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           Introduction 

 Patients with vascular disease are among those at highest 
risk for postoperative complications. Postoperative man-
agement following major vascular surgery has seen a fun-
damental shift towards a more effi cient use of postoperative 
care facilities. Minimally invasive surgical techniques 
such as endovascular repair of complicated aortic aneu-
rysms and the use of local and/or regional blocks, together 
with improvements in perioperative anesthesia, have all 
led to fewer patients requiring routine admission to inten-
sive care units (ICUs). Despite best practices and planning 
in the preoperative assessment and in the intraoperative 
hemodynamic optimization, vascular surgical patients 
remain among the highest at risk for postoperative myo-
cardial infarction (MI), stroke, renal failure, and bleeding 
complications. Better preoperative evaluation, triage, and 
preparation provide appropriate environment for early 
identifi cation and treatment of complications. This chapter 
concentrates on the common postoperative management 
strategies in vascular surgical patients and highlights pro-
cedure-specifi c perioperative risks.  

    Preoperative Triage 

 The preoperative medical comorbidities and perioperative 
hemodynamic stability are the major factors that determine 
the most appropriate location for postoperative admission 
and monitoring. 

 With proper risk stratifi cation, selective rather than obliga-
tory use of intensive care and step-down units can provide 
safe and cost-effective care [ 1 ]. Age and comorbid conditions 
such as coronary artery disease, congestive heart failure, 
chronic obstructive pulmonary disease (COPD), and chronic 
renal failure are predictors of increased mortality in vascular 
surgical patients [ 2 ]. Moreover, poor preoperative nutritional 
status directly correlates with the increased incidence and 
severity of the  systemic infl ammatory response syndrome 
(SIRS)   seen in some patients after major vascular surgery [ 3 ]. 

 Major open vascular surgery carries a 30-day mortality rate 
of 5 %—mostly secondary to cardiac events [ 4 ]. Perioperative 
markers for direct ICU admission include sustained hemody-
namic instability (systolic blood pressure <90 mmHg), clini-
cally signifi cant cardiac ischemia, ventilatory failure, 
hypothermia (<35 °C), and transfusion of multiple blood 
products [ 5 ]. Patients with preoperative severe coronary artery 
disease (ejection fraction <40 %, congestive heart failure, 
New York Heart Association [NYHA] class III or IV angina), 
COPD (forced expiratory volume 1 [FEV 1 ] <1 L), and chronic 
renal failure (dialysis-dependent) should be admitted directly 
to an ICU postoperatively following elective abdominal aortic 
aneurysm (AAA) repair [ 5 ]. Patients undergoing vascular pro-
cedures not associated with major fl uid shift or blood loss, 
such as  carotid endarterectomy (CEA)  , still require close mon-
itoring in the immediate postoperative period as they are at 
highest risk of stroke and MI. The event rate for these patients 
is highest in the fi rst 8 h postoperatively. Thus, patients having 
CEA and uncomplicated EVAR are normally monitored in 
high dependency units for 8–12 h, after which they are often 
discharged home once they are deemed medically and neuro-
logically stable [ 6 ].  
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    General Postoperative Considerations 

    Postoperative Hemodynamics and Bleeding 

 An essential fi rst step is to provide an appropriate environment 
that facilitates maintenance of intraoperative and postopera-
tive hemodynamic stability. It is therefore critical to know the 
patient’s preoperative heart rate, blood pressure, detailed car-
diac status including myocardial function as these parameters 
will have great impact on postoperative management. 
Commonly seen adverse outcomes such as prolonged hypo-
tension, hypertension, tachycardia, and hypothermia can be 
modifi ed by careful perioperative planning and execution. 
Perioperative hemodynamic monitoring is satisfactorily 
achieved through simple variables such as heart rate, mean 
arterial pressure, and urine output. The implementation of 
“ Goal-Directed Therapy  ,” which requires the use of advanced 
monitoring technologies such as pulmonary artery catheter-
ization, is not essential and has produced confl icting results in 
cardiac and vascular surgery patients [ 7 ]. 

