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7.1	 �Introduction

The focus of this chapter will be to discuss the current instrumentation used for the 
collection of cellular therapy products from the peripheral blood by apheresis meth-
ods, specifically hematopoietic progenitor cells, apheresis (HPC[A]), and therapeu-
tic cells, T cells (TC-T). The chapter will not include a discussion of legacy apheresis 
instruments, such as the Fenwal CS3000 Plus or COBE Spectra, as these devices are 
or will soon no longer be supported by their manufacturers, even though still widely 
used in some parts of the world. Instead, discussion will focus on the Fenwal Amicus 
and Terumo BCT Spectra Optia, including both the MNC and continuous MNC 
(CMNC) protocols for the latter, with the goals of describing (1) the methods of cell 
separation and collection for each device/protocol; (2) the advantages, disadvan-
tages, and operating parameters; and (3) troubleshooting for both devices. The con-
tent of this chapter is derived from information made available by the instruments’ 
manufacturers, publications in the peer-reviewed medical literature, and the authors’ 
personal experiences in using these devices, including both Spectra Optia proto-
cols, in a busy therapeutic apheresis service which collects more than 1000 HPC(A) 
and TC-T products, annually.
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7.2	 �Hematopoietic Progenitor Cells, Apheresis

HPC(A) products are collected from autologous or allogeneic donors in order to 
restore hematopoiesis following myeloablative (all cases of autologous and select 
cases of allogeneic transplants) and reduced intensity/nonmyeloablative (select 
cases of allogeneic transplant) conditioning regimens of chemotherapy with or 
without concurrent radiation therapy. In the context of allogeneic transplantation, 
the goal is to replace the recipient’s immune system with that of the donor’s in the 
hope of producing an immune response to the recipient’s tumor, i.e., graft-versus-
tumor (GvT) effect. In the autologous setting, the goal of the graft is to “rescue 
hematopoiesis” of the patient following high-dose chemotherapy, i.e., myeloabla-
tive condition regimen (MAC). Evidence does, however, suggest that there is an 
immune component to autologous transplants similar to that observed in allogeneic 
transplant recipients. When collecting CD34+ cells via HPC(A), the goal is to col-
lect sufficient CD34+cells that would result in timely restoration of hematopoiesis. 
A variety of targets have been used to define an adequate product, but most com-
monly, it is a dose, on a per kilogram of recipient weight, of CD34+ cells. Stem and 
progenitor cells represent a subset of CD34+ cells. The usual collection targets in the 
autologous setting are anywhere in the ranges of 2–5 × 106 CD34+ cells/kg while 
that for allogeneic transplants is usually in the range of 4–8 × 106 CD34+ cells/kg of 
recipient weight. These doses may be achieved by processing a fixed volume of 
blood per collection (e.g., 2–3 blood volumes), measuring CD34+ cells within the 
product during the collection and adjusting the duration of the collection accord-
ingly or by processing blood for a fixed length of time (e.g., 4–6 h). Significant 
variability in clinical practice means that there is no standard in this regard (see 
Chaps. 4 and 5).

7.3	 �Therapeutic Cells, T Cells

TC-T are lymphocytes collected either for subsequent genetic modification (e.g., 
chimeric antigen receptor T cells [CAR-T cells]) or other manipulations or for 
infusion into patients after allogeneic hematopoietic cell transplantation (allo-
HCT) in order to induce a GvT effect. The CD3+ T-cells targets vary depending 
upon the medical use. The number collected for subsequent modification will vary 
depending upon the protocols and methods used to modify, and potentially 
expand, the T cells. When used without modification such as for conventional 
donor lymphocyte infusion (DLI), typically doses of 1–2 × 108 CD3+ cells are 
collected and divided in specific aliquots for cryopreservation; this is usually done 
after administration of initial first fresh dose of DLI to the transplant recipient. In 
order to achieve these doses, collections may be performed using a blood volume 
target (e.g., 2–3 total blood volumes) or procedure length target (e.g., 4-h collec-
tion); again, there is no standard but institutional practices vary on the length of 
procedure.
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7.4	 �Instrumentation

7.4.1	 �Fenwal Amicus (Fresenius Kabi, Lake Zurich, IL)

The Fenwal Amicus has been capable of TC and HPC(A) collections since clearance 
by the Food and Drug Administration (FDA) for these procedures in 2002. The 
separation kit is a disposable flexible plastic belt-shaped chamber that is wrapped 
around and secured to a rigid spool (Fig. 7.1). There are two chambers in the belt 
(separation and collection chambers); however, only the separation chamber is 
used for TC and HPC(A) collection. A ramp is molded into the spool which directs 
flow within the separation chamber (Fig. 7.1).

