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Objectives 
 A. Pulmonary artery stenosis  

 1. Embryology  

 Understand the embryologic basis of the formation of the 
proximal and distal pulmonary vascular bed  

 2. Etiology, epidemiology, and genetic implications 

 Recognize the genetic syndromes associated with pulmonary 
artery stenosis  

 3. Anatomy  

 Recognize the anatomic features of pulmonary artery stenosis  

 Recognize cardiac lesions commonly associated with 
pulmonary artery stenosis  



Objectives 
 4. Natural history  

 Recognize the natural history of pulmonary artery stenosis 

 5. Clinical findings  

 Recognize the clinical findings of pulmonary artery stenosis  

 6. Laboratory findings  

 Recognize the echocardiographic findings of pulmonary 
artery stenosis  

 Recognize the angiographic findings of pulmonary artery 
stenosis  

 Recognize the cardiac MRI/CT scan of pulmonary artery 
stenosis  



Objectives 
 7. Management, including complications  

 Plan appropriate management of a patient with 
pulmonary artery stenosis  

 Recognize and manage the long-term complications of 
untreated pulmonary artery stenosis  

 Identify possible early and long-term complications of 
surgical or transcatheter repair of pulmonary artery 
stenosis  



What is the incidence of pulmonary stenosis in 
patients with congenital heart disease? 

 (A) 0-1% 

 (B) 5-10% 

 (C) 25-30% 

 (D) 40-45% 

 (E) 60-65% 



What is the incidence of pulmonary stenosis in 
patients with congenital heart disease? 

 (A) 0-1% 

 (B) 5-10% 

 (C) 25-30% 

 (D) 40-45% 

 (E) 60-65% 



Answer 
 Pulmonary stenosis occurs in 25-30% of all patients 

with congenital heart disease. 

 Pulmonary valve stenosis occurs in 8-10% of patients 
with congenital heart disease. 



Which of the following are false? 
 (A) The mitral and tricuspid valves are derived only 

from endocardial cushion tissue. 

 (B) The development of the aortic and pulmonary 
valves involves migration of neural crest cells from 
branchial arches to the distal outflow tract. 

 (C) Mutations in PTPN11 are seen in patients with 
Noonan syndrome, and LEOPARD syndrome. 



Answer 
 All are true. 



Which of the following are false? 
 (A) In the classic form of pulmonary valve stenosis, the 

valve is dome shaped, and 2 to 4 raphes may be visible, 
however there is no separation into valve leaflets. 

 (B) Less commonly, the pulmonary valve may be 
diffusely thickened with 1-3 leaflets, and commissural 
fusion. 

 (C) Dysplastic pulmonary valves are trileaflet with 
thickened cusps, and little if any fusion, and a 
hypoplastic valve annulus. 

 (D) Classic pulmonary valve stenosis is seen in most 
children with Noonan’s syndrome. 



Which of the following are false? 
 (A) In the classic form of pulmonary valve stenosis, the 

valve is dome shaped, and 2 to 4 raphes may be visible, 
however there is no separation into valve leaflets. 

 (B) Less commonly, the pulmonary valve may be 
diffusely thickened with 1-3 leaflets, and commissural 
fusion. 

 (C) Dysplastic pulmonary valves are trileaflet with 
thickened cusps, and little if any fusion, and a 
hypoplastic valve annulus. 

 (D) Dysplastic pulmonary valves are seen in most 
children with Noonan’s syndrome. 



 



 A – classic pulmonary valve stenosis 

 B – dysplastic pulmonary valve 



Which of the following are false? 
 (A) Most patients who develop poststenotic dilation of 

the pulmonary artery trunk do not have dysplastic 
pulmonary valves. 

 (B) The degree of post-stenotic dilation is proportional 
to the severity of obstruction 

 (C) Fetal and neonatal myocardium responds to 
increased afterload by hyperplasia of the muscle cells 
with a concominant increase in the number of 
capillaries. 

 (D) Adult myocardium responds with hypertrophy of 
muscle fibers, and no change in the capillary network. 



Which of the following are false? 
 (A) Most patients who develop poststenotic dilation of 

the pulmonary artery trunk do not have dysplastic 
pulmonary valves. 

 (B) The degree of post-stenotic dilation is 
proportional to the severity of obstruction 

 (C) Fetal and neonatal myocardium responds to 
increased afterload by hyperplasia of the muscle cells 
with a concominant increase in the number of 
capillaries. 

 (D) Adult myocardium responds with hypertrophy of 
muscle fibers, and no change in the capillary network. 



