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INTRAOPERATIVE AUTOT&S~SION: 
AN OLD IDEA COMES OF AGE 

ARTICLE BY GARY J. ALLEN, CST 

T h r o u g h o u t  the past century. blood transfusion has been 
an established medical practice for combating major blood 
loss due to traumatic injury or surgery. Homologous blood 
supplies from volunteer donors, long the backbone of 
transfusion techniques. have lately come under public 
scrutiny mainly because of the rise in the incidence of 
infectious agents in the general population. Although safer 
than ever before. these community sources have thus been 
commonly regarded as a potential means of cross-infectron. 

Autologous blood transfusion. or  self-donation. has 
become the procedure of choice when possible and basi- 
cally is employed by three different techniques: preopera- 
tive autologous blood donation. acute normovolemic 
hemodilution, and perioperative autotransfusion. This last 
method encompasses both postoperative wound drainage 
collection and reinfusion and intraoperative autotransfu- 
sion (IAT). which will be the focus of this article. 

Thisarticle discusses the history of blood transfusion. the 
options available to patients requiring transfusion therapy. 
the pros and cons of autotransfusion, the perioperative 
experience of the patient as it relates to autotransfusion. 
and the process of cell-washing as  it  pertains to the Baylor 
Rapid Autologous Transfusion (BRAT) System (COBE 
Laboratories, Inc., Arvada, Colorado). Other systems on 
the market include. but are not limited to. the Shiley STAT 
(manufactured by Dideco, Italy, for Shiley. Inc.. Irvine, 
California) and the Haemonetics Cell Saver 4 (Haemonet-
ics Corp. Braintree, Massachusetts). 

As the incidence of infectious disease rises in the general 
population, the public's apprehension towards homolo- 
gous blood transfusion will increase and those people 
requiring surgery will be opting for autotransfusion 
methods. It is important that all medical personnel come to  
understand the benefits and technology involved with this 
procedure. as its expansion into all realms of the hospital 
experience is distinctly inevitable. 

Historical Background 
I t  is generally thought that reinfusing autologous salvaged 
blood was first considered in the early 19th century. The 
usually liberal postpartum bleeding and subsequently 
reduced bodily state common with pregnant women of that 
time prompted many physicians t o  begin initiating and 
documenting reinfusion techniques. 
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Dr William Halsted. in 1883. described the refusion of 
blood oxygenated 'in vitro to treat patients with carbon 
monoxide poisoning. In 1886. the first cell salvage equip- 
ment for trauma victims was invented and consisted of a 
simple dish containing phosphate of soda. Although clini- 
cally successful with amputation victims. these early expe- 
riences did not attain scrious notoriety. By the 1930s. sev- 
eral examples of early IAT devices had come into use in 
various areas of surgery. Thcsc relatively simple mecha- 
nisms often employed chccsecloth as a means of filtering 
out debris. 

The modern era of blood banks developed during the 
1950s. thus securing an abundant. safe, and accessible 
suppiy of homologous blood. Consequently. IAT tech- 
niques and their dcvclopment fcll by the wayside. During 
the Vietnam decadc. howcver. interest was renewed in 
response to the numerous frontline casualties. In 1966. the 
first two-chamber suction device was developed for cardiac 
surgery and eventually led to the forerunner of the present- 
day canister models. These machines employed a standard. 

I I 
Figure 1. Typical roller Pump assembly. Arrows indicate 
direction of rotation. 



Table 1. Comparative Values of Salvaged Blood and Blood 
Stored for 35 Days, Preserved With Citrate-Dextrose- 
Phosphate-Adenine (CDPA-I ) 

Blood Value* Salvaged Stored Result 

Whole blood pH 7.16 6.73 Acidosis 

Plasma potas- 3.30 17.20 Hyperkalemia 
sium (mEq/ L) 

Plasma hemo- 0.50 45.50 Indicates hemo- 
globin (mg; dl) lysis and hemo- 

globin conver- 
sion 

RBC hemo- 12.00 12.00 Same oxygen- 
globin (mg/ dl) carrying 

capacity 

Hematocrit 35% 35% Unchanged ratio 
of red blood cells 

White blood cells 7.20 2.40 Decreased 
(x 103/p1) chance of febrile 

reaction 

Whole blood 82.00 703.00 Hepatic dys- 
ammonia function 

*Milliequivalents per liter = mEq/ L: milligrams per decaliter = 
mg/dl: microliter = pl. 

dual-section reservoir and two variable-speed roller pumps 
(Figure I). Though effective and a t  times invaluable, the 
early IAT devices also, unfortunately, introduced a major 
problem to blood transfusion: the air embolism. 

