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Pump Sucker Discipline

Malinauskas RA, Sade RM, Dearing JP, Spinale FG, Crawford FA, von Recum AF. Blood damaging effects in cardiotomy suction

return. J Extra Corpor Technol. 1988;20(1):41–6. Medical University of South Carolina and Clemson University. Includes 44 references
from 1960 to 1980.

CARDIOTOMY SUCTION IN 1988

In 1988, Malinauskas and coworkers lamented that despite
three decades of improvement to cardiopulmonary bypass
components, the cardiotomy suction system remained essen-
tially unchanged (1). Now, nearly two and a half decades
after this classic article was published, the cardiotomy suc-
tion system still essentially remains unchanged. We are hard-
pressed to find publications or inventions improving on the
autotransfusion subsystem of the cardiopulmonary bypass
(CPB) apparatus. There are publications recommending
not using cardiotomy suction duringCPB.

When you search “cardiopulmonary bypass cardiotomy
suction” in PubMed.gov, 89 citations are returned. The
same key words submitted to Google return 42,000 results.
Searching the term “cardiotomy suction” in the Journal of
ExtraCorporeal Technology search tool yields two articles.
In addition to Malinauskas et al., Kinard, Shackelford, and
Sistino reported reduction in circulating fat emboli in an
in vitro model when cardiotomy blood is allowed to sit and
the bottom 100 mL of reservoir blood is discarded (2). Not
surprisingly, Kinard (senior student in 2009) and his faculty
coauthors hail from theMedicalUniversity of SouthCarolina
(MUSC). The perfusion faculty at MUSC have a working
knowledge of the perfusion literature and the history of per-
fusion publications (3).

MEDICAL UNIVERSITY OF SOUTH CAROLINA
AND CLEMSON UNIVERSITY

This 1988 research team from the MUSC is accom-
plished. Jim Dearing founded and directed the perfusion
education program in Charleston at MUSC. Jim, who met
an untimely death, was recently named one of American
Society of ExtraCorporeal Technology’s Pioneers in Per-
fusion. Jim was my teacher and mentor. I often ask

myself “What would Jim Dearing do?” when confronted
with challenging perfusion issues.

Drs. Fred Crawford and Robert Sade are excellent
teachers and surgeons who support perfusion education and
improvements to CPB therapy and equipment. Dr. Sade is a
leading surgeon ethicist (4). They served as perfusion educa-
tion program medical directors in the late 1970s thru
the 1990s. When I served as director of the MUSC Perfu-
sion Education Program director, I was the benefactor of
Drs. Sade and Crawford’s inspirational and invaluable lead-
ership. They are advocates for perfusionists. For decades,
Dr. Frank Spinale directed numerous clinical and laboratory
research projects in the Cardiovascular Surgery Division
atMUSC.

The MUSC research team joined forces with nearby
Clemson University’s Bioengineering Department, specif-
ically, Dr. Andreas von Recum and Richard Malinauskas,
to develop a test circuit to measure damage by cardiotomy
suction systems. The authors focused on the blood damag-
ing elements of aspirator tip design and the amount of
room air added to the suction blood. They measured
canine blood plasma free hemoglobin levels, platelet loss,
and red blood cell osmotic fragility with different degrees
of air mixture to the suction tip. They calculated suction
tip shear stress and their statistical methods were solid.

Our classic article concludes that the air admixture at
the suction tip remains (1989) perhaps the greatest design
fault to the CPB circuit. Onemay generalize that it is better
to place a sucker tip under a well of blood than to aspirate
air and blood simultaneously. Hopefully, this principle of
pump sucker discipline is taught to most perfusion students
and surgical residents. The “no air” suction system as
recommended by the authors has not been developed. We
know the cardiotomy suction blood is damaged, contains fat
emboli, tissue debris, and inflammatory responsemediators
that can potentially cause neurologic dysfunction, yet our
patients seem to tolerate the damage (5).
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IS CARDIOTOMY SUCTION DAMAGE
CLINICALLY SIGNIFICANT?

Is the damage from cardiotomy suction clinically signif-
icant? Let’s ask the experts. The evidence-based review by
Shann and colleagues addressed the practice of adult CPB
reinfusion of blood exposed to pericardial surfaces and
yielded two recommendations (6):

“Direct reinfusion to the CPB circuit of unprocessed
blood exposed to pericardial and mediastinal sur-
faces should be avoided. (Class I, Level B)”

“Blood cell processing and secondary filtration can
be considered to decrease the deleterious effects of
reinfused shed blood. (Class IIb, Level B)”

The recommendations from the Society of Cardiovascu-
lar Anesthesiologists, Society of Thoracic Surgeons, and
International Consortium for Evidence-Based Perfusion
associated with the avoidance of cardiotomy suction blood
return to the arterial-venous loop during CPB are not
Level Ia (Level of evidence A) (7):

“During CPB, intraoperative autotransfusion, either
with blood directly from cardiotomy suction or
recycled using centrifugation to concentrate red
cells, may be considered as part of a blood conser-
vation program. IIb (Level of evidence C)”

“Postoperative mediastinal shed blood reinfusion
using mediastinal blood processed by centrifugation
may be considered for blood conservation when
used in conjunction with other blood conservation
interventions. Washing of shed mediastinal blood
may decrease lipid emboli, decrease the concentra-
tion of inflammatory cytokines, and reinfusion of
washedbloodmaybe reasonable to limit blood trans-
fusion as part of a multimodality blood conservation
program. IIb (Level of evidence B)”

The guidelines weakly recommend the “separation of
cardiotomy suction” as part of a multimodality approach
to blood conservation.

The Cardiotomy Trial, the largest double-blinded random-
ized control trial comparing direct reinfusion of cardiotomy
suction blood to cell washing, contrary to expectations, dem-
onstrated processing of cardiotomy blood before reinfusion
results in greater blood product use with greater postopera-
tive bleeding in patients undergoing cardiac surgery (8). The
Trial did not show significant differences in neurologic out-
comes.Later in the sameyear and in the same journal,Djaiani
et al. reported measuring improved cognitive function in
elderly patients when the CPB suction blood is processed
by continuous-flow cell washing, presumably by decreasing
lipid embolization (9). Of course, the price we pay for cell

washing is throwing out the plasma proteins and surviving
functional platelets. CPB hemoconcentration and modified
ultrafiltration has its pros and cons (10,11). Elahi andMatata
explained this clinical question as a “clinico-pathologic
mystery” (12).

Just like our classic article authors, we are left with
the conclusion that there is no definitive answer for
the cardiotomy suction damage and the “no wash” or
“sequester and wash” or “hemoconcentrate” prior to
reinfusion dilemma.

CONCLUSION

Useful information resulted from a multidisciplined,
dual institutional project reported in our classic article,
and it is worth the investment of time to read the 1988
publication. Cardiotomy suction remains the weak link in
the extracorporeal circuit, an area ripe for research and
redesign. Studies that quantify the effects of cardiotomy
suction are needed. Moreover, a discriminate blood sal-
vage protocol that can be understood and implemented in
the clinical arena by team members at the surgical field
and behind the pump would be a worthy contribution.
Perhaps the faculty and students at MUSC shall carry on
in pursuit of this ripe research opportunity. We need to
improve our pump sucker discipline.

Jeffrey B. Riley, MHPE, CCT, CCP
St. Mary’s Mayo Clinic, Perfusion Department
Rochester, MN
<Riley.Jeffrey@mayo.edu>
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