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Vascular surgery patients have multiple comorbidities and are at high risk for perioperative complications. Aortic repair

surgery has greatly evolved, with an increasing predominance of endovascular techniques (EVAR). The incidence of

cardiac complications is significantly reduced with endovascular repair, but high-risk patients require postoperative ST-

segment monitoring. Open aortic repair may portend a prohibitive risk of respiratory complications that could be a

contraindication for surgery. This risk is greatly reduced in the case of an endovascular approach, and general anesthesia

should be avoided whenever possible in the case of endovascular repair. Preoperative renal function and postoperative

kidney injury are powerful determinants of short- and long-term outcome, so that preoperative risk stratification and

secondary prevention are critical tasks. Intraoperative renal protection with selective renal and distal aortic perfusion is

essential during open repair. EVAR has lower rates of postoperative renal failure compared to open repair, with

approximately half the risk for acute kidney injury (AKI) and one-third of the risk of hemodialysis requirement. Spinal cord

ischemia used to be the most distinctive and feared complication of aortic repair. The risk has significantly decreased

since the beginning of aortic surgery, with advances in surgical technique and spinal protection protocols, and is lower

with endovascular repair. Endovascular repair avoids extensive aortic dissection and aortic cross-clamping and is

generally associated with reduced blood loss and less coagulopathy.
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1. Introduction

Vascular surgery patients have multiple comorbidities and are at high risk for perioperative complications. Surgery of the

aorta is characterized by major hemodynamic changes and significant blood loss that contribute to overall morbidity.

Perioperative management requires accurate preoperative assessment, optimal intraoperative anesthetic management

and attentive postoperative care. Postoperative intensive care unit (ICU) management should aim at organ function

support and early detection of complications. Aortic repair surgery has greatly evolved in recent years with an increasing

predominance of endovascular techniques.

2. Cardiovascular Complications

2.1. Open Repair

Open aortic repair surgery (descending thoracic, thoracoabdominal and abdominal aorta) is burdened with several

cardiovascular complications, the most serious being myocardial ischemia and infarction . Perioperative myocardial

infarction (MI) is defined as an increase and/or decrease in cardiac troponin (cTn) with at least one value above the 99th

percentile upper reference limit, with at least one of the symptoms of myocardial ischemia (new ischemic

electrocardiographic (ECG) changes, new pathological Q waves on ECG or imaging evidence of new regional wall motion

abnormalities) .

In total, 3.6% of patients undergoing major vascular procedures sustain a diagnosis of perioperative MI, and 2.9–23.9% of

the patients, depending on the cardiac biomarker measured, have evidence of myocardial injury in the first three days

after surgery . Analyzing the timing of biomarkers’ elevation in 1136 patients after abdominal aortic surgery, two different

pathophysiologic mechanisms have been postulated: in 2% of patients, cTn elevation in the first 24 h after surgery was

probably caused by an acute thrombotic coronary occlusion consequent to a vulnerable plaque rupture; in 3% of patients,

MI occurred 24–72 h after surgery preceded by a prolonged period of increased cTn values and was probably related to

an imbalance between myocardial oxygen supply and demand caused by several factors that are present after major

surgery, such as thrombogenicity, high levels of circulating tissue factor and sympathetic overactivity . These patients
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also had a significantly increased short- and long-term mortality: much higher in patients with MI compared to patients

with isolated biomarker elevation . A meta-analysis confirms that postoperative cTn elevation occurred in 15.5% of

patients following vascular surgery . The 30-days mortality was different between three groups: 2.3% for patients with no

rise of troponin, 11.6% for patients with an isolated increase of troponin and 21.6% for patients with a documented MI.

Hypothermic patients (core temperature <35 °C), after major vascular surgery, have a greater risk of myocardial ischemia

in comparison to normothermic patients .

New-onset postoperative arrhythmias are another cardiovascular complication after vascular surgery. The reported

incidence of postoperative arrhythmias in the general surgical population ranges from 0.37% for atrial fibrillation after

noncardiac, nonthoracic surgery to 20%, varying among different studies because of the population characteristics, type

of surgery and ECG detection method . In 513 vascular surgical patients, 11% developed new-onset ventricular (4%)

and supraventricular (7%) tachyarrhythmias in the perioperative period; in the postoperative period, arrhythmias occurred

in 5.6% of patients, 8.3 (0.9–10.2) hours after the end of surgery and 97% of patients were asymptomatic . In the group

of patients that underwent open abdominal aortic aneurysm (AAA) repair, the incidence of perioperative arrhythmias was

14.5%. The incidence was higher among elderly patients and those with reduced left ventricular ejection fraction (LVEF)

. In this context, myocardial stretch can induce myocyte depolarization, causing abnormal impulses that trigger

arrhythmias. As for other noncardiac surgical patients, the pathophysiological mechanism of arrhythmias may be related

to electrolyte derangement, but more frequently to the activation of inflammatory pathways  and to the increased

sympathetic and hormonal activity which characterizes the postoperative period . Arrhythmias are an independent

predictor of cardiovascular events and death . Supraventricular and ventricular tachyarrhythmias may increase

myocardial oxygen demand and reduce ventricular filling time resulting in hypotension and hypoperfusion.

Other common, adverse postoperative cardiovascular events after vascular surgery are acute hypertension or

hypotension. Acute hypertensive crises are related to increased sympathetic tone and vascular resistance and may be

related to pain, cold, hypoxemia and hypercarbia . Hypertension usually begins 10–20 min after surgery and lasts up to

4 h and, if untreated, it may cause bleeding by compromising suture lines and it may precipitate cerebrovascular

accidents . Moreover, hypertension increases ventricular wall tension and myocardial work, elevating myocardial

oxygen demand and the risk of MI . From the other side, hypotension is often due to hypovolemia or vasoplegia and it

is associated with an increased incidence of multi organ failure, renal failure, graft thrombosis and gut or limb ischemia.

Vascular complications include bleeding from aortic graft anastomoses and lower extremity ischemia. Ischemia occurs in

2–5% after open AAA repair because of distal atheromatous emboli .

2.2. Endovascular Repair

With endovascular repair, the incidence of cardiac complications is significantly reduced (14.6% vs. 32.1%; OR 0.37

(0.20–0.66), p 0.001) . Among early vascular complications, vascular access injuries are the most frequent (15–20%)

together with lower limb ischemia . The use of large delivery catheters, inserted in a retrograde manner via the

iliofemoral vessels, can cause arterial dissection, arterial perforation or iliac artery rupture; retrograde arterial dissection

can cause mesenteric or renal ischemia and iliac artery laceration or rupture results in retroperitoneal hematoma or

hemorrhage . Stent graft migration, endoleaks with aneurysm expansion and rupture, stent graft infection and erosion

into the esophagus are the most frequent late complications.

2.3. Monitoring and Treatment

To reduce the incidence of complications and their effect, early recognition and treatment is essential.

Electrocardiographic monitoring using five or six leads placed in V3–V5 has an elevated predictive value; postoperative

ST-segment monitoring is recommended for all patients undergoing open aortic repair and for high-cardiac risk patients

having endovascular repair . Postoperative troponin measurements are recommended for an early identification of

myocardial ischemia for all patients with ECG changes or chest pain after surgery . Rate and pressure control to

reduce myocardial oxygen demand, associated with euvolemic balance and oxygen delivery optimization can reduce the

incidence of myocardial ischemia. Complete and continuous hemodynamic monitoring of arterial and central venous

pressure is recommended after open vascular surgery, whereas monitoring pulmonary arterial pressure by pulmonary

artery catheter (PAC) should be reserved for cases at high risk of hemodynamic instability .

Transthoracic/transesophageal echocardiography to assess volume status and cardiac function is recommended in

patients with reduced LVEF. The use of echocardiography to analyze cardiac wall motion abnormalities is a sensitive

monitor of ischemia and is recommended in patients at high risk for MI .
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The use of beta-blockers in high-risk patients and their administration in combination with statins decrease perioperative

mortality . Monitoring core temperature and the use of warmed inhaled gases and intravenous fluids to maintain

body temperature above 36 °C appear to be beneficial in terms of hemodynamic stability and metabolic acidosis .

Tachyarrhythmias may cause hemodynamic instability and must be treated with antiarrhythmic drugs or electric

cardioversion according to the current guidelines . Diuresis and serum creatinine monitoring, together with lactate

levels and hemoglobin and the distal pulse check, are essential for early recognition of vascular complications.

3. Respiratory Complications

Postoperative pulmonary complications (PPC) are severe conditions strongly associated with increased hospital morbidity,

mortality and costs. PPC include pneumonia; respiratory tract infection; respiratory failure defined as mechanical

ventilation for longer than 48 h; or unplanned reintubation, atelectasis, acute respiratory distress syndrome (ARDS),

pulmonary edema, pleural effusion, hypoxia and other unspecified respiratory disorders.

Risk factors for PPC are age, poor functional status, history of cigarette smoking, obstructive pulmonary disease (COPD)

or other intrinsic lung disease, congestive heart failure (CHF), diabetes and renal failure. Most patients undergoing

vascular surgery belong to these categories and are at higher risk of developing pulmonary complications . It is part of

the preoperative evaluation to identify those patients and optimize multiple aspects of their care, including functional

status (with lifestyle changes like improved nutrition and weight loss) and pulmonary function (either through enhanced

medical therapy with bronchodilators or with smoking cessation or physiotherapy) .

