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 Emboli have been a concern for perfusionists since the 
early development of cardiopulmonary bypass (CPB). 
Neurologic deficits have been noted in >50% of patients 
undergoing cardiac surgery (1), as well as lung dysfunc-
tion (2). Advancements such as cell salvaging, filters, and 
improvements in perfusion and surgical techniques have 
served to minimize the embolic load for cardiac surgical 
patients; however, neurologic injuries are still prevalent. 
Although several types of emboli have been suspected, fat 
has become a prominent subject for study. 

 Fat emboli are generated in several places during sur-
gery and transferred to the CPB circuit through cardiotomy 
suction. Dissection to the sternum at the beginning of the 
surgery exposes large fatty tissue beds, a concern in the 

growing number of patients who are clinically obese. These 
subcutaneous fat stores, which are comprised primarily 
of oleic acid, have been identified as playing a key role in 
acute respiratory distress syndrome (3). Another source of 
fat emboli is the sternotomy. The sternum contains red bone 
marrow, which is ~5% fat (4) and is a significant source of 
emboli. This has been noted as an increase in blood lipids 
during the first postoperative day (5). Fat dripping into the 
pericardial well is also transferred to the CPB circuit with 
blood from surgical bleeding during dissection to the heart. 
Electrocautery also amplifies the amount of fat that drips 
into the pericardial well. Blood lipids such as cholesterol 
and triglycerides are transported mainly bound to proteins, 
helping to emulsify the cholesterol and triglycerides (2). 
However, unprocessed cardiotomy suction blood has been 
proven to increase the amount of cerebral lipid emboli (6). 

 Postoperative effects of fat embolization include brain 
tissue ischemia and lung dysfunction, which cause atelecta-
sis and acute respiratory distress syndrome (2). Neurologic 
deficits are usually classified as stroke, type I injury, or dif-
fuse brain damage, type II injury, and are suspected to be 
caused by various types of emboli. Murkin (7) suggested 

   Gravity Separation of Pericardial Fat in Cardiotomy 
Suction Blood: An In Vitro Model 

           M. Rhett     Kinard     II  ,   BS, CCP   ;    Anthony G.     Shackelford  ,   MHA, CCP   ;
   Joseph J.     Sistino  ,   MS, MPA, CCP  

 Division of Cardiovascular Perfusion, College of Health Professions, Medical University of South Carolina, Charleston, South Carolina  

Presented at the 45th International Conference of the American Society of Extracorporeal Technology, Atlanta, 
Georgia, April 25–28, 2007.  

Received for publication May 12, 2007; accepted February 11, 2009.
Address correspondence to: Joseph J. Sistino, MS, MPA, CCP, Division of 
Cardiovascular Perfusion, College of Health Professions, Medical 
University of South Carolina, 151B Rutledge Avenue, Charleston, SC 
29425. E-mail:  sistinoj@musc.edu 
The senior author has stated that authors have reported no material, 
financial, or other relationship with any healthcare-related business or 
other entity whose products or services are discussed in this paper.

    Abstract:   Fat emboli generated during cardiac surgery have been 
shown to cause neurologic complications in patients postopera-
tively. Cardiotomy suction has been known to be a large genera-
tor of emboli. This study will examine the efficacy of a separation 
technique in which the cardiotomy suction blood is stored in a 
cardiotomy reservoir for various time intervals to allow sponta-
neous separation of fat from blood by density. Soybean oil was 
added to heparinized porcine blood to simulate the blood of a 
patient with hypertriglyceridemia (>150 mg/dL). Roller pump 
suction was used to transfer the room temperature blood into the 
cardiotomy reservoir. Blood was removed from the reservoir in 
200-mL aliquots at 0, 15, 30 45, and 60 minutes. Samples were 