As whole blood enters the separation chamber, the blood separates into the cell 
and plasma layers. Blood enters at a lower hematocrit (approximately 35%) and 
flows to the far end of the separation chamber. Platelets quickly separate and are 
returned by the platelet-rich plasma pump (Fig. 7.2). The granulocytes drop down 
into the RBC layer and flow to the outlet. As the whole blood flows through the 
chamber, the hematocrit increases to about 80%. As the mononuclear cells (MNCs) 
enter, they are heavier than platelets and drop to the cellular layer and move toward 
the outlet. However, as the hematocrit increases, the MNCs separate from the granu-
locytes and RBC and flow back to the inlet (Fig. 7.2). When they encounter the 
lower hematocrit, they drop down to the cellular layer resulting in the MNC recir-
culation in the center of the separation chamber (Fig. 7.2). Set volumes of whole 
blood are processed (usually 1000 mL or 1400 mL, depending on peripheral white 
blood cell (WBC) count) to allow buildup of the MNC layer prior to MNC harvest-
ing. When the programmed volume has been processed, the Amicus machine 

Fig. 7.1  Amicus mono-
nuclear cell (MNC) spool. 
From left to right, note the 
slope of the ramp for the 
separation chamber (see 
text)
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Fig. 7.2  Amicus blood separation in the centrifuge. Circulation of the various cells during separa-
tion and harvest of mononuclear cells (MNC). Platelet-rich plasma is returned to the patient/donor 
through the platelet-rich port (left). MNCs recirculate in the center of the chamber until harvest, 
and then they exit out the platelet-rich port (left) with the addition of packed RBC. Packed RBCs 
and granulocytes are returned to the patient/donor through the RBC port (right). (Used with per-
mission from Fresenius Kabi)

automatically diverts about 30 mL of the high-hematocrit RBC to a small collection 
bag outside the separation chamber to be used to push the MNC out of the centri-
fuge. The MNC transfer then ensues. The inlet speed is dropped, and the cell/plasma 
interface that has been maintained on the ramp at about 60% is allowed to rise on 
the ramp and exit the separation chamber. The MNCs then pass through an optical 
sensor outside the centrifuge. When a designated amount of light is blocked (sense 
level), a whole blood pumped counter is activated. There are two settings used to 
open and close the valves to the collection bag: (1) the MNC and (2) the RBC off-
sets. The MNC offset is used to open the valve. It allows the platelet-rich plasma to 
be diverted back to the donor/patient. When the MNC offset is reached, the valve to 
the collection bag is opened and the MNCs continue to flow into the collection bag 
until the RBC offset setting is reached. When the collection valve closes, a small 
amount of platelet-rich plasma is flushed back to the donor, and the platelet-poor 
plasma (about 8–10 mL) is used to flush the MNC in the collection line to the col-
lection bag. A new cycle is then started with cycles continuing until the end of the 
HPC(A) procedure.
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During most of the procedure, plasma leaving the centrifuge is platelet rich. 
Platelet-poor plasma is usually collected at the very beginning or at end of the pro-
cedure that can be added to the product/graft or as a separate collection, if desired.

The settings for the MNC offset, RBC offset, ramp position, and light blockage 
(sense level) in the optical sensor can be adjusted by the operator (Burgstaler et al. 
2010; Burgstaler and Winters 2014). Various cycle volumes have also been used and 
are operator programmable (Burgstaler and Winters 2011a).

