Use of steroids during VOC stage may be detrimental and not to be used.
6.	Reduction of HbS level below 30-50% by exchange transfusion (simple/red cell apheresis) could be an effective 

modality in reducing pain in resistant / recurrent VOC.
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A.	 Vaso-occlusive crisis
	

•	 Precipitating factors for acute pain full episodes are ex-
ercise, infection, dehydration, psychological stress, low 
fetal Hb.

•	 HbS polymerization causes change in shape and rheology 
of RBCs resulting in initiation of inflammatory process 
involving the endothelium, activation of platelets and 
leuocytes. Hemolysis also further augments the inflam-
matory process. 

•	 The blockage in vessels due to HbS polymerization and in-
flammation leads to pain crises and swelling. Recurrent 
episodes of chronic inflammation and VOC result in tis-
sue infarction and ultimately end organ damage.

•	 The underlying pathologic cause is bone marrow isch-
emia, sometimes leading to frank infarction with acute 
inflammatory infiltrate. 

•	 Lumbosacral spine and juxta-articular areas of joints like 
knee, shoulder, and elbow are most commonly involved.

•	 Each episode of VOC lasts for 9-14 days, and has four 
phases.

1.	Prodromal phase: May be asymptomatic, or may have 
mild symptoms like numbness, paresthesias.

2.	Initial phase: Patients experience peak pain severity.
3.	Established phase: Pain severity is sustained. Joint effu-

sion and swelling may be present.  
4.	Resolving phase: Pain severity decreases, swelling re-

duces.
•	 The treatment consists of medication for pain relief, re-

hydration and reassurance. Resolution is usually com-
plete. The treatment should start in prodromal phase for 
best results.

B.	 Sequestration crisis 

•	 Sudden onset trapping of large amount of RBCs in 
the spleen (rarely liver) followed by rapid and mas-
sive enlargement of the spleen constitutes the acute  

sequestration crisis.
•	 Manifestations include weakness, dyspnea with spleno-

megaly, severe anaemia and shock. The hematocrit can 
reduce to half the patient’s usual value within few hours.

•	 It is characterized by brisk reticulocytosis to 20−30%, 
with increased nucleated RBCs and moderate to severe 
thrombocytopenia.

•	 Usually affects children aged between 3 months and 10 
years of age, but can rarely present in adults with persist-
ing splenict issue as well.

•	 Blood transfusion is indicated in emergency. The pooled 
blood may return back to the circulation once the crisis 
subsides, which might result in Hb levels exceeding the 
calculated levels. Hence caution must be exercised while 
transfusing blood.

•	 Sequestration crisis may recur within four months 
of initial episode. To eliminate recurrences, elective 
splenectomy after a second episode is recommend-
ed. Immunization and prophylactic penicillin for 3 
years as a protective  measure against capsulated or-
ganisms is recommended following splenectomy. 

C.	 Aplastic crisis 

•	 Temporary cessation of bone marrow function, affecting 
red cell precursors predominantly, due to inter-current 
viral (most commonly Parvovirus B19) or bacterial infec-
tions constitutes aplastic crisis.

•	 Affected patients present with severe anaemia, but with-
out compensatory reticulocytosis. 

•	 A patient suffering from SCD who presents with reticu-
locytopenia should be assumed to have parvovirus B19 
infection until proven otherwise. It occurs in epidemics, 
mostly affecting children below 15 years ofage.

•	 Management primarily includes blood transfusion therapy.
•	 Recovery phase is marked by daily gradual increase in 

the reticulocyte count, hence daily monitoring of reticu-
locyte count should be done.

Management Of Complications
ch  a p t e r  8
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Acute clinical complications of SCD and their management

Chronic complications of SCD and management

Manifestations Treatment

Painful events • Hand and foot syndrome – involving 
small joints of hands and feet.
• Disappears when bone marrow from 
small bones of hands and feet stop 
erythropoietic activity.
• Pain and swelling in ribs
• Femoral head, humerus and upper 
part of tibia due to avascular necrosis.
• Severe abdominal pain, vomiting, 
abdominal distension, diminished bowel 
sounds.

• Hydration
• Analgesia
• Monitoring response to analgesics
• Reassurance

• Priapism- persistent pain full penile 
erection; occurs around 4 am during 
sleep or soon after waking. Lasts for few 
minutes to several hours.

•If pain, engorgement persists for 24−48 hours- blood 
transfusion.
•Prevention- oral stilbestrol 5 mg daily, gradually ta-
pered and omitted over a period of 2 months.

Infection • Bacteremia/sepsis, meningitis, osteo-
myelitis, pneumonia
• Clinical features-seriously ill appear-
ance, hypotension, temperature>40℃, 
total WB Ccount >30000/cm2 or <5000/
cm2 and platelet count<1lac/cm2

•Admission for assessment& intravenous antibiotics
•Surgical intervention if needed
•Prophylaxis with oral penicillin, erythromycin up to 5 
years of age and pneumococcal vaccinationis advised.

Anaemia • Chronic hemolysis due to HbSS
• Splenic sequestration
• Transient aplastic crisis
• Transfusion reaction
• Nutritional deficiencies, worm infesta-
tion, etc

•Blood transfusion
•Multivitamins, calcium and Vitamin D supplements, 
anti-helminthics, dietary changes
• Zinc supplements

Organ damage • Stroke
• Splenicinfarction
• Renalpapillary necrosis
• Priapism

•Hydration
•Blood transfusion

Acute chest syndrome • Broad spectrum antibiotics
• Oxygen therapy
• Exchange transfusion is indicated if hematocrit is 
high.

Manifestations Treatment
Heart/Lungs • Restrictive lung disease

• Elevated tricuspid jet velocity
• Pulmonary hypertension
• Restrictive cardiomyopathy
• Left ventricular hypertrophy

• Bronchodilators
• Hydroxycarbamide
• Blood transfusion
• Cardio-Pulmonary consultation

Brain • Stroke (Ischaemic/hemorrhagic)
• Silent infarction
• Neurological decline

• Blood transfusion
• Hydroxycarbamide
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Manifestations Treatment
Liver

Kidney

• Jaundice
• Cholelithiasis
• �Acute renal injury with deterioration in 

renal function
• Deterioration of renal function
• Reduced concentrating ability
• Proteinurea
• Progressive renal failure

• Ursodeoxycholic acid
• Cholecystectomy
• Hepatologist consultation
• Dialysis/nephrologist consultation
• ACE inhibitor
• Angiotensin receptor blockers

Spleen • Recurrent sequestration crisis
• Splenic abscesses

• Splenectomy

• Hypersplenism – RBC sequestration 
with splenomegaly, marked anaemia, 
growth retardation
• Infarction

• Blood transfusion
• Splenectomy if no resolution in 6 months

Bones/skin • Avascularnecrosis
• Leg ulcers around malleoli/shin of tibia

• Physical therapy 
• Cord decompression
• Woundcare, Zinc supplementation
• Surgery
• Orthopaedic consultation

Eyes • Retinopathy (proliferative and non-pro-
liferative)
• Vitreous haemorrhage
• Retinal detachment

• Laser therapy
• Ophthalmology review

Penis • Impotence
• Infertility

• Surgery (if needed)
• Urologist consultation

Somatic and 
sexual growth 
retardation

• Age of menarche delayed by 2.5 years. • Zinc supplementation may help.
• Endocrinologist consultation

Cognitive and 
psychological 
complication

• Cerebral infarcts (silent/overt)
• Decreased quality of life

• Ongoing cognitive and school performance assess-
ment.
• Counselling
• Neuropsychology or neurology consultation

•	 Fever management 

	Temperature≥101.3°F (38.5°C) and who do not  
appear ill 

•	Thorough history and physical examination, CBC with 
differential count, reticulocyte count, blood culture, an-
durine culture when urinary tract infection is suspected.

•	Empiric parenteral antibiotics that provide coverage 
against Streptococcus pneumonia and gram-negative en-
teric organisms to be initiated. Subsequent outpatient 
management using an oral antibiotic is feasible.

	Temperature ≥103.1 °F (39.5 °C) and who appear ill
•	Hospitalization for close observation.
•	Intravenous antibiotic therapy.

	Febrile illness is accompanied by shortness of 
breath, tachypnea, cough, and/or rales

•	Manage as per aforementioned recommendations.
•	Chest X-ray to investigate for ACS.
•	 Acute Splenic Sequestration
•	Assess for features of shock, immediately provide IV flu-

id resuscitation.
•	Blood transfusion must be considered for people who 

have acute splenic sequestration and severe anaemia to 
raise the haemoglobin to a stable level. 

•	Consider splenectomy in people with recurrent acute 
splenic sequestration or symptomatic hypersplenism.

•	 Acute Chest Syndrome.
•	Supplemental O2 therapy for drop in pulse oximetry by 
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4% over baseline, or values <90%.
•	Blood transfusion therapy.
•	Empirical antibiotics to be initiated (third generation 

cephalosporins and macrolide).

•	Incentive spirometry and chest physiotherapy as 
deemed necessary.

•	Pain control and fluid management.
•	 Blood Transfusion: See the relevant section 
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Recommendations:
1.	 The complications of SCD can be acute (vaso-occlusive crisis, sequestration crisis and aplastic crisis, haemolytic 

crisis, etc.) and chronic (involving almost all organs).
2.	Regular monitoring should be done to detect any chronic complications/organ damage at early stage.
3.	Management of specific organ involvement should preferably be multi-disciplinary approach and the interven-

tions are outlined above.
4.	Comorbidities like diabetes, hypertension, renal dysfunction and cardio-respiratory illness, etc., can deteriorate 

the sickle-related organ damage and thus should be managed aggressively.
5.	Disease modifying therapy like HU and blood transfusion (wherever indicated, with extended crossmatch-

ing should be considered along with the specific treatment.
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Transfusion Support
ch  a p t e r  9

All the complications of sickle cell disease (SCD) are 
because of polymerization of HbS.1 The management 
of SCD is focused to prevent HbS polymerization and 

reduce the circulating HbS percentage. Apart from reducing 
the HbS percentage, transfusion support in these patients has 
additional benefits like increasing the percentage of red cells 
with normal oxygen affinity and increasing Hb level with a 
longer life span of HbAA. 2,3 This may reduce the endogenous 
reticulocytosis and production of HbS, though the theory has 
not been demonstrated yet in the literature.4 Transfusion 
support in SCD depends on the clinical condition and feasibil-
ity and is of three methods as follows:

1.	Simple Transfusion (ST).
2.	Manual Red Cell Exchange(M-RCE)[autologous whole 

blood phlebotomy alternating with allogeneic PRBC and 
fluid infusion].

3.	Automated Red Cell Exchange (A-RCE)[removal of autol-
ogous RBC with allogeneic PRBC replacement using an 
apheresis device].

The detailed comparison of the above three methods of 
transfusion is depicted in Table-1.

Simple Transfusion Vs RCE

Simple transfusion (ST) is indicated with isolated symptomatic 
anaemia, like parvovirus B19 aplastic crisis, and splenic seques-
tration. ST may be indicated acutely as a temporary measure 
until RCE can be performed for conditions like acute stroke, 
transient ischemic attack, or rapidly progressive or severe acute 
chest syndrome. Though A-RCE is preferred over M-RCE for tar-
geted reduction of HbS and serum ferritin levels, the difference 
is not significant and also A-RCE is not significantly associated 
with increased risk related to the procedure. 6,7 

Indication for RBC transfusion 8

The indication for RBC transfusion in SCD patients can be 

categorized as acute and chronic. 

Acute RCE

1.	Acute stroke. 
2.	Rapidly progressive or severe acute chest syndrome (ACS).
3.	Multi-organ failure.
4.	Fat embolism syndrome.
5.	Acute sickle cell hepatic crisis.
6.	Acute hepatic sequestration.
7.	Pre-operatively in patients with Hb ≥ 10 gm/dl undergo-

ing moderate-risk surgery.
Chronic RCE is indicated as prophylaxis against stroke, 

silent infarct, recurrent ACS, recurrent painful episodes, 
and complicated pregnancy. 

Patients with SCD frequently require surgery due to 
obstructive sleep apnea, adenotonsillar hypertrophy, 
cholelithiasis, splenic sequestration, and avascular necro-
sis. Pre-operative RCE is recommended to target HbS level 
<50% in patients with Hb > 9gm/dl and if Hb < 9gm/dl, ST 
is recommended. Patients having high-risk surgery (e.g. 
cardiac or neurologic surgery) should have pre-operative 
RCE aiming for HbS% of <30%.[9] Transfusion recommen-
dation for different surgical risk in different genotype of 
patients is given below in Table-2. [For details, please refer 
to the chapter on “Sickle Cell Disease (SCD) and Surgery”]

Prophylactic transfusion is recommended at regular in-
tervals at the onset of pregnancy for women with a history 
of severe SCD-related complications prior to the current 
pregnancy, or the development of SCD-related complications 
during the current pregnancy. Still, there are limited studies 
on transfusion during pregnancy of SCD patients. Hb level 
> 7gm/dl and HbS level < 50% is recommended.6 [For details, 
please refer to the chapter “Management of SCD in pregnancy”]

Adverse Transfusion Reactions 

Every transfusion is associated with a risk of transfu-
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Table-1: Comparison of different method of Transfusion2,5

Table-2: Transfusion recommendation for different surgical risk 

Simple Transfusion Manual RCE(M-RCE) Automated RCE (A-RCE)

Availability Easily available Easily available Limited

Feasibility Any hospital Minimal expertise Expert and Equipment required

Staff Training Minimal Some Significant

Equipment Minimal Minimal Apheresis machine

Duration Time consuming Time consuming Rapid procedure

Frequency Short Interval Intermediate Long interval

Venous access Peripheral Peripheral± Central Central: High requirement
Peripheral: Fixed vein

Reduction in HbS% Poor control Intermediate Targeted therapy

Iron Accumulation High Intermediate Low

Risk of Hyperviscosity High with high Hb Less Less

Indications Acute anaemia
Low risk surgery in 
HbSβ0 Thalassemia with 
Hb <9

Acute stroke
Acutely unwell
(multi organ failure): Need ICU 
Support

High Risk surgery (cardiac/Neu-
rosurgery)

Acute Stroke
Acutely unwell
(multi organ failure): Need ICU 
Support

High Risk surgery (cardiac/Neu-
rosurgery)

GENOTYPE Hb(g/dL) Surgical Risk Recommendation
HbSS/HbS0 Thalassemia <9g/dL Low/Moderate Simple transfusion/partial

exchange/RCE

HbSS/Hbβ0 Thalassemia >9g/dL Low/Moderate Partial exchange/RCE

HbSC/Hbβ0/HbSS on Hydroxyurea with 
elevated HbF without severe phenotype

>9g/dL Low No transfusion

HbSC/HbSβ0 Thalassemia >9g/dL Moderate Partial exchange/RCE

All Genotypes High RCE

sion-transmitted infection, haemolytic transfusion reac-
tion, allergy, FNHTR, TRALI, iron overload, etc which is de-
picted in Table-3.10 But, the management of DHTR in SCD 
patients is challenging and the mitigation policy should be 
considered to reduce the morbidity and mortality associat-
ed with transfusion.

Delayed Hemolytic Transfusion Reaction/ Hyperhemo-
lysis:

DHTR is defined as a significant drop in Hb level with-
in 21 days of post-transfusion associated with alloimmu-
nization/haemoglobinuria/reticulocytopenia or reticu-
locytosis/raised LDH/ accelerated increase in HbS% with 

concomitant reduction in HbA level and exclusion of other 
causes. Rapid decline in Hb below the pre-transfusion level 
and rapid decline of post-transfusion HbA level is defined 
as Hyperhemolysis. The alloimmunization rate among SCD 
patients, transfusion with ABO and RhD matched red cell 
is much higher than the other multi-transfused patients, 
ranging from 18% to 45% and the findings are similar to 
the study done from the Eastern part of India having a high 
prevalence of SCD.11-14 The cause of alloimmunization is 
the difference in RBC antigen expression between patient 
and donor unit, ethnic/ racial difference, immunologi-
cal response of the patient, immunogenicity of the blood 
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Table-1: Comparison of different method of Transfusion2,5

SN Type of Transfusion Reaction Prevalence
(per 1,00,000 unit transfusion)

Mitigation strategy

1 Febrile non-hemolytic transfusion 
reaction (FNHTR)

1000-3000 Leukoreduction

2 Allergic reaction 112.2 Washed PRBC

3 Delayed hemolytic transfusion reac-
tion (DHTR)

40 Rh, Kell phenotype matched com-
patible unit transfusion

4 Acute hemolytic transfusion reaction 
(AHTR)

2.5-7.9 Rh, Kell phenotype matched com-
patible unit transfusion

5 Transfusion related lung injury 
(TRALI)

0.4-1 Plasma transfusion is more com-
monly implicated in TRALI. Hence, 
transfusion ofplasma products from 
a multiparous female donor is al-
ways avoided. 

6 Transfusion associated cardiac over-
load (TACO)

10.9 RCE has less chance of TACO.

7 Septic transfusion reaction 0.03-3.3 More commonly implicated in plate-
let transfusions. The skin flora of the 
blood donor is a primary source of 
bacterial contamination, and nee-
dles used for venipuncture may gen-
erate a small skin plug. Diversion of 
the initial blood volume (for exam-
ple, 10 – 20 mL) reduces bacterial 
contamination of collected blood. 

8 Red cell alloimmunization 50% without matching
5-24% with Rh,K matching
7% with Rh, K, Duffy, Kidd, S

Extended phenotype matched com-
patible unit transfusion

9 Iron overload Routine MRI of the liver after 10 
units transfusion, Iron chelation 
therapy

10 Hyperhemolysis transfusion reaction 1-4% 1. Avoid transfusion as much as pos-
sible
2. IVIG

group antigen and other risk factors like age and sex of the 
patient, old age and leukocyte contain of the blood unit.15 

So Red blood cell of choice for transfusion either in ST or 
RCE is Rh, Kell matched (if possible Kidd, Duffy, and MNS 
matched), leukoreduced, sickle cell negative, less than 7 
days old, and AHG cross matched compatible unit, should 
be transfused to avoid alloimmunization.6,8,16 In patients 
with SCD (all genotypes) with an acute need for transfusion 
and at high risk for AHTR or with a history of multiple or 
life-threatening DHTR, immunosuppressive therapy (intra-
venous immunoglobulin. [IVIg], steroids, and/or rituximab) 
over no immunosuppressive therapy is recommended.6

Immuno-hematological workup in a  
patient of SCD

1.	Blood grouping.
2.	Extended red cell antigen phenotype (C, c, E, e, K, k, Fya, 

Fyb, JKa, JKb, MNS).
3.	Antibody screening and Identification (Rule out alloim-

munization/ DHTR).
In Pregnancy: At Booking then at 28weeks of gestational age 

(GA), If antibody is present every monthly up to 28 weeks 
and then 2 weekly after 28 weeks of GA. 

4.	DAT/Monospecific DAT (DHTR, Hyperhemolysis: C3d  
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positive, IgG: Negative)

Transfusion Recommendations

1.	Red cell antigenic profile should be performed at the ear-
liest opportunity, optimally before 1st transfusion. It in-
cludes minimum Rh (D, C, c, E, e), and Kell. It is preferable 
to include Duffy, Kidd, and MNS.

2.	An extended red cell antigen profile by genotype or serol-
ogy over only ABO/RhD typing for all patients with SCD.

3.	Transfusion should be done only when it is needed and 

cannot be managed by alternatives. Red cell transfusion 
if needed should be selected as per the antigen profile as 
mentioned below.

4.	Red blood cell of choice for transfusion in ST and RCE: 
At least Rh, Kell matched, and preferably Duffy, Kidd, 
and MNS matched donor blood unit,  leukoreduced, sick-
le cell negative, and less than 7 days old, and AHG cross 
matched compatible unit, should be selected for trans-
fusion. 

