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Abstract: Hyperleukocytosis is a hematologic crisis caused by excessive proliferation of leuke-
mic cells and has a relatively high early mortality due to a series of severe complications.
Therefore, prompt and effective intervention is required. Leukapheresis performed using apheresis
equipment to separate leukocytes from peripheral blood, at the same time returns autologous
plasma, platelets and erythrocytes to the patient, is applied clinically for the treatment of hyperleu-
kocytosis. Leukapheresis not only removes excessive leukocytes rapidly and corrects metabolic
abnormalities but also alleviates the symptoms of leukostasis. In addition, the procedure of
leukapheresis is generally well tolerated. Leukapheresis has become one of the most imperative
adjuvant therapies to treat hyperleukocytosis, especially in the patient who was not inappropriate to
cytoreduce with Ara-C or hydroxyurea. In this review, we present the background of leukapheresis
development and highlight its clinical application in hyperleukocytic leukemia patients.
Keywords: hyperleukocytosis, leukapheresis, leukostasis, hyperleukocytic leukemia

Introduction
Apbheresis is a procedure referred to as the separation and retention of one or more
components of blood while returning the remaining components to the patient.
Apheresis can be divided into leukapheresis, therapeutic plasma exchange, extra-
corporeal photopheresis, thrombocytapheresis and erythrocytapheresis.' So far, the
process of apheresis is applied in the collection of peripheral blood stem cells or
granulocyte concentrates. Leukapheresis is a type of apheresis used for the with-
drawal of leukocytes and the re-infusion of leukocyte-poor plasma. It has clinical
significance in the treatment of hematological diseases and provides an alternative
strategy in managing active inflammatory bowel disease (IBD).

Hyperleukocytosis is usually defined as peripheral blood leukocyte count
exceeding 100x10°/L. Hyperleukocytosis is frequently observed in acute lympho-
blastic leukemia (ALL) with an incidence range of 10~30%, the second being acute
myeloid leukemia (AML). It can also be observed in some patients with chronic
myeloid leukemia (CML)® and chronic myelomonocytic leukemia (CMML).**
Despite its strict definitive criteria, some types of leukemia can also cause hyper-
leukocytosis-related complications when the leukocyte count is below this level.®
For instance, when peripheral blood leukocyte count exceeds 50x10°/L, symptoms
of leukostasis may appear in a patient with AML but may remain asymptomatic in
patients with ALL even with a leukocyte count higher than 50x10°/L.

Due to the delayed diagnosis of hyperleukocytosis, there is an increased rate in
mortalities of 40% per week.” In a systematic review to determine if leukapheresis
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and low-dose chemotherapy reduced the incidence of early
mortality, Oberoi et al highlight that the most common
cause of early mortality is hemorrhage, followed by leu-
kostasis, sepsis, respiratory failure and renal failure.® From
recent studies, it can be concluded that hyperleukocytosis
is a clinical emergency that needs prompt diagnosis and
initiation of treatment. At present, the commonly used
treatments for hyperleukocytosis include cytoreductive
therapy, leukapheresis, low-dose cytarabine chemotherapy,
and hydroxyurea.

Leukapheresis

Leukapheresis is a procedure carried out to isolate leuko-
cytes from peripheral blood. The manufacture and
improvement of leukapheresis equipment have undergone
countless attempts by scientists (Figure 1). Currently, leu-
kapheresis is commonly used for the treatment of various
diseases, it is also used for diagnostic purpose as it can

increase circulating tumor cells yields.”'°

The Development History of

Leukapheresis Apparatus

Apheresis, a vital technique or useful separation method
used by several laboratories and in clinical practice to
separate blood into red blood cells, white blood cells,
platelets, and non-cell plasma.'’ The first apparatus was
designed in 1949 for this purpose and was a kind of falling
that the differential
densities.'? Unfortunately, this centrifuge could only sepa-

film centrifuge depended on
rate leukocytes and platelets in vitro; therefore, it has not
been directly applied in living organisms.

