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Stem Case and Key Questions Content 
This is your first day as a new attending and you are assigned to the dental room. For your first case, 
Chris is a 16 year old (55 kg) male who is presenting to the outpatient surgical clinic for port a cath 
removal and removal of an impacted wisdom tooth (uninfected) under general anesthesia. 
Chris was diagnosed with acute lymphoblastic leukemia 5 years ago and is now status post induction 
and maintenance chemotherapy. Four years ago he presented to the Emergency Department (ED) 
with dyspnea on exertion, cough, fatigue, chest pain, and shortness of breath. This was initially 
thought to be a respiratory process, however an echocardiogram revealed vegetations on the 
posterior mitral leaflet which ultimately grew Aspergillus fumigatus and Propionibacterium acnes. 
Chris required placement of a 25 mm On-X mechanical mitral valve, and was placed on enoxaparin 
for anticoagulation maintenance. Enoxaparin was selected as he required frequent intrathecal 
injections of chemotherapeutic agents, and its pharmacokinetics are more predictable than warfarin. 
He currently has no other health concerns, and is appropriately NPO. He stopped his enoxaparin 48 
hours ago because he ran out of medicine, and his parents thought they could get a new prescription 
after his procedure today. He saw his cardiologist 4 weeks ago and was cleared for surgery. 
 
Preoperative Considerations 
1.Is this patient ready for surgery? Are there any more labs/tests you would like to review? 
2. Who would do this case at your center? A pediatric anesthesiologist? A pediatric CV 
anesthesiologist? A general anesthesiologist? Is the case appropriate for an outpatient surgical 
environment? 
 
The preoperative advanced nurse practitioner finds you in the patient holding area with a completed 
preoperative assessment which includes his recent transthoracic echocardiogram, vitals, and physical 
exam. 
 
VS: T: 98.7 HR: NSR 60 BP: 100/55 RR: 12 SPO2: 100% 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 2 

 

Brief Physical Exam: 
Lungs: No cyanosis, wheezing or retractions. Good air entry on both sides without adventitious 
sounds. 
 
Cardiac: Quiet precordium, normal pulses. Crisp opening and closing sounds of the mechanical mitral 
valve. No murmur 
 
Last echocardiogram from 2 weeks ago: 
The prosthetic mitral valve leaflets appear to open and close well with a peak velocity 2 meters per 
second, mean gradient ~3.4mmHg. No evidence of perivalvar leak. Trivial regurgitation. No left 
ventricular outflow tract obstruction.Mild tricuspid regurgitation; peak velocity ~2 meters per second 
predicting a right ventricular systolic pressure of 16mmHg + right atrial pressure.Mild pulmonary 
regurgitation with low end diastolic velocity.Qualitatively normal right ventricular cavity size and 
systolic function.Qualitatively normal left ventricular systolic function, shortening fraction ~34%. 
Calculated ejection fraction by modified Simpson's biplane method: ~72%.Patent aortic arch.No 
pericardial effusion. 
 
Preoperative issues 
1. What are the important pieces of data from this preoperative echo? What is a normal mean 
gradient across a prosthetic valve? What are you looking for on an echocardiogram with regards to 
the prosthetic valve? 
2.Is common for pediatric patients to have a heart valve replaced? What options are available? What 
might be a problem with chronic anticoagulation in a child? 
3. Do you have any concerns relevant to this procedure with his history of a replaced mitral valve? 
What are the indications for infective endocarditis prophylaxis? What is the treatment? Does this 
patient qualify? 
 
Induction Plan 
1. What is your induction strategy? Inhalational? Do you want a preoperative IV? What if the patient is 
very scared of needles and refuses, do you cancel the case? 
2. So the IV went in- what agents are you going to use? Is propofol OK? Ketamine? Etomidate? 
3. What types of monitoring do you want? Does this patient need an awake arterial line? An arterial 
line after he is asleep? Central Venous Catheter (CVC)? Near Infrared Spectroscopy (NIRS)? 2 IV’s? 
As Chris is very anxious you premedicate him in the holding area, and bring him back to the operating 
room (OR). You place your monitors, and the induction goes well. Your visiting medical student was 
easily able to place a 7 Right nasal RAE for the procedure. The port removal goes uneventfully, and 
you are about to start the dental extraction. The patient is being ventilated on volume mode, PEEP + 
4 with tidal volume of 450 mL, and you’ve noticed over the past hour the peak inflating pressures have 
been gradually increasing from 20 cmH20 to 35 cmH20. On a FIO2 50% the patient had a SPO2 100% 
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which has drifted to 96%, and the capnograph is starting to have a gradual upslope. All other vital 
signs up to this point have been normal. 
 
