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Stem Case and Key Questions Content 
Your patient is a 65 year old male with a history of nonischemic cardiomyopathy status post 
Heartmate II left ventricular assist device (LVAD) insertion with a history of cholecystitis presenting for 
a laparoscopic cholecystectomy. He has a history of hypertension and coronary artery disease. His 
medications include lisinopril, metoprolol, warfarin, ASA, simvastatin, and furosemide. He has no 
known drug allergies. His vitals include a temperature of 38, HR of 88 bpm, MAP of 80 mmHg, and a 
respiratory rate of 16 breaths per minute. His airway is Mallampati class I, lungs are clear, and heart is 
regular. He has been NPO for 8 hours. The only lab value is a CBC, which reveals a HCT of 42, a 
platelet count of 175, and a WBC count of 16. 
 
1. What is a Heartmate II and how does it function? 
2. What other information is important before starting this case? 
3. What are the anesthetic considerations in a patient with a Heartmate II? 
 
More labs were obtained and the results are PT 16.8, INR 2.0, Na 140, K 3.4, Cl 110, HCO3 24, BUN 
20, creatinine 1.0, glucose 80. 
 
4. How does this change your plan? 
5. What is your plan for monitoring this patient? 
 
The engineer comes and hooks up the LVAD to A/C power, standard monitors are placed and the 
preinduction vital signs are HR 86, with unobtainable saturation and NIBP measurements. The VAD 
monitor shows a pump flow of 5.2 L/m, an rpm of 8600, a power of 5.8 and a pulsatility index of 4.5. 
 
6. What do the measurements on the monitor measurements signify? 
7. How can you measure blood pressure in these patients? 
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An arterial line is started and preinduction vital signs are HR 82, MAP 84 mmHg and RR 16 breaths 
per minute. 
 
8. What are the anesthetic goals for induction and how do you plan on inducing this patient? 
9. Are you planning on placing any further invasive monitors after induction? 
10. What is the best way to obtain vascular access in these patients? 
 
The patient is induced and intubated. Postinduction vitals are HR 78, MAP 65, pump flow 3.5 L/m, PI 
3.2, and power 5.0. An arterial blood gas on an FiO2 of 50% is 7.40/35/225/24/0. 
 
11. What is the significance of the decreased pump flow and PI and how would you treat it? 
 
After treatment, the pump flow returned to 5.1 L/m and the PI returned to 4.4. The MAP was 80 and 
the HR was 80 bpm. The surgeon makes the incisions for the ports. 
 
12. How does laparoscopy affect VAD function and what should you be concerned about? 
 
Once the abdomen is insufflated, the MAP drops to 60mmHg, the pump flow decreases to 3.6 L/m 
and the PI decreased to 3.3. 160ug of phenylephrine was administered in an attempt to raise the MAP 
but that fails. A TEE was placed with the results in fig 1. 
 
13. What is the preferred vasoactive drug to increase SVR in LVAD patients? 
14. What does the TEE show and how would you treat this? 
 
With treatment, the MAP increased to 82 mmHg, the PI increased to 4.5, and the pump flow increased 
to 5.1 L/m. 15 minutes later, the MAP decreases to 60, the PI to 2.9, and the pump flow to 3.4. The 
TEE now looks like this. Fig 2. An ABG sent at the time reveals 7.21/62/156/22/-2 
 
15. What is causing this patient’s hypotension? 
16. Would you let the surgery continue? 
 
The surgery stops and a pulmonary artery catheter with SVO2 and CCO capabilities is inserted. The 
initial readings are CVP 16, PA 50/32, SVO2 56, and CO 2.5 L/min. The pump flow is 3.5 L/m, PI 2.8, 
and the MAP is 62 mmHg and the TEE looks like this. Fig 3. 
 
