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Introduction
Visceral artery aneurysms (VAA) can be life-threatening 
conditions with high incidence of rupture and hemorrhage 
[1,2]. VAA includes aneurysms of the hepatic, celiac, superior 
mesenteric, gastric, gastroepiploic, pancreaticoduodenal, 
gastroduodenal, inferior mesenteric and in some circles, splenic 
arteries [3]. Greater availability and increased use of advanced 
imaging technology including computed tomography, magnetic 
resonance, ultrasonography, and arteriography have led to the 
increased incidental detection and classification of asymptomatic 

VAA [1,2,4]. As a result, VAAs have become increasingly frequent 
diagnoses confronting the general surgeon. 

Visceral artery aneurysms carry an incidence of 0.1%-2% in the 
general population. Up to one-third of patients with VAAs will 
have multiple aneurysms [5]. 

There has been one natural history study to date that has 
calculated a growth rate of VAA to be 0.064 ± 0.18 cm/year [6]. 
VAAs have been reported to present as clinical emergencies in 
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19% of cases, but these data have not been able to be reproduced 
[7]. Depending on the size and the location, rupture of these 
lesions may be associated with a 25%-70% mortality rate [2]. 

The pathogenesis of VAA is poorly characterized. A variety of 
causative factors have been identified, including atherosclerosis 
(32% of cases), medial degeneration/segmental mediolysis (24%), 
abdominal trauma (22%), infection and inflammatory disease 
(10%), connective tissue disorders (Marfan syndrome, Ehlers-
Danlos syndrome, Osler-Weber-Rendu disease), fibromuscular 
dysplasia, Kawasaki’s disease, hereditary hemorrhagic 
telangiectasia), and hyperflow conditions (portal hypertension, 
pregnancy) [8]. Atherosclerosis has been suggested to be the 
etiology for as many as 61% of VAA [9]. Incidence of VAAs 
differs between men and women, with SAAs more common in 
multiparous women and hepatic and gastroduodenal artery 
aneurysms more common in men [10].

There is currently no standardized consensus regarding the 
indications for treatment of VAA, making the course of action 
for such an incidental finding difficult to determine. Generally 
speaking, VAAs are treated if symptomatic, are larger than 2 cm 
in a good-risk surgical candidate, have a rapid growth of more 
than 0.5 cm/year, when present in a pregnant women or those 
of childbearing age, or in patients undergoing an orthotopic liver 
transplantation [7,11]. However, the size of the VAA has not been 
shown to be correlated to its risk of rupture [12]. 

Over the past decade, there has been steady increase in the 
utilization of minimally invasive interventions for vascular 
occlusive and aneurysmal disease. These less invasive methods 
allow more patients to be candidates for surgery, and we have 
seen an increase in the percentage of patients with VAA who 
are treated surgically. The purpose of this study was to compare 
EV to open therapy in regards to patient characteristics and 
postoperative outcomes. Since splenic artery aneurysms (SAA) 
have different demographic and clinical characteristics, VAA 
patients were stratified into those with SAA and those with non-
splenic artery aneurysms (nsVAA) and compared based on the 
same parameters.

Methods
Patients admitted with a primary diagnosis of VAA from 2003-
2012 were identified from the Healthcare Utilization Project 
(HCUP) Nationwide Inpatient Sample (NIS). Developed by 
the Agency for Health Research and Quality (AHRQ), the NIS 
represents the largest all-payer publicly available dataset in the 
United States, containing approximately 10 million discharges 
annually across the United States [13]. All investigators with 
access to the data have completed online training and certified 
Data User Agreements with HCUP. This study includes completely 
de-identified data and it was approved as exempt from review by 
the Yale Human Investigations Committee. Therefore, informed 
consent was not obtained from participants. 

