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Abstract 23 

Objective 24 

This study aims to reveal the experience with endovascular and surgical 25 

management of intact splenic artery aneurysms in our single center. 26 

Method 27 

Between January 2011 and June 2017, 42 patients with intact splenic 28 

artery aneurysm were enrolled in this study. Twenty patients undergoing 29 

surgical intervention were classified as the surgical group, and 30 

twenty-two patients who received endovascular repair were categorized 31 

as the endovascular group. Demographic data, preoperative comorbidities, 32 

and aneurysm anatomical characteristics were collected and analyzed. 33 

Details of interventions, perioperative outcomes, and follow-up results 34 

were evaluated and compared between the two groups. 35 

Results 36 

Forty-two patients with a mean age of 53.4±11.6 years were enrolled in 37 

this study, and 44 aneurysms were repaired. Thirty-nine (92.9%) patients 38 

were asymptomatic, and three (7.1%) patients were symptomatic. The 39 

diameter of splenic artery aneurysms was 3.3±1.6 cm, and the shape was 40 

mostly saccular. In the surgical group, the common methods used were 41 

splenic artery aneurysm resection (nine patients), followed by splenic 42 

artery aneurysms resection and splenectomy (six patients), splenic artery 43 

aneurysm resection and arterial reconstruction with end-to-end 44 
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anastomosis (three patients), and laparoscopic splenic artery aneurysm 45 

resection coexisting with splenectomy ( two patients). In the endovascular 46 

group, the exclusive means was embolization with coils. The technical 47 

success rates in open repair and endovascular repair were both 100%. The 48 

30-day mortality was nil, and no severe complication was found in early 49 

time except that one patient suffered multiple splenic abscess in the 50 

endovascular group after embolization. Endovascular repair had 51 

significantly shorter surgery time (82.5±27.6 vs 191.9±62.7 min, p 52 

<0.001) and hospital stay (5.6±3.1 vs 10.8±5.2 days, p <0.001) compared 53 

with open repair. The median follow-up time in this study was 34.5 (IQR 54 

16.8-60.8) months. Two sac reperfusions were detected during the 55 

follow-up in the endovascular group, and patients needed new 56 

embolization. No late deaths were found in the follow-up time, and the 57 

freedom from reintervention in the endovascular group at 1 and 3 years 58 

postoperatively was 95.5% and 82.4%, respectively. In addition, the 59 

freedom from reintervention in the surgical group at 1 and 3 years 60 

postoperatively were both 100%. No significant differences were 61 

observed in late survival and reintervention between the open repair and 62 

endovascular repair. 63 

Conclusion 64 

Open repair and endovascular repair were equally feasible, safe, and 65 

effective for intact splenic artery aneurysm. Endovascular repair is less 66 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

invasive accompanied with an obvious decrease in surgery time and rapid 67 

recovery with a short hospital time. 68 

 69 

Keywords  splenic artery aneurysm, open surgery , endovascular repair  70 
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Introduction 75 

Visceral artery aneurysm is a rare disorder with an incidence rate of 0.1% 76 

to 2%[1], carrying the lethal consequence of aneurysm rupture. Splenic 77 

artery aneurysm is the most common type of visceral artery aneurysm, 78 

ranking the third-common abdominal aneurysm, followed by aortic and 79 

iliac artery aneurysms[2-3]. The majority of splenic artery aneurysm is 80 

asymptomatic and unexpectedly continues to increase as detected by 81 

imaging examinations. Clinical evidence in the management of splenic 82 

artery aneurysm is not optimal due to small size and retrospective nature 83 

of sample. In the past, surgical intervention is the standard management 84 

in splenic artery aneurysm, obtaining good long-term outcome[4]. In 85 

recent years, with the development of endovascular technology and 86 

devices, endovascular repair is becoming an alternative option for splenic 87 

artery aneurysm, possessing the advantage of low perioperative morbidity 88 
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and mortality[5-6]. Previous studies usually mixed other types of visceral 89 