17. Why the PA catheter and pump flows different and which should you monitor? 
18. How would you treat this? 
19. What would you tell the surgeon? 
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0.1 ug/kg/min of epinephrine is started along with 0.25 ug/kg/min of milrinone. With this treatment, the 
vitals are MAP 84 mmHg, CVP 9, PA 48/28, CO 5.1, pump flow 5.3, PI 4.7. After your discussion the 
surgeon decides to do an open procedure. 30 minutes later, the gallbladder is out and the surgeon 
complains that there is oozing on the field. You obtain a thromboelastogram. Fig 4. 
 
20. What does the TEG show and how would you treat it? 
 
Products are administered and now the surgeon is closing. 
 
21. What are the considerations for emergence? 
22. Where should this patient go postoperatively?  
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Model Discussion Content 
Indications for left ventricular assist device placement (LVAD) include bridge to recovery, bridge to a 
permanent procedure, bridge to transplantation, and destination therapy for those patients who 
require support but who are not candidates for cardiac transplantation. Destination therapy accounts 
for up to 40% of indications. This number has been steadily increasing each year, making it more 
likely that these patients will be presenting to outside institutions for non-cardiac surgery. 
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The two FDA approved devices are the Heartmate II and the Heartware. They are continuous flow 
pumps that consist of a rotating element and the method used to support the rotator. Flow is 
dependent on ΔP, which is the difference between preload and afterload. Heartmate II is an axial 
pump that operates like a propeller in a pipe and pushes blood from the left ventricle to the aorta. The 
rotor is suspended with mechanical bearings making it less durable. With this pump, there is a linear 
relationship between flow and ΔP, making the Heartmate II more sensitive to changes in preload and 
afterload. There is an inflow cannula that is implanted into the LV and an outflow cannula implanted 
into the aorta. The drive-line is connected to a console, which shows the pump flow in L/m, the 
rotational speed in rpm, the power, and the pulsatility index. With the Heartmate II, the relationship 
between the flow and current is not linear. This means that the pump flow is a less accurate and 
should be used as a trend but not the absolute value. This pump also generates more suction at low 
flows or high ΔP, which can lead to ventricular suck down, arrhythmias, septal shift, and tricuspid 
regurgitation. Unfortunately, it can only detect a suction event after it occurs. The Heartmate II pump 
is implanted intra-abdominally and a rapid sequence induction can be considered in these patients. 
This pump requires anticoagulation with antiplatelet agents and warfarin and adverse effects include 
subclinical hemolysis and acquired von Willebrand deficiency. 
 
The Heartware is a centrifugal device. As opposed to axial pumps, centrifugal pumps “throw blood” 
with blades that capture blood and throw out of the blade tips. The rotor is suspended in blood, which 
makes this pump simple and more durable. Compared to the Heartmate II, the Heartware has a flatter 
pump curve, more reliable pump flow estimations from power and speed, a lower preload sensitivity, 
which prevents LV suction events and a higher afterload sensitivity, which allows it to pump against a 
higher SVR. This pump is implanted in the pericardium so full stomach precautions are not necessary 
and these patients are also anticoagulated with warfarin and antiplatelet drugs. There is less 
hemolysis and acquired von Willebrand deficiency with this device. 
 
These pumps are truly ventricular assist pumps and pump filling depends on the speed of the pump, 
as measured by rpm, and on native LV function. The maximum output of the pump depends on the 
right ventricular output. The contribution of the LV to pump filling is called pulsatility. The more active 
the patient’s LV, the more blood enters the pump during systole and the higher the pulsatility. With 
higher pulsatility, NIBP and pulse oximetry can be measured. On echo, pulsatility is determined by 
aortic valve opening. The more the aortic valve opens, the higher the pulsatility. If the LV 
contributes little to filling, more blood fills the pump during diastole and less pulsatility is present. 
The monitor for these pumps shows the pump speed, pulsatility, pump flow, and power. The pump 
flow, measured in L/m, is an estimated value based on power and speed readings. It is more accurate 
in the Heartware than the Heartmate II but accurate cardiac output measurements still require the 
placement of a pulmonary artery catheter. If the power readings are higher than the expected values 
the monitor will show +++ and if the power is less than expected, the monitor will show ---. Pump 
power is a measure of motor voltage and current consumption. It averages approximately 6.8W. 
Pump power changes with a change in speed, flow or physiologic demand. A power reading of > 10 
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W is associated with pump thrombosis, vasodilation, hypotension, and initial response to exercise. A 
power reading of < 5W can be suggestive of an inflow or outflow obstruction, LV failure, dysrhythmia, 
hypertension, or hypovolemia. 
 
