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-additional information for clarification is underlined. 

CABG 
-coronary artery bypass graft pronounced ‘cabbage’. 

HISTORY OF CARDIAC SURGERY 

-Adult Cardiac Surgery(surgical procedures performed on the heart 

and great vessels in adults to treat various cardiovascular conditions. 

These surgeries are often complex and require specialized skills and 

expertise): Ischemic Heart Disease 

Alexis Carrel- 
The pioneer of cardiac surgery and suturing 

“In certain cases of angina 
pectoris, when the mouth 
of the coronary is calcified, 
it would be useful to 
establish a 
complementary circulation 
for the lower part of the 
arteries.  I attempted to 
perform an…anastomosis 
between the descending 
aorta and the left 
coronary. It was, for many 
reasons, a difficult 
operation.” 
   
  
American Surgical 
Association, 1910 
 

This was in 

1910 when no 

tools for good 

understanding 

were yet 

established, 

so the surgery 

failed. 

Claude Beck 1930’s- sought to increase 
myocardial blood flow 
indirectly with pericardial 
fat and omentum. 

Beck 
hypothesized 
that wrapping 
pericardial fat 
and omentum 
(a fold of 
peritoneum 
connecting 
the stomach 
with other 
abdominal 
organs) 
around the 
heart could 

Read only 



provide a 
vascular-rich 
environment 
that might 
help improve 
blood supply 
to the 
myocardium. 
The idea was 
to encourage 
the 
development 
of collateral 
circulation, 
which are 
alternative 
pathways for 
blood to 
reach the 
heart muscle 
in case of 
arterial 
blockages. 

• Arthur Vineberg 

•  
 

1940’s- Mobilization of left 
internal mammary artery 
with implantation of 
bleeding end into the left 
ventricle. 
-1964- follow-up study on 
140 patients 
33% mortality 
85% relief from angina 
 

 A tunnel  
in the  
myocardium 
is made then  
the  
internal  
mammary  
artery is 
buried 
in to allow 
new 
angiogenesis 

Mason Sones 1950’s- cine coronary 
arteriography. 
1962- direct and 
reproducible 
catheterization of the 
coronary arteries.   

-This 
discovery 
made a 
breakthrough. 
It was a 
milestone 



“Collectively, all of the 
cardiological advances in 
this century pale in 
comparison with this 
priceless achievement.” 
   
                    
  Floyd Loop, MD 
 

that changed 
all the 
knowledge on 
heart diseases 
and their  
management. 

It was the first 

to prove that 

we can reach 

the heart 

from the 

peripheral 

vessels 

John H. Gibbon, Jr. 

 

 

During the long night, 
helplessly watching the 
patient struggle for life as 
her blood became darker 
and her veins more 
distended, the idea 
naturally occurred to me 
that if it were possible to 
remove some of the blue 
blood…put oxygen into 
that blood and allow 
carbon dioxide to escape 
from it, and then to inject 
continuously the now-red 
blood back into the 
patient’s arteries, we 
might have saved her life.” 
Heart-lung machine 
May 6, 1953- ASD closure 
 

-this was 
another 
milestone, 
where they 
built up  
the heart lung 
machine 
 
- An atrial 

septal defect 

closure was 

the first 

surgery done 

with the help 

of the heart-

lung machine 

-the outcome 

was bad, 3 

out of 5 died. 

1962- David C. Sabiston, Jr.- 
Known for his surgery books 

Aortocoronary saphenous 
vein bypass 

 

1964-KOLOSOV LIMA  -LAD IN Russia Without the 
usage of the 
heart-lung  
machine 

-Early and widespread acceptance of coronary bypass was delayed. 

-Best known cooperative studies (1970-80’s) were the; 

1-VA:VA Cooperative Studies" conducted in the 1970s and 1980s. The VA Cooperative Studies 

Program is a research program initiated by the U.S. Department of Veterans Affairs (VA) to conduct 

large-scale, multicenter clinical trials. 

