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Abstract
Objectives: To compare management strategies for secondary abdominal arterioenteric fistulas (AEFs).
Design: RSystematic review and pooled data meta-analysis.
Methods: Medline and Scopus databases were searched for studies on secondary abdominal AEFs published since between 1999-2015. A particular emphasis was given on short and long-term outcomes in relation to AEF repair type.
Results: TwoOne-hundred and sixteenninety-three publications were retrieved, reporting on 759 823 patients (seven case-controlled studies, 44 case-series and 142 case reports). In-hospital mortality was 301.76%. Open surgery had higher in-hospital mortality (24633/725681, 3433.29%), than endovascular methods (7/978, 7.19% p<0.001, odds ratio 65.73, 95% CI 32.4-141.7, including staged endovascular-to-open surgery, 0/13, 0%6). In-hospital mortality after graft removal/extraanatomical bypass grafting was 3129.27% (6366/2126), graft removal/in-situ repair 34% (13729/40379), primary closure of the arterial defect 62.5% (10/16), and for miscellaneous open procedures 41.93% (331/8074), p=0.01923. There was no difference in mortalityA among the subgroups of in-situ repair (homografts, impregnated or non prosthetic grafts, and in-situ vein)homografts were associated with a higher mortality than prosthetic impregnated grafts (p=0.047). There was no difference in recurrent AEF-free rates between the open and endovascular groupsprocedures. Extraanatomical bypass/graft removal and in-situ repair had athe lower AEF recurrence rate thans, while primary closure and homografts the higher rates. Late sepsis occurred more frequently after endovascular surgery (two-year rates 424.9% vs 198.1% for open, p<=0.001), with no difference among the open surgery groups. The early survival benefit of endovascular surgery was blunted during follow-up, although it remained significant (p<=0.002001). While there was no mortality difference among the major open surgery types, within the in-situ repair group prosthetic impregnated grafts were associated with the worst overall and AEF-related mortality-free rates and vein grafts with the best ones. No recurrence, sepsis or mortality was reported following staged endograft placement to open repair after a mean follow-up of 16.8 months (p=0.18, p=0.22 and p=0.006, respectively, compared to patients in other groups).
Conclusions: Endovascular surgery, where appropriate, is associated with better early survival than open surgery for secondary AEFs. Most of this benefit is lost during long-term follow-up, implying that a staged approach with early conversion to in-situ vein grafting may achieve the best results in selected patients.
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What this paper adds
There is currently a lack of evidence for the relative effectiveness of open surgical and endovascular techniques in managing arterioenteric fistulas. Due to the large number of patients (n=823759) included in our review, compared to similar studies, more accurate and direct comparisons among the various techniques were possible, leading to the conclusion that endovascular surgery is associated with an early survival benefit compared to open surgery, but this is reduced during long-term follow-up. A staged endovascular approach with early conversion in suitable candidates achieved the best results, which may be augmented with iIn situ repair with vein grafts achieve theshown to have the best long-term results and a staged endovascular approach with delayed conversion in suitable candidates is suggested by the authors.




