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Abstract

Background: The pulsatility index (PI) shows continuous blood flow to the end organs and is a significant factor believed 
to decrease in aortic coarctation. Correction of this factor is of great importance in the treatment of stenotic lesions of the 
aorta. However, there are minimal data regarding the trend of changes in the PI after stent implantation. Furthermore, the 
association between the PI and other echocardiographic indices in patients undergoing stent implantation is unclear. This 
study was designed to evaluate changes in the PI following stenting and its correlation with other echocardiographic indices.

Methods: Twenty-three patients with a diagnosis of aortic coarctation consecutively underwent two-dimensional and 
Doppler echocardiographic imaging modalities twice (before and after stenting). The patients were divided into two groups 
based on the percentage of increase in the PI after stenting ( < 50% or ≥ 50%). The relation between the post-stenting PI and 
the baseline echocardiographic indices was assessed.

Results: The PI was increased from 0.89 (SD = 0.30) to 1.75 (SD = 0.51) after stenting (p value < 0.001). Baseline 
diastolic/systolic velocity (D/S velocity) ratio of the abdominal aorta (p value = 0.013), mean velocity (p value = 0.033), and 
peak gradient of the descending aorta (p value = 0.033) were significantly higher in the patients with ≥ 50% increase in the 
PI after stenting. 

Conclusion: Our findings showed that elevation in the PI after stenting was a predictable criterion in patients with aortic 
coarctation: it was predicted by some baseline clinical and echocardiographic indices. Baseline D/S ratio velocity of the 
abdominal aorta, mean velocity and peak gradient of the descending aorta, and baseline systolic blood pressure were the 
statistically significant indices to predict ≥ 50% increase in the PI in our patients. 
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Introduction

Endovascular stent implantation for coarctation of 

the aorta has been used since 1991. Use of this method is 
associated with fewer complications such as aneurysms, 
acute ischemia in the spinal cord, and recoarctation compared 
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to surgery and/or balloon dilatation. However, recoarctation 
has been reported as its major complication.1

In previous studies, attempts were made to define clinical 
indications for using this type of treatment and to evaluate 
the efficacy and outcome of stent implantation in different 
groups of patients. Yet, a number of questions still remain to 
be fully answered. First, currently used indications for stent-
ing have been mostly made based on a group of patients with 
similar demographic conditions such as age, weight, and co-
morbidities rather than each patient`s status individually.2, 3 
Second, most of the tools drawn upon in the follow-up of 
these patients are mainly based on evaluating anatomical 
changes after stent implantation rather than focusing on the 
hemodynamic status of the stent-inserted aorta.

Hypertension and decreased blood pressure in the lower 
extremities are assumed as hemodynamic changes which are 
common findings in patients with coarctation.4 Both factors are 
associated with a decreased pulsatility of the abdominal aorta. 
Pulsatility of the blood flow in the aorta causes continuous 
blood flow to the end organs and is a significant factor which 
is believed to decrease in coarctation. The pressure gradient 
across the aortic coarctation site results in an altered flow 
pattern in the abdominal aorta5, 6  with loss of pulsatility. As a 
result of decreased pulsatility of the aorta, the flow becomes 
continuous throughout diastole.5 This phenomenon can be 
assessed via Doppler echocardiography using the pulsatility 
index (PI) [(Vmax-Vmin)/Vmean] (where Vmax, Vmin and 
Vmean represent maximum, minimum, and mean velocities, 
respectively). Correction of this factor could be an important 
surrogate of coarctation repairing. There is a dearth of data on 
the trend of changes in the PI after stent implantation. Also, 
the association between the PI and other echocardiographic 
indices in patients undergoing stent implantation is unclear. 
Recognition of these issues can be useful to predict early 
and late hemodynamic outcomes in the aorta before stent 
placement.

This study was designed to evaluate changes in the 
PI after stent implantation and its correlation with other 
echocardiographic parameters. Also, the feasibility of some 
baseline characteristics of patients in predicting the trend of 
changes in the PI after stent implantation was investigated.

Methods

Twenty-three patients with a diagnosis of congenital aortic 
coarctation were consecutively enrolled in this prospective 
study. The patients were referred to Rajaei Cardiovascular, 
Medical and Research Center (affiliated to Tehran University 
of Medical Sciences), Tehran, Iran between April 2008 and 
August 2009. The diagnosis of aortic coarctation was made 
based on angiography in all the patients. All the patients had 
type III (postductal) congenital coarctation in the abdominal 
aorta. The exclusion criteria consisted of any other concomitant 

lesions, including aortic stenosis or regurgitation, patent 
ductus arteriosus, anomalies of the head and neck vessels, and 
long segment aortic coarctation or hypoplastic arch. 