2-Coronary Artery Surgery Study 

old 

nowadays 



3-European Coronary Surgery Study 

CORONARY ARTERY ANATOMY 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

aortic semilunar cusps: in anatomy, we used to say that 

we have left, right, and posterior cusps. But, in surgery, 

we call the cusps according to the coronary artery 

origins; right coronary cusp, left coronary cusp, and 

noncoronary cusp. 

 

Here we can see the very first 2  

branches of the aorta; the right  

and left coronary arteries. 

-Aortic root is the first part of aorta that leaves lt 

ventricle. 

 

 

 

 

 

the left main artery (LCA) divides into 2 branches;->left 

circumflex giving the marginal branches-> left anterior 

descending giving septal and diagonal branches-look at 

marginal arteries they are at ridges so so-called LT obtuse 

marginal artery, right acute marginal artery 



 

A coronary angiogram is performed to diagnose and plan the surgery  

This is performed using catheterization to locate where the stenosis 

is. 

 

 

 

--Management 

• Indication For Surgery 

• Preoperative Evaluation 

• Conduits decision 

• Operation Decision 

• ERAS 

-Indications for Coronary Artery 
Bypass Grafting: (CABG) 

• Triple vessel disease with DM and decreased EF 

-triple vessel disease includes LAD, Circumflex, RCA+complicated 

lesions 

• Lf main coronary artery disease ( Distal from point of origin): 

In contrast to the proximal part, the distal part is characterized by 

more complicated lesions, and calcification and is closer to the 

bifurcation point. 

• High-risk PCI or not Suitable for PCI: 

High risk percutaneous coronary intervention (HR-PCI) where patient 

cannot tolerate catheterization. Patients categorized as HR-PCI 

 



typically have lower physiological tolerance for revascularization and 

it is better to perform surgery (CABG) 

• Complications of PTCA 

- Percutaneous transluminal coronary angioplasty (PTCA) also called 

percutaneous coronary intervention (PCI), they both mean the 

process of dilating a coronary artery stenosis using an inflatable 

balloon and a metallic stent. This is a common intervention for 

ischemic heart disease. The balloon and stent are introduced into the 

arterial circulation via the femoral, radial or brachial artery. 

• Mechanical complications of MI: 2 vessels are occluded→severe 

ischemia in papillary muscles→ papillary muscles rupture, severe 

acute interventricular septal defect. 

• Anomalies of Coronary arteries 

--the following points are guidelines you can find them in this 

article: https://pubmed.ncbi.nlm.nih.gov/34895951/, the doctor 

didn’t add to them important notes: 

 
COR LOE 

https://pubmed.ncbi.nlm.nih.gov/34895951/


 

Stable ischemic heart disease 



 

  



 

 

 

 

 

• A 50-year-old male patient 

• Diabetic on OHA ( Metformin) 

• Hypertensive on BB and CCB 

• Dyslipidemia on Statin and aspirin 

• Presented to the ER with ACS(acute coronary syndrome) 

(Unstable Angina) 

A shows complicated lesions 

B shows complete obstruction 



• He was started on Clopidogrel(antiplatelet drug,also known as 

plavix) and admitted for further evaluation 

-Aspirin/PLAVIX DUAL ANTIPLATELT THERAPY(DAPT) 

After angiography was performed to diagnose: 

Cath showed 

• Distal Left Main Stenosis 

• RCA stenosis 

The surgery will be performed on this patient because of  

3 vessel disease and the patient is diabetic 

https://youtu.be/PHb5NUMDe7U?si=9HXfoyWXmUIASNKk 

 

 

 

 

 

https://youtu.be/PHb5NUMDe7U?si=9HXfoyWXmUIASNKk


 

 

 

 

 

 

 

 

 Preoperative Evaluation 

The patient will undergo a massive surgery ( get on the heart-lung 

machine, fluid disturbances would occur, systemic inflammatory 

response) so we have to look at multiple things before the operation 

—> Pre OPERATIVE EVALUATION 

-Respiratory Evaluation 

• Renal Evaluation 

- Infection Evaluation 

- therefore, if the patient has UTI or pneumonia or ANY OTHER 

INFECTION ANYWHERE IN THE BODY we cannot perform the surgery. 