aneurysms and pseudoaneurysms[7-9], and clinical research concentrating 90 

on splenic artery aneurysm was lacking. This study aimed to reveal the 91 

experience with endovascular and surgical management of intact splenic 92 

artery aneurysms in our single center. 93 

Patients and method 94 

Patients 95 

Patients diagnosed with splenic artery aneurysm admitted in West China 96 

Hospital between January 2011 and June 2017 were selected and 97 

reviewed. Patients with splenic artery pseudoaneurysm, rupture splenic 98 

artery aneurysm or receiving conservative treatment were excluded in this 99 

study. This study was approved by the Review Board of West China 100 

Hospital, and the informed consent was waived due to retrospective 101 

nature. 102 

Demographic data of patients, preoperative comorbidities, and aneurysm 103 

anatomical characteristics were collected and analyzed. Preoperative 104 

assessments of comorbidities contained hypertension, diabetes mellitus, 105 

renal insufficiency, malignancy, aortic aneurysm, and portal hypertension. 106 

Prior to elective intervention, patients received elaborate assessment of 107 

aneurysm characteristics by computed tomographic angiography (CTA) 108 

or magnetic resonance angiography (MRA). Women at child-bearing age 109 

accepted pregnancy testing upon admission. Details of endovascular or 110 
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surgical procedures were collected. Postoperative incidents, such as 111 

mortality, complications, and reintervention, were also collected. 112 

Definition 113 

Intact splenic artery aneurysm was defined as that three layers of arterial 114 

wall were integrated in preoperative CTA or MRA. Symptomatic patient 115 

presented with positive symptoms attributed to splenic artery aneurysm, 116 

such as abdominal pain. However, asymptomatic patient was incidental 117 

identifications during imaging techniques and referred for other disorders. 118 

Measurements of diameter characteristics were applied by the method of 119 

central line from adventitia to adventitia in CTA or MRA. The location of 120 

splenic artery aneurysm was categorized into four groups, namely, 121 

proximal, middle, distal, and hilum. Thirty-day mortality was defined as 122 

all causes of death incidence occurring in 30 days after intervention or 123 

during initial hospital time. 124 

Intervention 125 

The indication for intervention was that the diameter of splenic artery 126 

aneurysm was equal or greater than 2.0 cm in asymptomatic patients, or 127 

symptomatic patients without the diameter limitation. The option of 128 

intervention method relied on aneurysm anatomy, patient’s general 129 

condition, and surgeon preferences. Recently, the advantage of 130 

endovascular management on low perioperative morbidity and mortality 131 

is widely accepted[5,7,10]. In general, endovascular interventions have 132 
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become the first choice in suitable anatomical condition in our institution, 133 

which aneurysms present with adequate neck and limited tortuosity. If 134 

young patients possess with good general status or maintaining blood 135 

supply for end organ is crucial, surgical repair will be a considerable 136 

option. Common femoral artery was the preferred access approach, and 137 

left brachial artery was the alternative option when the iliac artery was 138 

severe tortuous or celiac trunk took off the aorta at a steep angle. All 139 

patients received intraoperative heparinization (sodium heparin 75IU/kg, 140 

intravenous). If splenic artery aneurysm was tortuous, a long sheath was 141 

advanced in celiac trunk or further into splenic artery. The endovascular 142 

intervention was applied occluding the outflow tract, aneurysm itself, and 143 

inflow tract in proper order with coils. The technical success in 144 

endovascular repair was defined as aneurysmal occlusion in final 145 

angiography, satisfactory deployment of coils in planed location without 146 

migration, and no conversion to laparotomy. Open surgery usually 147 

employs median abdominal incision to entirely remove the aneurysm. If 148 

possible, revascularization splenic artery was performed by end-to-end 149 

anastomosis or bypass with graft or autologous saphenous vein. If 150 

patients were found to accompany with megalosplenia or aneurysm 151 

located in the hilum or intrasplenic, splenectomy was simultaneously 152 

performed. 153 

Follow-up 154 
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All patients with splenic artery aneurysm received strict follow-up. 155 