 Blood pressure targets must be balanced to avoid both 
hypotension and hypertension. Before considering any thera-
peutic intervention, common causes of postoperative  hyper-
tension     —such as pain, agitation, hypoxia, hypercarbia, 
hypervolemia, and bladder or gastric distention—must be 
ruled out and treated [ 8 ]. Many authors recommend targeting 
a systolic blood pressure between 20 mmHg above and 
20 mmHg below the patient’s baseline. It is important to 
avoid high blood pressures for many reasons including the 
potential to place undue shear stresses on new grafts and 
increase hemorrhage risk at fresh anastomotic sites. Mean 
arterial pressure greater than 20 % above preoperative levels 
should be treated with antihypertensives [ 9 ]. Different cate-
gories of  antihypertensive agents   are available for use and it 
is customary that most treating vascular surgeons are famil-
iar with the safe initial management of hypertension before 
involving the specialists. Nitrates, beta blockers, calcium 
channel blockers, angiotensin converting enzyme inhibitors, 
and vasodilators are among the most commonly used antihy-
pertensive medications. Following major vascular surgery, it 
is obviously as critical to avoid hypotension and hypovole-
mia. Low-fl ow states increase the risk of vascular graft 
thrombosis and renal dysfunction. Hypotension increases 
risks of myocardial ischemia, renal failure, and may be a 
major cause of stroke [ 10 ]. It is crucial to rule out hemor-
rhage as the major cause of hypotension in patients who 
require greater than expected intravenous fl uids in the early 
postoperative period [ 11 ]. 

 The authors recommend aggressive fl uid resuscitation 
with crystalloids in the early postoperative period with the 
judicious use of vasopressors. Several recent studies ana-
lyzed the concept of restrictive blood transfusion practices 
[ 12 ]. The  American Association of Blood Banks (AABB)   

strongly recommends—with high-quality evidence—adhering 
to restrictive transfusion strategy (7–8 g/dL) in hospitalized, 
stable patients. The guidelines did not fi nd strong evidence 
for or against restrictive transfusion strategy in patients at 
risk of perioperative myocardial infarction and hence gave a 
weak recommendation to transfusing patients with pre-
existing cardiovascular disease only if their hemoglobin is 
less than 8 g/dL or they have symptoms [ 13 ].  

    Myocardial Ischemia 

 Myocardial infarction (MI) is the most common cause of 
death following major vascular surgery. This is not surprising 
as the prevalence of coronary artery disease in these patients 
approaches 90 % [ 11 ,  14 ]. Many postoperative myocardial 
infarctions in vascular patients occur without chest pain and 
may not be preceded by changes in heart rate or blood pres-
sure [ 14 ]. An elevated postoperative cardiac troponin I is a 
consistent predictor of increased cardiac events and mortal-
ity following major vascular surgery. A single Troponin I on 
each of the fi rst 3 postoperative days will identify patients 
who have silent myocardial ischemia. Even in the absence of 
other signs of clinically signifi cant cardiac ischemia, an ele-
vated troponin has been shown to correlate with increased 
30-day mortality [ 15 ]. There is time between the positive 
troponin I increase and death, allowing for changes in man-
agement and intervention. 

 Intraoperative hypothermia has been demonstrated to be 
an independent predictor of postoperative myocardial isch-
emia [ 16 ]. However, following acute myocardial infarction 
or cardiac arrest, early establishment of “therapeutic” or 
induced hypothermia is thought to be a safe technique that 
promotes cardioprotection, probably by improving micro-
vascular reperfusion of previously ischemic heart tissue [ 17 ]. 

 Perioperative cardiovascular optimization is a crucial step 
in reducing postoperative myocardial events. American and 
European guidelines recommend the use of beta blockers 
(target heart rate 60–65 bpm while avoiding hypotension) in 
patients undergoing vascular surgery [ 18 ]. However the most 
recent meta-analysis of beta blocker therapy of secure trials 
documented that perioperative beta blocker initiation prior to 
high and intermediate risk noncardiac surgery was associated 
with a 27 % increased risk in all-cause mortality [ 19 – 22 ]. 
 Hypotension   and  stroke   are increased by beta blockers but 
non-fatal MIs are reduced in secure trials. Preoperative ini-
tiation of beta blockers is no longer considered to be the gold 
standard in myocardial prevention. A recent trial of clonidine 
to blunt central sympathetic signal outfl ow which is acti-
vated during and after surgery with the goal of reducing 
myocardial infarction and postoperative death, in noncardiac 
surgical patients, was not associated with a reduction in 
myocardial infarction or death at 30 days [ 23 ]. It is important 
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to note that withdrawal of beta blocker therapy periopera-
tively is associated with increased mortality [ 24 ]. Thus to 
date there are no antihypertensive medications that been 
proven to reduce perioperative myocardial infarction in vas-
cular patients. 

