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Physical Examination

Vital Signs: normal

General appearance: ill — toxic — icteric — pale — Respiratory distress -
Weight before pregnancy = 44kg

Height = 145cm

HEENT: icteric sclera — pale conjunctiva — conjunctivitis — Erythematous TM —
Erythematous pharynx

Neck: Lymphadenopathy —

Chest, Heart and Lungs: tachypnea — wheeze — crackle — rale — tachycardia -
souffle —

Abdomen: distension + tenderness — splenomegaly — hepatomegaly -
Nervous system: muscle weakness —

Skin: icterus — paleness — koilonychia — brittle nail — petechia = purpura —
Limbs: cold hands and feet — edema - 6
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CBC diff.
Rh and blood group
FBS

Urine analysis and Urine culture

HIV, HBsAg, VDRL, BUN, Creatinine
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O g

7



(012105 unit unit
WBC =4.8 10*3/uL

(PMN=58%, Lymph=35% , Monocyte=4%, Eosinophils=3%) Blood group = O Rh
factor = +

RBC=4.6 10*6/ulL FBS =79 mg/dl
Hb=12.6 g/dL Urea =20 mg/d|
HCT =37.8 % Creatinine = 0.82 mg/d|
MCV = 82.2 fL VDRL = Negative

MCH = 27.4 g 25-OH Vit D3 =23.7 ng/ml
MCHC = 33.3 g/dL HIV = Non reactive

RDW-CV =145 % HBsAg = Non reactive

Platelets = 234 10*3/ulL HCV —Ab = Non reactive



Urine Analysis:
Color = yellow
Appearance = semi turbid
SG =1.016

pPH =5

Protein = -
Glucose = -
Bilirubin = -
Urobilinogen = -
Ketone = -
Nitrite = -
Blood/Hb = +
Yeasts = -

~

WBC = 30-35

RBC = 8-10

Epithelial cells = 10-15
Bacteria = few

Mucus = -

Casts = -

Crystals = -

U/C = -



Proteinuria (>500 mg/24 h),
Dysmorphic RBCs or RBC caslts
©
& un :
. rine culture Serologic and
Pyuria, WEC casts Urine eosinophils hematologic

evaluation: blood

cultures, anti-GBM

antibody, ANCA,

complement levels,
Hemoglobin electrophoresis cryoglobulins,
Urine cytology hepatitis B and C
UA of family members serologies, VDRL,
24 h urinary calcium/uric acid HIV, ASLO

VP +/~Renal [P As indicated: retrograde ;
ultrasound pyelography or Renal biopsy

arteriogram,
or cyst aspiration

© (+)
Urogenital biopsy
©)
Renal CT scan S,Z’;as}.gﬁgﬁy ¥
S)
Follow periodic
alysis

FIGURE 52-2 Approach to the patient with hematuria. ANCA, antineutrophil
cytoplasmic antibody; ASLO, antistreptolysin O; CT, computed tomography;
GBM, glomerular basement membrane; IVP, intravenous pyelography; RBC, red
blood cell; UA, urinalysis; VDRL, Venereal Disease Research Laboratory; WBC,
white blood cell.
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CBC: unit
WBC = V/¥ 10*3/ulL

(PMN=Y%/Y%, Lymph=Y2/4% , Monocyte=) Y%, Eosinophils=Y/7%)
Reticulocyte = 28.5

RBC = Y/VY 10*6/ulL Anisocytosis ++

Hb=  7/7 g/dL Sickle cell +

HCT =Y 4/¥ % Target cell +

MCV = Ad/8 fL Elliptocyte +

MCH = Y4/) pg Ovalocyte +

MCHC =YY g/dL Polychromasia were seen
RDW-CV = Yo/ % Bili. T=3.3

11

Platelets = Y77 10*3/ulL Bili. D=0.5



CBC:
WBC =17.9

~

P9 &ij,8 Olivb !

unit
10*3/ulL

(PMN=58%, Lymph=35% , Monocyte=4%, Eosinophils=3%)

