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Abstract

Ruptured abdominal aortic aneurysm (rAAA) carries high morbidity and mortality. Advances in endovascular 
techniques in the last two decades allow for minimally invasive approach for repair of these aneurysms. A 
succinct but comprehensive pre-operative is essential for delivery of a safe anesthetic for the patient with rAAA. 
Placement of proximal occlusion balloon in the descending aorta using the rapid control technique can be 
life-saving. Endovascular aortic repair (EVAR) can be performed under monitored anesthesia care using local 
anesthetic and IV sedation, and with fewer invasive lines. However, rapid conversion to general endotracheal 
anesthesia should be expected. Anesthesiologists should be familiar with the hemodynamic management 
of rAAA and be ready to provide resuscitation to correct for anemia, coagulopathy, and acidemia. In addition, 
the anesthesiologist should be aware of the common complications related to EVAR, including abdominal 
compartment syndrome, distal ischemia, and local vessel injury.
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Introduction

Even for experienced anesthesiologists, caring for a patient with a ruptured 
abdominal aortic aneurysm (rAAA) is rather challenging and stressful. It carries 
signiϐicant morbidity and mortality with in-hospital morality rate approaching 
50% even in patients who had undergone successful open repair [1]. Shortly after 
the introduction of endovascular aneurysm repair (EVAR), it has been shown to 
reduce operative mortality substantially. Approximately half of the rAAA cases are 
considered favorable for endovascular repair [2,3]. For those who had undergone 
EVAR for rAAA, the in-hospital mortality had been reduced to 20-30% [4,5]. Due to 
the minimally invasive nature of the EVAR technique, for elective EVAR cases, central 
venous catheter are not necessary, and arterial catheterization can often be omitted. 
Monitored anesthesia care with local anesthetic inϐiltration and IV sedation, as well as 
regional (e.g. lumbar subarachnoid block) technique are gaining popularity for elective 
EVARs over general anesthesia. Although more and more EVAR for rAAA were done 
under monitored anesthesia care with local anesthetic and IV sedation, the optimal 
anesthetic technique for the management of EVAR for rAAA remains unclear. 

Discussion
Preoperative evaluation / preparation

Although rAAA is considered a life-threatening condition and requires immediate 
attention to decrease the risk of end organ perfusion deϐicit and restore circulatory 
volume, it is prudent for the anesthesia team to gather as much information from 
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the patient as possible prior to the beginning of the case. Ideally, the patient should 
be interviewed and evaluated by the anesthesia in the preoperative holding area 
or the emergency department. However, most centers have now adopted policy of 
bypassing the emergency department for patient transferred from an outside facility 
with a diagnosis of rAAA. These patients are routed to the operating room directly. 
Therefore, only a brief interview might be possible. The interview should focus on 
pertinent past medical / surgical history, allergies, and medications. Vascular access, 
medications administered, and hemodynamic status should be reviewed. A brief 
airway examination should be performed.

After interviewing and examining the patient, it is important to discuss with the 
surgical team regarding the surgical plan and whether open repair is feasible as a 
backup if the attempt at endovascular repair failed. Prior to the repair, the surgeon 
may opt to employ the Resuscitative Endovascular Balloon Occlusion of the Aorta 
(REBOA) technique. This is achieved by placement of an aortic occlusion via a trans-
femoral artery approach and deploying the balloon in the supra-celiac position as a 
rapid vascular control technique. This serves to stabilize the patient’s hemodynamic 
status and maintain adequate end-organ perfusion. Previous reports have shown that 
such rapid control technique decreased mortality in unstable rAAA patients [6,7]. The 
occlusion balloon is deployed in the segment of the descending aorta that is proximal 
to the celiac axis takeoff. Therefore, prolonged inϐlation can result in hepatic and 
mesenteric ischemia, which can worsen coagulopathy and metabolic acidosis. Ideally, 
the balloon inϐlation time should be limited to less than 30 minutes. In addition, 
anesthesiologists should be aware that ϐluoroscopy is required for placement of the 
catheter, which can result in patient’s both arms being tucked, which can render 
placement of radial artery catheter unfeasible.

Coagulopathy & blood transfusion for rAAA

Massive hemorrhage in patients with rAAA undergoing either open repair or EVAR 
has been associated with poor outcome, and coagulopathy is an early complication. 
Disturbance of ϐibrinogen level, international normalized ratio (INR), prothrombin 
Time (PT), activated partial thromboplastin time (APTT) and platelets counts are 
frequently observed [8-10]. Therefore, it is prudent for the anesthesia team to activate 
the “Massive Transfusion Protocol” and obtain universal donor blood products from 
the blood bank. There is insufϐicient evidence for the optimal strategy for transfusion 
in rAAA patients. The literature is mostly derived from the trauma population [11]. 

