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Totally percutaneous endovascular repair for ruptured abdominal aortic aneurysms
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Purpose: The PEVAR Trial demonstrated that compared to open femoral exposure, elective percutaneous endovascular AAA repair (ePEVAR) is associated with decreased perioperative morbidity and access site complications. We hypothesized that PEVAR for ruptured AAA (rPEVAR) may also improve perioperative morbidity compared to open femoral exposure (rEVAR). There are currently no reports that evaluate the utility and outcomes of rPEVAR.



Materials and methods: From 2015 to 2021, all patients who underwent an endovascular repair of a ruptured AAA at a single institution were included in the study and grouped into rPEVAR and rEVAR. Demographics, procedural details (successful preclose technique, conversion to femoral cutdown), postoperative variables (blood transfusion, ICU and hospital length of stay) and short-term outcomes (30-day major adverse events (30-day MAE) and 30-day femoral access-site complications (30-day FAAC)) were collected and compared with 50 historical ePEVAR patients from the PEVAR Trial. Statistical significance was determined using χ2 or Fisher's exact test for categorical variables, and Mann–Whitney U-test for continuous variables.



Results: 35 patients were identified (21 rPEVAR; 14 rEVAR), 86% were male with a mean age of 72 ± 9 years. All patients underwent emergent endovascular aortic repair with 100% technical success. Seventeen patients (49%) presented with evidence of hemorrhagic shock and 22 patients (63%) had blood transfusion. 30-day MAE occurred in 12 patients (34%) (7 rPEVAR; 5 rEVAR). There was no difference in demographic, perioperative outcomes and 30-day MAE rate between rPEVAR and rEVAR patients. Compared to ePEVAR patient (from PEVAR trial), rPEVAR patients had higher rate of 30-day MAE (34% vs. 6%; p < 0.006) but no difference in 30-day FAAC (19% vs. 12%; p = 0.54). The success rate of the preclose technique was higher in ePEVAR compared to rPEVAR (96% vs. 76%; p = 0.02), but the rate of conversion to femoral cutdown was similar between the two groups (10% vs. 4%; p = 0.57).



Conclusion: Emergent rPEVAR appears to have similar outcomes when compared to rEVAR. Although patients undergoing rPEVAR have higher 30-day major adverse events rate compared to ePEVAR, the method of percutaneous femoral cannulation does not appear to increase the overall procedural or 30-day femoral artery access-site complications.
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Introduction

Progressive abdominal aortic aneurysm (AAA) expansion can lead to rupture, hemorrhagic shock, and death (1, 2). It is estimated that the incidence of ruptured AAA is approximately 1%–3% in men >65 years old, and in 70%–95% this can lead to a fatal event (1, 3–5). Thus in addition to timely diagnosis of ruptured AAA, timely repair is essential for preventing severe morbidity and death.

Endovascular aortic aneurysm repair (EVAR) has become the standard of care for elective repair of AAAs over the last two decades, and is associated with relatively low perioperative morbidity and mortality (2, 6). The common femoral artery (CFA) is the default arterial access site for introduction of the aortic endograft for EVAR. Totally percutaneous EVAR (PEVAR) was first introduced in 1999 (7), and refers to the practice of CFA cannulation site closure using a “preclose” technique with a Perclose ProGlide® (Abbott Vascular) closure device. Since then, there has been wide adoption of this technique (8), and in 2013 an industry sponsored, multicenter, randomized controlled trial of PEVAR was preformed (9). This demonstrated that elective percutaneous endovascular AAA repair (ePEVAR) was associated with less perioperative morbidity and access site complications compared to traditional open cut-down exposure of the CFA.

Despite the growing experience with ePEVAR, there are currently no reports that evaluate the utility of percutaneous techniques for EVAR for the treatment of ruptured AAA (rPEVAR). To evaluate the feasibility and outcomes of rPEVAR using Perclose ProGlide closure device, we sought to retrospectively review our experience at our medical center between 2015 and 2020. Patient perioperative variables were retrospectively reviewed and compared to 50 historical ePEVAR patients from the PEVAR Trial that used the same ProGlide® CFA closure device.