RBC =25
Hb=7.2

HCT =22.3

MCV =88.1

MCH = 28.5
MCHC = 32.3
RDW-CV =28.1
Platelets = 515
Reticulocyte = 32.5

Anisocytosis ++

10*6/uL
g/dL
%
fL
Pg
g/dL
%
10*3/uL
%

Sickle cell ++ Polychromasia were seen

BUN =6
Creatinine = 0.4
Uric acid = 7.2
AST =38
ALT =18
Alk-P =438
LDH =958
Ferritin = 400
Bili. T=1.9
Bili. D=0.7
CRP=2

unit

mg/dl
mg/dl
mg/dl
U/L
U/L
U/L
IU/L
ng/mi
mg/dl
mg/dl
mg/l

25-OH Vit D3 =10 ng/ml

12



Low HGB level
(=2.5th percentile for age and sex)

v

Does the child truly have anemia?*

|

1 1
Yes No

\ ¥
Are other cell lines affected? | | No
|

| I |

Yes, pancytopenia Yes, anemia and Yes, anemia and Yes, anemia and No
l low PLT high PLT high WBC
i \d ¥ l
= Leukemia = HUS = Iron deficiency = Infection
= Myelosuppressive drugs/toxins =TTP = Infection = Leukemia
= Aplastic anemia = DIC = Post-splenectomy anemia Refer to UpToDat_e .

: algorithm for anemia in
= Hypersplenism = Evans syndrome thildien basad on NGV
= Infection
= Vitamin B12/folate deficiency

v Y v

Review smear

v

Blasts & Leukemia
Fragmented cells 2 HUS, TTP, or DIC

Toxic granulations, bandemia,
or atypical lymphocytes - Infection

Hypersegmented PMNs - B12/folate deficiency
Howell-Jolly bodies = Post-splenectomy

v

Further evaluation and confirmatory tests&
= Review medications
= Review dietary history
= Serum ferritin, iron, TIBC levels©
= Serum vitamin B12, folate levels
= Serum indirect bilirubin, LDH, and haptoglobin
= DAT
= Bacterial cultures and/or viral studies
= Bone marrow biopsy/aspirate




Low HGB level
(=2.5%h percentile for age and sex)

v
I Does the child truly have anemia?* I

l—%

Yes No

¥
| Are other cell lines affected? I El

Ll 1
No Yes

v v

Refer to UpToDate algorithm for anemia
in children with other cell lines affected

What is the MCV?

Low MCV Normal MCV High MCV
= Iron deficiency .
= Thalassemia 1 rv:g:k Ils th:
= Sideroblastic anemia % 25 5
esponse?
= Anemia of chronic diseased
I
r 1
Low or normal High reticulocyte count
reticulocyte count (>3%)
(=3%)
\d l
Further luation and confi tory tests ¥
= Review dietary history 1s there
= Therapeutic trial of iron evidence of
= Serum ferritin, iron, and TIBC levels® hemolysis?¥
= HGB electrophoresis
I
T 1
Yes No
v v ¥ A4
= Infection Hemolytic anemias Hemorrhage | | = Drugs (eg, antic I zidovudine, meth )
® Drugs - Mﬂ_mbranop_athy (eg, hereditary spherocytosis, = Vitamin B12/folate deficiency
= Lead poisoning elliptocytosis) = Sickle cell disease (especially if treated with HU)
= Acute blood loss = Enzymopathy (eg, G6PD deficiency, = Immune hemolytic anemia
= Anemia of chronic disease pyruvate 'f'“ase deﬁ“’“}" . = Diamond-Blackfan anemia
® Renal disease * Hemoglobinopathy (eg, sickle cell disease) » Liver disease
Autoi harnalvis B
= TEC ¢ . Y = Hypothyroidism
= Mic iopathic hemolytic i .
(eg, HUS, TTP, DIC, Kasabach-Merritt syndrome, s P“:::'e"fzmy ::e'"'a
artificial heart valve) My! Ysp! i b

= Reticulocytosis (refer to the "High reticulocyte count”
pathway to the left)

v v ¥

Review smear#® | | Review smear# Review smear#®

v v v

Spherocytes > Hereditary spherocytosis or
. h 1 4

Hypersegmented PMNs > B12/folate deficiency

Toxic granulations, bandemia, E tad i i hi i 4 o
or atyp:cgl lymphocytes = Infection N olls> ""_" ST Spherocytes > h d
i boa > taad > Sickle cells > Sickle cell disease Sickle cells > Sickle cell disease
Elliptocytes > Hereditary elliptocytosis Howell-Jolly bodies - Post-splenectomy or asplenia
Heinz bodies > G6PD deficiency
v v ¥
Further evaluation and confirmatory tests® Further luation and fi y tests® Further evaluation and confirmatory tests®
= Review medications = Indirect bilirubin, LDH, haptoglobin levels = Review medications
= Bacterial cultures and/or viral studies = DAT = Review dietary history
= Lead level = G6PD screening test = Serum B12 and folate levels
= Bone marrow biopsy/aspirate = Osmotic fragility = Thyroid function tests
= HGB electrophoresis = Osmotic fragility
= HGB electrophoresis
= DAT