These patients can present for any type of noncardiac surgery but the most common indications are 
gastrointestinal, including exploratory laparotomy or laparoscopy for GI bleeding, cholecystectomy 
and hernia repair. Other surgeries that have been performed include thoracoscopic lobectomies and 
hematoma removal, craniotomy for intracranial bleeding, and thromboembolectomies. There have 
been 13 series and 14 case reports looking at the outcome of patients with VADs undergoing 
noncardiac surgery. The average time to surgery was 147 days post VAD implantation, in most cases 
they were taken care of by a cardiac anesthesiologist and engineer, and were recovered either in the 
ICU or monitored floor. The mortality in these patients was 2% for elective cases and 41% in 
emergent cases and if the patient survived, the long-term survival was similar to those patients not 
requiring noncardiac surgery. 
 
The preoperative examination should include the type and indication for the device, the patient’s 
baseline settings and RV function, the presence of pulmonary hypertension, and the presence, type 
and function of an AICD/pacer. If the patient is pacer dependent and the surgery is near the 
generator, the pacer should be switched to an asynchronous mode. The incidence, frequency and last 
shock should be ascertained. The AICD should be turned off and defibrillation pads placed on the 
patient. Other pertinent history should include the presence and extent of end organ dysfunction, 
especially liver and renal function, hypertension, which can impede pump emptying, and diabetes. 
Common medications that these patients are taking include ACE-I, beta-blockers, diuretics, 
antiplatelet medications such as aspirin or clopidogrel, and warfarin. Laboratory studies should 
include electrolytes to detect hypokalemia, glucose if diabetic, a complete blood count to ascertain 
platelet number and a HCT, which is needed to calibrate the Heartware, and coagulation studies, to 
determine the extent of coagulopathy. If the surgery is elective, the patient is placed on heparin then 
the warfarin is restarted in the postop period. If the surgery is emergent, FFP is administered to 
correct the coagulopathy. An ECG is useful in determining the presence of new arrhythmias and an 
echocardiogram is useful in determining right ventricular function. 
 
Monitoring these patients can be challenging. Depending on the amount of pulsatility, pulse oximetry 
and NIBP measurements may not be obtainable. Surrogates of cardiac output that can be used 
include capnography and cerebral oximetry but the most reliable method of measuring blood pressure 
is to obtain arterial access. Arterial lines may be difficult to place because of a weak pulse and the 
placement for ultrasound may be required for placement. Central venous catheters should be 
considered if blood loss or the use of inotropic agents is anticipated. When the pump flow does not 
reliably estimate cardiac output or there is severe RV failure, the use of an SVO2 CCO pulmonary 
artery catheter may be necessary to guide inotropic therapy. Another useful monitor is 
transesophageal echocardiography. TEE can be used to assess flow, function and device position. 
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LVAD flow can be assessed by determining the degree of aortic valve opening. When the LV is 
contributing to flow, the aortic valve will open and when the LV is contributing little to flow, the aortic 
valve is closed. TEE can be used to assess RV function and the need for inotropic support and the 
IVS can be used to assess fluid, status, device speed and RV function. The interventricular septum 
should be midline. (Fig 3). A deviation to the left is indicative of excessive pump speed. This can 
cause or be precipitated by RV failure and the treatment is to decrease LVAD flow and, if necessary, 
inotropic support. A deviation to the right is indicative of inadequate LV emptying and is treated by 
increasing LVAD flow. 
 