Materials and methods


Study design

This was a retrospective study of consecutive patients between January 2015 to January 2020 who presented to our medical center with ruptured AAA and underwent emergent endovascular repair. No patients were excluded from our analysis during this study period. Patients who underwent EVAR through percutaneous femoral access were grouped into rPEVAR group, and those who underwent EVAR through open femoral artery access were grouped into rEVAR group. Patient demographic characteristics including co-morbidities, surgical intraoperative variables, and postoperative variables were all evaluated. Additionally, 50 historical patients in the PEVAR Trial that received identical femoral arterial closure with the Perclose ProGlide technique were also included in our comparative analysis as part of the ePEVAR group (9).



Perclose proGlide insertion technique

All rPEVARs were performed with the suture-mediated Perclose ProGlide closure system by 5 surgeons at our medical center (10–12). To perform this, local anesthetic was injected into the subcutaneous tissue in the bilateral groins over the anticipated course of the CFAs. One centimeter stab oblique incisions were created in the bilateral groins and blunt finger dissection is used to separate the underlying subcutaneous tissue, ether pre- or post-ultrasound (US) guided cannulation of the CFA with a micropuncture needle. The access was typically performed at least 1 cm proximal to the origin of the profunda femoris artery and below the level of the inguinal ligament. A 6 or 7Fr sheath dilator was then used to dilate the cannulation track, and routinely two perclose ProGlide devices were deployed in 3 and 10 o'clock orientations. No less than two ProGlide devices were used in each groin access site. Care was taken to not to pull on the remaining ProGlide sutures and were secured with clamps for closure at the end of the operation.



rPEVAR procedure

After successful percutaneous cannulation and deployment of ProGlide devices in the bilateral CFAs, soft wires were then advanced from the CFAs to the infrarenal aorta using an MPA catheter. Wires were then exchanged for a stiff Lunderquist wire that was advanced to the proximal descending thoracic aorta. A 12Fr 45 cm sheath was advanced to the perivisceral aorta from the contralateral CFA cannulation site. An aortic occlusion Coda balloon was advanced through the sheath and inflated in the distal thoracic aorta. At this point the patient was given a bolus of intravenous heparin (50–100 U/kg). If a staged anesthetic plan was used, general anesthesia was then administered and the patient was endotracheally intubated. If the patient remained hemodynamically unstable the Coda balloon would then be maintained inflated until EVAR completion. An aortogram was then performed to confirm anatomic feasibility of EVAR and intraoperative measurements were obtained for proper aortic endograft selection. EVAR was then performed in the standard fashion with temporary switching of the Coda balloon placement from the ipsilateral CFA to the contralateral CFA during advancement of the endograft mainbody. Following deployment of the endograft iliac limbs, completion angiogram was routinely performed for all procedures to confirm ruptured AAA seal and patency of visceral arteries, renal arteries, and iliac artery systems (Figure 1).
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FIGURE 1
Relative percentage difference in 30-day major adverse events (MAE) between patients that underwent rPEVAR versus ePEVAR.




Femoral arteriotomy closure

After EVAR, a soft wire are advanced into the iliac artery and the femoral sheaths were retracted into the distal iliac arteries. Retrograde sheathograms were performed to confirm adequate patency and integrity of the bilateral iliac artery systems. The sheaths were then sequentially removed and the femoral cannulation sites were closed one at a time using the pre-deployed perclose ProGlide devices at the initial point of cannulation as previously described (10–12). Post-closure pharmacological heparin reversal with protamine sulfate was administered and manual pressure was maintained over the cannulation site for at least 10 min and until hemostasis was confirmed.



Postoperative management

All patients were transferred to an intensive care unit (ICU) for postoperative care. Postoperative computed tomography angiography (CTA) was performed following EVAR at 1 month. Follow-up angiographic imaging was typically performed at 6 and 12 months following the operation, then annually thereafter.