 Guidelines from the American College of Cardiology/
American Heart Association/Society for Cardiovascular 
Angiography and Interventions recommend dual antiplatelet 
therapy with aspirin and clopidogrel following  percutaneous 
coronary intervention (PCI)  . The recommended duration is 
at least 4 weeks following  bare metal stents (BMS)   and 12 
months for  drug eluting stents (DES)  , with aspirin continued 
indefi nitely [ 25 ]. The authors recommend that aspirin can be 
continued perioperatively in all vascular patients because the 
risk of perioperative bleeding in this setting is much smaller, 
compared with the cardiovascular thromboembolic risks 
associated with its withdrawal. A recent trial examined the 
use of ASA in the perioperative period [ 26 ]. Although 
approximately one-third of patients in the trial had a history 
of vascular disease (CAD, PAD, or stroke), only 5 % were 
undergoing vascular procedures. There was no benefi t of 
ASA in the perioperative period in patients with vascular dis-
ease and bleeding was increased in those on ASA. Because 
most patients underwent lower risk nonvascular procedures, 
this trial is insuffi cient to change practice. Neuraxial blocks 
can be safely performed on patients taking aspirin [ 27 ], 
whereas it is safer to discontinue clopidogrel 7 days and 
ticlopidine 14 days prior to any such procedure [ 28 ]. Unlike 
cardiac surgery, discontinuation of clopidogrel prior to major 
vascular procedures (when neuraxial blockade/anesthesia 
will not be used) is not associated with increased bleeding 
risk [ 29 – 31 ]. In addition to clopidogrel, vascular surgeons 
must be familiar with the bleeding risks of patients on other 
antiplatelet agents such as prasugrel, ticagrelor, and glyco-
protein IIb/IIIa inhibitors (GPI) (e.g., abciximab, eptifi ba-
tide, and tirofi ban). 

 Based on several primary and secondary prevention stud-
ies, the recommendations from the National Cholesterol 
Education Program (NCEP) and the ACC/AHA guidelines, 
statins are used in vascular surgery patients for their apparent 
protective effect in the reduction of perioperative cardiac 
complications. Several studies have demonstrated the ben-
efi cial effects of statins in reducing the risk of perioperative 
cardiac events in patients undergoing major noncardiac 
arterial surgery [ 32 – 38 ]. In addition to their lipid-lowering 
role, the pleiotropic properties of statins that result in stabi-
lized atherosclerotic plaques, improved endothelial function, 
and decreased platelet aggregation are well known [ 39 – 42 ]. 
Even though it is now commonplace to start statins in vascular 
surgery patients who are not on it perioperatively (statin-
naïve), the ideal timing and optimal dosage is not clear. 
Some studies suggested commencing statins two weeks 
preoperatively [ 39 ]. Following chronic statin therapy, with-

drawal or accidental omission postoperatively has the poten-
tial for increasing the cardiovascular risk [ 43 ,  44 ].  

    Renal Failure 

  Acute renal failure   is more common following vascular, car-
diac, and major abdominal surgery with a mortality rate of 
60–80 % if renal replacement therapy is required [ 45 ]. 
Abnormal renal function prior to major vascular surgery has 
been shown to be a strong predictor of postoperative acute 
renal failure [ 46 ]. Recent studies have demonstrated that 
even minimal increases in serum creatinine are associated 
with higher short- and long-term mortality rates, irrespective 
of partial or full recovery of renal function at the time of 
discharge [ 47 ]. Postoperative acute renal failure is multifac-
torial. However, perioperative hypotension (pre-renal azote-
mia) and ischemic  acute tubular necrosis (ATN)   are central 
to most episodes. Examples of periprocedural factors that 
could potentially lead to ATN include aortic cross-clamping 
time, renal ischemia secondary to supra renal clamping, vol-
ume of contrast given, and the use of other nephrotoxins. 

 A meta-analysis combining the results of 61 studies 
(3359 patients) failed to show any benefi t for renal-dose 
dopamine (potent vasodilator acting on dopamine 1 and 2 
receptors in the renal cortex) in reducing mortality or need 
for renal replacement therapy despite an increase in urine 
output [ 48 ]. Small studies using fenoldopam, a potent renal 
vasodilator (dopamine 1 receptor agonist) and natriuretic, 
have demonstrated improved renal outcome when given 
intraoperatively and postoperatively [ 49 ,  50 ]. However, 
Kidney Disease Improving Global Outcomes (KDIGO) 
gave level 2C suggestion not to use fenoldopam to prevent 
or treat  acute kidney injury (AKI)   [ 51 ]. The FENO HSR is 
an interesting randomized controlled study that has been 
recently completed but not yet published. It is trying to 
show whether fenoldopam is benefi cial in reducing the inci-
dence of renal replacement therapy (RRT) or mortality in 
patients with or at risk for AKI following cardiac surgery. 
There is high quality of evidence that during AAA repair, 
forced diuresis, whether using mannitol or furosemide, has 
probably no benefi t in reducing the risk of postoperative 
AKI. However, in a recent meta-analysis of 47 studies, the 
evidence for forced diuresis being benefi cial in reducing the 
need for  renal replacement therapy (RRT)   is quoted as weak 
[ 52 ]. On the other hand, it has been suggested that the peri-
operative timely introduction of continuous infusion of 
furosemide in cardiac surgery patients does not increase the 
incidence of renal impairment [ 52 ]. 

