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Summary

Mid-term outcomes of physician-modified endogra"s therapy for complex aor#c aneurysms 

PMEG: physician-modified endogra�ing; TAAA: thoracoabdominal aor�c aneurysm ; 
PRAA: pararenal aor�c aneurysm; TIIIc EL: type IIIc endoleak

In this multicentre retrospective 
observational study, 121 patients underwent 
PMEG for PRAA(62 pt, mean age; 77) and 
TAAA (59 pt, mean age; 74) repairs. 

At 3 years, significant differences were 
observed in the survival rate. Mid-term 
outcomes revealed that ruptures, TAAA, and 
TIIIc EL were associated with all-cause 
mortality.
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Abstract 

OBJECTIVES: Our goal was to evaluate early and mid-term outcomes of physician-modified endografting for pararenal and thoraco- 
abdominal aortic aneurysms from 10 Japanese aortic centres.

METHODS: From January 2012 to March 2022, a total of 121 consecutive adult patients who underwent physician-modified endograft
ing for pararenal and thoraco-abdominal aortic aneurysms were enrolled. We analysed early and mid-term postoperative outcomes, 
including postoperative complications and mortality.

RESULTS: The pararenal and thoraco-abdominal aortic aneurysm groups included 62 (51.2%) and 59 (48.8%) patients, respectively. The 
overall in-hospital mortality rate was 5.8% (n ¼ 7), with mortality rates of 3.2% (n ¼ 2) and 8.5% (n ¼ 5) in pararenal and thoraco- 
abdominal aortic aneurysm groups, respectively (P ¼ 0.225). Type IIIc endoleaks occurred postoperatively in 18 patients (14.9%), with a 
significantly higher incidence (P ¼ 0.033) in the thoraco-abdominal aortic aneurysm group (22.0%, n ¼ 13) than in the other group 
(8.1%, n ¼ 5). Major adverse events occurred in 7 (11.3%) and 14 (23.7%) patients in pararenal and thoraco-abdominal aortic aneurysm 
groups (P ¼ 0.074), respectively. The mean follow-up period was 24.2 months. At the 3-year mark, both groups differed significantly in 
freedom from all-cause mortality (83.3% and 54.1%, P ¼ 0.004), target aneurysm-related mortality (96.8% and 82.7%, P ¼ 0.013) and any 
reintervention (89.3% and 65.6%, P ¼ 0.002). Univariate and multivariate regression analyses demonstrated that ruptures, thoraco- 
abdominal aortic aneurysms and postoperative type IIIc endoleaks were associated with an increased risk of all-cause mortality.

CONCLUSIONS: The mid-term outcomes of physician-modified endografting for pararenal and thoraco-abdominal aortic aneurysms 
were clinically acceptable and comparable with those in other recently published studies. Notably, pararenal and thoraco-abdominal 
aortic aneurysms represent distinct pathological entities with different postoperative outcomes.

Keywords: Physician-modified endograft • Pararenal aortic aneurysm • Thoracoabdominal aortic aneurysm • Endovascular aneurysm 
repair • Endoleaks

ABBREVIATIONS   

B-EVAR Branched EVAR  
CTA Computed tomography angiography  
EVAR Endovascular aneurysm repair  
F-EVAR Fenestrated EVAR  
PMEG Physician-modified endografting  
PRAAs Pararenal aortic aneurysms  
TAAA Thoraco-abdominal aortic aneurysm  
TEVAR Thoracic EVAR 

INTRODUCTION

Endovascular aortic repair (EVAR) or thoracic endovascular aor
tic repair (TEVAR) has become a widely accepted treatment op
tion for aortic aneurysms [1–2]. However, complex aortic 
aneurysms involving pararenal aortic aneurysms (PRAAs) or 
thoraco-abdominal aortic aneurysms (TAAAs) cannot be ideally 
treated using off-the-shelf EVAR devices without fenestrations or 
branches. Commercial fenestrated EVAR or branched EVAR (F/ 
B-EVAR) devices are feasible and effective for complex aortic 
aneurysms [3]; however, due to socioeconomical and time limi
tations, physician-modified endografting (PMEG) is widely used 
to address these challenges [4]. Some previous single and multi
centre studies, systematic reviews and meta-analyses have 
reported acceptable results with the use of PMEG for complex 
aortic aneurysms [5–10]. However, from a regional distribution 
viewpoint, PMEG has been indicated sporadically, especially in 
countries where commercially available F/B-EVAR devices have 
not been officially introduced. Therefore, in the 2020 Guideline 
on Diagnosis and Treatment of Aortic Aneurysm and Aortic 
Dissection [11], there is no clear recommendation for PMEG for 
complex aortic aneurysms. To the best of our knowledge, no 
multicentre studies have been reported from any countries like 
Japan without a history of insurance coverage of F/B-EVAR 
devices. The goal of this multicentre study was to evaluate the 

