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Stem Case and Key Questions Content 
I) A 53-year-old male presents to your operating room holding area on the day of surgery. He is 
scheduled for a right-sided liver resection. He has hepatitis C virus, hepatocellular carcinoma that 
recurred despite treatment with transarterial chemoembolization (TACE) and sofosbuvir. His EKG 
demonstrates sinus rhythm at 62bpm. You decide to speak with the patient to elicit a more detailed 
history and to discuss the anesthetic plan. 
 
1) What would you like to know about this patient’s medical history? 
2) What is TACE? 
3) What is sofosbuvir? 
4) Do you need to measure CVP during the procedure? 
5) Will you place a central venous catheter?  
 
II) You evaluate the patient’s preoperative labs and find his hematocrit is 36%, platelets are 121,000, 
INR is 1.2, potassium is 4.6, and creatinine is 1.08. He stands 5 feet 10 inches tall and weighs 80 kg. 
Physical exam reveals a well appearing male without signs of ascites, scleral icterus or other 
sequellae of liver failure. 
 
The patient states that he takes nadolol for esophageal varices, which were banded endoscopically. 
He had a TACE 6 months ago with some improvement but subsequent tumor enlargement. He 
reports a period of his life in his 20s when he “experimented’ with heroin and believes that was when 
he contracted hepatitis. He denies GERD, dyspnea on exertion, and reports being very active, 
especially on the weekend when he golfs and plays pickup basketball. The patient reports being 
extremely worried about pain control post procedure. 
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1) Is this patient medically optimized for the procedure? 
2) How would you address this patient’s concerns for postoperative pain? 
3) Would you consider a neuraxial technique to augment his analgesia? 
 
III) The CT scan demonstrates an isolated 3.5 cm lesion in the posterior portion of segment 8. The 
nurse inquires if you need blood products for this case. 
 
1) Does the position of the tumor alter your anesthetic plan? 
2) What is your vascular access of choice? 
3) Will you place an arterial line? 
4) Do you need blood products for this case? 
 
IV) You place an 18Ga IV in the holding area and sedate the patient with 2 mg of midazolam. The 
patient reports feeling calm in the operating room where you place a five lead EKG, a NIBP and a 
pulse oximeter. The monitors reveal sinus rhythm at 63bpm, a BP of 105/63, and a room air saturation 
of 98%. You perform a spinal anesthetic with 250 micrograms of preservative free morphine then 
perform a smooth induction of anesthesia with propofol, lidocaine, fentanyl and vecuronium. You then 
place an arterial line and a 16 Ga IV and initiate maintenance of anesthesia with isoflurane. 
 
1) Why did you choose intrathecal morphine versus an epidural? 
2) Do you have adequate vascular access for this case? 
3) Will you maintain the patient with crystalloid or colloid for the case? 
4) What is your fluid management going to consist of? 
5) Should you fluid restrict the patient? 
6) Should you utilize cell salvage? 
 
V) After nearly 2 hours of dissection, the patient’s blood pressure starts to trend downward with 
intermittent values of 80/40 that is responsive to small doses of phenylephrine. Examination of the 
suction reveals 500 mLs of blood loss. The surgeons indicate that exposing the tumor is more 
challenging than they envisioned but that they are making good progress. 
 
1) Will you continue to fluid restrict this patient? 
2) Does the patient require a blood transfusion? 
3) What are the risks associated with blood transfusion? 
4) Are there additional risks of transfusion in this patient? 
5) Will you start vasopressors? 
 
VI) Despite the infusion of phenylephrine, the patient’s blood pressure remains 80/40 with a heart rate 
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of 68. You perform an arterial blood gas which reveals adequate oxygenation and ventilation, but a 
hematocrit of 22 and a lactate of 2.5. The surgeons attempt a Pringle maneuver to resect the tumor. 
 
1) Do you transfuse this patient now? 
2) Is your vascular access adequate? 
3) What is the Pringle maneuver? 
4) How long can you perform the Pringle? 
5) What are the consequences of the Pringle? 
 