Introduction
Aortoenteric and other abdominal arterioenteric secondary fistulas (AEFs) are traditionally managed with graft explantation, aortic stump closure and lower limb revascularization with axillobifemoral bypass grafting. Less radical solutions like primary closure of the aortic defect are considered inadequate, particularly because infection is not eradicated since the secondarily infected prosthetic graft is not removed. The former (“gold-standard”) procedure has been challenged however by the possibility of aortic stump blowout, a risk that remains present also during long-term follow-up. As a result, in situ bypass grafting using homografts, prosthetic or vein grafts was developed.1, 2 Not to be used in grossly infected fields, the latter prosthetic grafts can have wider application after extensive debridement of the retroperitoneal space, impregnation of the graft with antimicrobial substances (silver or rifampicin) and omental graft wrapping.3, 4 Nevertheless, the frequently dismal outcome regardless of the procedure that is used to repair the AEF has prompted during the last two decades the use of endovascular techniques to seal the leaking point, mostly endograft deployment, in an effort to provide a minimally invasive solution to this vexing complication of open but also endovascular surgery. The initial enthusiasm however soon faded away because frequently fatal recurrent bleeding and infection ensued during long-term follow-up, negating the initially good results, as was indeed shown by original studies and meta-analyses.5-7 However, direct comparison of open and endovascular surgery remains scant,5, 6, 8 and thus underpowered to reliably detect differences in outcome measures between these two treatment modalities and also among various subgroups.
	The aim of the present study was to perform a systematic review and pooled datam eta-analysis on the management of AEFs, with a particular emphasis being given on the relative effect of the various repair types on short and long-term mortality and recurrent sepsis and fistulation.
Materials and Methods
Search methodology
On AprilJune 231, 20164, Medline, and Scopus databases were searched for case-controlled studies, case series and case reports on secondary abdominal AEFs, published since 1999, when the first endovascular repair of an abdominal AEF was reported, and up to December 31st, 20153. Our combined search strategy included the following phrase (containing relevant key-words): “aorto-duodenal or aortoduodenal or aorto duodenal or aortoenteric or arterioenteric or aortojejunal or aortoileal or aortocolonic or arteriojejunal or arterioileal or arteriojejunal or aortogastric or arteriogastric or aorto-enteric or arterio-enteric or aorto-jejunal or aorto-ileal or aorto-colonic or arterio-jejunal or arterio-ileal or arterio-jejunal or aorto-gastric or arterio-gastric or aorto enteric or arterio enteric or aorto jejunal or aorto ileal or aorto colonic or arterio jejunal or arterio ileal or arterio jejunal or aorto gastric or arterio gastric”. Duplicate records were removed. Studies and patients where no intervention was performed or no outcome was reported, patients with isolated graft infection (often reported together with those having an AEF) and AEFs resulting from organ transplantation or gastrointestinal surgery were excluded. Only original articles published in the English language were considered. Series on abdominal graft infection were not manually screened for AEF cases, unless identified by our search strategy. Where the outcomes of individual patients were not specified the authors of the paper were contacted for details. Only original articles published in the English language were considered. Studies were sorted by the first author and the centercentre of origin in order to identify and exclude duplicate patient reports or studies, although those providing additional information in the form of long-term outcome were retained. Multicenter reports were also scrutinized to identify patients reported in either previous or subsequent publications, in order to exclude those as well. The reference lists of the retrieved articles and previous reviews on this topic was searched for potential studies eligible for inclusion.7, 9-12 In case or a recurrent AEF, the patient was not excluded, but the first episode was taken into account as the index event.
Information retrieved	
Extracted data included the title of the study, the surname of the first author, the centre, country and geographic region where the study was performed, study-specific patient identifier, study type (e.g. case-controlled study, case series and case report), year of publication, patient age and gender, the type of the previous intervention that was complicated with the secondary AEF and also the time interval between this previous intervention (in case of multiple aortic/arterial procedures the most recent one was considered) and AEF management, patient presentation (bleeding, shock, sepsis), the exact level (arterial tree and GI tract) and type (true, true with anastomotic aneurysm, paraprosthetic)4 of the AEF, the exact type of the procedure (arterial and GI) performed to treat the AEF but also adjunctive procedures (including omentoplasty), short-term and also long-term outcomes such as persistent or early postoperative sepsis and also in-hospital and 30-day mortality with cause of death, AEF recurrence and time interval, late sepsis and time interval, reoperation type, long-term mortality with cause of death and time interval until this occurred or the patient was censored/recorded as being alive. Missing values for time measures were not imputed. In case a summary result (for example in the form of a mean or median age provided for a series of patients) but not the exact interval information for each characteristic was provided (in the form of a mean or median provided for a series of patients), this information was entered into the database and used only for summary statistics of survival, and not for Kaplan-Meier curve plots.
	Postoperative mortality was the primary outcome measure of the study, while recurrence, long-term sepsis and mortality (including AEF-related mortality) constituted the secondary outcomes. 
Statistical analysis 
All date were entered into a Microsoft Office Access database (Microsoft Inc., Redmond, Wash) and analyzed with IBM SPSS Statistics 22 (IBM Corp., Armonk, NY, USA). Categorical data were analyzed with the chi-square test or alternatively the Fisher’s exact test, whenever the expected count of one or more variables was less than 5re appropriate; numerical data were analyzed with the t-test, or alternatively the Mann-Whitney test, whenever the data re appropriatedid not follow a normal distribution. Event rates of long-term outcome measures (sepsis, AEF recurrence and death) were calculated with the Kaplan-Meier method and compared with the log-rank (Mantel-Cox) test. A P value less than 0.05 was considered as statistically significant. Two-sided statistical tests were always used. When the median value of a numerical variable was provided instead of its mean, the latter was calculated as previously described.13 Mean values and aggregated percentages of categorical variables were entered into the database but were used only for summary reports and not for group a meta-analysis of individual patient datacomparisons. With the exception of one of the authors’ case-controlled study, individual information beyond the type of the procedure performed or patient outcome were not requested, taken into account that some studies had reported also on patients with graft infection or provided collective and not individual patient information in series of patient operated on originally for aneurysms and/or aorto-iliac occlusive disease.