7.4.2	 �Spectra Optia (Terumo BCT, Lakewood, CO, USA)

The Spectra Optia has two HPC(A)/TC collection protocols, each of which has dif-
ferent disposable supplies. The Spectra Optia was cleared by the FDA for the col-
lection of TC and HPC(A) in 2012 using the MNC protocol and 2015 using the 
CMNC protocol. The MNC protocol works in cycles and uses an additional separa-
tion chamber to separate the MNC from the platelets (Fig. 7.3). The CMNC proto-
col continually collects MNC, similar to the COBE Spectra MNC procedure, and 
does not utilize the separate separation chamber (Fig. 7.4).

7.4.2.1	 �Spectra Optia MNC
The Spectra Optia MNC protocol uses a flexible circular centrifuge chamber that 
fits in a rigid insert (Fig. 7.5). The centrifuge chamber is the same diameter through-
out. Whole blood enters the chamber and flows counterclockwise to the collection 
ports. There are three ports in the collector area: (1) the plasma port which is closest 

Fig. 7.3  Spectra Optia 
blood separation in the 
centrifuge using the MNC 
protocol. Whole blood flows 
counterclockwise with 
separation of the MNC and 
platelets that are drawn into 
the conical chamber (left) 
and then into the collection 
bag, during the harvest 
cycles. Platelet-poor plasma 
is drawn from the plasma 
port (center) to be returned 
to the patient/donor. Packed 
RBCs (right port) are 
returned to the patient/donor. 
(Used with permission from 
Terumo BCT)
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Fig. 7.4  Spectra Optia 
blood separation in the 
centrifuge using the CMNC 
protocol. Whole blood flows 
counterclockwise with 
separation of the MNCs that 
are drawn from the left port 
and into the collection bag, 
continuously. Platelet-rich 
plasma is drawn from the 
plasma port (center) to be 
returned to the patient/donor. 
Packed RBCs (right port) are 
returned to the patient/donor. 
(Used with permission from 
Terumo BCT)

Fig. 7.5  Spectra Optia 
MNC insert. Circular 
channel with vertical walls 
and the secondary conical 
chamber holder

to the center, (2) the packed cell (RBC) line which is closest to the outside, and (3) 
the collection port is the first port (Fig. 7.3). The collection port is connected to the 
collection pump, while the plasma port is connected to the plasma pump. The 
remaining blood components are pushed out of the centrifuge chamber by the inlet 
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pump. The Spectra Optia has an optical system, the automated interface manage-
ment (AIM) system, which monitors and controls the cell/plasma interface. With 
the MNC program, the centrifuge packing factor is high, driving platelets into the 
buffy coat layer. The buffy coat is drawn off in a small collect line that is connected 
to a conical chamber located in the centrifuge (Fig. 7.3). The first stage of separation 
uses cell density to separate red blood cells from the buffy coat in the flexible circu-
lar separation chamber. The conical chamber located near the axis of rotation for 
the centrifuge then separates the platelets and MNC according to cell size using two 
forces: (1) centrifuge g-force and (2) fluid flow from the collect pump. The centri-
fuge g-force pushes components away from the axis of rotation, while the collect 
pump pulls components toward the center of the centrifuge, toward the axis of rota-
tion, causing separation of the cells. First, the chamber fills with platelets. Then as 
RBC and MNC enter the chamber, based on their sizes, the MNC stays on the inlet 
side of the chamber while RBC percolates through the MNC and layer on top toward 
the outlet and the axis of rotation. As the chamber fills with MNC, the RBC eventu-
ally reaches the outlet and exits the chamber. An optical sensor detects the RBC-
blocking light and triggers a chamber flush. The collect valve opens, and the MNCs 
are harvested into the collect bag (set volume is collected). A plasma flush then 
clears the line of MNC, flushing them into the collection bag. This is then followed 
by the start of a new cycle. The collect volume and plasma flush volume can be 
adjusted by the operator. The operator can also change the optical sensor control to 
use either the cycle volume or operator interaction (manual initiation) to trigger the 
MNC harvest. The operator can also determine the amount of RBC entering the 
chamber by adjusting the Collection Preference which controls the plasma pump 
speed. Donors with very high WBC counts will have many cycles because the 
chamber fills quickly resulting in frequent MNC harvests. This, in turn, results in 
larger collection volumes due to both the number of cells collected and the plasma 
flush used to clear the chamber and lines.