= Bone marrow biopsy/aspirate




CBC, reticulocyte
count

Red cell Hemolysis/
morphology hemorrhage

Blood loss

Normocytic Micro- or
normochromic macrocytic Intravascular
hemolysis

Metabolic defect
Hypoproliferative Maturation disorder
Membrane

p abnormality
Marrow damage Cytoplasmic defects

* Infiltration/fibrosis * [ron deficiency Hemoglobinopathy
» Aplasia * Thalassemia
Iron deficiency « Sideroblastic Immune destruction
. _ anemia
J Stimulation Fragmentation
* |nflammation Nuclear defects hemolysis
» Metabolic defect * Folate deficiency
* Renal disease * Vitamin B,, deficiency
* Drug toxicity
» Myelodysplasia

FIGURE 63-17 The physiologic classification of anemia. CBC, complete blood
count.
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SICKLE CELL ANAEMIA

NORMAL B GENE COMPLEX

; Y ] [ R ] i NORMAL: BALANCED SICKLE TRAIT: AS SICKLE CELL ANAEMIA:
SYNTHESIS RATE I HBS SYNTHESIS RATE NO B, THBS

POINT MUTATION [éGLU-VAL

JC I

SHAPE
CHANGE

o

SICKLE
POLYMER

- 96-98% HB A: 50-65% HB A: 0%
- Eg Q'.c)f_ 39 ?;0 HB S: 30-45% HB S: 80-95%
SICKLE HEB F: <1% HB A, 2-3.5% HB Ay 2-3.5%
CELL ' HB F: 2-5% HB F: 2-20%
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TABLE 98-2 Common Sickle Hemoglobinopathies

HEMOGLOBIN LEVEL,
GENOTYPE CLINICAL ABNORMALITIES g/L (g/dL)/MCV, fL HEMOGLOBIN FRACTIONS (%)

Sickle cell trait (HbAS) 8% of African Americans; hematuria, papillary necrosis, hyposthenuria, | Normal HbA: 60-70
increased incidence of chronic kidney disease; 2-4 times increased VTE HbS: 30-40
risk; ? stroke; splenic infarction at altitude; rhabdomyolysis

Percent HbS dependent on presence
or absence of o thalassemia

Sickle cell anemia (HbSS) | Vasoocclusion related: pain, acute chest syndrome, osteonecraosis, 70-100 (7-10)/80-100 HbS: >75
splenic infarction HbF: 2-25

Hemolysis related: stroke, pulmonary and systemic vasculopathy, HbA - 3-4
nephropathy, leg ulceration gallstones, priapism, leg ulcers .

HbS-B° thalassemia Rate of complications similar to HbSS 80-100 (8-11)/60-85 HbS: >75
HbF: 2-15
HbA,: 5-6
HbS-p* thalassemia Rate of complications about half the rate of HbSS depending on 100-140 (10-14)/70-80 | HbS: 60-90
percent HbA HbA: 5-40
HbF: 1-10

HbA,; 5-6

Hemoglobin SC disease | Nearly asymptomatic to severe disease; about half the rate of 100-140 (10-14)/70-100 | HbS: 50
(HbSC) complications as HbSS. Increased risk of retinopathy HbC: 50
HbSE Resembles clinically HbS-f* thalassemia; symptoms delayed; often 90-130(9-13)/65-75 HbS: 65

Asian/Indian ancestry HbE: 35
HbF: 1-5

HbSS-cr thalassemia Present in 30% of HbSS; phenocopies HbS-[' thalassemia; similar to 80-100 (8-11)/60-85 HbS: >75
HbSS but with fewer strokes and leg ulcers and less pulmonary vascular HbF: 2-15

and renal disease .
HbA,: 4-5

HbS-HPFH Most common genotype is due to large HBB deletions and is 110-140(11-14)/70-80 | HbS: 70
asymptomatic HbF: 20-30
HbA,: 1-2
ote: Laboratory values are averages in untreated adults.
Abbreviation: ITE, venous thromboembaolism.



