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Anesthetic Management of an Elderly Patient with Abdominal Aortic Aneurysm Surgical Repair – A Case Study


PATIENT PROFILE

The anesthetic management for an elderly patient with abdominal aortic aneurysm surgical repair is complex with an increased risk for complications in the elderly patient.  As with any abdominal aortic aneurysm surgical repair, there is the potential for major surgical blood loss, spinal cord ischemia, and myocardial infarction based on the method of surgical repair chosen. This case report will describe the interdisciplinary management of an elderly patient presenting for abdominal aortic aneurysm surgical repair and the decision-making process used to establish the best course of surgical action.

A 73-year-old Caucasian male was admitted for preoperative assessment prior to the surgical repair of a 7-centimeter infrarenal abdominal aortic aneurysm in the main operating suite.  The anesthesiology service was consulted for pre-anesthetic evaluation and preparation prior to surgical intervention.    

PREOPERATIVE DIAGNOSIS: Infrarenal abdominal aortic aneurysm 

HISTORY OF PRESENT ILLNESS: The patient presents for surgical repair of the aortic aneurysm at present with complaints of worsening back pain over the last several days.  He is rating it a 6 out of 10 and states that over-the-counter medications do not relieve the pain.  A 7-centimeter infrarenal aortic aneurysm was discovered on a routine physical examination and confirmed by a CT scan.  The patient is a 2 pack per day smoker with a history of hypertension that has been recently controlled. Comorbidities of diabetes mellitus, hyperlipidemia, and coronary artery disease are well controlled.
                                                                                                                
PAST HISTORY

Past Medical History
1. Hypertension
2. Hyperlipidemia
3. Coronary Artery Disease
4. Type II Diabetes Mellitus
5. History of tobacco use
6. Chronic Obstructive Pulmonary Disease (COPD)

Past Surgical History
	Appendectomy 1977

Allergies
No known drug allergies.  No known food allergies.

Social History
Married with two children and four grandchildren.  Retired with Medicare health insurance coverage.  Completed senior year of high school.  Worked for the Steel Mill and was in the Union for 25 years.  The patient wears seatbelts regularly, does not own a gun, and attends church every Sunday at the Presbyterian Church.

Home medications
Glipizide 5 mg bid
Metformin 1000mg bid
Lisinopril 20mg daily
Hydrochlorothiazide 25 mg daily
Simvastatin 40mg daily

Current hospital medications
Regular insulin sliding scale
Labetalol 200 mg BID 
Hydrochlorothiazide 25 mg daily
Simvastatin 40mg daily
Nicotine Patch 21mg transdermal daily
Albuterol 2.5 mg TID PRN inhaled (nebulizer)

Behavioral History
Previous history of alcohol use – four 2-ounce glasses of whiskey per week (last use two weeks ago).  Previous history of tobacco use – two packs of cigarettes per day for 55 years (110 pack year history); last use yesterday.  
Denies illicit/recreational drug use. 

FAMILY HISTORY

Patient reports both parents and sister are deceased.  Mother is deceased from a myocardial infarction at age 91, with a medical history including hypertension and coronary artery disease (CAD). Father is deceased from a MVA at the age of 50.  His sister is deceased from breast cancer.  All children and grandchildren are alive and are reportedly in good health with no known medical problems. 

REVIEW OF SYSTEMS

The patient is awake at time of interview.  His wife is present.  The interview is conducted in the preoperative area of the vascular surgery suite.   The patient is on room air and is alert and oriented X 3.  

Skin and Hair:  Denies skin rashes or lesions, pruritus, bruising, history of skin cancer, changes in moles, or changes in his hair or nails.  Denies jaundice.

Head:  Denies any trauma, masses, tenderness, headaches, or history of seizures.  

Ears:  Denies any recent changes in hearing, no ear pain, tinnitus, or discharge from the ear.

Eyes:  Denies any photophobia, visual field changes, blurred vision, diplopia, spots, floaters, itching or discharge from the eyes, dry eyes or excessive tearing, cataracts or glaucoma. 

Nose:  Denies any nasal discomfort, nosebleeds, frequent colds, sinus trouble, or nasal congestion.  

Mouth and Throat:  Denies any problems with bleeding or swollen gums, oral pain, frequent sore throats, or voice changes. 

Neck:  Denies any neck pain or discomfort, noticeable lumps or swollen glands.  Denies dysphagia.

Chest: Denies any wheezing, cough or hemoptysis.  The patient complains of dyspnea on exertion, but it is not present at rest.
  
Heart: Denies any chest pain, chest pressure, and palpitations. Denies any known heart murmurs. Reported exercise tolerance – able to walk around house without cane or walker with mild dyspnea.

Circulation:  Denies any numbness, tingling, cold extremities, or prolonged wound healing.  Denies any history lower extremity edema. The patient complains of claudication with walking that resolves at rest.

Abdomen: Denies any problems with abdominal pain, nausea, vomiting, diarrhea, gallstones, hepatitis, or hemorrhoids. 

Urinary System:  Denies any history of dysuria, increased urinary frequency, nocturia, polyuria, hematuria, incontinence, or frequent bladder or kidney infections. 

Neurological:  Denies any recent mental status changes. Denies any peripheral paresthesias, focal weakness or paralysis.    