   N -acetylcysteine (NAC)   is known for its safe and harm-
less anti-oxidant and renal vasodilator properties. Several 
comprehensive reviews failed to fi nd suffi cient evidence to 
support its use in prevention of contrast-induced nephropa-
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thy. However, NAC should never replace adequate hydration 
[ 53 ]. Thus, the optimal perioperative strategy remains to 
ensure adequate intravascular volume and to avoid the 
administration of possible nephrotoxins such as  non- steroidal 
anti-infl ammatory drugs (NSAIDs)   or  aminoglycosides  .  

    Respiratory Complications 

 Postoperative respiratory failure is associated with increased 
mortality, both in the short and long term [ 54 ,  55 ]. Johnson 
et al. reported a reduction in the median long-term survival 
by 87 % in patients who suffered from a pulmonary complica-
tion in the fi rst 30 days following surgery [ 54 ]. Deep- 
breathing exercises, incentive spirometry, and continuous 
positive airway pressure are associated with a reduction in 
pulmonary complications [ 56 ,  57 ]. Postoperative analgesia 
in the form of continuous infusions of low dose morphine in 
combination with propofol commonly ensures relative com-
fort and sedation without respiratory depression for those 
who require intubation. This in turn helps in early extubation 
and effective return of function. Currently, most patients are 
extubated in the operating room following major vascular 
surgery. Once in the ICU, patients who are still intubated 
should be rewarmed aggressively and stabilized. Patients 
who require prolonged mechanical ventilation are generally 
those who have suffered a postoperative MI, renal failure, 
bowel ischemia, sepsis, or early  acute respiratory distress 
syndrome (ARDS)  . The patients at highest risk for early 
postoperative ARDS are those who are hemodynamically 
unstable (e.g. ruptured AAA repair). This is because of the 
“two-hit” nature of AAA rupture and repair in addition to the 
large volumes of crystalloid and blood products adminis-
tered [ 58 ]. Patients who suffer from early ARDS will benefi t 
from a lung-protective ventilation strategy that combines low 
tidal volumes and relatively high respiratory rates with 
reduction in ventilator-associated lung injury (barotrauma, 
volutrauma, atelectrauma, biotrauma). This strategy leads to 
improved recruitment and oxygenation and subsequently 
higher rate of weaning from mechanical ventilation. 

 Patients who need prolonged ventilation may require tra-
cheostomy, which is correlated with poor outcome and 
increased in-hospital mortality in this patient cohort [ 59 ].  

    Gastrointestinal Complications 

 Two potentially lethal postoperative gastrointestinal (GI) 
complications worthy of special mention are  bowel ischemia   
and abdominal compartment syndrome. One cannot ignore 
the risk of upper GI hemorrhage when discussing GI compli-
cations and this needs to be treated with proton pump inhibi-
tors gastroscopy with or without intervention as required. 

These complications are most commonly associated with 
patients who undergo aortic surgery for a ruptured 
AAA. Colonic ischemia affects less than 2 % of patients 
undergoing elective AAA repair but carries a mortality rate 
of 40–65 % [ 60 ]. Patients operated on for a ruptured AAA 
have rates of colonic ischemia that range from 15 to 65 % 
[ 60 ,  61 ]. As previously stated, excessive fl uid requirements 
may be an early indication of  bowel ischemia  . Certainly, 
persistent acidosis, low bicarbonate level, and hypotension 
are worrisome markers. It is important to maintain a high 
index of suspicion at an early stage, before the patient devel-
ops elevated lactate, acidosis, GI bleeding, portal-venous gas 
on plain abdominal X-ray, or pneumatosis intestinalis on 
computed tomography (CT) scan. Flexible sigmoidoscopy 
and colonoscopy are the most useful tools in making the 
diagnosis of bowel ischemia. Mild  bowel ischemia   limited to 
colonic mucosa can be treated conservatively. More exten-
sive ischemia with or without hemodynamic instability 
requires urgent resection. If the diagnosis is delayed, the 
patient can progress to full transmural ischemia, which car-
ries a mortality rate of 80–100 % [ 62 ]. 