taken at each interval and centrifuged to facilitate further separa-
tion of liquid fat. Fat content in each sample was determined by a 
point-of-care triglyceride analyzer. Three trials were conducted 
for a total of 30 samples. The 0-minute group was considered a 
baseline and was compared to the other four times. Fat concen-
tration was reduced significantly in the 45- and 60-minute groups 
compared to the 0-, 15-, and 30-minute groups ( p  < .05). Gravity 
separation of cardiotomy suction blood is effective; however, it 
may require retention of blood for more time than is clinically 
acceptable during a routing coronary artery bypass graft surgery.  
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that fat microemboli play a large role in type II injuries, 
including memory deficits and intellectual dysfunction. 
Small capillary and arteriolar dilatations (SCADs) are evi-
dence of fat embolization in the cerebral arteries and have 
been identified to be a result of both CPB and cardiotomy 
suction blood (6,8). 

 Autotransfusion and commercial filters have been eval-
uated to determine their effectiveness in fat removal. 
Although results have been promising for autotransfusion 
and filters (9,10), these methods could result in additional 
costs where the techniques are not the standard of practice. 
Unfortunately, studies have also shown negative results for 
some autotransfusion devices and filters (9,11). 

 Spontaneous density separation or gravity separation 
of fat from blood is a technique studied by Engstrom and 
Appelblad (12). This involves cardiotomy suction blood 
settling undisturbed for an allotted time to allow for sep-
aration of fat from blood by density. The red blood cells 
settle at the bottom of the volume of blood and the fat 
separates to the top, reducing the embolic load of suction 
blood before it is given to the patient. 

 The purpose of this study was to evaluate an in vitro 
clinical model of withholding cardiotomy suction reservoir 
blood by using gravity separation to reduce lipid transfer. 

  MATERIALS AND METHODS 

 Three liters of porcine blood were obtained from a local 
processing facility after attaining proper approvals. The 
blood was heparinized to a concentration of 10 units/mL and 
strained using cheesecloth to remove large debris and clots. 
The blood was circulated through a 6-ft tubing loop that 
passed through a Medtronic Affinity Cardiotomy Venous 
Reservoir (Medtronic, Minneapolis, MN) with a 120-µm 
filter until it reached room temperature. A pre- calculated 
amount of soybean oil was added as the blood circulated 
to reach an optimum triglyceride level similar to that of 
human blood with hypertriglyceridemia (>150 mg/dL). The 
blood was circulated for 10 minutes after introduction of the 
soybean oil. The hematocrit of the blood was determined 
to be 12%; this served as an approximation for shed blood 
returned from the chest. 

 One liter of blood was transferred for testing into a 
Fresenius ATR120 Autotransfusion Reservoir (Fresenius 
Kabi, Bad Homburg, Germany) with a 120-µm filter. 
Samples were collected at regular intervals of 0, 15, 30, 45, 
and 60 minutes in the following manner. 

 A syringe was placed on a stopcock at the outlet of the 
reservoir. One hundred milliliters of waste was discarded, 
and two 4-mL samples were collected and allocated into 
serum separator tubes. An additional 92 mL was drained 
for a total volume of 200 mL drained at each time inter-
val. Two samples collected at each of the five intervals 

yielded a total of 10 samples. This trial was conducted 
three times to reach a total of 30 samples. The samples 
were tested for total triglyceride content with the IDEXX 
VetTest 8008 Chemistry Analyzer (IDEXX Laboratories, 
Westbrook, ME). 

 Results were analyzed with SPSS 12.0 (SPSS, Chicago, 
IL) using repeated-measures ANOVA, and a post hoc 
Bonferroni test was used. The a value was 0.05. 

   RESULTS 

 The mean and SD for total triglyceride content in mil-
ligrams per decaliter are shown in  Table 1 . The 0-minute 
group was used as a baseline, and this was compared with 
the other four time groups with repeated-measures analy-
sis. There was a significant effect for time (Wilkes lambda = 
.013,  F  = 39.437,  p  < .05). Post hoc analysis using Bonferroni 
showed significant differences ( p  < .05) between 0 and 45, 0 
and 60, 15 and 45, 15 and 60, 30 and 45, and 30 and 60 min-
utes. The reduction rate of triglycerides was calculated to 
be .29 mg/dL/min.   