General/Constitutional:  Appears stated age. Denies change in appetite, fever, chills, or night sweats. 

GENERAL EXAMINATION

Vital Signs:  
Temperature: 98.5 degrees Fahrenheit
Pulse: 72 beats per minute
Respirations: 18 breaths per minute
Room air oxygen saturation: 96%
Blood pressure: 144/88
Height: 68 inches
Weight: 170 pounds (77.5 kilograms)
BMI: 25.8

General:  Well-nourished, well-developed male currently in the general surgical inpatient unit

Skin:  Skin warm, dry, and intact.  Skin color consistent with ethnicity.  No skin rashes or lesions observed.

HEENT:  Normocephalic and atraumatic.  No signs of injury or deformity.  Pupils 3+ bilaterally, round, and reactive to light and accommodation.  Ears without deformity, no discharge or drainage noted.  Nose with midline nasal septum. 
Airway evaluation: Mallampati class II airway; oral aperture greater than 3cm; hyomental distance greater than 3cm
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Neck:  Neck supple.  No jugular venous distention, thyromegaly, or lymphadenopathy.  Trachea is midline.  No carotid bruits were appreciated.  Full active range of motion of the neck.

Chest:  Symmetric chest expansion without accessory muscle use.  Normal anterior-posterior chest diameter.  No obvious deformities of the chest wall visualized.  Bilateral breath sounds clear to auscultation.   
  
Heart:  Normal S1 and S2 heart sounds; no murmurs, gallops or rubs noted.  Heart rhythm is regular.  All peripheral pulses are palpable.  

Abdomen:  Soft non-distended, mildly tender to palpation; mid-line laparotomy scar well healed.  Colostomy stoma and appliance noted right upper quadrant.  Active bowel sounds auscultated in all four quadrants. No gross hepato-splenomegaly appreciated. 
 
Extremities:  Extremities are warm.  No edema, clubbing or cyanosis appreciated.  Capillary refill < 2 seconds.    

Neurological:  Awake, alert oriented to person, place, time and situation.  Active range of motion to all extremities.  Cranial nerves II-XII grossly intact. 

Genitalia:  Deferred.

Rectal:  Deferred

PERTINENT PRE-ANESTHETIC LABORATORY/DIAGNOSTIC REVIEW
				
Table 1
Baseline labs on room air

	Results
	Normal Values

	Hemoglobin – 14.6 gm/dL
	14.0-18.0 gm/dL

	Hematocrit - 44%
	40-54%

	Platelet count – 197 k/mm3
	150-400 k/mm3

	White blood cell count – 7.4 x 109/L
	4.5-11.0 x 109/L

	Sodium – 135 mEq/L
	135-148 mEq/L

	Potassium – 5.2 mEq/L
	3.5-5.5 mEq/L

	Chloride – 99 mEq/L
	98-106 mEq/L*

	Carbon dioxide – 28.0 mEq/L
	24-32 mEq/L

	Blood urea nitrogen – 29 mg/dl*
	10-26 mg/dl

	Creatinine – 1.9 mg/dl*
	0.5-1.2 mg/dl

	Blood glucose – 124 mg/dl*
	70-110 mg/dl

	pH – 7.36
	7.35-7.45

	PaCO2 – 48 mmHg*
	35-45 mmHg

	PaO2  - 68 mmHg
	80-100 mmHg 
(Dependent on FiO2)

	Hemoglobin A1C – 6.9*
	4-5.6%


*Outside of reference range

12-lead ECG: Q-waves on leads II, III, and avF

Chest radiograph:  Hyperinflation of lungs.


