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Abstract: Given the shortages of banked blood, the risks of
transfusion reactions, disease transmissions, and transfusion er-
rors, we perfusionists must find ways to avoid blood transfusions.
At the end of any given bypass run, there is residual blood left in
the bypass circuit, the perfusionist must get this blood back to the
patient. Most commonly either a cell saver or a hemoconcentra-
tor (HC) has been used, in some fashion, to reinfuse residual
circuit blood. The ideal method should: 1) be simple; 2) raise the
hematocrit (HCT); 3) allow for changes in the patient’s volume
status; and 4) not compromise the integrity of the cardiopulmo-

nary bypass (CPB) circuit allowing for rapid re-institution of
CPB. We describe a technique in which residual CPB circuit
blood is pumped through an HC directly to the patient via a
3/16-inch diameter line into a 16-gauge intravenous needle po-
sitioned in a peripheral or central vein. This allows the perfu-
sionist to give back concentrated blood that is protein-rich while
maintaining the above criteria. Keywords: blood conservation,
hemoconcentrator, hemofiltration, cardiopulmonary bypass, ul-
trafiltration. JECT. 2004,36:231-234

INTRODUCTION

The percentage of patients undergoing coronary artery
bypass surgery receiving packed red blood cells (PRBCs)
ranges from 27-92%, depending on the institution (1). It is
of the utmost importance to use blood conservation tech-
niques to reduce exposure to banked blood products.
Upon termination of cardiopulmonary bypass (CPB), the
perfusionist is faced with the dilemma of how to process
the blood volume left in the CPB circuit. Because of the
priming volume required by CPB circuits and the hemodi-
Iution that follows, some measure should be taken to
hemoconcentrate this residual blood. Most commonly, ei-
ther a cell saver or an HC has been used in some fashion
to reinfuse residual circuit blood. The ideal method should
be simple, raise the hematocrit (HCT), allow for changes
in the patient’s volume status, and not compromise the
integrity of the CPB circuit allowing for rapid re-
institution of CPB. We describe a technique that allows
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for returning residual circuit volume back in a concen-
trated, controlled fashion, while maintaining the integrity
of the CPB circuit.

DESCRIPTION

Equipment

The circuit (Figure 1) consists of a ¥2-inch venous line,
which returns to a COBE Duo oxygenator with an integral
hard-shell venous reservoir (COBE Cardiovascular Inc.,
Arvada, CO). A Jostra HL 20 (Jostra Bentley Corp., Irv-
ine, CA) heart-lung machine with an arterial roller pump
is used for blood reinfusion via a 3/8-inch arterial line and
through COBE Sentry arterial line filter (ALF). A COBE
HC 1400 Maxi HC is connected to a stopcock on the ALF
purge line and is returned to the venous reservoir. The
heart-lung machine is servo-regulated for post-membrane
oxygenator pressure, air bubble, and level sensor. A CDI
500 continuous blood gas monitor (Terumo Cardiovascu-
lar Systems, Ann Arbor, MI) is used to monitor arterial
blood gases, and a COBE monitor is used to monitor ve-
nous saturation and HCT.

Article available at pfipS:/7lect.edpsciences.ord or hffps:7/d Q/10.10 00436 ]


https://ject.edpsciences.org
https://doi.org/10.1051/ject/2004363231

232 G.R. SMIGLA ET AL.

Ya” tubing

<+—
To patient

3-way stopcock

1/8" tubing

3/8” (ubing

HC elMluent to wall

Venous Reservoir

Ya x Y luer with
3-way stopcock

ALF purge line T

3/8” tubing

«— |\
Post membrane
O OXygenator pressure
monitering site
inlerfaced wilh a servo-
regulated punp
Oxygenalor /
— — /

Figure 1. Circuit configuration for conventional ultrafiltration during cardiopulmonary bypass. ALF, arterial line filter; HC, hemoconcentator.

Method

The entire circuit is crystalloid primed and de-bubbled
according to standard protocol. The HC is also primed and
de-bubbled at this time. Once the HC is de-bubbled it is
inverted so the inflow to the HC is on top, this allows the
HC to act as a bubble trap. During CPB, blood is allowed
to recirculate through the HC for the entire case, allowing
the perfusionist to ultrafiltrate simply by unclamping the
effluent line of the HC (Figure 1). The flow through the
HC will vary throughout the procedure depending on the
resistance from the HC circuitry and the arterial flow.