7.4.2.2	 �Spectra Optia CMNC
The Spectra Optia CMNC uses a different insert, the Intermediate Density Layer 
(IDL), for collections (Fig. 7.6). As with the MNC separation chamber, the CMNC 
chamber has the same diameter throughout, but it does not have a chamber bracket 
or the conical separation chamber present in the MNC kit (Fig. 7.6). The slot that 
the flexible chamber fits into is pear-shaped rather than rectangular which increases 
the extracorporeal volume of the device by approximately 100 mL compared to the 
MNC disposable kit. As with the Spectra Optia MNC, whole blood is pumped coun-
terclockwise to the collection area. A lower packing factor is used to prevent plate-
lets from being forced into the buffy coat. The same collection ports present in the 
MNC disposables are used; however, the collect line does not have a separate cham-
ber attached, as with the Spectra Optia MNC kit (Fig. 7.4). The AIM system moni-
tors and adjusts the position of the buffy coat interface. The collect pump 
continuously draws the MNC off and pumps them into the collection bag. The color 
of the collection is monitored by the operator, similar to what was done with the 
COBE Spectra, and adjusted by changing the Collection Preference, which adjusts 
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the plasma pump. The plasma is platelet rich and is returned to the donor/patient. 
For that reason, there are only certain times that platelet-poor plasma can be col-
lected. Separate plasma can be collected for addition to the collection or separate 
plasma collection. The Spectra Optia has a monitoring screen that can indicate if the 
AIM system is correctly adjusting the cell/plasma interface. The collect pump speed 
can be adjusted, and the collect volume is more predictable, compared to the MNC 
protocol, because of the continual collection.

7.5	 �Advantages and Disadvantages

Both of the instruments (described above), as well as the different protocols avail-
able for the Spectra Optia, offer advantages and disadvantages depending upon 
the characteristics of the patient/donor undergoing collection, experience of the 
operators, the processes and workflow of the apheresis collection center, and 
laboratory responsible for processing the cellular therapy product. Table 7.1 rep-
resents the authors’ opinions of the advantages and disadvantages of the Amicus 
and the Spectra Optia protocols. It is important to acknowledge that one person’s 
advantage may be another’s disadvantage and vice versa. It should be noted that 
the authors utilize both devices in their practice with success, tailoring their use 
to the characteristics of those undergoing collection in order to maximize the 
safety and efficacy of the collection procedures. Table  7.2 provides how the 
authors utilize both devices in tailoring collections based upon patient/donor 
characteristics.

Fig. 7.6  Spectra Optia 
CMNC (IDL) insert. 
Circular channel with 
pear-shaped walls and no 
secondary conical chamber 
holder

E. A. Burgstaler and J. L. Winters
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Table 7.1  Advantages and disadvantages

Advantages Disadvantages
Fresenius Kabi Fenwal Amicus
• � Automated with manual adjustments possible
• � Low extracorporeal volume (ECV)—163 mL
•  Platelet sparing
• � Good MNC differentials, low granulocyte 

content
•  Low RBC content
• � Heparin/ACD-A anticoagulant solutions can 

be used.
• � CD34+ cell and MNC collection efficiencies 

(CE) are as expected.
• � With AC ratios to 26:1 when using heparin/

ACD-A anticoagulant:
Less citrate toxicity
Less volume to patient
Higher inlet rates

•  Can collect separate plasma
•  Custom prime for low blood volumes

Fresenius Kabi Fenwal Amicus
• � Does not have sterile addition of AC to 

product bag
•  Cannot see into centrifuge
• � Works in cycles, which prolongs 

procedures due to transfers
•  Product size can vary slightly.
• � Slightly harder to control RBC and 

granulocyte content

Terumo BCT Spectra Optia—CMNC
• � Automated with manual adjustments possible
• � Simple to adjust, provides continuous 

collection
•  Very predictable product size
•  Sterile addition of AC to product bag
•  Tracking monitor on interface position
•  Can observe action in centrifuge
•  Can collect separate plasma
• � Very good MNC differentials, very low 

granulocyte content
•  Very low RBC content
•  Custom prime for low blood volumes
• � CD34+ cell and MNC (CE) are as expected.