mid-term outcomes of PMEG for repairing PRAAs and TAAAs 
from 10 Japanese aortic centres.

MATERIALS AND METHODS

Ethical considerations

The study was conducted per the Declaration of Helsinki and 
approved by the ethics committees of the participating centres 
(approval no. 332–169). Written informed consent was obtained 
from all participants or their families.

Patients and study design

In this multicentre, retrospective, observational study, pre- and 
post-procedural data on PMEG for PRAAs and TAAAs, excluding 
dissected aneurysms, were prospectively collected from 10 
Japanese centres between January 2012 and March 2022. In 
these centres, the surgical criteria did not deviate from global 
standards, with interventions recommended for aneurysms 
meeting either size-specific criteria (>5.5 or 4.5 cm for the fusi
form or saccular type) [12], those that were symptomatic or 
those with rapidly expanding sizes (>5 mm over 6 months). Each 
centre formed a multidisciplinary team to evaluate the patients’ 
general conditions for elective surgery, classifying patient 
comorbidities according to the Society for Vascular Surgery/ 
American Association for Vascular Surgery reporting standards 
[13]. Patient eligibility for PMEG adhered to the following crite
ria: (i) American Society of Anaesthesiologists score [14] of � 3 
or inapplicability of conventional open repair for anatomical 
reasons or comorbidities; and (ii) considerable involvement of 
visceral vessels. The appropriateness of the PMEG indication in 
each case was further retrospectively evaluated by all participat
ing researchers, including T.S., H.M., Y.I., K.H., N.H., K.Y., N.K., Y. 
K., H.H., T.U., Y.M. and N.K. The patients underwent baseline 
clinical examinations, laboratory tests and imaging, with 
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subsequent follow-ups at 6–8 weeks, 6 months and 12 months 
postoperatively and annually thereafter. Imaging examinations 
at each follow-up interval included computed tomography angi
ography (CTA) for sac behaviour assessment and renovisceral 
branch patency assessment. In patients in whom CTA was con
traindicated, CT without contrast was used, and duplex ultra
sound was used to assess branch patency. Technical success was 
defined as successful deployment of PMEG devices with com
pleted branch reconstructions according to preoperative plan
ning. Study end-point data collected from the participating 
centres also included in-hospital mortality, incidence of postop
erative endoleaks, major adverse events —such as all-cause 
death at 30 days or within hospital stay, myocardial infarction, 
acute kidney injury, new-onset dialysis, respiratory failure, bowel 
ischaemia requiring resection, paraplegia, and major stroke—and 
freedom from all-cause mortality, aneurysm-related mortality 
and secondary interventions. Decisions for reintervention were 
based on discussions within each centre, considering factors 
such as occurrence of persistent type II endoleaks associated 
with AAA growth > 5 mm, presence or imminence of type I or 
IIIc endoleaks, relevant migration, graft occlusion, rupture or in
fection. Sac behaviour was categorized as growth (increase of 
�5 mm in maximum-minimum diameter), shrinkage (decrease 
of �5 mm) or stable (<5-mm change).