Before the termination of CPB, an 84-inch long, 3/16-
inch diameter line with male luer lock connectors on each
end and a Roberts clamp on the distal end is primed by
connecting the proximal end to the three-way stopcock on
the outlet side of the HC, the distal end of this line is
attached to the venous reservoir. The three-way stopcock
is then opened, while the HC outlet line is clamped just
proximal to the venous reservoir to allow flow of blood to
the venous reservoir. Once the line is free of air, the stop-
cock is returned to the original position, the Roberts
clamp closed, and the clamp is removed from the HC
outlet line. The distal end is then given to the anesthesi-
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ologist where it is connected to a 16-gauge intravenous
line; it remains clamped until termination of CPB.

Once CPB is terminated, and both arterial and venous
lines are clamped, transfusion through the HC to the pa-
tient may begin. Clamping the HC outlet line just proxi-
mal to the venous reservoir and opening the three-way
stopcock allows blood to flow to the patient (Figure 2).
The effluent line is opened and attached to suction canis-
ters with negative 200 mm/Hg vacuum applied. The post-
membrane oxygenator pressure is kept at 250 to 300 mm/
Hg and can be adjusted by increasing or decreasing the
speed of the arterial pump. It is important to note that the
transmembrane pressure of the HC should not exceed the
manufacturers recommendation. The authors, therefore,
find it useful to use a servo-regulated pump that will stop
the arterial head at an arterial line pressure of 300 mm/Hg
or greater. Once it is determined the patient is stable,
cannulae are removed, and 85% of the protamine is ad-
ministered, while residual circuit blood volume is still be-
ing administered via the HC. Because the residual blood
from the circuit is heparinized, complete reversal of the
heparin cannot occur until all of the circuit blood has been
transfused. When the reservoir is almost completely
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Figure 2. Circuit configuration for post-CPB residual blood infusion. ALF, arterial line filter; HC, hemoconcentator.

drained, 1000 mL of crystalloid is added to flush the blood
through the circuit, after which the process is terminated.
The circuit is left completely primed and ready for re-
institution of bypass if needed. At this time, the remaining
15% of the protamine can be administered.

DISCUSSION

Given the shortages of banked blood, the risks of trans-
fusion reactions, disease transmissions, and transfusion er-
rors, perfusionists must find ways to minimize hemodilu-
tion to avoid transfusions. We introduce this technique to
process the residual circuit blood from the CPB circuit in
a way that conserves coagulation proteins, concentrates
formed elements, and leaves the CPB circuit ready to re-
institute bypass as necessary.

The three most commonly used methods to salvage cir-
cuit contents include: (1) direct infusion; (2) cell saver; or
(3) ultrafiltration. Direct infusion involves giving the
blood back through the aortic cannula or into an empty
fluid bag, either draining the circuit or chasing the blood
with clear prime. The advantages of this method are its
simplicity and ability to infuse volume quickly. The disad-

vantages include the inability to raise the HCT, re-infusion
of heparinized blood, and a compromised circuit if it has
been drained.

Processing the blood through a cell-salvaging device can
be done by either draining the circuit contents or by chas-
ing the blood with clear prime into the cell saver reservoir.
Advantages of using a cell saver are the ability to produce
consistently a product with a high HCT containing little or
no heparin (2,3). The disadvantages are the product con-
tains no proteins or clotting factors and the perfusionist
must wait for the blood to be processed before it is avail-
able for transfusion (4).

Single pass hemoconcentration has been shown to be an
effective method of processing residual blood from the
CPB circuit, increasing the whole blood concentration of
albumin, WBC, RBC and Hgb (5).

Hemoconcentration can be used several ways. The cir-
cuit volume can be pumped through a HC into a bag,
which is given to the anesthesiologist to be infused (5).
Modified ultrafiltration (MUF), either arterial-venous or
veno-venous is another option but has the disadvantage of
having to remain fully heparinized for the duration of the
MUF procedure. MUF also has a steep learning curve and

JECT. 2004,36:231-234



234 G.R. SMIGLA ET AL.

a high incidence of technical complications as documented
in a 1996 survey by Darling et al. (6). A third option, which
we use, is pumping the blood through an HC directly to a
peripheral or central intravenous line. The advantages of
this method are that it produces a concentrated whole
blood product rich in proteins, it allows for good control of
volume, it maintains the integrity of the CPB circuit, and
it’s simple. A disadvantage is that the blood being rein-
fused is heparinized; this can be corrected easily by giving
more protamine once the residual blood has been rein-
fused.

In conclusion, this technique of reinfusing the residual
CPB circuit volume through a HC directly to the patient is
safe, simple, and allows immediate access to the processed
blood, giving the perfusionist the ability to control filling
pressures. The CPB circuit integrity is never compro-
mised, allowing for rapid re-institution of support if
needed.
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