Terumo BCT Spectra Optia—CMNC
• � Poorly compatible with heparin/ACD-A 

anticoagulant solutions due to platelet 
clumping

•  Without 26:1 AC ratios:
More citrate given
More fluid to patient
Slower inlet rates

•  Larger ECV—297 mL
•  Platelet loss is moderate to high.

Terumo BCT Spectra Optia—MNC
• � Automated with manual adjustments possible
•  Low ECV—191 mL
•  Low RBC content
• � Good MNC differential; low granulocyte 

content, but more than CMNC
•  Custom prime for low blood volumes
•  Sterile addition of AC to collection bag
• � CD34+ cell and MNC (CE) are as expected.

Terumo BCT Spectra Optia—MNC
• � Poorly compatible with heparin/ACD-A 

anticoagulant solutions due to platelet 
clumping

•  Without 26:1 AC ratios:
More citrate given
More fluid to patient
Slower inlet rates

• � Product volume variable due to WBC 
count

• � Large products with high WBC 
counts

• � Works in cycles, which prolongs 
procedures due to transfers

•  Platelet loss is moderate to high.
• � Requires more manipulation and 

observation of interface and platelets 
in chamber

7  Hematopoietic Progenitor Cells, Apheresis and Therapeutic Cells, T-Cells…
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7.6	 �Product Content and Characteristics

Both instruments and protocols can collect HPC(A) and TC products which are 
pure, potent, and efficacious. There are, however, differences in product content 
which may influence which device or protocol is used in certain circumstances or 
patients/donors. Table  7.3 provides a summary of the HPC(A) product content 
reported in the medical literature for each of the instruments and protocols, while 
Table 7.4 provides a summary of characteristics reported for TC collections.

7.7	 �Troubleshooting

As indicated above, both devices can collect an appropriate HPC(A) or TC product. 
However, at times, the content of the product may not be what is expected or desired. 
When this occurs, it is necessary to examine the collection procedure and the prod-
uct content to be able to effectively troubleshoot. Etiology of unexpected 
hematopoietic graft yields and product content can result from patient/donor char-
acteristics, operator errors, and equipment malfunction.

Troubleshooting for poor TC and HPC(A) collection yields can be very complex, 
especially in patients who have been mobilized with chemotherapy and/or cyto-
kines. Usually, the problem is not the machine or the operator; the biggest variables 
in suboptimal collections are the donors/patients and the number of CD34+ cells 
mobilized in the PB or the number of circulating lymphocytes. Factors such as the 

Table 7.2  Patient/donor characteristics and optimal apheresis instrument

Characteristic
Optimal 
instrument Rationale

Concerns about/
sensitivity to excessive 
fluid

Amicus Heparin/ACD-A AC and 26:1 ratio will infuse 
half as much fluid per collection with Amicus, 
while heparin AC is associated with platelet 
clumping in the Spectra Optia.
Due to the cycles, less blood and AC are 
processed compared to Spectra Optia CMNC 
with no cycles.

Very lipemic plasma Spectra Optia 
CMNC or 
MNC

Interface detector is more tolerant of high lipids 
than Amicus.

Low platelet count Amicus Amicus demonstrates greater platelet sparing.
High granulocyte count Spectra Optia 

CMNC
CMNC collects the least granulocytes.

Small patient with small 
blood volume

1st choice: 
Amicus
2nd choice: 
Spectra Optia 
MNC

Amicus has the lowest ECV of 163 mL
Spectra Optia MNC ECV: 191 mLs
Spectra Optia CMNC ECV: 297 mLs
Amicus is also more compatible with heparin/
ACD-A AC and less citrate can be given.

AC anticoagulant, CMNC continuous mononuclear cell, ECV extracorporeal volume

E. A. Burgstaler and J. L. Winters
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type and extent of previous chemotherapy and radiation treatments, the marrow’s 
ability to mobilize CD34+ cells, the number of cells present in the circulation, the 
number of unwanted cells such as granulocytes, patient vascular access, the pres-
ence of high concentrations of plasma proteins such as seen in some plasma cell 
disorders, and other patient-specific issues can produce poor collection yields. The 
influence of these factors is unpredictable and fluctuates, changing over the course 
of the collections frequently in less than 24 h.