PERTINENT PATHOPHYSIOLOGIES AND ANESTHETIC IMPLICATIONS

The patient presented with several relevant pathophysiologies, such as hypertension, diabetes mellitus, hyperlipidemia, and coronary artery disease.  It is quite common for patients with diabetes mellitus and hypertension to have twice the risk of cardiovascular disease as their non-diabetic hypertensive counterparts (Gupta & Guptha, 2010).
The chest x-ray and the arterial blood gases demonstrate a history of chronic obstructive pulmonary disease (COPD).  The ECG has Q-waves on leads II, III and avF and indicates a history of myocardial infarction.   However, these conditions are frequently encountered in anesthesiology.  These pathophysiologic processes do not impart an additional challenge to the team in the course of this patient’s anesthetic management.
AAA is common in patients who smoke, but tobacco usage should have been addressed and cessation should be urged (Hashimi & Thompson, 2013).  Tobacco cessation is helpful to decrease arterial pressure and optimize the cardiovascular system for surgery (Hashimi & Thompson, 2013).
There are important considerations for the anesthetic management of the elderly patient.  However, since this patient has not yet crossed the threshold of 80 years old, the overall risk is minimal.  These findings are commonly seen in the anesthetic arena.
However, there are some unique considerations to review in this case.  This section will discuss the implications of abdominal aortic aneurysm, the necessary considerations for hemodynamic and neurologic monitoring, and methods for increasing spinal perfusion during surgery.  This will also discuss the patient management of the various considerations for surgical techniques and types of surgical anesthesia.
Abdominal Aortic Aneurysm
The AAA is the 13th leading cause of death in the United States (Collins, Bersi, Wilson, & Humphrey, 2011).  The abdominal aortic aneurysm is a localized dilatation, enlargement or distention of the abdominal aorta with a diameter greater than 3 centimeters (Kent, 2014). 
If an abdominal aortic aneurysm is large enough, it can be palpated through the abdomen.  The AAA is often asymptomatic and an incidental finding with imaging that is being performed for other causes (Kent, 2014).  If symptoms occur, it is usually pain in the abdomen, back, or lower extremities (Kent, 2014).  If the AAA ruptures, it causes significant abdominal pain, back pain, hypotension, loss of consciousness, and may result in death.
	The risk factors for AAA include being Caucasian, male, greater than 50 years old, and a family history for abdominal aortic aneurysm.  Additional risk factors include tobacco usage, hypertension, and coronary artery disease (Kent, 2014).  Those with the genetic conditions known as Marfan and Ehlers-Danlos syndrome experience an increased risk of AAA, as well (Kent, 2014).  
	The majority of AAA occurs below the kidneys, while the rest occur either at the level or above the kidneys (Collins, Bersi, Wilson, & Humphrey, 2011).   In the case of the infrarenal abdominal aortic aneurysm, it is located in the section of the abdominal aorta below the kidneys and the renal artery (Collins, Bersi, Wilson, & Humphrey, 2011).  A suprarenal abdominal aortic aneurysm is located in the section of the abdominal aorta above the renal artery (Collins, Bersi, Wilson, & Humphrey, 2011).
Current recommendations for prevention include a one-time ultrasound screening for AAA in males 65 to 75 years of age who have ever smoked (United States Preventative Services Task Force, 2014). There is inclusive evidence whether women between the ages of 65 to 75 years old should be screened for AAA.  If an aneurysm is found and surgery is not indicated, follow-up ultrasounds are typically done on a routine basis (United States Preventative Services Task Force, 2014).
The course of management of abdominal aortic aneurysm (AAA) depends on whether the AAA is symptomatic and the size.  Aneurysms that are less than five centimeters and are asymptomatic do not require surgery (Harikrishnan, Chieh, Liew, Ali, Baskar, & Shitalkumar, 2016). They are monitored every 6 to 12 months by abdominal ultrasound.  Recommendations include controlling hypertension and tobacco cessation (Kent, 2014).
The best indicator for risk of rupture is the size of the aneurysm (Kent, 2014).  In this case, the patient is experiencing worsening back pain and the aneurysm is larger than five centimeters.  The recommendation is for surgical repair.
The Various Surgical Approaches for AAA

	There are two key surgical techniques that are considered for patients undergoing an elective repair of the AAA.  These techniques are discussed in the literature with significantly different outcomes and methods.  These methods are the traditional open repair and the endovascular repair.
Open Repair.  The open repair of the abdominal aortic aneurysm is the traditional choice.  In this operative procedure, the physician makes a large incision in the abdomen to expose the aorta and inserts a graft to repair the aneurysm.  Open repair is the standard surgery for AAA repair and there is strong long-term evidence that it is durable (The United Kingdom EVAR Trial Investigators, 2010).  The surgical approach can be either transperitoneal or retroperitoneal (Hashimi & Thompson, 2013).  The transperitoneal approach is the most familiar technique for open AAA repair and it provides rapid and effective surgical access (Hashimi & Thompson, 2013).
The surgery requires cross-clamping the aorta during surgery, which causes an increased risk of spinal cord ischemia (Atwal, & Wylie, 2014).  The elective open AAA repair carries a five-percent mortality (Collins, Bersi, Wilson, & Humphrey, 2011).  However, the thirty-day mortality associated with a ruptured AAA is nearly 80%  (Collins, Bersi, Wilson, & Humphrey, 2011).  Many physicians are skilled in this technique and prefer it as their standard method of surgical repair. 
The literature shows that coronary artery disease is the leading cuase of early and late morbiditiy after AAA repair, and that COPD, diabetes mellitus, and anemia can all increase the risk of postoperative morbidity (Hashimi & Thompson, 2013).  These comorbidities should be addressed and optimized prior to surgery (Hashimi & Thompson, 2013).
Endovascular Repair.  Endovascular stent-grafting, a method for repairing an aneurysm of the descending aorta, is a minimally invasive method when compared to the traditional open repair (Sueda, Watari, Orihahsi, Shikata, & Matsuura, 1999).  Endovascular aortic aneurysm repair (EVAR) is when the physician makes an incision into the groin and inserts a catheter into the femoral artery and threads it up to the aneurysm.  At the point of the aneurysm, the stent and graft is placed to support the aneurysm (Sueda, Watari, Orihahsi, Shikata, & Matsuura, 1999). 
It was introduced in 1986 and a plethora of randomized trials in the last three decades have shown conflicting results (The United Kingdom EVAR Trial Investigators, 2010).  According to Lederle and associates (2012), endovascular repair reduces perioperative mortality and results in a lower perioperative mortality rate than the open repair at 30 days, two years, and three years after the surgery.  The endovascular repair was less invasive and with minimal risk for complications (Sueda, Watari, Orihahsi, Shikata, & Matsuura, 1999).  
According to the United Kingdom EVAR Trial Investigators (2010), a large, randomized trial, the results showed that endovascular repair of AAA correlated with a reduction in the operative mortality rate from the traditional open repair.  There were no differences observed in the total mortality or long-term aneurysm-related mortality from the endovascular repair, but there was an increase in graft-related complications, additional surgeries, cost (United Kingdom EVAR Trial Investigators, (2010).  
Anesthetic Implication of AAA

