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Unexplained Obstruction of an Integrated Cardiotomy Filter

During Cardiopulmonary Bypass

Cory M. Alwardt, PhD, CCP; Donald S. Wilson, MS, CCP; Octavio E. Pajaro, MD, PhD

Abstract: Cardiopulmonary bypass (CPB) is considered rela-
tively safe in most cases, yet is not complication free. We pres-
ent a case of an integrated cardiotomy filter obstruction during
CPB, requiring circuit reconfiguration. Approximately an hour
after uneventful initiation of CPB the integrated cardiotomy
filter became obstructed over several minutes, requiring circuit
reconfiguration using an external cardiotomy filter to maintain
functionality. Following reconfiguration, CPB was maintained with
a fully functional circuit allowing safe patient support throughout
the remainder of CPB. Postoperatively, there was no sign of
thrombus or mechanical obstruction of the filter, which was sent
to the manufacturer for analysis. The cause of the obstruction

was unclear even after chemical analysis, visual inspection, and a
review of all techniques and products to which the patient was
exposed. The patient had a generally routine hospital stay, with
no signs or symptoms related to the incident. To our knowledge,
this is the first report describing an obstructed integrated
cardiotomy filter. An appropriate readiness plan for such an inci-
dent includes proper venting of the filter chamber, a method for
detecting an obstruction, and a plan for circuit reconfiguration.
This case illustrates the need for a formal reporting structure
for incidents or “near miss” incidents during CPB. Keywords:
cardiopulmonary bypass, CPB, filter, cardiotomy, obstruction.
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Cardiopulmonary bypass (CPB) has become a relatively
safe procedure since the first use of modern extracor-
poreal circulation by John Gibbon in 1953. CPB is not
complication free, however, with the reported rate of
incidents related to CPB ranging from 1 in 84 cases to
1 in 220 cases (1,2). Not all of these incidents result in
patient harm or death with the rate of serious injury
or death related to CPB reported as low as 1 in 1,453
(1). Interestingly, is has been reported that the rate of
perfusion-related incidents is approximately 10 times
higher than incidents occurring in anesthesia (3). In
addition, it is likely that the incident rate is underreported
since there has been no formal reporting system for
incidents or “near misses.”

Historically, the most commonly reported incidents
during CPB include heater/cooler failure, air and throm-
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bus in the circuit, oxygenator failure, gas supply fail-
ure, and mechanical failure of pumps (1-4). We present
a unique incident of an integrated cardiotomy filter
obstruction during CPB, resulting in the need for
circuit reconfiguration.

CASE REPORT

A patient with a history of ischemic cardiomyopathy
was implanted with a left ventricular assist device
(LVAD) as a bridge to heart transplant. Several months
later, an organ donor was found and the patient was
brought to the operating room for LVAD removal and
heart transplantation. A redo sternotomy was performed
when the surgical team received confirmation from the
procuring surgeon that the organ was suitable. When the
organ was on its way from the donor facility, 300 units
per kg of heparin was administered by the anesthesia
team before cannulating the patient’s ascending aorta
for CPB. The patient was bicavally cannulated for drain-
age. A blood sample was drawn for measurement of
activated clotting time (ACT), which returned a result of
>480 seconds with a heparin concentration of 300 IU/kg
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(Medtronic HMS Plus, Minneapolis, MN). Once the
therapeutic ACT was confirmed, full CPB was initiated
and LVAD support discontinued. The CPB circuit con-
sisted of a FX25 oxygenator with integrated arterial filter
(Terumo Cardiovascular, Ann Arbor, MI), and a custom
Terumo X-coated tubing pack with a 3/8” arterial line
and %" venous line. The circuit was configured and used
in a manner which was compliant with the manufacturer’s
instructions for use. Roller pumps were used for the main
arterial pump and for pump suction. No form of assisted
venous drainage was used during CPB. Figure 1 illus-
trates the basic circuitry used during the initial period of
CPB. The circuit prime consisted of 1,100 mL Plasmalyte
A, 50 mEq sodium bicarbonate, 10,000 IU heparin, and
50 g of albumin. No other drugs (aside from phenyleph-
rine) were administered through the CPB circuit before
the following event.

