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Abstract 

Objective 

After endovascular aneurysm repair (EVAR) of abdominal aortic aneurysm (AAA), 

type 2 endoleak (T2EL) is the most common complication, the significance of which 

is yet to be established. This study aims to analyze the clinical outcome for patients 

with exclusive type 2 endoleak after EVAR at a single vascular surgery center in 

Norway. 

 

Methods 

Since 2007, patients treated with EVAR at our institution have been prospectively 

registered in a local registry. Data was retrospectively analyzed. Only patients with an 

exclusive type 2 endoleak were included in the study. Follow-up with Computer 

Tomography (CT) scans were performed at 6 and 12 months postoperatively, and 

yearly thereafter.  Study endpoints included all-cause and aneurysm related mortality 

(ARM), AAA sac growth, and intervention rate. We used a descriptive statistical 

approach to analyze and present our material. 

 

Results 

Between 2007 and 2014, 240 patients underwent EVAR for AAA at our institution. 

Out of 240 patients undergoing EVAR 43 (18%) developed T2EL. Mean age was 

77.3 years and median follow-up time was 33.8 months. Aneurysm sac growth was 

seen in 22 (51.1%) patients. Spontaneous endoleak remission occurred in 21 (48.8%). 

Intervention was performed in six (13.9%), whereof two  (33.3%) were successful. 

All-cause mortality was nine (20.9%), but no patients died from ARM. Four patients 

(9.3%) were lost to follow-up. 

 

Conclusion 

Although sac growth were seen in over half the patients, type 2 endoleak does not 

appear to be associated with increased risk of aneurysm related mortality. Watchful 

follow-up and selective intervention seems to be a reasonable strategy for managing 

these patients.   
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Introduction 

Background 

Endovascular repair of abdominal aortic aneurysm (EVAR) has proven to be a safe 

alternative to open repair in regard to short-term mortality and morbidity, and overall 

aneurysm-related survival.1-3 But endovascular repair entails its own unique set of 

complications, such as endoleak. An endoleak is defined as “the persistence of blood 

flow outside the lumen of the endoluminal graft but within an aneurysm sac or 

adjacent vascular segment being treated by the graft”.4 This complication may cause 

continued expansion of the aneurysmal sac, and rupture. Endoleak occurs in 10-27% 

of patients after EVAR5-9, and can be classified as type I–V based on the source of the 

leak.10 In direct, high-risk leaks, such as type I and III, imminent treatment should be 

sought due to the relatively high risk of rupture.11-13 Type 2 endoleaks (T2EL) 

however, caused by retrograde blood flow through collateral vessels into the 

aneurysmal sac, is the most frequent type of endoleak, but also the most controversial 

when it comes to clinical significance and management.14 Some studies argue that 

T2EL is a harmless complication, while others believe it can lead to serious long-term 

consequences.7,15-22   

 

Objectives 

The aim of the study was to examine the outcome in patients with isolated type 2 

endoleak after endovascular repair of abdominal aortic aneurysm, in a patient 

population at the Department of Vascular Surgery, Oslo University Hospital.  

 

Methods 

Design 

A retrospective cohort study on a prospectively collected patient material. All patients 

treated with EVAR for AAA at the Department of Vascular Surgery, Oslo University 

Hospital after 2007 were entered into a prospective database.  

 

Material 

All patients with CT confirmed exclusive type 2 endoleak after treatment with EVAR 

for AAA from 2007 - 2014 were included in this trial. Patient data included in this 

cohort study were recorded until 1st of august 2015. Our hospital functions as both a 



primary, secondary and tertiary vascular center, resulting in a heterogeneous patient 

group.    

 

Variables 

Prospectively collected data included baseline patient characteristics (age, gender, 

preoperative morbidity, smoking, blood pressure, graft type) and preoperative 

aneurysm size. Choice of stent-graft was based on the surgeons´ preferences and 

anatomical suitability. Different devices used were Cook Zenith (Cook Incorporated, 

Bloomington, Ind), the Gore Excluder (W. L. Gore & Associates, Flagstaff, Ariz) and 

Medtronic Endurant grafts (Medtronic Cardiovascular, Santa Rosa, Calif). Study 

endpoints included all-cause and aneurysm related mortality, loss to follow-up, 

endoleak status, aneurysm sac size change, rate and type of intervention, and freedom 

from intervention. 