Patients receiving endovascular repair were advised abdominal computed 156 

tomography (CT) angiography 1 and 6 months postoperatively and 157 

annually. Outpatients were followed up thereafter. Duplex ultrasound 158 

(DU) was suggested to patients with surgical repair at 1 and 6 months 159 

postoperatively and annually, and outpatients were also followed up 160 

thereafter. When presented with good clinical outcome, all patients 161 

selected DU follow-up after the first year. Moreover, when a suspicion of 162 

complication or adverse events is observed, CTA or MRA would be 163 

performed. Data on complications, reinterventions, and mortality were 164 

collected and analyzed in the follow-up period. The last follow-up period 165 

was closed on October 30, 2017. 166 

Statistical method 167 

Data analysis was performed using SPSS (Version 22.0, IBM Corp, USA). 168 

Continuous variables were recorded as mean±standard deviation, and 169 

categorical variables were accounted as N%. According to the nature of 170 

characteristics, suitable statistical methods were selected to compare the 171 

differences between the endovascular repair group and the surgical repair 172 

group. Freedom from reintervention adopted the means of Kaplan–Meier 173 

analysis, and log-rank test was used to compare the differences between 174 

the two groups. Statistical significance was defined as p value<0.05 with 175 

two-sided test. 176 
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Results 177 

Baseline and aneurysm anatomical characteristics 178 

According to the criteria in this study, 42 patients diagnosed with intact 179 

splenic artery aneurysm were enrolled. Among them, 20 patients 180 

receiving surgical repair were classified as the surgical group, whereas 22 181 

patients treated with endovascular repair were categorized as the 182 

endovascular group. In total, the mean age was 53.4±11.6 years, and 183 

61.9% (26) of this study were females. The mean age of the surgical 184 

group was 50.7±13.9 years, whereas that in the endovascular group was 185 

55.9±8.5 years. The details of baseline and preoperative comorbidities in 186 

this cohort and its subgroups are shown in Table �. Thirty-nine (92.9%) 187 

patients were asymptomatic, and three (7.1%) patients were symptomatic 188 

presenting with abdominal pain. Pregnancy tests in females at 189 

child-bearing age in the study were all negative. No significant 190 

differences were found between the surgical group and the endovascular 191 

group in baseline and preoperative comorbidities. 192 

The diameter of splenic artery aneurysms was 3.3±1.6 cm, and the shape 193 

was mostly saccular (88.6%). In this cohort, 44 aneurysms were repaired, 194 

and two patients presented double splenic artery aneurysm. The locations 195 

of splenic artery aneurysms in proximal, middle, and distal or hilum were 196 

found in 12 (27.3%), 10 (22.7%), and 22 (50.0%) patients, respectively. 197 

An anomalous splenic artery origin was observed from superior 198 
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mesenteric artery in the endovascular group. Abdominal aorta diameter at 199 

the celiac trunk level was 2.0±0.2 cm in these patients. The descriptions 200 

of anatomical characteristics in splenic artery aneurysms are 201 

demonstrated in Table �. Differences of these indexes between the 202 

surgical group and endovascular group were not significant. 203 

Data of surgical repair and endovascular repair 204 

In the surgical group, the common methods used were splenic artery 205 

aneurysm resection (nine patients), followed by splenic artery aneurysms 206 

resection and splenectomy (six patients), splenic artery aneurysm 207 

resection and arterial reconstruction with end-to-end anastomosis (three 208 

patients), and laparoscopic splenic artery aneurysm resection+ 209 

splenectomy (two patients). All patients in this group were under general 210 

anesthesia. The technical success was 100% in the surgical group, and no 211 

adverse incidents were detected in these procedures. The mean surgery 212 

time was 191.9±62.7 min. 213 

In the endovascular group, the exclusive means was embolization with 214 

coils. All patients in this group were under local anesthesia. The majority 215 

of approach access was femoral artery (21 patients, 95.5%), followed by 216 

brachial artery (1 patients, 4.5%). The technical success in the 217 

endovascular group was 100%. The mean intervention time was 218 

82.5±27.6 min. The details of surgical and endovascular repair are 219 

summarized in Table �. Compared with surgical repair, endovascular 220 
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repair has significant advantages of shorter surgery time (p<0.001) . 221 