• Carotids 

-We have 3 vascular beds in the body; cerebral, coronaries, 

peripherals. Ensure that ALL are healthy before the operation( check 

for bruit auscultation and perform duplex ultrasound) 

- The bruit may be heard ("auscultated") by securely placing the head 

of a stethoscope to the skin over the turbulent flow, and listening. 

Most bruits occur only in systole , so the bruit is intermittent and its 

frequency dependent on the heart rate 

 
 



• Frailty الهشاشة 

• Risk Assessment 

• Liver  

• Thyroid 

-liver and thyroid are Affected by the heart-lung machine 

• Medications 

• Coagulopathy 

  

 

 

 



General Procedural Issues for CABG 

Conduits decision 

- Choosing the graft to be used for the bypass 

Conduites 

- Arterial: 

• LIMA Left internal mammary (Mostly used) 

• RIMA Right internal mammary 

 

 

 

• RA Radial artery 

 

 

• GEA  gastroepiploic 

The use of gastroepiploic artery has  

decreased significantly over the years 

• IEA inferior epigastric : less frequent to use 

-Venous: 

• GSV:great saphenous:2nd common use: Great Saphenous vein- 

easy to extract, cheap ( MENS low complications- wound dehiscence 

in the leg is not as terrible as wound dehiscence in the chest as when 

LIMA is used) 

 

 

 

  

 

 



 

• SSV:short saphenous 

• Arm Veins 

---------------------------------------------------------------------- 

Arterial vs Venous conduits 

 
arterial conduits are always better, overdriven by LIMA, however, the 

risk of infection arises from 2% to 4% especially in obese, diabetics, 

and smokers. 

Bypass Conduits in Patients 
Undergoing CABG 

1st choice: 

 

 

LIMA-LAD anastomosis in CABG 

is a must!the risk of the open 

heart surgery may outweigh 

benefits if this procedure isn’t 

taken. 

 

 



IMA indicates that a single branch is used(either the right or the 

left),However, LIMA is much better than RIMA to use according to 

post-operative outcomes. In BIMA(bilateral IMA) both RIMA and LIMA 

are used, in the figure above: in situ grafting between the right internal 

mammary artery (RIMA) to the left anterior descending (LAD) 

artery,and the left internal mammary artery (LIMA) to circumflex (Cx) 

marginal branches. 

-also it is known that BIMA is better than SIMA(single IMA) in survival 

rates and re-operational free survival rates(re-operational survival 

rate:a measure of the time a patient remains free from the need for a 

repeat surgical procedure, reflecting the durability or effectiveness of 

the initial intervention)  

-The 2nd choice is grafting the radial artery  

with a non-lad artery If more anastomosis is needed,  

 radial-circumflex for example 

-these articles prove what was mentioned: 

 

I 

 

 

 

 

 

 

 

 

 

 
From 1986 it was known that LIMA-LAD is 
the ideal CABG choice not veins 

 

 



 

 

 

 

 

 

 

 

 

 

 

Arterial conduits used for coronary 
artery bypass grafting 

-Internal Thoracic Artery(BIMA is better but LIMA is what  used in 

real world) 

- Radial Artery 

- Right Gastroepiploic Artery 

- Inferior Epigastric Artery 

 -Others 

 

 

 

 

 

 

 