Answer 
 The degree of post-stenotic dilation is not necessarily 

proportional to the degree of obstruction. 



Which of the following are false? 
 (A) Critical pulmonary stenosis causes a decrease in 

fetal right ventricular output, and a larger than normal 
atrial right to left shunt in-utero. 

 (B) At birth, patients with critical PS will be cyanotic, 
with suprasystemic RV pressure. 

 (C) Right to left shunting and cyanosis often persists 
for months after the stenosis is relieved 



Which of the following are false? 
 All are true 



Which of the following are false? 
 (A) Initial symptoms of pulmonary stenosis usually 

consist of exertional dyspnea and fatigue due to 
inability of the RV to increase its output in response to 
exertion. 

 (B) Occasionally, patients with moderate to severe 
stenosis may experience chest pain, syncope, and 
sudden death with strenuous exercise due to 
inadequate cardiac output. 

 (C) Patients with valvar PS usually demonstrate 
diminished growth. 



Which of the following are false? 
 (A) Initial symptoms of pulmonary stenosis usually 

consist of exertional dyspnea and fatigue due to 
inability of the RV to increase its output in response to 
exertion. 

 (B) Occasionally, patients with moderate to severe 
stenosis may experience chest pain, syncope, and 
sudden death with strenuous exercise due to 
inadequate cardiac output. 

 (C) Patients with valvar PS usually demonstrate 
normal growth. 



Answer 
 Patients with valvar pulmonary stenosis usually 

demonstrate normal growth and development, 
regardless of the severity of obstruction. 



Which of the following is false? 
 (A) The more severe the pulmonary stenosis, the 

earlier in systole the click occurs, until it merges with 
S1 and becomes inaudible. 

 (B) The intensity of the click in pulmonary stenosis 
decreases during expiration, and increases during 
expiration. 

 (C) Patients with severe pulmonary stenosis may have 
a soft heart murmur.   

 (D) The longer the murmur, the more severe the 
obstruction.   



Which of the following is false? 
 (A) The more severe the pulmonary stenosis, the 

earlier in systole the click occurs, until it merges with 
S1 and becomes inaudible. 

 (B) The intensity of the click in pulmonary 
stenosis decreases during expiration, and 
increases during expiration. 

 (C) Patients with severe pulmonary stenosis may have 
a soft heart murmur.   

 (D) The longer the murmur, the more severe the 
obstruction.   



Answer 
 (B) The intensity of the click in pulmonary stenosis 

increases during expiration, and decreases during 
expiration. 

 Pulmonary stenosis evokes hypertrophy of the right 
ventricle, stiffening that chamber. When blood is drawn 
into the right ventricle during inspiration, the thickened 
right ventricle does not distend normally, so pressure in 
that chamber rises, and the pulmonary valve is partially 
opened. Because the pulmonary valve is partially open 
when the right ventricle contracts, its excursion is less, and 
the ejection click associated with its maximal opening is 
softer and earlier. 



Which of the following is false? 
 (A) The later peaking the PS murmur, the less severe 

the PS. 

 (B) Patients with mild PS have normal “a” waves, and 
normal jugular venous pulsations.   

 (C) With more than moderate pulmonary stenosis, the 
murmur may extend into diastole, making the second 
heart sound inaudible. 

 (D) Balloon valvuloplasty is the treatment of choice for 
pulmonary stenosis. 



Which of the following is false? 
 (A) The later peaking the PS murmur, the more 

severe the PS. 

 (B) Patients with mild PS have normal “a” waves, and 
normal jugular venous pulsations.   

 (C) With more than moderate pulmonary stenosis, the 
murmur may extend into diastole, making the second 
heart sound inaudible. 

 (D) Balloon valvuloplasty is the treatment of choice for 
pulmonary stenosis. 



Which of the following are false? 
 (A) A resting right ventricular pressure >30 to 35 mm 

Hg and a pressure gradient across the pulmonary valve 
of >10 mm Hg are considered abnormal. 

 (B) An end-hole catheter is best used to obtain 
withdrawal pressure recordings 

 (C) With severe pulmonary stenosis, tall right atrial “a” 
waves are usually seen. 

 (D) With pulmonary stenosis, the pressure is less just 
beyond the valve, rather than more distal. 



Answer 
 All are true. 



Which of the following are false? 
 (A) Mild stenosis is characterized by a right ventricular 

pressure less than half the LV pressure or a valve 
gradient <35 to 40 mm Hg. 

 (B) In moderate stenosis, the RV pressure is greater 
than ½ but <75% of LV pressure, or the gradient is 40 
to 60 mm Hg. 