Intraoperative risk factors include surgical division of the diaphragm, prolonged one-lung ventilation and massive blood

products transfusion. The surgical site is one of the most important risk factors associated with the development of PPC.

Abdominal aortic surgery, together with upper abdominal and thoracic procedures carry the highest risk .

In aortic repair surgery, postoperative pulmonary dysfunction may be a consequence of ischemia-reperfusion injury that is

characterized by nonspecific alveolar damage, lung edema and hypoxemia occurring within 72 h after surgery . In

experimental studies, inflammatory cytokines were found to mediate neutrophil chemoattraction within the lung with

endothelial cell swelling, capillary leak and edema, and after aortic surgery, the increased plasma concentration of IL-6

was correlated with increased protein permeability in the lungs . The oxidative stress in the lungs, resulting from

ischemia, causes the release of reactive oxygen species (ROS) mediators and lipid peroxidation. A burst of ROS appears

immediately after reperfusion. They can react with nitric oxide to produce reactive nitrogen species, such as peroxynitrite,

which are highly destructive radicals. Cellular injury leads to a rapid remodeling of the membrane lipids and the generation

of bioactive lipid mediators. Phospholipases, in particular, phospholipase A2 (PLA2), induce the activation of platelet-

activating factor and the degradation of arachidonic acid. This produces tromboxanes, prostaglandins and leukotrienes

that stimulate leucocyte activation and chemotaxis .

Given the high-risk nature of patients with vascular disease, there is a significant difference between open and

endovascular procedures. In fact, the pulmonary morbidity rate reported in one study was 3% in the endovascular group,

compared with 15% in the open repair group, with a relative reduction of more than 80% in favor of endovascular

procedures . According to Brovman et al. , even though the average unplanned reintubation rate after all vascular

surgery procedures was 2.2%, there was a significant variability in reintubation rates among different types of surgeries. A

multivariate analysis showed an increased likelihood of reintubation for several procedures: abdominal aortic bypass (OR

4.5), axillary-femoral bypass (OR 2.1), excision abdominal graft (OR 5.4), open abdominal aortic aneurysm repair (OR

3.4), open thoracic aorta (OR 5.4), thoracic endovascular aneurysm repair (OR 3.4) and endovascular aneurysm repair

(OR 0.9). Reintubated patients had significantly longer surgery and anesthesia times . Patients undergoing thoracic,

abdominal and open procedures were up to five times more likely to have an unplanned postoperative reintubation .

Based on these results, intraoperative anesthetic management should adopt processes of care and all the possible

strategies to reduce the incidence of postoperative pulmonary complications. The use of lung protective ventilation,

preservation of phrenic nerve function and diaphragmatic integrity may provide some postoperative pulmonary benefit.

EVAR was developed as a less invasive and potentially safer alternative to traditional open surgical repair for aortic

aneurysm. Various anesthetic techniques can be applied to successfully accomplish EVAR, avoiding general anesthesia:

epidural or spinal anesthesia and local infiltration anesthesia . Surgical teams must discern in which patients this

advantage can be most effectively used. Edwards et al. demonstrated significant advantages in the use of spinal and local

anesthesia compared with general anesthesia in the performance of elective EVAR . General anesthesia should be

avoided whenever possible for EVAR . Potential mechanisms by which locoregional anesthesia may affect the
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morbidity of EVAR include avoidance of endotracheal intubation and mechanical ventilation as well as the potential for

residual neuromuscular paralysis after reversal. Locoregional anesthesia avoids mechanical ventilation maintaining

spontaneous ventilation, thereby minimizing the patient’s exposure to factors that increase the risk of postoperative

pulmonary failure. Locoregional techniques also allow the avoidance of ventilator weaning at the end of anesthesia, which

can be challenging in compromised patients. Furthermore, locoregional anesthetic techniques provide preemptive

analgesia and improve postoperative pain control compared to general anesthesia alone.

Postoperative strategies include head-up positioning, as part of the ventilator-associated pneumonia (VAP) prevention

bundle and to reduce facial edema. After a long intraoperative period of one lung ventilation, prophylactic bronchoscopy

improves left lung function before extubation. Prolonged mechanical ventilation is associated with increased pulmonary

complications and perioperative mortality. Early extubation allows patient mobilization and minimizes the risk of infection

with incentive spirometry. The application of nasal continuous positive airway pressure, with 10 cm H O immediately after

extubation, has been associated with fewer pulmonary complications by maintaining functional residual capacity and thus

preventing atelectasis and hypoxemia, and reducing the work of breathing . Along with the implementation of minimally

invasive techniques and endovascular procedures, networking and cooperation between the surgeon, anesthesiologist,

physiotherapist and the nursing team can lead to an optimization of perioperative care. Therefore, a “fast track” approach

should be considered the gold standard in order to prevent the development of postoperative pulmonary complications.

4. Renal Complications

Patients undergoing vascular procedures are at a high risk of postoperative acute kidney injury (AKI) . AKI is defined,

according to the serum creatinine (SCr) based criteria of Kidney Disease Improving Global Outcomes (KDIGO), as a SCr

increase of ≥26.5 μmol/L within 48 h, or a 1.5-fold increase in SCr within 7 days above the baseline value measured on

admission .

Although various studies have used different criteria to define renal dysfunction, the incidence of postoperative AKI

requiring dialysis ranges between 5% and 15%, and its occurrence is associated with a worse outcome , where

preoperative renal dysfunction and severity of atherosclerotic disease are the most important preoperative predictors. In a

recent systematic research , a univariate analysis showed several other preoperative predictors of renal failure

including age over 75 years (OR = 1.58, 95% CI 1.11–2.26), treated hypertension (OR = 1.87, 95% CI 1.28–2.74),

hyperlipidemia, preoperative serum creatinine above 150 mmol/L (OR = 2.75, 95% CI 1.69–4.50), diabetes (OR = 1.67

95% CI 1.01–2.77), liver disease, body mass index, high-risk surgery, symptomatic AAA (OR = 1.77, 95% CI 1.24–2.52),

supra/juxta renal AAA (O = 2.17, 95% CI 1.32–3.57), chronic obstructive pulmonary disease (OR = 2.08, 95% CI 1.45–

2.97) and smoking.

The pathophysiology of AKI is primarily the result of acute tubular necrosis caused by hypotension, hypovolemia,

atheromatous embolization, rhabdomyolysis and nephrotoxins, such as contrast agents, nonsteroidal anti-inflammatory

drugs and aminoglycoside antibiotics.

Specifically, the risk of AKI also varies according to the type of vascular procedure. Open elective AAA repair is associated

with a mortality rate of approximately 5%, refs.  with the risk of developing postoperative renal failure between 1%

and 6% . The development of postoperative renal failure following elective AAA repair is a significant complication of

aortic cross-clamping that causes a decrease in renal blood flow of 45% with infrarenal clamping and up to 80% with

suprarenal clamping . It is associated with dialysis requirement rates between 4 and 7%, a prolonged length of hospital

stay and a significantly increased risk of mortality . Studies specific to vascular surgical procedures also demonstrate a

relationship between increased mortality and acute renal failure following emergency vascular surgery . Several studies

report an incidence of AKI ranging between 20% and 34% .

Intraoperative strategies for renal protection are essential and include minimizing renal ischemic time, performing

selective renal perfusion with cold protective solutions and using distal aortic perfusion techniques during open surgery 

. Current experience suggests that cold crystalloid solutions are the best substrates in preventing ischemia-reperfusion

injury. Renal perfusion using Custodiol  (Dr. Franz-Kohler Chemie GmbH; Bensheim, Germany) 4 °C, even if currently

considered off-label, represents an encouraging organ protection tool . It is imperative to maintain an adequate

intravascular volume and renal perfusion pressure throughout the operation.

EVAR has lower rates of postoperative acute renal failure despite the differences in the study designs of several trials 

. In comparison to open AAA repair, EVAR engenders approximately half the risk for AKI and one-third of the risk of

hemodialysis (HD) requirement . Registry analyses and clinical trials, in particular the Dutch Randomized Endovascular
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Aneurysm Management (DREAM) trial, refined this estimate to between 0.6% and 1.1% . Patients suffering

postoperative AKI demonstrate a 53.5% ± 5.9% 5-year estimated survival, whereas those developing a new HD

requirement exhibit 22.8% ± 8.5% 3-year estimated survival . According to a recent nationwide survey, contrast media

have been shown to be the leading cause of nephropathy in 6.7% of cases, especially in patients with a reduced

glomerular filtration rate (Egfr < 60 mL/min/1.73 m ) . EVAR involves the insertion and deployment of a stent-graft via

the femoral artery , providing a less invasive alternative to open AAA repair. Randomized control trials comparing EVAR

and open repair have suggested superior short-term survival with EVAR ; however, recent data have cast doubt on

the long-term advantages of EVAR . Although patients receiving EVAR are spared the ischemic insult of aortic cross-

clamping and have less perioperative hemorrhage , the potential nephrotoxicity of intravenous contrast media must be

considered . In addition, as in the case of aortic surgery, manipulation of the abdominal aorta may lead to the disruption

of lipid-laden plaques and subsequent embolization into the renal vasculature.

