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Hemodynamic changes lead to alterations in aortic diameters and 
may challenge further stent graft sizing in acute aortic syndrome
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Background: Precise stent graft sizing in Thoracic endovascular aortic repair (TEVAR) is crucial to receive 
optimal long-term results. Computed tomography (CT), as the current standard in assessing aortic diameters 
(ADs), is often performed at initial diagnosis. Since several acute aortic diseases are associated with blood 
loss and/or volume re-distribution, assessed AD might be influenced by impaired hemodynamic conditions. 
Intravascular ultrasound (IVUS) offers real-time assessment, especially after hemodynamic restoration, and 
might help for stent graft choice. 
Methods: We investigated the correlation between CT and later IVUS measurements in elective (n=83) 
and emergency patients (n=32) at the level distal to the left subclavian artery (LSA), a frequent proximal 
landing zone in TEVAR. Patients were grouped depending on their shock index (heart rate/systolic blood 
pressure): emergency patients with diagnosis of acute aortic syndrome, urgently required treatment after 
admission and had a shock index >1, otherwise were grouped as elective. Basic hemodynamics were assessed 
for both groups at admission and at definite IVUS-procedure.
Results: At time of admission the emergency group showed lower blood pressure (99±19.8 vs.  
141±24 mmHg; P=0.001) and higher heart rate (98±13 vs. 70±12 bpm; P=0.001) compared to elective 
patients. By hemodynamic stabilization comparable blood pressure and heart rate were achieved in both 
groups at time of IVUS. In the emergency group, we found a significantly increase in AD after hemodynamic 
stabilization, whereas the diameters did not change in the elective group (IVUSmean vs. CTmean: 5.1±1.0 vs. 
0.4±2.2 mm; P=0.001 and IVUSmin vs. CTmean: 3.9±1.3 vs. −0.3±2.2 mm; P=0.011).
Conclusions: IVUS for stent graft sizing is a valuable approach during TEVAR, especially in the light 
of emergency treatment by offering real-time assistance. Impaired hemodynamic conditions might lead 
to relevant changes in AD and may strongly influence stent graft choice. In these cases, careful stent graft 
selection might contribute to avoidance of stent graft related complication. 
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Introduction

Thoracic endovascular aortic repair (TEVAR) offers 
an effective treatment for several aortic pathologies, 
including emergency situations in acute aortic syndrome 
(1-3). Accurate sizing of the proximal landing zone is an 
essential requirement to avoid stent migration, occlusion, or 
endoleak resulting in re-interventions (4). 

One potential pitfall in stent graft sizing may arise from 
shifted intravascular fluid balance during blood loss and the 
inflammatory nature of the acute aortic syndrome. Previous 
studies already demonstrated that sizing of aortic diameters 
(ADs) in patients undergoing TEVAR is not based on a 
static model. Already in balanced hemodynamic conditions, 
heartbeat-dependent morphologic changes can occur (5,6). 
Thus, an increasing number of protocols arise, including 
those of computed tomography (CT) and magnetic resonance 
imaging techniques, taking possible dynamic changes into 
account for a more precise stent graft sizing (7,8).

Patients with acute aortic syndrome are frequently 
admitted due to significant blood loss or hypovolemic shock, 
and the challenge of trapping aortic dynamics multiplies 
with the addition of impaired hemodynamic conditions. 
Blood loss or hypovolemic shock may dramatically 
decrease ADs (9). As CT is mostly performed at the time 
of diagnosis, a timely delay often occurs in definite TEVAR 
involving further changes in hemodynamic conditions. 
Above that, an impaired CT quality in emergency cases 
might be another reason for the difficulties in stent graft 
sizing. Especially CTs from emergency patients that were 
referred from outside facilities often lack electrocardiograph 
(ECG)-tracing and special aortic protocols incorporating 
aortic dynamics. Considering a necessary early treatment, 
further CT diagnostics would lead to therapeutic delay and 
doubled contrast agent administration in patients with often 
already impaired kidney function.  

Intravascular ultrasound (IVUS) can contribute useful 
information regarding intraluminal real-time sizing and 
provide important assessment of underlying diseases (10); 
however, its significance in acute aortic syndromes has not 
been evaluated so far. 

This study aimed to determine the effect of changes 
on the AD in emergency TEVAR before and after 
hemodynamic stabilization and the potential benefits 
of IVUS-guided stent graft sizing after stabilized 
hemodynamic conditions in acute aortic syndromes. As 
most important benchmark, we focused on the AD at the 
level distal to the left subclavian artery (LSA) as a frequent 
landing zone in TEVAR. 

Methods 

Study design 

We performed a single-center, retrospective study analyzing 
the results of CT and IVUS measurements at the LSA level 
in patients with aortic syndrome. 

