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Abstract
Background. An endoleak is a typical complication of endovascular aneurysm repair (EVAR). It is character-
ized by persistent blood flow between a stent graft and the aneurysm sac. Usually, it can be visualized during 
primary EVAR, but in many cases, this remains impossible. Therefore, other methods of endoleak assessment 
are urgently needed. The measurement of aneurysm sac pressure (ASP) seems to be a promising direction 
of research in this area.

Objectives. We aimed to evaluate the safety and efficacy of a new method for invasive pressure measure-
ment inside the abdominal aortic aneurysm (AAA) during EVAR. We also assessed a correlation between 
pressure values and early angiographic occurrence of an endoleak after the procedure.

Materials and methods. A total of 20 patients with AAA were included in this experimental prospective 
study. During EVAR, systolic, diastolic and mean pressure values were recorded both for ASP and aortic pressure 
(AP) before procedure, after stent graft opening and after final stent graft ballooning.

Results. The measurements were successfully obtained in all participants without any complications. There 
were no significant differences between all ASP and AP before procedure. After the procedure, blood pressure 
significantly decreased in the aneurysm sac but not in the aorta. Systolic ASP was significantly lower than 
systolic AP both after stent graft opening (80.4 ±20.9 mm Hg compared to 110.7 ±21.6 mm Hg, p < 0.01) and 
after its balloon post-dilatation (65.6 ±26.1 mm Hg compared to 107.4 ±22.1 mm Hg, p < 0.001). Diastolic 
ASP decreased significantly in comparison to diastolic AP only after stent graft ballooning (48.0 ±14.6 mm Hg 
compared to 56.4 ±13.6 mm Hg, p < 0.05).

Conclusions. Our study confirmed that the novel method for the measurement of ASP during EVAR, using 
a thin pressure wire, is feasible and safe.
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Background

One of the most serious conditions in current vascular 
surgery is abdominal aortic aneurysm (AAA), which is de-
fined as an enlargement of the aortic diameter by at least 
50%. The major complication of AAA is rupture, which 
is a  life-threatening condition that requires emergency 
treatment. The risk of aneurysm rupture grows exponen-
tially with an increase in aneurysm diameter. Therefore, 
aneurysms of 55 mm in diameter are an indication for 
surgical treatment, even if they are asymptomatic.

Currently, there are 2 methods of surgical treatment for 
AAA: a classic open surgery and endovascular aneurysm 
repair (EVAR). The latter is becoming increasingly popular 
and is gradually replacing classic open surgeries. Endovas-
cular repair involves implantation of a stent graft, that is, 
endovascular prosthesis, using common femoral artery 
access. The stent graft, which is deployed in the aneurysm 
lumen, creates a new channel for blood flow and closes its 
way to the aneurysm sac, thereby protecting it from high 
pulsatile blood pressure. The advantages of this method 
include less extensive trauma, faster recovery and a lower 
risk of infection than with open aortic repair.

Despite its obvious benefits, EVAR is not without limita-
tions. A typical complication of the procedure is the so-
called endoleak, which involves the presence of blood flow 
between a stent graft and the aneurysm sac. It is estimated 
that endoleaks occur in 17–26% of patients after EVAR,1–4 
especially those who show aneurysm growth and rupture.5

Although endoleaks can typically be visualized during 
primary EVAR, in many cases, this remains impossible. 
Therefore, there is an urgent need to develop novel meth-
ods of endoleak assessment. The measurement of aneu-
rysm sac pressure (ASP) seems to be a promising direction 
of research. We postulate that continuation of ASP and 
its systolic–diastolic amplitude after EVAR may suggest 
the presence of endoleak while the decrease of these pa-
rameters indicates a correct result of the procedure.

Objectives

In this study, we aimed to evaluate the efficacy and safety 
of a new method for the measurement of intra-aneurysm 
pressure during EVAR. We also assessed the correlation 
between ASP and early occurrence of an endoleak early 
after the procedure.

Materials and methods

Study design and population

This was a prospective study based on the analysis of in-
vasive pressure measurements obtained during endovas-
cular treatment of infrarenal AAAs. A total of 23 patients 

(18 men and 5 women) at a mean age of 71.8 ±6.6 years 
(range: 58–85 years) were enrolled. The inclusion criteria 
were as follows: 1) a referral for primary surgical treatment 
of an AAA using EVAR; 2) the presence of an asymptom-
atic AAA; and 3) the length of the aneurysm neck of at least 
20 mm. The demographic and clinical data of patients 
is presented in Table 1.