Clinical outcomes

Technical success, associated complications, and major adverse events were evaluated at approximately 1 month. We defined closure technical success as complete hemostasis after the procedure without vascular complications such as formation of arteriovenous fistula, femoral neuropathy, hematoma, arterial dissection, infection, lymphocele, thrombosis/occlusion with loss of Doppler signal, vascular injury requiring groin re-exploration, acute lower extremity ischemia attributed to arterial access requiring intervention, or access-related bleeding requiring transfusion. Procedural success was defined as successful delivery and placement of endograft without major adverse events or vascular complications. Major adverse events included death, conversion to open repair, bowel ischemia, cardiac-related morbidity, neurological complications, renal failure, and secondary procedure for type I/III endoleak. Additional in-hospital outcomes such as procedure time, ICU length of stay, hospital length of stay, and any blood transfusion requirements were also evaluated.



Statistical analysis

Study variables were analyzed using STATA software version 17.0. All continuous variables were reported as mean ± standard deviation. To compare study groups, categorical and continuous variables were evaluated using χ2 or Fisher's Exact test, and Mann–Whitney U-test, respectively. All tests were two-sided and p < 0.05 was considered statistically significant.




Results


Patient demographics

Between January 2015 and January 2020, 35 patients with ruptured AAA underwent emergent endovascular repair. Ten patients (29%) had a preoperative CTA and all patients had an intraoperative aortogram. All patients were found to have adequate infrarenal aortic neck diameters and lengths to accommodate an EVAR. Thirty patients (86%) were male with a mean age of 72 ± 9 years and BMI of 30 ± 6 kg/m2 (Table 1). The majority of patients had a history of hypertension (86%) and hyperlipidemia (54%), while 16 patients (46%) had a history of coronary artery disease (Table 1). Two patients (6%) previously had a myocardial infarction and 4 patients (11%) received prior percutaneous coronary interventions (Table 1). As expected with ruptured AAA, the majority of patients (49%) were admitted with hemorrhagic shock (Table 1).


TABLE 1 Baseline characteristics of the rPEVAR and rEVAR patients.
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Twenty-one patients (60%) underwent rPEVAR, and 14 patients (40%) underwent rEVAR (without the Perclose ProGlide closure system) (Table 1). We observed no differences in the presenting demographics between the two patient groups (Table 1). When compared to the historical ePEVAR patients, we observed a lower incidence of smoking (37% vs. 86%; p < 0.001) and hyperlipidemia (54% vs. 90%; p < 0.001) among rPEVAR group, but the remaining baseline characteristics were otherwise similar between the two groups (Supplementary Table S1).



Perioperative and short-term outcomes

We achieved a 100% technical procedural and treatment success rates in both the rPEVAR and rEVAR (study) groups compared to 94% and 88%, respectively, in the ePEVAR control group. We did not observe any significant difference in the perioperative outcomes between rPEVAR and rEVAR patients and the incidence rate of 30-MAE was similar between them (33% vs. 36%; p = 0.88) (Table 2).


TABLE 2 Perioperative and short-term outcomes of the rPEVAR and rEVAR patients.
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In the study group, we also observed significantly longer average procedure times (by 50 min), ICU length of stay (by 3.6 days), and hospital length of stay (by 12.7 days), compared to ePEVAR (Supplementary Table S2). Blood transfusion was needed in 22 (63%) of study patients, compared to 4 (8%) of ePEVAR patients (Supplementary Table S2). In addition, patients in rPEVAR group had a significantly higher rate of 30-day MAE compared to ePEVAR (34% vs. 6%; p < 0.006; Figure 2). However, compared rEVAR, rPEVAR showed no significant difference in the procedure times (260 ± 13 vs. 136 ± 61 min; p = 0.06, respectively; Table 2).
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FIGURE 2
Ruptured percutaneous (rPEVAR) operative procedure (A) angiogram of ruptured AAA. (B) Percutaneous cannulation and deployment of ProGlide devices in the bilateral CFAs. (C) A stiff Lunderquist wire and a12Fr 45 cm sheath were advanced to the perivisceral aorta then a Coda balloon was advanced through the sheath and inflated in the distal thoracic aorta. (D) EVAR was performed. (E) The sheaths were removed and the femoral cannulation sites were closed using the pre-deployed ProGlide devices. (F) Follow-up 3D CTA 30-day post EVAR.