In the 1970s, modifications added greater protection 
from air emboli and soon this concern became rather 
uncommon. Today, IAT machines set up easily, gather 
blood effectively from the operative field, offer various 
filters for selective blood processing, and adapt to a wide 
range of medical applications. 

Two basic reinfusion devices are currently available. The 
first is a simple canister with a disposable filter. This device 
may be used solely as  a collection and reinfusion reservoir 
that returns filtered blood back to  the patient. This blood 
may also be pumped to the second type of device known as 
a cell washer for further filtration prior to delivery to the 
patient. This machine goes one step beyond simple debris 
removal by selectively concentrating specific blood pro- 
ducts in solution before reinfusion. 

Autologous Transfusions 
There are three methods of obtaining and reinfusing auto- 
logous blood, all of which eliminate the risk of cross-
infection due to homologous transfusion and help alleviate 
the strain on  community blood banks. 

Preoperative Autologous Blood Donation. This tech- 
nique is highly effective and safe and is common with 
patients about  to undergo major elective surgery. Begun 4 
to 6 weeks prior toan  operation, this process's main advan- 
tage is that the patient's own blood can be reinfused as 

needed perioperatively. The blood may be redeposited in 
the form of whole blood, red blood cells(RBCs). plasma, or 
platelets and will be of the same quality as stored blood 
products (Table I ). 

Disadvantages include a possible delay of surgery in 
order to accommodate the proper accumulation of autolo- 
gous blood supply and possibly reduced patient status prior 
to surgery. This technique is also contraindicated in cases of 
bacteremia and osteomyelitis and will not be considered 72 
hours prior to any surgery. 

Acute Normovolemic Hemodilution. This method 
requires that a vascular access catheter be introduced prior 
to surgery. After anesthetic induction, the anesthesiologist 
removes a specific volume, usually I to 3 units or 500 to 
1,500 mi of the patient's blood while noncell fluids are 
reinfused simultaneously. In this way. total blood volume is 
maintained, but the circulating blood is now less viscous or 
watered down. This process may decrease heart workload 
and increase capillary circulation during the operation. 
Following surgery, the patient's blood is reinfused imme- 
diately, providing fresh whole blood containing platelets 
and clotting factors. An advantage to this method is that 
while autologous donation is utilized, the blood is not 
subjected to the effects of long-term storage. 

Perioperative Autotransfusion. This is the collection and 
reinfusion of the patient's blood both intraoperatively and 
postoperatively. These methods incorporate both the sal- 
vage and reinfusion of postoperative wound drainage 
through a simple filtering device and the more sophisticated 
IAT process. 

Use of Perioperative Autotransfusion 
Indications for the use of perioperative autotransfusion 
include procedures that generate high blood loss and the 
availability of compatible stored blood products. Con- 
traindications include the presence of either infection or 
tumors in the surgical area, as both may be spread systemi- 
cally through infusion techniques. 

The proportions of risk versus benefit of IAT is deter- 
mined on an individual basis by the anesthesiologist, the 
surgeon, and the IAT specialist collectively. Three points 
considered are the needs to supplement the patient's blood 
volume, to enhance oxygen-carrying ability, and to pro- 
mdte hemostatic function. both intraoperatively and post- 
operatively. Although blood volume may be increased with 
the use of noncell fluids (Ringer's lactate, dextran), the 
latter two concerns can only be met through blood transfu- 
sion techniques. Therefore, in most cases where anticipated 
blood loss is two or more units, transfusion is generally 
planned for. 

The use of 1AT is readily practiced during cardiac and 
vascular procedures, total joint replacements, and spinal 
surgery. I t  is also employed during transplantation proce- 
dures, splenectomies, and traumatic incidences. In all cases, 
the recovery and reinfusion techniques are about the same; 
however, the diverse filtering capabilities of today's I AT 
models allow the machine to be adapted to each situation 
accordingly. 