EVAR is associated with lower transfusion volumes than open aneurysm repair. 
However, recent investigation reports that 55% of EVAR patients requiring massive 
transfusion. During the initial resuscitation phase, we recommend transfusion in 
a 1:1:1 PLT:RBC:FFP ratio until the hemorrhage is controlled. Compared to open 
procedures, it is more difϐicult to evaluate coagulopathy by direct surgical ϐield 
observation during EVAR. Therefore, emergency hemorrhage panels (EHP, includes: 
hematocrit, INR, platelet count, and ϐibrinogen level) or thromboelastography (TEG) 
may be very helpful to diagnose coagulopathy and tailor the transfusion strategy after 
initial resuscitation. At our institution, EHP is checked after the administration of each 
massive transfusion pack, followed by hourly monitoring until hemostasis is achieved.

Acid-base disturbance

Most patients presenting with rAAA are hypovolemic due to massive hemorrhage. 
This results in a gap metabolic acidosis with lactemia. The key therapy is to restore 
circulatory volume and oxygen carrying capacity using the transfusion strategy 
stated in the transfusion section. Sodium bicarbonate should be reserved for patients 
with severe metabolic acidosis with hemodynamic instability or life threatening 
hyperkalemia resulting in arrhythmias. Administration of sodium bicarbonate 
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will result in increase in PaCO2 as bicarbonate is being converted to carbon dioxide. 
This can result in an increase in minute ventilation (MV). For patients that are not 
undergoing GA and mechanically ventilated, the increase in MV might not be well 
tolerated. Tromethamine (THAM) has been advocated as an alternative to bicarbonate 
for treatment of metabolic acidosis [12]. The reaction results in elimination of CO2, but 
the elimination of THAM requires intact renal function. 

Anesthetic technique

Open aneurysm repair necessitates the use of general endotracheal anesthesia (GA). 
However, the minimally-invasive nature of EVAR allows for monitored anesthesia 
care (MAC) using local anesthetics and IV sedatives. Regional techniques have also 
been employed but are generally limited by patient cooperation and heparinization 
during the procedure. Previous studies have demonstrated that MAC resulted in 
fewer pulmonary complications, shorter ICU and hospital length of stay for elective 
EVAR cases [13]. In addition a meta-analysis showed that general anesthesia is an 
independent risk for death after EVAR [14]. In current literature, there are two case 
reports of regional or local anesthesia with IV sedation for the endovascular treatment 
of Raaa [15,16]. However, there are no randomized, controlled trials to determine if 
the anesthetic technique results in difference in patient outcomes. 

Choice of sedatives & analgesics

Midazolam, fentanyl, propofol, ketamine, and dexmedetomidine have been used 
either alone or in combination as the sedative / analgesic agent(s) for EVAR. However, 
there is no consensus regarding the optimal sedative for EVAR. The patient should be 
able to respond to commands to hold their respiration for the injection of contrast 
and deployment of the stent-graft. With our experience, dexmedetomidine has the 
most desirable properties to satisfy those speciϐic requirements of EVAR. A previous 
retrospective analysis has reported that dexmedetomidine is useful alternative to 
general anesthesia for EVAR in terms of anesthesia and surgical time, pain score, pain 
medication use and hemodynamic variance [17]. Dexmedetomidine does not depress 
respiratory drive so it would not exacerbate pre-existing acidemia in rAAA patients. 
However, it should be noted that the central alpha-2 agonism can potentially result in 
hypotension in a hypovolemic patient.

Considerations for conversion from IV sedation to general anesthesia

The general indications for conversion from MAC to GA includes:

1. Conversion of EVAR to open aneurysm repair

2. Compromise of oxygenation and ventilation

3. Patient’s inability to cooperate or tolerate the procedure under MAC 

4. Patient agitation / restlessness 

In terms of induction drugs of choice, etomidate and ketamine are preferred 
over propofol or sodium thiopental because of their lesser negative effect on the 
cardiovascular system. It is imperative to be careful with airway manipulation since the 
patient is fully heparinized, so that even minor tissue trauma can result in signiϐicant 
bleeding in the airway. This can obscure the view of the glottis for intubation. At our 
institution, we employ video laryngoscopy for endotracheal intubation even in cases 
where difϐicult airway is not suspected. 