This observation led to consider modifiable risk factors associated with renal dysfunction, specifically the intraoperative

amount of contrast medium administered. Zarkowsky et al.  compared the relationship between contrast medium

amounts and kidney complications for elective EVAR. Of the 862 surgeons reporting cases, 447 (51.9%) performing

53.7% of all elective EVARs averaged more than 100 mL of contrast material per elective EVAR, whereas 404 (47.0%)

performing 46.3% of all EVARs averaged less than 100 mL; 11 (1.3%) performing 0.08% of all EVARs reported no

contrast material volume values for any cases. Interestingly, the mean intraoperative contrast medium volume was not

significantly different between groups stratified by renal outcome (p = 0.13). On the other end, there was an association

with heart failure (odds ratio [OR], 3.50; 95% CI, 1.18–10.38; p = 0.02) and the need to return to the operating room (OR,

3.26; 95% CI, 1.49–7.13; p = 0.003), whereas a preoperative eGFR above 60 mL/min/1.73 m  was protective (OR, 0.33;

95% CI, 0.21–0.53; p < 0.001).

Normal preoperative eGFR protects against renal dysfunction. Increases in medullary filtrate viscosity stemming from

contrast media contribute to nephron damage during glomerular filtration, leading to renal damage. Diminished eGFR

suggests that contrast media loads will remain in contact with nephrons for a longer period at a greater concentration,

further jeopardizing the function. The prevention of contrast-induced nephropathy is primarily focused on adequate

hydration during and after the procedure, guidance of intravascular ultrasound and, in some cases, using carbon dioxide

as an alternative contrast medium.

Preoperative renal dysfunction carries a prohibitive risk for open aortic repair surgery, and postoperative renal failure is

associated with worse short- and long-term outcomes even in complex endovascular repair . Early recognition of

postoperative renal failure and secondary prevention of renal damage are a mainstay of intensive care unit management

and biomarkers hold promise for this purpose. Recently, the combination of urinary tissue inhibitor of metalloproteinase 2

(TIMP-2) and insulin-like growth factor-binding protein 7 (IGFBP7) has performed well in the prediction of moderate to

severe AKI in a mixed population of critically ill patients . To date, only a few biomarkers of postoperative renal

complications have been investigated in the setting of aortic repair surgery. Secretory leucocyte peptidase inhibitor (SLPI)

(12 kDa) is a new possible marker to predict AKI, with a promising diagnostic accuracy at 12 and 24 h after ICU

admission. SLPI is a serine protease inhibitor and is expressed by macrophages, neutrophils and many epithelial cells

including the lung and kidney . By inhibiting neutrophil elastase, SLPI protects proteins from digestion . The half-life

of serum SLPI was shown to range between 10 and 120 min . Averdunk et al.  showed a correlation between AKI

twelve hours after complex aortic intervention and a significantly increased serum SLPI, where SLPI was negatively

correlated with urine output. In this trial, the ROC analysis revealed an adequate predictive accuracy of SLPI to detect AKI

12 and 24 h after admission to ICU (cut-off of 70.03 ng/mL at 12 h: sensitivity 76.47%, specificity 87.5%, AUC = 0.838;

cut-off of 56.33 ng/mL at 24 h: sensitivity 75%, specificity 71.4%, AUC = 0.723). More studies are needed, and definitive

clinical validation is still pending.

5. Neurologic Complications

Spinal cord ischemia (SCI) continues to be the most distinctive and feared complication of descending thoracic and

thoracoabdominal aortic repair.

Historically, although not accurately established, postoperative SCI has been reported in more than 20% of patients after

conventional surgery and 0–13% in endovascular repair . More recent surgical techniques and protective strategies

have reduced the reported incidence of SCI to 3–16% .

The severity of the lower extremity neurological deficit can be classified, according to Greenberg, in paraplegia (no

movement, minimal movement, movement not against gravity, score 0–2) or paraparesis (movement against resistance,

[54][55][56][57][58]

[58]

2 [54]

[59]

[59][60]

[61]

[62]

[63]

[64]

2

[65]

[66]

[67] [68]

[69] [70]

[71]

[72]



-

-

-

-

-

but inability to stand, or ability to walk with assistance, score 3–4) .

The spinal cord has a complex and variable vascularization, based on one anterior and two posterior longitudinal spinal

arteries that supply the anterior two-thirds and posterior third of the spinal cord, respectively. Branch vessels from the

thoracoabdominal aorta form a collateral network to supply the spinal arteries. The cervical and upper thoracic portion of

the spinal cord receive vessels arising from the subclavian arteries; the thoracic cord from thoracic intercostal and lumbar

vessels, arising from the aorta; the lower end of the cord is supplied by branches of the lumbar, iliolumbar and sacral

arteries. The segmental anterior radicular branches are frequently variable and sometimes absent and a main segmental

artery, the arteria radicularis magna of Adamkiewicz, often represents the predominant blood supply to the lower two-

thirds of the thoracolumbar spinal cord. This vessel arises more frequently from the left side of the aorta in the T8-L2

region. According to this vessel anatomy, interventions involving two aortic regions (zone 2, subclavian artery, and zone 5,

lower thoracic artery, proximal to celiac artery) are known to have an increased risk of spinal ischemia, and the anterior

portion of the spinal cord (motor function) is more frequently involved.

The pathogenesis of spinal ischemia is multifactorial, but the principal cause is the loss of spinal cord perfusion, due to

surgical exclusion, embolization or hemodynamic instability.

Many risk factors for the development of spinal injury have been investigated and classified into anatomic, perioperative

and patient-specific :

anatomic: prior abdominal aortic surgery, number of patent lumbar arteries, extent of aortic aneurysm;

perioperative: urgent/emergent repair, extent of coverage (total length, uncovered aorta, coverage of the left subclavian

artery), endovascular landing zone 5–10 with coverage of artery of Adamkiewicz, procedure duration, general

anesthesia and open surgery, hypotension, bleeding, arterial access site injury;

patient specific: age, coronary artery disease, smoking, chronic kidney disease, chronic obstructive pulmonary disease,

hypertension.

The risk of SCI has decreased since the beginning of aortic surgery, with advances in surgical technique and spinal

protection protocols, even though a universally accepted protection protocol is not yet available, thus remaining a

substantial institutional variability in their application .

Of all the interventions proposed, cerebrospinal fluid drainage (CSF) is the most studied method of spinal cord protection

and the only recommended by AHA guidelines (Class 1, Evidence B) as a spinal cord protective strategy in open and

endovascular thoracic aortic repair . This procedure has inherent risks, and it is recommended only for high-risk repair,

with a careful selection of patients, based on a clinical preoperative evaluation . The most commonly reported

criteria for a high risk of paraplegia are thoracoabdominal aneurysms type I-III, coverage of more than 15–20 cm and

coverage of zone 5. The incidence of moderate to severe complications for CSF drainage placement is estimated

between 7 and 9% .

The rationale of CSF drainage is to increase spinal cord perfusion pressure (SCPP), defined as the difference between

mean arterial pressure (MAP) and CSF pressure (or central venous pressure if higher or not available). The augmentation

of SCPP could prevent spinal cord injury increasing flow in case of hypotension or reduction of collateral vessels blood

flow because of embolization, surgical exclusion, edema or aortic cross-clamping.

The benefit of CSF drainage in open surgery for thoracoabdominal aortic aneurysm is confirmed in randomized controlled

trials  and recommended by international guidelines in high-risk open and endovascular repair .

Postoperative management protocols should provide for:

a neurological examination focused on the motor response of the lower extremities to be performed as soon as

possible and to be repeated at regular intervals. If a spinal drainage is in place, a CSF pressure of 8–12 mmHg can be

maintained, with a drainage of less than 20 mL per hour and no more than 40 mL during any 4 h period. If the

neurological exam is normal, the drain can be closed after 24 h and removed after 48 h;

a mean arterial pressure of 80–90 mmHg (or SCPP > 70 mmHg) in the first 48 h, using vasopressor agents if indicated.

Fluid replacement must be judicious, because the increase in central venous pressure can reduce the SCPP. Be aware

that many patients can have cardiac or surgical contraindications (e.g., coronary artery disease, bleeding) to the

augmentation of MAP, but the concern about the SCPP is a priority during the first 48 h;
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optimal oxygen delivery, considering transfusion if the hemoglobin level is less than 10 g/dL;

optimal coagulation with progressive rewarming of the patient;

pharmacological treatments for the reduction of cord edema, using mannitol or glucocorticoids, may be considered but

are not recommended .