The Cohn ADL centrifuge was later developed in 1956
as a simplified centrifuge for the separation and processing
of all types of cells without producing rouleaux-reagents.
It was the first centrifuge to provide a continuous flow
washing solution to counteract bacterial contamination.

Conversely, its complexity and cost hinder its extensive
and conventional application.'® In the same year, 1956,
Allan Latham modified the
designed a disposable plastic bowl which was called

Cohn’s centrifuge and

“Latham Bowl”. This enhanced apparatus reduced fric-
tional heat and eliminated gravity drainage making it pos-
sible to interrupt an experimental or routine cell separation
at any time. Both apparatuses designed could not separate
the various cellular components in vivo.

To facilitate the procurement of separating leukocytes
in a continuous flow centrifuge in vivo, the National
Cancer Institute and the International Business Machines
Corporation initiated a joint project in 1964 to develop
a continuous flow centrifuge (NCI-IBM blood cell separa-
tor). In 1968, Buckner et al successfully separated dog
blood cells using the NCI-IBM blood cell separator.
Studies have shown that this method can collect a lot of
blood sedimentation brown layer of cells, without causing
significant damage to leukocytes, platelets, and
erythrocytes.'* Although the number of collected granulo-
cytes were few, it provided a new idea for the clinical
application of blood separation techniques.

In 1970, Djerassi performed filtration leukapheresis
(FL) by reversibly absorbing the nylon-wool filter to
obtain large amounts of granulocytes for single donor
blood transfusion.'> However, when the collected granu-
locytes were transfused, the posttransfusion increments
were significantly lower than previously collected by dif-
ferent centrifugation methods. Herzig modified Djerassi’s
by using a peristaltic pump to incorporate the safety fea-
ture of continuous-low blood cell separator in 1972.'°
Because granulocytes make up only a small part of
whole blood and its density overlaps with that of erythro-
cytes, so the collected granulocytes were often contami-
nated by erythrocytes.'” This new FL technique did not

solve the problem of complete separation of blood cells.

In Vitro In Vivo )
Not Continuous Continuous Emerging Technology
A A A
e N\ r N\ 7 N\
1 l 1964~1968| 3 l 1972 | 5 l So far 7 |
Falling Film 1Cohn ADL NCI-1BM Modified | Micro Sieves | Microchip-based
Centrifuge %O\natl’;::gwc&awl Separator FL FL Separator acoustophoresis
l 21 1956 l 41 1970 ' 6] 2005

Figure | The emergence of different blood cell separators at different periods.

Abbreviations: NCI-IBM, the National Cancer Institute and the International Business Machines Corporation; FL, filtration leukapheresis.
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In 2005, Palaniappan invented a device employing
micro sieves which made use of different cell size and
shape to separate leukocytes. The sieve was designed to
allow erythrocytes to pass through while providing
a barrier for larger spherical white blood cells.'® The
shortcoming is the higher the flow rate, the greater prob-
ability of contamination.

So far, the most widely used blood cell separators in
hospitals are the SPECTRA OPTIA, Fresenius COM.TEC,
Fenwal Amicus and Trima Accel.'® The principle of these
machines depends on the gradient density difference
between different cells. Platelets and erythrocytes often
contaminate the collected leukocytes due to low density
of blood components (1.6%—2.2%), and ultimately results
in the erythrocyte and platelet loss.”” In the past decades,
more advanced technology was applied to the improve-
ment of the apparatus. The acoustic separation technique
can be used to separate blood samples using acoustic
impedance.?' The novel microchip-based acoustophoresis
technique can be more efficient to separate leukocytes™
and platelets” than the traditional apparatus in vitro,
unfortunately, none of these devices have been adopted
into clinical practice the past ten years, but may be pro-
mising techniques to improve current leukapheresis in
future.