Early and late follow-up outcomes 222 

No early death case was found, and 30-day mortality was nil. The mean 223 

hospital stay was 8.1±5.0 days. Endovascular repair showed significant 224 

shorter hospital stay compared with open repair (5.6±3.1 vs 10.8±5.2 225 

days, p<0.001). In the surgical group, two patients suffered pulmonary 226 

infection with prolonged hospital time, and no severe wound 227 

complications, pancreatitis, and reinterventions were found. In patients 228 

with splenectomy, no serious infections were observed during hospital 229 

time. In the endovascular group, five (22.7%) patients suffered from 230 

post-embolization syndrome (PSE). They presented light fever, 231 

abdominal pain, and elevated leukocyte level. In addition, their serologic 232 

test and blood cultures results were negative. They underwent antibiotic 233 

and analgesia therapy  and soon recovered without sequelae. One patient 234 

showed multiple splenic abscess with severe abdominal pain and fever. 235 

Percutaneous splenic drainage was performed in this patient with the 236 

guide of an ultrasound. Meanwhile, this patient received strict antibiotic 237 

treatment. Fourteen days later, he fortunately recovered and was 238 

discharged with strict follow-up. No percutaneous complications were 239 

observed in the endovascular group. Vaccinations were offered if patients 240 

underwent splennectomy or suffered severe splenic infraction. The early 241 

and late outcomes in this study are summarized in Table 4. 242 
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The median follow-up time was 34.5（IQR 16.8-60.8）months, and one 243 

patient lost in 30-month follow-up in the endovascular group. No 244 

difference was observed in the follow-up time between the surgical group 245 

and the endovascular group (p=0.504). Late death was not detected in the 246 

follow-up time. No late complications and re-interventions in the surgical 247 

group were found. In addition, no overwhelming post-splenectomy 248 

infection (OSPI) occurred in patients with splenectomy. Three patients 249 

showed asymptomatic splenic infraction in the endovascular group, and 250 

no damage was found in the spleen function. Two sac reperfusions were 251 

detected in the 1 and 18 months after operation. All patients received 252 

re-endovascular repair of embolization with coils. No sac reperfusion was 253 

observed in subsequent follow-up time. No migration and rupture were 254 

found in the endovascular group during the follow-up time. According to 255 

the latest CT examination, the majority of splenic artery aneurysm was 256 

stable in the endovascular group (12 patients), and remaining aneurysm 257 

diameter decreased by 2.1 mm (10 patients). No enlargement was also 258 

detected. The freedom from reintervention in the endovascular group by 259 

the method of Kaplan–Meier statuses at 1 and 3 years postoperatively 260 

were 95.5% and 82.4%, respectively. In addition, the freedom from 261 

reintervention in the surgical group at 1 and 3 years postoperatively were 262 

both 100%. The endovascular group tended to have more reintervention 263 

than surgical repair with no significant difference (Fig 1, Log rank test 264 
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p=0.114). 265 

 266 

Discussion 267 

In our study, splenic artery aneurysm was dominantly confirmed in 268 

females, mostly asymptomatic and located in the distal or hilum. Open 269 

repair and endovascular repair were equally feasible, safe, and effective 270 

therapeutic methods. This result was concordant with previous 271 

studies[2-4,11-12]. 272 

Owing to the rarity of this disease, relevant studies were limited. The 273 

natural history of splenic artery aneurysm was undefined. Atherosclerosis, 274 

fibromuscular dysplasia, collagen weakness, and media degeneration 275 

might be involved in its pathogenesis[12]. Splenic artery aneurysm held a 276 

majority of female gender. Female dominance was relatively rare in 277 

aneurysm diseases, while the commonest aneurysm of abdominal aortic 278 

aneurysm owned male dominance[13]. Therefore, the influence of female 279 

hormone was highly skeptical[14], lacking solid evidence to support this 280 

finding. With the lack of high-quality evidence, such as randomized 281 

controlled trial or multiple center prospective studies, the management of 282 

splenic artery aneurysm still needs further studies. The worst 283 

consequence of this disability was rupture, leading to mortality of more 284 

than 20%[7]. Specific mechanism of aneurysm rupture was unclear. 285 

Preventing aneurysm rupture relied mainly on the management of 286 
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aneurysm diameter. Symptomatic splenic artery aneurysm, 287 