5.	Antibody screening should be included in pre-transfu-
sion testing of previously transfused SCD patients.
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Recommendations:
1.	Transfusion should be done only when it is needed and cannot be managed by alternatives. Red cell transfusion 

if needed, should be selected as per the antigen profile mentioned below.
2.	Red cell antigenic profile should be performed at the earliest opportunity, optimally before 1st transfusion. It 

includes minimum Rh (D,C,c,E,e), and Kell. It is preferable to include Duffy, Kidd, and MNS especially if there 
is already development of allo-antibodies.

3.	An extended red cell antigen profile by genotype or serology over only ABO/RhD typing for all patients with SCD.
4.	Red blood cell of choice for transfusion in ST and RCE: At least Rh, Kell matched, and preferably Duffy, Kidd, 

and MNS matched donor blood unit, leuko reduced, sickle cell negative, and less than 7 days old, and AHG cross 
matched compatible unit, should be selected for transfusion.

5.	Antibody screening should be included in pre-transfusion testing of previously transfused SCD patients.
6.	The management of post-transfused hemolytic reaction should be done with IVIG, high dose of EPO and other 

supportive therapy.
7.	High risk patients (who have already developed allo-antibodies) who need blood transfusion as life saving proce-

dure should receive prophylactic Rituximab.



PAGE 97    www. ishbt.comI n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

Adv 2020;4:327-55.

7.	 Mukherjee S, Sahu A, Ray GK, Maiti R, Prakash S. Comparative evaluation of efficacy and safety of automated versus manual red cell 

exchange in sickle cell disease: A systematic review and meta-analysis. Vox Sang. 2022 May 30. doi: 10.1111/vox.13288. Epub ahead of 

print. PMID: 35645211.

8.	Tenhehco YC, Shi PA, Schwartz J. Transfusion therapy in sickle cell disease. Annals of Blood 2022. doi:10.21037/aob-21-67.

9.	Oyedeji CI, Welsby IJ. Optimizing management of sickle cell disease in patients undergoing surgery. Hematology. 2021 Dec 10;2021(1):405-

10.

10. Delaney M, Wendel S, Bercovitz RS, et al. Transfusion reactions: prevention, diagnosis, and treatment. Lancet 2016;388:2825-36.

11. Castro O, Sandler SG, Houston-Yu P, Rana S. Predicting the effect of transfusing only phenotype-matched RBCs to patients with sickle 

cell disease: theoretical and practical implications. Transfusion. 2002 Jun;42(6):684-90.

12. Aygun B, Padmanabhan S, Paley C, Chandrasekaran V. Clinical significance of RBC alloantibodies and autoantibodies in sickle cell 

patients who received transfusions. Transfusion. 2002 Jan;42(1):37-43.

13. Jariwala K, Mishra K, Ghosh K. Comparative study of alloimmunization against red cell antigens in sickle cell disease & thalassaemia 

major patients on regular red cell transfusion. Indian J Med Res. 2019 Jan;149(1):34-40.

14. Mukherjee S, Mishra D, Sahu A, Datta N, Das N, Prakash S. Retrospective analysis of various risk factors for red blood cell alloimmuni-

zation and its incidence in haemoglobinopathy patients at a tertiary care center in Odisha, Eastern India. Abstract presented at ISTM 

National Conference, 23rd-25th September 2022. (unpublished data)

15. Campbell-Lee SA, Kittles RA. Red blood cell alloimmunization in sickle cell disease: listen to your ancestors. Transfus Med Hemother. 

2014 Nov;41(6):431-5.

16. Davis BA, Allard S, Qureshi A, et al. Guidelines on red cell transfusion in sickle cell disease. Part I: principles and laboratory aspects. Br 

J Haematol 2017;176:179-91.

17. France Pirenne1,2 and Karina Yazdanbakhsh3, How I safely transfuse patients with sickle-cell disease and manage delayed hemolytic 

transfusion reactions, Blood: 21 June 2018 | Volume 131, Number 25: 2773 - 2781



PAGE 98    www. ishbt.com I n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

Hematopoietic Cell Transplant & Gene Therapy
ch  a p t e r  1 0

Sickle cell disease is the most common inherited hae-
moglobinopathy worldwide, and is a devastating, life 
threatening disease with limited therapeutic options 

to reduce disease severity. Although more than 94% of chil-
dren with SCD in well-resourced countries now survive 
until the age of 18 years due to routine newborn screening, 
penicillin prophylaxis, primary stroke prevention, and hy-
droxyurea (HU) therapy, chronic complications (that in-
clude stroke, sickle lung disease, renal failure, RBC allo-im-
munization, etc.) severely impact the quality of life (QoL), 
and mortality is still significant once patients reach adult-
hood. Majority of patients develop end organ damage due to 
repeated sickling crisis episodes, which ultimately severely 
cripple their young adult life. In India, the scenario is even 
more dismal. Despite the fact that the sickle phenotype 
prevalent in our country is of milder form as compared to 
the African counterpart due to high HbF levels, it is esti-
mated that about 20% of children with sickle diseases died 
by the age of two as reported in one ICMR survey, and 30% 
children with SCD among the tribal community die before 
they reach adulthood1. Additionally as SCD is particularly 
prevalent in tribal populations in our country, which com-
prise the most socioeconomically disadvantaged communi-
ties with lack of medical facilities to care for their disease, 
the estimates for chronic complications for SCD are expect-
ed to be very high. Thus it is estimated that unlike in the 
west, majority of patients of SCD who reach adulthood in 
our country develop chronic complications, thereby signifi-
cantly compromising their QoL as well as adding liability 
to the already burdened health care system of our country. 
Current treatment options, such as Hydroxyurea and regu-
lar transfusion therapy for the disease, only ameliorate the 
disease severity rather than actually curing it. In light of 
this, an allogeneic hematopoietic cell transplant (allo-HCT) 
is the only treatment strategy that is widely available in the 
country and can actually cure this disease. More recently 
there is increasing excitement on the prospect of gene ther-
apy becoming a one-time curative procedure for patients 

with sickle cell disease. There are different strategies being 
adopted for gene therapy in sickle cell disease and early 
phase clinical trials appear to be promising.2

Transplant Outcome in Sickle Cell disease

An  allo-HCT should be considered standard of care when a 
patient has an indication and an HLA-identical sibling do-
nor is available. The first successful cure of SCD after HSCT 
was reported in single pediatric patient in 1984 who had 
SCD and coexisting acute myeloid leukemia3,4. Since then, 
over 1,000 patients have received an HLA-identical sibling 
HSCT worldwide with a 5-year Event Free Survival (EFS) and 
Overall Survival (OS) of 91.4% and 92.9%, respectively5,6. EFS 
is lower with increasing age at transplantation and higher 
for transplantations performed after 2006 given improve-
ments in preparative regimens, supportive care, and man-
agement of complications.7 The data on transplant outcome 
in SCD from India is sparse, the reasons for which are nu-
merous. Firstly, majority of patients requiring allo-HCT for 
their disease are either not referred to higher center in a 
timely manner or they do not have a matched sibling al-
logenic donor (found in only 10% of patients) to undergo 
transplant. Additionally as previously mentioned, that the 
hot spot areas for the severe variety of the disease requiring 
transplant is predominantly located in the tribal areas of 
Central India and Odisha where the patients are very poor 
to afford this treatment. However with the Government’s 
renewed interest in the prevention and treatment of this 
disease at the national level, the financial roadblock for the 
transplant may be overcome in the near future.

Indications for stem cell transplant in 
Sickle cell disease

It cannot be stressed enough that not all patients with 
sickle cell disease require an allo-HCT. In fact a majority of 
patients in India have a mild phenotype that with conven-
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tional low cost medical intervention and occasional blood 
transfusions can lead a normal and productive life. An al-
lo-HCT is always associated with a risk of morbidity and 
some mortality and should hence be considered with some 
caution. Some indications to consider an allo-HCT are listed 
below (adapted from Walter MC et al. NEJM 1996).4 
  
•	 Stroke or central nervous system event lasting longer 

than 24 hours.
•	 Impaired neuropsychological function with abnormal ce-

rebral MRI scan.
•	 3 or more episodes per year of acute chest syndrome lead-

ing to recurrent hospitalizations in patients on Hydroxy-
urea (HU) therapy for at least 9 months. 

•	 More than 3 episodes per year of vaso-occlusive crisis re-
quiring hospitalizations in patients on HU therapy for at 
least 9 months. 

•	 Stage I or II sickle lung disease (patients with pulmonary 
hypertension but without/minimal  limitation of physi-
cal activity).

•	 Sickle nephropathy (moderate or severe proteinuria de-
fined as urinary protein to creatinine ratio of >50 mg/
mmol (442 mg/g) or a glomerular filtration rate 30 to 50% 
of the predicted normal value).

•	 Bilateral proliferative retinopathy with major visual im-
pairment in at least one eye.

•	 Osteonecrosis of multiple joints.
•	 Red-cell allo-immunization during long-term transfu-

sion therapy.
•	 Tricuspid regurgitant jet velocity (TRJV) ≥2.7 m/son2D-

Echo. 
•	 Regular RBC transfusion therapy (≥8 transfusions per 

year for ≥ 1 year) to prevent vaso-occlusive complications.

Contraindications for Stem cell 
transplant in Sickle cell disease

•	 Karnofsky or Lansky functional performance score <50-70. 
•	 Acute hepatitis with evidence of intrahepatic cholestasis 

or cirrhosis on biopsy.
•	 Severe renal impairment (GFR<30ml/min/1.73m2).
•	 Severe cardiac disease. 

•	 Stage III or IV sickle lung disease (Patients with pulmo-
nary hypertension resulting in marked limitation of 
physical activity).

•	 Demonstrated lack of compliance with medical care.

Timing of Allogeneic hCT in Sickle cell 
Disease
 
Young patients, preferably preschool age (2-5 years)with 
symptomatic SCD who have an HLA-matched sibling do-
nor should be transplanted as early as possible. This strat-
egy is often beneficial as it prevents permanent end-organ 
damage, thereby also improving the transplant outcome 
and quality of life. A recent risk score based on registry 
data would suggest that the best outcomes are seen in 
patients < 12 years of age with a HLA identical sibling al-
lo-HCT.8

Pre-transplant evaluation 

A detailed pre-transplant evaluation which includes a de-
tailed history and examination along with extensive coun-
selling of the family is absolutely essential before proceed-
ing with an allo-HCT. Suggested tests are listed below:
•	 Confirm diagnosis of patient and donor.
•	 Complete Blood Count (CBC), Kidney Function Test (KFT), 

Liver Function Test (LFT) , Urine Routine Examination.
•	 Coagulation Screen (PT/APTT/Fibrinogen).
•	 Viral Serology: Hepatitis B, C ,HIV, CMV, EBV
•	 S. Ferritin (Quantitative).
•	 Surveillance Cultures (Blood, Urine, Stool. Throat swab)
•	 Chest X Ray.
•	 HLA typing (High Resolution HLA-A,B,DQ, DR) of patient 

and donor.

To Assess End-organ Damage
 
•	 CNS: Cerebral magnetic resonance imaging (MRI) and 

magnetic resonance angiography. 
•	 Cerebral blood flow velocity determined by transcranial 

Doppler velocity
•	 Pulmonary : Chest X Ray; PFT (total lung capacity, forced 
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vital capacity, residual volume, and the ratio of forced ex-
piratory volume to forced vital capacity), HRCT indicated 
only in case of strong clinical suspicion of Sickle lung dis-
ease. 

•	 Hepatic: Liver biopsy/R2 MRI if S.Ferritin>2500ng/ml to 
assess hepatic iron overload.

•	 Ophthalmic : Fundus Examination (to r/o retinopathy)
•	 Renal:  Urine protein/creatinine ratio, 24 hr urine protein 

(to r/o proteinuria).
•	 2-D Echo: to r/o pulmonary hypertension. 

Preparative/Conditioning Regimen

A myeloablative conditioning regimen comprising my-
eloablative doses of Busulfan (14-16 mg/kg in divided 
doses administered over 4 days); Cyclophosphamide (200 
mg/kg in divided doses administered over 4 days) along 
with immunosuppressive doses of Rabbit ATG (10-15mg/
kg given over 3 days) with either bone marrow (BM) or a 
peripheral blood stem cell (PBSC) as the source of hema-
topoietic cells has resulted in excellent OS (91-100%) & 
EFS (82-100%) in several studies7,9.  The addition of ATG 
decreases the risk of graft rejection from 22.6% to 3% 
and should be considered as standard of care in HSCT 
myeloablative preparative regimens9. Methotrexate (on 
day +1.+3,+6,+11) along with cyclosporine (maintaining 
trough levels 200-300 ng/ml) is recommended as stan-
dard Graft versus Host Disease (GVHD) prophylaxis. The 
overall rates of acute and chronic GVHD utilizing a cyc-
losporine-based immunosuppressive regimen range be-
tween 10-22%, though GVHD was a main cause of treat-
ment related mortality (TRM) in several studies.

It must be noted that there are many alterations to 
conditioning regimens and GVHD prophylaxis regimens 
that are beyond the scope of this overview, in short for 
haplo-identical allo-HCT and especially for T cell depleted 
strategies of allo-HCT with a haplo donor there are multi-
ple options without a well-defined standard at this time. As 
for all allo-HCT for benign hematological disorders a bone 
marrow source of stem cells is preferred over PBSC. In India 
for all practical purposes a cord blood transplant is not per-
formed in most centers and is hence not an option.   

Post-Transplant Evaluation

Post-transplantation, a careful follow up is required for 
monitoring both acute as well as chronic complications. 
This should be done under the close supervision by a trans-
plant physician. A summary of the key aspects that needs to 
be monitored is listed below:

•	 Chimerism Studies – Quantitative restriction-fragment–
length polymorphisms (RFLP) or tandem repeats in DNA 
on Day 30, 60, 90 and 365.

•	 Cerebral MRI with angiography:  At 180 and 365 days post 
transplantation. 

•	 Hypertension monitoring at each OPD visit.
•	 Iron Overload (S. Ferritin).
•	 Osteoporosis/ Avascular Necrosis.
•	 Pulmonary function  test (Annually).
•	 Renal: Urine Protein/ Creatinine Ratio, 24 Hr Urine Pro-

tein (Annually).
•	 Ophthalmic Examination (Annually).
•	  To be monitored annually.
•	 Growth.
•	 2nd  Malignancy.
•	 Hypogonadism.
•	 Dyslipidemia.
•	 Thyroid function. 

yy Vaccinations: Inactivated or killed vaccines in all eligible 
patients to be initiated between 6 and 12 months after 
transplantation. There are various standard vaccination 
schedules available and it is up to the transplant physi-
cian to ensure that they administered appropriately to 
the post-transplant recipient, preferably after all immu-
nosuppression has been discontinued. 

Warning Signs in Post-transplant 
patients

The presence of any of the following symptoms/signs in a 
post-transplant patient may suggest GVHD/any serious in-
fection and warrant urgent admission or referral to higher 
center.
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•	 Fever > 100.50 F lasting for >24 hrs.
•	 Loose motions.
•	 Redness/rash  over the skin.
•	 Persistent vomiting.
•	 Dryness of mouth/eyes.
•	 Ulcerations in the mouth/ difficulty in swallowing.
•	 Significant weight loss.
•	 Recurrent fall in haemoglobin level.

Special issues during HSCT in SCD  

Seizures: It is one of the most dreaded complications 
during/after allo-HCT particularly in SCD patients. The 
etiology may be multifactorial that include intracerebral 
haemorrhage, vasculopathy, hypoxic injury due to sickling, 
uncontrolled hypertension or hypomagnesemia/electrolyte 
disturbances. Anticonvulsant prophylaxis with phenytoin/
levetiracitam should be routinely prescribed to all the pa-
tients and continued for six months post transplantation. 
In addition other supportive measures like intensive moni-
toring of blood pressure, magnesium levels (maintained be-
tween 1.8-2.2 meq/dl), platelet count (maintained >20,000/
cumm) and haemoglobin levels (between 9-11gm/dl) should 
be done.  
Stable Mixed Chimerism (MC): Stable mixed chimerism 
with a reduction rather than an elimination of haemoglo-
bin S is sufficient to reverse the SCD phenotype as erythro-
poiesis by a minority of engrafted donor cells can lead to a 
majority of circulating normal erythrocytes with a survival 
advantage over short-lived sickle RBCs. In these MC regi-
mens, donor chimerism values as low as 10% to 20% were 
sufficient to improve Hb levels, HbS % and SCD-related 
complications.10

Data from India: There is limited data from India espe-
cially of patients of Indian origin. A recent report pre-
sented data of 25 patients (all from sub Saharan Africa) 
undergoing a haplo-identical T cell replete transplant 
with an impressive 88% survival at 2 years.11 Many ac-
ademic centers including the authors have done a few 
cases which have not been systematically evaluated or 
reported on. Further work needs to be done to capture 
such data systematically. 

Gene Therapy

Gene therapy is an alternative potentially curative thera-
py for sickle cell disease, while early phase clinical trials 
are ongoing and is currently not widely available. An ad-
vantage over an allo-HCT is that the procedure uses the 
recipient's own stem cells and corrects the genetic defect 
usually with the help of an in-vitro viral vector, this is 
then re-infused into the patient after a conditioning regi-
men to provide an advantage to the infused and transduc-
ed hematopoietic stem cells over the resident stem cells 
in the patient. Since the stem cells are from the recipient 
there is no risk of Graft Versus Host Disease. Long term 
follow up data is still required especially for the risk of in-
sertional mutagenesis that can cause cancer and the an-
ticipated costs are prohibitive raising concerns about the 
widespread availability of this therapy for the communi-
ty, more so in India. 

The types of gene therapy currently being evaluated for 
sickle cell disease can be broadly categorized into four main 
groups:2 

1.	Gene addition therapy: this is the most widely studied 
and already in clinical trials. Here an additional HbS gene 
is added into hematopoietic stem cells in-vitro with the 
help usually of a lentiviral vector. The native HbS gene is 
not altered.  

2.	Gene-editing therapy: here usually an unrelated gene 
that regulates phenotype by altering for example the HbF 
levels is targeted. Current available therapies target the 
BCL11A gene, a negative regulator of HbF and by the gene 
editing is used to turn off the regulation of HbF in order 
to increase HbF production and ameliorate the pheno-
type.

3.	Gene silencing therapy: Similar to gene editing the BC-
L11A gene, but here instead of editing the respective gene 
the gene product is silenced by introducing a gene to pro-
duce an antisense strand to messenger RNA of interest to 
silence the gene product.

4.	Gene correction therapy: Here by various editing tech-
niques the mutated native HbS gene is corrected.

Summary of current and upcoming clinical tri-
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Recommendation:
1.	SCD patients who are manageable with standard therapy should continue with their treatment regimen.
2.	Allogenic BMT may be considered in a sub-set of high risk patients with anyone of the complications/indications 

discussed above.
3.	Myeloablative conditioning regimen with Busulfan, Cyclophosphamide and ATG are preferred.
4.	Pre and post BMT management should be as per SOPs.
5.	Gene therapy looks realistic, which may be available in near future.

als is provided in the table below (from Kanter et al. 
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Immunization & Antibiotic Prophylaxis
ch  a p t e r  1 1

SCD children are at high risk of serious infections with 
encapsulated organisms. Risk of mortality from septice-
mia increases by about 350 times in SCD. Risk is higher 

in U-5 children than other children / adults.[3] As early as six 
months of age, infants with SCD develop abnormal immune 
function because of splenic dysfunction. By five years of age 
most children with SCD have complete functional asplenia. 
Regardless of age, all patients with SCD are at increased risk 
of infection and death from bacterial infection, particularly 
encapsulated organisms such as Pneumococcus, Hib and Me-
ningococcus.1

Vaccination with Pneumococcal ( both conjugate & poly-
saccharide ), Hib, meningococcal and typhoid vaccine is in-
dicated in addition to all routine vaccines. All live vaccines 
may be safely given.