The Operation Procedure of

Leukapheresis

Leukapheresis is performed by applying whole blood to
a continuous flow of blood cell separator. Given the exam-
ple of the ‘blood cell separator Fresenius COM.TEC, gen-
erally, the autoMNC program is picked for leukapheresis.
A rigid wall double lumen catheter is needed to ensure
stable flow, the most frequently used site for venepuncture
is the median cubital vein. The machine parameters used
for leukapheresis are determined by the donor’s sex,
height, weight, hematocrit, and pre-apheresis peripheral
blood leukocyte count. The detailed information is as
follows: circulating blood volume is kept between 7.5
and 11.5 L, processing time is maintained at 3 to 3.5
hours, the routine collect flow rate should be maintained
at 35-45 mL/min.>* Whether additional leukapheresis pro-
cedures were needed depended on individual symptoms,
peripheral WBC count and plan for chemotherapy. The
anticoagulant citrate is used in case of coagulation during
extracorporeal blood circulation. The ratio between citrate
and whole blood is often 1:8—1:12. Before and during the

1/3 of the procedure, 10 mL of 10% calcium gluconate is
given in case of hypocalcemia.”> All patients should take
preoperative investigations, including routine blood tests,
electrolytes, liver and kidney functions, and blood coagu-
lation profile before leukapheresis. The risk of hemorrhage
can be evaluated according to the test results. When results
indicate PLT < 30x10%/L or Hb < 70-80 g/L, preoperative
blood transfusion must be considered.”® The patient’s
blood pressure, heart rate, 0? saturation and leukocyte
count should be closely monitored during leukapheresis.
Complete blood count test is highly recommended before
the beginning of the procedure, at the midway point and at

the ending of the procedure.?’-*®

The Adverse Reactions of Leukapheresis
Hypocalcemia

Hypocalcemia is a common adverse reaction.
Anticoagulants like citrate are used to prevent clotting of
the apheresis circuit during leukapheresis bind calcium
leading to symptoms of hypocalcemia. This often occurs
when circulating blood volume exceeds 1800 mL and
patients present with a low blood calcium phenomenon:
oral, face and limb numbness, chest pain, lightheadedness
and nausea, prolonged QTc interval is infrequent.'" When
this occurs, slowing down the flow rate of whole blood
and timely supplementation with calcium simultaneously,

usually alleviates symptoms within 10 minutes.

Bleeding Risk

Because of the extracorporeal circulation of components
whole blood and the use of anticoagulants during leuka-
pheresis, the risk of hemorrhage is increased. Therefore,
when patients show a tendency of bleeding and platelets
are less than 30 x 10°/L, preoperative plasma infusion is
recommended to reduce the risk of hemorrhage.

Low Blood Volume Reaction

After a lengthy leukapheresis procedure, patients may
present with symptoms of low blood volume such as
dizziness, dryness of the mouth, irritability, reduced urine
output, hypotension, and weak pulse due to loss of ery-
throcytes and platelets during the procedure. If any of
these symptoms appear, vital signs should be immediately
assessed and a determination of insufficiency of circulat-
ing blood volume made. Leukapheresis should be sus-
pended if necessary.
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Blood Loss

Hyperleukocytic leukemia patients often presented with
severe anemia. The expected blood loss not only occurs
during the procedure but also because of the extracorpor-
eal volume. Granulocyte density overlaps with that of
erythrocytes which leads to the contamination of erythro-
cytes. Platelet loss is a similar concern.”” The application
of a new type of blood cell separators may reduce the
incidence of this complication.

Allergic Reaction

The incidence of this adverse reaction is low, often occurs
during a blood transfusion. Patients often present with
varying degrees of urticaria, itchiness, and other symp-
toms. Dexamethasone or antihistamines can be given in
this condition, and if symptoms like dyspnea and fever
appear, the procedure must be suspended.