pseudoaneurysm, and rupture cases reached an agreement of positive 288 

intervention[8]. However, management of asymptomatic splenic artery 289 

aneurysm was still controversial. The widely accepted criteria of cutoff 290 

was 2.0 cm[12,15-16]. Recently, because of the huge progress of less 291 

invasive and effective endovascular therapy, some researchers proposed 292 

to cut down the cutoff in selected patients[17]. Moreover, other 293 

investigators were inclined to raise the standard to 2.5 cm because of the 294 

very low rupture risk in aneurysm below the standard, supported by their 295 

retrospective studies[7]. In our perspective, the threshold of aneurysm 296 

diameter was still 2.0 cm, needing sufficient solid and high-quality 297 

evidence to modify it. Previous investigations demonstrated that patients 298 

with pregnancy or after liver transplantation have high-rupture risk. Thus, 299 

patients with above risks may benefit in positive intervention regardless 300 

of aneurysm size[14,18-19]. Preventing aneurysm rupture is always our 301 

primary goal, wherein future investigations are needed to certify the real 302 

cause of rupture to attain patient-tailed suggestion for elective 303 

intervention. 304 

Before the invention of endovascular techniques, open repair is the sole 305 

surgical option, which obtained good longtime outcome[4]. In previous 306 

studies, open repair for visceral artery aneurysm tended to link with 307 

relatively high mortality and surgical risks[3]. However, because of the 308 
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overwhelming majority of perioperative deaths owing to rupture 309 

individuals, the safety of open repair for intact splenic artery aneurysm 310 

was very satisfactory. Skukla et al. demonstrated that intact aneurysms 311 

had the significant lower mortality than rupture aneurysms, and the 312 

perioperative mortality in intact aneurysm was 0%[7]. In this study, the 313 

30-day mortality was 0%, and no serious complications and 314 

reinterventions in follow-up time were found. The role of open repair is 315 

irreplaceable in the current endovascular era. Laparoscopic and 316 

robot-assisted techniques were invented to offset the shortage of open 317 

repair. The samples undergoing laparoscopic techniques were limited. 318 

Comparing between laparoscopic techniques and traditional open repair 319 

were also not performed in this study. The relative studies concentrating 320 

on splenic artery aneurysm was insufficient. Tiberio and his colleagues 321 

found the advantage of reducing postoperative complications in 322 

laparoscopic repair compared with open repair for splenic artery 323 

aneurysm[20]. Additionally, Giulianotti et al. found that robot-assisted 324 

treatment of splenic artery aneurysm is an effective method[21]. The 325 

invasiveness of these methods mainly draws from experiences of other 326 

territories. In the future, laparoscopic and robotic-assisted techniques 327 

might play a more important role in open repair management of splenic 328 

artery aneurysm. 329 

Endovascular techniques are a revolutionary progress, especially 330 
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beneficial for high-risk patients. In our study, endovascular repair of 331 

embolization with coils demonstrated excellent technical success and 332 

satisfactory middle outcome. The sacrifice of the splenic artery through 333 

embolization to exclude aneurysm was safe and feasible because of the 334 

good collateral circulation of short-gastric artery and gastroduodenal 335 

artery[22]. However, end-organ ischemia risk emerged after this 336 

intervention, especially in distal cases. The most common ischemia 337 

incidents were PSE. In our study, the PSE rate was 31.8%. Fortunately, 338 

all patients recovered with short-term conservative treatment. This result 339 

demonstrated that PSE was not equal to splenic infraction and can be a 340 

conservative management without sequelae. This finding was also 341 

confirmed in previous studies[23]. Only one patient suffered with severe 342 

end-organ ischemia of splenic abscess after endovascular repair. In the 343 

follow-up time, two patients presented with sac reperfusion, suggesting 344 

that patients with endovascular repair need strict surveillance 345 

postoperatively. To decrease this risk of sac reperfusion, some 346 

investigators apply embolization with coils accompanied with glues (such 347 

as n-butyl cyanoacrylate). This method achieved good clinical outcome 348 

without increasing ischemia risk[23]. However, further evidence is needed 349 

to testify this result. Recently, the importance of protecting normal 350 

splenic artery blood flow to maintain spleen function is gradually 351 

recognized. With the help of advanced endovascular techniques and 352 
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flexible small-covered stent, endovascular repair with covered stent had 353 