When investigating a suboptimal or poor collection, it is best to consider all of 
the components of collection rather than just CD34+ cell or MNC yield. The MNC 
content should indicate if the collection was drawn from the proper layer. A product 
with a high percentage of MNC with a low percentage of granulocytes would indi-
cate that the collection was appropriate. High granulocyte and RBC contents indi-
cate the collection was too deep and that the buffy coat containing the desired cells 
was not harvested. A high platelet content and low total WBC and RBC contents 

Table 7.4  Therapeutic cell product content and collection procedure parameters reported in the 
medical literature

Source
Device (# 
Procedures)

Lymphocyte 
CE1 %
or
×109

Monocyte 
CE1

MNC  
CE1 %
or
×109

MNC
Purity
%

Platelet
CE1
%

Volume
mL

Throughput
MNC × 106/
mL

Robitzsch 
et al. (2015)

AM (40) 57 ± 19 39 ± 16 52 ± 16 96 ± 3 53 ± 25

Robitzsch 
et al. (2015)

SP CMNC (20) 56 ± 17 65 ± 15 64 ± 11 90 ± 7 69 ± 34

Robitzsch 
et al. (2015)

SP MNC (31) 54 ± 19 61 ± 21 55 ± 17 92 ± 7 57 ± 22

Steininger 
et al. (2014)

AM (12) 1.20 ± 0.37
2.80 ± 1.1
×109

Steininger 
et al. (2014)

SP MNC (20) 1.64 ± 0.70
2.36 ± 0.96
×109

Punzel et al. 
(2015)

SP CMNC (17) 60 ± 13 85 ± 10 176 ± 54

Punzel et al. 
(2015)

SP MNC (18) 64 ± 15 87 ± 4 238 ± 47

Fischer et al. 
(2013)

AM (40) 57 18% 51 7

Fischer et al. 
(2013)

SP MNC (10) 64 33 24

Burgstaler 
et al. (2005)

AM (20) 9.6 × 109 3.3 × 109 13 × 109 98 155

Empty cells no data reported, AM amicus, SP Spectra Optia, CMNC continuous mononuclear cell, 
MNC mononuclear cell

CE
Cell count product PV

Cell count pre Cell count p
1 =

´
+

/
/ /

m
m m

L
L L oost

TVP
2

´
where PV product volume, pre pre-apheresis, post post-apheresis, and TVP total volume 
processed
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would indicate the collection was too high, missing the portion of the buffy coat 
containing the desired cells.

If a product collected on the Amicus has a low WBC content, this can occur due to 
either a thick layer of platelets or a blush of RBCs triggering the optical sensor in the 
Amicus which opens and closes the valves during the harvest (see previous descrip-
tion). The Amicus uses the amount of light detected by the optical sensor (sense level) 
to open (MNC offset) and close (RBC offset) the valve to the collection bag. When the 
amount of light blocked reaches the programed level (sense level), the harvest is initi-
ated with a volume of blood pumped (MNC offset) until the valves to the collection 
bag open. This is then followed by a volume of blood (RBC offset) pumped into the 
collect bag and then the valve closes. Once triggered, further changes in the amount 
of blocked light during the harvest are ignored by the device. If a thick layer of plate-
lets or an RBC blush passes through the collect line, it can trigger the optical sensor 
by blocking sufficient light to reach the sense level with the valve opening and closing 
too early resulting in a failure to harvest the desired cells. This will occur even if the 
platelets or RBC blush clears as once the sense level is reached, the offsets are trig-
gered. Using the default MNC (2.3 mL) and RBC (6.8 mL) offsets on Amicus without 
observing the actual color of the collection can result in some very poor collections. 
The operator monitoring the first cycle (manual monitoring) and making adjustments 
in the RBC offset can produce more consistent yields and lower cross cellular content 
(Burgstaler and Winters 2011b). This relatively simple procedure requires the opera-
tor to observe the upper right pump cassette to ensure that the RBCs make it to the top 
of the cassette (Fig. 7.7). If this does not occur, then the RBC offset can be adjusted by 
the operator for subsequent cycles (Burgstaler and Winters 2011b).