Results
A PRISMA flowchart outlining our search procedure and reasons for excluding records not eligible is shown in Figure 1. TwoOne hundred sixteenninety three full text manuscripts (including threonee articles published ahead of print) describing early outcome for a total of 823759 patients were eligible (including eight studies identified from the reference list of the originally retrieved articles and five meta-analyses) and therefore included in the present review.1, 14-62,5, 8, 63-110,2, 111-159,3, 6, 160-200 201-223 Of note, patients with no outcome reported were excluded, although the studies were retained because there were additional patients eligible for inclusion.79, 97 In summary, 216193 publications reported on 823759 patients in total, including 67 case-controlled studies, 5044 case series and 160142 case reports, reporting on 200, 464417 and 159142 patients, respectively. Some 537509 patients were reported to originate from Europe (Italy and France predominated), 227197 from the Americas (almost all of them from the USA), 297 from the Far East (mostly from Japan), 186 from the Middle East (mostly from Turkey) and the remaining 120 from Australasia.
D	emographics and preoperative characteristics
Patient demographics and preoperative characteristics, stratified by study type, are shown in Table I. Bleeding was the most common symptom, occurring in 71.57%, while shock was reported in about half of patients with bleeding, 332.15% of all patients. Sepsis was reported in 39.71% of all patients. Other symptoms, probably under-reported or not specifically reported in some articles, included acute limb ischemia, pain, vomiting, ileus, and septic emboli to the legs, while in one patient hematuria (in addition to GI bleeding) was caused by an iliac artery-uretero-colonic fistula. Psoas and thigh abscesses were reported to co-exist in sixfive and two patients, respectively. In three patients the AEF was an incidental finding, while in fourthree patients Adamantiades-Behcet’s disease co-existed. Fecal peritonitis caused by a perforated carcinoma of the cecum was reported in one case.
	AEF location and classification, stratified by study type, is shown in Table II. The most common location was the duodenum [62.5% of all cases and 77.6.9% (510474/65716) of those reporting the exact AEF location(s)], followed by the remaining small bowel, while rarely the large bowel was affected. Double (two coexisting) AEFs were extremely rare.51, 158   True AEFs (true with/without anastomotic aneurysm or true with anastomotic aneurysm) were more common than paraprosthetic AEFs, however the exact secondary AEF type could not be classified in nearlyabout half of all cases.
Management	
A variety of open (n=725681) or endovascular (n=978) procedures with the intention to treat the arterial pathology was noted, including staged, extra-anatomical bypass grafting followed by graft removal, or concomitant graft removal and extra-anatomical bypass grafting (n=212226), in situ grafting (n=379403, including placement of a homograft, n=156166, a prosthetic graft, n=42, a prosthetic impregnated graft, n=148160, a reconstructed bovine pericardium graft, n=1, or a vein graft, n=3234), endograft AEF sealing (n=6679), staged endograft placement to open repair (n=613), primary AEF closure (n=16), graft removal (n=1719) and other methods (n=1921, e.g. patching with/without graft removal, iliac ligation or occlusion with plug deployment, embolization, staged primary closure followed by endograft placement, transabdominal drainage, axillofemoral bypass grafting followed by primary AEF closure, stump closure in patients with previous graft infections without an AEF, reconstruction of the proximal anastomosis, etc). In 23 25 cases no arterial repair was performed, while in 21 cases the exact method was not reported. Agents used to impregnate prosthetic grafts included silver (n=7379), rifampicin (n=8074) or both (n=1). Deep veins used for reconstruction included deep veins of the leg(s) (n=320), a saphenous panel graft (n=1), while in one case the exact origin/type was not provided. Of those 23 25 cases where no arterial repair was performed, in six cases the patient expired on-table before any procedure was possible, and in one more a large bowel infarct led to abandonment of repair plans. The remaining 1186 cases had mostly paraprosthetic fistulas and the original graft was not removed, but salvageable with omentoplasty, apart from case where a true AEF by an eroding endograft was temporarily sealed with an omental patch. In 63 studies on 257 cases (33.9%) omentoplasty was used either routinely or selectively (perhaps subject to availability as frequently stated). A variety of ancillary endovascular or open procedures, including abscess drainage, beyond the scope of this review, were reported. 
