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Mean Arterial Blood Pressure during Cardiopulmonary Bypass

Pirraglia PA, Peterson JC, Hartman GS, Yao FS, Thomas SJ, Charlson ME. The efficacy and safety of a pharmacologic protocol
for maintaining coronary artery bypass patients at a higher mean arterial pressure during cardiopulmonary bypass. J Extra

Corpor Technol. 1998;30:64–72.

Our classic “The Efficacy and Safety of a Pharmacologic
Protocol for Maintaining Coronary Artery Bypass Patients
at a Higher Mean Arterial Pressure during Cardiopulmo-
nary Bypass” was published in JECT in 1998 by the
Cornell Coronary Artery Bypass (CAB) Outcomes Trial
Group from the New York Hospital–Cornell Medical
Center (1). The authors of the JECT classic published
the pharmacologic protocols used to control the mean
arterial blood pressure (MAP) in a randomized clinical
trial (RCT) published in the Journal of Thoracic and
Cardiovascular Surgery in 1995 (2). The authors of the
1995 RCT reported that patients maintained at a MAP of
greater than 80 mmHg had significantly less morbidity and
mortality than those maintained at 50–60 mmHg. Further-
more, they presented evidence that maintaining blood
pressure greater than 80 mmHg can be achieved in a
safe manner.

Rereading our 1998 classic is timely because AmSECT
membership recently accepted our newly revised Perfu-
sion Practice Standards and Guidelines that include Stan-
dard 12: Blood Pressure (3).

Standard 12: Blood Pressure

Standard 12.1: The perfusionist, in collaboration with
the physician-in-charge, shall define and communicate
the intended treatment algorithm for blood pressure
management prior to cardiopulmonary bypass (CPB),
including acceptable ranges for blood pressure.

Standard 12.2: The perfusionist shall work closely with
the surgical care team to maintain blood pressure
according to protocol during CPB.

Guideline 12.1: Variance from intended and targeted
blood pressure should be documented and communi-
cated to the physician-in-charge to allow for changes
in the blood pressure management plan.

MAKING CLINICAL SENSE OF MEAN
ARTERIAL PRESSURE TARGETS FOR
CARDIOPULMONARY BYPASS

Our classic article provides a method and algorithms for
treating mean arterial blood pressure during CPB. The
1995 RCT trial results supported the safe use of these
algorithms and went one step further to demonstrate
improved 6-month patient outcomes when the MAP is
kept 80–100 mmHg compared with 50–60 mmHg during
CPB. Before the 1995 trial, the concepts put forth by
Slogoff and coworkers (4) in 1990 informed perfusion
MAP protocols. Slogoff’s team provided evidence that
once a minimum CPB blood flow and pressure were used,
it was other nonperfusion events (intra-aortic balloon pump,
extreme blood loss, use of vasopressor before CPB) that
correlated with cerebral and renal dysfunction.

The high-level evidence is thin. Acceptable target MAPs
are confounded by diabetes, peripheral vascular disease,
age, and changes in cerebral blood flow autoregulation
related to hypertension. A search in JECT for the last
10 years yields five interesting articles related to MAP.
Pepin and Dolan (5) in 2003 in another must-read JECT
article reviewed the MAP effect on cerebral perfusion.
Pepin and Doan do an excellent job of putting the results
and limitations of Gold’s 1995 RCT in perspective when
other cerebral blood flow control variables (PaCO2) are
considered. In 2006, Merry (7) addressed the problem of
the appropriate MAP during CPB (6). Warwick and coau-
thors in 2010 explored the use of an electrical analogy to
support the matching of the patient’s MAP during CPB to
the patient’s baseline. A year later, researchers from the
same institution as Warwick, The Cardiothoracic Center,
Liverpool, UK, explored the treatise that Poiseuille’s Law
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could explain the optimal relationship between blood
flow and viscosity during hypothermic CPB (8). Although
not high-level evidence, the Liverpool team covered theo-
retical principles all perfusionists should understand and
incorporate in their problem-solving.

In 2009, Murphy, Hessel, and Groom (9) in a well-
organized, must-read review with evidence-based guide-
lines elucidated the controversy regarding a CPB MAP
target. From their review, MAP greater than 70 mmHg was
recommended as a target for high-risk patients, whereas
they noted that low-risk patients tolerate MAP below
70 mmHg.

Two recent articles are examples of the evolution in the
study of MAP and CPB. Kanji and coworkers (10) at the
Alberta Heart Institute retrospectively compared postop-
erative renal function with the delta between the preoper-
ative MAP to the MAP during CPB in 157 consecutive
patients. A large delta (>26 mmHg) and low CPB blood
flow rate were associated with postoperative acute kidney
injury (AKI). Ono and his coworkers (11) from Johns
Hopkins related postoperative AKI in 121 of 348 patients
undergoing CPB to a cerebral oximetry index and not to
the absolute MAP during CPB. The Johns Hopkins team
concluded that keeping blood flow and pressure high
enough to support cerebral autoregulation (confirmed by
cerebral oximetry) might be a good method to avoid AKI.
If we protect the brain, will we protect the kidneys too?

CURRENT STANDARD OF CARE

Although a MAP pressure trigger for intervention and a
protocol for treating MAP during CPB exist, the extent to
which they are followed and if they are specific to particu-
lar patient characteristics is not known. AmSECT’s Perfu-
sion Practice Guideline 12.1 stresses the importance of a
specific pressure management plan for every cardiac sur-
gery patient that should be established during the pre-
operative briefing (12). In the preoperative briefing, the
perfusionist will share their CPB care plan for the patient
undergoing CPB to get team buy-in and physician verbal
order confirmation.

Many perfusion teams have written perfusion care plans
that include a target MAP based on the patient’s history.
Perfusion teams will have written MAP treatment algo-
rithms that support forming a plan for each patient’s spe-
cific need. The algorithms will have been created by all the
team members and agreed to by the multidisciplined team
members’ signatures. In effect, the written algorithms and
clinical procedure guidelines become the foundation for
the physician’s verbal orders during the care of a specific
patient. AmSECT Guideline 12.1 allows that every patient
is different and protocols need to be patient-specific, commu-
nicated, and documented en route to safely support patients.

IT IS TIME TO HAVE A WRITTEN
EVIDENCE-BASED PLAN

Holcomb, Stammers, and their team (13) wrote about
perfusion care algorithms and patient care plans in 2003.
Similar to the last two AmSECT International and Best
Practices Conferences, we will continue to see several pre-
sentations and publications regarding the use of perfusion
care plans (14).

The question has been forced. Despite any confusion in
the published evidence, AmSECT members approved a
new perfusion practice standard for MAP that calls for
a written plan that is based on all levels of evidence
pertaining to your team’s patient groups and the types of
extracorporeal procedures being performed. The World
Health Organization and The Joint Commission have
instructed us in the safe use of the preoperative briefing
where the CPB target MAP will be discussed and con-
firmed based on the patient’s needs. In an Epub ahead-of-
print publication, perfusionists coauthored a landmark
publication on cardiac operating room patient safety and
teamwork that compels us to safe behaviors (15). The multi-
disciplinary Circulation cardiac surgery patient safety arti-
cle teaches us that team training can increase the use of
briefings and the use of briefings can reduce errors.

Review the literature, review your patient experience,
write (or update) your plan for MAP, and have it approved
by your multidisciplinary team. This issue’s Classic Article
and the other articles listed here are a good starting place
to review the literature.

Jeffrey B. Riley, MHPE, CCT, CCP
Mayo Clinic
Rochester, MN
<Riley.Jeffrey@Mayo.edu>
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