The Application of Leukapheresis
Leukapheresis can be divided into diagnostic leukapher-
esis and therapeutic leukapheresis according to its purpose.
The diagnostic leukapheresis was brought forward in
recent years and is used to effectively collect circulating
tumor cells (CTCs)*° which are a promising biomarker for
the diagnosis and treatment of various systemic cancers.'’
The therapeutic leukapheresis is widely used in clinicians
and this paper puts an emphasis on it.

The American Society for Apheresis (ASFA) reached
the latest consensus on the therapeutic apheresis in 2019,
as summarized in Table 1.>' The guidelines recommend
therapeutic leukapheresis as the second-line therapy for
the treatment of hyperleukocytosis with complications of
leukostasis, as adjunctive therapy to chemotherapy.
Another emerging use is in the treatment of IBD.
A novel leukapheresis column can selectively remove the
production of inflammatory cytokines which significantly
improves IBD patient symptoms and reduces the need for

drugs for a more extended period after leukapheresis.**>

Table | Indication Categories for Therapeutic Leukapheresis

The optimum role of therapeutic leukapheresis in the treat-
ment of IBD is not well established according to the
guidelines, so whether leukapheresis should be used or
not should be individualized. Inclusion body myositis
and dermatomyositis or polymyositis were not recom-
mended in the 2019 ASFA Guidelines compared to the
2013 and 2016 ASFA Guidelines.

The Application of Leukapheresis in
Hyperleukocytosis

Hyperleukocytosis is a medical emergency caused by an
increased number of leukocytes sludging in capillaries.
The recommended initial therapy is standard induction
chemotherapy. Assessment for DIC or TLS must be done
daily after chemotherapy because of increased lysis or
bursting of blasts releasing contents into circulation.
Supportive measures, such as the use of allopurinol or
rasburicase and intravenous hydration, is recommended
to reduce serum uric acid levels and ensure an adequate
urine output. Leukapheresis can rapidly remove excessive
leukocytes by blood cell separators and is a mechanical
separation method that removes leukocytes from the body.
In addition, it is effective as a single episode of leukapher-
esis can reduce leukocytes by 10% to 70%.>” It is typically
used in patients with the symptoms of leukostasis that are
intolerable to induction chemotherapy.® The advantage
and disadvantage of leukapheresis in the treatment of
hyperleukocytosis are elaborated below (Table 2).

Advantage

Our previous study has shown that leukapheresis can
rapidly reduce the number of leukocytes compared to
chemotherapy. In this study, leukocytes were reduced
significantly, and renal function improved significantly
following leukapheresis.>* Leukapheresis can reduce
leukocyte aggregation in the pulmonary and cerebral
microcirculation by recruiting the marginal leukemic

cells into the intravascular space,’ which involves

Disease Name Modality Disease Condition Treatment Status Recommendation
Hyperleukocytosis Leukapheresis Symptomatic Second-line Moderate
Prophylaxis or secondary Individualization Weak
Inflammatory bowel disease Adsorptive cytapheresis Ulcerative colitis Individualization Strong
Crohn’s disease Individualization Weak
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Table 2 The Pros and Cons of Leukapheresis

Jin et al (2018)**

occurrence of renal failure and
metabolic derangements with little

toxicity on hepatic-renal function

Author and Year | Advantage Disadvantage Perspectives
Powell et al Leukapheresis could modulate the cell | NA Leukapheresis may increase the
(1991)* cycle distribution and increase the efficiency of cytarabine and other
fraction of leukemia cells in S-phase. S-phase specific agents.
Galera et al Leukapheresis could improve NA Leukapheresis was recommended for
(2016)*° pulmonary leukostasis in pregnant the treatment of hyperleukocytosis
woman without side effect. with neurologic and pulmonary
manifestation by ASFA as it could
reduce the intravascular leukemic
cellular burden rapidly and improve
tissue perfusion.
Bruserud et al Leukapheresis was a safe and effective | NA Leukapheresis may have therapeutic
(2012)* procedure for the treatment of effect in hyperleukocytic leukemia
hyperleukocytic leukemia with life- patients with leukostasis. The
threatening complications and without important thing to note was
side effect. chemotherapy should not be
postponed for the prevention of the
rapid re-accumulation of blasts.
Sung et al (2012)*” | Leukapheresis could reduce the NA Leukapheresis was safe and efficient in

leukoreduction and could be used for
the treatment of children and pregnant

women with hyperleukocytic leukemia.