 A second serious complication is abdominal compart-
ment syndrome (discussed in detail in Chap.   48    ). Normal 
intra-abdominal pressure is less than 7 mmHg and it is nor-
mally measured using bladder pressure. A bladder pressure 
greater than 12 mmHg is indicative of intra-abdominal 
hypertension and pressures above 25 mmHg place patients at 
high risk for abdominal compartment syndrome [ 63 ]. 
Patients who have received massive volume resuscitation 
with fl uids and blood products (e.g., ruptured AAA) are at 
particularly high risk. Classical cases of full blown abdomi-
nal compartment syndrome present with increased airway 
pressures when on a ventilator, decreased cardiac output, 
hypotension, and oliguria. This can lead to ischemia of intra- 
abdominal organs. Early recognition using bladder pressure 
monitoring and treatment with decompressive laparotomy 
can signifi cantly improve patient survival. Recent reports of 
aspiration of signifi cant volumes of blood and/or fl uid at the 
conclusion of RAAA treated by Endovascular Aneurysm 
Repair (EVAR) before clotting occurs may prevent the devel-
opment of the syndrome.  

    Pain Management 

 Effective analgesia has a signifi cant impact on the overall 
postoperative outcome. Patients with adequate postoperative 
analgesia based on pain scores have lower rates of myocar-
dial ischemia [ 64 ]. Epidural analgesia is frequently used in 
most major abdominal vascular operations. The benefi t of 
thoracic epidurals is the achievement of effective analgesia 
with lower doses of local anesthetic drugs with an end result 
of fewer subsequent hypotensive events. They tend to main-
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tain hemodynamic stability; whereas lumbar epidurals can 
worsen cardiac segmental wall-motion abnormalities [ 65 ]. 
Reduced incidence of delayed gastric emptying, reduced 
postoperative ileus and increased mobility are among many 
advantages of epidural analgesia over the intravenous 
method. Increased mobility has the further theoretical benefi t 
of reduced thrombotic and pulmonary complications.  

    Multisystem Organ Failure 

 Currently, multisystem organ failure occurs most frequently 
after repair of ruptured aortic aneurysms or other major open 
vascular procedures. No interventions have been demon-
strated to prevent this condition in this cohort. Although 
respiratory failure is common in the early postoperative 
period however it is frequently not the main cause of early 
death, whereas renal dysfunction constitutes an early sign of 
poor prognosis. Hepatic dysfunction occurring near the end 
of the fi rst week postoperatively was found to be a negative 
prognostic indicator [ 66 ].   

    Surgery-Specifi c Considerations 

    Open AAA Repair 

 One-third of patients who have undergone elective repair of 
an AAA will suffer from one or more postoperative compli-
cations [ 67 ]. Some of these complications depend on the 
location and duration of the aortic clamp. The incidence of 
renal failure and other complications is much higher with a 
suprarenal or supra celiac clamp. Renal failure following 
elective infrarenal AAA repair is reported to be around 
5.4 %, with less than 1 % of patients requiring hemodialysis 
[ 68 ]. An infrarenally placed aortic clamp can decrease renal 
blood fl ow by 40 % [ 69 ]. Prior to aortic cross-clamping, it is 
vital to maintain suffi cient intravascular volume to ensure 
adequate renal perfusion. Another common problem follow-
ing AAA involves the gastrointestinal system. In the absence 
of high gastric outputs (>500 cc/24 h) or clear evidence of 
paralytic ileus, nasogastric (NG) tubes should be routinely 
removed on the fi rst day following elective AAA repair and 
patients will often tolerate sips of fl uid. Gastric emptying has 
been shown to return to normal by 18 h following elective 
AAA, with small bowel function normalizing by the third 
day [ 70 ]. Early oral nutrition is one of the components of the 
 enhanced recovery after surgery (ERAS) program  , which is 
well established in colorectal surgery. A systematic review is 
looking at the evidence to support future implementation in 
the postoperative care of patients undergoing major vascular 
surgery [ 71 ]. 

 In patients who require prolonged mechanical ventilation, 
low-volume tube feeding should be started early and pro-
gressed based on the patient’s residuals or established ICU 
feeding protocols.  