Endovascular aneurysm repair

We  performed a  standard stent graft implantation 
in a hybrid operating room with a fixed C-arm system.6 
The procedure was carried out under local anesthesia 
of  the  inguinal region. Bilateral femoral artery access 
was used. The main body of the bifurcated stent graft 
was deployed, positioned and opened under angiographic 
guidance, just below the origin of the renal arteries. Then, 
the ipsilateral and contralateral arms of the stent graft were 
deployed. The EVAR outcome, including early endoleak, 
was monitored using angiography. Femoral punctures were 
sealed using an endovascular closure device. After the pro-
cedure, all patients received dual antiplatelet therapy (as-
pirin plus clopidogrel, both 75 mg daily) for 3 months, 
followed by lifelong 75 mg aspirin according to protocol.7

Pressure measurement

The pressure measurements were taken with a 0.014-
inch wire (COMET II Pressure Guidewire; Boston Sci-
entific, Marlborough, USA). A 6F Judkins right guiding 
catheter (Boston Scientifi) was inserted using percutane-
ous radial access and advanced proximally to the aneu-
rysm. The guidewire was advanced through the catheter 
into the aneurysm sac before stent graft implantation 
to monitor the ASP (position of pressure guidewire is vis-
ible in Fig. 1). Aortic pressure (AP) was measured through 
the catheter. Pressure measurements were taken at each 
stage of the procedure – that is, before and after stent 
graft deployment – as well as after ballooning of the stent 
graft. Systolic, diastolic and mean pressure values were 
recorded both for ASP and AP. Once the stent graft im-
plantation was completed, the guidewire and the catheter 
were removed.

Ethics

All patients gave their written informed consent to un-
dergo treatment, and the study protocol was approved 
by the local ethics committee. The study was conducted 
in line with the principles of the Declaration of Helsinki.

Statistical analysis

The Shapiro–Wilk test for normality was performed, 
followed by  the  Student’s t-test for comparison be-
tween the  obtained coefficients (dependent samples). 
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The significance level was set at a p-value of less than 0.05. 
The analysis of correlation was performed using Pearson’s 
correlation coefficient. STATISTICA v. 13.3 software (Stat-
Soft Inc., Tulsa, USA) was used for analysis.

Results

The measurements were successfully obtained during 
EVAR in all patients without any complications.

Systolic, diastolic and mean pressure values for ASP and 
AP during the main stages of EVAR are shown in Fig. 2–4. 
Before stent graft deployment, all ASP and AP were al-
most equal. The systolic AP was maintained at the same 
level throughout the  procedure (109.5  ±22.8  mm  Hg 
before procedure compared to 110.7 ±21.6 mm Hg af-
ter opening compared to 107.4 ±22.1 mm Hg after bal-
looning, not significant (NS)). Similar observation was 
noted for diastolic AP (58.7  ±13.2  mm  Hg compared 
to 55.2 ±13.5 mm Hg compared to 56.4 ±13.6 mm Hg, re-
spectively, NS) and mean AP (74.2 ±14.8 mmHg compared 
to 74.8 ±14.1 mm Hg compared to 73.4 ±13.8 mm Hg, re-
spectively, NS). However, after the main body and limbs 

of the stent graft were opened, systolic ASP was reduced 
significantly from 107.4 ±22.3 mm Hg to 80.4 ±20.9 mm Hg 
(p < 0.001 compared to baseline systolic ASP and p < 0.001 
compared to  AP after opening) and after ballooning 