Abdominal aortic aneurysm surgical repair is performed for aneurysms that are symptomatic or greater than five centimeters (Harikrishnan, Chieh, Liew, Ali, Baskar, & Shitalkumar, 2016).  According to Lederle and colleagues (2012), more than 40,000 patients in the United States undergo elective procedures to repair abdominal aortic aneurysms.  These elective surgical AAA procedures result in 1250 perioperative deaths annually (Lederle et al., 2012).  This is a significantly higher mortality rate than any other general or vascular surgical procedure, second only to the colectomy (Lederle et al., 2012). 
Type of anesthesia.  While this section will describe the more profound anesthetic implications of abdominal aortic aneurysm repair, a complete description of all anesthetic implications for abdominal aortic aneurysm repair is beyond the scope of this paper.  The use of locoregional anesthesia for endovascular aneurysm repair has been reviewed in the literature and is a viable option for short, infra-renal procedures combined with sedation (Atwal, & Wylie, 2014).  
For this procedure, either general anesthesia or a neuraxial block is acceptable for EVAR. (Atwal, & Wylie, 2014).  The factors to consider while making a decision regarding patient co-morbidities include duration of surgery, patient preference, and positioning. During prolonged procedures or the open repair, patients may require general anesthesia.  If conversion to general anesthesia is required, it should only be induced when the surgical team is prepared to deploy the aortic balloon or open the abdomen rapidly and apply an aortic cross-clamp (Atwal, & Wylie, 2014).  The balloon will also act as a cross-clamp and can work to prevent hemorrhage during surgery. 
In an open repair for the abdominal aortic aneurysm, heparin is given to inhibit thrombosis distal to the aortic cross-clamp, related to hemostasis (Atwal, & Wylie, 2014). If heparin is given during the procedure, protamine may be given for reversal at the end of the procedure (Atwal, & Wylie, 2014).  The effects of the removal of an epidural postoperatively should be considered for patients on anticoagulants (Atwal, & Wylie, 2014).
The mounting evidence demonstrates the anesthesia chosen should be a combined technique of general and regional anesthesia is the preferred method of anesthesia administration.  For an infrarenal abdominal aortic surgery, combined epidural and general anesthesia is associated with a more stable hemodynamic intraoperative course and lower postoperative morbidity than general anesthesia  (Atwal, & Wylie, 2014).
Spinal cord ischemia.  During aortic aneurysm surgery, cross-clamping of the aorta leads to inadequate blood supply to the spinal cord.  This results in a condition known as spinal cord ischemia that can result in a neurological deficit or devastating paraplegia with increased risk of morbidity and mortality (Khan & Stansby, 2012). 
The blood flow of the spinal cord depends on a single longitudinal anterior spinal artery and two more postereolateral spinal arteries, originating from the vertebral arteries (Fedorow, Moon, Mutch, & Grocott, 2010).  The arteries receive blood flow from intercostal arteries, particularly a large artery called the Adamkiewicz, which originates from the lower thoracic aorta between T8 and L1 (Fedorow, Moon, Mutch, & Grocott, 2010).  The spinal cord ischemia results from the interruption of blood flow through those intercostal arteries during cross-clamping of the aorta and with surgical ligation during resection of the aneurysm (Fedorow, Moon, Mutch, & Grocott, 2010).
There are many modalities to reduce the risk of spinal cord ischemia.  Cerebrospinal fluid (CSF) drainage through a lumbar drain may increase the perfusion pressure to the spinal cord and reduce the risk of spinal cord ischemia (Khan & Stansby, 2012).  The lumbar drain is a small catheter inserted into the lumbar spine to drain cerebrospinal fluid Fedorow, Moon, Mutch, & Grocott, 2010).  
The cerebrospinal fluid drain should be placed in patients who are at high risk for spinal cord ischemia.  High-risk patients include those at risk for extensive aortic surgery, repair of the thoracic aorta, or a combined stent procedure (Myers & Puskas, n.d.).  This case will not require the use of a CSF drain.  The benefits of draining cerebrospinal fluid must be balanced against the risks associated with its use including nerve injury, hematoma formation, intracranial hemorrhage, and infection (Fedorow, Moon, Mutch, & Grocott, 2010).
Modern aortic repair techniques aim to reduce the risk for spinal cord ischemia intrinsic to surgical management.  Spinal cord perfusion is enhanced by various extracorporeal bypass techniques including monitoring with somatosensory and motor evoked potentials, reimplantation of intercostal blood vessels, mild systemic hypothermia, and various pharmacologic interventions (Fedorow, Moon, Mutch, & Grocott, 2010).