In case of postoperative lower extremity neurological deficit:

an immediate neurological consult should be obtained for a differential diagnosis among spinal cord ischemia, stroke or

peripheral neuropathy;

the onset of paraplegia can be immediate after surgery or delayed until the first 24–72 h (and up to several months after

TEVAR). A neurological deficit on awakening from anesthesia, regardless of severity, is usually attributed to an

intraoperative event causing a spinal cord infarction and is frequently associated with a poor prognosis. On the

contrary, delayed onset symptoms, following a normal postoperative neurological exam, are believed to be secondary

to postoperative events (hypotension, thrombosis, hematoma, embolization, high CSF pressure) and could have a

better response to therapy ;

some protocols have been proposed for the treatment of spinal cord ischemia, all based on the further augmentation of

the SCPP . This therapy is not useful in irreversible spinal cord infarction following arterial embolization, where

MAP augmentation can have deleterious effects, but it is indicated in vascular ischemia, when augmenting blood

pressure may increase spinal cord perfusion. The interventions to increase SCCP are:

decrease CSF pressure to 8–10 mmHg;

increase MAP 10 mmHg every 5 min until maximum acceptable MAP is reached;

in case of no response, a lumbar drain should be placed if not already in place and CSF decreased to 8–12 mmHg;

if no response, a neurosurgery consult and spinal imaging (MRI) may be obtained to exclude epidural hematoma.

TEVAR is an attractive treatment for aneurysms, dissections, penetrating ulcers and trauma in the descending thoracic

aorta, with a low periprocedural morbidity compared to open surgery . TEVAR has also become a viable option for

many patients with multiple comorbidities that are not eligible for open repair.

The incidence of SCI in endovascular aortic repair is lower than in open surgical repair (2.5–8%) . Some of the risk

factors related to open surgery (bleeding, hemodynamic instability, general anesthesia, duration of surgery, hypothermia,

damage or surgical exclusion of vessels, blood transfusion, aortic clamping, cardiopulmonary bypass, long postoperative

course) do not pertain to TEVAR. In the endovascular approach, however, some risks of SCI are still present, as in open

surgery, such as the anatomical variations of vessels, extent of aortic coverage, embolization, atherosclerosis, interruption

of collateral vessels and prior aortic repair. Some additional peculiar risks are related to catheter manipulation, multiple or

proximal sealing zones, impossibility to reimplant intercostals, contrast toxicity and post stent inflammation. In one-stage

extensive TAAA repair, the incidence of SCI can be as high as in conventional open surgery .

6. Gastrointestinal Complications

Open repair portends a risk of postoperative gastrointestinal complications due to the manipulation of viscera or the

ligation of visceral arteries. Ileus occurs in the first 2 or 3 postoperative days in 10 to 15% of the patients and tends to be

self-limited. Direct trauma or ischemia may increase the risk of pancreatitis and cholecystitis, which are typically

acalculous .

Bowel ischemia is a well-known complication following AAA repair; although it is a rare event, postoperative bowel

ischemia requires a prompt diagnosis, as the associated perioperative mortality can be as high as 50% . The cause of

postoperative bowel ischemia is multifactorial; the role of the hypogastric arteries and their management remains

disputed. The ligation or the occlusion of the hypogastric arteries during open repair is a procedure that is often performed

and can be associated with ischemic complications, including spinal, pelvic and bowel ischemia. Other risk factors,

including age, gender, hypertension, heart failure and surgical factors (longer operative time, extensive blood loss,

suprarenal aortic cross-clamping, prolonged cross-clamp time) increase the risk of mesenteric ischemia .
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Massive fluids resuscitation, especially after the emergent repair of a ruptured AAA, increases the risk of intra-abdominal

hypertension (IAH) . The deleterious effects of IAH extend beyond the damage of the intraabdominal organs (bowel,

renal and liver ischemia) affecting the cardiovascular (decreased venous return, increased afterload, changes in

ventricular compliance), respiratory (decreased chest wall compliance and functional residual capacity, increased peak

and plateau pressures) and neurologic (increased intracranial pressure and decreased cerebral perfusion pressure). An

intra-abdominal pressure above 20 mmHg associated with evidence of new organ failure defines abdominal compartment

syndrome and requires emergent surgical decompression . Gastrointestinal complications in endovascular procedures

are less frequent compared to open surgery.

Intestinal ischemia may occur following EVAR and most commonly involves the colon, where it is reported to occur in 1–

3% of patients. Although colonic ischemia after open repair is frequently profound and associated with significantly

increased perioperative mortality, bowel ischemia after EVAR is frequently less severe .

Colonic ischemia is the result of endograft coverage of the origin of the inferior mesenteric artery: a phenomenon that

occurs in all cases of EVAR of the abdominal aorta. The factors involved in this complication are the dislodgement of

atherothrombotic debris resulting in microembolization to the superior mesenteric artery, inferior mesenteric artery, renal

arteries, hypogastric arteries or lower extremity arterial beds .

Small bowel or right colonic ischemia due to hypoperfusion of the superior mesenteric artery (SMA) is much less common

and may be secondary to thromboembolism from catheter and/or guidewire manipulation, especially in a long procedure

or by inadvertent coverage of the SMA origin by the endograft.

Bowel ischemia is far less commonly seen in TEVAR and has been reported when there was inadvertent coverage of the

celiac artery by the distal aspect of the endograft; these may often be less symptomatic if there is significant mesenteric

collateralization . Patients with ischemic colitis secondary to endovascular repair typically present with abdominal pain

and bloody diarrhea less than 30 days after the procedure. A history of prior embolization of one or both internal iliac

arteries significantly increases the risk of this complication .

7. Hematologic Complications

The management of coagulopathy and blood loss in aortic repair starts before surgery. Vascular patients often have

multiple comorbidities that increase the risk of anemia, they are on anticoagulant or anti-platelet therapies in addition to

the intraoperative administration of heparin and they undergo interventions that often involve significant blood loss. There

are no specific guidelines on patient blood management for vascular surgery. It is here refered to guidelines on patient

blood management for adult cardiac surgery endorsed by the Task Force on Perioperative Blood Management of ASA and

EACTS/EACTA .

Both guidelines place emphasis on the preoperative assessment, to identify patients at greater risk for bleeding and

transfusion. The collection of relevant medical history, focusing on episodes of previous bleeding and innate clotting

disorders, preoperative medications (e.g., clopidogrel, acetyl-salicylic acid, warfarin and other anticoagulants, vitamins or

herbal supplements that may affect coagulation) and physical examination as well as laboratory tests are recommended.

Activated partial thromboplastin time (aPTT), prothrombin time (PT) and a platelet count should be enough for the

preoperative assessment of most patients. Extensive routine laboratory tests are unnecessary and costly and do not

seem to diminish hemorrhagic perioperative complications . Functional platelet tests may be reserved for patients on

dual antiplatelet therapy.

The preadmission treatment of anemia with erythropoietin and/or iron to raise preoperative hemoglobin levels should be

pursued whenever possible.

The discontinuation of anticoagulant therapy (e.g., warfarin, direct oral anticoagulants) for open, elective surgery should

be planned. Antiplatelet agents such as thienopyridines should be managed according to the patient’s history of

percutaneous coronary interventions . It is important for all types of aortic procedures to monitor the effectiveness of

intraoperative heparin-induced anticoagulation to prevent thrombosis and blood clots accumulation at sites of vascular

injury. The activated clotting time (ACT) is the most used test in the intraoperative setting for unfractionated heparin (UFH)

monitoring in vascular surgery .

Titrating heparin therapy to a target ACT between 2 and 2.5 times the baseline value (approximately 250–300 s) avoids

overdose and the rebound effect in the postoperative period .
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Blood should be readily available when significant blood loss is expected. The risk of bleeding differs in relation to the type

of surgery: open or endovascular.

7.1. Thoracic and Thoracoabdominal Open Repair

The open repair of descending thoracic and thoracoabdominal aneurysms is a high-risk procedure with a significant

incidence of complications and elevated mortality. Postoperative hemorrhage occurs in 2 to 5% of patients after thoracic

aortic surgery and may require surgical re-exploration, further increasing morbidity and mortality .

The acute coagulopathy after major vascular procedures has a multifactorial origin related to tissue injury, dilution,

hypothermia, acidemia, hyperfibrinolysis and systemic inflammatory response as precipitating factors and is aggravated

by shock or tissue hypoperfusion . Tissue injury activates both cellular and humoral elements of the immune and

coagulation systems. Proteases triggering complement release, platelet degranulation releasing phospholipid mediators,

widespread endothelial disruption, increased thrombomodulin activity and Protein C activation have all been implicated 

.

The dilution of coagulation factors is now recognized as a major cause of acute coagulopathy. Reduced intravascular

hydrostatic pressure during shock causes a fluid shift into the intravascular space and dilution. This is exacerbated by

crystalloid use during resuscitation and red blood cells transfusion. Hypothermia inhibits coagulation protease activity and

platelet function . Acidosis occurs as a result of tissue hypoperfusion and excess chloride administration. It impairs

plasma protease activities and coagulation factor complexes and cell surface interactions. The administration of a buffer

solution does not seem to correct this coagulopathy. Other key changes in acute coagulopathy are reduction in thrombin

generation, fibrinogen depletion and impaired fibrin formation.

Extensive surgical dissection, major intraoperative blood loss and mesenteric ischemia also contribute to producing a

dilutional and consumptive coagulopathy .

Postoperative ICU management should be focused on prevention and treatment of factors that may precipitate bleeding:

normothermia; adequate volume resuscitation for hemodynamic optimization; correction of hypocalcemia.