Giammarco et al NA Leukapheresis required specialized It may be challenging to perform

(2017)* equipment and trained personnel. leukapheresis on large-scale.

Allon et al (2007)* | NA Leukapheresis required a central Patients who underwent the treatment
venous catheter which hold a high risk | of leukapheresis need more intensive
of bleeding, thrombosis and catheter- care.
related infection and venous stenosis at
the catheter site.

Punzel et al NA Leukapheresis can reduce the number | Patients who underwent leukapheresis

(2017)* of leukocytes rapidly along with the with hemoglobin below 60 g/L or
loss of red blood cell and platelet platelet below 30x 10%/L need be pre-

treated with red blood cell or platelet
transfusion.

Sanz et al (2009) | NA leukapheresis may exacerbate Leukapheresis was not recommended

coagulopathy associate with a high risk
of death at induction.

for the treatment of acute

promyelocytic leukemia.

Abbreviation: NA, not available.

moving of leukocytes from the reserve pool into the
circulation pool, and resting stage into the breeding
period to increase the sensitivity of chemotherapy.
Leukapheresis plays an essential role on bone marrow
function, as it can arrest some bone marrow leukemic
cells in synthesis-phase, thereby enhancing the sensitiv-
ity of cell-specific drugs such as Ara-C or other synth-
esis-phase specific agents.>”

Leukocyte depletion induced by chemotherapy may
cause some side effects. The short-term destruction of
many leukocytes often induces tumor lysis syndrome,
associated with hyperuricemia and electrolyte disturbance.
Furthermore, the use of chemotherapeutic drugs causing
cytotoxic effects. Leukapheresis can remove excessive
leukocytes from the body rapidly without the above-

mentioned adverse events.>® A meta-analysis study
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reported that leukapheresis could decrease the occurrence
of tumor lysis syndrome.® One study from the “Children’s
Oncology Group” proved that it could reduce the occur-
rence of renal failure and metabolic derangements in chil-
dren with hyperleukocytic leukemia.’”  Moreover,
leukapheresis was safe even in small children with low-
body weight.*® Our study also revealed that leukapheresis
had little toxicity on hepatic-renal function compared to
chemotherapy.®* A study indicated that leukapheresis
could improve pulmonary leukostasis in a pregnant
woman without side effect.** Multiple case reports pro-
posed leukapheresis for management of hyperleukocytosis
in pregnant as leukapheresis had no adverse effect on the
mother and fetus.*>*' Therefore, leukapheresis was safe
and also could be used for the treatment of children
(excluding acute promyelocytic leukemia) and pregnant

women with hyperleukocytic leukemia.

Disadvantage

Leukapheresis requires specialized equipment and trained
personnel. During leukapheresis, the patients’ vital signs
are monitored closely, of which some patients may need to
be transferred to an intensive care unit (ICU). For critically
ill patients, leukapheresis may need to be performed in the
ICU;* therefore, it may be challenging to perform this
procedure on a large-scale due to its complexity and high
cost.

