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INTRODUCTION

A controversy still exists around the world on the best strat-
egy to treat ruptured abdominal aortic aneurysms (rAAA). 
For decades open repair has been considered the treatment 
of choice, though characterized by high and constant 30-day 
mortality despite improvements in intensive care unit (ICU) 
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and anesthesiology care.1 Nowadays EVAR is becoming in-
creasingly popular in rAAA treatment. Both Society of Vas-
cular Surgery (SVS) and European Society of Vascular Surgery 
guidelines recommend endovascular repair (EVAR) over open 
repair for a rAAA if anatomically suitable,.2,3 In the largest 
meta- analysis so far, Van Βeek et al by including 32 studies 
investigated the short term survival after EVAR or open repair 
for rAAA.4 Based on the randomized controlled trials (RCTs) in 
defined populations 30-day or in-hospital survival were equal 
between EVAR and open repair, while based on observational 
studies with probably more selection of patients EVAR per-
formed better than open repair.4 

Hereby, based on the current literature and personal experi-
ence, we try to propose a step-by-step detailed protocol regard-
ing patients with rAAA that arrive at dedicated Hospitals having 
the ability to perform both treatment modalities. The protocol 
algorithm is summarized in figure 1 and analyzed below.
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Figure 1. Summary of the protocol algorithm.
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PROTOCOL

Emergency room
Information of a rAAA inside or outside the hospital should trig-
ger an immediate alert to the vascular on-call team. This team 
should include at least two vascular surgeons, an anesthesiolo-
gist, OR staff and a radiology technician if available. Patients in 
the emergency room presenting with a rAAA should be evalu-
ated according to hemodynamic stability (Systolic blood pres-
sure>80 mmHg). The preoperative management of the patient 
should include securing intravenous (IV) access, two peripheral 
large bore cannulas, blood cross match and restricted resusci-
tation (permissive hypotension).5-9 Central venous access and 
arterial line are not necessary at this stage and there should 
be no delay in emergency room (ER) in order to secure them. 
Intravenous fluids and vasoactive medication should be avoid-
ed as long as possible. The concept of permissive hypotension 
in which low systolic blood pressure (50-70 mm Hg) is accept-
ed, to the extent that oxygen delivery to the brain (conscious 
patient) and the myocardium is maintained (no arrhythmias 
or chest pain), until hemorrhage control is achieved should be 
followed. This concept limits internal bleeding and associated 
loss of platelets and clotting factors. Systolic pressures of 50-70 
mmHg are acceptable for a short period of time. 

Stable patients should rapidly undergo a computed to-
mography angiography (CTA) to assess anatomical suitability 
for EVAR, while unstable patients should be transferred im-
mediately to the operating room without a CTA. Convention-
al exclusion criteria for EVAR are used and include: (1) aortic 
neck diameter greater than 32 mm, neck length shorter than 
10 mm, significant calcification (circumferential), thrombus 
(>40%), or aortic neck angulation greater than 60 degrees; and 
(2) iliac vessels less than 6 mm in diameter for delivery of the 
main body graft or with significant tortuosity.10 Although the 
planning phase for cases of ruptured aneurysms is often under 
significant time restrictions, and perhaps with limited imaging 
quality available, it is important to make the most of the imag-
ing and to spend a few extra minutes reviewing the possible 
difficulties of each case. A dedicated three dimension (3D) re-
construction software could aid in performing accurate length 
and diameter measurements and design properly the whole 
procedure. In any case, the experience of the whole team and 
the logistics of the hospital should be taken into consideration 
when the suitability for EVAR is decided. We should also keep 
in mind that the haemodynamic condition of the patient on 
presentation may influence CTA image of the proximal neck 
and, to avoid an intraoperative or late Type Ia endoleak, 30% 
oversizing maybe preferable when treating a rAAA assessed by 
CTA performed during permissive hypotension.3

To initiate and achieve a proper rEVAR programme it is 
very important to retain a wide stock of available endografts. 
It is logical that due to logistic reasons it is not possible to have 
all types of endografts, however an endograft with suprare-
nal fixation (28-36 mm diameter of main body) and several 
limbs can really cover nearly all rAAAs. It is important that the 
devices used for rAAAs should be the ones that the operator 
routinely uses for elective EVAR and with which the operating 
team has significant experience.2,3