Evidence suggests that avoiding allogenic blood product transfusions reduces postoperative morbidity and mortality,

which results in more conservative transfusion thresholds for hemoglobin (7 g/dL). In the absence of active bleeding and

acute myocardial ischemia, or concern for spinal cord ischemia, a restrictive transfusion strategy to maintain hemoglobin

at more than 7 g/dL is recommended .

The hemoglobin level should be increased to 10 mg/dL to maximize oxygen delivery to the ischemic spinal cord tissue and

to prevent cardiac complication in high-risk patients where the trigger should be individualized. When clinical evidence for

transfusion is equivocal, serial monitoring of central venous or mixed venous oxygen saturation provides an excellent

assessment of tissue oxygen delivery.

Treatment with blood components should not be delayed in order to prevent further depletion of coagulation factors and

platelets. Ideally, the replacement of clotting factors, platelets and fibrinogen should be guided by standard coagulation

tests (prothrombin time/international normalized ratio, partial thromboplastin time and fibrinogen) along with real-time

whole blood viscoelastic tests results (thrombelastography or thromboelastometry) .

Additional monitoring for coagulopathy may include platelet function tests in patients with suspected or drug-induced

platelet dysfunction. In the early postoperative period, thrombocytopenia may occur secondary to platelet consumption in

the setting of persistent bleeding or sequestration by aortic graft material. Less commonly, the development of heparin-

dependent platelet-activating antibodies may cause heparin-induced thrombocytopenia (HIT). HIT should always be

considered in thrombocytopenic patients recently exposed to heparin. Later in the postoperative course, thrombocytosis

and decreased fibrinolysis with hyperfibrinogenemia promote a hypercoagulable state with an increased risk of thrombotic

complications requiring institution of anticoagulation (e.g., low-molecular weight heparin) .

Pharmacologic treatments for excessive bleeding include prophylactic antifibrinolytic therapy (tranexamic acid),

desmopressin in case of platelet dysfunction, topical hemostatics (e.g., fibrin glue, thrombin gel), four-factors prothrombin

complex concentrate (PCCs) in patients with excessive bleeding and increased INR, and when traditional options for

treating excessive bleeding due to coagulopathy have been exhausted, consider administering recombinant activated

factor VII.
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7.2. Abdominal Open Repair

Intraoperative risk factors for bleeding include a long aortic cross-clamp time and large blood loss requiring massive blood

transfusion and fluid replacement. Bleeding from the disruption of aortic graft anastomoses is a major surgical concern

after open aortic repair. Strict blood pressure control is imperative until the risk of surgical postoperative hemorrhage is

low enough to allow for a return to the patient’s preoperative hemodynamic profile. When a massive red blood cell

transfusion is required, a resuscitation approach using fresh frozen plasma is beneficial in reducing the intravascular

depletion of clotting factors .

Objective parameters from clotting assessments, such as TEG or ROTEM, are beneficial in guiding blood product

administration therapy. Persistent postoperative bleeding requires prompt and aggressive treatment of hypothermia,

acidosis and hypocalcemia.

7.3. Endovascular Repair

Endovascular repair avoids extensive aortic dissection and aortic cross-clamping and is generally associated with reduced

blood loss . Endovascular stent grafting is not without risks, and complications can be immediate or delayed (beyond 1

year).

Early complications of TEVAR include vascular access injuries that occur in 15% to 20% of the cases. Frequent injuries

include iliofemoral lacerations and rupture, pseudoaneurysm formation and retroperitoneal hematoma .

Blood loss in endovascular surgery may be occult and may occur at the vascular access site or anywhere along the aorta

or iliofemoral arteries. The occurrence of abrupt, unexplained hypotension should prompt immediate inspection of the

vascular access sites followed by a thorough angiographic survey to search for potential sources of bleeding.

Postoperative EVAR complications are like those observed after TEVAR. Meta-analysis and research results on

endovascular versus open repair of acute abdominal aortic aneurysms found that patients undergoing EVAR had a

significant reduction in intraoperative blood loss compared with those undergoing open repair. Blood transfusions were

significantly less likely to be required in the EVAR group, even in complex cases .

Englberger et al. showed a higher level of fibrin monomer and thrombin-antithrombin complex in patients undergoing

endovascular aneurysm repair compared with the open technique, reflecting a stronger procoagulant state, probably

related to endovascular manipulation .

After an uncomplicated EVAR, patients are generally admitted overnight for the purposes of observation, continuation of

intravenous fluid resuscitation and monitoring of groin access sites. Complex EVARs or those performed in severely

debilitated patients may necessitate a higher level of care, initiation of blood products or early postoperative cross-

sectional imaging.

Access-site complications may range from a local groin hematoma to more serious arterial injuries, such as dissection,

thrombosis, pseudoaneurysm, arteriovenous fistula formation, or vessel perforation or avulsion. The incidence of severe

complications is quite low, less than 3%, and can be minimized by careful preoperative planning, proper device selection

and judicious use of surgical conduits.

Monitoring for bleeding complications and retroperitoneal hematoma, a conservative blood transfusion strategy unless

there is evidence of organ ischemia and thromboembolic prophylaxis are the cornerstones of the management in the

vascular patient subjected to EVAR .

References

1. Cambria, R.P.; Clouse, W.D.; Davison, J.K.; Dunn, P.F.; Corey, M.; Dorer, D. Thoracoabdominal aneurysm repair:
Results with 337 operations per-formed over 15-year interval. Ann. Surg. 2002, 236, 471–479.

2. Svensson, L.G.; Crawford, E.S.; Hess, K.R.; Coselli, J.S.; Safi, H.J. Experience with 1509 patients undergoing
thoracoabdominal aneurysm op-erations. J. Vasc. Surg. 1993, 17, 357–368.

3. Thygesen, K.; Alpert, J.S.; Jaffe, A.S.; Chaitman, B.R.; Bax, J.J.; Morrow, D.A.; White, H.D. ESC Scientific Document
Group. Fourth universal definition of myocardial infarc-tion (2018). Eur. Heart J. 2019, 40, 237–269.

[15]

[101]

[102]

[103]

[104]

[30]



4. Landesberg, G.; Shatz, V.; Akopnik, I.; Wolf, Y.G.; Mayer, M.; Berlatzky, Y.; Weissman, C.; Mosseri, M. Association of
cardiac troponin, CKMB, and postoperative myocardial ischemia with long-term survival after major vascular surgery. J.
Am. Coll. Cardiol. 2003, 42, 1547–1554.

5. Le Manach, Y.; Perel, A.; Godet, G.; Bertrand, M.; Riou, B. Early and delayed myocardial infarction after abdominal
aortic surgery. Anesthesiology 2005, 102, 885–891.

6. Redfern, G.; Rodseth, R.N.; Biccard, B.M. Outcomes in vascular surgical patients with isolated postoperative troponin
leak: A meta-analysis. Anaesthesia 2011, 66, 604–610.

7. Bush, H.J.; Hydo, L.J.; Fisher, E.; Fantini, G.A.; Silane, M.F.; Barie, P.S. Hypotermia during elective abdomial aortic
aneurysm repair: The high price of avoid-able morbidity. J. Vasc. Surg. 1995, 21, 392–400.

8. Walsh, S.R.; Tang, T.; Wijewardena, C.; Yarham, S.I.; Boyle, J.R.; Gaunt, M.E. Postoperative arrhythmias in general
surgical patients. Ann. R. Coll. Surg. Engl. 2007, 89, 91–95.

9. Winkel, T.A.; Schouten, O.; Hoeks, S.E.; Flu, W.-J.; Hampton, D.; Kirchhof, P.; van Kuijk, J.-P.; Lindemans, J.;
Verhagen, H.J.; Bax, J.J.; et al. Risk factors and outcome of new-onset cardiac arrhythmias in vascular surgery
patients. Am. Heart J. 2010, 159, 1108–1115.

10. Chung, M.K.; Martin, D.O.; Sprecher, D.; Wazni, O.; Kanderian, A.; Carnes, C.A.; Bauer, J.A.; Tchou, P.J.; Niebauer,
M.J.; Natale, A.; et al. C-reactive protein elevation in patients with atrial arrhythmias: Inflammatory mechanisms and
persistence of atrial fibrillation. Circulation 2001, 104, 2886–2891.

11. Furuya, K.; Shimizu, R.; Hirabayashi, Y.; Ishii, R.; Fukuda, H. Stress hormone responses to major intra-abdominal
surgery during and im-mediately after sevoflurane-nitrous oxide anaesthesia in elderly patients. Can. J. Anaesth. 1993,
40, 435–439.

12. Udelsman, R.; Goldstein, D.S.; Loriaux, D.L.; Chrousos, G.P. Catecholamine-glucocorticoid interactions during surgical
stress. J. Surg. Res. 1987, 43, 539–545.

13. Roberts, A.J.; Niarchos, A.P.; Subramanian, V.A.; Abel, R.M.; Herman, S.D.; Sealey, J.E.; Case, D.B.; White, R.P.;
Johnson, G.A.; Laragh, J.H.; et al. Systemic hyper- tension associated with coronary artery bypass sur-gery.
Predisposing factors, hemodynamic characteristics, humoral profile, and treatment. J. Thorac. Cardiovasc. Surg. 1977,
74, 846–859.