The IAT Device 
The IAT hardware adds very little to the overall din of an 
operating room. Most models are relatively quiet. and this 
area has been of some concern to manufacturers. Some 
devices also require access to room suction while others are 
completely self-contained. 
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Figure 2. Steps of the IAT process: 1, Collection and anticoagulation; 2, Washing and packing RBCs; and 3, Reinfu-
siin. ~ r r o u - i n d i c a t e  direction of flow. 

To pre\.ent the formation of air embolism, all IAT 
machines are designed to detect air in the reinfusion line, 
commonl! utilizing ultrasonic technology to d o  so. All 
models also must be effective in the removal of the anti- 
coagulant heparin from the salvaged blood (heparin's role 
in the sal\.age process will be covered later in the article). 

The rate of efficiency of this task can fluctuate between 
65% to 99%. depending on the unit involved. The removal 
of heparin prior to  reinfusion is essential for the promotion 
of clotting postoperatively. 

The speed with which the washing process occurs is 
consistently under 2 minutes. and a distinct relationship 
does exist between speed and efficiency. Some models will 
complete the process very quickly. yet deliver a product of 
cornparati\-ely less quality. This problem is sure t o  be over- 
come as it  is a primary focus of current manufacturers. 

Cost-Effectiveness of IAT 
The initial cost of an IAT device can range from $15.000 to 
$20.000 for manual models and to $40.000 for fully auto- 
mated versions. Although quite sophisticated, the compu- 
terized machines still will require the undi\.ided attention of 
a trained operator. often times a specialized surgical tech- 
nologist. The employee cost also adds to  the functional 
expenditures of the device. 

Disposable items used on a per-case basis can run more 
than $200.00. Disposable items generally include the stor- 
age reservoir and filter. the centrifuge bowl. suction and 
anticoagulant tubing. and saline for use in the washing 
process. In comparison to the use of cross-matched units 
from blood banks. the IAT technique seems to become 
cost-effecti\e when two or more units of blood can be 
salvaged from the operative field and reinfused. 

With moderate use, an IAT device can return 1.000 units 
of blood per year. As stored blood currently costs about 
$7.00 per unit. the annual sa\,ings could pay for the machine 
i n  a relati\el~. short period of time. 

The start-up cost for IAT procedures is not a minor 
consideration for many institutions. Hospitals that d o  own 
devices obviously will have little difficulty setting up the 
needed equipment in a timely manner, even for an emer- 
gency surgery. Fortunately for the other facilities. IAT 
services are available through local blood services such as 
those provided by the regional American Red Cross 
(ARC). 

IAT Procedure 
If an outside 1AT service is being used for a planned opera- 
tion. the personnel and their IAT device will arrive about 
one-half hour prior to  the scheduled start. This is ample 
time for the IAT operator to set up the necessary equipment 
and become familiar with the case. In some instances, the 
surgery may be delayed slightly to allow an  IAT machine in 
transit to arrive. On-call surgeries require a I-hour grace 
period for travel and setup. and so the IAT service may not 
be fully utilized for this reason. Once the operator and the 
device is in the operating room. however, each procedure 
incorporates the IAT process in basically the same way. 

The IAT machine is set up in conjunction with anesthe- 
sia. A disposable unit is run from the operative field to  the 
BRAT system (Figure 2).  This includes the hand suction 
wand to salvage the blood. anticoagulant tubing that deliv- 
ers heparin to the wand tip to mix with the blood as it is 
gathered. and suction tubing that brings the blood to a 
sterile collection reservoir. The amount of heparin used 
varies with the quality of the salvaged blood. and the 
vacuum pressure is generally kept below 100 mm Hg. The 
scrub person secures the tubing to the field as is normally 
done with suction tubing. I t  should be situated so that it is 
easily accessible by all members of the sterile surgical team. 
and it  should be free of kinksand never clamped as this will 
inhibit the proper flow of anticoagulant to  the recovery tip. 