	The bowel defect was managed mostly with primary repair (n=384359, 476.73%), followed by resection & anastomosis (n=7968, 9.6%), complex repair (n=3329, 43.8%), a type of colectomy (n=2826, 3.4%), appendectomy (n=3, 0.4%), or T-tube insertion (n=1, 0.1%). RNo repair was not performed in 8472 cases (10.29.5%), the exact repair type was not reported in 1658 cases (20.48%), while in the remaining 43 cases (5.27%) the procedure waswhere primary repair or resection was performed, but an exact breakdown was not provided. Of note, bowel was repaired in 8 of 85 patients undergoing endovascular repair (excluding those 13 patients who had staged endograft placement to open repair).
	Compared to patients undergoing open surgical procedures those having endovascular procedures were reported more frequently in case reports (42/159, 26.4% vs 39/464, 8.4% for case series and 17/200, 8.5% for case-control studies, p<0.001), were more often males (7566/8070, 934.83% vs 2109/2458, 84.79%, for open, p=0.404),were older [median/IQR interval 72 (59-76) years vs 69.5 (1-6) years for open procedures, p=0.049] had a longer time interval since the original surgery [median/IQR interval 6 (4-10) years vs 3.9 (1-6) years for open procedures, p<0.001], had less often preoperative sepsis (165/7265, 223.21% vs 113102/266245, 421.56% for open, p=0.0026), presented more often with bleeding (8069/8271, 97.62%, vs 22610/27189, 787.25% vs for open, p<0.001), had more often hemorrhagic shock (285/761, 39.441% vs 10294/31300, 321.63% for open, p=0.1427), procedures were performed less often to manage a paraprosthetic AEF than a true AEF (75/570, 120.3% vs 12213/221198, 557.21% for open, p<0.001), but more often to manage a true AEF with an anastomotic pseudoaneurysm than a true AEF without an anastomotic pseudoaneurysm (243/450, 4851.1% vs 23/9985, 237.21% for open, p=0.0037). The remaining characteristics were equally distributed between the two groups. 
	In-hospital mortality was reported in 25340/823759 cases (301.76%); this was 41.5% for case-controlled studies (83/200), 16.42% for case reports (263/15942) and 32.1% for case series (1434/46417), with the mortality difference among the three study types been statistically significant (p<0.001). Open surgery had higher in-hospital mortality (246/725, 33.9%) than eEndovascular methods had lower in-hospital mortality (7/9878, 7.19%) than open surgery (233/681, 34.2%, , p<0.001, odds ratio 65.73, 95% CI 32.4-141.76). Persistent or early sepsis during the postoperative period occurred equally frequent after open and endovascular procedures (520/625589, 8.35% vs 9/9578, 9.5%11.5, p=0.371).
Short-term results
	ElevenNine patients expired on the surgical table (six before reconstruction) due to irreversible shock (n=43), cardiac arrest (n=3, in at least one case not a result of hypovolemia), or bleeding (n=21), while in the remaining two cases the cause of death was not provided. Causes of in-hospital death for those survived the initial procedure included irreversible shock (n=3), bleeding (n=543, including stump blowout in 12 cases, homograft rupture in 9 cases and recurrent AEF in 4 cases4), recurrent AEF (n=4), stump blowout (n=12), sepsis (n=365), multiple organ failure (n=565), GI complications including leak from the GI repair (n=23), pneumonia (n=2), pulmonary embolism (n=1), myocardial infarction (n=5) or other cardiac complications (n=3, including heart failure), ischemic stroke (n=1), intracranial bleeding (n=2), acute limb ischemia (n=2); in several patients the cause of death was not provided, or finally for reasons not reported (n=7066). 
Thirty-day mortality was reported in 76.3% of patients. 412 (54.3%) of all patients were alive at 30 days and 167 (22%) had passed away, while the exact status of the remaining 180 patients (23.7%) was not reported, either because only short-term results were provided or specific information on this outcome was not given, rendering any conclusions or comparisons unreliable.