Femoral access-site techniques and complications

Patients who underwent rPEVAR had no significant difference in 30-FAAC when compared to ePEVAR patients (19% vs. 12%; p = 0.54) (Table 3). The rate of access-site infection was significantly higher in rPEVAR to ePEVAR (14% vs. 0%; p = 0.023); other access-site complications were otherwise similar between the two groups (Table 3). Regarding access-site technique, the success rate of the preclose technique was higher in ePEVAR compared to rPEVAR (96% vs. 76%; p ≤ 0.02; Table 3). However, the rate of conversion to femoral cutdown was low, and not significantly different between ePEVAR and rPEVAR (10% vs. 4%; p ≤ 0.57; Table 3).


TABLE 3 Femoral access-site techniques and complications.
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Discussion

Prior experience demonstrates that PEVAR is a safe and feasible option for femoral cannulation during elective EVAR (11, 13–15). However, since operative urgency and efficiency are considerably more pressing in the setting of ruptured AAAs, it is of interest to determine whether percutaneous techniques can also be used to facilitate ruptured AAA repairs and impact perioperative care. Overall, we observed that rPEVAR had essentially equivalent perioperative outcomes and a low rate of groin complications. Additionally, we observed that rPEVAR provides efficient peripheral arterial access, proximal aortic control, and facilitates timely closure of the femoral artery cannulation sites.

Traditional groin cutdown for femoral artery exposure and cannulation is not begnin (16, 17). Previous series report non-negligible rates of perioperative groin complications such as infection, hematoma, seromas, and lymphoceles (18–20). Totally percutaneous AAA repair using suture-mediated closure devices were developed with the intent to reduce groin complications and allow for a shorter postoperative recovery period. Initial experience with the PerClose ProStar XL device 3–0 braided polyester suture suggested a potential risk of infection, and even a slightly higher risk of lower extremity amputation and death (21–23). Subsequent generation devices such as the PerClose ProGlide device using a 3–0 polypropylene sutures was found to have lower risk of perioperative infection, shorter operative time (24–26), and earlier postoperative ambulation (25). Compared to EVAR performed via open femoral exposure, PEVAR using the Perlose ProGlide device demonstrated reduced intraoperative blood loss (27), lower limb complications (11, 13–15), and shorter hospital stays (14, 28).

There are several technical lessons from elective PEVAR that are directly transferable for successful rPEVAR. Al-Khatib et al. reported that percutaneous femoral artery cannulation was safest when performed using ultrasound guidance (26). Additionally, they reported that patients with dense femoral wall plaque was a risk factor for failed preclose closure since the femoral plaque may be inadvertently engaged by the foot plate of the closure device and cause suture mal-deployment (8, 13). Accordingly, in patients who received a preoperative CTA, careful inspection of the femoral arteries can help determine the burden of disease within in the ilio-femoral arterial segment. The majority of our patients were able to receive a CTA either prior to transfer to our facilities, or in the emergency department immediately upon arrival. Recent Society for Vascular Surgery guidelines recommend that radiologic confirmation with CT is only required when alterative diagnoses are more likely on clinical grounds (29). In our facilities CTA was deferred in patients with severe hemodynamic compromise and shock (inotropic support, blood transfusions, and active resuscitation). This included 4 patients who were immediately transferred upon arrival from the emergency department to the operating room for percutaneous placement of aortic occlusion balloon from a femoral cannulation followed by an aortogram to determine EVAR candidacy and feasibility.