Operating room
Stable patient with suitable anatomy: Stable patients with a 
suitable anatomy determined by CTA should undergo EVAR. 
Permissive hypotension is continued, and the patient is care-
fully monitored by the anesthesiology team (Monitor Anes-
thesia Care, MAC). The procedure should be performed un-
der local anesthesia. Use of local anesthesia helps to avoid 
the hemodynamic changes associated with muscle relaxation 
and general anesthesia. Emergency EVAR may be performed 
under local anesthesia alone, but the anesthesiology team 
should be prepared to emergency conversion to general anes-
thesia if necessary. The EVAR procedure can be accomplished 
by the standard way. Systematic heparin administration could 
be deferred until the rupture is sealed. The uni-iliac configu-
ration offers a fast and reliable solution, especially in inexpe-
rienced hands. However, bifurcated stent-grafts, as also stat-
ed in the recent ESVS guidelines3, offer a more physiological 
solution with a shorter overall operation time in experienced 
hands, and obviate the need for a femoro-femoral bypass. By 
appropriately using occlusion balloons (described later), the 
hemodynamic stability of the patient can mostly be ensured 
during placement of a bifurcated stent graft without the need 
to convert to a uni-iliac repair. The main indication for using 
a uni-iliac system is in the setting of unilateral iliac occlusion 
or a severely compromised access that cannot be overcome.

Stable patient with unsuitable anatomy: In patients an-
atomically unsuitable for EVAR as determined by CTA, open 
repair should be performed. An aortic occlusion balloon could 
be also used in a similar manner (as described later), as an 
extra asset to preserve or restore intraoperative instability be-
fore exposing the proximal aortic neck. Induction of general 
anesthesia should be commenced after draping of the patient, 
in order not to affect patient hemodynamics during prepara-
tion. Central venous pressure and arterial line monitoring are 
suggested for all patients undergoing rAAA open repair. The 
lines should be secured before induction to general anesthe-
sia, but without causing unnecessary delay.

Unstable patient: Unstable patients should immediately 
be transferred to the operating room without a CTA. To sta-
bilize patients, which seems necessary in about 10-20% of 
them, aortic balloon occlusion can be used effectively. This 
technique was also used in open repair in the earlier years, 
when clamping proved difficult. The technique of balloon-oc-
clusion in rEVAR involves the use of a large compliant balloon 
over a stiff guidewire, and inside a long (45cm in length), 12-
14F sheath to retain correct position. With proper training, 
this technique can be applied in every unstable patient at the 
beginning of the procedure.

After femoral access under local anesthesia is achieved, 
we recommend placement of a large sheath (12-14 F, 45 cm) 
in the aorta over a stiff guidewire. The sheath is placed in the 
suprarenal position (at the level of 12T to L1 vertebra), to pro-
vide adequate passage and support for the occlusion balloon. 
Within this sheath in place, a large balloon for aortic occlusion 
is inserted and deployed above the renal arteries. After infla-
tion of the aortic occlusion balloon, an angiogram can easi-
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ly be performed through the same large sheath to assess for 
anatomic suitability for EVAR. This should allow to determine 
the eligibility for EVAR and make a definite choice between 
rEVAR under local anesthesia or OR under general anesthesia. 
The patient should be prepared for both types of anesthesia 
immediately after arriving in the OR. 

During intraoperative angiography to determine EVAR-eli-
gibility the vascular surgeon should take into account the an-
gulation, shape and length of the proximal aortic neck. The 
length can be estimated with the use of a metric catheter. 
However we must not forget that the angiogram shows only 
the lumen and certain properties as the proximal aortic neck 
diameter, the presence of thrombus or a tapered neck can-
not precisely be estimated. In every way in these cases the 
decision on the proper endograft relies on the selection and 
experience of the vascular surgeon.

In unstable patients with anatomic suitability for EVAR the 
endovascular procedure is continued under local anesthesia. 
The main body of the endograft is inserted from the contralat-
eral of the balloon side and deployed just below the renal ar-
teries. At this point, a repositioning of the occlusion balloon 
to a more proximal position may be needed in order to ad-
vance the proximal tip of the endograft’s delivery system. The 
12-14F sheath’s position must be maintained well above the 
renal arteries until the main stent graft has been deployed, in 
order not only to secure the position of the inflated balloon, 
but also to facilitate the withdrawal of it after deflation, es-
pecially when endografts with suprarenal active fixation are 
used. When the main endograft has been deployed in the de-
sired position, it’s delivery system is withdrawn and a second 
aortic balloon is advanced inside the endograft and inflated 
just below the renal arteries and inside the main body of the 
endograft. The first balloon is then deflated, and removed 
through the 12-14F sheath, which then should also withdrawn 
in the aneurysm sac. Alternatively, if a second balloon is not 
available, the first balloon can be used in the main graft’s ipsi-
lateral side after withdrawal. Since an infrarenal occlusion has 
been achieved inside the main body of the endograft, cath-
eterization of the contralateral gate and completion of the 
EVAR procedure could be performed, without time strain and 
additional blood loss.