Stent graft modification

Each centre independently determined the specific device to be 
modified and the modes of renovisceral branch reconstruction, 
including scallop or fenestration without a bridging stent or a 
bridging stent with either fenestration, cuffed fenestration or di
rectional or inner branch. Generally, fenestration was selected if 

a proximal length of 5 mm or more could be secured; otherwise, 
branch was selected. The inner branch [15–19] was indicated 
and used in 5 centres (T.S., K.Y., N.K., Y.K. and T.U.). Because this 
study was retrospective in nature, the method of creating scal
lops, fenestrations or branches was not standardized. All patients 
underwent preoperative high-resolution CTA. Device sizing and 
PMEG planning were performed based on 3-dimensional D 
measurements using either of these dedicated three- 
dimensional vascular imaging workstations, including Aquarius 
(TeraRecon, Foster City, CA, USA) and OsiriX Imaging (Pixmeo 
SARL, Bernex, Switzerland) software packages. Centreline lumen 
reconstructions were used to determine the aortic diameter at 
the proximal and distal landing zones and the distance between 
the proximal edge of the stent graft and the clock position of the 
centre of the fenestration. Some centres (T.S., H.M. and Y.M.) 
used three-dimensional models to confirm the preprocedural 
design of modifications [20]. Stent grafts of sufficient length were 
selected to ensure a minimum of 15-mm proximal and distal 
landing zones in the healthy aorta. The stent graft was modified 
on a back table before anaesthesia was administered. A fenestra
tion was created in predetermined locations by burning the 
Dacron fabric via electrocautery. A snare catheter or coil was 
used as a marker for the fenestration, and 5–0 ethibond or pro
line sutures were used for fixation. The diameter-reducing tie 
technique was not performed routinely in this study because we 
were not familiar with it, and diameter-reducing ties can compli
cate the orientation of target vessels and fenestrations. The inner 
branches were created by cutting Endurant leg (Medtronic, 
Santa Rosa, CA, USA) or Viabahn stent grafts (W. L. Gore and 
Associates, Flagstaff, AZ, USA) and were attached to the fenestra
tion using running sutures (Fig. 1). The modified stent graft was 
manually re-sheathed. In some cases, precannulation techniques 
were used to facilitate the procedure.

Figure 1: An 82-year-old man with an enlarged thoraco-abdominal aortic aneurysm due to a type Ib endoleak underwent a physician-modified endovascular graft with 
inner branches. (A) The physician-modified endovascular graft with inner branches for coeliac artery and superior mesenteric artery Zenith alpha thoracic stent graft 
back-table preparation. (B) Preoperative computed tomography scan. (C) Postoperative computed tomography scan. CA: celiac artery; SMA: superior mesenteric artery.
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Statistical analysis

Variables and end points were analysed for the entire cohort, 
and the cohort was categorized into 2 groups based on the ex
tent of the anatomical aneurysm: the PRAA and TAAA groups. 
Data were reported using the Society for Vascular Surgery 
reporting standards for F-BEVAR [21]. Kaplan–Meier estimates 
were used to report time-dependent outcomes for up to 3 years, 
and differences were determined using the log-rank test. 
Normally distributed variables are expressed as mean ± standard 
deviation. Variables with skewed data are expressed as median 
and interquartile range. Pearson’s v2 or Fisher’s exact test was 
used to analyse categorical variables. Differences between con
tinuous variables were tested using the Wilcoxon rank-sum test, 
the Mann–Whitney U test or the two-sided Student t-test. Cox 
proportional hazards regression analysis was performed to iden
tify risk factors for overall survival. Statistical significance was set 
at P-values < 0.05. Analyses were performed using SAS (version 
9.2; SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline characteristics

The anatomical classification of aneurysms and the baseline 
characteristics of patients are summarized in Tables 1 and 2. This 
study enrolled a total of 121 patients, with 62 (51.2%) and 59 
(48.8%) patients in the PRAA and TAAA groups, respectively. In 
the TAAA group, the extent of the aneurysm was classified as fol
lows: extent I (3.3%), extent II (1.7%), extent III (19.0%), extent IV 
(14.0%) and extent V (14.0%). The mean age of the entire cohort 
was 75.6 ± 7.6 years. Patients in the PRAA group were older than 
those in the TAAA group (77.1 ± 7.7 vs 74.0 ± 7.2 years, P ¼
0.022). There were 100 males (82.6%) in the entire cohort, with 
the male proportion being higher in the PRAA group than in 
the TAAA group (90.3 vs 74.6%, P ¼ 0.024). The median 
maximum-minimum aneurysmal diameter was 57.9 ± 12.7 mm 

(PRAA: 55.9 ± 11.9 vs TAAA: 60.1 ± 13.2 mm, P ¼ 0.069). Overall, 
18 procedures (14.9%) were performed for rupture: 7 (11.3%) in 
the PRAA group and 11 (18.6%) in the TAAA group.