 

Follow-up 

After EVAR the patients were followed at the outpatient clinic at 1, 6 and 12 months 

postoperatively, and yearly thereafter, unless more frequent controls were medically 

indicated. At all outpatient control sessions clinical examination and color duplex 

ultrasound scan were performed. Computer tomography (CT) scans were routinely 

performed at the 6- and 12-month control, and additionally when ultrasound or 

clinical examination gave suspicion of postoperative complications. Patients 

registered as lost to follow-up included those who did not attend their latest outpatient 

clinic control within the study period, and excluded patients who were dead at the end 

of study period. 

 

Intervention 

Intervention was performed in patients where CT showed persistent type 2 endoleak 

and sac growth >5 mm, and consisted of either coiling or clipsing of branching 

arteries, conversion to open surgery, or a combination thereof. 

 

Ethics 

The project was approved by the Regional Committee for Medical and Health 

Research Ethics (REC). 

 



Statistical analysis 

Descriptive statistics calculated using integrated mathematical functions in Microsoft 

Excel, version 14.5.9 (Microsoft Corporation, Redmond, Wash). 
 

Results 

Between 2007 and 2014, 240 consecutive patients underwent EVAR for AAA at the 

Department of Vascular Surgery, Oslo University Hospital. Our material consisted of 

the 43 (18%) out of 240 patients who developed an exclusive type 2 endoleak after 

EVAR, see flowchart (figure 1). 

 
Figure 1. Flowchart for patients developing exclusive type 2 endoleak after treatment with EVAR for 

AAA 
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The median follow-up time was 33.8 months (interquartile range, 22 – 53 months). 

All patients attended at least one or more clinical control sessions following their 

initial operation, but four (9.3%) patients were lost to follow-up during the study 

period.  

Baseline and clinical characteristics of patients with exclusive type 2 endoleak are 

presented in table 1.  

 
Table 1. Baseline characteristics of 43 patients with type 2 endoleak after endovascular aneurysm 

repair (EVAR). 

Age, years, mean ± SD 77.3 ± 5.9 

Male gender, n (%) 40 (93.1) 

Coronary disease, n (%) 18 (41.9) 

Heart failure, n (%) 11 (25.6) 

COPD, n (%) 13 (30.2) 

Diabetes, n (%) 2 (4.7) 

Hypertension, n (%) 33 (76.7) 

Smoking, n (%) 

• Current 

• Ex-smoker 

• Never 

 

5 (11.6) 

17 (39.5) 

21 (48.8) 

ASA Class, n (%) 

• Class II 

• Class III 

• Class IV 

 

11 (25.6) 

29 (67.4) 

3 (7) 

Preoperative sac diameter 

• Mean ± SD 

• Median 

 

58.6 ± 9.6 

55 

Graft type, n (%) 

• Cook Zenith  

 

32 (74.4) 



• Gore Excluder 

• Medtronic Endurant 

2 (4.7) 

9 (20.9) 

T2EL = Type 2 Endoleak 
SD = Standard deviation 
COPD = Chronic obstructive pulmonary disease 
 

The majority of the patients who developed T2EL were male (93.1%). The mean age 

at the time of initial surgery was 77.3 years.  

Hypertension was the most prevalent preoperative morbidity, found in 76,.7% of the 

patients, followed by coronary disease in 41.2%. The majority (67.4%) were ASA 

class III, the rest were either class II (25.6%) or IV (7%).  

The Cook Zenith graft was the most widely used endovascular device accounting for 

almost ¾ (74.4%) of the operations. Other devices consisted of the Medtronic 

Endurant and the Gore Excluder grafts.  

Clinical outcomes for the 43 patients with T2EL are shown in table 2. 

 
Table 2. Clinical outcomes in 43 patients with type 2 endoleak after EVAR. 

Mortality, n (%) 

• All cause 

• ARM 

 

9 (20.9) 

0 (0) 

Lost to follow-up, n (%) 4 (9.3) 

Status of T2EL at end of study 

• Remission 

• Persistent 

• Unknown 

 

23 (53.5) 

18 (41.9) 

2 (4.7) 

AAA sac size at end of study 

• Increase 

• Decrease 

• Unchanged 

 

22 (51.1) 

19 (44.1) 

2 (4.7) 

Mean AAA sac change, mm ± SD -0.7 ± 10.4 

Interventions for T2EL, n (%) 6 (13.9) 



 

Nine (20.9%) patients died within the follow-up period, but none from aneurysm-

related mortality.  