Leukapheresis requires a central venous catheter place-
ment because more than one procedure is required for
weaker patients, which holds a high risk of bleeding and
thrombosis at the catheter site. Adversely, the patient could
develop a catheter-related infection and venous stenosis
because of improper catheter care.*’

During leukapheresis, to prevent coagulation and
thrombosis in the extracorporeal circulation, anticoagu-
lants are often used. Citrate is commonly used, and func-
tions by binding calcium which leads to hypocalcemia. In
view of preventing hypocalcemia, supplemental calcium is
provided, but this can also lead to calcium-phosphate pre-
cipitation and worsen tumor lysis syndrome.***>

Leukapheresis can reduce the number of leukocytes
rapidly along with the loss of red blood cell and
platelet,*® so it is not suitable for patients with hemoglobin
below 60 g/L or platelet below 30x10%/L; moreover, leu-
kocytes can rebound after the completion of the procedure
without subsequent treatment. Leukapheresis is not recom-
mended in the initial treatment of acute promyelocytic
leukemia (APL) with hyperleukocytosis. An expert panel

reviewed this on behalf of the “European Leukemia Net”,
and the conclusion was due to the possibility that leuka-
pheresis can exacerbate coagulopathy associate with
a high risk of death at induction.*’ Patients with hyperleu-
kocytosis and comorbidities such as cardiovascular dys-
function, coagulation disorders, and severe hepatic and
renal dysfunction, should be evaluated seriously to avoid
extra-procedural risks.*®

Generally, leukapheresis can decrease the leukocyte
count rapidly to improve circulation and reduce the risk
of TLS; these advantages outweigh the disadvantages as
mentioned above. For this reason, hyperleukocytic leuke-
mia patients can benefit from leukapheresis except in APL
or severe contraindications. However, it is important to
note that chemotherapy should not be postponed for the
prevention of the rapid re-accumulation of blasts.

Hyperleukocytosis has a poor prognosis due to its
early mortality and insensitivity to  initial
chemotherapy.*® Whether leukapheresis had an impact
on early death rate and long-term survival was still
controversial (Table 3).**° Bug compared patients
with hyperleukocytic leukemia who received che-
motherapy and leukapheresis respectively and found
that leukapheresis can significantly improve survival
in the first 3 weeks compared to chemotherapy.’®
A retrospective study further revealed that leukapher-
esis could reduce the 2-week mortality rate in hyper-
leukocytosis patients, but there was no effect on long-
term survival.’! Pastore et al found that prophylactic
leukapheresis did not reduce early mortality within
seven days in hyperleukocytosis patients with or with-
out leukostasis.”” Recently, a large retrospective and
multicenter study showed leukapheresis had no signifi-
cant improvement on the 30-day mortality and overall
survival (OS) in hyperleukocytic AML.’® Due to the
different general conditions, disease classifications,
treatment protocols, and patients selected in different
studies, whether leukapheresis had an impact on early

death rate and OS is still controversial.>®

Conclusion
Leukemia patients often present with severe anemia and

thrombocytopenia.®*¢!

. The leukapheresis apparatus cur-
rently used in clinical practice can trigger rapid erythro-
cyte and platelet loss which may increase the risk of
hemorrhage, aggravate anemia and affect the efficiency
of subsequent chemotherapy. Because the current leuko-

cyte depletion method requires increased systemic blood
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Table 3 A Summary of Clinical Studies of Leukapheresis in Patients with Hyperleukocytic Leukemia
Y p YP Y

Author Patients | Leukoreduction Study Summary P value

and Year Rate

Porcu et al 48 > 50% Leukapheresis could not improve one-week mortality in patients with >0.200

(1997)% hyperleukocytic leukemia, especially these presented with renal, neurological and

respiratory complications.
Thiebaut 53 Median was 50% Patients with hyperleukocytic leukemia may benefit from initial leukapheresis. NA
et al range 0 to 91
2

(2000)*°

Giles et al 71 Median was nearly Leukapheresis could reduce two-week mortality and achieved a higher complete 0.060

(2001)*' 57% (66.4/116.5) remission rate compared to control group.

Chang et al | 22 Not shown Leukapheresis could not improve early mortality, on the contrary, may be 0.367

2007)%? detrimental.

(

Bug et al 25 Median was 47% Leukapheresis could reduce the risk of early death by Day-21, but had no impact on | 0.015

(2007)® overall survival.