Procedural details

All procedures were performed—with the patient under general 
anaesthesia—in either an operating room equipped with a C- 
arm or a hybrid endovascular room (Table 2). An EVAR device 
was often used (67.7%) in the PRAA group. The TEVAR devices 
were often used in the TAAA group (94.9%). Compared with the 
PRAA group, the TAAA group used larger main device delivery 
systems (P< 0.001), with a larger number of target vessels per 
patient (P¼ 0.008). No cerebrospinal fluid drainage was per
formed in either group. The TAAA group had significantly longer 
customization and total procedural times than the PRAA group 
(P ¼ 0.010 and P ¼ 0.018, respectively). Contrast volume (PRAA 
vs TAAA: 150.2 ± 61.7 vs 179.4 ± 92.2 ml, P ¼ 0.058), fluoroscopy 
time (121.2 ± 62.0 vs 120.3 ± 90.9 min, P ¼ 0.950) and total radi
ation dose (4281.7 ± 3175.4 vs 3064.0 ± 4563.0 mGy, P¼ 0.661) 
were similar between the groups.

Postoperative outcomes

The postoperative outcomes are summarized in Table 3. Two in- 
hospital deaths occurred in the PRAA group and 5 occurred in 
the TAAA group. In-hospital death was observed mainly in rup
ture cases (1 PRAA and 3 TAAAs). The technical success rates 
were 93.5% and 98.3% in the PRAA and TAAA groups, respec
tively, whereas the technical success rates per vessel were 97.5% 
in the PRAA group and 99.5% in the TAAA group. The incidence 
of endoleaks at completion was not significantly different be
tween the groups. Postoperative type IIIc endoleaks in the 
chronic phase were observed more frequently in the TAAA 
group than in the PRAA group (22.0 vs 8.1%, P¼ 0.033). Major 
adverse events occurred in 7 patients in the PRAA group and in 
14 patients in the TAAA group (11.3 vs 23.7%, P¼0.074). Spinal 

Table 1: Baseline characteristics of 121 patients treated using physician-modified endografting for pararenal aortic aneurysm and 
thoraco-abdominal aortic aneurysm.

Variable All patients (n ¼ 121) PRAA (n ¼ 62) TAAA (n ¼ 59) P-value

Age (years) 75.6 ± 7.63 77.1 ± 7.74 74.0 ± 7.23 0.022
Male sex 100 (82.6) 56 (90.3) 44 (74.6) 0.024
Hypertension 114 (94.2) 58 (93.5) 56 (94.9) 0.749
Diabetes mellitus 21 (17.4) 12 (19.4) 9 (15.3) 0.555
Dyslipidaemia 60 (49.6) 29 (46.8) 31 (52.5) 0.530
Coronary artery disease 39 (32.2) 24 (38.7) 15 (25.4) 0.119
Cerebrovascular disease 28 (23.1) 13 (21.0) 15 (25.4) 0.566
Peripheral artery disease 19 (15.7) 9 (14.5) 10 (16.9) 0.716
COPD 45 (37.2) 22 (35.5) 23 (39.0) 0.694
CKD (eGFR < 59) 62 (51.2) 31 (50.0) 31 (52.5) 0.782
Smoking 90 (74.4) 45 (72.6) 45 (76.3) 0.645
Antithrombotic therapy 81 (66.9) 45 (72.6) 36 (61.0) 0.252
Previous aortic surgery 36 (29.8) 14 (22.6) 22 (37.3) 0.079
ASA score � 3 77 (63.6) 36 (58.1) 41 (69.5) 0.448
Maximum–minimum diameter of aneurysm (mm) 57.9 ± 12.7 55.9 ± 11.9 60.1 ± 13.2 0.069
Rupture 18 (14.9) 7 (11.3) 11 (18.6) 0.262

Continuous variables are presented as mean ± standard deviation and categorical variables as number of patients (%).
ASA: American Society of Anesthesiologists; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; eGFR: estimated glomerular filtration 
rate; PRAA: pararenal aortic aneurysm; TAAA: thoraco-abdominal aortic aneurysm.
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cord injury occurred predominantly in 9 patients in the TAAA 
group (0 vs 9 cases, P¼0.002), with 8 cases of paraparesis (6.6%) 
and 1 of paraplegia (0.8%). The overall mean hospital length of 
stay was longer in the TAAA group than in the PRAA group (29.9 
± 61.5 and 11.1 ± 8.8 days, P¼0.024).