Highest prevalence in west Africa

Births with

sickle cell anaemia

per 100,000 births

(2015)

m O

m 1-25
26-50
51-100
101-250
251-500

N 501-1.000

B 1.001-1,659
NA

Nature Reviews | Disease Primers)
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HbS polymer

B7
Triplet
codon

T

GAG — B7 Glu— Valine
residue

HbS HbS
solution polymer

..‘.

NO
l NO synthase
NO3
Oxygenated Deoxygenated
Arginine NO

@ Arginase —»l
Ornithine Citruline

\\ Hemolysis

O% -~
HbS
cell

Cell heterogeneity

&

FIGURE 98-3 Pathophysiology of sickle cell disease. HbS is in solution when oxygenated but reversibly polymerizes when deoxygenated. Polymerization is dependent
on the 30th power of hemoglobin concentration. In the sickle cell, this means that small changes in hemoglobin concentration or cell hydration can have large effects on
polymerization. Polymerization begins seconds to minutes following deoxygenation. Erythrocyte deformation, or sickling, is initially reversible, but after an undetermined
number of cell sickling events, the cell becomes irreversibly deformed. These are known as irreversibly sickled cells (ISCs). Their membrane is permanently damaged,
although depending on their oxygen (0,) content, HbS could be in solution. Sickle erythrocytes lead to the clinical and laboratory phenotypes of disease. Sickle cells
interact with endothelial cells and other blood cells, occluding flow in small and sometimes large vessels and causing the many complications thought to be a result of
vasoocclusion. Sickle cells also live <20 days (normal ~120 days) hemolyzing intra- and extravascularly. Intravascular hemolysis depletes haptoglobin and hemopexin while
liberating heme, arginase, and other danger-associated molecular patterns (DAMPs) into the blood. This scavenges nitric oxide (NO), activates platelets and endothelium,
reduces antioxidant activity, causes vasoconstriction, and is proinflammatory.

ERYTHROCYTES

POLYMERISATION

S\

RIGIDITY & ADHESION
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Anemia
« Splenic sequestration (splenomegaly + anemia +/- shock)
» Hyperhaemolysis (sudden exacerbation of hemolysis due to excess transfusions)
» Aplastic crisis (usually induced by infection e.g. parvovirus B19)
Vaso-occlusive phenomena
 Acute painful episodes (recurrent severe painful episodes in back, chest, abdomen, extremities,
dactylitis | most times can be managed in home)
» Acute chest syndrome (life threatening syndrome | fever + chest pain + hypoxemia + wheezing +
cough + respiratory distress)
 Arthritis-like hand-foot syndrome in pediatrics
* Hypo-Asplenia
Infections (due to hypo-asplenia)

Chronic complications
* Neurological: stroke, seizure
« Blood and bone: chronic anemia, osteoporosis, avascular necrosis
« (Cardiac: cardiomyopathy, HF
* Pulmonary disease: PHTN
« Kidneys: CKD
« Hepatobiliary: damage to liver from iron overload. Gallstones due to chronic hemolysis.
 Others: chronic pain, delayed puberty, leg ulcers and retinal disease.

24
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TABLE 98-2 Common Sickle Hemoglobinopathies

Sickle cell trait (HbAS) 8% of African Americans; hematuria, papillary necrosis, hyposthenuria,
increased incidence of chronic kidney disease; 2—4 times increased VTE

risk; ? stroke; splenic infarction at altitude; rhabdomyolysis

Sickle cell anemia (HbSS) | Vasoocclusion related: pain, acute chest syndrome, osteonecrosis,

splenic infarction

Hemolysis related: stroke, pulmonary and systemic vasculopathy,
nephropathy, leg ulceration gallstones, priapism, leg ulcers

HbS-B’ thalassemia Rate of complications similar to HbSS

HbS-B- thalassemia

Hemoglobin SC disease
(HbSC)

HbSE

Rate of complications about half the rate of HbSS depending on
percent HbA

Nearly asymptomatic to severe disease; about half the rate of
complications as HbSS. Increased risk of retinopathy