14. Goldberg, M.E.; Larijani, G.E. Perioperative hypertension. Pharmacotherapy 1998, 18, 911–914.

15. Crimi, E.; Hill, C.C. Postoperative ICU Management of vascular surgery patients. Anesthesiol. Clinic. 2014, 32, 735–
757.

16. Cheng, D.; Martin, J.; Shennib, H.; Dunning, J.; Muneretto, C.; Schueler, S.; Von Segesser, L.; Sergeant, P.; Turina, M.
Endovascular aortic repair versus open surgical repair for descending thoracic aortic disease a systematic review and
meta-analysis of comparative studies. J. Am. Coll. Cardiol. 2010, 55, 986–1001.

17. Chen, S.W.; Lee, K.B.; Napolitano, M.A.; Murillo-Berlioz, A.E.; Sattah, A.P.; Sarin, S.; Trachiotis, G. Complications and
management of the endovascular aortic repair. Aorta 2020, 8, 49–58.

18. Chaikof, E.L.; Dalman, R.L.; Eskandari, M.K.; Jackson, B.M.; Lee, W.A.; Mansour, M.A.; Mastracci, T.M.; Mell, M.;
Murad, M.H.; Nguyen, L.L.; et al. The Society for Vascular Surgery practice guidelines on the care of patients with an
abdominal aortic aneurysm. J. Vasc. Surg. 2018, 67, 2–77.

19. Wiesbauer, F.; Schlager, O.; Domanovits, H.; Wildner, B.; Maurer, G.; Muellner, M.; Blessberger, H.; Schillinger, M.
Perioperative beta-blockers for preventing surgery-related mortality and morbidity: A systematic review and meta-
analysis. Anesth. Analg. 2007, 104, 27–41.

20. Chaikof, E.L.; Brewster, D.C.; Dalman, R.L.; Makaroun, M.S.; Illig, K.A.; Sicard, G.A.; Timaran, C.H.; Upchurch, G.R.;
Veith, F.J., Jr.; Society for Vascular Surgery. The care of patients with an abdominal aortic aneurysm: The Society for
Vascular Surgery practice guidelines. J. Vasc. Surg. 2009, 50, S2–S49.

21. Brugada, J.; Katritsis, D.G.; Arbelo, E.; Arribas, F.; Bax, J.J.; Blomström-Lundqvist, C.; Calkins, H.; Corrado, D.;
Deftereos, S.G.; Diller, G.P. 2019 ESC Guidelines for the management of patients with supraventricular tachycardia.
The Task Force for the management of patients with supraventricular tachycardia of the European Society of
Cardiology (ESC). Eur. Heart J. 2020, 41, 655–720.

22. Soar, J.; Böttiger, B.W.; Carli, P.; Couper, K.; Deakin, C.D.; Djärv, T.; Lott, C.; Olasveengen, T.; Paal, P.; Pellis, T.; et al.
European Resuscitation Council Guidelines 2021: Adult advanced life support. Resuscitation 2021, 161, 115–151.

23. Elkouri, S.; Gloviczki, P.; McKusick, M.A.; Panneton, J.M.; Andrews, J.; Bower, T.C.; Noel, A.A.; Harmsen, W.S.;
Hoskin, T.L.; Cherry, K. Perioperative complications and early outcome after endovascular and open surgical repair of
abdominal aortic aneurysms. J. Vasc. Surg. 2004, 39, 497–505.



24. Smetana, G.W.; Lawrence, V.A.; Cornell, J.E. American College of Physicians. Preoperative pulmonary risk
stratification for noncardiothoracic surgery: Systematic re-view for the American College of Physicians. Ann. Intern.
Med. 2006, 144, 581–595.

25. Arozullah, A.M.; Daley, J.; Henderson, W.G.; Khuri, S.F. Multifactorial risk index for predicting postoperative respiratory
failure in men after major noncardiac surgery. The National Veterans Administration Surgical Quality Improvement
Program. Ann. Surg. 2000, 232, 242–253.

26. Johnson, R.G.; Arozullah, A.M.; Neumayer, L.; Henderson, W.G.; Hosokawa, P.; Khuri, S.F. Multivariable predictors of
postoperative respiratory failure after general and vascular surgery: Results from the patient safety in surgery study. J.
Am. Coll. Surg. 2007, 204, 1188–1198.

27. de Perrot, M.; Liu, M.; Waddell, T.K.; Keshavjee, S. Ischemia-reperfusion induced lung injury. Am. J. Respir. Crit. Care
Med. 2003, 167, 490–511.

28. Adembri, C.; Kastamoniti, E.; Bertolozzi, I.; Vanni, S.; Dorigo, W.; Coppo, M.; Pratesi, C.; De Gaudio, A.R.; Gensini,
G.F.; Modesti, P.A. Pulmonary injury follows systemic inflammatory reaction in infrarenal aortic surgery. Crit. Care Med.
2004, 32, 1170–1177.

29. den Hengst, W.A.; Gielis, J.F.; Lin, J.Y.; Van Schil, P.E.; De Windt, L.J.; Moens, A.L. Lung ischemia-reperfusion injury: A
molecular and clinical view on a complex pathophysiological process. Am. J. Physiol. Heart Circ. Physiol. 2010, 299,
H1283–H1299.

30. Brovman, E.Y.; Steen, T.L.; Urman, R.D. Associated risk factors and complications in vascular surgery patients
requiring unplanned postoperative reintubation. J. Cardiothorac. Vasc. Anesth. 2017, 31, 554–561.

31. Tillquist, M.N.; Gabriel, R.A.; Dutton, R.P.; Urman, R.D. Incidence and risk factors for early postoperative reintubations.
J. Clin. Anesth. 2016, 31, 80–89.

32. Edwards, M.S.; Andrews, J.S.; Edwards, A.F.; Ghanami, R.J.; Corriere, M.A.; Goodney, P.P.; Godshall, C.J.; Hansen,
K.J. Results of endovascular aortic aneurysm repair with general, regional and local/monitored anesthesia care in the
American College of Surgeons National Surgical Quality Improvement Program database. J. Vasc. Surg. 2011, 54,
1273–1282.

33. Singh, S.; Maldonado, Y.; Taylor, M.A. Optimal perioperative medical management of the vascular surgery patient.
Anesthesiol. Clin. 2014, 32, 615–637.

34. Kindgen-Milles, D.; Müller, E.; Buhl, R.; Böhner, H.; Ritter, D.; Sandmann, W.; Tarnow, J. Nasal-continuous positive
airway pressure reduces pulmonary morbidity and length of hospital stay following thoracoabdominal aortic surgery.
Chest 2005, 128, 821–828.

35. Manley, A.M.; Reck, S.E. Patients with vascular disease. Med. Clin. N. Am. 2013, 97, 1077–1093.

36. Stevens, L.A.; Levey, A.S. Measured GFR as a confirmatory test for estimated GFR. J. Am. Soc. Nephrol. 2009, 20,
2305–2313.

37. Andrassy, K. Comment on “KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic
Kidney Disease”. Kidney Int. 2013, 84, 622–623.

38. Kashyap, V.S.; Cambria, R.P.; Davison, J.K.; L’Italien, G.J. Renal failure after thoracoabdominal aortic surgery. J. Vasc.
Surg. 1997, 26, 949–955.

39. Schepens, M.A.; Defauw, J.J.; Hamerlijnck, R.P.; Vermeulen, F.E. Risk assessment of acute renal failure after
thoracoabdominal aortic aneurysm surgery. Ann. Surg. 1994, 219, 400–407.

40. Grant, S.; Grayson, A.; Grant, M.J.; Purkayastha, D.; McCollum, C.N. What are the risk factors for renal failure following
open elective abdominal aortic aneurysm repair? Eur. J. Vasc. Endovasc. Surg. 2012, 43, 182–187.

41. Hallin, A.; Bergqvist, D.; Holmberg, L. Literature review of surgical management of abdominal aortic aneurysm. Eur. J.
Vasc. Endovasc. Surg. 2001, 22, 197.e204.

42. Greenhalgh, R.M.; Brown, L.C.; Kwong, G.P.; Powell, J.T.; Thompson, S.G.; EVAR trial participants. Comparison of
endovascular aneurysm repair with open repair in patients with abdominal aortic aneurysm (EVAR trial 1), 30-day
operative mortality results: Randomized controlled trial. Lancet 2004, 364, 843.e8.

43. Hertzer, N.R.; Mascha, E.J.; Karafa, M.T.; O’Hara, P.J.; Krajewski, L.P.; Beven, E.G. Openinfrarenal abdominal aortic
aneurysm repair: The Cleveland Clinic experience from 1989 to 1998. J. Vasc. Surg. 2002, 35, 1145.e54.

44. Martin, M.C.; Giles, K.A.; Pomposelli, F.B.; Hamdan, A.D.; Wyers, M.C.; Schermerhorn, M.L. National outcomes after
open repair of abdominal aortic aneurysms with visceral or renal bypass. Ann. Vasc. Surg. 2010, 24, 106.e1.

45. Ellenberger, C.; Schweizer, A.; Diaper, J.; Kalangos, A.; Murith, N.; Katchatourian, G.; Panos, A.; Licker, M. Incidence,
risk factors and prognosis of changes in serum creatinine early after aortic abdominal surgery. Intensive Care Med.