Follow-up outcomes

Table 4 summarizes the follow-up outcomes. The PRAA group 
had a significantly longer follow-up period than the TAAA group 
(30.5 ± 27.9 vs 17.7 ± 24.8 months, P¼0.009). The TAAA group re
quired secondary interventions more frequently than the PRAA 
group (6.5 vs 23.7%, P ¼ 0.008). Most re-treatments were per
formed for type IIIc endoleaks (TAAA group, 9 cases; PRAA 
group, 2 cases); moreover, covered stent deployment was per
formed in 5 cases, stent grafting in 4 cases, coiling for aneurysm 
sac in 1 case and open repair in 1 case. Sac shrinkage was signifi
cantly more common in the PRAA group than in the TAAA 
group (67.7 vs 40.7%, P¼0.008). The estimated 36-month free
dom from all-cause mortality (Fig. 2) was 83.3% and 54.1% in the 
PRAA and TAAA groups, respectively (P ¼ 0.004). The overall 
freedom from target aneurysm-related mortality was 90.2%, with 
rates of 96.8% in the PRAA group and 82.7% in the TAAA group 
at 36 months (P ¼ 0.013) (Fig. 3). Furthermore, freedom from 
secondary interventions at 36 months was 89.3% and 65.6% in 
the PRAA and TAAA groups, respectively (P ¼ 0.002). Table 5 

Table 2: Procedural details.

Variable Overall (n ¼ 121) PRAA (n ¼ 62) TAAA (n ¼ 59) P-value

Modified main device
EVAR device 45 (37.2) 42 (67.7) 3 (5.1)

Zenith Flex 28 26 2
Zenith alpha abdominal 7 6 1
Endurant 10 10 0

TEVAR device 76 (62.8) 20 (32.3) 56 (94.9)
Zenith Tx2 20 4 16
Zenith alpha thoracic 29 14 15
Talent 1 0 1
Valiant Captivia 4 2 2
Valiant Navion 2 0 4
Relay Plus 18 0 18

Main device delivery system (Fr) 20.7 ± 2.44 19.5 ± 2.01 21.9 ± 2.21 <0.001
Target vessels (n) 342 160 182
Vessels per patient 2.87 ± 1.05 2.58 ± 1.03 3.08 ± 1.00 0.008
Type of incorporation per vessel <0.001

Fenestrations 271 150 121
Branches 71 10 61

Bridging stents
Stent graft 189 96 93
Bare metal stent 43 29 14

Cerebrospinal fluid drainage 0 0 0
Customization time, min 60.4 ± 23.2 54.4 ± 16.0 67.9 ± 29.1 0.010
Contrast volume, mL 163.6 ± 78.2 150.2 ± 61.7 179.4 ± 92.2 0.058
Fluoroscopy time, min 120.7 ± 77.1 121.2 ± 62.0 120.3 ± 90.9 0.950
Total radiation dose, mGy 4124 ± 3911 4281.7 ± 3175.4 3964.0 ± 4563.0 0.661
Total procedure time, min 325.1 ± 139.9 295.5 ± 104.2 356.2 ± 164.9 0.018
Estimated blood loss, mL 372.0 ± 428.5 300.1 ± 254.4 470.0 ± 578.0 0.074

Continuous variables are presented as mean ± standard deviation and categorical variables as numbers of patients (%).
Zenith Flex (Cook Medical, Inc, Bloomington, IN, USA); Zenith alpha abdominal (Cook Medical, Bloomington, IN, USA); Endurant (Medtronic, Santa Rosa, CA, 
USA); Zenith TX2 (Cook Medical, Bloomington, IN, USA); Zenith alpha thoracic (Cook Medical, Bloomington, IN, USA); Talent (Medtronic, Santa Rosa, CA, USA); 
Valiant Captivia (Medtronic, Santa Rosa, CA, USA); Valiant Navion (Medtronic, Santa Rosa, CA, USA); Relay Plus (Terumo Aortic, Sunrise, FL, USA).
EVAR: endovascular aneurysm repair; PRAA: pararenal aortic aneurysm; TAAA: thoraco-abdominal aortic aneurysm; TEVAR: thoracic EVAR.