Resembles clinically HbS-B* thalassemia; symptoms delayed; often
Asian/Indian ancestry

HbSS-o. thalassemia

Present in 30% of HbSS; phenocopies HbS-B° thalassemia; similar to
HbSS but with fewer strokes and leg ulcers and less pulmonary vascular
and renal disease

HbS-HPFH Most common genotype is due to large HBB deletions and is

asymptomatic

HEMOGLOBIN LEVEL,
GENOTYPE | CLINICAL ABNORMALITIES g/L (g/dL)/MCV, fL

HEMOGLOBIN FRACTIONS (%)
HbA: 60-70
HbS: 30-40

Percent HbS dependent on presence
or absence of o thalassemia

HbS: >75
HbF: 2-25
HbA,: 3-4

70-100 (7-10)/80-100

HbS: >75
HbF: 2-15
HbA,: 5-6
HbS: 60-90
HbA: 5-40
HbF: 1-10
HbA: 5-6

100-140 (10-14)/70-100 | HbS: 50
HbC: 50

90-130 (9-13)/65-75

80-100 (8-11)/60-85

100-140 (10-14)/70-80

80-100 (8-11)/60-85
25

110-140 (11-14)/70-80 | HbS: 70
HbF: 20-30

HbA, 1-2
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: Tehran - Keshavarz Bivd. - Tel; 66429871
INOOR Pathobiology & Genetic Laboratory

Name: Ghosolhagh Rashidi ID: 14030209394 Sex: M
Age: 30 Date : 5/16/2024

Hemoglobin Capillary Zone Electrophoresis INOOR Pathobiology & Genetic Laboratory Tehran - Keshavarz Bivd. - Tel: 66429871

719 i \ |zl zio) ESEZAZRC, 2
c.;?w 218 _l"‘lii‘ z12 ' 21 ;”"?W R ¢12 : Name: Golaleh Ahmadi D : 14030209395 Sex: F
osal e o o b ] yoa :
e T v R g Age: 23 Date : 5/16/2024
el N L i FO (s i
Hemoglobin Capillary Zone Electrophoresis
Capfions 215 z14213, 112 z11 210N 28 | ) | 210) SEETATRCE 21
{ ¢ WA

R HBS)
1 {

inilois S : Normal Range { %
HbA HbA:96.5-98.5
Hb S 38.6 . o Fractions %
Hb A2 3.6 = Hop =2 Al Ly Normal Range (%
HbA2:15-35 Hb A 55.6 HbA:96.5-98.5
Hb F or denatured S 0.
Hb S 40.9 HbFisad

“\ Vs Hb A2 3.2 \— HbA2:15-35
d /L_ \ / 7(2?
)

Comment : it v e Vs Lri///
Hb F : <0.1% U T 5 e
Morphology : Normal i 2 Comment =

e Morphology : Normal
*The abnormal hemoglobin more compatible with Ho S g . ‘ :
» According to incompatibility of RBC indexes & result of Hb A2; Patient history and *The abnormal hemoglobin more compatible mlhde S.
genotype for more evaluation & confirmation is recommended. Genotyping for more evaluation is recommendec.
* Hyperthyroidism should be considered. :

Signature . . . =
SEBIA ¢ «/j;d”&;gs%tﬁ' SE BIA Signature . ... « ¢
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Primordial Prevention

Primary Prevention

Secondary Prevention

Tertiary Prevention

Quaternary Prevention
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Primordial Prevention
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Primary Prevention

23,10 6 ,l8 b auad as” S o sickle cell trait ¢ SIL ¢
Ceods Sleas B aies &l 4 conlie 3900 5 &1

33



Secondary Prevention

HI5b oke 4o pwgal b cas slag p 5l s)ls p digas aloul

SU a 9= 5l slo e diged (5 alws 4 loliss (5,84

CBC, PBS, Hemoglobin electrophoresis :cLisk;]

Ohless 53 0j5l (S 9,000 5920

Sl Sdg8 5925

2Ly, AVl job o S VP B S ¥ 5l Jlbl ,s Transcranial doppler
(stroke S
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Tertiary Prevention

057 Oosand S
acute pain episode ,o 18,44
acute chest syndrome ;s :ygwbl ous ¢ Sogn 01 ¢S]
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Quaternary Prevention
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