    Ruptured AAA Repair 

    Despite recent advances in the perioperative management of 
patients with vascular disease, mortality rate following open 
ruptured AAA remains around 40–50 %. More than 8000 
patients die each year in the USA from AAA ruptures [ 72 ]. 
These are the most challenging postoperative vascular 
patients to manage and they have the highest rates of all of 
the aforementioned complications. They are frequently cold 
and coagulopathic on leaving the operating room, hence 
rapid rewarming and stabilization is essential. Aggressive 
reversal of medical coagulopathy with blood products is vital 
to prevent further bleeding. Third-space fl uid losses can be 
signifi cant, and patients may require a large amount of vol-
ume resuscitation. Acidosis is common and must be 
addressed with adequate volume resuscitation in an early 
goal-directed fashion with prompt adjustments in ventilatory 
support, and appropriate usage of bicarbonate infusions. 
Large fl uid and blood-product administration puts patients at 
risk for abdominal compartment syndrome and early 
ARDS. The development of abdominal compartment syn-
drome is signifi cant after ruptured AAA because of the large 
retroperitoneal hematoma that remains after repair and bowel 
edema. A planned delayed abdominal closure can prevent 
this complication, although this may require use of mesh or 
a vacuum-assisted closure technique. It is important to main-
tain a high index of suspicion for complications that require 
intervention such as stress ulceration and intestinal (particu-
larly left colon) ischemia.     

    Endovascular Aortic Repair 

 The endovascular approach to treat AAA has been in clinical 
practice for over 20 years. Initially this was only offered to 
patients considered too “high risk” for traditional open repair. 
Currently the treatment of aortic aneurysms continues to shift 
towards endovascular repair. In the USA, more than 70 % of 
elective AAA repairs are now being performed by this method 
[ 73 ]. This will increase further as new techniques of endovas-
cular aortic repair (e.g. fenestrated and branched EVAR) 
become widely disseminated to deal with infrarenal aneu-
rysms with short neck lengths. Instead of making a large 
abdominal incision, EVAR is generally done through the 
groins, either by making small groin incisions or percutane-
ously, allowing the devices to be introduced via the femoral 
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arteries. Fluoroscopy is used to guide the devices to the proper 
location, where they are deployed; relining the diseased aorta 
and excluding the aneurysm [ 74 ]. The early advantages of 
EVAR include less pain, reduced blood loss, decreased rates 
of postoperative medical complications, and rapid recovery. A 
recent meta-analysis of 41 studies (total population of nearly 
60,000) reported an advantage of EVAR over open repair [ 75 ]. 
EVAR was found to be associated with signifi cantly lower in-
hospital mortality, respiratory complications, and acute renal 
failure, in addition to lower requirements of intraoperative 
blood transfusion. It also showed a trend towards a reduced 
cardiac complications and mesenteric ischemia [ 75 ]. It is 
important to monitor these patients for postoperative acute 
limb ischemia secondary to dissection of the femoral artery, 
thrombosis, or embolization. Furthermore, the deployment of 
the devices involves the introduction of several guide wires, 
sheaths, and catheters via the femoral arteries through to the 
level of the aneurysm and beyond. Extreme care is required, as 
this carries an increased risk of iatrogenic damage of vessels 
even remote from the site of the aneurysm. Although a com-
pletion angiogram is performed at the end of the procedure, 
such injuries can be missed. 

 Ischemic colitis can occur as the origin of inferior mesen-
teric artery is covered by the device, but fortunately the natu-
ral presence of rich collaterals makes this infrequent. 
Nevertheless it is a deadly complication and early identifi ca-
tion and therapy is critical to patient survival. 

 Finally, because these patients receive radiocontrast during 
the procedure, it is imperative to maintain adequate hydration 
before the contrast is given and maintain urine output postop-
eratively to minimize the risk of contrast nephropathy. 

 Repairing ruptured AAA (rAAA) by EVAR is seen more 
commonly and at least 33 % are performed through this 
route in the USA. Several studies have reported lower peri-
operative mortality (50 % open vs. 23 % EVAR) and morbid-
ity (90 % vs. 53 %) in selected patients [ 76 ,  77 ]. A recent 
study, from the USA, comparing open and endovascular 
approaches in treating rAAA reported that EVAR is a safe 
and superior approach to open surgery for the management 
of patients with rAAA. On multivariate analysis, patients 
who underwent open repair were at signifi cantly increased 
risk of morbidity and mortality [ 78 ]. However, when refer-
ring to such “favorable” studies, it is critical to take into 
account factors like patient’s hemodynamic stability, comor-
bidities, and other parameters such as the lowest blood pres-
sure at presentation. Although the recent multi-center 
UK-based IMPROVE trial failed to show any statistically 
signifi cant difference in 30-day mortality between EVAR 
and open repair of rAAA on an intention to treat basis, it was 
demonstrated that EVAR is a valid option in treating this 
cohort of patients [ 79 ]. The IMPROVE trial study demon-
strated that EVAR was associated with reduce mortality 
(38 % open vs. 25 % EVAR) but this was on a procedure 

basis not the intention to treat analysis. EVAR for rAAA is 
promising, but future expansion is limited by logistical barri-
ers, such as the availability of a dedicated endovascular team 
with round the clock access to resources together with exper-
tise in performing EVAR in this setting.  