All  pat ients  who underwent CT and IVUS for 
diagnostics or interventional treatment of the thoracic aorta 
between October 2006 and August 2016 were examined. 
Patients were basically divided on the basis of the shock 
index (= heart rate/systolic blood pressure) into two groups. 
The patients who showed stabile hemodynamics (shock 
index <1) and underwent IVUS for diagnostic purposes only 
to exclude a significant aortic disease, further conservative 
treatment, or planned TEVAR electively were categorized 
into the elective group. Conversely, patients with a shock 
index >1 who underwent IVUS in emergency cases with 
subsequent TEVAR after admission for clinical purposes 
(<24 hours initial diagnosis) were categorized into the 
emergency group. Basic hemodynamic parameters were 
analyzed at time of admission and time of IVUS procedure.

ADs were measured at the level distal to the LSA 
using CT at time of diagnosis as a benchmark for the 
measurements of the further landing zone (Figure 1). IVUS 
measurements were obtained from the IVUS procedure 
with following TEVAR depending on the underlying 
diagnosis. The minimum and maximum diameters were 
measured and ECG-traced in both IVUS and CT to obtain 
the mean diameters. All patients were diagnosed and further 
treated at our institution (major tertiary referral center) 
by a team of interventional cardiologists, cardiothoracic 
surgeons, and anesthesiologists with significant expertise in 
acute aortic syndrome. An experienced cardiologist who was 
unaware of the details of the present study performed the 
IVUS and the following TEVAR, if necessary.

The study was approved by the local ethics committee 
and was conducted in accordance with the Declaration of 
Helsinki. Patient records were de-identified and analyzed 
anonymously. Therefore, the local ethics committee 
approved the retrospective analysis of the patient data 
without the need to obtain patient consent. 

IVUS

IVUS was performed using the Visions PV 0.035 catheter 
system (Volcano, San Diego, CA, USA). The IVUS catheter 
used a 10-MHz frequency ultrasound and had a maximum 
imaging diameter of 60 mm. A pigtail catheter was inserted 
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Figure 1 IVUS offers intraluminal assessment of aortic diameters considering real-time hemodynamics. Shown is an example of aortic 
gating in CT (A) and IVUS (B) at level of the LSA (*) in a patient with aortic dissection (+) before and after hemodynamic stabilization. 
Aortic diameter significantly increased in IVUS after hemodynamic stabilization and should be considered as potential pitfall. IVUS, 
intravascular ultrasound; CT, computed tomography; LSA, left subclavian artery. 
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into the ascending aorta. Over a long guidewire that was 
introduced over the catheter, the IVUS catheter was 
positioned in the ascending aorta close to the aortic valve. 
The IVUS probe was manually retracted until the distal part 
of the sheath. The grayscale images were simultaneously 
collected digitally. Gyrating movements were used in an 
attempt to obtain an optimal cross-sectional aortic image. 
The cardiologist who performed the IVUS had a previous 
experience in over 50 IVUS measurements of the aorta. 

CT

CT was either performed using a 64-row multidetector 
scanner (Somatom Definition; Siemens Healthcare, 
Forchheim, Germany) or already conducted at the referring 
outside facility. The following examination protocol was 
referred to our institution. Continuous scans covering the 
entire aorta, including the proximal supraoptic vessels down 
to the groin, were conducted. An iodinated contrast agent 
(120 to 140 mL) was continuously injected into the right 
antecubital vein using an 18-G catheter at an infusion rate 
of 3.5 mL/s. To ensure maximum contrast concentration 
in the aorta, a circular region of interest (ROI) was placed 
in the ascending aorta. As soon as the signal intensity in 
the ROI reached a threshold of 120 Hounsfield units, the 
patients were instructed to maintain an inspiration breath 
hold, at which point data acquisition commenced. A second 
late arterial phase scan was performed after a delay of  
15 seconds, covering the same area. 

Statistical analysis

Continuous variables were presented as means ± standard 
deviations (SD) and categorical variables as numbers and 
percentages. The Mann-Whitney U test was used for the 
comparison of categorical variables. The Student’s t-test 
was used for the analysis of continuous variables. Variables 
were compared using the unpaired t-test. Two-tailed tests 
were used for all analyses. Values of P<0.05 were considered 
statistically significant. All data were analyzed and statistical 
analyses were performed using the SPSS 24 (Chicago, IL, 
USA) for Mac and Microsoft Excel 2011 for Mac.

Results

Study population

A total of 115 patients underwent CT and IVUS of the 

thoracic aorta between October 2006 and August 2016 for 
different clinical purposes. Eighty-three patients underwent 
elective CT and IVUS; 70 of them required TEVAR 
due to underlying aortic pathology, which was planned 
electively (84%). The percentage of implanted stents in the 
emergency group (n=32) was similar (27 patients, 84%). 
The indications for treatment included aortic rupture 
with hemothorax and/or hemomediastinum, persistent 
pain, refractory hypertension, acute limb, intestinal, or 
renal ischemia, a maximum descending or thoracic AD of 
40 mm (acute aortic dissection) or 50 mm (chronic aortic 
dissection).