Currently in India, children used to get protection 
against Hib and Pneumococcus as a part of NIS. Those di-
agnosed beyond infancy should get Hib and Pneumococcal 
protection by catch up immunization schedule. However 
each should get at least one dose of PPSV23 beyond two 
years of age. As Typhoid and Menigococcus are not covered 
in NIS, they should be given in office practice.

For an Example: For a newly diagnosed four year old 
child with SCA who has taken all immunizations as per 
NIS should start one dose of PCV13, 2nd dose 8 weeks later, 

one dose PPSV23 8 weeks after 2nd dose of PCV13. In addi-
tion to this one dose TCV, 2 doses of MCV4 8 weeks apart 
to be given.

Splenectomy

 In patients with planned splenectomy, vaccination should 
be initiated at least two weeks prior to splenectomy for 
achieving a superior immunologic response. In those who 
have undergone emergency splenectomy, studies indicate 
that vaccination done two weeks after splenectomy is as-
sociated with a superior functional antibody response as 
compared to vaccination immediately following surgery.2 
Penicillin prophylaxis should be given after splenectomy.1

Pneumococcal Prevention

Routine Vaccination
•	 Currently PCV is included in NIS as 2+1 schedule ( 6,14 

weeks & nine months. )
•	 As per ACVIP (2020-21) 3 primary doses at 6,10,14 weeks 

with a booster at age 12 through 15 months.

Catch-up Vaccination

•	 PCV & PPSV both are to be used.

NIS 20224

Age Vaccines 
Birth BCG, OPV, Hepatitis B 
6 Weeks Pentavalent &OPV, +Rota + fIPV+ PCV 
10 weeks Pentavalent &OPV, +Rota 
14 weeks Pentavalent & OPV, +Rota + fIPV + PCV 

9-12 months MR1, JE** + PCV 
16-24 months MR2, JE**, DPTB1, OPV 
5-6 years DPTB2 
10 years Td 
16 years Td 
Pregnant Mother Td (1, 2 ) or Td Booster*** 

** in endemic districts only
*** one dose if previously vaccinated within 3 years
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•	 For children < 6 years 2 doses of PCV13 at least 8 weeks 
apart.

•	 For children > 6 years single dose of PCV13.
•	 Administer PPSV23 at least 8 weeks after the last dose of 

PCV to children aged 2 years or older.
•	 An additional dose of PPSV23 may be administered after  5 

years.
•	 PPSV23 should never be used alone.

Brands available in INDIA:

•	 PCV13 (Prevenar 13 @ Pfizer). 
•	 Prevener 13 is the most widely used PCV in the world. It 

is included in NIS in 102 countries. It was included in In-
dia’s NIS in 2017.

•	 PCV10 (Synflorix @ GSK).
•	  Synflorix is not intended for use in adults.
•	 Indigenous PCV10 (Pneumosil).

After the launch of Pneumosil in december. 2020, 
world’s most affordable PCV, Indian govt included this in 
NIP. As of now this vaccine is given until 2 years.

Hib Prevention

•	 As per NIS Hib is given as a component of Pentavalent 
vaccine at 6,10,14 weeks.

•	 As per ACVIP Hib is given as a component of hexavalent 

/ pentavalent vaccine at 6,10,14 weeks & booster at 15 
through 18 months.

•	 As of now standalone Hib is not available.

Meningococcal Prevention:

•	 Meningococcal conjugate vaccine (MCV4, Menactra) pri-
mary dose  given at 9 months along with MMR, 2nd dose 
given 3 months after.

•	 After age 2 years  2 doses of MCV4 ( Menactra / Menvio)  
given 8-12 weeks apart. A booster dose should be admin-
istered every 5 years. [3]

Typhoid Prevention:

•	 A single dose of TCV is recommended from the age of 6 
months onward routinely.

•	 For a child who has received only typhoid PS vaccine, a 
single dose of TCV is recommended.

•	 Routine booster of TCV is not recommended as of now.

Brands  available in INDIA:

•	 Typbar TCV @ BBIL.
•	 Zyvac TCV @ Zydus Cadila.
•	 TyphiBev @ BE.
•	 Enteroshield @ Abbott, 0.5ml PFS.

IAP Immunization Schedule 2020-212

Age Vaccines 
Birth BCG, OPV, HepB 
6 weeks Hexavalent1 +Rota1 + PCV1 
10 weeks Hexavalent2 + Rota2 + PCV2 

14 weeks Hexavalent3, + Rota3 + PCV3 

6 months Flu1 + TCV 
7 months Flu2, then annually till 5years 
9 months MMR1 
12 months HepA1
15 months MMR2, Varicella1, PCVB 

18 months Pentavalent, HepA2, Varicella2 

4 to 6 years Tetravalent, MMR3 
10 years Tdap,HPV (0,6) 
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Flu Prevention

•	 Yearly Flu shots are given.1

•	 If flu is given for first time beyond 6 months till 8 years , 2 
doses to be given 1 month apart. There after annual shots 
are given.

•	 Though AAP recommend annual flu shots India being in  
hot climatic zone ACVIP endorse flu shots till 5 years of 
age like the schedule for normal children.

Brands available in India:

•	 Fluarix tetra @ GSK.
•	 Influvac tetra @ Abbott.
•	 Fluquadri @ Sanofi.
•	 Vaxiflu-4 @ Zydus.

Recommendation:
In addition to Routine Immunizations specific im-
munizations like Pneumococcal, Hib, Menigococcal 
and Typhoid  are highly recommended.

Penicillin Prophylaxis 

Children with SCD are at substancially increased risk for 
invasive pneumococcal disease; daily antibiotic prophy-
laxis untill the age of 5 significanty reduces the risk. Daily 
penicillin prophylaxis decreases episodes of pneumococcal 
bacteremia.

Splenic dysfunction begins as early as 3 months in in-
fants with HbSS. All these children should be started on 
prophylactic Penicillin as early as 2-3 months of age.This 

prophylaxis should continue for a minimum of 5 years. No 
established guidelines exist for Penicillin prophylaxis be-
yond 5 years of age.2

Continue prophylactic penicillin beyond 5 years if child 
has undergone a splenectomy or had an pneumococcal in-
vasive disease.
1.	Oral Penicillin V potassium. 
62.5mg/bd < 1 year.
125mg/bd after 1y till age of 5 years.
250mg/bd after 5 years. 

Amoxycillin is not a good choice as it has not been stud-
ied to see effectiveness at preventing infection in SCD. It 
causes more side effects and puts patients at increased 
risk for development of resistant organisms.

2.	Patients allergic to Penicillin macrolides like Erythromy-
cin / Azithromycin can be used.
Erythromycin 125mg/bd less than 5 years age Azithromy-
cin 6mg/kg/d.

Conclusion

In India Penicillin V is not available. The brand which is 
available in India is Pentid , a Penicillin G Potassium. This 
form of Penicillin is typically used in IV or long acting in-
jectable formulation due to poor oral absorption. This is the 
reason where option for antibiotic prophylaxis remains 
with Erythromycine/ Azithromycine.

However all data regarding effectiveness of Penicillin 
prophylaxis belong to US & other develped world, a country 
like India where we deal with mostly Asian haplotype SCD 
where most patients present with pneumococcal disease at 
a later age in contrast to African haplotype presenting as 
earlier age.

Recommendation:
Pneumococcal vaccination is mandatory in compar-
ision to  Penicillin prophylaxis in SCD children (U-5) 
in our country.

1. Nelson text book of pediatrics, 21st edition.

2. ACVIP 2020-21 Recommendations.

3. IAP Q&A on Vaccines & Vaccinology, 2021.

4. National Immunization Schedule 2022 India.
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Monitoring
ch  a p t e r  1 2

Sickle cell diseases (SCD) are a group of inherited,au-
tosomal recessive hematological disorders caused 
due to point mutation (G6V) in the β-globin chain 

of haemoglobin (Hb) resulting in formation of HbS, which 
is an abnormal haemoglobin.1 This can damage any part 
of the body starting right from the brain till the legs and 
can affect every organ and organ systems. Hence, regular 
monitoring is advised for early-stage detection of SCD and 
its complications in order to avoid the end-organ damage 
which can lead to improved quality of life in these patients.

As the sickle cell disease is more prevalent in tribal areas 
in various states across the country, a uniform guideline 
should be practiced in managing as well as monitoring the 
patients.2

Monitoring of cerebrovascular disease
The reported incidence of pediatric stroke is generally 300 
times higher in SCD patients than the general population. 
Overt stroke occurs in up to 11% of children with SCD by age 
18-24 and around 24% by the age 45. The risk of stroke is 
highest during the first decade, and it is most significant 
between ages 2 and 5, when it reaches 1.02% per year.3 The 
prevalence of stroke in Asian patients with sickle cell anae-
mia was reported to be 5% (95% CI: 4%, 6%) with a range of 
1–41%, in a pooled metadata analysis.

In this monitoring approach, Transcranial Doppler (TCD) 
measurements of blood flow velocities in the major cerebral 
arteries are predictors of stroke risk in HbSS/HbSB0 at ages 
2 to 16 (4). In children (with SCD) the rate of silent cerebral 
infarcts is up to 39% whereas in adults, it is reported to be 
43% and thus, these patients are associated with neurocog-
nitive deficits and increased risk for overt strokes.5

The following factors increase the risk of 
stroke in SCD patients:

(i)	Elevated cerebral blood flow velocity by transcranial  
Doppler.

(ii)	 Obstructive sleep apnea and nocturnal hypoxemia.
(iii)	Silent cerebral infarctions.
(iv)	Hypertension. 
(v)	 Atrial fibrillation & Patent Foramen Ovale.

The screening parameters for silent cerebral in-
farcts include:
(i)	Baseline cerebral MRI/magnetic resonance angiography 

at age 10 years (without sedation).
(ii)	 Neurocognitive testing for any child with difficulties in 

school, abnormal transcranial Doppler, or MRI. 
(iii)	Evaluation by a neurologist. 

Monitoring of Cardiovascular Disease
Ischemic heart disease, left ventricular dysfunction, and 
congestive heart failure are associated with mortality in 
adults with SCD. Pulmonary hypertension occurs in more 
than 30% of adults with SCD and is associated with an 
increased risk of mortality. Ischemic heart disease, left 
ventricular dysfunction, and congestive heart failure are 
associated with mortality in adults with SCD. Pulmonary 
hypertension is the average of pulmonary artery pressure 
estimated by tricuspid regurgitant having a jet velocity of 
2.5 m/s or greater on Doppler echocardiogram. It is associ-
ated with diastolic dysfunction, but both are independent 
predictors of mortality in adults and are seen less frequent-
ly in children.6, 7

The screening guideline, parameters include:  
(i)	Screening transthoracic echocardiogram at the age 10 

(with an interval of every 2 to 5 years). 
(ii)	 Evaluation of obstructive sleep apnea, hepatic dysfunc-

tion, and chronic kidney disease. 
(iii)	Evaluation of right ventricular function with tricuspid 

annular plane systolic excursion.
(iv)	Evaluation of tricuspid regurgitant jet velocity, diastol-

ic dysfunction (mitral valve E/A velocity and lateral left 
ventricular E/e’ ratios) and left ventricular function.
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(v)	 If repeated evaluation of tricuspid regurgitant jet veloc-
ity is 3.0 m/s or greater at clinical baseline, then obtain 
a 6-minute walk test, pulmonary function tests, and NT-
pro BNP. It also should exclude obstructive sleep apnea, 
hepatic abnormalities and chronic kidney disease.

(vi)	Cardiological intervention for Right heart catheteriza-
tion, when indicated. 

Monitoring of pulmonary complications
In SCD patients, the pulmonary complications include acute 
chest syndrome, chronic sickle lung disease airway hyper-
reactivity, pulmonary hypertension, and sleep disordered 
breathing. Monitoring of additional complications can aid 
to disease understanding and diagnosis.

The screening guideline, parameters include:
(i)	Familial history of allergy, asthma, or atopic dermatitis.
(ii)	 Identification of history of wheezing, shortness of 

breath, night-time cough, and frequent upper respirato-
ry infections. 

(iii)	 Identification of allergies, chronic rhinosinusitis, ob-
structive sleep apnea, and gastroesophageal reflux.

(iv)	 Test for monitoring of acute chest syndrome, pulmonary 
function tests at age 8 or older, peak expiratory flow rate. 
Repeated periodic screening to monitor for restrictive 
changes.

Monitoring of renal complications
In SCD patients, the renal complications involve sickle 
cell nephropathy  (SCN) which is characterized by altered 
haemodynamics in renal circulation, proteinuria, chron-
ic kidney disease, acute kidney injury, impaired urinary 
concentrating ability/ hyposthenuria, distal nephron dys-
function, haematuria, and increased risks of urinary tract 
infections.8

The screening guideline, parameters include: 
 Enquire for NSAID abuse and exclude analgesic induced 
nephropathy. 
(i)	Monitoring of blood pressure and haemoglobin at all vis-

its.
(ii)	 Annual urine analysis (urine albumin/creatinine ratio) 

from 10 years of age and if abnormal, analyze the first 
morning void urine. If microalbuminuria or macroalbu-
minuria is observed, then 24-hour urine protein analysis 
is to be done. 

(iii)	 Monitor potassium level and estimate the glomerular 
filtration rate and stage of chronic kidney disease.

(iv)	 Consult a nephrologist for hypertension, proteinuria, 
a creatinine of greater than 0.7 mg/dL in children and 
greater than 1.0 mg/dL in adults. 

(v)	 For gross or microscopic hematuria, a renal ultrasound 
examination is done to diagnose papillary necrosis and 
rarely, renal medullary carcinoma.

Monitoring of hydroxyurea in SCD patients af-
ter treatment
Hydroxyurea, is the only widely available, affordable and 
effective drug to reduce the frequency of painful episodes 
in SCD patients. It is able to ameliorate the VOCs by various 
mechanisms discussed elsewhere. Being a cytotoxic drug, 
its monitoring is essential so as to achieve maximum bene-
fit with minimal side effects.9

The screening guideline parameters include:
(i)	Baseline complete blood count/ differential (absolute 

neutrophil count), reticulocyte count, creatinine, and 
liver function tests (ALT, bilirubin) – before starting hy-
droxyurea.

(ii)	 High-performance liquid chromatography at baseline 
and thereafter to monitor adherence of drug intake.

(iii)	 Monthly complete blood count for monitoring myelo-
suppression. 

(iv)	 Efficacy of the drug can be assessed by reviewing his-
tory (crisis, admissions, and blood transfusions), mean 
corpuscular volume, white blood cell count, reticulocyte 
count, bilirubin and lactate dehydrogenase.

Monitoring of Chronic Blood Transfusion & its 
Complication
Blood transfusion is not required for all sickle cell disease 
patients. But, those on chronic transfusion therapy for com-
plications of SCD need to be monitored.10 Transfusion in-
creases the total Hb level while proportionately decreasing 
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the HbS level in the circulation. Thus, it increases the oxygen 
carrying capacity while decreasing the adhesiveness of the 
blood corpuscles. Monitoring of serum ferritin (SF) is essen-
tial to identify and start iron chelation in patients with iron 
overload. However, relationship of SF with total body iron is 
not linear after 20 units of blood transfusion  or SF value of 
1500-2000 or higher. (11) Reverse also occurs while monitor-
ing of chelation therapy;  lowering of iron load is not reflect-
ed by SF even at 1 year. (12) Hence, cardiac MRI T2*, Liver R2*, 
liver iron concentration (LIC), are alternative tools to deter-
mine the exact iron overload.

The screening guideline, parameters include:
(i)	Transfusion should be avoided at haemoglobin levels of 

greater than 10 g/dL to avoid hyperviscosity.
(ii)	 Red blood cell phenotyping should be done before the 

start of transfusion, and screening for allo-antibodies to 
be carried out to prevent allo-immunization. 

(iii)	 Extended phenotypically matched blood (D, Cc, Ee, Kell, 
Kidd, and Duffy) should be transfused to have an optimal 
Hb increment.

(iv)	 Complete blood count, reticulocyte count, type and 
screen before first and then each subsequent transfusion.

(v)	 Annual screening of hepatitis/human immunodefi-
ciency virus for monitoring transfusion transmitted in-
fections.

(vi)	 Monitoring for iron overload and chelation toxicity in-
cludes –3-6 monthly serum ferritin, renal and hepatic 
function, annual audiology and ophthalmology screen-
ings. Measurement of hepatic iron overload by MRI liver 
R2* and cardiac iron deposition by cardiac MRI T2* is rec-
ommended.

Other systemic monitoring includes
(1)	 Ophthalmology evaluation for retinopathy at age 10 

and biannually if normal.
(2)	 Bone density evaluation at age 10, and reevaluation if 

abnormal.
(3)	 Radiologic assessment of hip joints, knees and lum-

bo-sacral spine or other bones for avascular necrosis and 
osteomyelitis of bones, if symptomatic.

(4)	 Vitamin D level monitoring and supplementation if <30 
IU.

(5)	 Screening for dyslipidemia, T2 diabetes mellitus and 
hypertension in older adults with SCD to initiate after 40 
years.

Recommendation:
Investigations Frequency Comments

CBC with reticulocyte count 3 monthly To see response of HU Monitor ANC and platelet 
count for HU side effects

Extended phenotyping of RBCs Before 1st Transfusion of PRBC To minimize chance of alloimmunization

Renal function test 3 monthly Adverse effects of HU Renal complications of SCD

Liver function test 3 monthly Adverse effects of HU

Transcranial Doppler Annually after 2 years of age till 16 yrs For stroke prevention and screening

Screening MRI At least once at 10 yrs age To evaluate cerebrovascular infarct or silent brain 
infarcts

BP and oxygen saturation
Measurements

Every visit Screening for cerebrovascular disease (CVD), ob-
structive sleep apnea (OSA), pulmonary hyperten-
sion, and chronic pulmonary disease

Overnight oxygen
saturation measurement

Low oxygen saturation in OPD visit Screening for CVD and OSA

Pulmonary function tests Low oxygen saturation (<95%) Rule out chronic sickle pulmonary complications

Bone Density At 10 years age Nutrition consultation and re-evaluation if 
abnormal
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Figure: 1

Recommendation:
Investigations Frequency Comments

2D echocardiography At least at 10 years age & every 2-5 
years, if normal 

Screening for pulmonary hypertension & diastolic 
dysfunction 

6 min walk test & NT Pro BNP Annually Only if features of pulmonary hypertension are 
present

Urine analysis and specific
gravity, urine albumin by
creatinine ratio ACR 

Annually after 3–5 years of age To screen renal complications of SCD 

HIV/HBsAg/HCV Annually Children requiring intermittent or regular 
transfusions 

T2*MRI heart and R2* MRI liver Annually Evaluation of iron overload status 

Ferritin 3–6 monthly Evaluation of iron overload status 

Retina screening Biannually after 10 years of age To detect early proliferative sickle  retinopathy 

MRI scans Persistent painful hips or shoulders To rule out avascular necrosis 

Psychological, educational,
and social interventions 

Annually or when required Improve quality of life. Assess cognitive abilities 
and behavioral issues 
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1.	 Purpose and Scope

The objective of this ICH guideline is to propose the 
management of pregnant women with SCD (HbSS, 
HbS/β0 Thalassaemia, HbS/β+ Thalassaemia, HbSC 

etc) in India. It includes pre-conceptual counselling / screen-
ing, antenatal intra-partum and postnatal management. 

2.	Backg round & Introduction

SCD is one of the most commonly inherited conditions 
worldwide. There are five different Haplo types: Senegal, 
Benin, Central African Republic (CAR or Bantu), Camer-
oon and Arab-Indian (or Asian). The severity of the pheno-
type varies widely and the Arab-Indian Haplo type has the 
least severe clinical course which is predominantly due to 
presence of raised of HbF that inhibits HbS polymeriza-
tion. 
SCD patients in India belong to Arab-Indian Haplo type 
mostly. They are leading a symptom-free prolonged life 
with regular administration of Hydroxyurea (HU) and oth-
er supportive and preventive measures. As a result most of 
these patients are getting married and expressing their de-
sire to have children. 