    Thoracoabdominal Aortic Repair 

   Open thoracoabdominal aneurysm repair carries substantial 
risk of perioperative morbidity and mortality. Compared to 
infrarenal AAA repair, postoperative renal, pulmonary, vis-
ceral, and cardiac complication rates and mortality are sig-
nifi cantly higher. Pulmonary complications are the most 
common and impact signifi cantly on patient outcome. The 
left lung is commonly not ventilated to facilitate repair and it 
frequently requires time to recover. Division of the dia-
phragm is associated with prolonged postoperative ventila-
tion and this is found to be independent of known pulmonary 
risk factors [ 80 ]. Etz et al. performed early tracheostomy, on 
postoperative days 5–7, on all patients with signifi cant pul-
monary problems in order to aid care and early mobilization 
[ 81 ]. Coselli and his group recently published a retrospective 
analysis of 823 patients who underwent open TAAA [ 82 ]. 
Their relatively superior “early outcome” results clearly 
explain “volume-related outcome,” a concept well known, 
but more striking in thoracoabdominal aneurysms. A recent 
review of long-term follow-up of these patients demonstrated 
that renal failure, neurologic events, and ventricular dysfunc-
tion decreased late as well as early survival [ 83 ]. A devastat-
ing complication following this operation is spinal cord 
ischemia. Spinal drains are used for a period of 72 h with a 
target pressure of <10 mmHg to reduce cerebrospinal fl uid 
(CSF) pressure and improve spinal cord perfusion. Their use 
is generally coupled with maintenance of adequate preload 
and mean blood pressure above 80 mmHg for optimum tis-
sue perfusion. Any hypotensive precipitant, occurring even 
days to weeks postoperatively, could lead to delayed neuro-
logical defi cits. Despite being universally used, a recent 
meta-analysis of three randomized controlled trials on the 
topic of “CSF drainage” in TAAA reported that there is only 
limited support for its use [ 84 ]. Spinal cord function can be 
monitored using  motor evoked potentials (MEP)   which can 
provide an intraoperative indication that the spinal cord is 
adequately perfused prior to leaving the operating room.    

    Carotid Endarterectomy 

 CEA is one of the most frequently performed vascular 
operations in the USA [ 85 ]. Monitoring in a high depen-
dency unit postoperatively with adequate nurse-to-patient 
ratio is desirable as most of the adverse events are mani-
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fested within 8 h of surgery [ 86 ]. Patients on preoperative 
aspirin and clopidogrel have been shown to experience a 
fi vefold increased risk of postoperative bleeding after CEA 
[ 87 ]. However, recent reports suggest that a single 75-mg 
dose of clopidogrel the night before surgery in addition to 
regular 75 mg aspirin postoperative may reduce the risk of 
thromboembolic stroke [ 88 ]. 