            DISCUSSION 

 With the prevalence of high-risk patients and more re-
operations, longer bypass runs are necessary in many cases 
for surgical procedures. These longer CPB times are asso-
ciated with greater neurologic deficits caused by lipid 
microemboli (13). Hypothermia is used for many com-
plex procedures, but hypothermia with cardiotomy suction 
has been identified as causing 10 times more SCADs than 
normothermic CPB or CPB without cardiotomy suction. 
Liquid fat emboli are responsible for the increased clog-
ging rate of pericardial suction blood through cerebral cap-
illaries as shown by Appelblad and Engstrom (14). 

 Our hypothesis was similar to that of a previous study 
(12) in that we thought fat content could be reduced in 
cardiotomy suction blood by gravity separation. They per-
formed an experiment testing the separation of soybean oil 
and human fat in blood at several temperatures. Soybean 
oil is used as a comparative reference to human fats in sev-
eral studies because of similarities in fatty acid distribution 

 Table 1.   Triglyceride levels ( n  = 6 trials). 

Time (minutes) Triglyceride Level (mg/dL)

0 75.67 ± 2.80
15 75.33 ± 3.08
30 74.33 ± 5.13
45 65.67 ± 6.95
60 58.50 ± 2.88

    Significant differences ( p  < .05) in triglycerides (mg/dL) were found 
between 0 and 45, 0 and 60, 15 and 45, 15 and 60, 30 and 45, and 30 and 
60 minutes.  
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and structures (15). The results proved to be very promis-
ing. At 37°C, >90% of soybean oil and 65% of human fat 
separated from the blood; human fat consistently separated 
in higher percentages at 20°C (71%) and 10°C (78%). No 
less than 86% of the soybean oil separated from the blood 
at any temperature. Additionally, the authors were able to 
determine the extent of surface adhesion of the fat to the 
container wall in their experiment, and they found it to 
be a very significant source of fat elimination (12), which 
greatly added to the effectiveness of the technique. 

 Our experiment intended to recreate this scenario on a 
larger scale. The results showed significant differences in 
fat concentration ( p  < .05) between baseline and 45 min-
utes, baseline and 60 minutes, 15 and 45 minutes, 15 and 
60 minutes, 30 and 45 minutes, and 30 and 60 minutes. 
This shows that fat effectively separated from the blood at 
45 and 60 minutes. 

 Although gravity separation does occur over time, it 
seems to be more effective after 30 minutes. With most 
routine coronary artery bypass graft (CABG) surgeries, 
this technique does not seem to be feasible because of 
reduced amounts of cardiotomy suction blood; however, 
complex surgeries such as aortic procedures, multiple valve 
procedures, re-operations, transplantations, and combina-
tion procedures could be a better arena to attempt this 
technique. Other areas of potential use for this technique 
could be orthopedics cases and the re-infusion of postop-
erative mediastinal shed blood. This could salvage valuable 
red blood cells and proteins, possibly requiring less blood 
product transfusions in these scenarios. 

 We were able to calculate the rate of fat separation from 
blood to .29 mg/dL/min. Using this, we could predict the 
approximate amount of time needed to reduce the fat con-
centration to a range that is more clinically acceptable 
before re-infusion of the blood. 

 Conducting this experiment on a clinical scale using 
human fat and human blood is the next step in evaluation 
of this technique; one reason is because soybean oil has 
been noted to behave differently than human fat in similar 
experiments (12). The level of triglycerides reached in this 
study was below the desired level. This could be because 
of the inability of the testing equipment to recognize the 
soybean oil or binding of proteins in the porcine blood to 
the oil. Samples should also be examined with a higher 
hemoglobin level to determine whether the lipid separa-
tion is affected by hemoglobin concentration. The authors 
concluded that the sample’s low hematocrit was caused 
by dilution related to the collection process and clotting 
that may have occurred before heparinization of the por-
cine blood. Another factor to consider is stagnation of the 

blood in the reservoir. Regardless of heparinization, stag-
nant blood will eventually clot. Unfortunately, this seems 
to be a necessary element of this technique with larger 
volumes of blood. This would beckon a filtering mecha-
nism; however, cost of materials may now become an issue, 
negating a major advantage. 