The collection reservoir serves as both a preliminary 
filtering mechanism for the removal of gross debris (bone, 
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Table 2. Rate of Incidence of Cross-Infection Via Transfusion 
of Homologous-Donated Units of Whole Blood 

Contractable Risk Rate of Cross-Infection 

Human immunodeficiency 1 :40,000- 1 :100,000 per unit 
virus (H IV) 

Hepatitis B 1 :200-1 :300 per unit 

Hepatitis, non-A. non-B 1: 100 or less per unit 

Allergic reaction 
Mild 1 :100 per transfusion 
Severe 1:6.000 per transfusion 
Fatal* 1 :100,000 per transfusion 

*Nearly all fatal allergic reactions due to ABO mismatches are 
related to clerical error. 

fat, etc) and a holding unit until the quantity of blood 
necessary for processing has been salvaged. The filter used 
in the reservoir is in the 120- to 150-pm range. A finer filter 
may increase the incidence of hemolysis. The amount of 
blood collected prior to the start of a washing cycle is 
dependent upon the rate of operative blood loss and ihe 
quality of the salvaged blood. 

The cell-washing process begins as the collected blood is 
drawn by the roller pump to the Baylor centrifuge bowl. 
From this point, the flow of fluids to  and from the centri- 
fuge is controlled by three valves. As the bowl fills, i t  begins 
to spin and by centrifugal force pushes the heavier RBCs 
against the inner wall, causing the supernatant, or less 
dense blood components (plasma, white blood cells, and 
platelets), to flow out of the bowl into a waste bag. The 
Baylor centrifuge bowl rotates a t  a speed less than 4,400 
revolutions per minute, which reduces the amount of pro- 
cessing hemolysis (cell destruction), and the bowl's com- 
paratively larger size accounts for its ability to produce up 
to 250 ml of packed RBCs (equal to one unit of whole 
blood) per cycle. This also attributes to the high per unit 
hematocrit (55% to 65%) the BRAT system delivers back to 
the patient. 

Once RBC concentration is completed, an isotonic solu- 
tion is pumped into the spinning centrifuge bowl. The 
American Association of Blood Banks recommends that 
only a sterile 0.9% intravenous saline solution should be 
used with heparin anticoagulant. As the wash solution 
flows into the bowl. centrifugal force keeps the RBCs 
packed along the inner wall, and the remaining supernatant 
and heparin are removed. This generally requires 500 to 750 
ml of saline infusion that continues until crystal clear efflu- 
ent runs into the waste bag. The end product of the cell- 
washing process is a bowl of packed RBCs suspended in 
saline. 

This fluid is now pumped into a reinfusion bag, flowing 
past an air detector, in this case an  ultrasonic device. I f  the 
sensor detects an absence of fluid in the line it automatically 
shuts down the pump. The BRAT'S operator is trained to 
correct this problem and re-establish the continuity of the 
reinfusion process. 

Once the reinfusion bag is full. the packed cell may be 
administered to the patient through an IV.  employing 

either gravity or pressure at the direction of the anesthesi- 
ologist. This method of reinfusion routinely uses microfil- 
ters to prevent air from entering the IV. Direct reinfusion is 
also possible with the BRAT system but requires constant 
monitoring of the air detector to guarantee against forma- 
tion of air emboli. Reinfusion will continue, as will the 
collection/washing processes, as necessary. and many 
times will be continued in the postoperative recovery area. 

It is important to note that many precautions are consi- 
dered prior to this procedure, and that only diligent care 
and attention by a trained operator will assure a quality 
product, efficiently produced, and safely delivered. 

Postoperative Process 
Postoperatively, any units of packed cells remaining from 
the intraoperative washing process are reinfused as needed. 
Wound drainage systems, when applicable, are also used. 
These units incorporate a collection container with a selec- 
tive filter and when full may be inverted to serve as a 
reinfusion bag. These devices have proven effective and 
moderately beneficial and are essentially replicas of early 
autotransfusion devices. This collected wound drainage 
may also be pumped to a cell-washer, such as the BRAT, 
for processing and delivery, depending on the amount 
salvaged. 

IAT Disadvantages 
The disadvantages of IAT are few but notable. The only 
limiting factors for its use are the time required to set up  the 
equipment and the discouragement of its application in 
areas involving bacterial infection (ie. open bowels, peritoni- 
tis, and abcesses) and malignant tumors, as these cannot be 
removed from salvaged blood. Other inhibiting factors that 
may occur during blood collection, such as the use of hemo- 
static agents and bacteriocidal wound irrigating solutions 
on the operative field, are considered to be easily avoided. 
1AT is also contraindicated in the presence of amniotic fluid 
due to its tendency towards embolus formation. 

