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* Rarely symptomatic at birth due to presence of Hb F

* Developmental effects

e Complications

Poor growth

Skeletal abnormalities

Jaundice

Iron Overload secondary to repeated

transfusions S L
= Deposited in heart, liver and L < NP

endocrine glands Skull radiograph depicting haiir
= Hypogonadism end appeance

o O O O

= Diabetes

= Cardiac failure- most die by age 30 of cardiac complications
=  Treatment
e Transfusion schedule to maintain Hb > 9.5
* Chelation therapy usually started between ages 5-8 years old
* Bone marrow transplantation is the only known cure
o " Thalassemia Intermedia
= Homozygous
«  Genotype: B°/B°, B /B%or B* /I B*
= “..too hematologically severe to be called minor, but too mild to be called major” - Rietti,
Greppi and Micheli, 1955
= Mild clinical characteristics may be due to:
* Inheritance of a mild or silent 3 chain mutation
e Co-inheritance of determinants associated with increased gamma-chain
production
e Co-inheritance of ! -Thalassemia

Sickle Cell
¢ Terminology
o Sickle Cell Disease- refers to all the different genotypes that cause the
characteristic clinical syndrome
o Sickle Cell Anemia- refers specifically to homozygosity for the BS allele
* Sickle Cell Anemia
o Molecular pathology
= Genetic mutation responsible is a substitution of tyrosine for adenine
in the 6th codon of the B-globin gene.

= Changes the amino acid from glutamine to valine 6th Codon of B-Globin Gene
forming the B -“s” globin chain.

= Absence of a polar amino acid at position 6 of the - AR
globin chain promotes the non-covalent
polymerization of hemoglobin, which distorts rbcs Glutamine Valine
into a sickle shape and decreases their elasticity i e G >Y°

o Genetics s
= Autosomal Recessive

= 8% of African Americans carry trait
= Gene frequency approaches 30% in some areas where malaria is endemic
= 1in 600 African Americans have SCA

v 7
Y [ AOSEES Y,
p = wiligy
\f\n\/‘\ N
\ WA
R 1\ S /> \’\" e
L ol |
\ 1
> N \\‘:"? AV S
= /*\.) 4 2
y::
Percentage of N ¢
population that \ 4
has the sickle- [ i 2
ﬁ cellallele \ ¥ ;"
(Hemoglobin S) ) ¥ [ Endemic
m>6 falciparum
O2-6 malaria

R. Gentry Wilkerson 3/8/11



Hemoglobinopathies 4

o Pathology
= The rate and extent of HbS polymerization is proportional to the extent and duration of
hemoglobin deoxygenation, pH, intracellular HbS concentration and the presence of fetal
hemoglobin in the erythrocyte.
= Most of the pathology is thought to be caused by entrapment of erythrocytes and
leukocytes in the microcirculation
e This causes vascular obstruction and tissue ischemia leading directly to infarction
and hemolysis.
* Also causes inflammation and release of hemoglobin into the plasma.
* Free hemoglobin inactivates nitric oxide and generates reactive oxygen species.
This results in vasculopathy and endothelial dysfunction.

o Diagnosis
= Screening tests (ie, Sickledex) 12345678
e Performed automatically in all 50 States Homozygous  Heterozygous
= Definitive testing by Gel Electrophoresis Ao Tauw™ -
o Complications F - l
= Skin S| - -—-
. Stasis Ulcer adult
" CNS C Normal 1.
. Stroke neonate .
= Eye
* Retinal hemorrhage
* Retinopathy
= Genital e Liver
*  Priapism o Hepatic infarct
e Impotence e Spleen
= Vascular o Sequestration
¢ Occlusive Disease o Splenic infarct
= Cardiac e Skeletal
e CHF o Bone infarcts
= Pulmonary o Osteomyelitis
e Shunting o Aseptic Necrosis
¢ Acute Chest
Syndrome

o Severe Pain Episodes
= No laboratory test to definitively rule-in or rule-out
e ESR, CRP, VCAM-1, Pentraxin-3 have been studied
= Patients typically develop a well-defined pattern of their “typical” pain crises
=  Treatment
* Mainstay of treatment is opioid analgesia
* No proven benefit with addition of NSAIDs
* Corticosteroids have been shown to reduce pain in short-term
o Ledtoincreased rebound pain and hospital readmission
* Oxygen therapy not proven benefit in patients not hypoxic
o Oxygen may lead to vasoconstriction which could potentially worsen
vaso-occlusion
* Inhaled Nitric Oxide not shown to be of benefit
o Acute Chest Syndrome
= Term coined in 1979 by Cardiche reflecting the difficulty in determining cause of problem
as infectious versus infarction
= Constellation of findings
* New infiltrate on chest radiograph- involving at least one complete lung segment
* Fever
* Respiratory distress (shortness of breath, cough, wheezing)
* Pain that often occurs in the chest but may be in the back or abdomen
= Causes
e Pulmonary infection
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* Fat emboli
*  Pulmonary infarction