Pregnancy with SCD Anaemia is of high risk category 
with increased maternal complications such as anaemia, 
vaso-occlusive (VOC) crises, acute chest syndrome (ACS), 
jaundice, maternal mortality, preeclampsia, urinary tract 
infections, etc.

The Indian studies have reported various complica-
tions: low birth weight (16.5% to 100%), prematurity (16.6% 
to 72%), IUGR (3.3% to 50%), still birth (3.7% to 25.5%) and 
neonatal death (0% to 8.3%) etc. 1 to 11 There is paucity of 
evidences to recommend the management of SCD in preg-
nancy and vice versa due to lack of adequate randomized 
controlled trials. However, the following recommendations 
are based on available data, extrapolation of the evidences 
and consensus expert opinion.

1.	 Preconception Care

A thorough discussion regarding the pros and cons of con-
ception and pregnancy should be done with women, part-
ner and family members (whenever needed). This should 
include the reproductive options (Surrogate Pregnancy, 
Adaptation) partners screening, optimization of manage-
ment at different stages and review of teratogenic medica-
tion, etc.

Recommendation:
1.	The women with SCD and her  husband should 

accept pregnancy at their own risk as there are 
no reliable predictors of the risk, morbidity and 
mortality related to pregnancy.

3.1 Genetic Screening

Woman with SCD whose partner is a carrier of other Hb Pa-
thy gene will have a risk of up to 50% in each pregnancy of 
having a child with a sickling disorder.

Recommendation:
1.	All women with SCD should undergo with partner 

testing prior to the initiation of pregnancy.
2.	High risk couples (Both carrying the Hb Pathies 

genes) should be counselled for reproductive 
options, prenatal diagnosis or pre-implantation 
genetic diagnosis (PGD). 

3.2 Pre-conception Comprehensive Review 
of Complications
Prior to pregnancy the women should have comprehensive 
evaluation of general health, cardio-vascular system in-
cluding eco-cardiography, renal function, urinary protein 
(albumin / protein: creatinine ratio, pulmonary function 
test, neurological evaluation and various complications of 
SCD. 12 - 13 The management should be optimized before em-

Management Of Pregnancy
ch  a p t e r  1 3
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barking on pregnancy.

Recommendation:
1.	Conception and pregnancy should be discussed in 

Annual Medical Review.
2.	All women should be examined and managed by 

necessary special investigations as per the need 
prior to the pregnancy.

3.3. Pre-conception Medication Review

A detailed review of the medications should be done prior 
to the conception. Folic acid is recommended daily before, 
during and after pregnancy.13 - 14 Vitamin D deficiency is 
common across the India. It should be prescribed as a sup-
plementation during pregnancy.15

Patients with SCD are prone for infection due to 
non-functioning of spleen. Penicillin prophylaxis may be 
considered in those patients with features of recurrent 
infections. Paracetamol and codeine containing analgesic 
are safe and effective and considered as first line therapy 
for pain management.16-17 If not effective, NSAIDs can be 
used with caution before 12 weeks and avoided after 13 
weeks as it increases the risk of premature patent of the 
doctors.16 

Opioid use can be assessed by a special chronic paint-
ing. Potential terratogenic medications like angioten-
sin-converting enzyme inhibitors (ACEi) or angiotensin II 
receptors (ARBs), HU, iron chelators, etc should be reviewed 
and necessary replacement or stoppage should be done de-
pending on the case. HU is teratogenic in animals, should 
be stopped 3 months prior to the plan conception and is not 
recommended in any time of the pregnancy. There are re-
ports in the literature where women have received HU in 
pregnancy both for SCD and for other indications and some 
of them have continued it throughout pregnancy without 
adverse effect on the baby.1, 18 – 21 

The management of complications of SCD during preg-
nancy is challenging. As a substitute to HU, regular red 
cell erythrocytapheresis, or simple exchange transfusion 
(upper limit of Hb is 10 gm%). This alternative may not be 
suitable to those women who are not able to receive blood 

transfusion because of multiple red cell allo-antibodies or 
previous severe delayed haemolytic transfusion reactions. 
For these women, we suggest a discussion between haema-
tologists, obstetricians and women prior to pregnancy re-
garding information related to risk and benefits of continu-
ing HU therapy throughout pregnancy to aid patient-led 
decision making. These women should undergo frequent 
fetal monitoring to detect any abnormalities at earliest. 

Iron chelators are not recommended during pregnancy 
as these are still regarded as potential teratogenic. These 
drugs should be stopped before conception. If there is ev-
idence of Iron overload, this should be treated prior to the 
conception. P Mohanty etal (2017) noted disproportionate 
anaemia in 9.6% of cases of SCD (HbSS) due to iron defi-
ciency in Eastern India while equal percentage of cases did 
reveal iron overload (Sr. Ferritin > 1000 ng/mL) requiring 
iron chelation.22

These patients with evidence of iron deficiency can be 
administered iron therapy to improve the Hb level. The in-
cidence of Methylcobolamine deficiency is more than 50% 
of Indian population due to the peculiar Indian diet. There 
is consensus to administer Methylcobolamine Injectable or 
other preparation in usual dosage to all the patients unless 
there is any contraindications.

New medications including Crizanlizumab, Voxelotor 
and Glutamine are not approved to use during pregnancy 
and should be stopped prior to conception.

Recommendation:
1.	Folic acid: 5 mg daily to all women before concep-

tion and throughout pregnancy.
2.	Vitamin D & Calcium Supplementation: May be 

considered if there is no contra indication.
3.	Antibiotic prophylaxis: If there is features of re-

curring infections.
4.	Vaccination: Seasonal or others as per the need.
5.	Terratogenic drugs like ARBs, ACEi should be  

replaced with safer drugs 
6.	Hydroxychloroquine: Should be discontinued 3 

months prior to conception.
7.	Alternative therapy with Red Cell transfusion or 
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continuation of HU after 1st trimester should be 
discussed and instituted as per the need on case 
basis.

8.	Iron chelators: Should be stopped before concep-
tion and throughout the pregnancy. Iron overload 
should be treated preferably before conception.

9.	Iron Supplementation: Those women having evi-
dence of iron deficiency (Disproportionate anae-
mia and low serum ferritin / transferrin satura-
tion) should be supplemented with Iron therapy 
till normalization preferably before pregnancy. 
These women should receive Iron supplementa-
tion throughout the pregnancy like that of oth-
ers.

10. Methycobolamine: Injectable Methylcobolamine 
or other legitimate preparation should be given 
in the usual dosage before and throughout preg-
nancy.  

1. Antenatal Care 
 

1.1	Antinatal HbPathy Screening 

The objective is that any woman of SCD who has a po-
tentially affected child with HbPathy or whose partner 
is a carrier of HbPathy should receive appropriate coun-
selling, evaluation of partner and prenatal diagnosis by 
chorionic villus sampling (around 12 weeks or amnio-
centesis). If the fetus is diagnosed to suffer from major 
Hb-pathy disease, the termination of the pregnancy 
should be taken up. Studies are on-going using non-inva-
sive prenatal diagnosis via detection of cell free fetal DNA 
in the maternal circulation, but this approach is not avail-
able in India.23 
	

Recommendation:
1.	Before pregnancy the partner of the woman 

should be offered partner testing.
2.	PND @ 12 weeks followed by continuation or ter-

mination of the pregnancy if the fetus is likely to 
be healthy or diseased respectively.

1.2 Maternal Health
 
This includes the review of vaccinations, review of medica-
tions, assessment for organ damage, red cell allo-antibod-
ies, iron status and methycobolamine deficiency at an early 
stage. The mainstay of antenatal care is evaluation, preven-
tion and management of routine general care during preg-
nancy and SCD specific complications as per SOPs respec-
tively. Both clinical and laboratory investigations should 
be done once in a month but depends on medical progress 
and the presence of medical complications.24 Obstetricians, 
Haematologists and other related specialists as per the 
need should evaluate and help in the management after 
regular joint discussion.

1.3	 Pregnancy–induced Hypertension
 
Women with SCD have an increased risk of pregnancy-in-
duced hypertension and preeclampsia.25 – 27 Low dose aspi-
rin prophylaxis is recommended at 75 – 250 mg daily from 
12 weeks of gestation for high risk of preeclampsia 27 – 28 un-
less there is any contraindication. Aspirin should be stopped 
at 36 weeks to prevent any chance of increase post-partum 
haemorrhage. 29 Close monitoring for preeclampsia should 
be done and the target blood pressure of < 130 /80 mm Hg 
should be maintain. 12 
	

Recommendation:
1.	A full assessment including review of vaccination, 

medications, organ damage and red cell allo-anti-
bodies should be done before and during pregnancy.

2.	Antenatal care should be provided by a multidis-
ciplinary team including an obstetrician, haema-
tologists and other specialists. 

3.	Folic acid: 5 mg daily
4.	Vitamin B and Calcium supplementation
5.	Iron Supplementation: Should be given if there is 

laboratory evidence of iron deficiency
6.	Methylcobolamine: Injectable or other prepara-

tion in usual dosage.
7.	Low dose aspirin: 75 – 150 mg per day from 
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12 weeks of gestation. Should be reviewed at 
36 weeks of gestation to considered stopping. 

1.4 Scheduled Ultrasound Scanning

Women should be offered serial fetal biometry scans 
(growth scans) every four weeks from 24 weeks gestation.30

1.5 Blood Transfusion in Pregnancy

Transfusion can be helpful to correct severe anaemia, re-
duced pregnancy complications and sickle-related com-
plications. However, blood should be CMV negative, HbS 
negative and matched for extended phenotype including 
full rhesus typing (C, D & E) as well as Kell typing to reduce 
the incidence of allo-antibodies < 5% and delayed haemo-
lytic transfusion reaction.31 Thus the benefit of transfusion 
vis-à-vis with the risk of transfusion should be discussed 
and implemented very carefully. There is no reliable evi-
dence-based parameter to recommend transfusion-based 
or alternative therapy as per the need during pregnancy. 
Similarly there is little evidence to recommend any target 
Hb or Hb% during pregnancy. 

Simple transfusion on demand may be tried if the pro-
phylactic transfusion is thought to carry significant risk. 
There is no evidence to recommend any optimal Hb level or 
Hbs % prior to C-Section.31-32

Recommendation:
1.	If needed transfusion should be given; ABO-com-

patible, extended Rh- and Kell matched, CMV Neg-
ative and HbS Negative. If there is any presence of 
red cell antibodies in the patient then the donor 
red cell should be negative for the corresponding 
antigen.

2.	Prophylactic Transfusion: The risk and benefits 
should be discussed.

3.	Not routinely recommended. It Should be consid-
ered on case basis.

4.	Long Term Transfusion. 
a.	Should be considered for women who are receiv-

ing prior or stroke prevention. 
b.	Women with worsening anaemia or acute SCD 

complications (ACS / Stroke) in pregnancy.
  

1.6  �Management of Acute Pain Episodes 
During Pregnancy

Pregnancy is associated with an increased incidence of 
VOC due to increase in physical / psychological stress, de-
hydration, worsening anaemia, pro-coagulant stroke and 
increased risk of infection. All pregnant women should 
have a prior pain management plan with multidisciplinary 
team. There are no randomized control trials among preg-
nant woman with SCD presenting with VOC. Thus the VOC 
should be based on the principle of non-pregnant SCD pa-
tients.

Thromboprophylaxis with LMWH should be admin-
istered for women with SCD presenting with VOC unless 
there is a contra-indicatory.33 Frequent monitoring of the 
fetus as well as of the mother is essential in this medical 
emergency.

Recommendation:
1.	Prospective VOC management by Multidisci-

plinary team should be for all women.
2.	The principle of management: Same as non-preg-

nant counterparts.
3.	NSAIDs: Should be used with caution in 1st tri-

mester and avoided after 31st weeks of gesta-
tion.

4.	LMWH: Should be given to all women at usual 
dosage presenting with VOC or during any ante-
natal hospitalization.

1.7 Management of Acute Chest Syndrome & 
other Complications:

As per the principles and SOPs of non-pregnant counter-
parts there is no evidence-based recommendation specific 
to pregnancy.
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1.8  �Management of VTE and 
Thromboprophylaxis

Both pregnancy as well as SCD are hyper-coaguable conditions. 
Thus all women with SCD should undergo risk assessment 
evaluation and should be considered for prophylactic LMWH 
from 20 weeks of pregnancy until 6 week of post-partum.

 In the presence of any additional risk factor, prophy-
laxis should start in the beginning of pregnancy. Woman 
admitted for VOC should be offered LMWH throughout the 
hospital stay unless there is contraindicatory.

Recommendation:
1.	All women with SCD should have risk assessment 

at an early date.
2.	LMWH at usual dosage: 
3.	From 28 weeks of pregnancy till 6 weeks of 

post-partum.
4.	Start from the beginning of pregnancy if there are 

any additional risk factors.
5.	LMWH at usual dosage: Hospitalization for VOC 

throughout the admission unless there is contra 
indication.

2. Intra-partum Care 

2.1 Timing of Birth

There are no RCTs to recommend the appropriate timing of 
delivery. Due to the increase risk of placental insufficien-
cies and preeclampsia delivery between 38 and 40 weeks is 
preferable to prevent complications adverse perinatal out-
comes at late pregnancy. 

Recommendation:
1.	Normal growing baby should be deliver between 

38 – 40 weeks of gestation

2.2  Mode of Birth:

The mode of delivery should be decided based on obstetric 
indications.17, 25-26

2.3 Optimal Intra-partum care

The principle of optimum intra-partum care includes best 
analgesia In consultation with anaesthetics, avoidance of 
stress, infection, dehydration, avoidance of protracted  la-
bour and regular monitoring of oxygen saturation. General 
anaesthesia and pethidine should be avoided. The delivery 
should be preferably done in a tertiary health care system 
with availability of all facilities like Hematology facilities, 
blood transfusion facilities, ICU facilities, etc. Epidural an-
aesthesia is safe and effective and should be available for 
women in labour room.34

Recommendation:
1.	It should be considered as high risk pregnancy 

and managed in tertiary care centre with all fa-
cilities including services of Hematology, paediat-
rics, blood bank and ICU, etc.

2.	Blood components after extended cross matching 
(Rh- Kell), CMV Negative, HbS Negative should be 
administered if needed. 

3.	Continuous monitoring of the mother and fetus 
and management as per the need.

4.	Opiates / NSAIDs may be used for analgesia ex-
cept for pethedine. 

5.	Regional analgesia is recommended for C-section.

3. Postpartum Care 

3.1 Optimal Post-delivery Care

These women are prone for thrombosis and VOC during 
this period. VOC should be managed as per the SOPs. LMWH 
should be continued 6 weeks post-delivery. 35 Breastfeeding 
should be encouraged; HU and other routine management 
of SCD should be started early.

3.2 �Contraception advice for women  
with SCD

Medications which enhance the risk of thrombosis should 
be avoided. Progesterone only preparation like progester-
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one pill, injectible contraceptives and the Levonorgestrel 
intrauterine system (LNG-IUS) are preferable. The benefit 
of copper intrauterine device outweighs the risks. The bar-
rier methods are safe with SCD but generally less effective.

Conclusion

Many women with SCD in India are now in a position ex-
pressing strong desire to have pregnancy. The pregnancy in 
women with SCD is of high risk category with increase com-
plications of fetus, mother and SCD specific complications. 
The management includes the optimal treatment of SCD, 

fetus as well as mother. Every mother with SCD should offer 
the benefit of evaluation of partner and PND at early stage. 
The optimal outcome depends on professional manage-
ment of by a multidisciplinary team and should be taken up 
in a tertiary health care system with all facilities. There are 
no RCT-based evidences to recommend the management 
of all stakeholders in this scenario. The opinion expressed 
is based on limited studies, extrapolating the data and by 
consensus opinion of experts. RCT-based recommendation 
for different aspects of management of women with SCD in 
pregnancy is unmet medical need which should be taken 
up by medical paternity on a priority basis in future.

Table 1. Maternal and fetal complications 
in women with SCD 
Complications 

Maternal complications of pregnancy 
Increased maternal mortality. 
Hypertension syndromes—preeclampsia and  
eclampsia.
Venous thromboembolism.
Increased pain (acute, chronic, or recurrent acute) and 
other SCD-related complications, including infection, 
acute chest syndrome, acute exacerbation of anaemia, 
and acute splenic sequestration. 
Worsening steady-state anaemia.
Proteinuria, worsening of renal disease.
Hepatic dysfunction, worsening of hepatic disease.

Fetal complications of pregnancy 
Mortality. 
Prematurity. 
Growth problems—intrauterine growth restriction and 
small for gestational age. 

Table 2. Management recommendations for 
pregnant women with SCD 
Trimester 

First trimester/initial visit 
General recommendations :
Identify and establish a communication plan with 
members of multidisciplinary team, including a spe-
cialist in SCD and high-risk obstetrical care. 
Establish frequency of routine visits throughout 
pregnancy. 
Test for and treat iron defificiency.
Start folic acid supplementation—5 mg daily. 
Discuss need for penicillin prophylaxis, particularly in 
women with a past history of pneumococcal sepsis. 
Vaccinate for encapsulated organisms and hepatitis B 
if not administered previously; administer influenza 
vaccine. 
Discuss low-dose aspirin therapy—consider starting 
aspirin 75-81 mg daily at 12 wk gestation; for patients 
with prior preeclampsia, renal disease, or hyperten-
sion, discuss higher doses of daily aspirin. 
Discuss VTE prophylaxis—compression stocking use 
daily and low molecular weight heparin prophylaxis 
during hospitalizations; for patients with permanent 
venous catheters, discuss daily low molecular weight 
heparin. 
Close monitoring for hypertension—establish baseline 
blood pressure and monitor blood pressure frequently 
Regular monitoring of fetal growth by ultrasound. 
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Routine screening for bacteriuria.
Establish steady-state values. 
Pulse oximetry.
Blood pressure. 
Haemoglobin phenotype/genotype. 
Haemoglobin and reticulocyte count ranges. 
Red cell antigen phenotype or genotype. 
Red cell antibodies—both present and transient. 
End-organ damage assessment. 
Echocardiogram. 
Urine protein assessment. 
Pulmonary function tests. 
Ophthalmologic examination. 
Evaluation for iron overload. 
Screen for red cell alloimmunization.

Medication evaluation 
Discontinue hydroxyurea, warfarin, angiotensin-con-
verting enzyme inhibitors, and angiotensin receptor 
blockers; chelation therapies; and consider substitute 
therapies; chelation therapies. 
Genetic counselling and patient education 
Haemoglobin electrophoresis on patient’s partner/fa-
ther of child. 
In-person meeting to discuss test results and educate 
on potential outcomes of pregnancy for mother and 
child, including both positive and negative events. 
Develop plans for pain management, end-organ dam-
age and blood pressure monitoring, red cell transfu-
sions, and fetal monitoring. 
Pain management 
Analgesics to be used according to trimesters. 
Identification of hospital team to manage pain and 
hospital unit location. 
Monitoring of fetus during inpatient stays 
Use of anticoagulation for VTE prophylaxis. 
End-organ damage and blood pressure monitoring 
Urinalysis, glomerular filtration rate, and proteinuria 
assessments monthly. 
Establish, document, and communicate systolic and 
diastolic steady-state ranges for patient before preg-
nancy. 

Blood pressure monitoring during pregnancy every 
2-4 wk with high-risk pregnancy care are key members 
of the health care team.2 Other specialists to consider 
include a neonatologist, an anesthesiologist, a trans-
fusion medicine specialist, and a pain management 
expert. An individualized plan to monitor SCD-related 
complications, need for transfusion therapy, the fetus 
for growth abnormalities, and blood pressure for de-
velopment of preeclampsia is strongly recommended. 
(Table 2).