Stenting of the abdominal aortic coarctation was performed 
for all the patients enrolled in the study. In addition to baseline 
and demographic variables (e.g. age, gender, blood pressure, 
and length of stenosis), the characteristics of stenting, 
including length and width of the stent, length and width of 
the balloon, and first and second gradients of the cash, were 
recorded for all the patients. Informed written consent was 
obtained from all the patients, and the research project was 
approved by the Ethics Committee of Tehran University of 
Medical Sciences.

Echocardiographic evaluation (both abdominal and 
descending aortas) was done twice for all the patients, 
before stenting and 24 hours after it via two-dimensional 
and Doppler echocardiographic imaging modalities using 
a Vivid 3 Imaging System (GE, USA), in accordance with 
the institutional guidelines (Figure 1). For this purpose, 
standard suprasternal position was considered to measure 
the maximum velocity across the coarctation site and then 
continuous wave Doppler recordings were obtained. Pulsed-
wave Doppler from the standard subcostal view was also 
performed to document the flow pattern of the abdominal 
aorta. All the echocardiographic studies were performed 
by a single echo-cardiologist before and after stenting. 
Moreover, a simultaneous electrocardiographic monitoring 
was also utilized. The onset of diastole was assumed at 
the end of the electrocardiographic T-wave, and the three 
measurements were taken from three consecutive cycles 
each time. Thereafter, the mean of the three measurements 
was calculated and reported as the main records.

The continuous values are expressed as mean ± SD, and 
frequency percentages are used to describe the categorical 
variables. The Kolmogorov-Smirnov test was employed 
to assess the normality of the distribution of the numerical 
variables, and the Mann-Whitney U-test was performed to 
compare the significance of the difference in the baseline 
Doppler echocardiographic profile between the two groups of 
the patients regarding increase-percentage of the PI of < 50% 
or ≥ 50% (50 was the mean percentage of PI increase in these 
patients after stenting). The receiver operating characteristic 
curve (ROC) analysis was performed to assess the 
predictability of ≥ 50% increase in the PI after stenting with 
quantitative indices of the study, and thereafter to compare 
the area under curve (AUC) of these variables. The cut-off 
points were then determined in each ROC analysis. The best 
predictive cut-off value was that which gave the highest 
product of sensitivity and specificity. Diagnostic values of 
each cut-off point, including sensitivity and specificity, were 
calculated and reported. All the P values were two-tailed 
and a p value < 0.05 was considered statistically significant. 
SPSS v.17 software (Chicago, IL, USA) was used for the 
analytic procedures.
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 Table 1. Baseline characteristics of the patients*

Age (yr) 26.14±10.17
Gender

Male 16 (69.6)
Female 7 (30.4)

Blood pressure
Systolic blood pressure (mmHg) 158.18±24.18
Diastolic blood pressure (mmHg) 85.23±10.96

Duration of disease (mo) 36.50±69.02
Aortic valve

BAV 13 (56.5)
TAV 10 (43.5)

Length of the stenosis (mm) 20.44±10.47
Ejection fraction (%) 54.55±5.10

*Data are presented as mean±SD or n (%)
BAV, Bicuspid aortic valve; TAV, Tricuspid aortic valve

Echocardiographic Profile

Doppler echocardiography was performed twice for each 
patient, at baseline and after stenting. The PI was increased 
from 0.89 (SD = 0.30) to 1.75 (SD = 0.51), which showed 
improvement of 119.57% (p value < 0.001).

Based on the percentage of increase in the PI (< 50% 
or ≥ 50%), the patients were divided into two groups. As 
is shown in Table 2, the baseline diastolic/systolic velocity 
(D/S velocity) ratio of the abdominal aorta was significantly 
higher in the patients with ≥ 50% increase in the PI after 
stenting [0.77 (SD = 0.25) vs. 0.56 (SD = 0.09), p value = 
0.013]. Additionally, the mean velocity of the descending 
aorta before stenting was significantly higher in the patients 
with aortic coarctation who had ≥ 50% increase in the post-
stenting PI [1.97 (SD = 0.36) vs. 1.57 (SD = 0.56), p value 
= 0.033]. The other baseline echocardiographic index which 
was significantly different between these two groups was 
the mean peak gradient of the descending aorta. As is shown 
in Table 2, the mean peak gradient (PG) of the descending 
aorta at baseline was significantly higher in the patients with 
≥ 50% increase in the PI after stenting [21.77 (SD = 6.43) vs. 
14.57 (SD = 9.85), p value = 0.033].