Somatosensory evoked potentials (SSEPs) and motor evoked potentials (MEPs) are forms of neuromonitoring that should be considered during abdominal aortic aneurysm surgery (Estera, Sheinbaum, Miller, Harrison, & Safi, 2010).  Alterations in intraoperative management resulted in changes in neuromonitoring signals and this increases perfusion to the spinal cord and intercostal arteries (Estera, Sheinbaum, Miller, Harrison, & Safi, 2010).  If a lumbar drain is in place, the initial goal is 10 to 12 mmHg.  If the SSEP or MEP decreases, drain ten milliliters (Myers & Puskas, n.d.).  
Blood loss.  Blood loss during a simple endovascular repair is minimal with the estimated blood loss averaging 200 milliliters (Atwal, & Wylie, 2014).  Intraoperative transfusion for significant blood loss is rare, except in the case of a prolonged or complex procedure that may result in increased blood loss (Atwal, & Wylie, 2014).  The largest risk for rupture of the aneurysm is during stent placement (Atwal, & Wylie, 2014).  
		Blood conservation strategies.  In the case of a high-risk or complex EVAR procedure that may result in increased blood loss, the use of cell salvage and rapid infusion should be considered (Atwal, & Wylie, 2014).  A complicated or prolonged open abdominal aortic aneurysm repair is associated with significant blood loss requiring blood transfusion.  Cell-salvage autotransfusion has been developed to reduce the need for allogeneic blood (Shantikumar, Patel, & Handa, 2011).  Cell-salvage autotransfusion reduces blood product use in abdominal aortic aneurysm repair, both elective and after rupture (Shantikumar, Patel, & Handa, 2011).
Intraoperative cell salvage involves the collection, filtration, washing, and concentration of lost surgical blood into a red blood cell suspension to be transfused with a hematocrit near 60% (Kuppurao & Wee, 2010).  Cell salvage techniques have been life-saving in cases of massive surgical blood loss (Kuppurao & Wee, 2010).  Since the collected blood is autologous, cell salvage techniques have been demonstrated and utilized to decrease the amount and necessity of transfusing allogeneic blood (Kuppurao & Wee, 2010. 
An allogeneic blood transfusion is the infusion of a compatible donor’s blood.  The complications of an allogeneic transfusion are rare but life threatening (Kuppurao & Wee, 2010.  Cell salvage should be used where there is anticipated blood loss of more than 1 liter or where patient factors restrict allogeneic blood transfusion (Kuppurao & Wee, 2010.
Hemodynamic monitoring. Invasive hemodynamic monitoring modalities are determined based on the underlying patient comorbidities and the extent of the abdominal aortic aneurysm repair, adequate vascular access must be obtained for rapid fluid and blood administration, and invasive arterial blood pressure monitoring is almost universally indicated (Myers, G., & Puskas, n.d.).  The hemodynamic monitoring methods typically used include the arterial line, pulmonary artery catheter, transesophageal echocardiography, somatosensory evoked potentials, and the lumbar drain.  
The arterial line is used to monitor a patient’s blood pressure simultaneously and directly by way of a small catheter that has been inserted into an artery.  It is ideal to obtain samples of arterial blood for serial arterial blood gas analysis.  The arterial line should be placed prior to induction of anesthesia in aortic surgery on the contralateral side to any surgical access site (Atwal, & Wylie, 2014).
The central line is a central venous catheter that is placed into the internal jugular vein of the neck, the subclavian vein in the chest, or the femoral vein in the groin.  It is used to administer medications, fluids, and obtain blood samples during the surgical procedure (Atwal, & Wylie, 2014).
The pulmonary artery catheter (PAC) allows direct, real-time measurement of the blood pressure in the right atrium and ventricle, pulmonary artery, and the wedge pressure of the left atrium (Ranucci, 2006).  A 1997 study by Valentine and associates found that routine use of PACs for perioperative monitoring during aortic surgery is not beneficial and may be associated with a higher rate of intraoperative complications (Valentine, Duke, Inman, Grayburn, Hagino, Kakish, & Clagget, 1997).  
The categories of cardiac patients who receive a benefit from PAC monitoring are those with persistent hemodynamic instability like a left ventricular assist device (LVAD), an acute ventricular septal defect, left or right ventricular systolic function, or left ventricular diastolic dysfunction (Ranucci, 2006).
Transesophageal echocardiography (TEE) uses the tip of an ultrasound transducer and passed into the patient’s esophagus by imaging the heart and its surrounding vessels (The American Society of Anesthesiologists Task Force on Perioperative Transesophageal Echocardiography, 2010).  Risks include hematoma, laryngeal palsy, dysphagia, dental injury, esophageal perforation and injury, or death (The American Society of Anesthesiologists Task Force on Perioperative Transesophageal Echocardiography, 2010).  Contraindications include prior esophagectomy, esophageal stricture, tracheoesophageal fistula, post-esophageal surgery, and esophageal trauma.  If there are no contraindications, TEE should be used during abdominal aortic aneurysm repair surgery (Nowak-Mache, 2016).  