The reasons for non-implantation in the emergency 
group were immediate surgery with aortic replacement 
(n=4) and indicated immediate treatment but restricted life 
expectancy (n=1). 

One patient was excluded owing to non-confirmation 
of the expected underlying disease. The relevant patient 
demographics are shown in Table 1. 

Basic characterization of the hemodynamic conditions in 
both groups

The hemodynamic status of the patients was measured 
by assessing the basic clinical variables, including the 
hematocrit level, heart rate, and blood pressure at time of 
admission and at time of later IVUS-procedure. Notably, 
the time of admission did not equal the time of CT. Twenty-
six CT studies (81%) were already done at outside facilities 
yielding to the primary diagnosis acute aortic syndrome. No 
hemodynamic records at time of CT were available. 

The emergency patients showed severe compromised 
hemodynamic status at time of admission, whereas the 
elective group had consistently normal to high range 
blood pressures. After hemodynamic compensation blood 
pressure and heart rate did not show differences in both 
groups at time of following IVUS-procedure, but use of 
peri-interventional noradrenaline use was higher in the 
emergency group. 

All patients, including elective and emergency, had 
post-TEVAR monitoring at our ICU for at least 24 hours. 
Important hemodynamic data are shown in Table 2.

Comparison of the CT and IVUS measurements 

The emergency group showed significant smaller diameters 
at the level of the LSA at time of CT compared to the 
following IVUS measurements. The tendency was the same, 
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Table 1 Patient demographics

Characteristics Emergency (n=32) Elective (n=83) P

Age, years 59.4±16.7 66.1±12.6 0.022*

Men, n [%] 21 [66] 47 [57] 0.379

BMI, kg/m2 (mean ± SD) 27.6±4.9 26.8±4.1 0.399

Prior MI, n [%] 0 [0] 6 [7] 0.116

Hypertension, n [%] 26 [81] 76 [92] 0.117

Diabetes, n [%] 2 [6] 17 [20] 0.066

Smoking, n [%] 6 [19] 39 [47] 0.005*

Previous aortic surgery, n [%] 2 [6] 18 [22] 0.050

Creatinine, mg/dL (mean ± SD) 1.31±0.42 1.22±0.42 0.298

Underlying aortic disease, n [%]

Acute aortic dissection 27 [84] 19 [23] 0.001*

Intramural hematoma 6 [19] 21 [25] 0.460

Penetrating aortic ulcer 1 [3] 22 [27] 0.005*

Transsection 3 [9] 1 [1] 0.033*

Thoracic aortic aneurysm 3 [9] 25 [30] 0.019*

*, significant. BMI, body mass index; MI, myocardial infarction; SD, standard deviation. 

Table 2 Clinical hemodynamic data at time of admission and at time of IVUS-procedure

Hemodynamic data Emergency (n=32) Elective (n=83) P

Admission, mean ± SD

Hematocrit, L/L 0.317±0.05 0.361±0.55 0.004*

Heart rate, bpm 105±9 77±14 0.001*

Systolic blood pressure, mmHg 87±10 133±25 0.001*

Diastolic blood pressure, mmHg 51±9 68±16 0.001*

IVUS, mean ± SD

Heart rate, bpm 80±12 76±12 0.191

Systolic blood pressure, mmHg 125±19 132±18 0.098

Diastolic blood pressure, mmHg 62±13 67±14 0.145

Intraprocedural use of noradrenaline, n [%] 29 [90] 51 [61] 0.001*

Time between CT and IVUS, hours (range) 7.6±6.6 (1.9–23.7) 202.3±314.8 (3.0–1322.9) 0.001*

*, significant. Bpm, beats per minute; IVUS, intravascular ultrasound; SD, standard deviation. 

regardless of whether the minimum or mean diameter in 
IVUS was used (CT: 26.9±4.1 mm, IVUSmean: 32.0±4.0 mm;  
IVUSmin: 30.8±4.2 mm; P=0.001). In contrast, in the 
elective group no differences were found between CT and 

IVUS measurements at time of CT and following IVUS  
(CT: 31.3±4.4 mm, IVUSmean: 31.7±4.1 mm; IVUSmin: 
31.0±4.2 mm; P=0.065, Figure 2).