Several minutes after uneventful initiation of CPB,
the aortic cross clamp was placed and the heart was
excised in preparation for the donor heart. Approxi-
mately an hour after placement of the aortic cross clamp
and unremarkable CPB, the perfusionist noticed that the
continuous drip rate of phenylephrine that was entering
the integrated cardiotomy filter had unexpectedly slowed.

Figure 1. Original circuit configuration. A = patient arterial line, D
phenylephrine drip line, F = integrated cardiotomy filter, H
hemoconcentrator, P = priming line, R = recirculation line, S = pump
suction (sucker/vent).
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The roller-type clamp on the intravenous (IV) tubing
set was adjusted but failed to increase the drip rate.
Suspecting an obstruction at the luer connection, the per-
fusionist then disconnected the IV tubing from the luer
connection entering the integrated cardiotomy filter. On
disconnection, there was a clear audible indication of
pressure release from the cardiotomy filter chamber. The
phenylephrine IV tubing was not reconnected, and in
addition, the cap was then removed from the vertical port
entering the cardiotomy filter to prevent pressurization
and allow the filter chamber to equilibrate with atmo-
spheric pressure. The rate of the pump suckers was
dramatically reduced and the surgical team was made
aware of the incident (while specific data on sucker
rates were not available in the electronic chart, typical
suction rate in our practice is 1.0-1.5 LPM). The perfu-
sionist conducted a thorough inspection of the circuit and
noticed no visual indication of obstruction or thrombus
formation. For the next few minutes of CPB, the circuit
seemed to function normally, albeit with decreased sucker
rates as a precaution. However, approximately 5 minutes
later the integrated cardiotomy filter began to fill with
blood from the pump suckers, requiring complete termina-
tion of sucker flow into the cardiotomy filter. Visual inspec-
tion again revealed no apparent cause of the obstruction.
At this point, a second perfusionist was called to assem-
ble and prime a backup CPB circuit in case the situation
escalated further.

Communication between the surgeon and perfusionist
confirmed the surgeon’s need for a properly function-
ing pump sucker and vent, therefore routing sucker/
vent blood to a cell salvage reservoir was not appropri-
ate. The perfusionist then retrieved a 4 L hard-shell
blood collection reservoir with 40-micron filter (EL404,
Medtronic, Minneapolis, MN) and secured it to the heart
lung machine just above the level of the main venous res-
ervoir to ensure gravity drainage. This reservoir allowed
for appropriate circuit adaptation (Figure 2). The pump
suckers were disconnected from the obstructed cardio-
tomy filter suction ports, extended using 4" straight
connections and %” tubing, then rerouted to the new
reservoir. The prime line, hemoconcentrator shunt, and
phenylephrine drip line were also transferred to ensure
full functionality of the CPB circuit. The recirculation
line was not relocated since it is generally kept clamped
throughout CPB. The outlet of the new reservoir was
then connected to the 3/8” auxiliary port entering the
venous filter to allow drainage into the venous reservoir.
The 3/8” tubing between the new reservoir and the auxil-
iary port was generally kept clamped, and unclamped
only when volume had accumulated to prevent excess air
from entering the venous filter. Although the phenyleph-
rine drip was transferred and reconnected, dosing was
done using a syringe into the venous line via the sampling
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Figure 2. Adapted circuit configuration. A = patient arterial line, C =
circuit connection to the external cardiotomy reservoir, D = phenyleph-
rine drip line, F = integrated cardiotomy filter, H = hemoconcentrator,
P = priming line, R = recirculation line, S = pump suction (sucker/vent).

manifold. This configuration successfully bypassed the
obstructed filter and allowed the full use of pump suckers,
prime lines, and hemoconcentration without introducing
excess air into the venous reservoir. CPB was maintained
in a normal fashion, aside from the change in configura-
tion. There was never any disruption in support of the
patient in terms of blood flow or proper gas exchange
throughout the entirety of this incident.