Table 2. (continued) 
Trimester 

Red cell transfusions. 
Establish haemoglobin goals at steady state and during 
inpatient admissions.
Monitor complete blood count and reticulocyte count 
every 2-3 months.
Establish indications for intermittent red cell transfu-
sions. 
Establish indications for chronic/prophylactic transfu-
sions. 
Communicate appropriate red cell antigen matching—
at minimum. 
ABO, D, C, E, Kell; consider further extended antigen 
matching based on red cell alloimmunization and his-
tory of delayed hemolytic transfusion reactions. 
Establish post-transfusion haemoglobin and haemoglo-
bin S percentage goals. 
Fetal monitoring. 
Fetal ultrasound at 7-9 wk; recommend every 4 wk 
through 24 wk and then, every 2 wk to monitor fetal 
growth. 
Biophysical profile during inpatient stays. 

Second trimester
 

Revise first trimester management plans if necessary 
Develop a plan for delivery, including plan for Cesarean 
Section 
Educate mother and her support system about compli-
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cations that may occur during and after delivery as well 
as possible need for neonatal intensive care unit stay 
for infant. 
Communicate plans to members of multidisciplinary 
team. 
Revise frequency of routine visits. 
Test for and treat iron deficiency.

Third trimester
 

Include neonatologist in discussions about fetal 
growth, plans for delivery, mother’s alloimmunization 
status, and use of opioids throughout pregnancy. 
Revise first/second trimester management plan if 
necessary. 
Revise plan for delivery, including plan for Cesarean 
Section and whether transfusion before delivery is 
required. 
Discuss pain management postpartum and need for 
initiating/restarting pre-pregnancy disease-modifying 
therapies; plans may need modifification according to 
whether the patient plans to breastfeed. 
Develop plan for VTE prophylaxis post delivery.
Develop plan for screening infant for neonatal absti-
nence and hemolytic disease of the newborn.
Communicate plans to members of multidisciplinary 
team. 
Revise frequency of routine visits.
Test for and treat iron deficiency.

Table 3. Screening for chronic disease com-
plications 
Screening

Pulmonary hypertension and prolonged QTc—echocar-
diogram, electrocardiogram. 
Proteinuria and high blood pressure—urinalysis, renal 
function tests, urine creatinine/protein, serum creati-
nine, assess glomerular filtration rate, 
consider renal ultrasound. 
Hepatopathy/gallbladder disease—liver size, aspartate 
aminotransferase, alanine aminotransferase, bilirubin 

levels, abdominal ultrasound. 
Splenomegaly/hypersplenism—physical examination 
and splenic ultrasound if necessary, complete blood 
count. 
Retinopathy—dilated ophthalmologic examination 
Strokes, aneurysms, moyamoya—brain magnetic reso-
nance imaging/MRA. 
AVN—imaging with plain films, magnetic resonance 
imaging. 
Chronic lung disease/asthma—pulmonary function 
tests. 
Iron overload—serial serum ferritins, imaging for he-
patic iron. 
Red cell alloimmunization—red cell antibody testing; 
blood bank communication for transient red cell an-
tibodies at all institutions where patient has received 
blood in the past.

Table 4. Transfusion protocol for preg-
nant women with SCD 
Transfusion protocol 

Before transfusion 
Establish indication (see below): 
Select best method for transfusion—simple or exchange 
transfusion; exchange transfusion should be consid-
ered for acute stroke, severe ACS, or major surgery. 
Establish post-transfusion haemoglobin and haemoglo-
bin S (sickle haemoglobin) goals—for most SCD-related 
complications, post-transfusion haemoglobin should be 
10 g/dL but not above 12 g/dL in patients with SS; hae-
moglobin S for SCD-related complications should be 
50%. 
Obtain red cell antigen genotype or phenotype before 
transfusion if not obtained previously. 
Consider quantitative haemoglobin S post-transfusion 
as well as pre-transfusion—this may help with monitor-
ing for delayed hemolytic transfusion reactions. 
Type and cross match; then, select E-, C-, K-matched 
units in addition to ABO, D matched; honor transient 
and present red cell antibodies; for patients with a histo-
ry of severe delayed hemolytic transfusion reactions or 



PAGE 120    www. ishbt.com I n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

1.	Daigavane MM, Jena RK, Kar TJ. Perinatal outcome in sickle cell anaemia: a prospective study from India. Haemoglobin. 2013 Dec 
1;37(6):507-15. https://doi.org/10.3109/03630269.2013.828301 PMid:23952263

2.	Natu N, Khandelwal S, Kumar R, Dave A. Maternal and perinatal outcome of women with sickle cell disease of a tribal population in 
Central India. Haemoglobin. 2014 Apr 1;38(2):91-4. https://doi.org/10.3109/03630269.2013.869501 PMid:24417305

3.	Sonwane S., Zodpey S. Pregnancy outcome in women with sickle cell disease/trait. J ObstetGynecol India Vol. 55, No. 5: September/
October  2005 Pg 415-418.

4.	Desai G, Anand A, Shah P, Shah S, Dave K, Bhatt H, Desai S, Modi D. Sickle cell disease and pregnancy outcomes: a study of the communi-
tybased hospital in a tribal block of Gujarat, India. Journal of Health, Population and Nutrition. 2017 Dec;36(1):3. https://doi.org/10.1186/
s41043-017-0079-z PMid:28109314 PMCid:PMC5251338

5.	Gaddikeri A, Pajai SP, Rathod AD, Pregnancy and its outcomes in sickle cell haemoglobinopathies: A study of central India. J South Asian 
FederObstGynae 2017; 9(4):399-403 https://doi.org/10.5005/jp-journals-10006-1537 

	 6. Minerva Thame DM, dma HT, Graham Serjeant MD. The mechanisms of low birth weight in infants of mothers with homozygous sickle 
cell disease. Pediatrics. 2007;120:e686. https://doi.org/10.1542/peds.2006-2768 PMid:17766509

7.	 Acharya N, Kriplani A, Hariharan C. Study of perinatal outcome in pregnancy with sickle cell disease. Int J Biol Med Res. 2013; 4(2): 3185- 
3188 

8.	Muganyizi PS, Kidanto H. Sickle cell disease in pregnancy: trend and pregnancy outcomes at a tertiary hospital in Tanzania. Plos one. 
2013 Feb 13;8(2):e56541. https://doi.org/10.1371/journal.pone.0056541 PMid:23418582 PMCid:PMC3572068 

9.	Elenga N, Adeline A, Balcaen J, Vaz T, Calvez M, Terraz A, Accrombessi L, Carles G. Pregnancy in sickle cell disease is a very high-risk situa-
tion: an observational study. Obstetrics and Gynecology International. 2016;2016. https://doi.org/10.1155/2016/9069054 PMid:27403164 
PMCid:PMC4926018

10. Serjeant GR, Loy LL, Crowther M, Hambleton IR, Thame M. Outcome of pregnancy in homozygous sickle cell disease. Obstetrics &Gyne-
cology. 2004 Jun 1;103(6):1278-85. https://doi.org/10.1097/01.AOG.0000127433.23611.54 PMid:15172865

11. Ashish K, Raseswari P, Pruthviraj S. Perinatal outcome in pregnancy with sickle cell anaemia. The Journal of Obstetrics and Gynecology 
of India. 2008;58:500-3.

 References

multiple red cell antibodies, consider extended antigen 
matching for Kidd, Duffy, MNS, and other blood groups .
Transfuse leuko-reduced irradiated units, because 
the patient may be a candidate for stem cell trans-
plant. 
Cytomegalovirus-negative units are recommended 
during pregnancy (RCOG). 
HbS-negative units are recommended to allow for best 
monitoring of post-transfusion HbS goals. 
Consider quantitative haemoglobin S post-transfusion 
as well as pre-transfusion—this may help with monitor-
ing for delayed hemolytic transfusion reactions.
Indications for transfusion during pregnancy: 
Acute or simple transfusion 
Acute complications of SCD, such as stroke, ACS, acute 
splenic sequestration. 
Acute exacerbation of anaemia with illness—decrease 
in haemoglobin 2 g/dL; this may be owing to ACS, in-

fection, acute splenic sequestration, or multiorgan 
system failure. 
Acute exacerbation of steady-state anaemia—may be 
because of iron deficiency, renal disease, increase he-
molysis.
Chronic transfusions 
Established chronic transfusion protocol at time of 
pregnancy. 
Twin pregnancy 
Recurrent severe SCD-related complications during the 
pregnancy; for example, if exchange transfusion is re-
quired during pregnancy or simple transfusion, then 
strongly consider continuing a chronic transfusion pro-
tocol for the remainder of the pregnancy. 
In particular circumstances—consider in patients 
for ACS prevention, acute recurrent pain prevention 
and past pregnancies with known severe complica-
tions.
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Surgery
ch  a p t e r  1 4

Patients with sickle cell disease (SCD) are referred for 
surgery at some point in their life time. Surgical com-
plications are more common in patients with SCD 

compared to the general population due to their increased 
risk of post-operative acute chest syndrome, infections, va-
so-occlusive pain crises and 30-day surgical mortality.1

Pre-operative optimization is a multidisciplinary pro-
cess that involves a haematologist with SCD expertise, an 
anesthesiologist, transfusion specialist and the surgical 
team. Failure to appropriately optimize a patient with SCD 
peri-operatively can lead to complications such as acute 
chest syndrome, which is associated with an increased risk 
of death. Adequate counselling, including education of pa-
tient about the procedure and awareness of patient’s spe-
cial considerations, can significantly reduce the emotional 
stress and anxiety about the surgical procedure. With ap-
propriate planning, management and post-operative mon-
itoring, health care providers can increase the likelihood of 
optimal surgical outcomes.2 

Why should we discuss this topic?

Surgery in patients with SCD is associated with increased 
risk 3-7of:
•	 Sickle-related complications(painful crisis, acute chest 

syndromes, renal insufficiency, stoke).
•	 Increased post-operative complications (25-30%).
•	 Increased peri-operative mortality (1.1%).
Careful pre-operative assessment and judicious peri-op-
erative management are critical in mitigating these risks. 
Routine surgery should be avoided if patient is febrile and 
having a painful crisis.

What other consensus documents/guide-
lines are available on this topic?

There are currently few existing evidence-based guide-
lines/consensus documents8-17 related to SCD:

•	 National Institute for Health and Care Excellence.
•	 British Committee for Standards in Hematology.
•	 Sickle cell society.
•	 UK forum on haemoglobin disorders.
•	 NHS screening programme.
•	 Royal College of Obstetrics and Gynaecology.
•	 US National Institute of Health.
•	 Association of Anaesthetists of Great Britain and Ireland.

However, only limited data is available from India re-
garding peri-surgical complications in patients with SCD. 
In the current review, we discuss pre-operative, intra-op-
erative, and post-operative strategies to optimize patients 
with SCD undergoing surgery.

Learning Objectives

•	 To understand the peri-operative strategy for optimizing 
patients with SCD  undergoing surgery.

•	 To understand common surgical indications, pre-oper-
ative assessment and risk stratification of patients with 
SCD. 

•	 To review the indications for pre-operative transfusion 
requirement in patients with SCD.

•	 To understand the options for post-operative pain man-
agement and VTE prophylaxis in patients with SCD.

Pre-operative Assessment

Before proceeding for surgery, the treating physician 
should assess to: 1-2

•	 Determine whether all conservative measures have really 
failed. 

•	 Determine the need for surgical procedure.
•	 Consider the risks associated with surgery vs continuing 

with conservative management.
•	 Explore lesser invasive options. 
•	 Determine whether surgery will allow them to achieve 

their personal goals and improve the quality of life. 
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This process should be a shared decision between the pa-
tient and health care providers.

The goals of pre-operative assessment are to ensure that 
the patient is medically optimized for the intended surgery. 
It is also necessary to estimate the risk of peri-operative 
complications and to plan for the optimal management of 
anticipated complications.2, 18 

Currently, none of the available surgical risk calculators 
has been validated for patients with SCD. 19-21 During the 
pre-operative assessment one must ascertain the sickle cell 
genotype, frequency of crisis and the date of patient’s last 
crisis, average length of hospital stays during crisis, known 
triggers for crisis, baseline level of activity, baseline opioid 
use, steady-state haemoglobin and hematocrit, reticulocyte 
count, and WBC count, as well as history of blood transfu-
sions.

It is essential to assess the patient’s peri-operative risk 
and fitness for surgery and plan anaesthesia accordingly. 
Surgeries are stratified into risk categories1 based on their 
potential for intra-operative blood loss and post-operative 
complications (ie, low, moderate, or high risk), shown in Ta-
ble 1.
The patient’s history of strokes, acute chest syndrome, 
obstructive sleep apnea (OSA), adverse reactions to seda-
tion, or recurrent VTE should be documented since these 
parameters increase the patient’s risk of peri-operative 
complications. Functional capacity is often measured 
by the ability to perform metabolic equivalent tasks. Pa-
tients unable to perform ≥4metabolic equivalent tasks (i.e, 
climbing a flight of stairs) have an increased risk of cardiac  
events. 22-23

Pre-operative transfusion

The primary goal of pre-operative transfusion is to reduce 
the risk of post-operative complications by increasing the 
haemoglobin and reducing the percentage of HbS. Patients 
with SCD are at increased risk of post-operative morbidity 
primarily related to acute chest syndrome and pain crises 
and have a higher risk of mortality compared to the gen-
eral population. Many patients will require pre-operative 
transfusion to reduce the risk of post-operative complica-
tions such as acute chest syndrome and vaso-occlusive pain 
crises. Pre-operative optimization for patients with SCD of-
ten includes simple transfusion or red cell exchange (RCE). 
Based on available evidence, some experts have concluded 
that the benefit of pre-operative transfusion is mostly relat-
ed to increasing Hb rather than reducing %HbS. Although 
the current evidence supporting pre-operative transfusion 
is of low quality, the benefits outweigh the harms; there-
fore, pre-operative transfusion is still recommended. 24-25

Recently, the Transfusion Alternatives Pre-operatively 
In Sickle Cell Disease (TAPS) study 26, a multicenter random-
ized trial of 67 Hb SS and Hb Sβ0 thal patients, found a re-
duction in clinically important complications in the trans-
fused patients undergoing medium risk procedures (15% 
vs. 39%, p=0.02). On the contrary, there was randomized 
trial from Saudi Arabia of 40 SCD patients undergoing cho-
lecystectomy that reported adverse events in immediate 
post-operative period due to pre-operative transfusions.27

A systematic review and meta-analysis of the random-
ized and observational studies 28 found no difference in 
peri-operative mortality, vascular, or non-vascular peri-op-

Table:1
                      LOW RISK           MODERATE RISK                     HIGH RISK

 Dental procedures  Head & neck surgery Intra thoracic surgery

Ophthalmological procedures Orthopedic Surgery Surgeries with prolonged Anaesthesia 
requirement (>4 hrs)

Hernia Urologic Surgery Major vascular surgery 

Dilatation & Curettage Cholecystectomy Major spine surgery 

Wound debridement Caesarean Section Neurosurgery 

Endoscopy Splenectomy Cardiac valve repairs 

Superficial tissue biopsy Appendectomy Transplant surgeries 
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erative complications between those treated with pre-oper-
ative transfusion vs no transfusion strategy. Based on the 
current studies, it is fair to advocate that transfusion deci-
sions need to be selective and individualized based on the 
type of SCD, the baseline haemoglobin, the baseline cardio-
pulmonary reserve, and the risk of the surgical procedure. 
If a decision to transfuse is made, phenotypically matched 
blood must be used to minimize the risk of alloimmuniza-
tion. 

In some situations RCE may reduce the risk of acute 
chest syndrome and pain crisis in patients with genotype 
HbSS/HbSβ0, Hb<9 g/dL, or a severe phenotype (charac-
terized as having a history of stroke, recurrent acute chest 
syndrome, or prior severe post-operative complications) 
or any person with SCD undergoing high risk surgery. Pa-
tients with a severe phenotype are most likely to benefit 
from achieving a post RCE goal of %HbS<30%.24 For those 
with high baseline haemoglobin (above 9 g/dl), perhaps ex-
change (or partial exchange) transfusion, rather than sim-
ple transfusion, should be used to avoid raising the haemo-
globin level above 10g/dl. The transfusion plan should be 
patient-specific and take into account the SCD genotype, 
baseline haemoglobin, disease severity, risk classification 
of the surgery, and history of prior surgical complications. 
1, 24,29

Intra-operative Period 

The most important factor to consider intra-operatively 
is to avoid imbalances in volume status, temperature, ac-
id-base balance, blood pressure, and oxygenation, since 

derangements on above parameters increase red blood cell 
sickling, which can result in acute organ injury. It can also 
manifest as a vaso-occlusive pain crisis, as acute chest syn-
drome, as an acute kidney injury, or even as an ischemic 
stroke. 1

Practical strategies to maintain euvolemia include 
avoiding prolonged fasting prior to surgery without IV flu-
ids, monitoring fluid intake and output, and decreasing IV 
fluids as soon as patients are able to maintain adequate oral 
fluid intake. It is essential to avoid extremely cold or hot am-
bient temperatures pre-operatively, in the operating room, 
and in the recovery space while using fluid and corrective 
warming technology aggressively.

Choice of Anaesthetic agents 

In general, efforts should be made to minimize exposure to 
hypoxemia, hypercapnia, acidosis, hypothermia and hypo-
volemia during surgery. Respiratory depressants should be 
avoided. Intubations are usually performed after paralysis 
with a short-acting agent. During induction, steps should 
be taken to avoid breath holding, laryngeal spasm and 
struggling. The choice of Anaesthetic techniques usually 
depends upon age, patient’s preference, comorbidities and 
type of surgery.

Theoretically, in regional Anaesthesia there is regional 
hypoperfusion, venous stasis, and lack of control of ventila-
tion. There is a redistribution of blood flow with increase in 
capillary and venous oxygen tension in the blocked region, 
and compensatory vasoconstriction in the non-blocked 
area with resultant fall in oxygen. 2, 30

GENOTYPE Hb(g/dL) Surgical Risk Recommendation

HbSS/HbSβ⁰ Thalassemia <9g/dL           Low/Moderate Simple transfusion/partial exchange/RCE

HbSS/HbSβ⁰ Thalassemia >9g/dL           Low/Moderate Partial exchange/RCE

HbSC/HbSβ⁰/HbSS on Hydroxyurea with 
elevated HbF without severe phenotype

>9g/dL            Low No transfusion

HbSC/HbSβ⁰ Thalassemia >9g/dL           Moderate  Partial exchange/RCE

All Genotypes           High  RCE

Table:2 shows the summary of pre-operative transfusion recommendations in SCD 
patients
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Surgical Procedures

Minimally invasive surgical procedures have shown better 
outcomes in SCD with relatively short hospital stay. Among 
SCD patients, laparoscopic cholecystectomy and laparo-
scopic splenectomy are preferred compared to open sur-
geries. 31-33

Post-Operative Period 

Post-operative infection is one of the important factors for 
sickle related complications. It is essential to monitor for 
post-operative infection regularly. If a patient’s tempera-
ture is ≥38 °C, he should be investigated for a source of in-
fection with blood and urine cultures, wound inspection, 
and chest x-ray. If oxygen saturation falls by ≥2% below the 
patient’s baseline or is ≤94%, it is necessary to give supple-
mental oxygen and evaluate the patient with consideration 
for post-operative complications such as acute chest syn-
drome and pulmonary embolism. The evaluation often in-
cludes physical examination, arterial blood gas, and chest 
imaging. 17 

All patients with SCD should use an incentive spirome-
ter post-operatively since this has been shown to reduce the 
incidence of atelectasis and acute chest syndrome in hospi-
talized patients with SCD.34,35

Post-operative pain control

An important issue in the peri-operative management of 
SCD patients is adequate pain control. The patient’s current 
pain regimen should be reviewed and a post operative pain 
management plan should be developed, often similar to a 
patient’s usual inpatient acute pain plan and including pa-
tient-controlled analgesia. Many adult SCD patients have 
had multiple exposures to opioids, are often opioid-toler-
ant, and tend to require large doses of opiates for adequate 
analgesia. 36

A combination of long-acting opioids and a short-act-
ing opioid for breakthrough pain often provides adequate 

relief. Alternatively, continuous administration of pain 
medications, through the use of patient-controlled anal-
gesia pumps, may be used. Morphine and hydromorphone 
are the major opioid agonists used for severe pain manage-
ment in sickle cell patients in the post-operative period. 
These drugs have no ceiling effect. However, they can cause 
severe sedation and respiratory depression. Hence, doses 
should be  discontinued or skipped in patients with a respi-
ratory rate <10.37  

 
Acute chest syndrome

Sickle cell patients are at risk for acute chest syndrome in 
the immediate post-operative period. Excessive administra-
tion of IV fluids, as well as respiratory sedation from the use 
of opioid medications and adjuvants, potentiate this risk.