Intraoperative 
1. What is your differential diagnosis for his change SPO2? 
2. What are you going to do? 
 
The medical student, who wants to match in Anesthesiology, suggests that you suction the ETT and 
give the patient some levalbuterol. As you disconnect the circuit, you immediately suction out 200 mL 
blood tinged secretions. The heart rate has been steadily drifting from normal sinus rhythm 60 to 120 
beats per minute. His blood pressures which were in the 90’s systolic, have now been in the 50-60’s 
systolic. And now his SPO2 is 92-93%. 
 
Intraoperative 
1. Now what is your differential diagnosis? Why are there blood tinged secretions? 
2. Could this be an acute valve thrombosis? How would you rule this out? Transthoracic 
Echocardiography (TTE)? Transesophageal Echocardiography (TEE)? Chest X-Ray (CXR)? Is there 
any role to call fluoroscopy into the room? 
 
As luck would have it, there is a portable echo machine nearby, and you order one STAT to the room. 
You call for help and have your colleagues place an arterial line and central line as you begin your 
resuscitation. You cancel the dental extraction. 
1. What can be the presenting signs and symptoms of acute mitral stenosis? 
2. What are the hemodynamic goals now that the patient has acute severe mitral stenosis? 
3. Now that you have a central line, what types of medications are you going to start/give to achieve 
the hemodynamic goals? 
4. The medical student asks, “Since the sats are now in the 80’s, shouldn’t we start some inhaled 
nitric oxide (iNO)? I saw them use it in the intensive care unit (ICU).” Do you call for it to the room as 
well? 
 
While stabilizing the patient, you have the echocardiographer call a cardiologist for assistance with the 
patient. After talking with the cardiac surgeon on call, the decision is made to take this patient urgently 
to the cardiovascular operating room for an emergency mitral valve replacement. 
 
 
Model Discussion Content 
 
Pediatric patients with either acquired or congenital heart valve disease represent a very 
heterogeneous population. If feasible, reconstructive valve surgery is the treatment of choice, with 
prosthetic valve replacement reserved as one of the last therapeutic options1-2. Mechanical heart 
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valves are available in sizes as small as 15 mm and provide excellent durability and hemodynamic 
performance when compared to their bioprosthetic counterparts. Despite these advantages, there are 
many drawbacks to implanting a mechanical heart valve in a pediatric patient. If implantation is 
performed before the child grows towards his/her adult size, reoperations will be required. Oversizing 
the valve may reduce the number of reoperations, but carries the risk of coronary artery compression 
or increased risk of thromboembolism due to low transprosthetic flow. On the other hand, under sizing 
the valve may cause unfavorable hemodynamics. 
 
There is no ideal or perfect mechanical valve on the market place. An ideal valve would demonstrate 
high performance, lack turbulence, be easy or nearly risk free to implant, require no post-operative 
maintenance, and be impervious to postoperative complications3. The On-X mechanical valve was 
brought to the market in 1996 by Medical Carbon Research Institute, which has been implanted over 
300,000 times3. It is a second generation bileaflet carbon valve that pivot at 2 recessed hinge points 
located lateral to the central axis of the valve3. Symmetrical blood flow through the valve is through 2 
large lateral semicircular orifices and a narrow rectangular central orifice4. Prosthetic mechanical 
leaflets open at 90 degrees3. The result is relatively unobstructed forward flow, a very small area of 
stagnation on the downstream side of the leaflets (theoretically preventing infective endocarditis), and 
relatively large regurgitant volume (because the leaflets must swing through a large arc to close). 
After the valve closes a signature jet, or “cleansing jet,” helps wash the leaflet surfaces to reduce 
thrombus formation. 
 