In landmark paper (Vichinski, 2000) only 52% of patients were admitted with diagnosis of
ACS. The rest developed signs and symptoms a mean of 2.5 days after admission
Chest radiograph underestimates the extent of pulmonary involvement

Treatment
e Supportive Care

o IV, 02, Monitor, Pain Control

o IV hydration with D51/2NS at 1.5-2 times maintenance
* Broad spectrum antibiotics

o 3" Generation Cephalosporin & Macrolide

¢ Transfusion
e Steroids (??7?)

* New Algorithm in Pediatrics, 2011 (Crabtree, et al)
o Calculate the Clinical Respiratory Score

TABLE 2 Clinical Respiratory Score

Assess

CRS

0

1

2

Respiratory rate (=12 mo)
Auscultation

Use of accessory muscles

Mental status
Room-air oxygen saturation, %
Color

<30
Good air movement, scattered wheezing
(only expiratory), loose crackles

Mild to no use of accessory muscles; mild
tono retfactions or nasal flaring on
inspiration

Normal to mildly irritable

=95

Normal

30-40
Depressed air movement, inspiratory and
expiratory wheezes

Moderate intercostals retractions, mild-
to-moderate use of accessory muscles,
nasal flaring

Irritable, agitated, restless

90-95

Pale to normal

=40
Diminished or absent breath sounds,
severe wheezing, or marked
prolonged expiration
Severe intercostals and substernal
retractions, nasal flaring

Lethargic
<90
Cyanotic, dusky

o Apply to Algorithm

Begin

!

Patient meets ACS eriteria
Acute illness associated with lower respiratory symptoms, new
hypoxemia, OR new infiltrate on chest radiograph

FOLLOW flowchart for patients with SCD with pain and fever with the following modifications:

- Encourage ambulation (may come off pulse oximeter to ambulate)
- ADD azithromycin: 10 mg/kg PO on day 1 [MAX: 500 mg/dose], then 5§ mg/kg PO once daily [MAX: 250 mg/dose] for 4 days (erythromycin may
be substituted)
- Chest radiograph initially, repeat for clinical deterioration
- Continue IS In patients 25 y as follows: 10 breaths IS and 10 breaths PEP altemating
every 2 h between 8avand 10 m
- In patients <5y old, PEP and/or IS can be Introduced, but lack of cooperation should lead to earlier consideration of use of vest therapy
- CONSIDER adding vancomycin
- CONSIDER furosemide 0.5 mg/kg IV X 1 dose IF signs of fluid overload [MAX: 40 mg/dose]

’ Assess patient according to CRS

|

CRS 2-3

|

- Vital signs every 4 h

- Transfuse to Hb geal of 8-10 g/dL
- Continue IS + PEP every 2 h

IF patient< 5 y:

-Vest TIDIf =2 10 kg

IF patient not wheezing, 25 y:

- Vest OR IPV TID (vest preferred)

- Vest TID
- Inhaled bronchodilator per Respiratory

- g/kg
[MAX: 80 mg/d]
- Ranitidine for GI prophylaxis

- Continuous pulse oximeter, goal SpO; = 94%

IF wheezing or rales/crackles present:

Assessment and Management Protocol (RAMP)
i IV every 12 h

- Measure Peak Expiratory Flow (PEF) BID

CRS4

- Vital signs every 2 h

- Continuous pulse oximeter, goal SpO; = 94%

- Transfuse to Hb goal of 9-10 g/dl

- Transfer to Progressive Care Unit

- IPV or vest therapy every 4 h

- Inhaled bronchodilator per Respiratory
Assessment and Management Protocol (RAMP)

- Consider BIPAP

IF wheezing or rales/crackles present:

- Vest every 4 h

- Methylprednisolone 1mg/kg per dose IV every 6 h
[MAX: B0 mg/d]

- Ranitidine for GI prophylaxis

- Measure PEF BID

!