Aneurysm sac growth was seen in 22 of the patients at the end of study, while 19 had 

diminished, and two remained unchanged. Overall mean change in aneurysm sac 

diameter was a decrease of 0.7 mm (SD, 10.4) Intervention were performed in six 

(13.9%) patients. Coiling was performed in all intervention cases, while two patients 

also underwent a secondary intervention consisting of clipsing or conversion to open 

surgery, respectively. Two patients (33.3%) had successful interventions. 

At the end of the study period 21 (48.8%) of the type 2 endoleaks had resolved 

spontaneously within an average of 19.3 months (median 14.5 months). 18 patients 

had persistent endoleaks, while two were unknown due to being lost to follow-up.  

 

Discussion 

Key results 

43 (18%) of the patients treated with EVAR between 2007 – 2014 developed type 2 

endoleak. All-cause mortality rate was nine (20.9%), but no one died from aneurysm 

related mortality. Aneurysm sac growth was seen in 22 (51.1%), and intervention 

performed in six (13.9%). At the end of the study period 48.8% of the type 2 

endoleaks had resolved spontaneously.  

 

Interpretation  

There are some similar previously published studies, but none based on Norwegian 

materials. A non-systematic search on PubMed with different keywords and mesh 

Type of intervention, n (%) 

• Coiling 

• Clipsing 

• Conversion to open surgery 

 

6 (13.9) 

1 (2.3) 

1 (2.3) 

Successful interventions 2 (33.3) 

ARM =Aneurysm related mortality 
T2EL = Type 2 endoleak 
AAA = Abdominal aortic aneurysm 
SD = Standard deviation 



terms for "endoleak" and "EVAR" was performed. Between 2004 and today fourteen 

relevant, similar studies were found.7,15-27 

Other relevant reports include guidelines such as the “Inter-Society Consensus for the 

Management of Peripheral Arterial Disease (TASC II)” 28,’’ "The care of patients 

with an abdominal aortic aneurysm: The Society for Vascular Surgery practice 

guidelines" 29, the European society for vascular surgery´s  "Management of 

abdominal aortic aneurysms clinical practice guidelines".30 

The incidence of T2EL in our study seems in range with what has been reported in 

earlier research.5-9,22 Some studies argue that T2EL is not associated with an increased 

risk of rupture or ARM, and can therefore be managed conservatively, while others 

suggest that T2EL is a potentially dangerous condition that can increase the risk of 

serious complications. 7,16-22   

Although aneurysm sac growth was seen in over half the patients, we did not find any 

aneurysm related deaths in our study.  

The mean age of the patients with type 2 endoleak was quite high, 77.3 years old (SD 

5.86). Recent studies like Walker et al.22 and Sidloff et al.7 also found that the mean 

age was higher for patients who developed T2EL, compared to those who did not, 

possibly suggesting these patients suffering from more co-morbidity in general. This 

is also supported by the fact that the majority of patients being ASA class III (67.4%) 

or IV (7%) preoperatively.  

Surprisingly few of the patients with T2EL were current or ex-smokers. This 

correlation has also been demonstrated previously7, indicating that smokers may have 

increased general coagulability, reducing the possibility of back-flow from lumbar 

arteries. 

There are reports of harmful complications after interventions for T2EL.31,32 Thus, 

since aneurysm sac growth does not appear to be associated with ARM, and the 

success rate for interventions was quite low (33.3%) in our study, it further signifies 

the importance of being restrictive and selective in this matter so that not more harm 

than good is done.  

 

Limitations 

Our material is fairly small, including only 43 patients with exclusive T2EL from a 

single center, and there is no control group. The generalizability of such a small study 

is uncertain. But so far there has not been published any other Norwegian studies 



regarding the outcomes for patients with type 2 endoleak after EVAR. There might be 

a selection bias due to our clinics’ status as a primary, secondary and tertiary vascular 

center and the procedure for referral changed during the study period, as more and 

more local hospitals now perform EVAR. The size of our study did not permit 

distinguishing between early and late endoleaks. 

 

Conclusion 

In this small single center cohort study, type 2 endoleak after EVAR does not seem to 

be associated with any aneurysm related mortality, suggesting that a watchful 

approach with selective intervention may be a safe follow-up method for these 

patients.  

An aim for further research could be a randomized controlled trial comparing 

intervention versus watchful approach in patients with type 2 endoleak after EVAR. 
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