Table 1. Patients enrolled in the study

Patient 
No. Gender Age 

[years] BMI Comorbidities Model of implanted 
stent graft

1 F 71 25.3 HT, COPD Gore Excluder

2 M 85 27.8 HT, CVD, DM Gore Excluder

3 M 68 27.7 HT, NE Terumo Aortic Treo

4 M 73 26.5 HT, KD, NE Jotec E-tegra

5 M 69 21.8 HT Terumo Aortic Treo

6 M 83 28.7 HT, CVD, NE Terumo Aortic Treo

7 M 62 31.1 HT Terumo Aortic Treo

8 F 72 31.1 HT Terumo Aortic Treo

9 F 73 25.0 HT Terumo Aortic Treo

10 M 66 38.1 HT Terumo Aortic Treo

11 M 80 24.7 HT, CVD, COPD, DM Jotec E-tegra

12 M 66 31.3 HT Terumo Aortic Treo

13 M 80 29.4 HT, CVD Gore Excluder

14 M 75 32.3 HT, CVD, DM Gore Excluder

15 M 72 26.3 – Cook Zenith Alpha

16 M 66 28.7 – Gore Excluder

17 M 68 24.2 – Gore Excluder

18 F 74 31.3 HT Cook Zenith Alpha

19 M 58 34.7 HT Medtronic Endurant

20 M 75 31.7 HT Medtronic Endurant

21 F 72 23.5 HT, CVD Cook Zenith Alpha

22 M 66 23.5 HT Cook Zenith Alpha

23 M 78 30.9 HT, CVD Cook Zenith Alpha

M – male; F – female; BMI – body mass index; COPD – chronic obstructive 
pulmonary disease; CVD – cardiovascular disease; DM – diabetes mellitus; 
HT – hypertension; KD – kidney disease; NE – neurologic events.

Fig. 1. Position of pressure guidewire during EVAR (black arrow)

Fig. 2. ASP and AP values for systolic pressure on each stage of stent graft 
deployment. Data shown as means ± 95% confidence interval (95% CI); 
Student’s t-test paired comparison

*ASP after opening compared to AP after opening, p < 0.001; **ASP 
after ballooning compared to AP after ballooning, p < 0.001; §ASP after 
opening compared to baseline ASP, p < 0.001; §§ASP after opening 
compared to ASP after ballooning, p < 0.001.
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to 65.6 ±26.1 mm Hg (p < 0.001 compared to ASP after 
opening and p  <  0.01 compared to  AP after balloon-
ing) (Fig. 2). Diastolic ASP after opening dropped from 
56.8 ±14.0 mm Hg to 51.3 ±13.5 mm Hg (p < 0.05 compared 
to baseline diastolic ASP) and after ballooning it decreased 
to 48.0 ±14.6 mm Hg (p = 0.06 compared to diastolic ASP 
after opening and p < 0.05 compared to AP after bal-
looning) (Fig. 3). Mean ASP after opening dropped from 
73.6 ±15.8 mm Hg to 61.0 ±15.2 mm Hg (p < 0.001 compared 
to baseline mean ASP and p < 0.001 compared to AP after 
opening) and subsequently to 53.8 ±17.8 mm Hg (p < 0.01 
compared to mean ASP after opening and p < 0.001 com-
pared to AP after ballooning) (Fig. 4). The correlation re-
sults for AP and ASP are presented in Table 2.

Angiography performed after EVAR demonstrated 
the  presence of  an  endoleak in  5  patients (1  endoleak 
type I and 4 endoleaks type II; please see the Discussion 
section for explanations of endoleak types). The ASP val-
ues for mean pressure in endoleak type II appeared to be 

comparable with ASP mean pressure in group without en-
doleak (48.8 ±1.4 mm Hg compared to 54.1 ±19.7 mm Hg, 
respectively, p = 0.06). Mean ASP in 1 case of endoleak 
type I was higher (70.0 mm Hg) than in the other cases.

Discussion

Our study showed that pressure wire usage to mea-
sure ASP is  feasible and safe. It was free of complica-
tions, including those associated with radial artery ac-
cess. The presence of the pressure wire in the aneurysm 
lumen had no influence on  the  efficacy of  the  EVAR 
procedure. Moreover, the use of a 0.0014-inch pressure 
wire instead of a standard catheter allowed us to avoid 
leakage between the stent graft and the aneurysm neck. 
We observed a significant decrease in ASP during EVAR. 
The value of ASP diminished both after stent graft open-
ing and its ballooning.