 Patients need to be monitored for early hemorrhage, 
which can present with a rapidly expanding neck hematoma 
and lead to airway compromise. It is important to facilitate 
the expeditious patient transfer back to the operating room, 
which is the optimal location to secure a potentially diffi cult 
airway, as well as to deal with source of bleeding. Even in the 
absence of hemorrhage, airway swelling and edema can still 
occur. The common causes of stroke after CEA are emboli-
zation or thrombosis, or as secondary to a low-fl ow insult 
from hypotension. Development of stroke symptoms in the 
immediate postoperative period demands urgent attention. 
Urgent duplex scanning to look for endarterectomy-site 
thrombosis is a mandatory initial step. If duplex scanning is 
not immediately available, the rapid return to the operating 
room for assessment of thrombosis and thrombectomy is 
mandatory. Perioperative statin use prior to CEA has been 
shown to signifi cantly reduce 30-day stroke,  transient isch-
emic attack (TIA)  , and mortality [ 89 ]. The second most com-
mon postoperative complication after CEA is myocardial 
infarction. Thirteen percent of patients undergoing CEA 
have an increased postoperative troponin I, which correlates 
with a worse prognosis, as discussed earlier in this chapter 
[ 90 ]. Bradycardia is common following CEA because of the 
increased blood pressure sensed at the endarterectomized 
carotid bulb. In the absence of hypotension, bradycardia 
alone is not treated unless severe. Hypotension with brady-
cardia requires therapy to prevent precipitation of stroke and 
MI. Reduction in the sensitivity of the baroreceptor refl ex 
can also cause postoperative hypertension. One concern is an 
excessive increase in cerebral perfusion, causing hyperperfu-
sion syndrome. Hyperperfusion syndrome can affect 1–3 % 
of patients following CEA [ 91 ]. These patients have a dra-
matic increase in postoperative cerebral blood fl ow; with 
velocities in the middle cerebral artery almost double the 
preoperative values [ 91 ]. The constellation of symptoms and 
signs includes ipsilateral headache, hypertension, seizures, 
and focal neurological defi cits. Without immediate aggres-
sive antihypertensive treatment, patients may suffer from 
cerebral edema, intracerebral or subdural hemorrhage, or 
may even die. In symptomatic patients, immediate blood 
pressure targets of 140/90 mmHg should be the goal [ 92 ]. 
Patients with severe headache following CEA, without 
hemodynamic changes, should have urgent imaging studies 
to rule out intracranial hemorrhage. Cranial nerve defi cits 
can complicate up to 12.5 % of CEA [ 93 ]. The most common 
nerves involved are the hypoglossal, recurrent laryngeal, 

superior laryngeal, marginal mandibular, and greater auricu-
lar. These are mostly secondary to traction injuries, the 
majority of which resolve by 6 months [ 91 ].   

    Revascularization for Peripheral Artery 
Disease 

 Reconstructions for peripheral artery disease (PAD) are 
divided into supra inguinal (aortofemoral) and infra inguinal 
(femoral popliteal or tibial) reconstructions. Those cases 
requiring abdominal aortic surgery differ little from those 
requiring open aneurysm repairs. All patients who require 
leg reconstructions for critical limb ischemia have advanced 
atherosclerosis and must have aggressive perioperative risk 
reduction. After revascularization, graft patency must be 
carefully monitored. Early graft failure generally implies a 
technical problem and patients should be returned to the 
operating room for exploration, thrombectomy, or revision. 
Postoperative patients should be continued on aspirin and 
statin therapy with selective use of IV anticoagulation, which 
may be benefi cial in specifi c high-risk patients [ 94 ]. 

 Compartment syndrome in the revascularized limb is 
most common in the emergent setting, such as post- 
embolectomy or thrombectomy. Early identifi cation requires 
a high index of suspicion by the treating surgeon and con-
tinuous assessment by the nursing staff. Early symptoms 
include pain with passive or active fl exion or extension, 
decreased movement, and paralysis. In this setting, urgent 
four-compartment leg fasciotomies are indicated. Fasciotomy 
wounds can often be managed with delayed primary closure. 
If they cannot be closed, management with suction-type 
wound closure devices is effective or simple wet-to-dry 
dressings and delayed skin grafting. Rhabdomyolysis sec-
ondary to muscle injury and necrosis can complicate the 
reperfusion of the acutely ischemic limb [ 95 ]. Myoglobin 
released into the circulation can cause direct renal tubular 
damage if it precipitates in tubules. When urine pH is <6.0 or 
during low urine output states, myoglobin precipitation 
occurs leading to ATN. Testing the urine for myoglobin is 
unreliable because the qualitative test can be negative. Thus, 
serum creatinine kinase (CK) levels are a better marker of 
patients at risk. Preventive therapy with adequate hydration 
and urine alkalinization is best if begun intraoperatively.  

    Conclusion 

 Major  vascular                                                                                       surgery is a leading cause of signifi cant peri-
operative morbidity and mortality due to age and comorbid 
conditions these patients present with. The common periop-
erative complications following major vascular surgery are 
cardiac, pulmonary, and renal; however, all systems must be 
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carefully observed. Meticulous preoperative evaluation and 
implementation of risk reduction strategies are the corner-
stone of a successful postoperative management. 
Understanding procedure-specifi c factors is crucial. Patients 
undergoing more invasive procedures like open thoracoab-
dominal aneurysm and ruptured AAA repair are at the high-
est risk, creating the greatest management challenges. Every 
effort should be made to reduce myocardial oxygen demand 
postoperatively through adequate volume resuscitation, 
rewarming, and effective analgesia. It is equally important to 
avoid both hypotension and hypertension. Maintenance of a 
high index of suspicion and early treatment for common and 
procedure-specifi c complications will signifi cantly improve 
the outcomes of these patients.     
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