Prior PEVAR experience also informs us that routine and careful ultrasound-guided inspection of the bilateral femoral arteries is necessary for successful PEVAR (8, 13, 14). As such we routinely performed this for all ruptured AAA patients as soon as the they were transferred onto the operating room table. Careful ultrasound inspection can once again help determine the burden of atherosclerotic disease in the femoral artery, identify areas along the ventral and posterior wall of the femoral artery that have the least amount of occlusive disease, and help rule out aberrant anatomy and/or high femoral bifurcations. Once the patient abdomen and groins are treated with sterile prep, but has not yet received general anesthesia, a local anesthetic is administered to the bilateral groins overlying femoral arteries. Small 1 cm–2 cm skin incisions are made in the groins and blunt finger dissection is used to generate a subcutaneous track down to the femoral artery. Ultrasound guidance is then to cannulate the most favorable segment of the femoral artery in each groin.

In our case series we observed that ultrasound-guided femoral artery cannulation was feasible in all patients, including in 9 patients who had 50%–75% femoral artery stenosis. In all patients, early cannulation of the femoral arteries facilitated early sheath advancement into the infrarenal aorta, and advancement of a suprarenal aortic occlusion balloon to provide proximal aortic control. In one patient after completion of successful EVAR an open femoral cut down exposure of the contralateral groin was performed to facilitate an open repair due to severe intraluminal occlusive disease. Therefore, this experience informs us that even in patients with severe femoral artery occlusive disease rPEVAR is feasible, with the expectation that subsequent open femoral cut down may be necessary after EVAR to treat the underlying femoral artery disease.

Survival of ruptured AAA patients depends on timely control of the aortic hemorrhage and seal of the aortic rupture site. Berland et al. report methods for sequential placement of a suprarenal aortic occlusion balloons during deployment of an EVAR mainbody and bilateral iliac limbs (30). PEVAR is uniqly suited to facilitate this technique since following placement of crisscrossing Perclose ProGlide device sutures, a 12 French sheath that is at least 45 cm long can be advanced from the contralateral groin over a stiff wire into the pararenal aorta. Through the sheath an aortic occlusion balloon is then advanced to the suprarenal aortic segment, inflated and maintained into place by the long sheath. At this point we often then induced general anesthesia, allowed for additional resuscitation measures, and carefully monitored patient hemodynamics. Once the patient is stabilized the EVAR mainbody is then advanced through the ipsilateral groin and deployed under fluoroscopy in the infrarenal aorta. Through the ipsilateral groin another aortic balloon is then advanced into the infrarenal aortic neck segment and inflated. The suprarenal balloon is deflated and removed to facilitate contralateral gate cannulation and deployment of the contralateral iliac limb. At this point the aortic occlusion balloon is deflated and removed to facilitate deployment of the ipsilateral iliac limb. Our experience demonstrated that this technique is highly effective in maintaining patient hemodynamic stability and limiting rupture-associated hemorrhage during the sequential EVAR procedural steps.

We acknowledge some limitations in our study. Given the retrospective nature of the study and limited study sample size, we expect that there were patient and procedural confounders that could not be accounted for in our analysis. Additionally, historical controls were all treated with the Endologix AFX device (9), whereas our contemporary cohort were treated with a diverse group of aortic endografts including (Gore Excluder, Cook Zenith, and Medtronic Endurant devices). Contralateral sheath size for AFX devices usually only requires a 7 French sheath size, whereas all other devices require a contralateral sheath size of at least 12 French. Therefore differences in types of aortic endografts used, and methods for stent advancement and deployment could have affected our procedural times. In addition, we did not collect femoral access time at the initiation of rEVAR or rPEVAR and the time it took to advancement a sheath into the aorta. Nevertheless, we believe our findings provide novel insights in feasibility of PEVAR for ruptured AAA, and provide the impetus for further investigation of this technique in larger clinical cohorts.