Table 3: In-hospital postoperative outcomes.

Variable Overall  
(n ¼ 121)

PRAA  
(n ¼ 62)

TAAA  
(n ¼ 59)

P-value

Major adverse event 21 (17.4) 7 (11.3) 14 (23.7) 0.074
Myocardial infarction 0 (0) 0 (0) 0 (0) 1.00
New-onset dialysis 5 (4.1) 3 (4.8) 2 (3.4) 0.691
Stroke 4 (3.3) 2 (3.2) 2 (3.4) 0.960
Respiratory failure 5 (4.1) 2 (3.2) 3 (5.1) 0.613
Bowel ischaemia 2 (1.6) 2 (3.2) 0 (0) 0.159
Spinal cord injury 9 (7.4) 0 (0) 9 (15.3) 0.002
Paraparesis 8 (6.6) 0 (0) 8 (13.6) 0.004
Paraplegia 1 (0.8) 0 (0) 1 (1.7) 0.322
In-hospital mortality 7 (5.8) 2 (3.2) 5 (8.5) 0.225

Length of hospital  
stay, days

20.3 ± 44.2 11.1 ± 8.8 29.9 ± 61.5 0.024

ICU stay, days 2.8 ± 5.0 1.4 ± 2.4 4.2 ± 6.4 0.024
Postoperative device  

migration
0 (0) 0 (0) 0 (0) 1.00

Endoleaks before  
discharge
Iaþb 6 (5.0) 3 (4.8) 3 (5.1) 0.951
II 9 (7.4) 4 (6.5) 5 (8.5) 0.676
IIIc 18 (14.9) 5 (8.1) 13 (22.0) 0.033
IV 1 (0.8) 1 (1.6) 0 (0) 0.321

Continuous variables are presented as mean ± standard deviation and 
categorical variables as number of patients (%).
ICU: intensive care unit; PRAA: pararenal aortic aneurysm; TAAA: thoraco- 
abdominal aortic aneurysm.
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shows the associations of baseline characteristics and postopera
tive outcomes with all-cause mortality. Univariate and multivari
ate Cox regression analyses revealed that ruptures, TAAAs and 

postoperative type IIIc endoleaks were associated with an in
creased risk of all-cause mortality. Table 6 shows the associa
tions of baseline characteristics/postoperative outcomes with 
target aneurysm-related mortality. In the univariate and multi
variate Cox regression analyses, ruptures and TAAAs were 
significantly associated with an increased risk of target 
aneurysm-related mortality.

DISCUSSION

This multicentre retrospective observational study demonstrated 
that the procedural success and postoperative results of F/ 
B-EVAR in Japan reached acceptable levels, despite being 
performed as PMEG. Key procedural accuracy and safety met
rics—such as overall F/B ostial matching and absence of proce
dural mortality in non-rupture cases—closely paralleled the 
outcomes observed in other PMEG reports [4, 5]. The mid-term 
results in the present study—including the low levels of sac size 
increase and favourable freedom from aneurysm-related mortal
ity, except those in rupture cases—were comparable with 

Table 4: Follow-up outcomes.

Variable Overall  
(n ¼ 121)

PRAA  
(n ¼ 62)

TAAA  
(n ¼ 59)

P-value

Follow-up time, month 24.2 ± 27.1 30.5 ± 27.9 17.7 ± 24.8 0.009
Secondary intervention 18 (14.9) 4 (6.5) 14 (23.7) 0.008
Sac behaviour

Shrinkage 66 (54.5) 42 (67.7) 24 (40.7) 0.003
Stable 47 (38.8) 16 (25.8) 31 (52.5) 0.003
Growth 8 (6.6) 4 (6.5) 4 (6.8) 0.942

PRAA: pararenal aortic aneurysm; TAAA: thoraco-abdominal 
aortic aneurysm.

Figure 2: Estimated 36-month freedom from all-cause mortality in the parare
nal aortic aneurysm and thoraco-abdominal aortic aneurysm groups. PRAA: 
pararenal aortic aneurysm; TAAA: thoraco-abdominal aortic aneurysm.

Figure 3: Estimated 36-month freedom from target aneurysm-related mortal
ity in the pararenal aortic aneurysm and thoraco-abdominal aortic aneurysm 
groups. PRAA: pararenal aortic aneurysm; TAAA: thoraco-abdominal aor
tic aneurysm.