2006, 32, 1808.e16.

46. Braams, R.; Vossen, V.; Lisman, B.A.; Eikelboom, B.C. Outcome in patients requiringrenal replacement therapy after
surgery for ruptured and non-ruptured aneurysm of the abdominal aorta. Eur. J. Vasc. Endovasc. Surg. 1999, 18,
323.e7.

47. Litsky, J.; Stilp, E.; Njoh, R.; Mena-Hurtado, C. Management of symptomatic carotid disease in 2014. Curr. Cardiol.
Rep. 2014, 16, 462.

48. Cherr, G.S.; Hansen, K.J. Renal complications with aortic surgery. Semin. Vasc. Surg. 2001, 14, 245–254.

49. Sarac, T.P.; Bannazadeh, M.; Rowan, A.F.; Bena, J.; Srivastava, S.; Eagleton, M.; Lyden, S.; Clair, D.G.; Kashyap, V.
Comparative predictors of mortality for endovascular and open repair of ruptured infrarenal abdominal aortic
aneurysms. Ann. Vasc. Surg. 2011, 25, 461–468.

50. Loschi, D.; Melloni, A.; Kahlberg, A.; Chiesa, R.; Melissano, G. Kidney protection in thoracoabdominal aortic aneurysm
surgery. J. Cardiovasc. Surg. 2021, 62, 326–338.

51. Ricotta, J.J.; Aburahma, A.; Ascher, E.; Eskandari, M.; Faries, P.; Lal, B.K.; Society for Vascular Surgery. Updated
Society for Vascular Surgery guidelines for management of extracranial carotid disease. J. Vasc. Surg. 2011, 54, e1–
e31.

52. Koksoy, C.; LeMaire, S.A.; Curling, P.E.; Raskin, S.A.; Schmittling, Z.C.; Conklin, L.D.; Coselli, J.S. Renal perfusion
during thoracoabdominal aortic operations: Cold crystalloid is superior to normothermic blood. Ann. Thorac. Surg.
2002, 73, 730–738.

53. Wald, R.; Waikar, S.S.; Liangos, O.; Pereira, B.J.; Chertow, G.M.; Jaber, B.L. Acute renal failure after endovascular vs
open repair of abdominal aortic aneurysm. J. Vasc. Surg. 2006, 43, 460–466.

54. EVAR Trial Participants. Endovascular aneurysm repair versus open repair in patients with abdominal aortic aneurysm
(EVAR trial 1): Randomised controlled trial. Lancet 2005, 365, 2179–2186.

55. EVAR Trial Participants. Endovascular aneurysm repair and outcome in patients unfit for open repair of abdominal
aortic aneurysm (EVAR trial 2): Randomised controlled trial. Lancet 2005, 365, 2187–2192.

56. Lederle, F.A.; Freischlag, J.A.; Kyriakides, T.C.; Padberg, F.T., Jr.; Matsumura, J.S.; Kohler, T.R.; Lin, P.H.; Jean-
Claude, J.M.; Cikrit, D.F.; Swanson, K.M.; et al. Outcomes following endovascular vs open repair of abdominal aortic
aneurysm: A random-ized trial. JAMA 2009, 302, 1535–1542.

57. Hua, H.T.; Cambria, R.P.; Chuang, S.K.; Stoner, M.C.; Kwolek, C.J.; Rowell, K.S.; Khuri, S.F.; Henderson, W.G.;
Brewster, D.C.; Abbott, W.M. Early outcomes of endovascular versus open abdominal aortic aneurysm repair in the
National Surgical Quality Improvement Program-Private Sector (NSQIP-PS). J. Vasc. Surg. 2005, 41, 382–389.

58. de Bruin, J.L.; Vervloet, M.G.; Buimer, M.G.; Baas, A.F.; Prinssen, M.; Blankensteijn, J.D.; DREAM Study Group. Renal
function 5 years after open and endo-vascular aortic aneurysm repair from a random-ized trial. Br. J. Surg. 2013, 100,
1465–1470.

59. Pisimisis, G.T.; Bechara, C.F.; Barshes, N.R.; Lin, P.H.; Lai, W.S.; Kougias, P. Risk factors and impact of proximal
fixation on acute and chronic renal dysfunction after endovascular aortic aneurysm repair using glomerular filtration rate
criteria. Ann. Vasc. Surg. 2013, 27, 16–22.

60. Saratzis, A.N.; Goodyear, S.; Sur, H.; Saedon, M.; Imray, C.; Mahmood, A. Acute kidney injury after endovascular repair
of abdominal aortic aneurysm. J. Endovasc. Ther. 2013, 20, 315–330.

61. Walsh, S.R.; Tang, T.Y.; Boyle, J.R. Renal consequences of endovascular abdominal aortic aneurysm repair. J.
Endovasc. Ther. 2008, 15, 73–82.

62. Qrareya, M.; Zuhaili, B. Management of Postoperative Complications Following Endovascular Aortic Aneurysm Repair.
Surg. Clin. N. Am. 2021, 101, 785–798.

63. Dua, A.; Kuy, S.; Lee, C.J.; Upchurch, G.R., Jr.; Desai, S.S. Epidemiology of aortic aneurysm repair in the United
States from 2000 to 2010. J. Vasc. Surg. 2014, 59, 1512–1517.

64. Zarkowsky, D.S.; Hicks, C.W.; Bostock, I.C.; Stone, D.H.; Eslami, M.; Goodney, P.P. Renal dysfunction and the
associated decrease in survival after elective endovascular an-eurysm repair. J. Vasc. Surg. 2016, 64, 1278–1285.

65. D’Oria, M.; Wanhainen, A.; Lindström, D.; Tegler, G.; Mani, K. Editor’s choice–Pre-Operative Moderate to Severe
Chronic Kidney Disease is associated with worse short-term and mid-term outcomes in patients undergoing
fenestrated-branched endovascular aortic repair. Eur. J. Vasc. Endovasc. Surg. 2021, 62, 859–868.

66. Göcze, I.; Jauch, D.; Götz, M.; Kennedy, P.; Jung, B.; Zeman, F.; Gnewuch, C.; Graf, B.M.; Gnann, W.; Banas, B.; et al.
Biomarker-guided intervention to prevent acute kidney injury after major surgery: The prospective randomized BigpAK
study. Ann. Surg. 2018, 267, 1013–1020.



67. Camper, N.; Glasgow, A.M.A.; Osbourn, M.; Quinn, D.J.; Small, D.M.; McLean, D.T.; Lundy, F.T.; Elborn, J.S.; McNally,
P.; Ingram, R.J.; et al. A secretory leukocyte protease inhibitor variant with improved activity against lung infection.
Mucosal. Immunol. 2016, 9, 669–676.

68. Taggart, C.C.; Greene, C.M.; McElvaney, N.G.; O’Neill, S. Secretory leucoprotease inhibitor prevents
lipopolysaccharide-induced IKappaBalpha degradation without affecting phosphorylation or ubiquitina. ation. J. Biol.
Chem. 2022, 277, 33648–33653.

69. Ochi, A.; Chen, D.; Schulte, W.; Leng, L.; Moeckel, N.; Piecychna, M.; Averdunk, L.; Stoppe, C.; Bucala, R.; Moeckel,
G. MIF-2/D-Dt enhances proximal tubular cell regeneration through SLPI- and AFT4-dependent mechanisms. Am. J.
Physiol. Ren. Physiol. 2017, 313, F767–F780.

70. Averdunk, L.; Ruckbeil, M.V.; Zarbock, A.; Martin, L.; Marx, G.; Jalaie, H.; Jacobs, M.J.; Stoppe, C.; Gombert, A. SLPI–
A biomarker of acute kidney injury after open and endovascular thoracoabnominal aortic aneurysm (TAAA) repair. Sci
Rep. 2020, 10, 3453.

71. Ullery, B.W.; Wang, G.J.; Low, D.; Cheung, A.T. Neurological Complications of Thoracic Endovascular Aortic Repair.
Semin. Cardiothorac. Vasc. Anesthesia 2011, 15, 123–140.

72. Gombert, A.; Kirner, L.; Ketting, S.; Rückbeil, M.V.; Mees, B.; Barbati, M.E.; Keschenau, P.R.; Kalder, J.; Schurink,
G.W.; Kotelis, D.; et al. Outcomes after one stage versus two stage open repair of Type II thoraco-abdominal aortic
aneurysms. Eur. J. Vasc. Endovasc. Surg. 2019, 57, 340–348.

73. Greenberg, R.K.; Lu, Q.; Roselli, E.E.; Svensson, L.G.; Moon, M.C.; Hernandez, A.V.; Dowdall, J.; Cury, M.; Francis,
C.; Pfaff, K.; et al. Contemporary analysis of descending thoracic and thoracoabdominal aneurysm repair: A
comparison of endovascular and open techniques. Circulation 2008, 118, 808–817.

74. Miller, L.K.; Patel, V.I.; Wagener, G.J. Spinal cord protection for thoracoabdominal aortic surgery. J. Cardiothorac. Vasc.
Anesth. 2022, 36, 577–586.