7.7.1	 �Poor CD34+ Cell Yields

Obviously, high PB CD34+ cell counts are required for high CD34+ cell yields, but 
many patients do not mobilize well and therefore poor yields are not related to the 
actual collection procedure. It is thought that the CD34+ cells have a specific gravity 
similar to that of lymphocytes and monocytes; therefore, the goal during collection 
would be to target that layer of the buffy coat between the platelets and the granulo-
cytes. The only real indication of the layer being harvested is the red color of the 
collected cells as they are being harvested. Some RBCs are needed in the product in 
order to collect an appropriate product, but too many or too few indicate that the 
buffy coat has not been appropriately collected. If the collection contains primarily 
platelets and lymphocytes, attempts should be made to go deeper (darker red) for 
the next collection. If the collection contains large numbers of granulocytes and 
RBC, going lighter in the RBC color should harvest the buffy coat. Unfortunately, 
at times there are collections with appropriate RBC, granulocytes, and good MNC 
yield, but poor CD34+ cell yields despite adequate numbers of circulating CD34+ 
cells. With the Amicus machine, if there are good yields of WBC, but poor yields of 
CD34+ cells, the operator should inspect the window on the spool holder for cracks. 
Cracks can affect CD34+ cell yields by interfering with the interface detector.
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Another factor that can affect CD34+ cell yield is the mean corpuscular volume 
(MCV) of the RBC. Small RBCs, such as those present in patients/donors with iron-
deficient anemia (IDA), can migrate up into the buffy coat layer and be harvested 
with the MNC. If the operator uses the normal color indicator for these (with low 
MCV) collections, the product will appear to be sufficiently red, but when cell con-
tent is measured, they will have small numbers of CD34+ cells and MNC. In order 
to correct this problem, the operator must target a darker than normal red color in 
the product in patients with concomitant IDA with low MCV.

Very lipemic plasma can also adversely affect the performance of the instrument 
optical sensors and operator’s perception of red color. A darker red color should be 
sought to overcome the white color of the lipemic plasma.

7.7.2	 �Excessive Platelet Loss

The platelets have a specific gravity (1.040) close to that of MNC (lymphocytes 
1.050–1.061 and monocytes 1.065–1.066). As a result, there will be platelets in the 
collection; however, the amount of platelets can be modified. The Amicus is more 

To Plasma Bag

To Product Bag

Fenwal Amicus
Right Cassette

Optical Sensor

Fig. 7.7  Amicus right cassette during MNC transfer. Red blood cells should be present to the top 
of the cassette, prior to plasma flush. (Used with permission of Wiley-Blackwell)

E. A. Burgstaler and J. L. Winters
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platelet sparing than the Spectra Optia as seen in Table 7.3 (Sputtek et al. 2013). 
On the Amicus, a larger MNC offset will direct more of the platelets back to the 
donor. Using a high MNC offset, >2.3 mL, could, however, reduce the number of 
CD34+ cells. It has been reported that using an MNC offset of 1.5 mL rather than 
the default setting of 2.3 mL can still achieve similar platelet loss and CD34+ cell 
yields (Burgstaler et  al. 2010). An unexpected finding from this study was that 
going too deep into the RBC layer also increased platelet loss on the Amicus 
(Burgstaler et  al. 2010). Using a very light red color on the Spectra Optia can 
increase platelet loss.

High circulating WBC counts, as well as the combination of high WBC counts 
and high inlet flow rates, can adversely affect CD34+ cell collection (Burgstaler 
et al. 2004; Burgstaler and Pineda 2002; Cooling et al. 2010). Therefore, in the 
presence of high WBC, inlet flow rates should be limited to increase centrifuge 
dwell time to allow for adequate separation and subsequent collection of the CD34+ 
cells.