 (C) Severe stenosis is defined as a RV pressure >75% of 
LV pressure, or a gradient >60 to 70 mm Hg. 



Answer 
 All are true 



Which of the following are false? 
 (A) Congenital heart disease is seen in approximately 

50% of patient’s with Noonan syndrome. 

 (B) The most common lesions associated with Noonan 
syndrome are PS secondary to pulmonary valve 
dysplasia, and hypertrophic cardiomyopathy. 

 (C) With a dysplastic pulmonary valve, an ejection 
click is often present. 

 (D) With a dysplastic pulmonary valve, the murmur is 
often short and soft. 



Answer 
 (A) Congenital heart disease is seen in approximately 

50% of patient’s with Noonan syndrome. 

 (B) The most common lesions associated with Noonan 
syndrome are PS secondary to pulmonary valve 
dysplasia, and hypertrophic cardiomyopathy. 

 (C) With a dysplastic pulmonary valve, an ejection 
click is often absent. 

 (D) With a dysplastic pulmonary valve, the murmur is 
often short and soft. 



Which of the following are false? 
 (A) Patients with a dysplastic pulmonary valve will 

often have superior axis deviation. 

 (B) LEOPARD syndrome is associated with pulmonary 
stenosis. 

 (C) Carcinoid tumor of the bowel, and 
Neurofibramatosis can lead to pulmonary stenosis. 

 (D) The balloon chosen for valvuloplaty in PS should 
be the same size as the angiographically measured 
pulmonary valve annulus. 



Which of the following are false? 
 (A) Patients with a dysplastic pulmonary valve will 

often have superior axis deviation. 

 (B) LEOPARD syndrome is associated with pulmonary 
stenosis. 

 (C) Carcinoid tumor of the bowel, and 
Neurofibramatosis can lead to pulmonary stenosis. 

 (D) The balloon chosen for valvuloplaty in PS 
should be the same size as the angiographically 
measured pulmonary valve annulus. 



Answer 
 The balloon chosen in a balloon valvuloplasty should 

be 20-30% larger than the size of the angiographically 
measured pulmonary valve. 



Which of the following are false? 
 (A) Independent predictors of suboptimal 

intermediate-term outcome after balloon pulmonary 
valvuloplasty include dysplastic valves, and higher 
residual gradient. 

 (B) Freedom from re-intervention 1,5,10, and 15yr is 
90%, 83%, 83% and 77%. 

 (C) Dysplastic pulmonary valves are not a risk factor 
for re-intervention. 

 (D) The mechanism of obstruction relief in patients 
with typical doming valves is commissural splitting. 



Which of the following are false? 
 (A) Independent predictors of suboptimal 

intermediate-term outcome after balloon pulmonary 
valvuloplasty include dysplastic valves, and higher 
residual gradient. 

 (B) Freedom from re-intervention 1,5,10, and 15yr is 
90%, 83%, 83% and 77%. 

 (C) Dysplastic pulmonary valves are a risk factor 
for re-intervention. 

 (D) The mechanism of obstruction relief in patients 
with typical doming valves is commissural splitting. 



Which of the following are false? 
(A) If discontinuation of PGE and subsequent ductal 

contriction are not tolerated after valvuloplasty, infants can 
be maintained on PGE1 for 2-3 weeks while intermittently 
assessing whether contriction of the ductus is tolerated by 
O2 saturations remaining 70% or greater.   

(B) If ductal dependency persists, a surgical AP shunt is 
placed. 

(C) Neonates that remain cyanotic following valvuloplasty 
often demonstrate progressive resolution of symptoms. 

(D) The strongest determinants for critical pulmonary 
stenosis whether surgical intervention is needed is the 
presence of subvalvar stenosis. 



Answer 
All are true. 



Which of the following are false? 
 (A) For balloon pulmonary valvuloplasty, 

complications include wire perforation of RVOT, 
stroke, seizures, and necrotizing enterocolotis. 

 (B) Post-procedure PR typically does not worsen with 
time. 

 (C) Compared with surgical valvotomy, patients with 
balloon valvuloplasty have less regurgitation and 
equivalent relief of obstruction. 



Answer 
 (A) For balloon pulmonary valvuloplasty, 

complications include wire perforation of RVOT, 
stroke, seizures, and necrotizing enterocolotis. 

 (B) Post-procedure PR typically does worsen with 
time. 

 (C) Compared with surgical valvotomy, patients with 
balloon valvuloplasty have less regurgitation and 
equivalent relief of obstruction. 



Which of the following are false? 
 (A) Patients with moderate obstruction should 

undergo elective valvuloplasty if the RV pressure is 
50% systemic or higher.  