In terms of the decision to extubate the patient at the end of the procedure, it largely 
depends on the initial indication of conversion. It is not always possible for patient to 
emerge from GA especially the cause of conversion is due to poor mental status, or 
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inability to keep up with oxygenation / ventilation. Our general practice is to keep the 
patient intubated and sedated for at least 24 hours post-operatively in the intensive 
care unit to monitor for potential complications such as abdominal compartment 
syndrome, renal failure, coagulopathy or other surgical complications.

Monitoring devices & invasive lines

Ideally, an arterial line and at least two large bore peripheral lines should be 
established before the surgery starts. However, it is very important for the anesthesia 
team not to delay the deployment of the REBOA balloon for proximal control of the 
hemorrhage, because the rapid control technique is essential for patient survival. 
Furthermore, the peripheral pulse might be weak due to hemorrhagic shock, so arterial 
catheterization can be difϐicult even under ultrasound guidance. Therefore, it may be 
appropriate to delay invasive arterial line placement until the blood pressure improves 
after the surgical team has deployed the REBOA balloon in the proximal descending 
aorta. Central venous access is optional unless the peripheral access is very poor, and 
it might be technically challenging due to low intravascular volume. An alternative is a 
surgeon-placed central venous catheter in the femoral vein, especially if conversion to 
general anesthesia is anticipated.

Monitoring of anticoagulation

Systemic heparinization at an initial dose of 80-100 units/kg of unfractionated 
heparin is necessary for EVAR. The activated clotting time should be monitored and 
maintained at greater than 250 seconds. The ACT should reassessed hourly and 
unfractionated heparin redosed as necessary to maintain therapeutic anticoagulation. 
At the conclusion of the procedure, prior to removal of the access sheath(s), ACT 
is measured again to determine if reversal of anticoagulation is necessary. At our 
institution, if the ACT is >200s, 20-30mg of protamine is administered to reverse the 
effect of heparin.

Procedural complications related to EVAR

EVAR is an effective and less invasive alternative to open surgery, but it is not free 
of complications. Three perioperative complications of EVAR deserve special attention 
[18-20].

1. Abdominal Compartment Syndrome

Abdominal compartment syndrome (ACS) is a common complication after open 
aneurysm repair and is thought to be related to third spacing with subsequent increase 
in intra-abdominal pressure. However, ACS after EVAR is not uncommon, and the 
mechanism of pathogenesis is different. Patients who developed ACS after EVAR were 
observed to have received signiϐicantly more volume resuscitation intraoperatively 
compared to EVAR patients without ACS or patients with ACS after open aneurysm 
repair. It is thought that the bleeding can occur during graft placement, or through an 
on-going Type II endoleak via inferior mesenteric or lumbar vessels. 

2. Arterial Injury at the Vascular Access Site

Occasionally, the external iliac or femoral arteries are injured during insertion, 
and rarely during removal of the delivery sheath. This may cause signiϐicant bleeding 
into the retroperitoneal space, which is not visible in the surgical ϐield. To conϐirm 
such injury, emergency arteriogram is necessary. Therefore, attention should be paid 
to changes in blood pressure before and immediately after the insertion or removal 
of the delivery sheath. If a signiϐicant decrease of BP is observed, the surgical team 
must be informed and blood samples sent to check hemoglobin and coagulation status. 
Previous reports suggest that this is a rare, but signiϐicant complication that impacts 
eventual outcomes [19].
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3. Early Lower Extremity Ischemia and Arterial Occlusion

Early lower extremity vascular occlusion is another potential complication 
following EVAR. It is often not recognized until the surgeons check the pulse in the 
lower extremities. Therefore, the patient should be kept sedated until the distal 
peripheral pulses are conϐirmed. If pulses are weak or absent, the surgeons may need 
to explore the femoral insertion site under general anesthesia.

Conclusion

In summary, rAAA carries signiϐicant morbidity and mortality in patients typically 
with multiple comorbidities. Advances in endovascular therapy allows for repair of 
the aneurysm in a minimally-invasive fashion. Anesthesiologists should be familiar 
with the hemodynamic management and blood product resuscitation strategy in these 
patients. In addition, decision should be made for MAC vs GA with the ability to convert 
in an expeditious but safe manner. The anesthesiologist should also be aware of the 
potential complications related to EVAR and be able to assist the surgeon with the 
management if they arise.
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