As the measurement of ASP is invasive and its clinical 
significance remains unclear, it is still rarely performed 
in the patients with AAA. When it is performed, it is usu-
ally done within 6 months from EVAR. Velazquez et al. 
performed ASP measurement in 76 patients, 17% of whom 
were shown to develop an endoleak (mostly associated with 
patent inferior mesenteric artery). Two-thirds of patients 
with endoleak had equal ASP and AP values.2 A simi-
lar study was conducted by Baum et al. in 27 patients. 
Endoleak was present in 17 patients; ASP and AP values 
were comparable in 15 patients, while in 2 patients, ASP 
was half as low as AP.8

Depending on etiology, there are 5 types of endoleak: 
type I is caused by a leak at the end of prosthesis; type II 
is  a  leak from the  branches of  the  aneurysm; type  III 
is the leak connected with the defect of the stent graft; 
type IV is a leak through the fabric microporosity of stent 
graft; and type V is associated with so-called endotension, 
which means an enlargement of the aneurysmal sac with 
no visible endoleak.9,10 Type I and III endoleaks are consid-
ered high-pressure endoleaks, with a high risk of aneurysm 
sac rupture because of direct exposure of the aneurysm 
wall to aortic pressure. Type II, IV and V endoleaks are 
considered lower risk and many of them may close spon-
taneously over time.11,12

Fig. 4. ASP and AP values for mean pressure on each stage of stent graft 
deployment

Data shown as means ±95% CI; Student’s t-test paired comparison
*ASP after opening compared to AP after opening, p < 0.001; **ASP after 
ballooning compared to AP after ballooning, p < 0.001; §ASP after 
opening compared to baseline ASP, p < 0.001; §§ASP after opening 
compared to ASP after ballooning, p < 0.01.

Fig. 3. ASP and AP values for diastolic pressure on each stage of stent 
graft deployment. Data shown as means ±95% CI; Student’s t-test paired 
comparison

*ASP after ballooning compared to AP after ballooning, p < 0.05; 
§ASP after opening compared to baseline ASP, p < 0.05.

Table 2. Correlations between aneurysm sac pressure and aortic pressure

ASP and AP r-value p-value

Systolic baseline 0.98 <0.001

Systolic after stent graft opening 0.45 <0.05

Systolic after ballooning 0.47 <0.05

Diastolic baseline 0.99 <0.001

Diastolic after stent graft opening 0.74 <0.001

Diastolic after ballooning 0.64 <0.01

AP – aortic pressure; ASP – aneurysm sac pressure.before
procedure
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A number of studies demonstrated a positive relationship 
between increased ASP and aneurysm growth or endoleak 
presence.13,14 Using the experimental model of endoten-
sion, Shawn Skillern et al. concluded that high ASP after 
EVAR might be associated with a need for re-interven-
tion in the future.15 Chaudhuri et al. studied the impact 
of an endoleak on the experimental aneurysm model and 
revealed that only some types of endoleak were related 
to higher ASP.16 A pending issue is ASP response to the dif-
ferent types of endoleak. Due to an insufficient sample size, 
this question could not be adjudicated in this study; how-
ever, it is of note that 1 case of endoleak type I presented 
high ASP values after the procedure, while cases with no 
endoleak or endoleak type II presented a decrease of ASP.

In contrast to the aforementioned studies, our measure-
ments were performed during EVAR. Such a measurement 
is much less invasive and may be performed intraopera-
tively. Previous findings were long-term results that were 
frequently associated with EVAR-related changes inside 
the aneurysm sac, such as thrombus formation. This may 
suggest that the early outcome of EVAR may be less satis-
factory than we expected.

We believe that potential clinical application of pressure 
measurements during the EVAR could be detection of early 
endoleaks that cannot be visualized by angiography, which 
may be very important in case of high-pressure endoleaks. 
These measurements may also facilitate the identification 
of patients at risk of endoleak and aneurysm growth, who 
thus require closer monitoring.

Limitations

Our study has several limitations. Most importantly, 
it was based on a  small group of patients followed for 
a short time. However, we are planning to expand our 
study population and investigate the significance of cor-
relations between the measured parameters and possible 
changes in aneurysm anatomy, the rate of re-interventions 
and the occurrence of endoleaks.

Conclusions

Our study proved that the novel method for the mea-
surement of aneurysm sac pressure using a pressure wire 
during EVAR is safe and feasible. Our planned research 
will compare the current results with follow-up computed 
tomography angiography of our patients, which should 
provide further important insights, with possible implica-
tions for future research and clinical practice.
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