already be an alternative choice. Previous studies showed that this 354 

method displays high-success rate, low mortality and morbidity, and good 355 

longtime patency in limited samples[24]. This method also restricted rigid 356 

anatomical aneurysm conditions in endovascular techniques and suitable 357 

endovascular devices. Moreover, a minimal splenic artery aneurysm was 358 

observed, especially invloved in its major branches repaired by multilayer 359 

layer stent with flow redirection, obtaining satisfied short-time 360 

outcome[25]. In general, embolization is a relatively simple and effective 361 

method in repairing splenic artery aneurysm, and planting covered stent 362 

to reserve normal blood flow is an alternative option. In our opinion, 363 

endovascluar repair also have anatomatic restrictions, which include 364 

deficiency of adequate neck or sealing zones, extremely tortuous access 365 

to target aneurysm, large aneurysm located at hilum of spleen, and splenic 366 

artery aneurysm involved in major branches for providing essential blood 367 

supply for end-organ. 368 

No significant difference was observed in technical success and 369 

middle-time outcome between open repair and endovascular repair in this 370 

study. Meanwhile, endovascular repair is less invasive, obviously 371 

decreasing the surgery time, anesthesia risk, and short hospital time. This 372 

result consisted with other researches[7,11]. Both two methods were safe 373 

and effective in the management of intact splenic artery aneurysm. 374 
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Undeniably, these methods also have their own pros and cons. 375 

Endovascular repair becomes increasingly popular in the field of vascular 376 

surgery because it is safe, effective, and less invasive. Chin et al.’s 377 

population-based evaluation in the management of visceral aneurysm 378 

demonstrated that endovascular management compared with open repair 379 

is associated with decreased mortality and complications and shorter 380 

hospital days[10]. They further recommended this method as the first 381 

alternative option. In addition, systematic review and meta-analysis in the 382 

management of splenic artery aneurysm by Hogendoorn and his 383 

colleagues found that endovascular intervention improved short outcome 384 

by significantly decreasing perioperative mortality, and open repair was 385 

associated with few late complications and few reinterventions in 386 

follow-up time[26]. Many centers adopted the priority strategies of 387 

endovascular repair for splenic artery aneurysms. The authors of this 388 

study also hold the same attitude. However, we should also recognize the 389 

weakness of endovascular repair in increasing the risk of late 390 

complications and reinterventions in longtime follow-up. Meanwhile, 391 

perioperative risk of open repair for intact splenic artery aneurysm was 392 

very low and acceptable. In our study, perioperative mortality was nil, 393 

and all patients were successfully discharged. In selected patients, such as 394 

young patients with good general conditions, open repair may be a good 395 

option to obtain a good longtime outcome. Young patients might benefit 396 
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in less late complication and reintervention and less radial exposure. In 397 

high-risk patients, endovascular repair will be an optimum choice. The 398 

comparison between the two methods still needs further high-quality 399 

studies. Patient-tailed management strategies might be mostly beneficial 400 

in optimal intervention in the future. 401 

The limitations of this study were as follows. First, the nature of study 402 

was retrospective, and limited samples and follow-up time were applied 403 

in this study. Second, selection bias existed between the two interventions. 404 

Third, etiologies of splenic artery aneurysms were not included during the 405 

analysis. Lastly, the outcome of conservative treatment for small size 406 

splenic artery aneurysm was not included in this work. 407 

 408 

Conclusion 409 

Open repair and endovascular repair were equally feasible, safe, and 410 

effective for intact splenic artery aneurysm. Endovascular repair is less 411 

invasive accompanied with an obvious decrease in surgery time and rapid 412 

recovery with a short hospital time. 413 

 414 

 415 

 416 

 417 

 418 
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Fig 1 Kaplan-Meier analysis of freedom from reintervention 
 

 