The valve characteristic that makes the On-X particularly attractive in the pediatric population is that it 
was designed to function with less anticoagulation, or in some cases, antiplatelet therapy alone3. The 
long-term anticoagulation required after implantation in a pediatric patient poses several important 
risks and problems5. If too little anticoagulation is achieved, valve thrombosis can occur; if too much, 
the child might suffer from a hemorrhage3. The PROACT trial, Prospective Randomized On-X Valve 
Anticoagulation Clinical Trial, although carried out in an adult population, did demonstrate that the INR 
can be maintained safely between 1.5-2, and in conjunction with low dose aspirin resulted in lower 
risk of bleeding when compared to those who were maintained at the traditional international 
normalized ratio (INR) level of 2.0-3.03. 
 
Differentiating between normal and abnormal mechanical valve parameters on echocardiography can 
be challenging. Metrics such as pressure gradient, pressure half times, and effective orifice areas will 
vary between valve types and manufacturers as all mechanical valves are somewhat obstructive to 
blood flow. Even with a perfectly functioning valve, transesophageal echocardiography may reveal 
some pressure gradients, prolonged pressure half times, and reduced orifice areas4. It is important to 
seek out a reference that has the valve normal valve metrics when evaluating TEE6. Despite these 
unique metric characteristics to each valve, when reviewing the TEE data in a patient with a 
mechanical valve, a good place to start is to compare it to the prior echo: Has the mean gradient 
changed? Has the size of the left atrium changed? And what is the ventricular function like? 
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When reviewing a patient who has an implanted mitral mechanical valve, there are many parameters 
both qualitative and quantitative to review. Starting with the structure/function of the implanted mitral 
valve, the sewing ring is viewed at the annulus4. The mitral valve leaflets can be visualized on TEE in 
midesophageal position. If the image plane is perpendicular to the central line of leaflet coaptation, the 
two leaflets should be seen opening/closing in synchrony and symmetrically4. If the echo probe is not 
completely perpendicular, artifacts can make the valve look as though it’s leaflet motion is unequal. 
Color flow Doppler should reveal 2 signature jets, 2-5 cm in length4. When the beam is parallel to the 
leaflet coaptation, 2 convergent jets can be seen (originating from within the sewing ring at pivot 
points). If the beam is perpendicular, a central jet with 2 divergent jets is seen (originating between 
from the space between the valve leaflets and ring)4. 
 
Quantitative echo evaluation can include using continuous wave Doppler to determine the mean 
gradient and pressure half time across the prosthetic valve. The mean gradient should be used rather 
than peak gradient as there may be transient high velocities within the valve4. All mechanical valves 
exhibit varying degrees of obstruction, and normal mean pressure gradients across the mechanical 
valve would be considered mild/mod with a native valve6. However, mean transvalvar gradients < 6 
are generally classified as mild, 6-12 moderate, and > 12 severe mitral stenosis. 
 
Even if a table of normal mechanical valve transvalvar gradients is not readily available, there are 
other echocardiographic findings that can indicate significant mitral stenosis: atrial dilatation, left to 
right bowing of interatrial septum, left atrial (LA) spontaneous contrast, and LA thrombus especially in 
the appendage4. As pulmonary pressures rise causing right ventricular dysfunction leading to tricuspid 
regurgitation, right atrial enlargement, evidence of pulmonary hypertension, and a small under filled 
left ventricle. 
 
Continuing with quantitative assessment TEE assessment of the mechanical valve, pressure half 
times (Pt1/2) refers to the rate of diastolic pressure decline across the MV. On transmitral continuous 
wave Doppler, the E wave normally undergoes rapid deceleration due to the abrupt fall in the 
transmitral pressure gradient as the LV fills in early diastole4. In MS, the pressure gradient is 
maintained much later in diastole, resulting in greatly prolonged E wave deceleration and Pt1/2. 
Pressure half times tend to overestimate effective orifices and is unreliable4. 
 
The risk of mechanical valve thrombosis is estimated to be 1-6% (assuming adequate 
anticoagulation)7-10. Thrombus formation can result in valvar stenosis, regurgitation, or systemic 
embolization. When there is concern for acute valve thrombosis, fluoroscopy is the preferred way of 
diagnosing acute valve thrombosis, however TEE or TTE should help clinch the diagnosis as well11. 
Fluoroscopy assesses restriction of leaflet motion and opening and closing angles, and is limited to 
radiopaque disc or bileaflet valves. TEE compliments fluoroscopy when there is restricted valve 
motion in the face of an elevated mean gradient11. TEE typically images the thrombus on the atrial but 
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rarely on ventricular surface of mitral prosthetic valve. An eccentric and narrow mitral inflow jet by 
color Doppler echocardiography raises suspicion of partial valve obstruction. 
 