 (B) Symptoms are a reliable indicator of hemodynamic 
severity in PS. 

 (C) Mild pulmonary valve stenosis is defined as a 
gradient of <30 to 35 mm Hg across the valve, and a 
RVSP of less than half of the LV pressure. 

 (D) In young infants, mild pulmonary stenosis can be 
progressive. 



Which of the following are false? 
 (A) Patients with moderate obstruction should 

undergo elective valvuloplasty if the RV pressure is 
50% systemic or higher.  

 (B) Symptoms are not reliable indicator of 
hemodynamic severity in PS. 

 (C) Mild pulmonary valve stenosis is defined as a 
gradient of <30 to 35 mm Hg across the valve, and a 
RVSP of less than half of the LV pressure. 

 (D) In young infants, mild pulmonary stenosis can be 
progressive. 



Answer 
 Symptoms are usually only seen with severe or critical 

PS.  Therefore symptoms are not a reliable marker for 
severity. 



Which of the following is false? 
 (A) Most centers recommend elective pulmonary 

balloon valvuloplasty for patients with a peak 
instantaneous Doppler gradient >60 mmHg or a mean 
Doppler gradient >40 mmHg (in association with < 
moderate pulmonic valve regurgitation). 

 (B) Patients with moderate pulmonary valve stenosis 
typically have normal exercise stress tests responses. 

 (C) Children with severe PS typically have progressive 
obstruction, a lower stroke index at rest and during 
exercise, and a higher RVEDP at rest that abnormally 
increases with exercise. 



Which of the following is false? 
 (A) Most centers recommend elective pulmonary balloon 

valvuloplasty for patients with a peak instantaneous 
Doppler gradient >60 mmHg or a mean Doppler gradient 
>40 mmHg (in association with < moderate pulmonic valve 
regurgitation). 

 (B) Patients with moderate pulmonary valve stenosis 
typically have abnormal exercise stress tests 
responses. 

 (C) Children with severe PS typically have progressive 
obstruction, a lower stroke index at rest and during 
exercise, and a higher RVEDP at rest that abnormally 
increases with exercise. 



Answer 
 Patients with moderate PS typically have subnormal 

cardiac output response, and abnormal increase in 
RVEDP. 



Question 
 (A) Children weighing at least 20 kg can undergo 

implantation of a Melody percutaneous pulmonary 
valve.  

 (B) There is a 70% freedom from reoperation at 70 
months with Melody valve implantation. 

 (C) Coronary artery compression by the valve stent is a 
known complication of Melody valve placement. 

 (D) Melody valves can be placed with patients with a 
patched RVOT. 



Question 
 (A) Children weighing at least 20 kg can undergo 

implantation of a Melody percutaneous pulmonary 
valve.  

 (B) There is a 70% freedom from reoperation at 70 
months with Melody valve implantation. 

 (C) Coronary artery compression by the valve stent is a 
known complication of Melody valve placement. 

 (D) Melody valves can not be placed with patients 
with a patched RVOT. 



Answer 
 Patients with an existing prosthetic RV to PA conduit 

can have a Melody valve implanted, however 
implantation is not indicated for a native or patched 
RVOT. 



Which of the following are false? 
 (A) Endocarditis prophylaxis is indicated after either 

surgical or percutaneous pulmonary valve 
replacement. 

 (B) Subvalvular RVOTO can be seen with bands at the 
junction of the main ventricular cavity and the 
proximal infundibulum (DCRV).   

 (C) Subvalvar obstruction can be due to a 
fibromuscular thickening of the infundibular wall, and 
is seen with TOF or pulmonary valve stenosis. 



Which of the following are false? 
 All are true 



Which of the following are false? 
 (A) Double-chambered right ventricle is characterized 

by muscle bands that divide the RV into a proximal 
low-pressure chamber, and a distal high pressure 
chamber.  

 (B) The septal attachment of the moderator band is 
usually in the apical third of the ventricular septum, 
whereas in anomalous muscle bundles, the 
attachments are near the base of the TV ring. 

 (C) A VSD is most frequently found in the 
perimembranous septum, and occasionally subarterial. 



Answer 
 (A) Double-chambered right ventricle is characterized 

by muscle bands that divide the RV into a proximal 
high-pressure chamber, and a distal low pressure 
chamber.  

 



Which of the following are false? 
 (A) With DCRV, the need for reoperation is common. 

 (B) Up to 40% of adults with DCRV may have mild AI 
secondary to aortic valve prolapse, or mild subAS. 