In unstable patients anatomically unsuitable for EVAR, 
open repair should be attempted. Similar (as described above), 
the aortic occlusion balloon could act as an initial endo-clamp-
ing to preserve intraoperative stability during the induction of 
anesthesia and laparotomy. Such a maneuver also allows the 
proper dissection and exposure of the proximal aortic neck to 
achieve a safe proximal control. Afterwards the balloon could 
easily withdrawn to the level of the iliac artery (usually at the 
level of L4 vertebra) and used for an iliac endoclamping. 

If the intraoperative hemoglobin level is <10 g/dL and blood 
loss is ongoing, transfusion of packed blood cells along with 
fresh frozen plasma and platelets in a ratio of 1:1:1 is recom-
mended. Fibrinogen and prothrombin complex concentrates 
administration are recommended during massive transfusion, 
whereas rFVIIa should be reserved until all means have failed. 

In the operating room the patients’ body temperature should be 
maintained above 360C using forced air warming blankets in or-
der to avoid blood clotting dysfunction and metabolic acidosis.11 

Figure 2. Fluroscopy image showing A. The deployment of the aortic 
balloon through a 14F sheath coming from the right groin (white ar-
row) and its inflation (black arrow) well above the renal arteries with 
the subsequent angiogram through an 8F seath coming fom the left 
groin.. B. The deployment of the main graft coming from the left just 
below the renal arteries (white arrow), with the occlusion balloon 
(black arrow) maintained above them. C. After withdrawal of the de-
livery system, an aortic balloon is advanced inside the endograft from 
the left and inflated inside the main body of the endograft, below 
the renal arteries. Subsequently, the cannulation of the contralateral 
gate is achieved (black arrow) , D. Final angiogram after the success-
ful deployment of the bifurcated graft.

DISCUSSION 
The primary goal of development of a rAAA protocol is to use 
EVAR as the initial treatment for rAAAs in most cases, which is 
the current recommendation of several vascular societies.2,3 Hy-
potension or hemodynamic instability on presentation should 
not be considered a contraindication for rEVAR. A secondary 
aim of the protocol is through introducing a stepwise approach, 
to standardize the early patient’s management from the time of 
presentation to the initiation of the procedure in the operating 
room, independently of the final treatment choice. 
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The establishment of such a protocol is not always easy and 
requires an on-call multidisciplinary team of various medical 
specialties and surgical staff, as well as the ability of each Hospi-
tal to perform adequately both treatment modalities in terms of 
personnel capabilities and logistics. Pre-hospital and emergency 
room personnel should be aware on the use of permissive hy-
potension, warming and intubation avoidance, factors that may 
avoid exacerbation of hemodynamic instability. Anesthesiologist 
should be informed to keep patients awake and apply permissive 
hypotension until an adequate control of bleeding is achieved. 
Those performing the procedure should be experienced in EVAR 
as well as in open repair of AAAs. An always-available inventory 
of various endografts, wires and catheters is also essential for 
implementation of a rEVAR programme.

Patient selection seems to play a significant role on out-
come after rAAA treatment. In the IMPROVE study, crossover 
between the two treatment arms was common, showing that 
factors as hemodynamic instability and anatomic suitability 
are critical for the therapeutic decision.12 Selection of patients 
for achieving favorable results for rEVAR can only be accom-
plished with the establishment of a standardized protocol. 
Some studies suggested that an EVAR-driven protocol for 
treating rAAAs is associated with an improved outcome not 
only for the EVAR treated patients, but as well as for those 
treated by OR.13-14 Moore et al. by assessing 126 patients with 
rAAA demonstrated that a predefined strategy that includes 
rEVAR was associated with improved mortality.15 These results 
are in accordance with those published by Mehta et al. who 
showed that emergent EVAR of hemodynamically stable and 
unstable patients was associated with a reduction in mortality 
(from 51% to 18%) once a standardized protocol was estab-
lished.16 Both studies were conducted in high-volume centers 
with highly experienced vascular teams.

CONCLUSION
With a standardized team approach, hemodynamically stable 
and unstable patients with rAAA can be treated by endovas-
cular means. Unstable patients with rAAA may be particularly 
benefited by EVAR and should not be excluded from repair. 
Successful implementation of a systematic protocol relies on 
a devoted experienced team of surgeons, anesthesiologists, 
nurses, and surgical staff, coordination of pre-hospital and 
emergency room care, and an adequate stent graft inventory. 