Identifying patients developing acute mitral stenosis/ acute valve thrombosis who are receiving 
general endotracheal anesthesia can be challenging. Warning signs may include: 1) Decreased 
cardiac output/status 2) New onset Pulmonary Edema 3) Loss of Valve Click 4) Wheezing 5) 
Declining SPO2 6) and Echo findings consistent with acute prosthetic valve stenosis resulting in acute 
mitral stenosis12. These symptoms evolve as there is a loss of an essentially common chamber 
between left atrium and left ventricle in diastole13. A pressure gradient begins to develop between 
these two chambers as the narrowed mitral valve restricts blood flow from the left atrium to ventricle. 
This pressure gradient is then added on to left ventricular diastolic pressure, resulting in increasing left 
atrial pressure leading to left atrial enlargement and pulmonary congestion13. The severely elevated 
left atrial pressure is transmitted to the pulmonary veins causing hemoptysis as pulmonary venous 
hypertension ruptures of anastomoses between bronchial veins13. Left ventricular output worsens in 
the face of severely restricted flow across the valve ultimately culminating in pulmonary congestion 
and reduced cardiac output mimicking left ventricular failure13. As this vicious cycle continues, the 
right ventricle will begin to fail as it generates the force necessary to drive blood across the stenotic 
mitral valve, leading to right ventricular pressure overload. The right ventricular failure is compounded 
by the severe pulmonary hypertension resulting from pulmonary vasoconstriction and left atrial 
hypertension13. 
 
Thus as a result, hemodynamic goals for patients with mitral stenosis would include: maintenance of 
normal sinus rhythm, avoid tachycardia, and fluid overload (judicious fluid resuscitation)14. Heart rate 
is key as the atrial kick provides 40% of ventricular filling, and tachycardia drops CO due to fixed 
stroke volume. Over zealous fluid administration can lead to increased left atrial pressure and thus 
pulmonary edema. While it is important to avoid increases in pulmonary vascular resistance by 
avoiding hypoxia, hypercarbia, acidosis, N2O, medications such as iNO might worsen the clinical 
status. This is because aggressive maneuvers to reduce pulmonary vascular resistance (PVR) may 
conversely worsen the obstructive symptoms by promoting increased pulmonary blood flow in the 
face of fixed downstream obstruction, worsening the patient’s pulmonary symptoms14. 
 
The question of whether to start thrombolytic therapy or even administer heparin with an acute valve 
thrombosis is a largely debated topic9. With thrombolytic therapy there has not been any pediatric 
randomized controlled trials to demonstrate efficacy, and often the indications are debated. However, 
there are published guidelines (for adults) that argue thrombolysis only in patients that are the highest 
risk for surgery_New York Heart Association (NYHA) 3 or 4 where risk of cerebral thromboembolism 
is upwards of 12%9, 11. They are treated with a combination of thrombolysis, heparin, warfarin, and 
aspirin. Thrombolysis with Streptokinase 250,000-U bolus is recommended followed by an infusion of 
100,000 U/h11. 
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Patients with infective endocarditis present with a wide array of symptomatology. Patients presenting 
with classic manifestations if IE, such as: bacteremia or fungemia, active valvulitis, peripheral emboli, 
or immunologic vascular phenomena are much easier to clinically detect15. For those that lack these 
classic symptoms, a diagnostic schema is needed that is sensitive for IE detection and specific for 
excluding other forms of disease that may mimic IE. In 1994, Duack et al. published the Duke criteria 
which stratifies patients into three categories; definite, possible, or rejected16. Since its publication, the 
Duke criteria has been validated by several clinical studies17. Diagnosis is based upon a combination 
of clinical findings that are classified as either major or minor. Major criteria of IE includes bacterial 
specimens found either post mortem or at the time of heart surgery or by cultures positive for high 
grade bacterium known to cause endocarditis plus echocardiographic data15-18. There are several 
minor criteria which can include: predisposing heart conditions, fever, presence of peripheral embolic 
lesions, glomerulonephritis, and positive blood cultures with organisms that are not considered high 
grade pathogens15-18. 
 