‘ CRS 5 ‘

- Vital signs evary 2 h

- Continuous pulse oximetar. goal Sp0; = 94%

- Transfuse to Hb goal of 9-10 g/dL. Consider
@xchange transtusion 10 10 g/dL and Hb S = 25%
or Hb E+C = 26%

- Transfer to Progressive Care Unit or Padiatric intensive

Care Unit. Consider managament
in PICU if history of previous ACS

@pisode with exchange transfusion

- Crilical Care Medicine consult upon adrmission and

Pulmonary Service Consult sf keast before discherge
BiPAP + IPV every 4 h

- Inhaled per Respirstory
and Management Profocol (RAMP)

IF wheezing or ralesicrackles present

- Vest every 4 h

- Methylprednisolone 1 mgikg per dose IV every 6 h
[MAX: 80 mg/d)

- Ranitidine for GI prophylaxis

- Vital signs every 2 h

- Continuous pulse oximeter, goal SpO; = 94%

- Peform exchange transfusion; remove
venous catheters as soon as possible after
exchange transfusion

- Manage in PICU

- BiPAP + IPV

- Inhaled bronchodilator per Respiratory
Assessment and Management Protocol
(RAMP)

IF ing or p

- Vest every 4 h

- Methylprednisclone 1 mgikg per dose IV every 8 h

[MAX: 80 mg/d]
- Ranitidine for GI prophylaxis
- Measure PEF BID
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o Venous Thromboembolism
= Long thought that Sickle Cell Anemia was a risk factor for VTE complications
= 2 recent studies have shown an almost 4-fold increase in risk of PE
¢ Even in those with only trait!
* Noincrease in DVT was found
= VQ scans are often abnormal at baseline
= American College of Radiology ACR Appropriateness Criteria Manual on Contrast Media
(Version 7, 2010)

e “Others have suggested that sickle cell trait or disease increases the risk to
patients; however, in neither case is there evidence of any clinically significant
risk, particularly after the injection of low-osmolality contrast media (LOCM)”

*  http://www.acr.org/SecondaryMainMenuCategories/quality_safety/contrast_manual/PatientSelection.
aspx

o Stroke
= Incidence of 1% per year between ages 2-5
= 11% have had stokes by age 20
= 50% recurrence rate after first stroke
= Screen using Transcranial dopper between ages 2-16 years
* Flow velocities > 2 m/s associated with critical stenosis and those patients are
started on a transfusion regimen
= Formation of Moyamoya aneurysm increases risk of intracerebral hemorrhage
o Skin Ulcers
= 25% of patients with HbSS
= Increased rate in males
= 75% recurrence rate

A

o Priapism

= Commonly occurs in children or adolescents gavemesal < X Tona Abuginen
= Treatment often difficult oy W4

* Opioid pain medications

* Intravenous fluids \(

e Aspiration and irrigation of the corpus cavernosum comus —N \ o L s s
+  Blood transfusion == NS T
= Impotence occurs with repeated episodes —

Dorsal Artery N Dorsal Veins

o Splenic Sequestration
= Sudden trapping of blood within the spleen
= Usually occurs in infants under the age of 2 y
= Clinical
e Splenomegaly
* May be associated with fever, pain, respiratory distress
e Circulatory collapse and death can occur rapidly
= Hemoglobin SS
* Incidence is increased in ages 6 m to 36 m
e Overallincidence ~15%
= Hemoglobin SC
* Incidence is increased in ages 2-17 y
e  Overall incidence ~5%
=  Treatment
e |V Fluids
e Cautious blood transfusions
* Splenectomy in some cases
o Long Term Therapy
= Pneumococcal vaccine (Prevnar) according to normal childhood schedule
e Add 23-valent vaccine at age 2 and a booster 3-5 years later
= Influenza vaccine yearly for those > 6 m old
= Penicillin prophylaxis at least until age 5
= Consider folate supplements
=  Yearly eye exams
= Yearly transcranial dopplers age 2 — 16 y
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= Hydroxyurea (Hydroxycarbamide)
* Ribonucleotide inhibitor that impedes DNA synthesis by preventing the formation
of deoxyribonucleotides
Increases the formation of Hb F
Improves RBC hydration and pliability
May generate nitric oxide, a potent vasodilator
Indications (per NIH, 2003)
o Frequent pain episodes
o History of ACS
o History of other severe vaso-occlusive events
* Sickle Cell Disease (Variants)
o Hb C Disease
= Substitution of lysine for glutamine at 6" position of § chain
= Hb C precipitates in deoxy- form
= Patients with trait (Hb AC) are asymptomatic
= Homozygous (Hb CC) patients
* Mild hemolytic anemia, abundant target cells
e Sporadic musculoskeletal pain
e Dental infarctions
= Patients with one S allele and one C allele (Hb SC)
* Complications are the same as for Hb SS but tend to be less severe and less
frequent
* Life expectancy is 65y (life exp for Hb SS is 45 y)
o Hb D Disease
= Includes multiple forms of various hemoglobin species
¢ Ex: Hb D-Los Angeles, Hb D-Punjab
= Patients with trait are normal
= Hb DD show some lab findings but are clinically normal
= Hb SD is similar to Hb SS
* Hemoglobin M
o A special kind of hemoglobinopathy
o Due to various mutations that results in the inability to reduce ferric iron back to ferrous iron
o AKA Blue Baby Syndrome
o MetHb level tend to be in the 15-30% range and are well tolerated by patient
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