 



a)Free Grafting: The ITA is harvested as a free graft, meaning it is 

completely disconnected from its origin and then used to bypass a 

coronary artery 

B) In Situ Grafting: The ITA is left attached to its origin, and it is used 

to bypass the coronary artery so a pedicled left internal mammary 

artery is dissected off the chest wall and divided distally after 

systemic heparinisation. It is left attached to the subclavian artery 

proximally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

-left internal mammary artery (LIMA), has become the conduit of 

choice for the LAD. Since the mid-1980s, long-term patency rates of 

>98% (doctor mentioned 90-98)have been reported, with improved 

long-term survival and fewer reoperations vs limited long-term 

patency rate for long saphenous vein grafts (50–60% at 10 years)( up 

to 65 as the doctor mentioned )and also 10% of vein grafting fails 

before the discharge of the patient. However, concerns about 

additional operative time, enhanced technical complexity, graft 

spasm with hypoperfusion, competitive flow, increased risk of 

bleeding, deep sternal wound infection, and most importantly lack of 

randomized trial data have prevented the universal adoption of total 

arterial coronary grafting making the real world opposite than the 

ideal practice by tending to use 2 venous grafts and 1 IMA graft(mix). 

-- The patency rate refers to the degree or extent of openness or 

unobstructed flow within a vessel or conduit, typically a blood vessel 

or a graft used in surgical procedures. The term is commonly used in 

the context of vascular and cardiac procedures, where the goal is to 

establish or maintain unimpeded blood flow.In the medical field, the 

patency rate is often expressed as a percentage and is used to assess 

how well a vessel or graft is functioning. Specifically:A high patency 

rate indicates that the vessel or graft remains open and allows blood 

to flow through without significant obstruction.A low patency rate 

suggests that there is a degree of blockage or narrowing that is 

impeding the normal flow of blood. 



Operation Decision 

-Planning for the Surgery by the team is so important to prevent 

missing time that increases the risk of complications. Conduits 

combination: arterial vs venous, BIMA vs SIMA,…) 

-for example, for a 52-year-old patient 3 arterial grafts(BIMA and 

RA)are better than lima and 2 veins to avoid re-operation. 

 

 

 

 

 

 

 

 

 

 

 

 

real ideal 
C) Composite Y or T graft with free right internal 

mammary artery (RIMA) connected proximally to the 

left internal mammary artery (LIMA) with LIMA 

anastomosed to the left anterior descending (LAD) 

artery and RIMA anastomosed to the circumflex (Cx) 

marginal branches 

 



ERAS 

Or ERAX as cardio surgery calls(Early recovery after surgery)  

-it aims not to leave patients in hospital more than necessary as the 

hospital is considered a risk factor, (the more the patient stays in the 

hospital, the more risk predisposition). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 SURGICAL TECHNIQUES 

- The heart is approached mainly by a median  

sternotomy(major trauma). An incision is made  

from the suprasternal notch to the lower  

end of the xiphisternum. The sternum is divided and retracted to 

expose the thymus superiorly and the pericardium inferiorly. The 

thymus, although atrophic in adults, often remains relatively vascular. 

 

 

 



The thymus and pleurae are dissected from the pericardium and the 

pericardium is opened. Before cannulation for CPB(cardiopolmunary 

bypass), the patient is fully heparinized. 

- After disinfection and sterilizing 

 procedures, the skin will be incised,  

facing subcutaneous tissue→ 

pectoralis major and minor→sternum→ 

thymus(thymectomy)→ 

pericardium →abundant yellow fat→then the surgeon either 

harvests or dissects LIMA keeping it in its origin→grafting it with LAD 

distal to stenotic part of coronary(bypassing)→finally CABG is done:0 

 

https://youtu.be/9DOQP4YhjJM?si=7xb5bbFFHEhbZVGS 

 https://youtu.be/Xdc5YGQdo9w?si=ODdQlWAoUj4R0fzH 

https://youtu.be/WMR-cGugEY4?si=q1Hxa64z-zhTKpiI 

https://youtu.be/rhJR_AtqgrQ?si=jWFr3_GVcVvXr2Ui 

https://youtu.be/Mr_1xe3HajQ?si=fGZvd1r-aCx8irfm 

https://youtu.be/9DOQP4YhjJM?si=7xb5bbFFHEhbZVGS
https://youtu.be/Xdc5YGQdo9w?si=ODdQlWAoUj4R0fzH
https://youtu.be/WMR-cGugEY4?si=q1Hxa64z-zhTKpiI
https://youtu.be/rhJR_AtqgrQ?si=jWFr3_GVcVvXr2Ui
https://youtu.be/Mr_1xe3HajQ?si=fGZvd1r-aCx8irfm