 In conclusion, we were able to significantly reduce the 
amount of soybean oil in the blood by allowing it to settle, 
undisturbed, for >30 minutes. At 45 minutes, a 13% reduc-
tion was noted, and 23% was eliminated at 1 hour. The re-
emergence of this technique could open new doors to the 
elimination of fat from cardiotomy suction blood without 
adding unnecessary high costs to the patient. 

     REFERENCES 

  1.   Newman MF, Kirchner JL, Phillips-Bute B, et al. Longitudinal assess-
ment of neurocognitive function after coronary artery bypass surgery. 
N Engl J Med. 2001;344:395–402.  

  2.   de Vries AJ, Gu YJ, van Oeveren W. The rationale for fat filtration 
during cardiac surgery. Perfusion. 2002;17:29–33.  

  3.   Grotjohan HP, van der Heijde RMJL, Jansen JRC, et al. A stable 
model of respiratory distress by small injections of oleic acid in pigs. 
Intensive Care Med. 1996;22:336–44.  

  4.   Goodsitt MM, Hoover P, Veldee MS, Hsueh SL. The composition of 
bone marrow for a dual-energy quantitative computed tomography 
technique. A cadaver and computer simulation study. Invest Radiol. 
1994;29:695–704.  

  5.   Arrants JE, Gadsden RH, Huggins MB, Lee WH. Effects of extracor-
poreal circulation upon blood lipids. Ann Thorac Surg. 
1973;15:230–42.  

  6.   Kincaid EH, Jones TJ, Stump DA, et al. Processing scavenged blood 
with a cell saver reduces cerebral lipid microembolization. Ann 
Thorac Surg. 2000;70:1296–300.  

  7.   Murkin JM. Attenuation of neurologic injury during cardiac surgery. 
Ann Thorac Surg. 2001;72:S1838–44.  

  8.   Brooker RF, Brown WR, Moody DM, et al. Cardiotomy suction: 
A major source of brain lipid emboli during cardiopulmonary bypass. 
Ann Thorac Surg. 1998;65:1651–5.  

  9.   Booke M, Van Aken H, Storm M, Fritzsche F, Wirtz S, Hinder F. Fat 
elimination from autologous blood. Anesth Analg. 2001;92:341–3.  

  10.   Ramirez G, Romero A, Garcia-Vallejo JJ, Munoz M. Detection and 
removal of fat particles from postoperative salvaged blood in ortho-
pedic surgery. Transfusion. 2002;42:66–75.  

  11.   Kaza AK, Cope JT, Fiser SM, et al. Elimination of fat microemboli 
during cardiopulmonary bypass. Ann Thorac Surg. 2003;75:555–9.  

  12.   Engstrom KG, Appelblad M. Fat reduction in pericardial suction 
blood by spontaneous density separation: An experimental model on 
human liquid fat versus soya oil. Perfusion. 2003;18:39–45.  

  13.   Brown WR, Moody DM, Challa VR, Stump DA, Hammon JW. Longer 
duration of cardiopulmonary bypass is associated with greater num-
bers of cerebral microemboli. Stroke. 2000;31:707–13.  

  14.   Appelblad M, Engstrom KG. Fat contamination of pericardial suction 
blood and its influence on in vitro capillary-pore flow properties in 
patients undergoing routine CABG. J Thorac Cardiovasc Surg. 
2002;124:377–86.  

  15.   Chen ZY, Ratnayake WMN, Fortier L, Ross R, Cunnane SC. Similar 
distribution of trans fatty acid isomers in partially hydrogenated veg-
etable oils and adipose tissue of Canadians. Can J Physiol Pharmacol. 
1995;73:718–23.        


