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L earning

Objectives

articipants should be able

| nts and WBC differentials
gnosis

o+ |C states indicated by common
aboratory results

~ Establi orrelation of hematology laboratory
values to specific patient presentations

+ Differentiate unique laboratory specialty tests and when
applicable to order for hematologic disease states



Complete Blood Count (CBC)

* RBC count

* WBC count

* Platelet count

* RBC Indices

* WBC Differential




Why Orde

ious agents

disorders
E

f anemia
/tic, microcytic

ets in bleeding disorders



Hemoglobin and Hematocrit

Hemoglobin
4-globin complex containing heme
Normals:
© 14-18 mg/dL (males)
+ 12-16 mg/dL (females)

Hematocrit

Proportion of RBCs to whole blood
Normals:

* 45-52% (males)

* 37-47% (females)

Plasma
(55% of total blood)

Buffy Coat
leukocytes & platelets
(<1% of total blood)

Erythrocytes
(45% of total blood)




obin concentration
+ RDW - rec distribution width




Triangular Relz




of the size of the RBC







Whichrefithe following WBC types are the most

prevalentiin a normal patient?



White Blood Cell Differential
1ite Blood Cell (WBC) Count

mal: 4.5 -11.0 x 10°/uL

Cell type Relative Normal | Absolute Normal
(%) (% x Total WBC)

@Meutrophils> 54-62% 2000-8000

Lymphocytes 25-33% 1000-4000
Monocytes 3-7% 200-800

1-3% 100-400
(Basophils > 0-1% 0-400

Comments included on abnormal WBC Morphology



‘infections
ections
acterial infections or

itic infections and allergic

+ Basophils — 0 mast cells in the tissue



th fever and

re throat.
remarkable.

t does state he started
3 few weeks ago.
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y is noted

ous with bilaterally enlarged
dates



Laboratory Data

MCV 86
PLT 90,000/uL

Liver function tests
are mildly elevated




Question #2

What is the!
report andiac

Whit cell count
White blood cell morphology
Hemoglobin and hematocrit

Mean cell volume of red cells
Platelet count

companying blood smear?

most important concern noted in this CBC

WBC 12,000/puL
Hgb 12.5 g/dI
Hct 38%

MCV 86 fL
PLT 90,000/uL




— Autoimmune disorders, drugs, aplastic anemia



Question #3
What white blood cell morphology is seen in

(blasts
Neutrophilia
Normal monocytes

Toxic granulation of
neutrophils




ts

| o 27
29 _
OWw

— Not inclusion granules,
but abnormally activated
enzyme-containing granules

— Dohle bodies may be
present



mal WBCs & Counts

T

* Large, fine cl atin, blue
cytoplasm, nucleoli

* Normally in bone marrow

* Seen in peripheral blood in
acute leukemias




Abnormal W

* Absolute
lymphocytosis with
atypical lymphs




- pres

entiwithiatypical lymphocytes on a peripheral

blood smear?



Abnormal WBC phology

anulation of neutrophils

leosis and other viral
of blast cells in the

- Chronic Leukemia - occasional blast cells with proliferation
of mature cells in peripheral blood



ymbocytopenia?

Ebell MH. Epstein-Barr Virus Infectious Mononucleosis.
Am Fam Physician 2004;70(7):1279-1287.



) acute onset of

hest pain and a

as a history of type 2
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sed, and in moderate

yronchial breath sounds
oht upper lobe. Dullness to
percus eased fremitus also noted in
this area



Laboratory Data

+ 8% lymphocytes
* 3% monocytes



o' -

Ques!

WBC 22,400/uL
+ Hgb 13 g/dI
+ Hct 39%
+ MCV 86 fL
+ PLT 190,000/pL
+ Differential
* 65% Neutrophils
t/differential 2"
* 8% lymphocytes

* 3% monocytes



shift to the left (increased % of

* Normal = 5,000 — 10, 000/uL



Question #6

Dohle body
Nucleoli

Radial basophilia

Toxic granulation



White Blood Cell Morphology

Segmented neutrophil
(not -

Nucle On immature
blast ¢

Radial basophilia seen on
atypical lymphocytes

Neutrophil does have toxic
granulation with Dohle body in
cytoplasm

Dohle bodies thought to be
remnants of endoplasmic
reticulum




nalidiagnosis for this patient?

2uMmonia



Diseases

cytes present
hronic so more monocytes
al pneumonia; WBC count

ts with elevated WBC count, shift
on and Dohle bodies



solidation

eft shift with toxic
odies present.

Mizgerd JP. Acute Lower Respiratory Tract Infection. N Engl J Med 2008;358:716-27.



Question #8
What diserder is indicated by this white blood

cell morphology?