 

 

Heart Lung Machine 

-cardiopulmonary bypass(CBP) 

-AFTER CLAMPING THE ARCH OF AORTA , cardiopulmonary bypass is 

initiated. Arterial cannulation conventionally, the great vessels are 

exposed and an aortic perfusion cannula is inserted into the 

ascending aorta, held in place by the purse-string suture. Air is 

excluded and the cannula connected to the bypass circuit. VENOUS 

CANULATION:A purse-string suture is placed around the right atrial 

appendage and a single ‘two-stage’ venous cannula is placed to 

establish venous drainage. The venous pipe has end holes that sit in 

the inferior vena cava and side holes that sit in the right atrium (to 

take drainage from the superior vena cava) 

Once  the  circuit  is  connected  the  CPB  machine  (the  ‘pump’)  

gradually  takes  over  the  processes  of  circulation. Once full flow is 

established (the required  cardiac  output  depends  on  the  body  

surface  area  of  the  patient), the  heart  can  be  isolated from the 

rest of the circulation(ARRESTED HEART). Blood is drained from the  

heart  to  the  venous  reservoir and  oxygenated  using  an  



oxygenator  that  allows  gas  exchange across its membrane. Blood is 

then pumped to the body by the bypass machine via the aortic 

cannula. 

-THE HEART IS ARRESTED BY cardioplegia WHICH is a technique used 

in cardiac surgery to induce temporary cardiac arrest, allowing 

surgeons to operate on a still heart. During certain heart procedures, 

it's necessary to stop the heart temporarily to facilitate a bloodless 

and motionless surgical field. Cardioplegia involves delivering a 

specialized solution to the heart to achieve this temporary arrest. 

This solution usually contains a combination of electrolytes, 

potassium, and sometimes other substances to arrest the heart 

muscle's activity.SO A FLAT ECG IS SEEN. 

 

 

https://youtu.be/TKdx7uVRkX0?si=-cZRRddumRMcC2AB 

https://youtu.be/Cv5BSnfUhjE?si=RncX3t8uyeNhHHGk 

https://youtu.be/Xuw4K_p5S0Y?si=MFyj94mC0P21GQEi 

https://youtu.be/MPyloNXWHAk?si=XHUt7d8EW6MYxqJK 

https://youtu.be/TKdx7uVRkX0?si=-cZRRddumRMcC2AB
https://youtu.be/Cv5BSnfUhjE?si=RncX3t8uyeNhHHGk
https://youtu.be/Xuw4K_p5S0Y?si=MFyj94mC0P21GQEi
https://youtu.be/MPyloNXWHAk?si=XHUt7d8EW6MYxqJK


Off-Pump Coronary Artery Bypass 
(OPCAB) 

NO CARDIOPLEGIA 

Surgery (CABG) without the use of CPB is a well-established and 

increasingly popular method that may be combined with a minimally 

invasive approach or carried out through a conventional sternotomy. 

It offers the advantages that it avoids the physiological stress 

associated with CPB and, to some extent, the aortic manipulation 

that can lead to neurological injury through atherosclerotic 

embolisation. Since the introduction of cardiac stabilizing devices 

such as the Octopus), off-pump coronary artery bypass (OPCAB) 

grafting has become widespread. One of the concerns, however, is 

related to the quality of anastomosis carried out on a beating heart 

and bloody field that can limit the surgeon’s vision. THE DECISION 

MUST BE TAKEN PRE-OPERATION. 

 

Procedure: 

-Median sternotomy of varying sizes. 



-Depending on the physiology of the patient, the smallest incision 

will be made. 

-Arteries or veins can be harvested from the patients chest wall, 

arm, and or leg. 

-Betablockers are used to slow the heart rate.  