Patient selection
The NIS includes up to twenty-five International Classification of 
Disease, Ninth revision, Clinical Modification (ICD-9) diagnosis 
and fifteen ICD-9-CM procedural codes. Patients were included 

if they had a primary diagnosis code of ‘other visceral artery 
aneurysm’ (ICD-9-CM 442.84) or ‘splenic artery aneurysm’ (ICD-
9-CM 442.83). Patients were excluded if they had concordant 
aortic pathology (ICD-9-CM 441, 441.0, 441.1, 441.2, 441.3, 
441.4, 441.5, 441.6, 441.7, 441.9, 441.00, 441.01, 441.02, 
441.03). Procedure codes were queried to determine the type 
of treatment that each patient received. Patients were classified 
as having open repair (ICD-9-CM 38.06, 38.16, 38.36, 38.46, 
38.66, 38.86, 39.26, 39.50, 39.52, 39.59), endovascular repair 
(ICD-9-CM 39.71, 39.79, 39.90), or no intervention (conservative 
management). Admissions involving both endovascular and open 
procedures represent either hybrid procedures or open surgery 
after failed endovascular intervention, and they were included in 
the open group for outcomes analysis (Figure 1).

Diagnosis codes were queried for the presence of the following 
comorbidities: coronary artery disease (ICD-9-CM 414.00, 
414.01), hypertension (ICD-9-CM 401.0, 401.9), dysrhythmia 
(ICD-9-CM 427.0, 427.1, 427.2, 427.3, 427.31, 427.32, 427.4, 
427.41, 427.42, 427.5, 427.6, 427.60, 427.61, 427.69, 427.8, 
427.81, 427.89, 427.9), atrial fibrillation (ICD-9-CM 427.31), prior 
myocardial infarction (ICD-9-CM 412), congestive heart failure 
(ICD-9-CM 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 
404.13, 404.91, 404.93, 428.0, 428.1, 428.20, 428.21, 428.22, 
428.23, 428.30, 428.31, 428.32, 428.33, 428.40, 428.41, 428.42, 
428.43, 428.9), chronic obstructive pulmonary disease (ICD-9-CM 
490, 491, 492, 492.0, 492.8, 493, 493.0, 493.1, 493.2, 494, 495, 
496, 496.0), chronic renal failure (ICD-9-CM 585.1, 585.2, 585.3, 
585.4), peripheral vascular disease (ICD-9-CM 443.9). 

Primary and secondary endpoints
Our primary end-points included mortality (ICD-9-CM 798.1), 
cardiac complications (ICD-9-CM 410.0-410.9, 997.1, 998.0), 

Patient breakdown by diagnosis and treatment modality.Figure 1
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respiratory complications (ICD-9-CM 415.1, 997.3), peripheral 
vascular complications (ICD-9-CM 997.2), wound complications 
(ICD-9-CM 998.3, 998.31, 998.32, 998.83), infectious 
complications (ICD-9-CM 998.5, 998.51, 998.59, 999.3), acute 
renal failure (ICD-9-CM 584.5-584.9, 997.5) and hematologic 
complications (ICD-9-CM 453.40, 453.41, 453.42, 453.81, 453.82, 
453.83). The secondary endpoint was length of hospital stay 
(LOS) from index admission until discharge alive. 

Statistical analysis
Baseline characteristics were described as counts and percentages 
(dichotomous variables) or means and standard deviations 
(continuous variables). Differences at baseline were assessed 
using Pearson χ2 or Fisher exact testing and Student’s t-test, 
where appropriate. Logistic regression analysis was performed to 
identify predictors of in-hospital mortality. Statistical significance 
was set at a p-value of 0.05. All statistical analysis was performed 
using SPSS v. 24.0 (IBM Corp., Armonk, NY, USA).

