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Background

i



Introduction

Hyperleukocytosis (HL) and leukostasis seen in myeloid leukemias is 
a medical emergency 

The American Society for Apheresis supports the routine 
implementation of Therapeutic Leukocyte Reduction (TLR) in 
these cases



Aim

We present a case series of ten myeloid leukemia patients who 
underwent Therapeutic Leukocyte reduction in a four year period 



Materials and Methods

• Request sent by treating physician

• Patient’s condition discussed

• Venue decided for conduct of procedure

• Procedures were performed on the MCS + cell separator

• Clinical, demographic, analytical and technical parameters were
reviewed retrospectively



Results

Symptomatic relief 

Acceptable WBC count reduction



Results

Procedure details (mean)

Peripheral/CVC 8/2

ACD ratio 10:1

Draw rate/return rate (ml/min) 52/61

Blood Volume Processed (mL) 5574

TBV processed (times) 1.4

Procedure time (minutes) 248

Fluid transfused (ml) 916

Product volume(ml) 568

Patient details

No. of Patients 10

No. of sessions 1-3

Age (years) 34 (12-59)

Weight (kilograms) 60 (45-67)

Gender 8M, 2F



Results

Cell count  Reduction (mean)

Pre procedure WBC count (103/µL) 314.2

WBC count after TLR (103/µL) 204.4

WBC reduction (%) 35

Pre procedure Platelet count (103/µL) 292.6

Post procedure Platelet count (103/µL) 163.4

Platelet reduction (%) 44

Pre procedure Hb count (g/dl) 8.5

Post procedure Hb count (g/dl) 7.2

Hemoglobin reduction (%) 15



Tumor Lysis Syndrome

Biochemistry Normal range TLS

Potassium 3.5-5.1 mmol/L >6

Uric Acid 2.6-6 mg/dl >10

Phosphorous 2.7-4.5 mg/dl >10

Calcium 8.6-10 mg/dl symptomatic

Creatinine 0.6-1.1 Abnormal

Urea 12.8-42.8 mg/dl Abnormal



Case Series: Summary

Pt
Age/

Gender
Diagnosis

Clinical 

signs

1 38/M CML P

2 34/M AML R, N

3 25/F AML R, N

4 52/M CML P

5 16/F AML R,N

6 12/M AML P

7 19/M CML P

8 43/M CML P

9 59/M CML P

10 45/M CML P

ITB +HU
Time of death 

(days after TLR)

Y Alive

N 1,cardiac

N 20, sepsis

Y Alive

Y Alive

N Alive

Y Alive

Y Alive

Y Alive

Y Alive

No of 

Sessio

n

Pre 

proc

WBC

Post proc

WBC

% WBC

reduction

Tumor 

Lysis

Syndrome

2 345 180 47.8 No

1 369 270 26.8 No

1 177 136 23.2 No

2 300 222 26 No

1 419 323 23

Hyperuricemia,

Hypocalcemia

2 181 20 89
Hypocalcemia

2 385 325 15.6 No

1 82 62 24.4 No

3 582 286 50.9
Hyperuricemia,

1 302 220 27.2 No



Discussion



Hyperleukocytosis

Defined as WBC count > 100X109/L

Seen in 5-20% of Acute leukemias

Risk factors: younger age, certain cytogenetic abnormalities and 
monocytic differentiation subtypes

Complications: It can lead to leukostasis, Tumor lysis syndrome and 
DIC



C Röllig, and G Ehninger , Blood 2015;125:3246-3252

Blast cells can cause vascular occlusion, leading to
ischemic tissue injury which may cause
intracranial hemmorhage and respiratory failure

Blast cells have a higher rate of oxygen
consumption and compete with tissue cells in areas
of obstructed flow

Myloblasts secrete cytokines which promotes
adhesion of blast cells to vascular endothelium

Pathogenetic  mechanisms in leukostasis. 



Hyperleukocytosis: Clinical signs
They are related to organ of injury

Pulmonary: tachypnea, dyspnea, hypoxia

CNS: mental status change, delirium, 
confusion, headache, dizziness, tinnitus

Vascular: priapism, Myocardial ischemia, 
infarction, retinal hemmorhage, thrombosis

Thornton KA, Levis M. N Engl J Med 2007;357:1639-1639.

Post mortem: infiltration of the right coronary artery



Hyperleukocytosis: Prognosis

Leukostasis is a life threatening complication with a poor prognosis. 

Mortality due to intracranial hemorrhage and respiratory failure

AML worse than CML: due to the nature of malignant cells



AML vs CML :
Nature of Malignant cells

CML has mature granulocytes and 
granulocyte precursors. Symptoms may 
be seen when ct is > 3 lakhs in CML, 
ALL,CLL 

In AML, large blasts are seen.
Symptoms can manifest with
WBC cts as low as 50,000.



Novotny Clinical grading scale

To determine the risk of leukostasis in hyperleukocytic 
leukemias

4 groups based on severity of pulmonary, neurologic and 
other symptoms

Highly 
probable

Probable

Possible

Not 
present



Therapeutic Leukocyte Reduction (TLR)  
(Leukocytapheresis)

Definition: Procedure by which WBCs are collected and plasma, platelets and 
RBCs are returned to the patient

Indication: AML,ALL,CML,CLL

C/I: Acute Promyelocytic leukemia (translocation between chromosome 15 
and 17)



Cell Separator

Cobe spectra Comtech Amicus

MCS +

Spectra Optia

Have mononuclear cell collection protocols, 
but not WBC depletion protocols.