VII) Despite the Pringle maneuver, the patient continues to bleed and has declining blood pressures 
despite escalating vasopressor doses. You are now on a vasopressin infusion at 2 units/hour and 
have transfused 2 units of packed RBCs. Repeat ABG shows a hematocrit of 18, lactate of 4.2 and 
ionized calcium of 0.92. 
 
1) Do you transfuse other factors or products? 
2) How do you balance transfusion of plasma and platelets? 
3) Do you transfuse cryoprecipitate? 
4) Do you administer calcium? 
 
VIII) The surgeons report that the tumor is invading the hepatic vein and tracking into the IVC. They 
report the need for total vascular isolation in order to properly resect the tumor. They ask if you think 
the patient will tolerate this. 
 
1) What is TVI? 
2) Will this patient tolerate TVI at this point? 
3) Are there any modalities you can employ to allow the patient to tolerate TVI? 
4) Will you obtain additional vascular access? 
5) How can you transfuse this patient faster? 
 
IX) The surgeons clamp the IVC for 40 minutes while you transfuse 12 units of pRBCs, 10 units of 
FFP and 2 bags of single donor apheresis derived platelets. The patient stabilizes and comes off 
pressors but the lactate continues to climb to 8.5. 
 
1) Should you extubate this patient? 
2) What is wrong with the lactate? 
3) Where do you want this patient to be dispositioned? 
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Model Discussion Content 
Hepatocellular carcinoma has emerged as one of the most deadly cancers in the world. Data from the 
World Health Organization in 2012 demonstrates that hepatocellular carcinoma (HCC) is the second 
leading cause of death from cancer worldwide. These tumors most frequently are associated with 
hepatitis B virus (HBV) and hepatitis C virus (HCV) with a strong geographic predilection. HCV is 
common in the US and Japan, whereas HBV tends to afflict more East Asian and sub-Saharan 
African populations [1,2]. 
 
Treatment options have expanded over the years and now include liver resection, transplantation, 
radiofrequency ablation, transarterial chemoembolization (TACE), and biologic agents. Liver 
resection, transplantation and ablation have been the most attractive options given their curative 
potential [3]. Once diagnosed, the size, location and invasiveness of tumor is evaluated. Resection 
should be restricted to patients without portal hypertension or hyperbilirubinemia as these populations 
have increased 5-year mortality. Tumor vascular invasion is a contraindication to surgical resection 
[3]. One-third of patients diagnosed with HCC are suitable for resection [4], with a 70% 5-year 
recurrence rate [5]. However, distinguishing recurrence from de novo tumor formation remains 
challenging. Transplantation offers a treatment modality with a 25% 5-year recurrence [6]. But, it has 
increased morbidity and mortality and requires a lifetime of anti-rejection medications. 
 
Patients presenting for hepatic resection with HCV should be void of significant cirrhosis. A detailed 
history and physical should be performed with focus on sequelae of liver disease. An assessment of 
cardiovascular function is paramount as there is the potential for significant intraoperative 
hemodynamic derangements. If the patient demonstrates poor exercise tolerance or risk factors for 
cardiac dysfunction, preoperative cardiac testing with echocardiography and stress testing is 
warranted. Medications should be carefully reviewed particularly those that may affect intraoperative 
hemodynamics (ie beta blockers or angiotensin converting enzyme inhibitors/angiotensin receptor 
blockers). Pulmonary function assessment should focus on a history of dyspnea that could signal 
hepatopulmonary syndrome, portopulmonary hypertension or a pleural effusion. A history of 
gastrointestinal bleed, endoscopic interventions to control varices, the need for paracenteses or a 
history of spontaneous bacterial peritonitis (SBP) may signal significant liver disease or a potential 
challenging dissection. Renal function should be assessed and hepatorenal syndrome ruled out. 
Markers for impaired coagulation such as dysfunction of INR or platelets should also be assessed. 
Our patient had a TACE, an interventional radiology procedure that involves selective delivery of 
chemotherapeutic agents into the branches of tumor-feeding arteries and subsequent embolization [7, 
8]. TACE is effective when HCC is too large for resection or in a challenging anatomic location. 
Recent meta-analysis of TACE for HCC demonstrated reduction of 2-year mortality [7]. Gerunda 
demonstrated a substantial decrease in tumor recurrence in patients treated with TACE prior to 
resection [11]. 
 