More analysis was conducted to evaluate the diagnostic 
values of the different baseline characteristics of the patients 
to predict ≥ 50% increase in the PI after stenting. The 
significant baseline indices to differentiate the percentage 
of increase in the PI as < 50% or ≥ 50% are listed in Table 
3. The baseline D/S ratio velocity of the abdominal aorta, 
mean velocity and peak gradient of the descending aorta, 
and baseline systolic blood pressure were the statistically 
significant indices to predict ≥ 50% increase in the PI in the 
patients with aortic coarctation (all p values < 0.05). As is 
illustrated in Figure 2, the baseline D/S ratio velocity of the 
abdominal aorta had the greatest area under curve (AUC = 
0.865, p value = 0.010) to predict ≥ 50% increase in the post-
stenting PI. The cut-off point of 0.67 for this index had 75% 
sensitivity and 100% specificity.  

Figure 1. Pulse wave Doppler echocardiography of abdominal aorta: A; 
before stenting, B; after stenting. AT; systolic acceleration time: is measured 
from the onset of the systolic upstroke to the systolic peak. DT; deceleration 
time: is measured from peak E velocity to the point where the slope of the 
slowing flow would intercept the baseline. EDV; early diastolic velocity: 
maximum diastolic velocity on early diastole. LDV; late diastolic velocity: 
maximum diastolic velocity on late diastole. PHT; pressure half time (of 
diastole): is the time interval for the peak diastolic pressure gradient to 
be reduced by one half. PSV; peak systolic velocity: maximum systolic 
velocity. TSV; time to peak systolic velocity: time beginning from onset of 
QRS complex to peak systolic velocity. VTI; velocity time integral: the area 
under curve, shown in both systole and diastole

Results

Twenty-three patients, comprised of 16 (69.6%) males 
and 7 (30.4%) females, who had coarctation stenting were 
recruited in this study. The mean age of the patients was 
26.14 (SD = 10.17) years and the mean duration of the 
disease was 36.50 (SD = 69.02) months. Other baseline and 
demographic characteristics of the patients are listed in Table 
1. All these 23 patients underwent coarctation stenting with 
the mean stent size of 37.16 (SD = 3.67) mm × 8.47 (SD = 
1.94) mm.
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Figure 2. Receiver operative characteristics curve of baseline indices to 
predict the increase-percentage of pulsatility index of ≥ 50% in patients 
undergoing stenting (diastolic/systolic velocity ratio of abdominal aorta: 
black dotted, mean peak gradient of descending aorta: gray line)

Discussion

Previous studies have emphasized the need for creating an 
available, accurate, and reliable profile which can assist in the 
follow-up of patients who undergo stent implantation for the 
treatment of aortic coarctation. To date, several non-invasive 
and invasive methods have been used for this purpose. 
However, recent years have witnessed the emergence of data 
demonstrating some disadvantages. For example, although 
Magnetic Resonance Imaging was first introduced as a 

reliable modality for assessing patients after stent insertion, 
later it was shown that it has limitations in demonstrating 
the stented portion of the aorta due to artificial noising 
produced by the metallic stents.7, 8 The other mostly used 
modality in the follow-up of these patients is angiography, 
which has its known intra- and postoperative complications. 
By advancing echocardiography and its newly emerged 
branches, including Doppler echocardiography, some studies 
have suggested this non-invasive and available modality for 
assessing the feasibility of stent implantation in patients with 
aortic coarctation.9-11 This non-invasive modality evaluates 
the hemodynamic changes of the aorta rather than the 
anatomical changes evaluated by angiography. 

There are a large number of echocardiography indices 
which have been proven to change after the treatment of 
coarctation, but few of them have been found to be closely 
related to the clinically important hemodynamic status of the 
aorta. Studies on the hepatic, renal, human placental, carotid, 
mesenteric, and other vascular circulations have suggested 
that assessment of these arterial circulations can be made 
by evaluating the PI of the corresponding arteries.12-18 Thus, 
in the present study, the PI of the abdominal aorta was 
considered as a marker of the aortic hemodynamic status. 
Evaluation of this index after stenting and comparing it with 
baseline values can determine the efficacy of stent insertion. 
Also as a simple, available, and non-invasive method, it 
could potentially be used as a clinically useful tool in the 
long-term follow-up of patients. 

Based on our results, impaired pulsatile systolic abdominal 
aortic flow is associated with impaired continuous diastolic 
flow in patients with significant aortic coarctation. Moreover, 
we found that increase in the PI following stent implantation 
is statistically significant. As a result, the PI of the abdominal 
aorta was investigated as an echocardiographic index in the 
early follow-up of these patients.