We observed that totally percutaneous EVAR for ruptured AAA (rPEVAR) is feasible, effective, and with comparable outcomes to historical elective PEVAR outcomes. rPEVAR was associated with only a few groin compilations and only two cases required an open groin cut down conversion for femoral artery repair following EVAR. We anticipate that use of such procedural adjuncts may continue to improve outcomes in critical ruptured AAA patients.
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'EVAR  rEVAR Total P
(n=21) (n=14)  (n=35)

Age (years) 70+8 7510 72%9 0.12
Male sex 18 (86) 12 (86) 30 (86) 1.00
Height (cm) 177+8 179+8 1778 0.49
Weight (kg) 93+21 9625 9522 0.85
BMI (kg/m?) 30:7 30+6 30+6 0.98
Smoking 8(38) 5(36) 13(37) 0.89
Diabetes 6(29) 4(29) 10 (29) 1.00
MI 165 1) 2(6) 1.00
CAD 9(43) 7 (50) 16 (46) 0.68
Prior PCI 4(19) 0 401 0.13
CHF 4(19) 3@ 7 (20) 100
HLD 1257 7 (50) 19 (54) 0.68
HTN 18 (86) 12 (86) 30 (86) 1.00
coPD 7(33) 5(36) 12 (34) 0.88
Hemorrhagic shock 10 (48) 7 (50) 17 (49) 100
TAA 165 0 103) 1.00
CVA 0 0 0 -

Renal failure 0 0 0 -

(PEVAR, ruptured percutaneous EVAR; rEVAR, ruptured EVAR with femoral
cutdown; BMI, body mass index; CVA, cerebrovascular accident; COPD,
chronic obstructive pulmonary disease; CHF, congestive heart failure; CAD,
coronary artery disease; PCI, percutaneous coronary intervention; ML
myocardial infarction; TAA, thoracic aortic aneurysm. Data are presented as
number (%) for categorical variables and mean + standard deviation for
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(n=21) (n=50) (n=71)

Procedural access technique

Successful preclose 16 (76) 48 (96) 64 (90) 0.02
Conversion to femoral 2 (10) 2(4) 4(5) 057
cutdown

Femoral access-site complications at 30 days

30-day FAAC 4019 6(12) 1004) 0054
Hematoma 163 0 1 029
Dissection 165 0 1 029
Infection 3(14) 0 3 0.023
‘Thrombosis/occlusion 0 2(4) 203 1.00
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Lower extremity 0 2(4) 203 1.00
ischemia

Bleeding/transfusion 165 1) 2(3) 0.50
Arteriovenous fistula 0 0 0

Femoral neuropathy 0 0 0 -
Lymphocele 0 0 0 -

'ePEVAR, elective percutaneous EVAR from PEVAR trial; rPEVAR, rupturec
percutaneous EVAR; rEVAR, ruptured EVAR with femoral cutdown; FAAC
Fernoral Artery Access Complications. Data are presented as number (%) for
categorical variables and mean + standard deviation for continuous variables.
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(n=21) (n=14) (n=35)
Procedural and in-hospital outcomes
Procedure time (mins) 136 = 61 20+13 157273 006
Blood transfusion 11(52) 11 (79) 2(63) 016
ICU length of stay (h) 96+128  137+180  113:150  0.30
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Death 2(10) 0 2(6) 051
Bowel ischemia 1) 1) 2(6) 1.00
Cardiac morbidity 2(10) 1) 309 1.00
Neurologic complication 15 2(14) 309 055
Renal failure 3(19) 1) 4(11) 0.64
Respiratory complication 3(14) 204 504 100
Secondary procedure 6(29) 2014 8(23) 043

rPEVAR, ruptured percutaneous EVAR: rEVAR, ruptured EVAR with femora
cutdown; ICU, Intensive Care Unit; MAE, major adverse events. Data are
presented as number (%) for categorical variables and mean + standard
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