PLAN

Pre-anesthetic Evaluation and Preparation
After interview and examination of the patient, a multidisciplinary discussion was held between the anesthesiology team, surgical service, cardiology service, and perioperative nursing.  Informed consent for anesthesia, arterial and central line, and blood products obtained.  A plan for interdisciplinary perioperative management was quickly formulated following a brief literature review, which provided insight into various approaches that might be of potential benefit in this instance. 
A cardiology was placed to ensure his cardiac condition is optimized prior to repair. The literature states to consider a beta-blocker for hypertensive patients and nebulized breathing treatments for COPD patients preoperatively (Hashimi & Thompson, 2013). He is on Labetalol and albuterol breathing treatments prior to surgery.
The patient was approached by the lead team member of each service, apprised of the discussions and provided with the risks, benefits, alternatives and potential complications of the procedure and anesthetic.  The patient was pleased with the plan and agreed to proceed with surgical intervention.   
	An anesthetic plan was formulated and consisted of: 
1. Obtain and review labs. 
The labs were obtained (see Table 1).  There is a mildly elevated hemoglobin A1C and blood glucose that can be managed by the ordered insulin sliding scale.  The Creatinine and blood urea nitrogen (BUN) were both elevated, but the preoperative BUN and Creatinine were not related to postoperative renal complications.  The arterial blood gas (ABG results) also resulted in a low PaO2, an elevated CO2, with a normal pH that indicates respiratory acidosis with complete compensation. The chest x-ray shows hyperinflation.  The combination shows a history of Chronic Obstructive Pulmonary Disease (COPD).
2. Arterial line placed by sterile technique.

3. Central line placed by sterile technique.

4. Initiate large bore vascular access preoperatively with initiation of crystalloid for maintenance fluid.  Administer anxiolytics as needed.

5. Placement of an epidural catheter for combined spinal and epidural anesthesia management.  

6. Test dose of catheter to exclude vascular or subarachnoid placement.  Traumatic or bloody tap of epidural may cancel case.

7. Administration of appropriate antibiotic prophylaxis consistent with Surgical Care Improvement Program (SCIP) INF-2 guidelines (The Joint Commission, 2010). 

8. Initiate transesophageal echocardiography.

9. Place upper and lower body warming blankets (turned off) on the patient.

10. Maintenance of anesthesia with a balanced anesthetic technique consisting of an inhalational volatile agent, opiates, and nondepolarizing neuromuscular blocking agents titrated to peripheral nerve stimulation response (maintaining a train-of-four ratio of 1/4).  

11. Anesthetic medication administered through epidural catheter.  

12. Implement standard anesthesia monitoring along with direct invasive arterial blood pressure monitoring, central venous pressure monitoring, and monitoring with somatosensory and motor evoked potentials. 

An arterial catheter will permit the real-time monitoring of arterial blood pressure and hemodynamic stability.  Central vascular access is necessary for monitoring of the central venous pressure.  Additionally, somatosensory and motor evoked potentials are useful for neurological monitoring.
13. Temperature and hourly urine output should be monitored.
14. Initiate the Fenoldopam infusion.
Fenoldopam (a selective dopamine Type 1 agonist) may be beneficial in dilating renal and splanchnic vasculature, but more data is needed to determine the benefits (Myers & Puskas, n.d.).  The recommended dosage is a low dose of 0.01-0.1 mcg/kg/min for renal perfusion (Myers & Puskas, n.d.).
15. Consider mannitol, Lasix, dopamine for renal protection.
16. Ensure excellent communication with surgical team regarding clamping and cross-clamping.
The anesthetic management of aortic cross-clamp application and release requires clear communication with the surgical team so as to anticipate and manage the physiological results (Hashimi & Thompson, 2013).
17. Give Heparin (50 - 100 units/kg), before cross-clamp upon surgeon’s request.
Check baseline ACT before giving Heparin 5 min before cross-clamp.  Recheck ACT 3 minutes after giving heparin and then q30min (Myers & Puskas, n.d.). 
18. During cross-clamping, consider vasodilators, opioids, or deepening of anesthesia.
Clamp application increases the afterload of the heart and arterial pressure proximal to the clamp (Hashimi & Thompson, 2013).  The increased afterload increase myocardial contractility and oxygen demand that may lead to myocardia ischemia (Hashimi & Thompson, 2013).
19. Consider strategies prior to release of the clamp to minimize hypotension.
These hypotension management strategies include slow release of the clamp, vasoconstrictors, positive inotropic drugs (e.g. ephedrine, phenylephrine, epinephrine, and norepinephrine), and volume loading prior to release (Hashimi & Thompson, 2013). Vasoactive drugs should be used only after sufficient volume repletion (Hashimi & Thompson, 2013). 
20. After cross-clamp released, treat blood pressure aggressively.
After the clamp is released, peripheral vascular resistance decreases resulting in a decrease in arterial pressure (Hashimi & Thompson, 2013).  There is also the risk of hypotension, ischemia-reperfusion injury, metabolic acidosis, and decreased coronary blood flow and left ventricular end-diastolic volume (Hashimi & Thompson, 2013).  Post-clamp, have drips ready and treat blood pressure aggressively with fluid and pressors (Hashimi & Thompson, 2013).
21. Employ methods for management of major hemorrhage.
If a major intraoperative hemorrhage occurs, cell salvage will be utilized. Consider drawing anticoagulant labs and giving protamine for reversal at the end of the procedure (Atwal, & Wylie, 2014).  
22. Emergence from anesthesia and post-anesthesia management.  
Assuming a stable intraoperative course, the patient will be emerged from anesthesia in the standard fashion.  Intravenous Ondansetron will be administered for prevention of postoperative nausea and vomiting.  The patient will be admitted to the surgical intensive care unit directly from the operating room.  Laboratory data will be ordered in the surgical postoperative care unit.  The effects of the removal of an epidural postoperatively should be considered for patients on anticoagulants (Atwal, & Wylie, 2014).
Should the operative course be eventful or should hemodynamic instability or major blood loss be encountered, the plan for emergence and post-anesthesia management will be modified in collaboration with the surgical team.  