 (C) Most adult patients have a perimembranous VSD 
with little left-to-right shunting because the VSD 
connects to the high-pressure inflow part of the RV. 



Which of the following are false? 
 (A) With DCRV, the need for reoperation is 

uncommon. 

 (B) Up to 40% of adults with DCRV may have mild AI 
secondary to aortic valve prolapse, or mild subAS. 

 (C) Most adult patients have a perimembranous VSD 
with little left-to-right shunting because the VSD 
connects to the high-pressure inflow part of the RV. 



Which of the following are false? 
 (A) Peripheral pulmonary artery stenosis is often seen 

with congenital rubella in assocation with PDA, and 
ASD. 

 (B) Hypoplasia of the PA’s is often seen with TOF. 

 (C) Supravalvar AS, PPS and MR is associated with 
Williams syndrome. 

 (D) PPS is associated with Noonan, Alagille syndrome, 
cutis laxa, Ehlers-Danlos, and Silver-Russel syndrome. 



Answer 
 All are true. 



Which of the following are false? 
 (A) The proximal portion of the MPA just above the 

semilunar valve is derived from bulbus cordis. 

 (B) The remainder of the MPA trunk arises from the 
common truncus arteriosus. 

 (C) The proximal segments of the right and left branch 
PA are derived from the sixth branchial arches. 

 (D) The distal portion of the right sixth arch 
disappears, whereas the one on the left persists as the 
ductus arteriosus. 



Answer 
 All are true 



Which of the following are false? 
 (A) Rubella virus interferes with normal formation of 

the elastic tissues of the pulmonary arteries. 

 (B) Williams syndrome is mapped to chromosome 7, 
and results in abnormal elastin production. 

 (C) A deletion in chromosome 20 is responsible for 
Alagille syndrome. 

 (D) Noonan syndrome has been linked to mutation on 
chromosome 15. 



Which of the following are false? 
 (A) Rubella virus interferes with normal formation of 

the elastic tissues of the pulmonary arteries. 

 (B) Williams syndrome is mapped to chromosome 7, 
and results in abnormal elastin production. 

 (C) A deletion in chromosome 20 is responsible for 
Alagille syndrome. 

 (D) Noonan syndrome has been linked to mutation on 
chromosome 12. 



Which of the following is false with 
PPS? 
 (A) The diastolic pressure difference between the main 

pulmonary artery and the stenotic branch is 
proportional to the severity of the obstruction. 

 (B) Measurement of pressure gradients, is the best way 
to assess relative stenosis or obstruction. 

 (C) A continuous murmur may  be present, indicating 
that the diastolic gradient across the obstruction is 
significant. 

 (D) A high frequency of Left axis deviation is seen in 
infants with rubella and PPS, and in infants with 
Noonans syndrome. 



Which of the following is false with 
PPS? 
 (A) The diastolic pressure difference between the main 

pulmonary artery and the stenotic branch is proportional 
to the severity of the obstruction. 

 (B) Measurement of relative flow gradients pressure 
gradients, is the best way to assess relative stenosis or 
obstruction. 

 (C) A continuous murmur may  be present, indicating that 
the diastolic gradient across the obstruction is significant. 

 (D) A high frequency of left axis deviation 

  is seen in infants with rubella and PPS, and in infants with 
Noonans syndrome. 



 



Which of the following are false? 
 (A) Withdrawal pressure systolic pressure gradients 

greater than 10 mm Hg should be considered 
abnormal in the absence of a left to right shunt with 
increased pulmonary blood flow. 

 (B) Angiographic views to demonstrate the branch PA’s 
are AP and lateral.   

 (C) Anatomic delineation of the more peripheral 
branches beyond the third and fourth generation is 
more adequately achieved by MRA. 



Which of the following are false? 
 (A) Withdrawal pressure systolic pressure gradients 

greater than 10 mm Hg should be considered 
abnormal in the absence of a left to right shunt with 
increased pulmonary blood flow. 

 (B) Angiographic views to demonstrate the branch PA’s 
are AP and lateral.   

 (C) Anatomic delineation of the more peripheral 
branches beyond the third and fourth generation 
is not more adequately achieved by MRA. 



Which of the following are false? 
 (A) For PBPAS, the balloon diameter usually must be 

three to four times the narrowest pulmonary artery 
segment to be effective.   

 (B) Decrease in the RV/Ao pressure ratio is often 
dissapointing after peripheral angioplasty in Williams 
syndrome. 

 (C) Most patients with mild or moderate peripheral 
branch pulmonary artery stenosis remain stable, and 
pressure gradients recorded early in life often decrease 
with growth. 



Which of the following are false? 
 All are true. 