The anesthetic goals in managing a patient with an LVAD are to maintain preload so there is volume 
to pump, to maintain afterload, to maintain coronary perfusion pressure, and to maximize RV function. 
MAP should be kept in the 70-90 mmHg range. Below 70 mmHg may decrease coronary perfusion 
pressure and promote RV ischemia and MAP above 90 mmHg, may impede pump emptying. 
Maximizing RV function includes maintaining or augmenting inotropy, preventing increases in 
pulmonary artery pressure by avoiding acidosis, hypercarbia, and hypoxia, and if necessary, using 
pulmonary vasodilating agents, such as milrinone and NO. It is important to prevent or treat 
arrhythmias and ischemia. Some of these patients may be on diuretics and hypokalemia is a cause of 
intraoperative arrhythmias. If RV failure not responsive to inotropic agents does occur, consider a 
short term RVAD, such as the Centrimag, or ECMO for temporary support. 
 
Induction can be carried out with any of the agent as long as these principles are met. Consider an 
RSI in patients with a Heartmate II pump. Regional anesthesia is also safe as long as the ASRA 
guidelines are followed. Inotropic agents and vasopressors must be available and an engineer or 
someone who can manage the device is mandatory. The device should also be converted from 
battery power to A/C power. The cautery pad should be away from the away from the device and if 
there is electromagnetic interference, bipolar electrocautery should be used. If the patient is pacer 
depended, the device should be reprogrammed and the AICD turned off. Because of the pump, all 
lines should be placed using sterile technique. If TEE is not available, the Yale algorithm can be used 
to determine the cause and treatment of any hypotension, using the CVP and PI. In this algorithm, a 
normal CVP is between 10-12 mmHg and the PI is between 4-5. A CVP < 10 with a PI of < 3 is 
consistent with hypovolemia. A CVP < 10 with a PI > 5.5 is consistent with hypertension, and a CVP > 
12 and a PI < 2 is indicative of right ventricular failure. The combination of power, PI and pump speed 
(RPM) can also be used to manage these patients. LVAD pump thrombosis should be suspected 
when there is a prolonged high power reading, with a low PI and fluctuating pump speed. 
Cardiac arrest is difficult to diagnose in these patients because of the lack of pulsatility affecting the 
pulse oximeter and NIBP. Causes include pump failure or thrombosis, arrhythmias, and right 
ventricular failure. Diagnosis can be aided by a decrease in ETCO2, patient color, the ECG, and the 
LVAD monitor. If cardiac arrest occurs, external cardiac massage is contraindicated. Abdominal 
compressions may be helpful or the patient can be placed on ECMO. 
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Laparoscopy poses its own challenges to patients with LVADs. Laparoscopic procedures decrease 
venous return and preload due to the use of reverse Trendelenburg and pneumoperitoneum, increase 
CO2, increasing both systemic and pulmonary vascular resistance, and require higher inspiratory 
pressures and PEEP, impairing RV function, all which decrease LVAD output. Patients with baseline 
RV dysfunction and pulmonary hypertension may not be the best candidates for laparoscopic 
procedures and if LVAD output is significantly decreased during laparoscopy, the procedure may have 
to be converted to an open procedure. 
 
These patients are at a high risk for bleeding for many reasons including anticoagulant medications to 
prevent clotting of the pump, underlying renal and liver disease, leading to decreased platelet function 
and production of coagulation factors, and acquired von Willebrand’s disease. TEGs and tests of 
platelet function can be useful in diagnosing and treating coagulopathy. In patients with marginal RV 
function, it is important not to administer these products too rapidly, which may further impair RV 
function. 
 
Postoperatively, depending on the procedure and level of perioperative support, patients should be 
recovered either in an ICU or a monitored floor. The AICD should be turned back on and the pacer 
should be reprogrammed back to its preoperative settings. Oversedation from analgesics causing 
hypoxia and hypercarbia, exacerbating RV dysfunction has to be balanced with increased SVR due to 
pain, decreasing LVAD output. 
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