Since the mid 1950’s the American Heart Association (AHA) has published guidelines on the 
prevention of infective endocarditis (IE)19. In the past, patients with nearly every type of congenital 
heart defect needed to receive antibiotics one hour before dental procedures or operations on the 
mouth, throat, gastrointestinal, or genitourinary tract. In 2007 the American Heart Association 
simplified its recommendations, and recommended antibiotics before dental procedures for patients 
with the highest risk of IE. Those who have: 1) A prosthetic heart valve or who have had a heart valve 
repaired with prosthetic material; 2) A history of endocarditis; and 3) A heart transplant with abnormal 
heart valve function require antibiotic prophylaxis19. The congenital heart disease lesions still requiring 
an antibiotic regime include: Cyanotic congenital heart disease that has not been fully repaired, 
including those with surgical shunts and conduits; A congenital heart defect that's been completely 
repaired with prosthetic material or a device for the first six months after the repair procedure; and 
Repaired congenital heart disease with residual defects, such as persisting leaks or abnormal flow at 
or adjacent to a prosthetic patch or prosthetic device19. 
 
Depending on the iteration of the guidelines, the recommendations for respiratory, 
gastrointestinal/genitourinary, and those with skin infections have altered. It is important to reference 
these guidelines prior to these types of procedures. However in regards to respiratory tract 
procedures, if there already is an underlying infection such as an empyema, it is recommend that the 
antibiotic regimen administered to these patients contain an agent active against viridans group 
streptococci. With regards to gastrointestinal/genitourinary (GI/GU) procedures, the administration of 
prophylactic antibiotics solely to prevent endocarditis is no longer recommended for 
esophagogastroduodenoscopy or colonoscopy19. This is in contrast to previous AHA guidelines as the 
association IE has not been studied as extensively as the possible association with dental 
procedures19. Regimens for procedures on infected Skin or musculoskeletal tissue are aimed at 
staphylococci and beta-hemolytic streptococci. For these patients who undergo a surgical procedure 
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that involves infected skin or musculoskeletal tissue, it may be reasonable that the therapeutic 
regimen include an antistaphylococcal penicillin or a cephalosporin19. 
 
When a pediatric patient with a prosthetic heart valve presents for non-cardiac surgery several key 
issues need to be addressed prior to inducing general anesthesia20. As previously discussed, 
reviewing echocardiographic data on cardiac and valve function, residual pathology, as well as 
determining the child’s functional/activity tolerance are imperative. Infective endocarditis risk needs to 
be assessed as it relates to the procedure21. A thorough review of the patient’s anticoagulation 
strategy which includes medical compliance, and if there is a need to discontinue/reverse the 
anticoagulants prior to the procedure20-22. 
 
On the day of the procedure a thoughtful anesthetic plan is needed prior to proceeding to the 
operating room. Premedication with an antianxolytic is helpful to relieve pre procedural anxiety, as the 
child has likely been involved in prior hospitalizations/anesthetics. Most premedications, such as 
midazolam, do not cause undue cardiac depression22. In this case scenario, either an inhalational or 
intravenous induction technique would be well tolerated by the patient’s initial physiology. Agents such 
as sevoflurane, propofol, etomidate, fentanyl, dexmeditomadine, and ketamine could be administered 
for either induction and/or maintenance as long as myocardial depression is avoided21. Both 
depolarizing and non-depolarizing neuromuscular blocking agents have been used safely in this 
population21. 
 
As published by the American Society of Anesthesia committee on standards and practice, 
continuous pulse rate/electrocardiogram, non-invasive blood pressure, pulse oximetry, and 
temperature monitors should be available in the operating room at a minimum21,23. More invasive 
monitoring should be considered if there is an expectation for intraoperative rapid fluid shifts/losses in 
the form of central lines, arterial lines, and near infrared spectroscopy. A precise intraoperative 
assessment of fluid requirements is essential, as hypo or hypervolemia will be poorly tolerated21. 
Although reversal agents are not contraindicated in this population, avoidance of atropine due to 
tachycardia is recommended21. Careful consideration should be given to the optimal place for the 
patient to recover post procedure, post anesthesia care unit vs. intensive care unit, and if the patient 
should be admitted overnight for re initiation of anticoagulation. 
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