Table 5: Selected results of univariate and multivariate 
analysis for all-cause mortality.

Variable Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P- value

Male 1.28 (0.50–4.37) 0.643
Age 1.03 (0.98–1.08) 0.298
CKD 1.56 (0.75–3.31) 0.232
Rupture 2.97 (1.32–6.23) 0.005 2.85 (1.23–6.23) 0.011
ASA score �3 2.04 (0.91–5.19) 0.104
TAAA 2.93 (1.34–6.40) 0.007 2.34 (1.07–5.42) 0.038
Previous aortic  

surgery
1.34 (0.57–2.94) 0.476

Postoperative  
TIIIc ELs

3.03 (1.18–6.86) 0.012 3.33 (1.26–7.88) 0.005

AAA: abdominal aortic aneurysm; ASA: American Society of 
Anesthesiologists; CI: confidence interval; CKD: chronic kidney disease; HR: 
hazard ratio; TIIIc Els: type IIIc endoleaks; TAAA: thoracoabdominal aor
tic aneurysm.

Table 6: Selected results of univariate and multivariate 
analysis for target aneurysm-related mortality.

Variable Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Male 2.41 (0.46–44.40) 0.400
Age 2.23 (0.09–65.30) 0.627
CKD 1.34 (0.42–4.56) 0.616
Rupture 3.92 (1.14–12.42) 0.021 4.42 (1.27–14.34) 0.021
ASA score �3 7.10 (1.34–131.44) 0.063
TAAA 5.44 (1.42-35.51) 0.029 4.71 (1.21-30.97) 0.048
Previous aortic  

surgery
0.89 (0.20–3.09) 0.867

Postoperative  
TIIIc ELs

2.74 (0.60–9.57) 0.138 3.35 (0.72–12.06) 0.113

ASA: American Society of Anesthesiologists; CI: confidence interval; CKD: 
chronic kidney disease; HR: hazard ratio; IIIc Els: type IIIc endoleaks; TAAA: 
thoracoabdominal aortic aneurysm.
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findings of both PMEG and industry-made F/B-EVAR device 
studies. These findings indicate the non-inferiority of our PMEG 
practice while also highlighting country-specific structural issues, 
which warrant careful consideration and potential remodelling.

In Japan, industry-made stent grafts were approved and intro
duced in 2006. By introducing refined versions of devices and 
the necessary ancillary equipment, the challenges experienced 
with earlier generations in terms of the use of EVAR devices 
were not observed domestically. Additionally, a national com
mittee for stent graft management, which comprised representa
tives from relevant academic associations, was established to 
ensure efficacy and safety. Currently, more than 80% of AAAs in 
Japan are treated with EVAR, and the usage of industry-made 
EVAR and TEVAR devices in our country is among the highest 
worldwide. F/B-EVAR has been accepted as an option for high- 
risk patients with PRAAs and TAAAs. However, even in F/B- 
EVAR-advanced countries, PMEG has become widespread 
mainly because of the prolonged access time to industry-made 
devices. Meanwhile, PMEG has been widely used in countries 
where the introduction of industry-made devices and the afore
mentioned ancillary devices have been delayed because of a 
lack of F/B-EVAR available options.