Throughout the entirety of CPB, the arterial pH
was between 7.25 and 7.40, the PaCO, between 35 and
45 mmHg, the PaO, between 140 and 400 mmHg, and
the hematocrit between 26% and 30%. The ACT was
therapeutic throughout, never falling below 500 seconds.
The arterial blood flow was maintained between an index
of 1.8 and 2.1 L/min/m? and the SvO, was maintained
above 60%. Mean arterial blood pressure was maintained
between 60 and 80 mmHg, and a total of 5 mg of phenyl-
ephrine was used during CPB. The patient remained
warm (>36.0°C) throughout CPB. The patient was trans-
ferred to the intensive care unit following surgery and
was extubated within 24 hours. The patient had a gener-
ally routine hospital stay following surgery, and was
successfully discharged 2 weeks after transplantation

with no apparent complications related to the incident
during CPB.

Following successful completion of the surgery, the
problematic reservoir was visually inspected more thor-
oughly than could be accomplished during CPB. After
disassembling the circuit the blood was poured out of the
filter (through ports on top of the reservoir) allowing
better visualization, but still no clot or visual sign of
obstruction was apparent. Water was then poured into
the obstructed filter through ports both above and below
(inside and outside of the filter), still there was no visual
sign of thrombus or blockage and the water was not able
to pass through the filter. The perfusionists simply noted
a pink tinge to the filter, but no heavy blood stains.

We reported the event to our supply chain manage-
ment as a medical device failure, which triggered com-
munication with the vendor. The filter was sent to the
manufacturer for inspection and analysis. A full report
was also sent to the manufacturer, including a redacted
CPB record and full list of solutions, supplies, and drugs
used during the case for cross referencing and identify-
ing any problematic agents. The manufacturer com-
pleted a thorough investigation of the obstructed filter,
per our request. None of the items on the list of solu-
tions, supplies, and drugs used during the case were
deemed suspicious. In the initial report, it was stated by
the manufacturer that the returned cardiotomy filter was
found to be “blood soaked with an oily/slimy texture on
the inside of the filter.” The manufacturer sent the filter
to an outside laboratory facility to analyze and identify
the properties of the materials within the obstructed fil-
ter. None of the materials identified on the filter were
considered likely causative agents, as those materials
are found either in normal physiology, medications, or
CPB circuitry. Ultimately, it is unclear what caused the
obstruction, even after laboratory analysis.

DISCUSSION

This report presents a unique case of an integrated
cardiotomy filter (polyester depth type) obstruction
during CPB. Fortunately, the patient was adequately
supported throughout the entirety of CPB despite the
occurrence, and full functionality was given to the sur-
geon after a brief period by re-routing circuitry through
an alternate cardiotomy reservoir. The cause of the
obstruction is unknown. Notably, the primary venous fil-
ter (a 47-micron polyester, screen-type filter) was seem-
ingly unaffected. Also of note is that the patient had
received no blood products during the operation prior to
the unexpected filter obstruction, and the ACT was ther-
apeutic (>480 seconds) throughout the entirety of CPB.
The patient did receive a number of blood products later
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in the procedure (as would be expected following long-
term LVAD support), so it is difficult to say whether the
small amount of blood lost in obstructed filter was signifi-
cant in terms of transfusion requirements.

Regarding the configuration of our circuit, it is routine
in our practice that the hemoconcentrator shunt enters
the cardiotomy reservoir directly (Figure 1). Although
this configuration results an increased air/blood interface
that could theoretically cause increased hemolysis, we
prefer the configuration to adding a high-pressure shunt
to the venous line as not to interfere in any way with
venous drainage. We have used this same configuration
over many years with no incidents or notable hemolysis;
therefore, it would be unlikely that any sort of increased
load on the filter due to the configuration would be to
blame for the filter obstruction.