Excluding seven patients where a procedure was not performed, in-hospital mortality after graft removal/extra-anatomical bypass grafting was 31.229.7% (663/22612), graft removal/in situ repair 34% (13729/403379), primary closure of the arterial defect 62.5% (10/16), graft removal 421.12% (87/197), conservative surgery when no arterial reconstruction was needed 275.8% (54/186), and other open procedures 2630.78% (4/153). In-hospital mortality was relatively low after endograft placement 810.96% (7/7966), staged endovascular approach to open 0% (0/136), and other endovascular procedures 0% (0/6). Finally in cases where the exact procedure type was not reported, in-hospital mortality was 42.9% (9/21). There was no difference regarding overall in-hospital mortality in subgroups of in-situ repair, i.e. homograft (5865/1566, 3739.2%), prosthetic graft (14/42, 33.3%), prosthetic impregnated graft (4546/16048, 2830.74%), and in situ vein graft (11/3234, 3432.4%), however homografts were associated with a higher mortality than prosthetic impregnated grafts (p=0.047, odds ratio 1.59, 95% CI 1.00-2.53). Mortality was lower in studies reported from the Americas (4651/227197, 273.64%) than those from Europe (1891/53709, 35.26%, p=0.0012). Patients who survived who died were younger [median (IQR) age 68 (59-76) years]older than those who died [median (IQR) age 73 (65-79.75) years] than those who survived [median (IQR) age 68.5 (59-75.75) years, p=0.002]. Mortality was lower in patients with jejunum/ileum AEFs (5/4138, 123.2%) than those with AEFs involving the duodenum, large bowel or stomach combined (8591/314276, 2930.8%, p=0.023), patients with hemodynamic stability (7354/27342, 262.73%) than those with hemorrhagic shock (574/1119, 451.4%, p<0.0001), in patients/series where graft omentoplasty was performed routinely or selectively (671/27852, 24.12%) than those where omentoplasty was not performed (1792/44729, 40.10%, p<0.001, odds ratio 0.48, 95% CI 0.34-0.668, analysis restricted to patients undergoing open repair) and patients without early or persistent postoperative sepsis (16475/65908, 26.67%) than those with early or persistent postoperative sepsis (486/6159, 78.7%, p<0.001). There was no significant association of in-hospital mortality with gender, type of original operation, preoperative sepsis or bleeding, AEF type, intestine management, and time elapsed since the original operation.
Long-term results
Some information on the time to death or last follow-up was available only for 433384 (764%) of the 57019 survivors, however,and exact time values were available for only 288 316 patients (55.45%). Mean survival was 234.64 months, and was reduced to 16.76 months where exact values were available. Mean follow-up for extra-anatomical bypass grafting and graft removal was 24.45 months, in situ grafting in the form of a homograft 7.45 months, a prosthetic graft 34.9 months, a prosthetic impregnated graft 37.240.6 months, or a vein graft 28.730.2 months, primary AEF closure 34.3 months, graft removal 168.48 months, endograft AEF sealing 16.24 months, staged endograft placement to open repair 16.820 months, no arterial repair 224.63 months and other methods 267.27 months. Follow-up was significantly shorter for homografts and endograft AEF sealing compared to some other methods. 
In addition to 15 recurrent AEFs occurring during the first postoperative month, 3742 recurrent AEFs occurred between the second postoperative month and the ninth postoperative year (no time frame was provided for 13seven recurrent AEFs), the vast majority occurring during the first three postoperative years. There was no difference in recurrent AEF-free rates between the open and endovascular surgery groups (68% and 751%, respectively, at 45 years, p=0.9356, Fig. 2a). Primary closure had worse recurrence rates compared to extra-anatomical bypass/graft removal and in-situ repair (p<0.001 and p=0.0457, respectively, Fig. 2b). The high early rate of early recurrent AEFs with in situ repair stems from the high rate of recurrent AEFsworse results observed for homografts and prosthetic impregnated graft to a lesser degree, as clearly shown in Figure 2c. Recurrence was not reported in the staged endovascular to open approach (p=0.18 compared to patients in other groups), and also not reported in the group of 8 patients who had endovascular repair of the AEF combined with intestinal repair (p=0.15 compared to those who had endovascular repair of the AEF but not intestinal repair).
	Late sepsis occurred in 64/439 54/388 patients (14.6%) where there was adequate information provided. Endovascular surgery was plagued by the high late sepsis rates (two-year rates 424.9% vs 198.1% for open, p=<0.001, Fig. 3a). There was no difference among the various open surgery groups (p=0.459, Fig. 3b), and also the in-situ repair groups (p=0.4726, Fig. 3c). Late sepsis was not reported in the staged endovascular to open approach (p=0.22 compared to patients in other groups), and also not reported in the group of 8 patients who had endovascular repair of the AEF combined with intestinal repair (p=0.04 compared to those who had endovascular repair of the AEF but not intestinal repair). Late sepsis after open surgery was managed with conversion (n=1315, including 78 post-conversion deaths), abscess drainage (n=4), laparotomy only (n=2), conservative management (n=1, fatal), revision of bowel repair (n=1), above knee amputation (in one patient with graft thrombosis);, while the exact management type was frequently not reported (n=7) andor occasionally no intervention was performedne (n=2). Late sepsis after endovascular surgery was managed with conversion (n=192, including 93 post-conversion deaths), abscess drainage (n=1), conservative management (n=10, including 6 deaths), while the exact management type was rarely not reported (n=1). EighteenSeventeen and 171 deaths related to late sepsis were reported after open and endovascular repair, respectively (p<=0.00122).