Maintaining adequate ventilation is the best preventive 
measure. Pre and post-operative use of incentive spirom-
etry is strongly advised. Prompt recognition is important. 
All the cardinal signs and symptoms may not be present 
initially. The spectrum of presentation may range from 
mild, where hypoxia is minimal, to severe acute respira-
tory distress. Management consists of ensuring adequate 
ventilation, including the use of mechanical ventilation in 
severe cases, oxygen administration, bronchodilators, an-
tibiotics, moderate use of analgesia, and judicious hydra-
tion.2

Deep vein thrombosis prophylaxis

Sickle cell disease is a hypercoagulable state. Current evi-
dence suggests increased platelet and coagulation activa-
tion, even at the patient’s basal state. SCD patients have low 
circulating levels of anticoagulant proteins C and S, moder-
ate thrombocytosis, decreased platelet thrombospondin-1 
content, and increased levels of markers of platelet activa-
tion. 38-40 
Adequate deep vein thrombosis prophylaxis must be insti-
tuted after all major surgeries until the patients are suffi-
ciently ambulatory.
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Recommendation:
Pre-operative Evaluation
1.	Pre-operative optimization is a multidisciplinary process that involves a haematologist with SCD expertise, an 

anesthesiologist, transfusion specialist and the surgical team. 
2.	Routine surgery should be avoided if patient is febrile and having a painful crisis.
3.	Before proceeding for surgery, the treating physician should assess to:
4.	Determine whether all conservative measures have really failed 
5.	Determine the need for surgical procedure
6.	Consider the risks associated with surgery vs continuing with conservative management
7.	Explore lesser invasive options 
8.	Determine whether surgery will allow them to achieve their personal goals and improve the quality of life 
9.	The patient’s history of strokes, acute chest syndrome, obstructive sleep apnea (OSA), adverse reactions to seda-

tion, or recurrent VTE should be documented since these parameters increase the patient’s risk of peri-operative 
complications.

10.	For those with high baseline haemoglobin (above 9 g/dl), perhaps exchange (or partial exchange) transfusion, 
rather than simple transfusion, should be used to avoid raising the haemoglobin level above 10g/dl. 

11.	 The transfusion plan should be patient-specific and take into account the SCD genotype, baseline haemoglobin, 
disease severity, risk classification of the surgery, and history of prior surgical complications.

Intra-operative Period
12.	The most important factor to consider intra-operatively is to avoid imbalances in volume status, temperature, 

acid-base balance, blood pressure, and oxygenation, since derangements on above parameters increase red blood 
cell sickling, which can result in acute organ injury.

13.	Practical strategies to maintain euvolemia include avoiding prolonged fasting prior to surgery without IV flu-
ids, monitoring fluid intake and output, and decreasing IV fluids as soon as patients are able to maintain ade-
quate oral fluid intake.

Post-operative Period
14.	Post-operative infection is one of the important factors for sickle related complication. It is essential to monitor 

for post-operative infection regularly
15.	 If oxygen saturation falls by ≥2% below the patient’s baseline or is ≤94%, it is necessary to give supplemental 

oxygen and to evaluate the patient with consideration for post-operative complications such as acute chest syn-
drome and pulmonary embolism

16.	All patients with SCD should use an incentive spirometer post-operatively since this has been shown to reduce 
the incidence of atelectasis and acute chest syndrome in hospitalized patients with SCD

17.	 Post-operative pain management can be planned, often similar to a patient’s usual inpatient acute pain plan 
and including patient-controlled analgesia.

18.	Adequate deep vein thrombosis prophylaxis must be instituted after all major surgeries until the patients are 
sufficiently ambulatory.
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Sickle cell disease, a haemoglobinopathy, is a global 
health condition affecting millions of people world-
wide. It was first described by Dr. John Herrick in 

1910.1 Later, Ingram and colleagues characterized the 
pathophysiology of sickle cell disease which is caused by 
sickle haemoglobin resulting from A to T substitution in 
DNA producing the GAG to GTG codon and replacement of 
glutamic acid with valine in the sixth position of the Beta 
S -globin chain. Subsequent genetic studies contributed 
to a better understanding of the pathophysiology.2 Major 
advances occurred in the last decade after discovery of BC-
L11A, a γ-globin gene repressor, understanding of switch 
from fetal to adult haemoglobin and approaches for re-
activating fetal haemoglobin were considered as possible 
therapeutic options.3 Further advancements such as he-
matopoietic stem cell transplantation, mixed chimerism, 
gene editing, and genomics have moved the field forward. 
In recent years (2017-2019), FDA has approved three new 
medications for management of this disease along with hy-
droxyurea which remains standard of care for individuals 
with sickle cell anaemia. [4]Here, we will emphasise on the 
recent insight on the pathophysiology of sickle cell disease 
and recently approved disease modifying therapies to man-
age SCD. 

Pathophysiology

There is a complex mechanism underlying the pathophys-
iology of sickle cell disease. The A to T substitution in DNA 
produces the GAG to GTG codon and replacement of glutam-
ic acid with valine in the sixth position of the Beta S -globin 
chain. De-oxygenated HbS polymerises thereby altering the 
structure and function of the red blood cells (RBCs) with for-
mation of less flexible, highly adhesive RBCs. Downstream 
consequences of these changes include microvascular oc-
clusion, leukocyte and platelet activation, and a patholog-
ically altered endothelium as well as a proinflammatory 
state. The lifespan of the sickle RBCs is reduced to 1/6th of 

normal due to repeated sickling and unsickling.6,7,8 The oc-
clusion of blood vessels and chronic hemolyticanaemia are 
the two hallmarks of the disease. Recurrent episodes on mi-
crovascular occlusion lead to painful vaso-occlusive crises.

FDA APPROVED DRUGS
 
L-glutamine- In sickled erythrocytes, there is a decreased 
ratio of NADH to total NAD as compared to normal, due 
to an increase in total NAD.9 The mechanism of action is 
based on targeting glutamine depletion which has been 
implicated in red blood cell membrane damage and adhe-
sion. Pharmacological supplementation of L-glutamine was 
considered in sickle cell disease as glutamine is a precursor 
of NAD and improves NAD redox potential. Nihara et al in 
2014 performed the first controlled trial on L glutamine in 
sickle cell anaemia.10 In this trial, oral L-glutamine 0.3 g/kg 
twice daily up to a maximum dose of 30 g/d was given for 
48 weeks. Results of the study showed, decrease in num-
ber of vaso-occlusive painful events, substantial increase 
in NADH and NAD redox potential, without any change in 
Hb concentration.11 FDA approved L-glutamine oral powder 
(Endari, Emmaus Medical, Inc.)  in  July 2017, for oral ad-
ministration for adult and pediatric patients older than 5 
years of age after a randomized, double-blind, placebo-con-
trolled, multi-center clinical trial (NCT01179217) showed 
fewer hospitalizations due to acute pain crisis, decreased 
cumulative hospital days, lesser an incidence of acute chest 
syndrome. The dose recommended is 10-30 grams orally 
twice daily.12 Each dose is to be mixed with beverage or food 
before ingestion. The common adverse reaction included 
gastrointestinal side effects such as nausea, constipation, 
abdominal pain as well as headache, cough, pain in extrem-
ity, back pain, and chest pain. Less common side effects also 
included hypersplenism, abdominal pain, burning sensa-
tion, hot flashes.13,14 L-glutamine has been  approved for all 
types of sickle cell disease, but the study included only HbSS 
patients.  The Genotype-specific subgroup analyses, cost or 
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feasibility are yet to be studied. 
Crizanlizumab (ADAKVEO): It is a humanized monoclo-
nal antibody that binds to P-selectin, blocks the adhesion 
of activated erythrocytes, neutrophils, and platelets by in-
teracting with ligands of P selectin. [15,16] In July 2008, this 
compound  was given an orphan drug designation. [17,18]

FDA approved ADAKVEO (crizanlizumab-tmca) on Novem-
ber 15, 2019, based on  a phase 2, multicenter, randomized, 
placebo controlled double blind study (SUSTAIN study)
(NCT01895361).[19] It was shown  to reduce the frequency 
of vaso-occlusive crises in adult and pediatric sickle cell 
disease patients  aged 16 years and older. The recommend-
ed dosage is  5 mg/kg administered intravenous infusion 
over 30 minutes at Week 0, Week 2, and every 4 weeks 

afterwards. It can also be used along with hydroxyurea.20 

Vaso-occlusive crisis events as well as time to first vaso-oc-
clusion were significantly decreased in the crizanlizumab 
arm compared to  placebo. The major difference was seen 
in non HbSS subgroup and those receiving concomitant hy-
droxyurea therapy. The adverse events reported in 10% of 
patients included nausea, vomiting, diarrhoea, pruritis, ar-
thralgia, back pain, pyrexia while a few suffered from acute 
chest syndrome, pneumonia, intracranial bleed, thrombo-
sis, ventricular failure, sepsis.21 The STAND trial, another 
phase III trial is ongoing for evaluation of  safety and ef-
ficacy crizanlizumab, in adolescent and adult patients (> 
12 years) with sickle cell disease. SOLACE, STEADFAST and 
SPARTAN trials are amongst the other ongoing trials of  

Summary of newer drugs27
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Crizanlizumab for VOCs and other indications in sickle cell 
disease.22,23

Voxelotor: Also known as Oxbryta, binds to the N-terminus 
of alpha subunit of HbS, stabilizes the oxygenated haemo-
globin state thereby reducing sickling.24 Oxbryta (GBT440) 
was FDA approved on  November 25, 2019 for both adults 
and pediatric patients 12 years of age and older.  The HOPE 
(NCT 03036813), a randomized, double-blind, placebo-con-
trolled, multicenter trial, evaluated efficacy of this drug  in 
274 patients  and showed an improvement  in haemoglobin 
levels and reduced  hemolysis.25 Randomisation was done 
among 274 patients  to Voxelotor 1500 mg (N=90), 900 mg 
(N=92), or placebo. The primary efficacy outcome was de-
fined as  Hb increase of >1 g/dL from baseline to week 24. 
The response rate for Voxelotor was 51.1% in comparison to 
6.5% in the placebo group. Additional efficacy evaluation 
included significant improvements in change in Hb, indi-
rect bilirubin and reticulocyte count. The most common 
side effects encountered included fatigue, pyrexia, head-
ache, nausea, diarrhea,  abdominal pain in >10 % cases. The 
recommended dose is 1500 mg orally once daily with or 

without food. Other studies are going on regarding Voxelo-
tor use in Pediatric and adult (12-65 years) population with 
sickle cell disease.26

Other agents in pipeline

Besides these FDA approved drugs, there are various novel 
agents based on different mechanism of action which are 
being studied for sickle cell disease. The agents targeting 
adhesion includes Rivipansel, IVIg, Savuperin which acts 
by either selectin inhibitor or disrupts neutrophil medi-
ated sRBC capture.28, 29 Others like arginine, citrulline, N 
acetylcysteine, omega3 fatty acids act by preventing in-
flammation by reducing oxidative stress and decreased 
formation of reactive oxygen species.30, 31 Novel agents are 
being studied for inducing HbF includes Decitabine, Met-
formin among others.32, 33 Antiplatelets, anticoagulants like 
Rivaroxaban, Apixaban, unfractionated Heparin are also 
being studied.34, 35 Novel opioid sparing agents are in trials 
for managing painful crisis including Buprenorphine, Ket-
amine, gabapentin, momentin.36, 37

Recommendation:
The FDA approved newer drugs for sickle cell disease had different mechanisms of action than hydroxyurea and 
have minor adverse effects. These drugs can be considered  along with hydroxyurea as  a possible option  to reduce 
complications in sickle cell disease. Adherence to disease modifying therapies is important to reduce complications 
related to SCD. Availability of these newly approved therapies remains a constraint especially given  high expenses 
associated with  these drugs compared to the conventional drugs like hydroxyurea. In the pandemic era of COVID 
19, Crizanlizumab may be beneficial in reducing the number of hospital visits associated with VOCs. Reduction in 
the cost of these newer drugs may lead to increased use as treatment options for sickle cell disease.
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While management of Sickle Cell Disease is lar-
gely driven by medication and blood transfusi-
on, the role of  nutrition has been grossly un-

derestimated in tackling the disease. There is substantiated 
data on the high incidence of stunting and underweight in 
general sickle cell patients published by African authors.1, 2 

In 1985 already a group from the US reported an impro-
vement in the clinical course of sickle cell crisis in children 
by enteral nutrition through a nasogastric tube. In this ex-
perience, it was the substitute of calories which made the 
difference.3 The lower intake of calories may be caused by 
reduction of appetite and the need of higher energy uptake 
in SCD. 

In a publication from Jamaica about nutrition and sickle 
cell disease4, the author summarised:  In SCD there is
•	 Inapprotriate low energy uptake due to appetite suppres-

sion by inflammatory mediators.
•	 Elevated energy expenditure related to physiological ad-

aptations to hemolysis. 
•	 changes in body composition resulting in a relative in-

crease in visceral FFM. 
•	 inflammation.

The study observed that the difference in weight and 
height increases with age and is more pronounced in men 
than in women.1,4 In one publication from Tanzania, it was 
correlated with hospitalisation but not with mortality in an 
urban setting.5 This may be different in rural settings.

The consequence of these data is: Sickle cell patients 
need more energy intake than normal people in all 
ages.6

Fluid intake

Dehydration increases the concentration of sickle cell he-
moglobin in red blood cells along with the risk of vaso-oc-
clusive crisis. There are studies from the US reporting a re-
duced intake of fluids and higher intake of sodium in sickle 
cell children compared to healthy individuals.(10) It has also 

been demonstrated that the sickle cell patients may have 
lost the capacity of concentrating the urine even in a situa-
tion of dehydration. (11) Even though these observation have 
not been reported from India, adequate intake of clean wa-
ter is essential to prevent vaso-occlusive crisis.

Vitamins and micronutrients

There is an increased need for vitamins and micronutri-
ents in sickle cell disease. Several studies have shown that 
supplementation of different vitamins improve the clinical 
status of SCD patients.6 Others even have anti-sickling acti-
vity like vitamin C, A and E, zinc, copper and magnesium.6a 

Omega3 fatty acid seemed to reduce the adherence of red 
blood cells to the endothelium and reduced the incidence 
of occlusive crisis.6,7 Substitution of folate, though included 
in the general therapeutic procedure, has only low evidence 
according to a Cochrane review of 2018, as only one rando-
mised study met the inclusion criteria of the analysis.7a

What does this mean for dietary proposals for sickle cell 
patients, especially in rural areas? The could make use of 
Moringa tree, its leaves and pods, containing protein, vita-
mins, special aminoacids and many more ingredients. (8) 
Another choice is nuts, specially peanuts offering protein, 
carbohydrates and fat.9

Vitamin D deficiency has been observed in many sickle cell 
disease patients. The incidence is higher compared to he-
althy subjects.12 These data are not from India, but vitamin 
D deficiency in India is widespread.13 Main source of vita-
min D is sunlight exposure. General food rarely contains 
vitamin D except fish and in lesser amount milk. In a study 
from the US, it was seen that sickle cell patients with low 
vitamin D levels experienced higher hospitalisation rates.  
This corresponds to the difference between those who ne-
ver vs. often had fish, cheese, milk or egg in their diet.(12) A 
Cochrane review looked at the substitution of  vitamin D de-
ficiency, but they found only a low evidence.14 Still, in sickle 

Food And Nutrition
ch  a p t e r  1 6
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cell disease, exposure to sunlight and foodwith Vitamin D 
should be suggested to patients.

The aminoacid arginine has gained special interest in 
the recent years. It has played an important role in many 
diseases. One of its actions is the production of nitrid oxide 
leading to a relaxation of blood vessels. The alteration of en-
dothelial function is linked to diseases of the cardiovasular 
system like hypertension, diabetes, arterioskleosis. (15) Low 
global arginine bioavailability (GAB) leads to severe com-
plications on sickle cell disease.16 A randomised study in a 
small number of children admitted for severe pain showed 
a marked reduction of opioid use in children treated with 
arginin 100 mg TID.

Arginin is available in peanuts, pumpkin seeds, milk, 
cheese and curd, chicken leg, oats and corn.17

Treasure of traditional knowledge

Many publications of laboratory studies following experi-
ence of traditional healers have been able to demonstrate 
anti-sickling activity of plants as well as the ability to re-
verse anti-sickling in sickled cells of  patients. These are 
publications about Ocimumbasilicum (Tulsi)18,19, Curcuma 
longa (Turmeric)20, a mixtire of papaya and sorghum bi-
color (great millet).21 Moringa leaves21a, 21b had anti-sickling 
activity as well as fermented Moringa leaves.21c

After a short report about dramatic improvement in a 
7-year-old patient 21d after intake of fermented raw papaya 
in 1987, a publication in 2006 confirmed the results of la-
boratory tests.21e No further research has been published 
on this topic. Another publication reports the anti-sickling 
effect of papaya leaves.21f Onion and garlic as well have de-
monstrated anti-sickling activity.21g as well as neem seed 
oil.21h

Sorghum bicolor, a medicinal plant from Nigeria regis-
tered with the FDA, showed a reduction of intra-cellular 
hemoglobin in patients after four weeks intake in a rando-

mised study. Clinical effects were not looked at due to the 
short treatment time.22

Cajanuscajan (Pigeon pea) has been tested in Ciclavit, a 
herbal medicine from Nigeria.23 A randomised placebo con-
trolled study in 100 patients over 6 months showed a reduc-
tion in hepatomegaly in the study group compared to an in-
crease in the control group. The incidence of painful crisis 
was stable in the study group but increased in the control 
group. Though the Cochrane analysis of the studies with the 
two herbal medicines from Nigeria led to a low incidence24, 
these vegetables may have a protective effect and should be 
included in every days meals.

After a publication of in-vitro anti-sickling activity25 
and experience from a late healer, a nurse interested in tra-
ditional medicine started to treat sickle cell patients in her 
area with a tonic consisting of aloe vera and jaggery. After 
taking the herbal medicine, symptoms stopped in patients 
within 7 to 10 days and most of them could live a normal 
life. Though there are more than 250 patients treated, this 
expereince is not published.