75. Acher, C.; Wynn, M. Outcomes in open repair of the thoracic and thoracoabdominal aorta. J. Vasc. Surg. 2010, 52, 3S–
9S.

76. Hiratzka, L.F.; Bakris, G.L.; Beckman, J.A.; Bersin, R.M.; Carr, V.F.; Casey, D.E.; Eagle, K.A., Jr.; Hermann, L.K.;
Isselbacher, E.M.; Kazerooni, E.A.; et al. 2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines for the
diagnosis and management of patients with Thoracic Aortic Disease. Circulation 2010, 121, e266–e369.

77. Wynn, M.M.; Sebranek, J.; Marks, E.; Engelbert, T.; Acher, C.W. Complications of spinal fluid drainage in thoracic and
thoracoabdominal aortic aneurysm surgery in 724 patients treated from 1987 to 2013. J. Cardiothorac. Vasc. Anesth.
2015, 29, 342–350.

78. Rong, L.Q.; Kamel, M.K.; Rahouma, M.; White, R.S.; Lichtman, A.D.; Pryor, K.O.; Girardi, L.N.; Gaudino, M.
Cerebrospinal-fluid drain-related complications in patients undergoing open and endovascular repairs of thoracic and
thoraco-abdominal aortic pathologies: A systematic review and meta-analysis. Br. J. Anaesth. 2018, 120, 904–913.

79. Karkkainen, J.M.; Cirillo-Pen, N.C.; Sen, I.; Tenorio, E.R.; Mauermann, W.J.; Gilkey, G.D.; Kaufmann, T.J.; Oderich,
G.S. Cerebrospinal fluid drainage complications during first stage and comple-tion fenestrated-branched endovascular
aortic repair. J. Vasc. Surg. 2020, 71, 1109–1118.e1102.

80. Coselli, J.S.; LeMaire, S.A.; Koksoy, C.; Schmittling, Z.C.; Curling, P.E. Cerebrospinal fluid drainage reduces paraplegia
after thoracoabdominal aortic aneurysm repair: Results of a randomized clinical trial. J. Vasc. Surg. 2002, 35, 631–639.

81. Upchurch, G.R.; Escobar, G.A.; Azizzadeh, A.; Beck, A.W.; Conrad, M.F.; Matsumura, J.S.; Murad, M.H.; Perry, R.J.;
Singh, M.J.; Veeraswamy, R.K.; et al. Society for Vascular Surgery clinical practice guidelines of thoracic endovascular
aortic repair for descending thoracic aortic aneurysms. J. Vasc. Surg. 2021, 73, 55S–83S.

82. Mc Garvey, M.L.; Mullen, M.T.; Woo, E.Y.; Bavaria, J.E.; Augoustides, Y.G.; Messé, S.R.; Cheung, A.T. The treatment of
spinal cord ischemia following thoracic endovascular aortic repair. Neurocrit. Care 2007, 6, 5–39.

83. Sachs, T.; Pomposelli, F.; Hagberg, R.; Hamdan, A.; Wyers, M.; Giles, K.; Schermerhorn, M. Open and endovascular
repair of type B aortic dissection in the Nationwide Inpatient Sample. J. Vasc. Surg. 2010, 52, 860–866.

84. Dijkstra, M.L.; Vainas, T.; Zeebregts, C.J.; Hooft, L.; van der Laan, M.J. Spinal Cord Ischaemia in Endovascular
Thoracic and Thoraco-abdominal Aortic Repair: Review of Preventive Strategies. Eur. J. Vasc. Endovasc. Surg. 2018,
55, 829–841.

85. Dias, N.V.; Sonesson, B.; Kristmundsson, T.; Holm, H.; Resch, T. Short-term outcome of spinal cord ischemia after
endovascular repair of thoracoabdominal aortic aneurysms. Eur. J. Vasc. Endovasc. Surg. 2015, 49, 403–409.

86. Goueffic, Y.; Rozec, B.; Sonnard, A.; Patra, P.; Blanloeil, Y. Evidence for early nasogastric tube removal after infrarenal
aortic surgery: A randomized trial. J. Vasc. Surg. 2005, 42, 654–659.



87. Untch, B.R. Management of hemostasis in vascular surgery. Surgery 2007, 142 (Suppl. 4), S26–S33.

88. Goldhammer, J.E.; Zimmerman, D. Pro: Activated clotting time should be monitored during heparinization for vascular
surgery. J. Cardiothorac. Vasc. Anesth. 2018, 32, 1494–1496.

89. Malbrain, M.L.; Cheatham, M.L.; Kirkpatrick, A.; Sugrue, M.; Parr, M.; De Waele, J.; Balogh, Z.; Leppäniemi, A.; Olvera,
C.; Ivatury, R.; et al. Results from the International Conference of Experts on Intra-abdominal Hypertension and
Abdominal Compartment Syndrome. I. Definitions. Intensive Care Med. 2006, 32, 1722–1732.

90. Cheatham, M.L.; Malbrain, M.L.; Kirkpatrick, A.; Sugrue, M.; Parr, M.; De Waele, J.; Balogh, Z.; Leppäniemi, A.; Olvera,
C.; Ivatury, R.; et al. Results from the International Conference of Experts on Intra-abdominal Hypertension and
Abdominal Compartment Syndrome. II. Recommendations. Intensive Care Med. 2007, 33, 951–962.

91. Miller, A.; Marotta, M.; Scordi-Bello, I.; Tammaro, Y.; Marin, M.; Divino, C. Ischemic colitis after endovascular aortoiliac
aneurysm repair: A 10-year retrospective study. Arch. Surg. 2009, 144, 900–903.

92. Daye, D.; Walker, T.G. Complications of endovascular aneurysm repair of the thoracic and abdominal aorta: Evaluation
and management. Cardiovasc. Diagn. Ther. 2018, 8 (Suppl. 1), S138–S156.

93. Becquemin, J.-P.; Kelley, L.; Zubilewicz, T.; Desgranges, P.; Lapeyre, M.; Kobeiter, H. Outcomes of secondary
interventions after abdominal aortic aneurysm endovascular repair. J. Vasc. Surg. 2004, 39, 298–305.

94. Perry, R.J.; Martin, M.J.; Eckert, M.J.; Sohn, V.Y.; Steele, S.R. Colonic ischemia complicating open vs endovascular
abdominal aortic aneurysm repair. J. Vasc. Surg. 2008, 48, 272–277.

95. King, R.W.; Gedney, R.; Ruddy, J.M.; Genovese, E.A.; Brothers, T.E.; Veeraswamy, R.K.; Wooster, M.D. Occlusion of
the celiac artery during endovascular thoracoabdominal aortic aneurysm repair is associated with increased
perioperative morbidity and mortality. Ann. Vasc. Surg. 2020, 66, 200–211.

96. American Society of Anesthesiologists Task Force on Perioperative Blood Management. Practice Guidelines for
Perioperative Blood Management: An Updated Report by the American Society of Anesthesiologists Task Force on
Perioperative Blood Management. Anesthesiology 2015, 122, 241–275.

97. Boer, C.; Meesters, M.I.; Milojevic, M.; Benedetto, U.; Bolliger, D.; von Heymann, C.; Jeppsson, A.; Koster, A.;
Osnabrugge, R.L.; Ranucci, M.; et al. 2017 EACTS/EACTA Guidelines on patient blood management for adult cardiac
surgery. Eur. J. CardioThorac. Surg. 2018, 53, 79–111.

98. Veerhoek, D.; Groepenhoff, F.; van der Sluijs, M.; de Wever, J.; Blankensteijn, J.D.; Vonk, A.; Boer, C.; Vermeulen, C.
Individual differences in heparin sensitivity and their effect on heparin anticoagulation during arterial vascular surgery.
Eur. J. Vasc. Endovasc. Surg. 2017, 54, 534–541.

99. Ullery, B.W.; Lee, J.T. Considerations for patients undergoing endovascular abdominal aortic aneurysm repair.
Anesthesiol. Clin. 2014, 32, 723–734.

100. Levy, P.J.; Tabares, A.H.; Olin, J.W.; Tuthill, R.J.; Gottlieb, A.; Sprung, J. Disseminated intravascular coagulation
associated with acute ischemic hepatitis after elective aortic aneurysm repair: Comparative analysis of 10 cases. J.
Cardiothorac. Vasc. Anesth. 1997, 11, 141–148.

101. Chee, Y.E.; Liu, S.E.; Irwin, M.G. Management of bleeding in vascular surgery. Br. J. Anaesth. 2016, 117, 85–94.

102. Cap, A.; Hunt, B.J. The pathogenesis of traumatic coagulopathy. Anaesthesia 2015, 70, 96–101.

103. Maegele, M.; Schochl, H.; Cohen, M.J. An update on the coagulopathy of trauma. Shock 2014, 41, 21–25.

104. Brohi, K.; Cohen, M.J.; Ganter, M.T.; Matthay, M.A.; Mackersie, R.C.; Pittet, J.F. Acute traumatic coagulopathy: Initiated
by hypoperfusion: Modulated through the protein C path-way? Ann. Surg. 2007, 245, 812–818.

Retrieved from https://encyclopedia.pub/entry/history/show/66156