During long-term follow-up 96 135 patients died, due to bleeding (n=3741, including recurrent AEF, n=15, stump blowout, n=110, disruption of the proximal anastomosis, n=5, homograft rupture, n=4), sepsis and/or MOF (n=1314), cardiac causes or surgery (n=1315), malignancy (n=34), renal failure (n=34), respiratory causes (n=34), stroke (n=13), bowel ischemia (n=1), graft occlusion (n=1), and unrelated (n=7) or not specified (n=140) reasons.  Long-term mortality after extra-anatomical bypass grafting and graft removal was 339/13149 (2625.2%), in situ grafting in the form of a homograft 12/98 (12.2%), a prosthetic graft 43/268 (114.53%), a prosthetic impregnated graft 308/4103 (2919.51%), or a vein graft 23/231 (9.513%), primary AEF closure 3/6 (50%), graft removal 23/110 (270.3%), endograft AEF sealing 3022/7259 (4137.73%), staged endograft placement to open repair 0/106 (0%), no arterial repair 1/132 (78.73%) and other methods 46/174 (3526.37%), in a total of 460 patients where adequate information was provided. Overall significance (p value) was less than 0.0012, but no moreof marginal significancet when only AEF-related deaths were taken into account (p=0.062). Mortality was not reported in the staged endovascular to open approach (p=0.006 compared to patients in other groups), but only in one patient in the group of 8 patients who had endovascular repair of the AEF combined with intestinal repair (p=0.13 compared to those who had endovascular repair of the AEF but not intestinal repair). Kaplan-Meier survival analysis was then performed. The early survival benefit on Kaplan-Meier survival analysis of endovascular surgery was blunted during follow-up, although it remained significant (p<=0.0012, Fig. 4a). The corresponding survival results for the various open surgery groups are shown in Figure 4b. Although there was no difference among the major surgery types (p=0.7364), prosthetic impregnated graft use wasere associated with the worst patient survival within the in situ repair group (all comparisons being significant or marginally significant, Fig. 4c). FiftyForty-foursix of 96 135 late deaths (4051%) were attributed to the AEF because they occurred as a result of an AEF-related complication, and average AEF-related mortality (including postoperative mortality) was 37.37% (307286/823759). AEF-related mortality-free (survival) rate was better after endovascular than open surgery (p<0.001, Fig. 5a), but. The AEF-related mortality-free (survival) results similar for the various open surgery groups were similar (p=0.256, Fig. 5b). Homografts and prosthetic impregnated grafts were associated with the worst AEF-related mortality-free (survival) rate within the in situ repair group (overall p=0.003, Fig. 5c, p=0.005). Prosthetic impregnated grafts in particular had the worse AEF-related mortality-free (survival) rate compared to vein grafts (p=0.032012), homografts (p=0.013040) and prosthetic grafts (p=0.007015). AEF-related mortality was not reported in the staged endovascular to open approach (p=0.012 compared to patients in other groups), and also not reported in the group of 8 patients who had endovascular repair of the AEF combined with intestinal repair (p=0.13 compared to those who had endovascular repair of the AEF but not intestinal repair). Excluding postoperative deaths, predictors of long-term mortality included the region the study was performed (better in the Far-East compared to Europe and the Americas, p=0.00324 and p=0.0087, respectively), study type (better for case reports and worse for case-control studies, p<0.001,) quartiles of patient age (84.490.0% at three years for the lowest quartile – younger than 61 years vs 2628.2% at three years for the highest quartile - older than 76 years, p<0.001), AEF type (better for paraprosthetic AEFs compared to true AEFs with or without an anastomotic aneurysm, p=0.04525 and p=0.0308, respectively), procedure type (better for open surgery vs endovascular repair, p=0.013), and the presence of early or persistent perioperative sepsis (660.63% at three years for the absence of sepsis and 30.5% at three years for sepsis present, p<0.001).