EXECUTION AND EVALUATION OF THE PLAN
Pre-anesthetic management

On the date of the surgical procedure, the patient was again interviewed and examined briefly in the preoperative holding area.  No new information or deviations from the initial interview and examination were noted.    Recently ordered diagnostic data were reviewed.  Baseline laboratory data were unchanged. Risks, benefits, alternatives and complications associated with anesthesia were reviewed. 
The patient verified understanding and acceptance of all risks and agreed to proceed with combined epidural and general anesthesia.  Preoperative vital signs were as follows:
Blood pressure: 139/85
Heart rate: 73 (sinus rhythm)
Room air oxygen saturation: 94%
Temperature: 98.3 degrees Fahrenheit
A 16-gauge peripheral intravenous catheter was placed in the left forearm under local anesthesia.  After administration of anxiolysis with midazolam 2 mg IV, the patient was taken to the operating suite for induction of general endotracheal anesthesia. 
Induction of anesthesia
The patient arrived in the operating room at 0717 where standard monitoring was initiated.  Initial blood pressure in the operating room was 139/85 with a heart rate of 73 bpm.  Following sterile, atraumatic placement of a thoracic epidural catheter in the sitting position at the T7-T8 interspace and negative aspiration of the epidural catheter and negative response to a test dose of 2% lidocaine and 15mcg of epinephrine, preoxygenation/denitrogenation with 1.0 FiO2 was accomplished. 
An intravenous induction regimen consisting of fentanyl 150 mcg, lidocaine 80mg,  propofol 120 mg (in divided dosing), and rocuronium 50mg was administered.  Upon loss of consciousness, mask ventilation with inhalational anesthesia was established and direct laryngoscopy was performed with a Miller 2 blade demonstrating a Cormack-Lehane laryngoscopic grade 1 view.  The trachea was atraumatically intubated with a 8.0 cuffed endotracheal tube; placement was confirmed with capnography and auscultation of bilateral breath sounds.  Sevoflurane inhalational anesthesia was initiated upon tracheal intubation and titrated to an end-tidal concentration (ETsevoflurane concentration ranging from 0.8 – 2.32 vol%) sufficient for surgical stimulation based on hemodynamic parameters and bispectral index (BIS) values.  
Invasive arterial blood pressure monitoring, to include stroke volume variation (SVV) monitoring, was initiated.   A 14-gauge peripheral IV was placed in the right forearm.  An 8 Fr double lumen central line was placed, in the usual sterile fashion, in the right internal jugular vein using ultrasound guidance. 
 Two grams of Cefazolin was selected and administered for prophylaxis (The Joint Commission, 2013).  The patient was placed in the supine position and appropriate padding to pressure points was placed.  Transesophageal echocardiography and somatosensory and motor evoked potentials initiated.  A baseline arterial blood gas and laboratory data were obtained prior to surgical start (see Table 2 - baseline). 
Maintenance of anesthesia and intraoperative course
Maintenance of anesthesia was accomplished with sevoflurane by inhalation, in an air/oxygen mixture (FiO2 0.5), titrated as described earlier.  Muscle relaxation for the surgical procedure was achieved with rocuronium titrated to train-of-four by peripheral nerve stimulator.  Fentanyl was titrated in response to hemodynamic surges associated with surgical stimulation/manipulation.
The patient was placed on a beanbag in the right lateral decubitus position with the left shoulder elevated to 45° and the left thigh elevated 15 inches above the horizontal plane.  The table was extended to open the space between the costal margin and iliac crest.   The abdomen, flank, and groin was prepped and draped in the usual sterile surgical fashion.  An oblique incision was made extending from the posterior axillary line to the lateral border of the rectus muscle, through the tenth interspace at 0805.  
The surgeon communicated that it was nearly time to cross-clamp.  The patient was given 30 U/kg of Heparin intravenously.  The right and left common iliac arteries were dissected and cross-clamped using a double rubber clamp.  The surgeon communicated that circumferential control of the proximal aorta was achieved and the aorta was cross-clamped above the level of the aneurysm using a Fogarty clamp.  Hemostasis was confirmed.  The surgeon notified the anesthesia team that the graft was deployed.
During the course of the open repair, elevations in blood pressure were managed by increasing depth of anesthesia and utilization of potent opiates intravenously. Volume replacement consisted of utilization of lactated Ringer’s solution.  Early intraoperative lab data are noted in table 2. 
Table 2
	
	Baseline (after induction - 0822)
	#1 (1031)
	Normal Values

	Hemoglobin
	14.4 gm/dL
	14.0
	14.0-18.0 gm/dL

	Hematocrit
	43.2%
	42.0%
	40-54%

	pH
	7.37
	7.37
	7.35-7.45 

	PaCO2
	48*
	49*
	35-45 mmHg 

	PaO2
	67*
	68*
	80-100 mmHg (dependent on FiO2)