Results
We identified 2561 patients with a primary diagnosis of VAA 
between 2003 and 2012. 1239 patients were diagnosed with SAA 
and the other 1322 with aneurysm of another visceral artery. 
In total, there were 1001 patients treated endovascularly, 790 
patients treated with open repair, and 770 who did not receive 
surgical intervention. The number of VAA diagnoses increased 
from 196 in 2003 to 282 in 2012 (Figure 2). The percentage of 
patients receiving surgical intervention increased from 62.8% 
in 2003 to 73.0% in 2012 (p<0.05). Those who were managed 
medically without surgery decreased from 37.2% to 27.0% 
(p<0.05). Of the patients receiving treatment, those with EV 
repair rose from 26.8% to 71.4% (p<0.001) in the time period 
examined, while those treated with OR decreased from 73.2% to 
28.6% (p<0.001) (Figure 3).

EV vs. OR	
Patients receiving EV repair and those having OR were similar 
in age (58.7 years vs. 59.1 years, ns) and gender (51.1% female 
vs. 50.0% female, ns) (Table 1). Cardiac dysrhythmia was more 
prevalent in those having open repair (15.8% vs. 12.1%, p<0.05) 
and chronic renal failure was more common in those undergoing 
endovascular intervention (1.4% vs. 0.01%, p<0.05). There were 
no differences in coronary artery disease, hypertension, atrial 
fibrillation, prior myocardial infarction, heart failure, chronic 
obstructive pulmonary disease, or peripheral vascular disease.

There was no difference in mortality between patients who had 
received EV repair and those with OR (3.8% vs. 4.7%, ns). Patients 
with OR were more likely to experience complications (13.0% 
vs. 9.7%, p<0.05). More specifically, they showed higher rates 
of cardiac complications (2.9% vs. 0.90%, p<0.05), respiratory 
complications (2.8% vs. 0.30%, p<0.001), wound complications 
(0.60% vs. 0%, p<0.05), and infectious complications (2.4% vs. 
0.80%, p<0.05). In contrast, EV patients were more likely to 
experience peripheral vascular complications (0.90% vs. 0%, 
p<0.05). Length of stay (LOS) was shorter for patients with EV 
repair (6.6 days vs. 8.7 days, p<0.001).	

Regression analysis revealed that the type of repair was not 
an independent predictor of inpatient mortality. Significant 
predictors of inpatient mortality included dysrhythmia (OR, 2.62; 
95% CI 1.48-4.64, p<.001) and infectious complications (OR, 3.76; 
95% CI 1.17-12.01, p<.05). 

SAA vs. nsVAA
SAA patients were younger (56.7 years vs. 60.5, p<0.001) and 
more likely to be female (62% vs. 45%, p<0.001) than those with 
nsVAA. These patients were also less likely to have coronary 
artery disease (8.4% vs. 11.5%, p<0.05), hypertension (39.8% 
vs. 47.9%, p<0.05), and COPD (5.8% vs. 9.3%, p<0.05) (Table 
2). A higher percentage of nsVAA patients were treated with 
endovascular repair (42.4% vs. 35.5%, p<0.001), while more 
SAA patients received open repair (34.5% vs. 27.4%, p<0.001). 
There was no difference in the number of patients managed non-
operatively. There were no significant differences in mortality or 
rates of surgical complications aside from SAA patients having 
more respiratory complications (2.1% vs. 0.6%, p<0.05). SAA 
patients had shorter LOS (6.3 days vs. 7.9, p<0.001). 

Regression analysis revealed that the type of aneurysm (SAA 

Percentage of total VAA patients receiving endovascular 
repair.

Figure 2
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Demographics VAA (N=2561)
Treated Untreated p-value

EV (N=1001) open (N=790) (N=770) open vs. EV
Age (years) 58.7 58.7 59.1 58.1 NS

Female 51.10% 51.10% 50.00% 53.50% NS
Coronary artery disease 9.60% 8.80% 9.90% 10.40% NS

Hypertension 42.40% 40.90% 44.70% 42.20% NS
Dysrhythmia 13.30% 12.10% 15.80% 12.30% <0.05

Atrial fibrillation 8.30% 8.40% 8.50% 7.90% NS
Prior myocardial infarction 3.00% 2.50% 3.20% 3.60% NS