REFERENCES
1	 Hoornweg LL, Storm-Versloot MN, Ubbink DT, Koelemay 

MJ, Legemate DA, Balm R. Meta analysis on mortality of 
ruptured abdominal aortic aneurysms. Eur J Vasc Endo-
vasc Surg. 2008;35:558-70

2	 Chaikof EL, Dalman RL, Eskandari MK, Jackson BM, Lee 
WA, Mansour MA, et al. The Society for Vascular Surgery 
practice guidelines on the care of patients with an ab-
dominal aortic aneurysm. J Vasc Surg. 2018;67:2-77.e2

3	 Wanhainen A, Verzini F, Van Herzeele I, Allaire E, Bown 
M, Cohnert T, et al. European Society for Vascular Surgery 
(ESVS) 2019 Clinical Practice Guidelines on the Manage-

ment of Abdominal Aorto iliac Artery Aneurysms. Eur J 
Vasc Endovasc Surg. 2018 Dec 5

4	 van Beek SC, Conijn AP, Koelemay MJ, Balm R. Editor’s 
Choice - Endovascular aneurysm repair versus open re-
pair for patients with a ruptured abdominal aortic an-
eurysm: a systematic review and meta-analysis of short-
term survival. Eur J Vasc Endovasc Surg. 2014;47:593-602

5	 Ellard L, Djaiani G. Anaesthesia for vascular emergencies. 
Anaesthesia. 2013;68 :72-83

6	  Kothandan H, Haw Chieh GL, Khan SA, Karthekeyan RB, 
Sharad SS. Anesthetic considerations for endovascular 
abdominal aortic aneurysm repair. Ann Card Anaesth. 
2016;19:132-41

7	 Mouton R, Rogers CA, Harris RA, Hinchliffe RJ. Local an-
aesthesia for endovascular repair of ruptured abdominal 
aortic aneurysm. Br J Surg. 2019;106:74-81 

8	 Lee CW, Bae M, Chung SW. General considerations of 
ruptured abdominal aortic aneurysm: ruptured abdom-
inal aortic aneurysm. Korean J Thorac Cardiovasc Surg. 
2015;48:1-6

9	 Broos PP, Stokmans RA, Cuypers PW, van Sambeek MR, 
Teijink JA; ENGAGE Investigators. Effects of Anesthesia 
Type on Perioperative Outcome After Endovascular An-
eurysm Repair. J Endovasc Ther. 2015;22:770-7

10	 Ulug P, Sweeting MJ, von Allmen RS, Thompson SG, Pow-
ell JT; SWAN collaborators. Morphological suitability for 
endovascular repair, non-intervention rates, and opera-
tive mortality in women and men assessed for intact ab-
dominal aortic aneurysm repair: systematic reviews with 
meta-analysis. Lancet. 2017 ;389:2482-2491

11	 Chee YE, Liu SE, Irwin MG. Management of bleeding in 
vascular surgery. Br J Anaesth. 2016;117 :85-94

12	 IMPROVE Trial Investigators, Powell JT, Sweeting MJ, 
Thompson MM, Ashleigh R, Bell R, Gomes M, Greenhalgh 
RM, et al. Endovascular or open repair strategy for rup-
tured abdominal aortic aneurysm: 30 day outcomes from 
IMPROVE randomised trial. BMJ 2014;348:f7661

13	 Haveman JW, Karliczek A, Verhoeven EL, Tielliu IF, de Vos 
R, Zwaveling JH, et al. Results of streamlined regional am-
bulance transport and subsequent treatment of acute ab-
dominal aortic aneurysms. Emerg Med J 2006;23:807-10

14	 Kapma MR, Groen H, Oranen BI, van der Hilst CS, Tielliu 
IF, Zeebregts CJ, Emergency abdominal aortic aneurysm 
repair with a preferential endovascular strategy: mor-
tality and cost-effectiveness analysis. J Endovasc Ther 
2007;14:777-84

15	 Moore R, Nutley M, Cina CS, Motamedi M, Faris P, 
Abuznadah W. Improved survival after introduction of an 
emergency endovascular therapy protocol for ruptured 
abdominal aortic aneurysms. J Vasc Surg 2007;45:443-50

16	 Mehta M, Taggert J, Darling RC 3rd, Chang BB, Kreienberg 
PB, Paty PS, et al. Establishing a protocol for endovascular 
treatment of ruptured abdominal aortic aneurysms: out-
comes of a prospective analysis. J Vasc Surg 2006;44:1-8