	HCO3-
	26*
	27*
	18-24 mmol/L

	Oxygen Saturation
	93%
	94%
	95-98%

	Glucose
	109
	113*
	70-110 mg/dl




The surgeon and anesthesia team maintained constant communication during the course of the surgical procedure. The surgeon notified the anesthesia team prior to the slow release of the cross-clamp.  Interventions to stabilize hemodynamic parameters were undertaken by the anesthetist and included volume loading prior to release and phenylephrine administration. 
Complete surgical hemostasis was achieved and the surgical wound closed. Total intraoperative blood loss was 1600 mL.  Intravenous fluids administered included 3000mL of Lactated Ringer’s.  Urine output throughout the procedure was in excess of 50mL/hr with a final urine output for the procedure of 280 mL. 
Epidural analgesia was initiated with 0.1% ropivacaine (15mL in incremental dosing of 5 mL) after negative aspiration of the epidural catheter.  Upon completion of the surgical procedure, train-of-four monitoring indicated 4 out of 4 twitches with sustained tetany.  Reversal of neuromuscular blockade was achieved using neostigmine 3 mg and glycopyrrolate 0.5 mg intravenously.  
The decision to extubate was made based on operative course, fluid shifts, and presser requirements.  After verifying adequate spontaneous tidal volumes, the endotracheal tube cuff was deflated and an air leak noted.  The patient was able to follow commands and generated a spontaneous VC of greater than 1L.  This demonstrated satisfactory conditions for extubation, which was successfully accomplished in the standard fashion.   Total operative time was 3 hours and 29 minutes.  
Emergence and postoperative management
The patient was transferred from the operating room to the surgical intensive care unit after extubation. Initial postoperative vitals signs were as follows:
Temperature: 36.7 degrees Centigrade
Pulse: 99 beats per minute (sinus rhythm on monitor)
Respirations: 18 breaths per minute 
Blood pressure: 122/72 
Room air oxygen saturation: 96%. 
Bilateral breathe sounds equal and clear to auscultation
Pupils equal, round at 3mm bilaterally, with brisk reaction to light
Blood glucose: 103 mg/dL 

Baseline labs (including coagulation studies) and chest radiograph were ordered and obtained by the surgical team (Myers & Puskas, n.d.).  Monitor neurologic checks, blood pressure, and the heart rate (Myers & Puskas, n.d.). 
Pain was controlled with epidural infusion of 0.1% ropivacaine with 2mcg fentanyl/mL at 8 mL/hr.  A thorough report was provided to the surgical critical care team (including nursing), surgeons, with care released to the interdisciplinary care team. Initial postoperative arterial blood gas and lab data are noted in Table 3. 
Table 3
	
	PACU
	Normal Values

	Hemoglobin
	12.8*
	14.0-18.0 gm/dL

	Hematocrit
	38.4%*
	40-54%

	pH
	7.35*
	7.35-7.45 

	PaCO2
	49*
	35-45 mmHg 

	PaO2
	65
	80-100 mmHg (dependent on FiO2)

	HCO3-
	26*
	18-24 mmol/L

	Oxygen Saturation
	91%
	95-98%

	Sodium
	135
	135-148 mEq/L

	Potassium
	5.5
	3.5-5.5 mEq/L

	Chloride
	103
	98-106 mEq/L

	Glucose
	136*
	70-110 mg/dl

	Ionized Calcium
	1.14
	1.14-1.30 mmol/L 






The patient was reevaluated the following afternoon and was found upright in bed watching television.  He was awake, alert, oriented to person, place, time and situation. He complained of mild abdominal pain, rating it a “2-3” on the 0-10 pain scale.  The patient experienced no acute events overnight.  
Coagulation studies were done to facilitate removal of the epidural catheter in the postoperative period. His vital signs and laboratory data were as follows:
Temperature: 36.8 degrees Centigrade
Pulse: 104 beats per minute (sinus tachycardia on monitor)
Respirations: 22 breaths per minute 
Blood pressure: 116/76
Room air oxygen saturation: 94%. 
Hematocrit – 37.2%
Hemoglobin – 12.4 gm/dL
Platelet count- 186 k/mm3
Partial thromboplastin time, activated- 35 secs
Urine output greater than 50cc/hr for the past 12 hours

The patient was placed in left lateral position and the epidural catheter was removed with gentle, steady traction.  The tip was in tact and no bleeding was noted at the site of insertion.  A dry dressing was applied to the site.
Contact with the patient was limited after the third postoperative day.  However, the patient had an uncomplicated recovery from the surgical procedure and was discharged from the intensive care unit on postoperative day 2.  Discharge from the hospital occurred on postoperative day 4, with a discharge hemoglobin of 12.6 g/dL and hematocrit of 37.8%.  During the course of the postoperative period, the patient was counseled on the importance of tobacco cessation and provided with support mechanisms.
CONCLUSION
	This case report described the interdisciplinary approach to the anesthetic management of the surgical repair of a 7 cm abdominal aortic aneurysm in an elderly patient.  The depicted methods were successful in the anesthetic management of this multifaceted patient and surgical procedure.  This case report illustrates the importance of interdisciplinary communication and collaboration, planning, individualized patient management approaches, and the utilization of evidence to effectively manage a complex patient undergoing a challenging anesthetic and surgical procedure with implications for spinal cord ischemia and major hemorrhage.    
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