-Deep pericardial sutures and the use of specialized instruments to 

prop the heart in a position that will allow the surgeon to access 

occluded arteries 

 

 

 

 

Instrumentation 

Octopus 
Device 

 
 

 
 

Has multiple small 
suction cups that are 
applied to the heart 
surface.  
When suction is 
turned on, the cups 
stick to the surface, 
and hold the heart 
steady, with 
movement being 
less than 1 mm. 

It is fixed around 
coronay so the 2 
fingers of the device 
will limit the motion 
of that part 

Star fish 
Device 

 

When suction is 
turned on, the cups 
stick to the surface, 
and hold the heart 
steady 

It is put on the apex 
and be moved to the 
point of surgical 
intervention 

 



 

 

  

 

 

 

 

The following slides are self-study: 

 

 

 

 



  

 

 

Take-Home Messages 

2021 Guideline for Coronary Artery 
Revascularizatio 

- Treatment decisions with regard to coronary revascularization in 

patients with coronary artery disease should be based on clinical 

indications, REGARDLESS OF SEX, RACE, OR ETHNICITY, because 

there is no evidence that some patients benefit less than others, 

and efforts to reduce disparities of care are warranted 

- In patients being considered for coronary revascularization for 

whom the optimal treatment strategy is unclear, a multidisciplinary 

HEART TEAM approach is recommended.  Treatment decisions 

should be patient centered, incorporate patient preferences and 

goals, and include shared decision-making 

- Patients with significant LEFT MAIN DISEASE, SURGICAL 

REVASCULARIZATION is indicated to improve survival  relative to 

that likely to be achieved with medical therapy. Percutaneous 

revascularization is a reasonable option to improve survival, 



compared with medical therapy, in selected patients with low to 

medium anatomic complexity of coronary artery disease and left 

main disease that is equally suitable for surgical or percutaneous 

revascularization. 

- Updated evidence from contemporary trials supplement older 

evidence with regard to mortality benefit of revascularization in 

patients with stable ischemic heart disease, normal left ventricular 

ejection fraction, and triple-vessel coronary artery disease. Surgical 

revascularization may be reasonable to improve survival. A survival 

benefit with percutaneous revascularization is uncertain. 

Revascularization decisions are based on consideration of disease 

complexity, technical feasibility of treatment, and a Heart Team 

discussion 

- The use of a RADIAL ARTERY as a surgical revascularization conduit 

is preferred to the use of a saphenous vein conduit to bypass the 

second most important target vessel with significant stenosis after 

the left anterior descending coronary artery. Benefits include 

superior patency, reduced adverse cardiac events, and improved 

survival 

- Revascularization decisions in patients with diabetes and 

multivessel coronary artery disease are optimized by the use of a 

Heart Team approach. Patients with DIABETES WHO HAVE TRIPLE-

VESSEL DISEASE SHOULD UNDERGO SURGICAL 

REVASCULARIZATION; percutaneous coronary intervention may be 

considered if they are poor candidates for surgery 

The end 



 

Additional:CABG: 

What is it?Coronary Artery Bypass Grafting 

What are the indications?Left main disease≥2-vessel disease (especially diabetics)Unstable or 

disabling angina unresponsive to medical therapy/PTCAPostinfarct anginaCoronary artery rupture, 

dissection, thrombosis after PTCA 

CABG vs. PTCA ± stents?CABG = Survival improvement for diabetics and ≥2-vessel disease, ↑ short-

term morbidityPTCA = ↓ short-term morbidity, ↓ cost, ↓ hospital stay, ↑ reintervention, 

↑postprocedure angina 

What procedures are most often used in the treatment?Coronary arteries grafted (usually 3 to 6): 

internal mammary pedicle graft andsaphenous vein free graft are most often used (IMA 95% 10-year 

patency vs.50% with saphenous) 

What medications should almost every patient be given afterCABG?Aspirin, β-blocker Can a CABG be 

performed off cardiopulmonary bypass?Yes, today they are performed with or without bypass 

 

V2:check the highlighted 

 