Recommendation:
1.	Sickle cell patients need a higher intake of energy, 

protein, carbohydrates and fat.
2.	Higher intake of fluid  compared to healthy sub-

jects is important to prevent sickle cell crisis.
3.	Substitution of folic acid and vitamin D and vita-

min D should be given despite low evidence level.
4.	Food should be chosen according to the need of vi-

tamins and micronutrients as presented.
5.	Plants, vegetables, fruits that have proven an-

ti-sickling activity in the lab or in clinical reports 
should be part of daily food.
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1. Nutritional perspectives in sickle cell disease in Africa review.pdf

2. Functional food important for Nigerian children with sickle cell disease

 References
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Prevention And Control

Sickle cell disease (SCD) is the most common inherit-
ed disorders of haemoglobin. In SCD, substitution of 
a single amino acid glutamic acid with valine at the 

6th position due to a point mutation (A→T) in beta globin 
(β-globin) gene results in sickle haemoglobin (Hb S), which 
has tendency to polymerize inside the red blood cells (RBCs) 
under hypoxic condition. Surprisingly, the Indian SCD pa-
tients have high fetal haemoglobin (Hb F) associated with 
Arab Indian/Asian haplotype, which is supposed to have a 
milder clinical phenotype.1 SCD is an autosomal recessive 
disease inherited from one generation to the next. There are 
two forms of SCD based on the number of faulty sickle genes 
(Hb S) that are recessively inherited from parents (i) Sick-
le cell trait/carrier (Hb AS): persons having only one sickle 
gene (βAβS) out of the two alleles acquired from either parent 
is known as a sickle cell carrier/trait. These people are usu-
ally asymptomatic and do not require treatment, but they 
may pass on the sickle gene (βS) to their children. (ii) Sickle 
cell homozygous (Hb SS): sickle cell homozygous (Hb SS) or 
sickle cell illness refers to people who have two sickle genes 
(βSβS) in alleles inherited from both parents.

SCD has become a major public health concern in devel-
oping countries like India, which is a second largest hub for 
SCD after South Africa, estimated to have approximately 
33,900 [CI: 15,900–64,700]) newborns with SCD by the year 
20502. In India, the first case of SCD was identified in 1952, in 
a tribal population, living in the Nilgiri hills of south India.3 
Over the last few decades, SCD has marked its presence pan 
India with a varying degree of prevalence in different ethnic 
group.4 However, states such as Gujarat, Maharashtra, Mad-
hya Pradesh, Chhattisgarh, Odisha, Jharkhand and Telanga-
na are the states with high prevalence of SCD in India.4,5

•	 India has the main reservoir of Hbpathies like SCD and 
Thalassemia in the entire world, whose prevalence is high 
and varies from 5 to 30% depending on the geographical 
area. It has a huge socio-economic burden and contrib-
utes significantly to IMR and MMR and anaemia.

•	 SCD, Thalassemia and haemoglobin diseases are three 

major HbPathies seen in different parts of India. Recent-
ly, GoI and all State govts are committed to provide all 
health care facilities free of patients to patients irrespec-
tive of location or status.

•	 Rs 2 lakhs per patient per year is being spent from the 
govt exchequer towards the management.

•	 Thus, a control of HbPathy is utmost essential.
•	 For logistic and financial realistic point of view, it is 

imperative to integrate all types of Hbpathy in one pro-
gramme as the patients, the blood sample, the equipment 
and human resources are the same.

Goal

•	 5% reduction of SCD (HbSS) and other HbPathies (disease) 
in 5 years.

•	 Consolidation and futher reduction in subsequent years.

Methodology of Prevention & Control:

•	 Prevention of birth of the major HbPathies including SCD 
(HbSS). 

a)	 By antenatal screening and counselling to avoid mar-
riage among two carriers.

b)	 Prenatal diagnosis with selective termination of the preg-
nancy if the foetus is found to suffer from major Hb Pathy.

•	 Curative option: Allo-genic Bone Marrow Transplantation.
•	 Holistic optimal assessable healthcare system to all: This 

will reduce the morbidity and mortality. Ensure the nor-
mal life expectancy, excellent QoL and compliance.

•	 Gene therapy: Curative option which may be realistic in 
future.

Core Components of Control Programme

Principle

•	 A Central body has to be in charge.

ch  a p t e r  1 7



PAGE 139    www. ishbt.comI n d i a n  C o l l e g e  o f  H e m a t o l o g y

National guidelines on management and control of Sickle Cell Disease

INDIAN SOCIETY OF HEMATOLOGY  
& BLOOD TRANSFUSION

•	 Zonal headquarters in every state.
•	 CoE (2-4 in every state).
•	 State can modify the framework as per the need and sit-

uation.
•	 Work flow.
•	Screening test at peripheral level which should be reason-

able and sensitive for SCD, Beta-Thal and HbE.
•	Positive samples should be carried to DHH for confirma-

tion by HPLC/CapZone Electrophoresis. Controversial 
cases should be referred to CoE.

•	Every DHH should work as a nodal centre for providing 
diagnostic and therapeutic facilities along with manag-
ing complicated cases and imparting training to all the 
health professionals from time to time.

•	 One uniform training, management and other related 
modules should be created by ISHBT/ICMR/other stake-
holders which should be followed across the country. This 

will help in data analysis and future interventions.
•	 PND facilities should be available across every state so 

thata pregnant female can easily access free of cost.
•	 BMT facilities should be available in one to two centre at 

least in every state.
•	 Counselling/Awareness/vocational rehabilitation.
•	 Data system.
•	 Every person included in the programme should be in-

cluded in the centralised data system with bar code facil-
ities.

•	 Analysis of the data should be done inside the State and at 
national level once in a year or as per need.

Specimen and data flow
Role of Healthy Functionary:
ANM

•	 Sample collection and handing over to Courier.

Priority Groups for Screening
Sl No. Priority group Point of screening 

1 Antenatal women Periphery – RI centers/PHC/CHC* 

2 Spouses of AN women (positives) Periphery – RI centers/PHC/CHC* 

3 
High school children 

(2
nd

 year onwards) Schools & CHCs* 

4 Walk-ins (includes eligible couples and col-
lege goings) CHCs* 

5 All population in due course CHCs* / Hospitals

CHCs*: Approximately 4 CHCs in each District
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•	 Record keeping in register and Tab.

Courier

•	 Sample collection logistics delivery.
•	 Sample receiving and transport to ILR point/Cell Counter site.

Lab Technician

•	 Sample receiving and checking sample status.
•	 Testing and reporting.
•	 Handing over to courier for sending to HPLC/ACZE lab.

DATA MANAGEMENT

Data management system with Apps and other require-
ments should be developed by Govt. of India or State Govts. 
depending on the need.

Types of Training

1.	State level Training.
2.	Regional level  Training.
3.	District level workshop Training.
4.	District level TOT training.
5.	Block level health worker M and F training.
6.	Sector level ASHA orientation.

Training Participants

1.	State level Training- All CDMOs.
2.	Regional level training- All MOs. 

3.	District level workshop training- All DPMU staffs ,MOIC 
and BPM.

4.	District level TOT training- BDM,LT,Counsellor and LHV/
Staff Nurse.

5.	Block level Training- All HW (M), HW (F) and Other staffs.
6.	Sector level Training-All Sector level ASHA.

Role of Healthy Functionary:
MO in-charge/Block programme manager

•	 Participant in district level orientation.
•	 Selection of block level functionary for ToT. 
•	 Will monitor the quality aspect of trainings down the line.

Block data manager

•	 Participant in district level orientation.
•	 Master trainer of sample collection in block level trainings.

Lab Technician

•	 Participant in district level orientation.
•	 Master trainer of sample collection in block level trainings.

ANM

•	 Ensuring 100% participation in ANM orientation.

district account manager/ Block account 
manager

•	 Timely submission of UC-SoE.

Monitoring-outcome Indicators
Indicator Source Frequency

Number of ANC women registered ANM / Database Monthly 

Number of ANCs (pregnant woman or her partner) registered & tested before 16 weeks ANM / Database Monthly 

Number of ANCs (pregnant woman or her partner) registered & tested before 16 weeks ANM / Database Monthly 

Number of eligible couples who know their MHD status before their 16 weeks ANM / Database Monthly 

Number of eligible couples where both partners are known to be carriers accept PND ANM Monthly  

Proportion of homozygous pregnancies where the couple opted for MTP Project database Annually

Number of individuals who walk-in to know whether or not they are carriers Project database Quarterly 
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IEC / Behaviour change communication

Objective
•	 To remove stigma.
•	 To make it a part of existing programme.
•	 Community level ownership.

•	 Multi-Sectoral Convergence for supportive supervision.

Monitoring & Evaluation: Should be designed by Govt. of 
India / State Govts as per the need. 

As an template for monitoring and evaluation of ante-
natal females and school going children - 

Monitoring Programme Management
Indicator Source Frequency

No. of schools reached by camps in the month in the district* District Coordinators Monthly 

No. of school children screened District Coordinators Monthly 

No. of colleges visited where information sessions were held District Coordinators Monthly 

No. of college students reached at information sessions District Coordinators Monthly 

No. of street plays reported to have been done Media group Monthly 

No. of street plays attended by the project staff to judge quality District Coordinators Monthly 

* From 2nd year of programme launch 
Impact Indicator: Before Programme as baseline data and during / after programme for monitoring of effectiveness.
yy Prevalence of major haemoglobinopathies at birth. 

Sentinel Surveillance Centres 

	All births will be monitored at major hospitals by genetic analysis for major haemoglobin disorders.

Monitoring Programme Management

Recommendation:
1.	Prevention and Control of SCD along with other HbPathies is cost-effective and beneficial.
2.	SCD should be integrated with thalassemia, and HbE disease in government programmes considering the fact 

that it involves the same population, same impact and same logistics.
3.	Considering the magnitude of problem in India, one screening test which can reasonably capture major HbPa-

thies like SCD, Thal and HbE disease may be initiated at community level followed by confirmation at referral lab 
at district level. POC equipments needs to be examined from all the angles before its use in govt programmes. 

4.	HbPathies are associated with anaemia in significant percentage of cases. Thus, the Taskforce unanimously feels 
that the national anaemia programme should be integrated with HbPathies programmes.

5.	Affordable and accessible holistic health care system will improve the morbidity and mortality, and regain the 
confidence of SCD community. This will help in eradicating the social stigma which is essential for effectiveness 
of any control programme.

Indicator Source Frequency

Number of Children born with SCD or TM or HbE Major Sentinel Surveillance Centres Monthly
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6.	This guideline has outlined the framework of control and prevention programme. However, the Government of 
India/State governments should formulate their programmes considering their specific needs.

7.	The data system should be robust and secured. It can be integrated to create a national database.
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Research Needs: Priorities & Strategies
ch  a p t e r  1 8

Sickle Cell Disease (SCD) is the commonest genetic 
blood disease which is widely prevalent across the 
globe with variable distributions, phenotypes, com-

plications and life expectancy, etc.1 There is a greatest di-
chotomy between the science (single Amino acid mutation 
at 6th Position of beta globin chain of Hb in all cases) and 
huge variability in clinical presentation and this mystery 
needs to be unfolded. The standard concepts based on re-
search are mostly derived from haplo types like Senegal, 
Bantu and Benin, which may not be true in the case of the 
Arab-Indian haplotype prevalent in our country. 

Although a considerable number of studies were carried 
out in India, they are mostly limited to screening, and some 
are extended to molecular typing of HbS. Very few clinical 
and interventional studies are available. The Indian studies 
available so far have very fewer implications on practice, 
particularly in the prevention and management of the 
disease.2 Thus there is a huge unmet medical need which 
urgently requires addressing with research, as outlined be-
low.

•	Epidemiology

yy Screening/Surveillance/Registry/Understanding  
the natural history.

Initially, SCD was supposed to be prevalent in malaria-en-
demic zones affecting more people in tribal and rural areas. 
But this scenario has been completely changed due to pop-
ulation migration and marriage across the castes.3 The Ma-
laria epidemiology in India has also changed significantly 
due to mutation in the malaria parasites as well as environ-
mental changes due to developmental activities. This situ-
ation has also impacted the overall survival of SCD due to 
better nutrition, healthcare facilities and improved living 
conditions. Thus the current epidemiology and the natural 
history of SCD should be ascertained by well-planned popu-
lation-based research across the country.

Screening for SCD, preferably from an early age, is 
necessary, and these cases are to be followed with the re-
quired care. Registries and surveillance systems in the pub-
lic health system hold great promise in providing essential 
information on the SCD patient population. Data collected 
through these systems often provide insights into popula-
tions receiving interventions or care under the programme 
and to understand the outcomes of such interventions and 
programmes. 

Screening methods suitable to the population are to be 
established. Efforts to establish surveillance and registries 
using information technology are to be made. Later these 
systems are to be standardized and scaled up at the nation-
al level for the use of the national SCD programme.4 (Please 
see the Chapter on Screening and Diagnosis Laboratory 
Testing of SCD)

•	 Immunization/Antibiotic Prophylaxis 

The benefit of these two modalities in improving the out-
come was established in African countries where the prev-
alent haplotypes are not Arab-Indian. Thus the advantage 
of a specific immunization and antibiotic prophylaxis in In-
dian patients needs to be validated in the present prevalent 
situation. Hence, more intervention studies addressing this 
objective are required.

(Please see the Chapters on Immunization in SCD and 
Management of SCD in Stable Condition)

. 
•	Clinical Research

The clinical presentation varies according to the HbS haplo-
type. Hence, the Indian SCD patients with the Arab-Indian 
haplotype need to be studied more to ascertain the above 
parameters. No work has been done in India in this regard. 
Hence, understanding of the clinical variability by various 
HbS phenotypes and, more specifically, the complications 
in pulmonary, cardiac and neurological is required. 
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(Please see the Chapters on Management of SCD in Sta-
ble Condition, Newer Drugs in SCD& Vaso-Occlusive Crisis 
Acute Pain)

Markers of end-organ damage needs to be studies and 
corroborated.

•	Treatment / Management

Few studies are available in India regarding the treatment 
and management of SCD. This small number of studies 
does not match the huge burden of SCD in India. Hence, it 
is imperative to undertake studies on the following issues, 
to guide the programme and practice in India. In addition, 
standard treatment protocols are to be developed for rou-
tine management and complications. This kind of protocol 
is primarily helpful to doctors working in peripheral prima-
ry health care facilities (Please see the Chapters on Manage-
ment of SCD in Stable Condition, Efficacy of Hydroxyurea 
Therapy in Indian SCD patients& Vaso-Occlusive Crisis 
Acute Pain).

For the following issues, some information is available 
in the global literature. However, Indian-specific informa-
tion is scanty. Hence, there is a need of undertaking re-
search among Indian SCD patients. 

yy Developing standardized treatment protocol.
yy Iron Overload / Iron Chelation / Iron Deficiency(Please 

see the Chapters on Assessment of Iron Overload and Che-
lation Therapy in SCD).
yy Red cell antigen pleomorphism and its relation with al-

lo-antibodies formation(Please see the Chapter on Trans-
fusion Support in SCD).
yy SCD and Surgery (Please see the Chapter on SCD and Sur-

gery).
yy SCD and Pregnancy: The need for care during pregnan-

cy and postpartum among SCD women is very different 
from that of normal women. Global studies have shown 
that if pregnancy occurs in women with SCD, the woman 
has a risk of maternal and foetal complications, includ-
ing obstetric complications. However, the 1st prospective 
study in India among pregnant women with SCD report-
ed successful pregnancy in 84% of cases with zero mater-

nal mortality albeit higher complications of pregnancy, 
foetus and neonates.5 Obstetric complications like pre‐
eclampsia and eclampsia are more in incidence in SCD 
women than in normal women. Other adverse foetal out-
comes like spontaneous abortions and stillbirths are more 
among SCD mothers. The pregnancy exacerbates the pre‐
existing anaemia, and there will be increased SCD-relat-
ed complications like vaso‐ocular crisis and acute chest 
syndrome during the pregnancy. The foetal growth, too, 
will be affected, and there are chances of preterm deliv-
eries. These reports are based on international studies, 
and no such data are not available from India, where the 
haplotype is different from other countries. Hence, more 
research is required for evidence-based interventions, as 
women with SCD should be provided with relevant infor-
mation. They should be aware of complications during 
pregnancy, possible foetal outcomes, and the importance 
of antenatal care and prenatal screening. Antenatal care 
should be very comprehensive. Necessary precautions 
are to be taken during delivery. (Please see the Chapter 
on Management of SCD in Pregnancy).

•	Newer treatment needs 

As mentioned earlier, the pathophysiology, compli-
cations and response to therapy vary significantly across 
the haplotypes. Just to cite a few examples:

1.	The iron overload may be variable. Iron overload requir-
ing iron chelation and iron deficiency requiring iron sup-
plementation may be in 10% of cases each.6

2.	All the Indian prospective trials are unanimous that the 
low dose of hydroxyurea (10 mg/kg/per day) may be ef-
fective in most of the cases. This low dose may have mul-
tiple advantages in our set-up.7,8,9

3.	Many patients are surviving beyond adulthood, getting 
married and needing pregnancy as well as surgery. Both 
pregnancy and surgery are high risks. 

The concept derived from other studies regarding all the 
above-mentioned issues may not be true in our patients. 
Thus we need well-planned research among the institu-
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tions to address the above-highlighted issues on a priority 
basis. (Please see the Chapters on Assessment of Iron Over-
load and Chelation Therapy in SCD, Efficacy of Hydroxy-
urea Therapy in Indian SCD patients, Management of SCD 
in Pregnancy& Newer Drugs in SCD).

•	 Health care 

yy Models of comprehensive SCD care: The proven inter-
ventions for screening, management and prevention 
are to be integrated rationally. Early detection should be 
part of this model. Early screening and subsequent care 
of paediatric patients reduce mortality and morbidity 
during the early stage of life. 

The entire developing countries are looking forward to 
the Indian model due to geopolitical and scientific reasons. 
Every planning and health care facility should be equitable 
as well as accessible. Thus the minimum holistic facilities 
should be available at the primary health care level. Special 
facilities like prenatal diagnosis, bone marrow transplan-
tation and others should be available in a few tertiary-level 
government facilities in the states for easy accessibility and 
affordability.
yy Provision of care at the primary health care level: 

Though efficacious therapies are available, they are 
not reaching the people and are available in a few ur-
ban-based tertiary hospitals. As part of the programme, 
the primary health care system should be strengthened 
to screen and manage SCD patients. The primary health 
care system should be able to guide people for screening 
or referral and should support the known patients. Sim-
ple therapies like hydroxyurea are available and can be 
used at the primary health care level to manage painful 
crises among SCD patients.Clear implementation guide-
lines are needed for the public health system for these 
activities. A programme should be developed with an ap-
propriate referral system at the primary health care level. 
The primary health system should be able to implement 
comprehensive care for SCD with an appropriate referral 
system. The suggested management guidelines for man-
aging SCD should be popularized amongst the health care 
providers at the primary health care level, and there is a 

need to strengthen thereferral system by strengthening 
the capacity of the health systems. Appropriate train-
ing of doctors at primary health centres is identified as 
a priority. Hence, operational/implementation research 
has to be undertaken to standardize care in the primary 
health system. 
yy Comprehensive national programme for haemoglo-

binopathies: Despite the high burden of SCD and other 
haemoglobinopathies in India, there are no state-led 
public health programmes or a health system approach 
in the country, except for a draft policy notified by the In-
dian government. Hence, required advocacy is required 
to initiate the development of a comprehensive national 
programme by the national government and thereby to 
implement the programme by the state governments. Re-
search is to be promoted to provide necessary feedback to 
governments for the development and implementation 
of the programme. 

It is rational to integrate SCD and other haemoglobinop-
athies like thalassemias in the comprehensive programme, 
as the approaches of management and prevention and 
affected populations are the same. Operationally too, it is 
easier to screen and manage these diseases among the af-
fected populations. 
yy Special population needs, equity in care: As per the 

current knowledge, the majority of the SCD-affected 
people are from tribal communities, who are very poor 
and vulnerable in accessing health care services. They 
live in remote hilly terrains and forests. Hence, to meet 
these challenges, the health system in tribal areas is to be 
strengthened with a focus on improving the facilities’ ca-
pacity and training doctors and other health care provid-
ers. Simultaneously,the community’ awareness and felt 
need are to be generated.
yy Implementation research needs: To develop and imple-

ment the above programmes, implementation research 
is to be promoted. The population’s access to care, im-
proving the quality of care provided by government 
health centres, and raising awareness among the com-
munities are crucial. Thus the implementation research, 
aiming at the transition of evidence‐based interventions 
into the programme and practice, can improve the lives 
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of SCD patients.
 