TACE can be used to downstage the HCC to meet the Milan criteria in patients evaluated for 
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transplantation [9]. Milan criteria were described by Mazzaferro and indicate certain characteristics 
that confer favorable outcomes in patients who will undergo liver transplantation for HCC [10]. The 
criteria are: one hepatoma 5 cm or smaller or up to 3 of 3 cm or less with no sign of extrahepatic 
tumor or vascular invastion. Patients transplanted in Milan criteria will demonstrate a 4-year survival of 
75% with a low rate of tumor recurrence [10]. 
 
Recent development of direct acting antivirals including sofobuvir and ledipasvir has been a huge 
hallmark in the fight against chronic hepatitis C infection. Sofosbuvir was discovered in 2010 [12] and 
FDA approved in 2013 as a component of HCV combination treatment. It provides sustained viral 
response (SVR) rates as high as 90% when given with peg-interferon and ribavirin for 12 weeks in 
HCV genotype 1, 1a, 1b, and 4 [13]. When sofosbuvir and ribavirin were given without peg-interferon 
for patients with HCV genotype 2, SVR was achieved in 93% of participants and 84% SVR was 
achieved for patients with HCV genotype [13]. Unfortunately, ribavirin has a history of adverse side 
effects including hemolytic anemia, fatigue, pruritus, rash, and transient increases in total serum 
bilirubin [14,15,16]. But, recent FDA approval of Harvoni [17], a combination of sofosbuvir and 
ledipasvir combination therapy may pave the way for interferon and ribavirin free treatment. 
In the 1970’s, liver resection mortality approached 20%, as a result of massive hemorrhage or liver 
failure. Recently, mortality is under 5%, indicating improved patient selection, surgical technique and 
hemostatic agents [21]. The historic placement of central venous catheters has given way to the 
general placement of two large bore IVs. If vascular access proves challenging, or the location of the 
tumor places the patient at risk for massive brisk hemorrhage, large bore central venous catheters 
may still be placed. 
 
Historically, central venous pressure (CVP) was trended with an attempt to maintain low CVP (5 
mmHg or less). Maintenance of low CVP was thought to minimize the backflow bleeding from the 
inferior vena cava (IVC) through the hepatic veins during hepatic transection [22]. However, CVP 
measurement suffers from confounders such as incorrect transducer height, alterations in 
intrathoracic pressure/positive end expiratory pressure (PEEP), and infusion of fluid through the 
central venous catheter among others. Prospective randomized trials had equivocal results and most 
centers employ fluid restriction in lieu of CVP monitoring [22]. 
 
This patient’s risk for adverse perioperative cardiac events is low. For patients who have poor 
exercise tolerance, dyspnea or angina, careful review of their echocardiogram and stress test is 
warranted. 
 
There are many potential incision types for liver resection depending on surgical exposure. All carry 
the potential for significant postoperative pain and splinting. The optimal postoperative pain 
management regimen is debated. Options include significant IV opioid, or lesser IV opioid in 
conjunction with preoperative placement of intrathecal morphine or an epidural catheter. Typically 
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resections of 1-3 liver segments do not demonstrate a significant elevation in INR, but liver failure may 
result from resections of >75-80% of the liver volume in a non-cirrhotic. 
 
Interestingly, a recent retrospective study by Ramspoth showed that after resection, 28.2% of patients 
had temporal coagulopathy and 6% of patients developed persistent coagulopathy, up to POD 7. 
They defined coagulopathy as: INR >or = to 1.4, platelet count of < 80k /uL and PTT greater than 38 
sec [25]. Given the current evidence, the benefits of post-operative pain management using an 
epidural catheter should be carefully weighed against risk and tailored to the individual patients 
following discussion with the surgeons. 
 
