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                 Abstract 

   Coronary artery bypass surgery (CABG) is the 
most commonly performed major operation in the 
USA today.  For the year 2012 it is estimated that 
there will be approximately 400,000  CABG  
procedures performed .  Aside from the 
acknowledged benefits of this surgery – relief of 
symptoms and improved longevity – there are 
significant associated costs.  Some institutions are 
able to perform CABG at a cost of $35,000 per 
procedure, whereas others find that this operation 
costs in excess of $60,000.  However, when 
postoperative complications such as bleeding occur, 
the costs rise dramatically and patient outcomes 
suffer. 
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   In 2009 serendipity guided us to a systems 
engineering concept that appears to significantly 
reduce the need to re-operate to control bleeding 
following CABG surgery.  A current interest of 
modern surgery is that of  blood conservation, and 
since adult cardiac surgery consumes more of this 
valuable resource than any other specialty, it appears 
that  application of this systems approach could have 
a major  impact upon cost and outcomes for  patients.  
Indeed, it is conceivable that adding this particular 
engineering approach to operative processes could 



have applications in other surgical specialties such as 
trauma surgery, general thoracic surgery, and 
orthopedic surgery. 

   Our preliminary experience was in a community 
hospital.  We applied this new systems process tool 
in the setting of a modern adult cardiac surgery 
practice and were able to demonstrate a significant 
reduction in the need to re-operate to gain control of 
postoperative  bleeding.  In addition we experienced 
annual associated cost savings of $236,400 at our 
institution as a result.  If our experience is typical, 
then the application of this systems concept to the 
other 1400 cardiac surgery programs in the USA 
could save as much as $331 million each year.  In 
addition adoption of this system  has the potential to 
minimize the exposure of surgical patients to the 
risks of blood transfusions and re-operative 

procedures. 

                     Body of Paper 

   There are several recognized complications of 
coronary artery bypass surgery, and bleeding is 
one of the serious events that may befall the 
patient.  In many instances postoperative bleeding 
can be managed expectantly.  In several cases, 
however, it becomes necessary to re-operate on 
the patient to bring the bleeding under control and 
to relieve compression of the heart. 

   Predictive models exist that permit one to assess 
the patient’s risk of bleeding following coronary 
artery surgery.  It is recognized that advanced age, 
the preoperative use of antiplatelet and 
anticoagulant medications, the need for an urgent 
or emergency operation, the duration of 
cardiopulmonary bypass, and small body habitus  
may all contribute to an increased risk for  
hemorrhage following CABG surgery.  Efforts 
have been made to identify patients who are at 
high risk for postoperative bleeding, and to take 
corrective measures wherever possible. 

   Of the patients who bleed excessively after 
CABG surgery and who require re-explorative 
surgery, approximately two-thirds will be found 
to have a surgical or correctable cause for the 
bleeding.  Fully one-third of patients will have a 

“coagulopathy” (clotting disorder of the blood) 
which is corrected by removing the shed blood 
and clot, administering specific clotting factors to 
the patient, and allowing the body time to repair 
the situation. 

   Aside from the costs associated with repeat 
operations and the administration of blood and 
clotting factors, there are other  reasons that 
postoperative hemorrhage is a complication best 
avoided.  It is known that the need to re-operate 
on patients for bleeding exposes the patient to an 
increased risk of death, infection and kidney 
failure, as well as an increased need for 
medications (inotropic drugs) to support  vital 
functions.  Almost invariably these unfortunate 
patients also incur greater costs and longer 
hospital lengths of stay. 

   The Society of Thoracic Surgeons (STS) is a 
national not-for-profit organization committed to 
enhancing the ability of cardiothoracic surgeons 
to provide the highest quality patient care.  In 
addition to providing a peer-reviewed specialty 
medical journal, the STS has maintained a 
national surgical database since 1989.  Within 
that database reside over 5.1 million patient 
records derived from more than 95% of the 1100 
surgical groups that perform heart surgery in the 
USA. 

   The STS evaluates participating cardiac surgery 
programs’ quality of service based upon certain 
metrics which are recorded in the national 
database.  The top-performing institutions are 
granted a 3-star rating, indicating that they have 
processes in place that allow their outcomes to be 
statistically superior to other programs.  Only 10 
to 15 percent of cardiac surgery programs achieve 
this top rating. 

   Of the ten critical indicators used by the STS to 
measure quality, the need to re-operate on a 
patient (for bleeding or other reason) is one such 
indicator.  Thus, a process that allows a 
significant reduction in the need for repeat 
surgery will enhance both a hospital’s patient 
outcomes and its quality rating. 



   In August of 2009  we initiated a new surgical 
protocol that altered the process map for CABG 
surgery.  

CABG in O.R.

Patient transferred 

to I.C.U.

Excessive 

Bleeding?

Continue I.C.U. 

Recovery

Treat Patient 

according to 

situational 

demands

Administer Blood 

and/or Clotting 

Factors

Return Patient to 

O.R. for Re-

Exploration and 

Control of Bleeding

Still Bleeding 

Excessively?

Continue Recovery 

in I.C.U.

Return to I.C.U. for 

Recovery

NO YES

NO

YES

Original Process 

Map for CABG 

Surgery

 

 By using historical controls, we were able to 
perform an observational study for the ensuing 18 
months to test the validity of this concept. Our 
program had been experiencing a consistently 
elevated rate of re-operations, ranging from 4% to 
over 6% annually. (The average national rate at 
that time was 3%, as reported by the Society of 
Thoracic Surgeons database).  Our goal was to 
reduce our re-operation rate by 50% within 6 
months of starting this protocol.   

 

 

We exceeded our goal, reducing our take-back 
rate for postoperative bleeding to under 2%, while 
saving significant costs and blood product usage.  
Indeed we found that we were using 25% fewer 
packed red blood cells per case.  In addition to 
saving approximately $800 per unit of packed red 
cells not given, we were also saving an estimated 
procedural expense of  $12,500 each time that we 
did not re-operate on a patient.  These savings 
were accomplished without the need to increase 
the time that patients spent having their primary 
surgical procedure.  In addition, the use of this 
new protocol did not add to the expense of the 
original surgical procedure. 

   We are currently engaged in a multi-
institutional expansion of this study to verify the 
validity of this new process flow map in cardiac 
surgery.     
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