Heart failure 5.00% 5.60% 4.30% 5.10% NS
Chronic obstructive pulmonary disease 7.30% 7.10% 1.10% 7.40% NS

Chronic renal failure 0.90% 1.40% 0.10% 1.00% <0.05
Peripheral vascular disease 1.80% 1.50% 1.90% 2.10% NS

Complications
Mortality 4.30% 3.80% 4.70% 4.40% NS

Cardiac complications 1.50% 0.90% 2.90% 0.80% <0.05
Respiratory complications 1.30% 0.30% 2.80% 1.20% <0.001

Peripheral vascular complications 0.40% 0.90% 0.00% 0.10% <0.05
Wound complications 0.30% 0.00% 0.60% 0.30% <0.05

Infectious complications 1.30% 0.80% 2.40% 0.90% <0.05
Acute renal failure 5.30% 6.60% 5.40% 3.60% NS

Hematologic complications 1.00% 1.40% 0.80% 0.80% NS
Any complication 9.90% 9.70% 13.00% 7.00% <0.05

LOS (days) 7.1 6.6 8.7 6.1 <0.001

Table 1 VAA patient demographics and surgical outcomes.

Demographics VAA (N=2561) SAA (N=1239) nsVAA (N=1322) p-value
Age (years) 58.7 56.7 60.5 <0.001
Female 52.00% 61.50% 44.80% <0.001
Coronary artery disease 9.60% 8.40% 11.50% <0.05
Hypertension 42.40% 39.80% 47.90% <0.05
Dysrhythmia 13.30% 12.00% 15.60% NS
Atrial fibrillation 8.30% 7.30% 9.90% NS
Prior myocardial infarction 3.10% 2.70% 3.60% NS
Heart failure 5.00% 4.50% 5.90% NS
Chronic obstructive pulmonary disease 7.30% 5.80% 9.30% <0.05
Chronic renal failure 0.90% 0.70% 1.10% NS
Peripheral vascular disease 1.80% 1.50% 2.30% NS
Complications
EV repair 39.10% 35.50% 42.40% <0.001
Open repair 30.90% 34.50% 27.40% <0.001
Conservative management 30.10% 29.90% 30.20% NS
Mortality 4.00% 3.90% 4.60% NS
Cardiac complications 1.50% 1.40% 1.60% NS
Respiratory complications 1.30% 2.10% 0.60% <0.05
Peripheral vascular complications 0.40% 0.50% 0.30% NS
Wound complications 0.30% 0.10% 0.50% NS
Infectious complications 1.30% 1.50% 1.10% NS
Acute renal failure 5.40% 4.80% 5.90% NS
Hematologic complications 1.00% 0.70% 1.30% NS
Any complication 9.90% 9.70% 10.00% NS
LOS (days) 7.1 6.3 7.9 <0.001

Table 2 SAA vs. nsVAA.
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vs. nsVAA) was not an independent predictor of inpatient 
mortality. Significant predictors of inpatient mortality included 
hypertension (OR, 0.38; 95% CI 0.22-0.66, p<.05) and COPD (OR, 
2.11; 95% CI 1.03-4.32, p<.05). 

Discussion
Our analysis indicates that there has been an increase in patients 
diagnosed with VAA between 2003 and 2012. Along with this 
increase, the rates of surgical intervention and specifically, EV 
intervention have risen as well. The increasing popularity of 
EV therapy has been documented in the treatment of aortic 
aneurysms [14,15], hepatic aneurysms [15], and renal aneurysms 
[16,17]. This trend is likely due, in part, to the larger cohort of 
patients that are candidates for EV therapy as opposed to OR 
and to the excellent outcomes seen with EV therapy [11,18-
20]. Previous studies have shown that patients with significant 
comorbidities who were previously denied open aortic aneurysm 
repair based on perioperative risk are now eligible for EV repair 
and are being referred to surgeons [18,21]. It is likely that this 
same trend exists for the repair of VAA, as this analysis shows 
an increase in patients admitted with a primary diagnosis of VAA 
as well as an increase in the number of patients treated with EV 
intervention, while the rate of conservative management and OR 
have decreased.