Although it is advantageous to salvage blood periopera- 
tively, some cell damage (hemolysis) can occur during the 
procedure. The dynamics of suctioning. contact with tub- 
ing, the roller pump, and the washing process itself can 
cause cell injury. Platelet activation or destruction during 
this procedure may also further inhibit proper hemostatic 
function. Finally, though rare in occurrence, air embolism 
remains a problem with IAT, but new developments in this 
area are very promising. 

IAT Advantages 
An immediate and safe supply of autologous blood and a 
subsequent reduction in the demand of homologous blood. 
commonly stretched thin in most majorcities, are the major 
advantages of IAT. Inherent in this technique is the elimi- 
nation of cross-infectious agents, such as hepatitis virus. 
syphilis, malaria, and human immunodeficiency virus. all 
of which are possibly contractable through homologous 
blood transfusion (Table 2). Problems associated with the 
storing of blood products also are avoided. These include 
increased potassium and ammonia concpntrations in 
plasma and reduced tissue oxygenation capacity in RBCs. 
In this respect, RBCs harvested from the operative field are 
actually superior in quality to those found in stored blood. 
Platelets are also detrimentally affected during the refriger- 
ation process of storage. 

Another consideration for the use of IAT is the patient's 
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religious beliefs. Some patients object to the infusion of 
stored blood; however, IAT may offer an acceptable and 
important life-sustaining alternative without infringing 
upon a patient's personal spiritual tenets. Finally, with 
IAT, clerical errors involving homologous ABO blood- 
type mismatches, which can result in allergic reactions and 
fatalities, are eliminated. 

Conclusion 
There is no doubt that the medical profession has long 
sought an effective method of blood transfusion. During 
this quest, the years of dedication and development have 
yielded the IAT device. The efficient manner of the IAT 
models currently on the market provide both a safe and 
secure supply of blood and an immediate transfusion capa- 
bility of high quality blood products. 

As these machines are further developed, quieter, 
smaller, and more versatile models are expected. Concerted 
research efforts in the areas of hemostatic maintenance and 
host immune reactions will enhance and enable the refine- 
ment of the IAT's cell-washing system. Also, as patient 
awareness of the IAT process heightens and IAT demand 
increases, the cost-effectiveness of the procedure may ewn- 
tually equal its rewards. 

Of the many technological developments gaining recog- 
nition and interest today, IAT devices continue to hold the 

most promise for increased overall patient benefit, and too, 
as another branch of diversification available to the surgi- 
cal technologist. 0 
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Surgical Technologist Job Analysis Results 
Available for the First Time 

The Psychological Corporation, an independent testing agency, has completed a job analysis of surgical 
technologists in the United States, sponsored by the Liaison Council on Certification for the Surgical 
Technologist (LCC-ST). This is the first time that results of a job analysis survey on surgical technologists 
have been released. The results of the survey provide empirical data regarding on-the-job activities of 
surgical technologists and will be used to  update the current content specifications for the national surgical 
technologist certifying examination. 

Survey results indicate a high degree of diversity within the field of surgical technology. Surgical technology 
instructors will find this information essential in validating their competency-based curricula. It also 
provides a wealth of information about the people in the job and ensures that surgical technologists have a 
clear picture of their important role in the larger field of health care. 

Copies of the 1990 Surgical Technologist Job Analysis are available for purchase a t  a cost of $30.00 each (shipping and 
handling included). Prepaid mail orders should be sent to the LCC-ST, 7108-C S. Alton Way, Englewood, CO 801 12. 

-Enclosed is my check or money order in the amount of $30.00 for each copy of the 1990 Surgical Technologist Job 
A nalysis. 

-Please charge my VISA/ MasterCard account in the amount of $30.00 for each copy of the 1990 Surgical 
Technologist Job Analysis. 

Quantity: T o t a l  amount enclosed or charged: 

Name: Phone: 

Shipping Address: 

City: State: -Zip: 

VISA/ Mastercard No.: Exp. date: 

Signature: 
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