Ba

ection
Chronic myelocytic
eukemia

Parasitic infection

Pelger-Huet
anomaly



Pelger-Huet Anomaly

Jutosomal dominant disorder
e nuclei fail to segment

Congenite
Granulocyt
normal i
Homozygote state - nucleus is round
Heterozygotes - most granulocytes have
bilobed nuclei ("pince-nez" cells)
resembling band neutrophils

Trait is benign and occurs in 1 in 6,000
people

Cell function is normal.




’ht loss and increasing

or sweats
oreath, or chest pain

hypertension

Yale sCHOOL OF MEDICINE
Physician Assistant Online Program



are normal

arious stages of healing on

the arms, left foot, and LUQ



Laboratory Data

. White blood cell count

5,
- Hct
- MCV 8

- Mean cell volume of the red cells
- PLT 17,000/pL

- Platelet count






Case 3

Laboratory Data

I —

Differ
—40%:trophlls

- 22% lymphocytes
—2% monocytes
—2% eosinophils

— 2% metamyelocytes

—5% myelocytes
—10% blasts



Differential

— 40% Neutrophils
— 22% lymphocytes
— 2% monocytes

A
> Red blooc
- Absence of platelets

— 2% eosinophils

— 2% metamyelocytes
— 5% myelocytes

— 10% blasts



Bone Marrow



+ Anemia,
+ All ages
+ Typically > 30% blasts



la as disease progresses



Chronic Le




st cells in peripheral blood;
oe either ALL or AML

Inaba H, Greaves M, Mullighan CG. Acute lymphoblastic leukaemia.
Lancet 2013;381;1943-55.



If JJ]:J I):J"f]ﬂﬂ'r' }J:JfJ :JfLJ" 3 my;J Cyt




Proliferation of mature granulocytes

Smudge cells

Proliferation of mature lymphocytes



ser, chills, and a

illicit drugs
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n the dorsum of right
a and edema to

ble purpura noted



states he was bitten by
Jog 3 days ago.



Question # 12

Patient Patient

What is the most important et | vele | teet | vafe
concern noted in this laboratory WBC Diff and Smear Eval

PMNs 34%
report? Bands 51%
. ) Lymphocytes 6%
Hemoglobin and hematocrit Monocytes 1%
g Eosinophils
RBC Indices -
White blood cell count MM:;
y
WBC Differential Toxic Gran

Vac PMNs

Schistocytes



Case 4 — CBC Results

Patient Patient
Test Value Test Value

WBC Diff and Smear Eval
PMNs 34%

Bands 51%

Lymphocytes 6%

Monocytes 1%
Eosinophils 0

Basophils 0
Meta

Toxic Gran

Vac PMNs

Schistocytes




myeloblast promyelocyte myelocyte metamyelocyte band neutrophil

MATURATION




ation and vacuolated PMNs indicate?

Toxic granulation Vacuolated PMNs (Segs)



Additional Lab Results

< 1.5)
for this pt < 1)
al for this pt < 20)



ion #13

What isithejsecond most important cc
s laboeratony report? '

ncern noted in

+ WBC 22,200/uL
+ Hgb 13.8 g/dI

+ Hct 40.7%

+ MCV 94.9 fL

+ PLT 19,000/pL
+ Schistocytes 1+



5 patient?



moglobin Is due to a

2eding disorder is present,

ouish the etiology of the
bleeding

- In order to establish a baseline before
beginning anti-coagulation therapies



times normal

pathway

* Coumadin (warfarin) proper dosage = 2-3 times pre-therapy level
* INR = International Normalized Ratio=2.0-3.0



cbrand’s disease

+ PT, &P

+ Platelet deficiency, vascular defect or factor Xl deficiency



Studies

n on CEIVEN
of thrombin

fibrinolysis)

* Ele Jation Products (FDP) and D-Dimer
indicate

* Normal = < 200 ng/mL



) seconds)
400 mg/dL)
4 ug/mL)

with liver and kidney failure



ITP vs. TTP vs. DIC

Pathogenesis Antiplatelet antibodies Endothelial defect Thrombin excess
Clinical Not sick Sick Sick
RBCs Normal Schistocytes Schistocytes +/-

PT Normal Normal/Slight increase Increased

PTT Normal Normal/Slight increase Increased

Fibrinogen Normal Normal Decreased
FDP Normal Slight increase Increased

D-Dimer Normal Slight increase Increased




Case 4

Final diagnosis: Severe Sepsis with DIC

In disseminated intravascular coagulation (DIC), the patient is in a
hypercoagulable state. As fibrin clots are formed, platelets are
decreased due to platelet aggregation, coagulation factors are
decreased due to their use in the coagulation cascade, fibrinogen
Is decreased due to the conversion of fibrinogen to fibrin, and D-
dimer is increased due to the excessive breakdown of fibrin.

Iba, T., Connors, J.M., Nagaoka, |. et al. Recent advances in the research and
management of sepsis-associated DIC. Int J Hematol 113, 24—-33 (2021).



in a given disez

Take Home Points

v test results can eliminate
onormalities when establishing
alities can alter other

of multiple hematologic abnormalities
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