Discussion
The optimum management of secondary abdominal aortoenteric and other arterioenteric fistulas is currently not well defined, with a wide range of treatment modalities being offered. In the present meta-analysis on 823759 patients, endovascular surgery was associated with a significantly reduced in-hospital mortality (7.1%) compared to open repair (33.9%), the difference however was mostly lost during the first 18-24 months after the procedure (two-year patient survival 51% and 40%, respectively), concomitantly with a high sepsis rate (two-year rates 42% vs 19% for open repair). Primary AEF closure proved to be less durable than the other open surgery techniques, with a higher  recurrence rate (100% at two years), which was also observed for in situ repair with homografts and impregnated prosthetic grafts (32% and 29%, respectively at two years), both associated also with a worse poor overall survival rate (40% and 23%, respectively at two years). On the other hand, staged endovascular to open repair was shown to have excellent results in the small group of 13 patients followed-up for a mean of 16.8 months, implying that a staged approach with early conversion to in situ repair with alternative material e.g. a vein or prosthetic graft, preferably with omental wrapping, may achieve the best results in selected patients.
	The major finding of our study was the reduced post-operative mortality after endovascular compared to open surgery, indicating that fast expedient hemostasis achieved with the former methods without any further insults is probably all what is needed in this patient population often with in haemorrhagic shock. Although a low mortality rate with endovascular repair has been previously demonstrated by one meta-analysisstudy, in a mixed population with primary and secondary AEFs,7 this is the first time a large scale comparison within a meta-analysis is reported, confirming a trend of described bya a previous multi-centre comparative study.6 As expected mortality was higher in patients presenting with shock compared to those patients not in shock, indicating the need for early cessation of bleeding, before shock ensues; and thea minimally-invasive method of endovascular repair acting as a damage control is also used in trauma patientsmost likely yields the best result.224 The adverse predictive value of periostoperative sepsis, shown byin this paper and previous ly shown by othersstudies,6, 7, 10 may indicate a need for early postoperative conversion to manage the source of sepsis. However endovascular surgery may not be always feasible or effective, requiring urgent conversion to open repair. Based on the results of oOur study showed a better outcome with graft removal/extra-anatomical bypass grafting or in-situ repair with a prosthetic graft; these,  may be if open surgery is the best alternatives forperformed,  unstable patients where open surgery is the only option and therefore in unstable patients a choice should be made between these two procedures graft removal and extra-anatomical bypass grafting and in-situ repair with a prosthetic graft,, depending on personal preference and experience, the amount of local inflammation (in situ bypass grafting to be avoided), etc. We showed that The use of omentum, if available, in the form of omentoplasty to may protect in situ placed all prosthetic material from re-infection, as also shown by others.3 This adjunctive is advised but in case of unavailability, graft removal/extra-anatomical bypass grafting may be opted looks rational and is recommended if feasible, based on the results of our study. Based on the results of our study that showed good short-term and superior long-term results with in situ repair using fFemoral vein, its harvesting and use may be suggested in hemodynamically stable patients by surgeons familiar with their use. Despite claims for vein graft rupture if placed , keeping in mind the potential contraindication in fields infections with infections from Gram negative strains,s.225 unlike homografts, such a complication was not seen for vein grafts.
Long-term AEF recurrence was frequently encountered in our meta-analysisstudy, but no difference between open and endovascular surgery was found; however primary closure and homograft in situ repair with a homograft were associated with a more frequent AEF recurrence, indicating that suturing a potentiallyssibly infected arterial wall or using a devascularized homograft, possibly prone to infection and degradation may not be the best solutions. On the other hand, sepsis proved to be the Achilles heel of endovascular repair during long-term follow-up, confirming previous findings;7, 10 however this is the first large-scale comparison of endovascular surgery with open surgery, with the former group having significantly worse results, which however were though similar to what reported for prosthetic impregnated grafts (Figs. 3a & 3c). TIt remains unclear what were the exact reasons for the worse performance of impregnated prosthetic grafts compared to plain ones remain unclear and further study on the exact graft material is warranted. It is not possible to understand the exact characteristics of operative findings and it could be that the result of impregnated grafts are typicallybeing used only more liberally during in more severely infected operative fields. 
Our study showed that overall and AEF-related mortality-free rates were significantly better with endovascular repair than open repair, although the low post-operative mortality advantage of the former group was largely lost during the first two years of follow-up. Since long-term use of multiple antibiotics cannot guarantee an uneventful outcome in patients undergoing endovascular repair,7 a plausible conclusion would be that suitable candidates should be considered for elective conversion to open surgery, which has better results when performed in patients not actively bleeding.11 The exact timing and also type of such a definite repair may be difficult to choose, but based on the results of the present study in situ repair with vein grafts or prosthetic grafts coupled covered with omentumoplasty may be the best option and could be performed within the first weeks. Of noteIn agreement with our findings, in a recent multicenter study on infected endografts, in situ repair with vein grafts achieved the best long-term results were achieved with in situ repair with vein grafts.226201 Patients not suitable for major arterial surgery may benefit from staged endovascular to bowel repair,7 to prevent further contamination with concomitant primary repair of the arterial defect, performed in a few cases in our review with excellent results, particularly long-term sepsis, but obviously gross graft infection cannot be definitely treated with this approach and risk of recurrence or sepsis may be high as shown for primary closure. 
Our study has several limitations, including incomplete follow-up of some cases and the relatively smaller number of AEFs undergoing endovascular repair and particularly staged endovascular repair to bowel repair or traditional open repair. Staging of graft removal/extra-anatomical bypass grafting (in stable patients) was also not investigated. Publication bias may have also distorted our results, since case reports have better results than case series or case controlled studies, as detailed by the present and another review.11 Another source of bias is the fact that patient allocation in case-control studies is based on surgeon’s opinion, so that more radical procedures may be preferentially performed in better risk patients. Because of the rarity of AEFs, randomised trials comparing two or more treatment modalities are not feasible and definite solutions for all unresolved issues could only be given by large contemporary registries. An alternative solution would be to perform an individual patient data meta-analysis of all major recent studies on secondary AEF, an enormous task that was beyond the scope of our study.
In conclusion, endovascular surgery is associated with better early survival than open surgery for secondary AEFs, especially in those that are significantly bleeding. Most of this benefit is lost during long-term follow-up as recurrent sepsis affects a significantly greater proportion of endovascular repairs, implying that a staged approach with early conversion to in-situ repair, preferably with vein grafts and omental wrapping, may achieve the best results in selected patients.
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Table I: Summary of patient demographics and preoperative characteristics, stratified by study type, excluding missing information.
	