If there is concern for postoperative coagulopathy, an alternative analgesic modality may include 
preoperative intrathecal morphine. This technique has been shown to result in significantly lower 
opioid administration for 48 hours with less pain on a visual analog scale for 18 hours [26]. Intrathecal 
morphine administration may result in greater risk of respiratory depression for up to 24 hours. 
Patients who do receive this modality should go to a step down unit where respiratory function can be 
closely monitored. For patients who do not receive a neuraxial analgesic, long acting opioids such as 
hydromorphone, or methadone should be administered intraoperatively. 
 
Tumor location may have a significant impact on the anesthetic plan for hepatectomy. Right 
hepatectomies bleed more [18]. Tumors in close proximity to vascular structures, or areas with 
challenging dissection (ie posterior segments) have the potential for large blood loss. Right posterior 
resections require posterior retraction for exposure with potential for transient compression of the IVC. 
Preoperative anesthetic planning should include a review of imaging and a discussion about surgical 
technique. 
 
Predictors for transfusion during based on single-center, retrospective analysis in patients undergoing 
hepatic resections include: number of segments resected, an initial Hgb 3.5cm, repeat resection, 
CAD, and cholangiocarcinoma [19, 20]. 
 
Our patient’s tumor is central and posterior conferring a risk of bleeding and hemodynamic 
derangements. Couinaud described eight anatomic segments that divide the liver into discrete 
segments. Surgical knowledge of the blood supply to these areas helps minimize collateral damage to 
uninvolved liver segments while ensuring perfusion to these non-involved regions. With right posterior 
lesions, the surgeons must divide and control venous tributaries from the IVC, as well as potential 
accessary hepatic veins. As such we should place large bore IVs (two 14Ga IVs or a rapid infusion 
catheter). Given the potential for profound bleeding and hemodynamic perturbations, arterial 
cannulation for pressure monitoring and blood sampling is a requisite. Blood should be imminently 
available in the event of brisk hemorrhage. 
 
Based on the available information this patient may undergo a large, right-sided resection and there is 
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concern for postoperative liver dysfunction. Our current vascular access is, perhaps inadequate given 
the location of tumor. 
 
Literature on optimal fluid balance during resection is lacking. There is no benefit of using one fluid 
type over another with regards to hemodynamic benefit [27]. Isotonic crystalloid or 5% albumin are 
equally effective. In the absence of CVP, many surgeons now request “fluid restriction” prior to hepatic 
transection. Maintaining euvolemia to slight hypovolemia is well tolerated in most patients, however 
those with significant comorbidities including cardiac or renal dysfunction may not tolerate 
hypovolemia. Discretion must be employed by the anesthesiologist [28]. 
 
Cell salvage is generally contraindicated in cases of tumor. The concern is metastasizing tumor cells. 
The cell salvage process may filter out these tumor cells, however, given the strong theoretic risk, 
prospective studies to test this are wanting. A small retrospective study of 39 patients did not 
demonstrate an increase in mortality [29]. 
 
The patient has significant hemodynamic dysfunction despite vasopressors, fluid restriction cannot be 
maintained. Episodes of MAP under 55 are associated with increased risk of renal and myocardial 
injury [30]. 
 
Blood transfusion has been a consistent risk factor for tumor recurrence and survival in patients 
undergoing liver resection for HCC [31]. Liu demonstrated a significant increase in 5-yr mortality 
(83.2% vs 32.9%) for patients receiving blood transfusion in liver resections for HCC [32]. Therefore, 
although we can no longer fluid restrict this patient, fluid administration should consist of 5% albumin 
or crystalloid. However, with the information from the surgeons that dissection is challenging and you 
already have EBL of 500mL, blood products should be readily available. 
 
Blood transfusion may result in transfusion reactions including but not limited to acute hemolytic 
transfusion reaction, transfusion related acute lung injury, and transfusion associated circulatory 
overload, immunosuppression, and infection. 
 
We must be mindful that blood product administration is associated with decreased immune function 
and potentially increased recurrence rate in hepatic neoplasm. We recommend a higher than normal 
threshold for transfusion in HCC. But, this patient is demonstrating significantly worsening 
hemodynamics necessitating transfusion. Larger IV access is necessary. 
 