7.7.3	 �Excessive Granulocyte Content

Excessive granulocyte content is usually a result of harvesting too deep into the 
RBC layer (darker red color). When this occurs, using a lighter red color will 
decrease granulocyte content. However, even with the correct amount of RBC in the 
product, high granulocyte content may occur. This can be due to the high content of 
neutrophil precursors in the products due to the patient’s/donor’s response to mobi-
lization. Immature, neutrophil precursors such as myelocytes (1.070) and promy-
elocytes (1.058–1.066) have a similar specific gravity as MNC (lymphocytes 
1.050–1.061 and monocytes 1.065–1.066) and will be harvested with the 
MNC. Since the red color is the operator’s only indication of the types of cells being 
collected, they are not able to prevent the collection of these immature/precursor 
neutrophils and a higher percent of granulocytes may be present in the collection in 
this setting.

7.7.4	 �Excessive RBC Content

Excessive RBC content usually indicates that the collect color was too dark. RBCs 
hemolyze during the freezing process, and usually large numbers of granulocytes in 
high RBC products are also collected due to the similar densities of granulocytes and 
RBC. Low red cell MCV is associated with poor CD34+ cell and MNC yields (Cantilena 
et al. 2017; Panch et al. 2015; Wang et al. 2013; Leitman et al. 2010). If the red cell 
MCV is low, it may be necessary to go deeper into the RBC layer to get MNC and HPC 
(discussed above), but the collection will also contain increased numbers of RBC and 
granulocytes. For the Terumo Optia, an increase in the packing factor may help (seek 
the advice of the manufacturer). If graft appears to contain large volumes of RBCs, 
then one must consider evaluation of hematology analyzer used to determine the RBC 
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content of the product. Some analyzers, such as the Beckman-Coulter ACT 10 
(Beckman-Coulter Corp., Miami, FL), are adversely affected by large numbers of 
WBC when determining the MCV and hematocrit (Seigneurin and Passe 1983). These 
devices were, after all, designed to measure PB cell counts and not cell counts on 
highly concentrated cellular therapy products. We have found that by using the donor’s 
peripheral MCV and the collection RBC count, we were able to correct the RBC vol-
ume with similar results reported by others for the same apheresis equipment when 
utilizing the Beckman-Coulter ACT 10 to measure RBC content.

7.8	 �Conclusion

Both the Amicus and Spectra Optia are flexible, highly automated apheresis systems 
capable of collecting high-quality HPC(A) and TC products. Each device, and in the 
case of the Spectra Optia each protocol, collects cells in a slightly different manner 
resulting in differences in product content, and each is influenced in slightly differ-
ent ways by patient/donor characteristics such as lipemia and WBC count. These 
differences can be utilized to tailor the collection to specific patient characteristics. 
In the absence of both devices being available, either device can be used to effec-
tively collect cellular therapy products as long as procedures are adjusted for vari-
ables related to individual patient.

When troubleshooting poor collections, it is important not to focus solely on 
the CD34+ cell or lymphocyte yields but also to consider the content of other 
cells including granulocytes, platelets, and red blood cells as their presence, or 
absence, provides important clues in optimizing subsequent collections 
(Table 7.5).

Table 7.5  Clinical pearls

• �Amicus and Spectra Optia are flexible, highly automated apheresis systems capable of 
collecting high-quality HPC(A) and TC products.

• �The Spectra Optia was cleared by the FDA for the collection of TC and HPC(A) in 2012 
using the MNC protocol and 2015 using the CMNC protocol.

• �Etiology of unexpected hematopoietic graft yields and product content can result from 
patient/donor characteristics, operator errors, and equipment malfunction.

• �The MNC content should indicate if the collection was drawn from the proper layer.
• �High granulocyte and RBC contents indicate the collection was too deep and that the buffy 

coat containing the desired cells was not harvested.
• �A high platelet content and low total WBC and RBC contents would indicate the collection 

was too high, missing the portion of the buffy coat containing the desired cells.
• �The only real indication of the layer being harvested is the red color of the collected cells as 

they are being harvested.
• �If graft appears to contain large volumes of RBCs, then one must consider evaluation of 

hematology analyzer used to determine the RBC content of the product. Hyperleukocytosis 
leads to an overestimation of the determination by Coulter Counter Model S of RBC count, 
hemoglobin, MCV, and packed cell volume.

E. A. Burgstaler and J. L. Winters
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