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OVERVIEW 

 
• Introduction 
• Case 
• Hemodynamics 
• Changes in physiology on cardiac bypass 
• Conclusion   



CASE 

HPI:  25-year old immigrant from Eastern Europe p/w progressive dyspnea on  
      exertion and fatigue  
 
PMH:  on digoxin for unknown heart condition 
 
Vitals: BP 105/68 mmHg, HR 62/min 
 
Exam: 4/6 pan-systolic murmur and a palpable thrill at the left lower sternal border 
 
Labs:  HGB 16.3 g/dl 
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A 25-year old immigrant from Eastern Europe presented to a PCP with progressive dyspnea on exertion and fatigue. He had not seen a physician in years, but reported taking digoxin for an unknown heart condition, which had been diagnosed in childhood due to a murmur. He denied cough, chest pain, palpitations and leg swelling. Blood pressure was 105 over 68 and Heart rate 62His exam was unremarkable with the exception of a 4/6 pansystolic murmur and a palpable thrill at the left lower sternal border. No JVD and no edema were present. Hemoglobin was 16.3 g/dl with an unremarkable CBC and CMP. 
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EKG showed sinus bradycardia with left axis deviation. 1st degree AV block and bifascicular block 
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CXR revealed an enlarged heart with prominent pulmonary vasculature.  



    

Presenter
Presentation Notes
This is his preoperative transesophageal Echo. You see the left atrium, left ventricle, right ventricle and the VSD of 2 x 3 cm. It further showed preserved cardiac function and no other pathologies. 



RIGHT HEART CATHETER 
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Right heart catheterization was performed and revealed



RIGHT HEART CATHETER 

PAP 95/40 mmHg 
mean PAP 56 mmHg 
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PA pressures of 95/40 millimeter mercury, with a mean of 56 mmHg



RIGHT HEART CATHETER 

PAP 95/40 mmHg 
mean PAP 56 mmHg 

PVR of 205 dyn.s/cm5 
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Pulmonary vascular resistance of 205 Dyne seconds centimeters to the minus fifth, which is high compared to a normal range of 20-130



RIGHT HEART CATHETER 

PAP 95/40 mmHg 
mean PAP 56 mmHg 

PVR of 205 dyn.s/cm5 

SVR of 1465 dyn.s/cm5 
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Systemic vascular resistance of 1465 Dyne seconds centimeters to the minus fifth, which is within the normal range of 700 – 1600 . 



RIGHT HEART CATHETER 

PAP 95/40 mmHg 
mean PAP 56 mmHg 

PVR of 205 dyn.s/cm5 

SVR of 1465 dyn.s/cm5 

CI of 2.5 L/min/m2 
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Cardiac index of 2.5 Liters per minute per meter squared, which is at the lower limit of normal of 2.6–4.2 L/min/m2



RIGHT HEART CATHETER 

PAP 95/40 mmHg 
mean PAP 56 mmHg 

PVR of 205 dyn.s/cm5 

SVR of 1465 dyn.s/cm5 

CI of 2.5 L/min/m2 

 
Qp/ Qs = 4.5 
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and a left to right shunt ratio of 4.5. This means, that the volume of blood that is pumped to the lungs is equals 4.5 times the volume of blood that is pumped to the body 



   CASE 
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With this preoperative evaluation, the patient was taken to surgery for elective VSD repair.
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The most common approach to repair a VSD is transatrial, where you perform a right atriotomy and repair the defect with a patch. In order to get there, you put the patient under general anesthesia and perform a median sternotomy. 
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In order to stop the heart and maintain sufficient organ perfusion, a heart lung machine is used. Therefore, you cannulate the aortic root and then Superior vena cava and Inferior vena cava separately. 
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The machine drains deoxygenated blood through SVC and IVC cannula, oxygenates it and pumps it back into the body through the aortic cannula. Subsequently the heart is isolated from the rest of the blood circulation after placing an occlusive cross clamp on the ascending aorta. 



  

  

X 

Cannula for  Cardioplegic Solution 
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To protect the ischemic myocardium from cell death, cardioplegic solution is infused through a small catheter into the aortic root. The high potassium concentration decreases the membrane resting potential and paralyzes the myocardium. Under normal circumstances, this entirely empties the heart. The only blood return is through the pulmonary veins into the left atrium. If this is causing problems with visualization, you can place an additional suction cannula either into the left atrium or pulmonary artery. 



INTRAOPERATIVELY 

• Massive volume overload with distention of both 
ventricles  

 
• Inability to unload the heart 
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However, our case did not go as smoothly. After going on total cardiopulmonary bypass, massive volume overload with distention of both ventricles suddenly occurred. All cannulas were checked and additional venting cannulas were placed into left atrium and pulmonary artery. Despite all efforts, we could not unload the heart.
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So what happened? 
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The only logical explanation is a connection between a large vessel and the heart, as in this case: a patent ductus arteriosus. 
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As a reminder, in fetal circulation the ductus arteriosus, or Botalli, is a connection between the pulmonary artery and the descending aorta to allow blood to bypass the fluid filled lungs. Usually, it closes at birth. 



  

  

Presenter
Presentation Notes
On cardiopulmonary bypass, when you start infusing blood through the aortic cannula, the PDA serves as a connection back to the heart 
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and allows blood to flow across to the pulmonary artery into the right ventricle ->
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Into the right atrium and through the atriotomy – as the surgeon would later say – on to the floor. As you can imagine, this situation is extremely dangerous and frightening, because you are literally loosing at least half of the volume you are infusing into the aorta immediately. With massive hemorrhage, it was extremely challenging to localize, visualize and isolate the PDA. Eventually it was successfully ligated.  



  

  

Presenter
Presentation Notes
Immediately thereafter, the heart could be unloaded and the VSD was closed with a bovine patch without difficulty. This image is taken from the surgeon’s side and you can see the SCV and IVC cannulas here. You are looking through the right atriotomy and tricuspid valve on to the VSD and into the left ventricle. 



  

  

• Uneventful postop course: 
 
Nitric oxide 
Sildenafil 
PAP down to 42/25 mmHg 
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Postoperatively nitric oxide was overlapped with sildenafil and pulmonary pressure came down to 42/25 mmHg. Further recovery was uneventful and the patient was discharged with his family on postop day 5 with normalized pulmonary pressures. 



REMARKABLE POINTS 

• Relatively normal life for 23 years  
 

• No progression to Eisenmenger’s 
(contraindication to repair) 
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The remarkable points in this case are, that the patient had been leading a relatively normal life for 23 years. It is very unusual to discover a combination of two so severe congenital defects at this age with relatively compensated clinical symptoms and without progression to Eisenmenger’s, which would be a contraindication to surgery



CONCLUSION 

• PDA can easily be missed on Echo 
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The conclusion from this experience is: it is very easy to miss a small PDA especially if the patient is not imaged in a congenital lab or by a trained congenital echo reader – which was the case in this patient. Therefore, a COMPREHENSIVE echo is important – just because a patient has 1 lesion it doesn’t mean you should not look at everything.
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