Medical comorbidities were similar between the EV and OR 
cohorts. There were no differences in the rates of coronary 
artery disease, hypertension, atrial fibrillation, prior myocardial 
infarction, heart failure, COPD and peripheral vascular disease. 
Similar patient demographics have been seen in EV to OR 
comparisons of VAA patients in previous studies [22]. In addition, 
research focused on abdominal aortic aneurysms (AAA) have 
shown that comorbidities are similar amongst patients receiving 
EV and open aneurysm repair [23,24]. Analysis revealed that 
preoperative dysrhythmias were more common in patients who 
would have OR, while chronic renal failure was more common in 
the cohort that opted for EV treatment.

Mortality was similar between the two patient groups examined. 
This finding contradicts those found in studies of patients having 
AAA repair where mortality was found to be higher in those 
receiving open repair [25-27]. However, Hislop et al. report 
similar mortality with EV and open patients receiving renal artery 
aneurysm repair [16]. 

Patients with OR were more likely to experience a complication 
after surgery. Specifically, they had higher rates of cardiac, 
respiratory, wound, and infectious complications. Similar trends 
with higher complication rates after open repair were seen after 
repair of AAA [25-27], while postoperative complication rates 
were similar between EV and OR of renal artery aneurysms [16]. 
Length of postoperative hospital stay was found to be shorted for 

EV patients by about two days. This trend has been demonstrated 
in similar comparisons of AAA [25-27] and renal artery aneurysm 
repairs [16]. 

Since SAA are considered by some to be different than the 
nsVAA, we divided our VAA patients into those two groups. We 
demonstrate that SAA patients were more likely to be female 
than their nsVAA counterparts. This sex discrepancy is similar 
those seen in previous literature [28,29], and may be explained 
by the hormonal effects on the arterial wall [29]. These SAA 
patients were also younger than those with aneurysms of other 
visceral arteries by almost four years. This may be explained by 
the common presentation of symptomatic SAA in pregnancy, 
resulting in young women comprising a significant portion of 
the SAA cohort [28,30]. nsVAA patients were more likely to have 
coronary artery disease, hypertension and COPD than those 
with SAA. The increased prevalence of these comorbidities is 
likely attributable to the nsVAA cohort being older than the SAA 
[31,32]. 

nsVAA patients were more likely to receive endovascular therapy, 
while those with SAA had higher rates of open repair. There were 
no differences in mortality between SAA and nsVAA patients and 
postoperative complication rates were similar except for a higher 
rate of respiratory complications in SAA patients. Length of stay 
was shorter for SAA patients by about 1.5 days.

This study has several limitations. The HCUP NIS database is 
based on billing codes and as such, we were not able to assess 
the complexity of the presenting visceral artery aneurysms. ICD-
9-CM codes do not describe the size or specific location of the 
aneurysms in question. As a result, we could not evaluate the 
potential relationship between aneurysm location and the choice 
between EV versus OR. 

It should also be noted that the NIS database is a compilation 
of hospital admissions. Thus, our analysis does not include 
outpatient aneurysm repair. Outpatient elective aneurysm 
repair has become more common with the increasing popularity 
of endovascular therapy [33,34]. In addition, we are unable 
to comment on potential differences in long-term outcomes 
between EV and open interventions based on the lack of ability to 
access readmission data. Further research is needed to evaluate 
the utility of EV therapy in regards to re-intervention rates and 
follow up requirements.

Conclusions
EV technique is becoming more widely used in the repair of 
VAAs, while the use of open repair has decreased. There was no 
difference in mortality between the two cohorts. EV patients had 
shorter LOS and lower rates of complications. SAA patients were 
younger, more likely to be female, and more likely to receive EV 
intervention than those with nsVAA.
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