Oberoi etal | 1354 Not shown Leukapheresis did not reduce early mortality in patients with hyperleukocytic 0.670

(2014)® leukemia.

Wong et al | 31 Median was nearly Leukapheresis could not improve 30-day mortality and overall survival. 0.250

(2015)* 69%

Nan et al 26 Median was 55% Leukapheresis was associated with significantly lower 28-day mortality rate 0.022

(2017)** (rangel9 to 94) compared to control group.

Choi et al 59 Median was nearly | There was not enough evidence to show that leukapheresis had a positive effect on | AML:

(2018)3 59% (119/202) survival outcome and incidence of early complications. 0.846
ALL:
0.822

Stahl et al 113 Not shown Leukapheresis had no impact on 30-day mortality, achievement of complete 0.329

(2020)*® remission, or overall survival.

Abbreviation: NA, not available.

circulation and takes a longer time, therefore, it is difficult
for some patients to tolerate. Further improvements of
leukapheresis apparatus to achieve rapid and accurate sort-
ing of leukocytes and minimizing the possible adverse
reactions during the procedure are the problems that need
to be solved urgently.

Hyperleukocytosis has a poor prognosis due to its
complications such as leukostasis, hemorrhage and
respiratory failure. To date, little is known about hyper-
leukocytosis and is considered when patients with acute
leukemia present with concomitant symptoms such as
respiratory or neurologic symptoms, only then can it be
empirically diagnosed. Hyperleukocytosis has a high early
mortality due to severe complications, so prompt inter-
vention is quite necessary. Leukapheresis can rapidly

remove blasts from peripheral blood circulation to reduce

the risk of complications. In recent practice, most clini-
cians use the ASFA 2019 guidelines for therapeutic apher-
esis. Unfortunately, there is still no standardized
guidelines indicating when to initiate leukapheresis, how
often it should be repeated, and when it should be
stopped. Some scholars reported that only patients who
showed symptoms of leukostasis should receive leuka-
pheresis treatment*® and leukapheresis can be repeated
multiple times until clinical symptoms regress or the
leukocyte count reaches below 100x10%/L.%"%* We gen-
eralized and analyzed previous studies, formulating the
indication and therapeutic strategy of leukapheresis in the
treatment of hyperleukocytosis (Figure 2). Leukapheresis
should be individualized by physician’s preference and
the contraindication to this modality in the context of
cardiovascular  disease,

underlying hemodynamic

International Journal of General Medicine 2021:14

https:

3463

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

Myocardial ischemia/infarction

Limb ischemia,
renal vein thrombosis

®.

Dyspnea, hypoxemia,
diffuse alveolar hemorrhage,
respiratory failure

priapism . .
Patients with
symptoms
Confusion, somnolence,
Tinnitus dizziness, headache,
delirium, coma,
@ focal neurologic deficits
Impaired vision,
retinal hemorrhage
With contraindications ?
Cardiovascular comorbidities
Hemodynamic instability
Coagulation disturbances
Yes No
Induction Leukaoh ,
chemotherapy eUKapheresis

Figure 2 The indication and therapeutic strategy of leukapheresis in the treatment of hyperleukocytosis.

instability (sepsis, shock), active bleeding and coagulo-
pathy such as APL.

In conclusion, leukapheresis can rapidly reduce the
leukocyte count, effectively decreases tumor burden, and
reduces the incidence of complications. Due to less
adverse reactions and good tolerance associated with this
therapy, it can be a very effective adjuvant therapy to
hyperleukocytosis. What is needed is to grasp the indica-
tions of leukapheresis, mastering the operation skill and
reducing the incidence of adverse reactions, and at the
same time develop new apparatus to achieve more efficient
and accurate separation. The pathogenesis of hyperleuko-
cytosis is still unclear. Even though chemotherapy and
leukapheresis are useful symptomatic treatments, we

must elucidate the pathogenesis and etiological treatments

in future.
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