•	 Impact of the disease 

Unlike other congenital blood diseases, SCD carries a mas-
sive social stigma and is considered one of the important 
reasons for the inequity of health care services. Stigma has 
a tremendous impact on psychological stress, depression, 
fear, delay in diagnosis, and poorer treatment prognosis, 
ultimately affecting health behaviours and treatment out-
comes. This stigma will be eliminated only when an SCD 
patient feels that she/he can lead a normal life without any 
restrictions, marry and with children, and avail accessible 
and affordable best health care facilities. Advocacy will fa-
cilitate in achieving this goal.

Despite the huge burden of SCD in India, no compre-
hensive data about productivity loss in terms of work or 
academic performance, stigma and health-related quality 
of life (QoL) associated with SCD are available. Hence dis-
ease impact is not known. Research on stigma and other 
psycho-social and economic impacts of the disease is to be 
promoted in the country. 

In addition to these data, advocacy campaigns/strat-
egies are to be developed to draw the attention of policy-
makers and state-level health care managers. Communities 
are to be engaged in these efforts, in addition to bring-
ing awareness among them regarding the disease and its 
management. These efforts are essential in preventing the 
disease. Research into this concern is almost absent in the 
country and needs to be promoted.

Recommendations:
1.	The unmet medical need and the gap in understanding are huge in India.  SCD has a significant socio-econom-

ic-health burden. It contributes significantly to IMR, MMR and life expectancy. Its prevalence is so high that it is 
to be considered a social problem rather than only a medical problem. 

2.	Besides Sickle Cell Disease, Thalassaemia and HbE Disease are other important haemoglobinopathies in many 
parts of India. Its impact, management and control involve the same patient pool, samples for investigations, 
same equipment, same manpower and same logistics, etc. It looks very convincing to integrate SCD, thalassaemia 
and HbE Disease while planning a programme related to the control or holistic managementof these diseases.

3.	Anaemia: the commonest medical problem of India, being prevalent in 64% of the population, contributes to IMR 
and MMR. Its prevalence has increased by 14% recently despite various control programmes undertaken by the 
Government of India and all state governments. The anaemia is also related to haemoglobinopathy. Thus it’s rea-
sonable to plan one integrated approach to anaemia and all types of haemoglobinopathies.

4.	The SOPs based on research from other countries may not be accurate for our patients. It should be designed for 
our patients based on evidence.

5.	National Control and Management Programme should be developed considering all the limitations and feasibili-
ty. Advocacy and implementation research are required for this purpose. 
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At 17 when in the first year of graduation studies, I 
was in my own zone setting goals for myself and 
dreaming for a future full of accomplishments. 

However, my whole world came crashing down around me 
when I became unconscious following a high fever in hostel.  

What was thought to be a simple fever ended up in 
discovery of a hereditary disease that required a life-long 
medication and regimented life.

Born to Ramesh Chandra Sahu and Urmilla Sahu in 
Odisha’s Dhenkanal in 1991, I was the 5th amongst the 
siblings. During the year 1991, when the elder brother 
encountered some health issues, a doctor was consulted.  
It was found that he had symptoms of Sickle Cell, and that 
was inherited heterogeneously from the mother, then rest 
of the family members underwent checking. I was also 
diagnosed to have similar disease from my mother.

I had no health issues till 2008 (at the age of 17). The 
fever that I had in hostel in 2009 led to revelation on my 
health condition.  After the diagnosis, blood level was found 
to have dropped to 6.8 HB and subsequently I was admitted 
in ICU for seven days. 

At the department of Clinical Hematology of SCB 
Medical College, I was advised hydroxurea @10mg/kg/
day, folic acid, injection methylcobalamin, meningococcal 
and pneumococcal vaccination with advise for lifestyle 
modification to prevent VOC.

Though the frequency and severity of pain during crisis 
has reduced still I was to be admitted intermittently in the 
SCB MCH and managed. The hydroxurea dose was gradually 
increased to 20 mg/kg/day and subsequently to 35 mg/kg/
day. However, the intermittent pain did not allow me to lead 
a normal life forcing me to remain away from my office and 
get hospitalised. 

Recently, injection Ryverna was added @250mg IV per 

dose from August 2022. Meanwhile, I lost my brother to SCD 
with VOC in August 2022. 

I am now 31 year-old and a chartered accountant.  Fully 
financially independent, I want to marry.  Few proposals 
came, but could not be materialised. However, with doctors 
by my side, I have not lost hope of leading a normal life. I 
would be lying if I say that I am not facing any stress, strain 
or mental depression.
 
Sickle cell crisis

As per my personal experience, I face the sickle cell crisis 
when there is
•	 Sudden change in temperature, basically in winter and 

summer.
•	 Dehydration is another trigger.
•	 Infections.
•	 Stress.

Here are some ways to help lower one’s risk of having a 
sickle cell crisis:
•	 Take all medications recommended by your doctor.
•	 Try to drink about 10 glasses of water a day.
•	 Try to practice some exercise and yoga to relieve of body 

pain.
•	 Avoid stress.

Expectation as a patient

•	 The medical professionals should find a solution for SCD 
so that we can lead a painless normal life and start own 
families with children after marriage.

•	 Government should do all the needful and provide special 
care to SCD community.

Needs of SCD Community:  
Patients' Perspective

ch  a p t e r  1 9

sradhita sahu, dhenkanal, odisha
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Sickle Cell Disease (SCD) is a genetic disorder that 
affects millions of people in the global. Unfortunately, 
I am one among the millions affected by SCD 

(homozygous), which I was diagnosed at the age of one.
Till 17 years of age, I had gone through severe pain 

crisis with blood count plummeting 2 to 3 times in a year. 
I turned to painkillers to manage pain and antibiotics to 
check fever. Around 11 to 12 units of blood were required to 
be transfused at the time of low hemoglobin. 

Hydroxyurea was not prescribed to me. Subsequently, I 
approached Hematology department of SCB MCH, Cuttack, 
where I was administered hydroxurea and folic acid. I have 
now completed my graduation and studies.

With the same medications till now there is no severe 
crisis. Four to five episodes of mild pain have definitely 
occurred. Recently, I was vaccinated with meningococcal 
and pneumococcal vaccines. 

I sincerely thank all my doctors for showing their great 
humanity and dedication in their treatment and their kind 
behaviour towards me during every phase of my life.

So, suffering with the disease I would like to share some 
of my experience:

•	How SCD affects you in day-to-day life?

Growing up as a child it affects you in every stage of your 
life starting from studies, sports, playing games to colleges 
and even sometimes you just have to compromise with your 
career. It affects in doing normal job or business. Family 
members come under pressure to manage the crisis.

•	How is it treated and managed?

In earlier days, it was quite difficult to live with SCD. 

One had to frequently go through the crisis and poor 
quality of life. Nowadays, one can access advanced 
treatment with usage of Hydroxyurea that limits the 
pain crisis and blood transfusion.  It also helps prevent 
organ damage. 

With regular medications including folic acid, 
multivitamins and calcium one gets a productive life. 
Whenever one faces a crisis, he or she has to have proper 
medication, intake of sufficient fluids and care.

•	How diet and lifestyle help you?

One has to be very careful towards one’s body. One needs to 
take proper balanced diet, good amount of water, moderate 
yoga and exercise along with regular medication. In my 
experience, healthy lifestyle, adequate hydration and a 
complete stress free life have benefited me. As much you 
take care your body, it would definitely support you in 
the future. Always avoid oily and fast foods, dehydration, 
extreme climate, hard work and stressed mind.

Expectation as a patient

•	 In our country we have poor healthcare facilities and in-
frastructures and lesser number of doctors. We need a 
good healthcare eco-system to support the patients in the 
time of emergency and crisis.

•	 Along with this we always need a great support from the 
doctors not only for treatment as well as from psycholog-
ical and educational point of view. 

•	 We need to spread proper education and awareness about 
the disease among the patients and family members as 
to how the SCD could be effectively managed throughout 
the life. 

Ashish Pradhan, Angul, Odisha
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Roadmap for SCD in India
ch  a p t e r  2 0

Recognising SCD as a major public health issue and 
concern at the national and state-level is the first 
step towards combating the disease in the country.

Despite having a prevalence of nearly 5% of India’s popu-
lation, which in sheer numbers translates to more than 6 
crore affected people, Sickle Cell Disease (SCD) continues 
to be neglected as a public health issue. Lack of proper rec-
ognition and importance to the disease in major health 
policies and health systems has not only deprived the SCD 
community in the country from comprehensive care but 
also led to marginalisation in many aspects. Along with the 
excruciating suffering from the affliction, the patients also 
have to battle social stigma.

While there is inequity in health care system, medical 
advances that can bring more relief to the SCD patients 
have not been made accessible to them. Thus, a major 
chunk of the patients continue to live with serious unmet 
medical needs.

Besides, there has been no concerted research on the 
genetics and unique features of SCD gene in Indian con-
text. Whatever existing data is derived from other haplo-
types like Senegal  and Bantu, while there is paucity of data 
related to Arab-Indian haplotype which is dominant in our 
country.

Patient profile or the phenotypes, complications and 
results hugely vary across the haplotypes. Medical needs 
including risk prediction, effectiveness of infection pro-
phylaxis, iron overload and chelation, cardio-pulmonary 
and neurological complications, management of pregnan-
cy and surgery with SCD and transfusion-related complica-
tions need to be studied in the haplotype found in India.

Huge infrastructure deficiencies lack of pre-na-

tal diagnosis (PND), bone marrow transplant, extended 
cross-matching, availability of drugs, monitoring, nutri-
tional deficiency and an amicable control environment 
are major drawbacks. Sub-optimal utilisation of existing 
healthcare facilities due to various challenges is also a con-
cern.

The SCD community residing in tribal areas and villag-
es is worst affected and deprived of the minimum facilities 
and very much rejected with feeling of being neglected 
and marginalised by the government. There is a huge dis-
satisfaction and anger within the community without any 
systematic expression or demand because of existing social 
stigma.

Thus, a strategic plan with roadmap for holistic imple-
mentation of SCD community in the country is the need of 
the hour.

Objective

The first and foremost goal is to ensure every person with 
SCD in every corner of the country is identified and provid-
ed with appropriate health care in time. The goal should be 
to put systems in place to identify and reach out to every 
person with SCD with necessary health care and social sup-
port services.

For achieving this, there needs to be a sustained effort 
involving the central and state governments, ISHBT (ICH), 
ICMR and other health care professionals' bodies, NGOs and 
social organisations, patient organisations and all other 
stakeholders concerned.  

Screening and identification initiatives should be 
strengthened. Healthcare infrastructure should be ramped 

The Sickle Cell community in India is the fiercest of warriors in the literal sense. They not only battle the harshest of physical 
suffering but also gross social misconceptions, including stigma, health care inequities and general lack of awareness. We need 
to have a roadmap to bring them to the mainstream by ensuring everyone has access to comprehensive care. We need an action 
plan, and  work on mission mode towards prevention and control of SCD. We need to ensure -  No One Is left Out  

~Prof RK Jena
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up across the country, particularly in the high incidence 
regions, with trained manpower and adequate support sys-
tems to reach out to the persons with SCD and provide time-
ly interventions.

SCD population should receive high quality healthcare 
in comparison to their normal counterparts. This would 
assure ‘long, healthy and productive lives’ for those living 
with SCD.

A strategic plan and a defined roadmap are required to 
make this possible. The plan should be based on the seven 
fundamental pillars – Identification, Accessibility, Effi-
cient, Quality, Safe, Equitable and Empowering.

Strategy -1: Identification 
(Time frame 3-5 years)

For any major public health issue, the first and foremost 
challenge is to accurately determine prevalence, burden and 
spread from the region down to the community-level. Disease 
registry is imperative for any prevention and control pro-
gramme. It provides a baseline for assessing the magnitude 
of problem at hand and for planning the necessary services. 

Therefore, SCD registries should be initiated in a 
comprehensive manner both at the hospital and popula-
tion-level.
(a)	 Hospital-based registry – The hospital-based registry 
will include all patients diagnosed or treated by a particu-
lar institution for SCD, whether in-patient or out-patients. 
The registry should collect the uniform set of data along 
with possible linkage to treatment and follow up. The hospi-
tal-based registry can be of considerable value in the evalua-
tion of diagnostic and treatment programme. Since hospital 
population will always be a selected population , the use of 
these registries for epidemiological purposes will be limited.
(b)	 Population-based registry – The population-based reg-
istry will cover the prevalence as well of phenotype of SCD 
as well as trait in a given geographic area. The data from 
such registries alone can provide the incidence rate of SCD 
and serve as a useful tool for initiating epidemiological in-
quiries into surveillance of time trends and planning and 
evaluation of operational activities in areas of SCD preven-
tion and control.

Recommendation:
1.	Establish a national data-system or registry in 

convergence with all State-level hospital-based 
and population-based registries to collect and col-
late data in a uniform database. This will help in 
studying the epidemiology and burden and also 
evaluating the outcomes of interventions on the 
ground. It will guide formulation and implemen-
tation of an effective national plan for prevention 
and control of SCD in India.

2.	The national registry may be integrated with be-
ta-thalassemia, HbE and other Haemoglobinopa-
thies. 

3.	The apex body should be at Delhi – Health Minis-
try/MOTA/NHM.

4.	All states should have their zonal headquarters at 
respective NHMs.

5.	Each state should have a CoE – 2-4 in numbers 
to coordinate and monitor all aspects including 
screening, provisioning of health care and out-
comes.

6.	It will help augment existing health care system 
and trained personnel along with  infrastructure 
as per the decision of the state concerned.

Strategy -2: Accessibility 
(Time frame 3-5 years)

Provisioning of holistic health care facilities both clinical 
and non-clinical to all persons living with SCD is the key 
to combating the public health challenge. There should be 
an organised model of providing clinical and non-clinical 
services and supportive interventions for SCD. SCD health 
care should be integrated from the primary care-level up 
to the tertiary and CoE structure. Efforts should be made to 
make high quality, comprehensive and speciality care with 
a multi-disciplinary approach accessible to each and every 
person with SCD in the country.

Recommendation:
1.	Comprehensive care centres with necessary infra-

structure, human resources and facilities should  
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be made available across the country which should 
be affordable as well as accessible.

2.	A national SOP regarding the diagnosis, moni-
toring and management should be designed af-
ter consultation with ISHBT and ICMR and other 
stakeholders.

3.	Laboratory infrastructure should be improved at 
the primary health care-level for early detection 
of SCD.

4.	Referral facilities should be strengthened at 
DHH-level to manage SCD.

5.	A module for training of doctors and health care 
givers and ICE matter for patients and public 
should be designed.

6.	Vocational rehabilitation programme should be 
integrated with health care.

7.	Disability facilities should be strengthened.
8.	Education department should be involved to pro-

vide a modified version of education system for 
mainstreaming SCD patients.

9.	Social, Tribal and other departments concerned 
should be involved both at national and state-level.

Strategy – 3: Efficient (Time frame 2-4 yrs )

Trained health care personnel and allied human resourc-
es from the top to the grassroots are imperative for any 
effort towards effective control and management of SCD 
in India. Apart from increasing the number of doctors in 
speciality care, there is an urgent need to enhance SCD 
management capabilities among personnel posted at the 
primary care-level as well as general physicians in the com-
munity. Trained doctors, allied personnel will ensure early 
detection, efficient primary care, timely referral as well as 
life-saving interventions which will not only reduce mortal-
ity and morbidity among SCD patients but also vastly im-
prove overall health outcomes.

Recommendation:
1.	A training module for SCD care should be created 

by ISHBT, ICMR and other stakeholders.

2.	Comprehensive training should be given to all  
doctors posted at PHCs, CHCs, SDHs, DHHs, etc, 
which are the primary point of care for all SCD pa-
tients.

3.	Laboratory personnel at the grassroots level should 
be trained for SCD.

4.	Nursing personnel should also be given training 
on specialised care for SCD.

5.	All involved caregivers should receive periodic 
training with skill-upgradation to keep up with 
advances and changes in SCD care.

Strategy 4: Quality (Time frame 2-3 years)

Quality and efficiency of SCD care can only be achieved 
through constant monitoring at every level. There should 
be efforts to strengthen and integrate evidence-based in-
terventions for enhancing quality of SCD care. 

Recommendation:
1.	A third party should be involved in conducting re-

search to assess the quality of the available health 
care, its gaps and solutions thereof.

2.	ICMR, other independent organisations can be in-
volved for such activities.

3.	The recommendations should be studied and act-
ed upon in a timely manner so that improvements 
can be made for the benefit of the patients as well 
as enhancing strategy planning.

4.	A multi-disciplinary approach should also be ad-
opted for further development of clinical practice 
guidelines and enhancing quality of care.

Strategy 5: Safe (Time frame 2-4 years)

Establishment of CoE with research activity and allocation 
of funds for the purpose. There should be at least, two CoEs 
in each state.

Recommendation:
1.	CoE will function as referral centre for overall man-
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agement of complicated/undiagnosed SCD cases.
2.	Will issue direction as per the need to all the 

downstream centres.
3.	Extensive research activities related to various 

aspects of SCD should be taken up among Indian 
patients so as to validate the concept derived in 
other countries or create a new concept which 
will be beneficial for the management of Indian 
patients.

4.	They will be responsible for training of health 
care professionals, allied personnel.

5.	They can modify the SOPs depending on the ad-
vances and changes in care systems.

6.	Ensure establishment of new technology and 
services in centres as per the need.

7.	They will provide technical advice to govt and 
other related agencies

Strategy 6: Equitable (Time frame 3-5 years)

Awareness and advocacy are key components for success 
of any prevention, control and management programme. 
SCD care in India should integrate holistic awareness gen-
eration programme along with strengthening advocacy 
which will not only educate the persons with the disease 
but also sensitise the society on this crucial public health 
issue. It will give a boost to SCD support systems while mak-
ing the community at large more sensitive, compassionate 
and alive to the problem. Through awareness and advocacy, 
prevention and control efforts will gain strength. It will also 
help policy and strategy panning for SCD in the country.

Recommendation:
1.	Governments, health care providers, social organ-

isations, all stakeholders and media should be in-
volved in creating awareness about SCD.

2.	Special campaigns should be launched to sensitise 
the general communities on SCD regarding the 
availability and utilisation of holistic health care 
facilities and break the social taboos and end dis-
crimination of the sufferers.

3.	ICE modules at the national-level as well as re-
gion-specific ones (considering the unique sit-
uation in a particular state or region) should be 
developed and disseminated among all stakehold-
ers.

4.	Collaborative efforts among advocacy groups, 
NGOs, community leaders, teachers and students, 
etc., should be strengthened for generating aware-
ness.

Strategy 7: Empowering  
(Time frame 2-3 years)

Breaking the barriers which prevent accessing therapies 
for SCD is a major aspect of universalising SCD care. Be-
sides, persons with SCD should be empowered with all sup-
port systems to lead a normal life with dignity and freedom. 
All social stigma and taboos attached with SCD should be 
eradicated through sustained efforts to address the myths 
and misconceptions around the disease.

Recommendation:
1.	Mission mode campaigns to eradicate the social 

stigma around SCD.
2.	Education, vocational, rehabilitation, skill-devel-

opment initiatives to be strengthened for empow-
ering persons with SCD to lead a dignified life.

3.	A clear guideline to be created for overall manage-
ment of SCD. This should be simple, realistic and 
workable.

4.	Procurement, availability and distribution of 
drugs should be adequate across the place and 
time.

5.	Efforts should be made for procurement of new 
and effective drugs.

6.	Facilities of PND, bone marrow transplant and oth-
er health care should be available in efficient way.
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