The Pringle maneuver is surgical clamping of the porta hepatis [28]. Once initiated, there is usually a 
10% decrease in cardiac index, and 40% increase in SVR [28]. Man et al have demonstrated less 
total blood loss and transfusion with shorter liver transection time when Pringle maneuver was 
employed [33]. When using an intermittent clamping approach, 10-15 minutes of Pringle maneuver is 
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followed by a few minutes of reperfusion time. Up to 45 minutes of continuous clamping can be 
employed. 
 
Despite minimal transfusion, the patient’s hematocrit is 18 with ongoing bleeding. The risk of tumor 
recurrence is outweighed by the risk of hypoperfusion and death. The ASA committee on blood 
management states the traditional definition of a massive transfusion is 20 units in 24 hours, but in the 
trauma literature it is typically >10 units in 24 hours. However, the committee states a more practical 
definition is loss of ½ the blood volume in 3 hours, 6 units of RBC in 12 hours, >4 units RBC in 1 hour 
with ongoing need for transfusion or >150ml/min with hemodynamic instability. Such losses should 
consider activation of a massive transfusion protocol. 
 
The most recent ASA practice guidelines suggest that in cases of life-threatening hemorrhage, the 
institution of a massive transfusion protocol should commence to minimize the risk of hypovolemia 
and dilutional coagulopathy [34]. In fact, Holcomb et al compared massive transfusion protocols 
consisting of 1:1:1 vs 1:1:2 (plasma: platelets: RBC) and demonstrated improved hemostasis and 
decreased death by exsanguination by 24 hours in the 1:1:1 group. Interestingly, the group with 
greater rates of factors and platelets did not have an increased rate of inflammatory complications 
[35]. The decision to administer cryoprecipitate is more challenging. The ASA committee on blood 
management states that in the setting of massive hemorrhage, fibrinogen should be maintained at or 
above 150mg/dL. With significant administration of plasma, this will likely be accomplished. However, 
given the greater amount of fibrinogen per ml in cryoprecipitate, some argue early administration of 
cryoprecipitate is warranted with massive hemorrhage, particularly if preoperative fibrinogen levels are 
low. 
 
The importance of ionized calcium administration cannot be understated. This patient is 
hypocalcemic, which can exacerbate hypotension. Patients with poor liver function are at increased 
risk of citrate toxicity given the decreased metabolic capacity. Although the liver function of our patient 
at baseline may be normal, manipulation of the liver and ischemia related to hepatic vascular inflow 
occlusion will impair liver function. Additionally, with increasing transfusion, there is significant 
increase in the citrate load which, if not processed will chelate the ionized calcium and may result in 
profound hypotension. 
 
Total vascular isolation (TVI) is when total inflow and outflow is occluded by clamping the porta 
hepatis and the supra and infrahepatic IVC [28]. This patient has been hemorrhaging and is 
intravascularly depleted; the resulting 60% drop in preload from TVI is unlikely to be tolerated. At this 
point there should be a discussion with the surgeons regarding whether they could pause the surgery 
to allow massive resuscitation, or if exsanguination will worsen with stoppage. If a pause with packing 
is not feasible, and there is no time to initiate venovenous bypass, then central access should be 
quickly obtained and significant vasopressor administration should be employed to maintain a 
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perfusing pressure during the ensuing TVI. Given the need for massive transfusion, a high flow 
motorized rapid infusion device should be utilized to speed transfusion. 
 
The significant hemorrhage and transfusion has resulted in significant fluid shifts and there is a rising 
lactate. The period of TVI/Pringle may have a detrimental effect on liver function. Up to 60% of the 
generated lactate can be directly utilized by periportal hepatocytes [36], while 20-30% of lactate 
clearance occurs in the kidneys [37] and it is no surprise that lactate clearance has been impaired in 
this patient. This patient should go to an ICU and likely remain intubated. Extubation should be 
avoided if the patient has received massive transfusion (ie greater than 1-2 blood volumes of blood 
product), has elevated and uptrending lactate, has signs of impaired respiratory function, or is 
hemodynamically unstable. 
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