Pressure monitoring of the integrated cardiotomy filter
chamber is not typically done during CPB. A 2013 survey
of pressure monitoring during adult CPB revealed that
72% of centers performing CPB monitor venous circuit
pressures when applying vacuum to the venous reservoir
(5). Of these centers, 21% measured the negative pres-
sure from the venous line directly while the other 79%
measured indirectly from a luer connection on top of
the venous reservoir. Although the survey did not specifi-
cally address whether the indirect measurements were
taken from the main venous reservoir or the integrated
cardiotomy filter, it is likely that most or all centers were
measuring from the main venous reservoir. The survey
also did not comment on the number of centers measur-
ing venous circuit pressures when vacuum assisted venous
drainage was not being performed. Again, it is likely that
monitoring of reservoir pressures is rare when not per-
forming vacuum-assisted venous drainage. In contrast,
the survey revealed that 99% of centers monitor arterial
line pressures at any one of six locations. Ironically, a sur-
vey 33 years prior found that only 72% of perfusionists
routinely measured arterial line pressure during CPB (5)—
a percentage identical to the number of centers monitor-
ing venous pressure in 2013.

The American Society of Extracorporeal Technology
published Standards and Guidelines for Perfusion Prac-
tice in 2013 (6). Standard 6 (Safety Devices) states that,
“pressure monitoring of the arterial line, cardioplegia
delivery systems, and venous reservoir (when augmented
venous drainage is used) shall be used during CPB proce-
dures.” Although this standard seems very appropriate,
adhering to this standard would not have indicated any
sort of problem in the current case report. First, vacuum
was not being applied to the venous reservoir to augment
drainage and therefore the standard would not apply.
Second, even if vacuum were being applied, it is unlikely
that the location of pressure monitoring would have
revealed a problem in this case.
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To our knowledge, this is the first report describing
an obstructed integrated cardiotomy filter. The fact that
no thrombus formation could be visualized makes it
even more unique. The Dutch Perfusion Incident Sur-
vey in 2010 (4) noted replacement of the venous reser-
voir twice and replacement of the cardiotomy reservoir
three times in 23,500 cases, but the causes and details
of these failures were not mentioned. It can also be
assumed that these cardiotomy reservoirs were not
integrated with the venous reservoir, since replacement
would likely have been counted as a complete venous
reservoir replacement.

This case illustrates the need for a formal reporting
structure for incidents or “near miss” events during CPB.
A formal reporting structure would benefit the commu-
nity in terms of the awareness and education to shape a
clinical response to such an event. The Australian and
New Zealand College of Perfusionists implemented a
Perfusion Incident Reporting System to increase confi-
dential incident and accident reporting in Australia,
New Zealand, and the international perfusion commu-
nity. However, concerns of potential legal subpoena due
to different laws amongst countries have limited inter-
national contributions. The Society of Cardiovascular
Anesthesiologists’ implemented the Flawless Operative
Cardiovascular Unified Systems initiative in 2005 (7) in
response to the need to improve quality and safety in
the cardiovascular operating room. This is an exceptional
effort towards safety, but does not include a means for
reporting incidents. In addition, the United Kingdom
National Reporting and Learning System (8) was devel-
oped in 2003 and represents the largest incident report-
ing database in the world, with over a million reports
generated. Unfortunately, access is limited to centers in
England and Wales. In a thorough review of the history
and barriers to perfusion incident reporting, Willcox
(9) describes the field of perfusion as “a tightly coupled,
highly complex system where accidents are inevitable,”
and that reporting of near miss events may be of even
greater value than reporting actual accidents.

The unique cardiotomy filter obstruction in this report
is a rare finding in both clinical practice and the litera-
ture. An appropriate readiness plan for such an event
would include proper venting of the cardiotomy filter
chamber, a method for detection of an obstructed filter,
and a plan for reconfiguration of a circuit. A proper
response will contribute to a likely positive outcome for
the patient. Also, despite the lack of a formal, public inci-
dent reporting system, all perfusionists should be familiar
with their institution’s policies and procedures for han-
dling a medical device failure and appropriately commu-
nicating with the manufacturers following such failures.
Reporting device failures in this manner may assist man-
ufacturers in identifying problematic trends.
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