Clinical assessment of patients
• Physician should clinically assess patients at the start of a course of 

treatment. 

• Aim is to weigh apheresis benefits against possible risks and to anticipate 
any potential complications. 

• Clinical assessment must cover: 
– Any concerns related to mental and psychological capacity of patients ability to 

consent. 
– General health status and the need for extra nursing/medical help. 
– Haemodynamic stability and the presence of significant autonomic 

dysfunction. 
– The presence of adequate vascular access, through peripheral veins or central 

venous catheters. 
– Review of clinical implications of the use of replacement fluid, including 

blood components, on patients.



Consent for Procedure
Valid informed consent must be obtained by
trained staff from patients with capacity to
consent.

The rationale for using apheresis rather than
other treatment modalities, and expected
benefits of apheresis.

Technical explanation of the apheresis
procedure, including serious and frequent
complications.

Procedures associated with apheresis therapy
such as blood component transfusion.



Pre-procedural investigations

Certain laboratory blood tests must be carried out to 
assess the wellbeing of the patient and to set the 
baseline for monitoring the effect of the apheresis

A brief health check to include symptoms and vital 
sign measurements.

Full blood count  
Biochemistry 
Coagulation screen
TTI



Instructions to patients

• A light meal is encouraged prior to apheresis, and a good oral 
fluid intake is encouraged the day before treatment 

• The patient should generally take all medication as prescribed

• Angiotensin-converting-enzyme (ACE) inhibitor drugs 
increase the risk of vasovagal problems for all apheresis 
procedures, hence avoided 



Calculations



Volume Replacement

If < 15% of TBV is removed, Normal saline may be used to maintain BP
throughout the procedure and replacement fluid is not necessary.

If > 15% of TBV is removed, and in pediatric patients, 5% albumin or rarely FFP
may be used.

No medications 
except IV calcium

Complications:
Albumin: pyrogenic reactions,
hypotension in the setting of ACE
inhibitor use and hypokalemia.
Plasma: TTI, Fever, allergic reactions,
TRALI, citrate toxicity, hypocalcemia



Procedure

Monitoring : A trained healthcare professional must attend the patient during the 
whole duration of the apheresis procedure including post-procedure period. Do 
CBC

Blood loss during procedure and ECV are a concern. RBC units may be used 
with caution to prime the apheresis machine in patients with severe anemia, but 
undiluted RBCs can increase the blood viscosity

Platelet loss is also a concern in leukemic patients. Keep ‘Centrisurge’ in ‘ON’ 

position in MCS + to minimise platelet loss

Goal of TLR is dependent on the starting WBC
count and the patient’s symptoms. In general,
1.5-2 blood volumes are processed



Adverse events

Complications are mostly moderate
and easily managed

Relate to
• Vasovagal reactions
• Hypocalcaemia symptoms from

citrate anticoagulant
• Allergy ± anaphylaxis caused by

replacement fluids
• Venous access

Nausea,Vomitting

Fainting or dizziness

Skin rash/ Hives, 
Flushing

Venous access: 
irritation, bruising, 
swelling, 
hematomas, 
infections



Product

AML: Lower mean platelet
counts. Platelet loss minimised

CML: Final product

 Labelled as ‘Therapeutic’ 

and discarded

Photos, Courtesy: DTM, TMH



Documentation



Post Procedure Assessment

Response to Rx is assessed by clinical symptoms and reduction
of cell counts by at least 20%. 1-3 sessions may be needed to
achieve the same.

Blood results should be reviewed as appropriate

Completion and clinical outcome of a course of procedures must
also be documented



Efficacy of Leukacytapheresis in Hyperleukocytosis

Patients with priapism or symptoms of leukostasis should undergo
TLR as quickly as possible.

TLR should be viewed as an adjunctive therapy to cytoreductive
chemotherapy in the setting of leukostasis. Chemotherapy should be
implemented ASAP to prevent rapid accumulation of circulating
blasts.



Effect of TLR on Survival

When WBC leukapheresis is used for hyperleukocytosis in acute 
myeloid leukemia, there is a beneficial impact on the overall 
early mortality rate     

Bug G et al,  Transfusion 2007;47:1843–1850.

Conflicting evidence of TLR in improving early and long term 
survival

In the absence of prospective trials, institutions should develop 
their own standardized criteria for the treatment of asymptomatic
patients.



Conclusion

Whenever the need to perform TLR arises in our 
set-up, it is treated as an emergency. Patients with 
priapism or symptoms of leukostasis should 
undergo TLR as quickly as possible by trained staff

TLR is a safe and effective therapy for 
leukoreduction in haematological malignancies. 
However it is not curative; WBC reduction is short-
lived and only a bridging therapy to definitive 
treatments, such as chemotherapy

Some, but not all, of retrospective analyses of 
patients with hyperleukocytosis treated with 
leucocytapheresis showed decreased early 
mortality. None showed improvement of overall 
survival. 