	
	Study type

	
	Case-controlled study
	Case-series
	Case report
	All studies

	Gender [(male/female, % males)]
	153/37 (80.5%)
	21022/4145 (83.17%)
	13216/243 (843.65%)
	507479/1061 (82.76%)

	Age [median (interquartile range) years]
	75 (69-80)
	67 (60-74)
	69 (61-76)
	70 (61-76)

	Original procedure
	
	
	
	

	   aneurysm repair
	58/200 (29.0%)
	17254/46417 (37.19.9%)
	7062/15942 (443.07%)
	300274/823759 (36.51%)

	   bypass grafting
	99/200 (49.5%)
	11016/46417 (235.94%)
	4239/15942 (267.45%)
	25244/823759 (302.61%)

	   prosthetic graft (NOS) 
	38/200 (19.0%)
	16342/46417 (354.1%)
	21/15942 (1.30.7%)
	203181/823759 (243.73%)

	   endovascular procedure
	4/200 (2.0%)
	164/46417 (3.4%)
	329/15942 (20.14%)
	5247/823759 (6.32%)

	   other
	1/200 (0.5%)
	21/46417 (0.42%)
	131/15942 (87.27%)
	163/823759 (1.97%)

	Interval from original procedure
[median, (interquartile range) years]
	4.0 (1.5-8.7)
	3.9 (2.0-6.86)
	4.50 (1.10-8.0)
	43.09 (1.4-7.5)

	Presentation
	
	
	
	

	   bleeding [n/N, (%)]
	135/ 195 (69.2%)
	28053/400359 (70.5.0%)
	12408/15740 (797.01%)
	539496/752694 (71.75%)*

	   hemorrhagic shock [n/N, (%)]
	70/191 (36.6%)
	595/21803 (27.1%)
	5747/1536 (374.36%)
	18672/56230 (332.15%)

	   sepsis [n/N, (%)]
	75/196 (38.3%)
	12304/2857 (430.25%)
	553/15740 (357.09%)
	2532/59638 (39.71%)

	*missing information in 665 patients
	
	
	
	


 


Table II: Summary of operative findings, stratified by study type.
	
	Study type
	

	
	Case-controlled study
	Case report
	Case-series
	All studies

	AEF location (bowel) [n/N, (%)]
   stomach
   duodenum
   jejunum or ileum
   large bowel*
   not specified
	
0/200, 0%
155/200, 77.5%
35/200, 17.5%
6/200, 3.0%
4/200, 2.0%
	
0/15942, 0%
10490/15942, 653.4%
264/15942, 16.49%
221/15942, 134.8%
7/15942, 4.49%
	
1/46417, 0.2%
25129/46417, 54.1%
410/46417, 89.85%
165/46417, 3.45%
15536/46417, 331.47%
	
1/823759, 0.1%
510474/823759, 62.05%
10299/823759, 123.40%
442/823759, 5.35%
16463/823759, 2018.28%

	AEF type [n/N, (%)]
   true
   true with anastomotic aneurysm
   paraprosthetic
   not specified
	
59/200, 29.5%
9/200, 4.5%
36/200, 18%
96/200, 48%
	
4536/15942, 285.34%
298/15942, 189.27%
760/15942, 479.83%
98/15942, 5.76%
	
7162/46417, 154.39%
23/46417, 5.05%
650/46417, 14.04%
305272/46417, 65.72%
	
1757/823759, 210.37%
610/823759, 7.49%
17766/823759, 21.59%
410376/823759, 49.85%

	
	
	
	
	


 
	*including four cases of appendix involvement and another one with a concomitant jejunum AEF. 
	



Legends to Figures
Figure 1: StudyPRISMA flowchart outlining the search procedure and reasons for excluding records not eligible.
Figure 2: AEF recurrence in relation to procedure performed, including perioperative events. Recurrence-free rates after open and endovascular repair were comparable (p=0.9356, Fig. 2a), however specific open repair types, like primary repair (Fig. 2b) and in situ repair with a homograft (Fig. 2c) were plagued by a high recurrence rate. The number of patients at risk, event probability and its standard error at each interval for the various subgroups is are shown at the bottom of each plot. 
Figure 3: Late sepsis in relation to procedure performed. Sepsis-free rates after endovascular repair were significantly lower than those after open repair (p=<0.001, Fig. 3a). No difference regarding open surgery type was observed despite a trend for worse results with prosthetic impregnated grafts (Figs 3b & 3c). The number of patients at risk, event probability and its standard error at each interval for the various subgroups is are shown at the bottom of each plot.
Figure 4: Overall survival (including postoperative deaths) in relation to procedure performed. Survival rates after endovascular repair were significantly better than those after open repair (p<=0.0012, Fig. 4a), but no difference regarding open surgery type was observed (Fig. 4b). Within the subgroup of in situ repair, prosthetic impregnated grafts were associated with a significantly worse survival compared to the other graft types (Fig. 4c). The number of patients at risk, event probability and its standard error at each interval for the various subgroups is are shown at the bottom of each plot.
Figure 5: AEF-related mortality-free rate in relation to procedure performed; postoperative deaths were considered as being related to the AEF and are included. Rates after endovascular repair were significantly better than those after open repair (p<0.001, Fig. 5a), but no difference regarding open surgery type was observed (Fig. 5b). Homografts and prosthetic impregnated grafts were associated with the worst AEF-related mortality-free (survival) rate within the in situ repair group (overall p=0.0053, Fig. 5c). Prosthetic impregnated grafts had the worse AEF-related mortality-free (survival) rate compared to vein grafts (p=0.0132), homografts (p=0.0413) and prosthetic grafts (p=0.01507). The number of patients at risk, event probability and its standard error at each interval for the various subgroups areis shown at the bottom of each plot.