The other important issue regarding endovascular stent 

Table 2.  Doppler echocardiographic profile in two groups of patients*

Doppler Echocardiographic Index < 50% Increased PI Group
n=6

≥ 50% Increased PI Group
n=17 P value**

D/S ratio velocity of abdominal aorta 0.56±0.09 0.77±0.25 0.13
Mean velocity of descending aorta (m/s) 1.57±0.56 1.97±0.36 0.33

Mean PG of descending aorta (mmHg) 14.57±9.85 21.77±6.43 0.33
*Data are presented as mean±SD
**All P values are resulted from Mann-Whitney U-test and P values < 0.05 are considered significant 
D/S, Diastolic velocity/systolic velocity; PG, Peak gradient; PI, Pulsatility index

Table 3.  Predictive values of baseline indices for increase-percentage of ≥ 50% in pulsatility index after stenting 

Doppler Echocardiographic Index AUC P value* Cut-Point Sensitivity Specificity
D/S ratio velocity of abdominal aorta 0.865±0.083 0.010 >0.67 75.0% (95% CI: 47%-87%) 100% (95% CI: 61%-100%)
Mean velocity of descending aorta (m/s) 0.802±0.132 0.033 >1.62 87.5% (95% CI: 64%-96%) 83.3% (95% CI: 44%-97%)
Mean PG of descending aorta (mmHg) 0.797±0.141 0.036 >16.50 81.3% (95% CI: 57%-93%) 83.3% (95% CI: 44%-97%)
Systolic blood pressure** (mmHg) 0.795±0.128 0.050 <175.00 87.5% (95% CI: 64%-96%) 50.0% (95% CI: 19%-81%)

*All P values resulted from Receiver Operating Characteristics Curve (ROC) analysis
AUC, Area under curve; D/S, Diastolic velocity/systolic velocity; PG, Peak gradient
**reverse relationship
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implantation is the introduction of its indications. Numerous 
studies have reported several indications of stenting in 
coarctation. Most of these studies have defined these 
indications based on the complications seen in the same age 
groups of their study, such as femoral access problems and 
re-stenosis due to intimal growth, seen mostly in younger 
patients. It is clear that none of these indications is case-
sensitive. Coarctation of the aorta is a congenital disease that 
has complex hemodynamic effects on each patient. Thus, 
it seems unreasonable to consider the same indications of 
stenting for all patients. In other words, none of the previous 
studies could introduce an assessment tool which can reliably 
predict the efficacy and outcome of stent implantation in each 
patient based on his/her own baseline hemodynamic status. 

In the present study, we succeeded in defining some 
Doppler echocardiographic indices which are able to predict 
the effects of stenting on the hemodynamic status of the aorta. 
Four baseline (before stenting) Doppler echocardiographic 
indices were found to predict the increase in the PI. After 
sorting the patients based on the percentage of increase 
in their PI after stent implantation, i.e. more or less than 
50%, these findings were reported: D/S ratio velocity of the 
abdominal aorta before treatment could be considered as a 
helpful index to predict the PI elevation after stenting. On the 
other hand, the D/S ratio before stenting was significantly 
different between the patients with post-PI of lower and 
higher than 50%. The mean velocity of the descending 
aorta is the other predicting index in the evaluation of stent 
implantation outcome based on the degree of increase 
in the PI. Its difference between the two groups of the PI 
was also statistically significant at baseline. Mean PG of 
the descending aorta was an index found to be a significant 
predictor of the PI and it varied significantly between the 
patients with various indices of pulsatility. Systolic blood 
pressure was also a helpful predictor of the PI; however, its 
change based on the PI was not assessed early after treatment 
because of the effects of postoperative stress on the blood 
pressure.

Conclusion

As is shown by the present study, when patients are sorted 
into two groups of more or less than 50% increase in the PI 
after stent implantation, some important echocardiographic 
indices differ significantly between these two groups.  As a 
result, the PI of 50% could be a reasonable cut-off point to 
compare the efficacy of this intervention. In this study, the 
results of stent implantation were found to be predictable and 
the predictors were suggested to be considered as indications 
for this type of intervention in the treatment of coarctation. 
Further studies are required to evaluate the effect of the PI 
in the late follow-up of hemodynamic indices. Furthermore, 
studies comparing the degree of PI elevation after different 

methods of treatment (surgery, balloon dilatation, and 
stenting) can be helpful in decision-making for this 
population of patients.
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