At 36 months, patients in the PRAA group had higher freedom 
from all-cause mortality, aneurysm-related mortality and sec
ondary interventions than did patients in the TAAA group. 
Ruptures and postoperative type IIIc endoleaks were associated 
with all-cause mortality, whereas ruptures and TAAAs were asso
ciated with target aneurysm-related mortality. TAAAs and PRAAs 
represented separate and distinct pathological entities in terms 
of postoperative outcomes. Postoperative type IIIc endoleaks 
occurred more frequently in the TAAA group than in the PRAA 
group with a significant difference, contributing to the differen
ces in clinical outcomes. The anatomical characteristics of the 
renovisceral branches differ between PRAAs and TAAAs, with 
those in PRAAs arising from narrower aortic segments and those 
in TAAAs from wider segments. Studies have highlighted that 
type IIIc endoleaks from directional branches still represent one 
of the leading causes of reintervention after branched endovas
cular repair using an off-the-shelf or custom-made device [22]. 
The gap distance between the endograft-reinforced fenestration 
and the target artery origin at the aortic wall has been associated 
with an increased risk of target vessel instability and the related 
endoleaks (Ic and IIIc) [23]. Moreover, manufacturing of the graft 
may affect type IIIc endoleaks because the procedures for the 
modifications were not standardized. For the treatment of TAAA, 
the use of PMEG might be restricted to emergency cases or to 
countries where commercially available F/B-EVAR devices have 
not been officially introduced. Therefore, to ensure F/B-EVAR ef
fectiveness, innovative solutions for enhanced durability and ac
cessibility are required to address target vessel instability in 
complex aneurysms. One potential solution to mitigate the risk 
of type IIIc endoleaks in the acute postoperative period is the 
implementation of physician-modified inner-branched endovas
cular repair [15–19]. However, the accessibility of this approach 
varied across centres, as demonstrated in this study, where 5 of 
the 10 centres utilized it. Another potential solution for target 
vessel instability is the utilization of potential dedicated covered 
stents for bridging stents, capable of accommodating the ana
tomical changes caused by postoperative remodelling. In the fu
ture, covered stents may provide better stability and 
compatibility with the dynamic nature of the vascular system af
ter procedures [24].

For the treatment of complex aortic aneurysms, open repair 
and hybrid repair are widely accepted treatments [11, 25–27]. 
During the same period as this study, 242 open repairs and 41 
hybrid repairs were performed for the treatment of complex 
aortic aneurysms in 10 Japanese centres. However, these proce
dures have a certain degree of morbidity and mortality. The rela
tively recent development of endovascular approaches to this 
problem has shown improved short-term morbidity and reason
able durability [28]. In this study, PMEG was used in patients in 
whom open repair was not amenable because of anatomical 
reasons or comorbidities. The low mortality rate in these difficult 
patients seems to be acceptable.

In this 10-centre cohort, the technical success rates per pa
tient (95.9%) and vessel (98.5%) appeared to be acceptable. 
However, the relatively longer fluoroscopy time (121.2 ± 
62.0 min) observed in PRAA procedures in comparison with that 
noted in a large-volume, single-centre study (103 ± 49 min) [4] 
may be attributed to its nascence in our countries. Additionally, 
our series included more than 10% of emergency cases, and the 
procedures for these cases are often affected by the necessity of 
performing other life-saving medical procedures concurrently. 
Some institutions had to use C-arms for these emergency and 
complicated procedures instead of hybrid operation suites. The 
limited accessibility of ancillary devices and imaging facilities, 
which might have significantly reduced procedural time and ra
diation dose, may also reflect the nascent stage of the adoption 
of the F/B-EVAR device in our country. The availability of F/B- 
EVAR devices and improvements in the reimbursement process 
should make the use of bare metal stents or limb extensions of 
EVAR devices obsolete. Despite these limitations, the short-term 
technical successes and in-hospital mortality were similar to 
those in a high-volume, single-centre study [4] and a systematic 
review [10].

This study has several limitations. First, it is a retrospective ob
servational study, and the analyses were exploratory in nature. 
Moreover, the 95% confidence intervals were not adjusted for 
multiple comparisons, and the inferences drawn from them may 
not be reproducible. Second, the number of cases at each facility 
was small. Additionally, the procedures for the modifications 
and indications were not standardized. Third, the study results 
may need to be confirmed in other ethnic groups. Fourth, the 
angiograms and computed tomography scans were site- 
reported without core laboratory validation. However, accept
able operative results were obtained in our multicentre study in 
Japan, where commercial F/B-EVAR stent grafts and ancillary 
devices have not been officially introduced. Nevertheless, this 
study provides valuable insights into the application of F/B- 
EVAR technologies for the treatment of complex aor
tic aneurysms.

CONCLUSION

This multicentre observational study confirmed the reproducibil
ity of acceptable PMEG results in repairing complex aneurysms 
in Japan where commercially available F/B-EVAR devices have 
not been officially introduced. Postoperative type IIIc endoleaks 
are associated with all-cause mortality and represent a univer
sally important issue that needs to be addressed. For the treat
ment of TAAA, the use of PMEG might be restricted to 
emergency cases or to countries where commercially available 
F/B-EVAR devices have not been officially introduced.
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