Comparing the mean differences between CT and IVUS 
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Figure 2 ADs at the level of the LSA are significantly decreased 
in previous CT in emergency patients (n=32; shock index >1) 
compared to IVUS assessment after hemodynamic stabilization. In 
comparison, no significant changes in aortic diameter are detected 
in the elective group (n=83; shock index <1). Mean values and 
standard deviation are shown for IVUS and CT. *, significant; 
ns, not significant. AD, aortic diameter; IVUS, intravascular 
ultrasound; CT, computed tomography; LSA, left subclavian 
artery.

Table 3 Comparison of measurement differences between the emergency and elective group (shown are the mean differences between CTmean and 
IVUSmean/min)

Differences in measurement modalities Emergency (n=32) Elective (n=83) P

IVUSmean vs. CTmean

Mean difference (mm), mean ± SD 5.1±1.0 0.4±2.2 0.001*

Range of difference (mm), min to max 3.4 to 8.2 −5.85 to 3.9

IVUSmin vs. CTmean

Mean difference (mm), mean ± SD 3.9±1.3 −0.3±2.2 0.011*

Range of difference (mm), min to max 1.17 to 7.1 −6.85 to 3.9

*, significant. CT, computed tomography; IVUS, intravascular ultrasound; mean, mean diameter; min, minimum diameter; SD, standard  
deviation. 
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we found a significant increase in AD from time of CT 
to following IVUS in the emergency group. This finding 
applies also to the minimum and mean IVUS-diameter 
(Table 3).

Discussion

Our results highlight the relationship between IVUS 
and CT assessments of the AD in normal and impaired 
hemodynamic conditions and present limitations in stent 
graft sizing to consider in emergency situations. Our results 

were in line with previous data regarding the accuracy of 
IVUS assessment in patients with acute aortic syndrome (10);  
however, no further differentiation was conducted in 
emergency patients with positive shock index to date.

Stent graft sizing for TEVAR, especially in the aortic 
arch, can be challenged by the overestimation of the 
aortic luminal diameter in IVUS owing to off-center 
measurements and non-tangential views (11,12), but 
precise sizing of the stent graft is essential to avoid further 
complications and re-interventions. Taking this into 
account, measuring the minimum AD at the level distal 
to the LSA has already been shown to provide a good 
correlation with CT measurements (10). 

In comparison, at the level distal to the LSA we found 
consistent ADs between CT and later IVUS in the elective 
group, whereas the emergency group had significant 
decreased AD in CT before hemodynamic stabilization. 
The lower blood pressure and hematocrit level, and 
elevated heart rate support the presumption of impaired 
hemodynamic conditions at time of admission indicating a 
loss of intravascular volume. 

Previous studies have shown the clinical dilemma 
regarding stent graft sizing in trauma patients with altered 
hemodynamic conditions (9,13). The normal pulsatility 
of the aorta already shows a variation of ~18% for the 
ascending and descending thoracic aorta, and the current 
CT protocols further consider the dynamic aspect of aortic 
evaluation (14,15). Shrinking of the AD due to hypovolemic 
conditions has already been shown in a porcine model. 
The induced blood loss led to ~40% decrease in the AD 
measured by IVUS (16). However, hypovolemic conditions 
do not only decrease ADs via impaired intravascular filling; 
the neurohumoral response to hypotension also leads to 
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vasoconstriction through the angiotensin II-mediated 
pathway and increases further loss of diameter (17). In our 
study, we only used basic clinical parameters, such as heart 
rate, blood pressure and hematocrit level, as markers for 
intravascular filling; additional influences of the aortic wall 
are not the subject of the current study and need further 
evaluation. 

Typically, CT is performed at the time of diagnosis and 
often with a timely delay between CT and TEVAR. This may 
result in possible underestimation of the stent graft, since 
differences in the measured diameters can affect stent graft 
sizing due to changes in hemodynamic and volume filling, e.g., 
in patients with aortic rupture the associated hemodynamic 
compromise can affect intravascular volume (18). 

IVUS enables real-time assessment from intra-luminal 
and therefore turns out to be a feasible and valuable 
alternative approach to CT in aortic diseases. Especially in 
cases of impaired imaging quality of previous CT studies, 
IVUS might provide relevant information regarding 
diameter assessment. 

Moreover, aortic CT studies are complex; in particular, 
CT studies from outside facilities with low experience are 
challenging when it comes to stent graft sizing (18). IVUS 
assessment in these cases can be useful without major timely 
delays when definite TEVAR is needed; however, its use in 
emergency TEVAR underlies some limitations. 

Further studies are needed to evaluate the long-term 
outcome of these patients regarding potential endoleak and 
aortic remodeling. 

One major limitation is the timely gap between the CT 
from outside facilities and the assessment of hemodynamic 
parameters at time of admission. Moreover, comparisons 
have to be drawn carefully due to the different underlying 
pathologies in both collectives. 

Conclusions

Although CT is a state-of-the-art method for stent graft 
sizing in TEVAR, IVUS is a valuable alternative approach 
during emergency situations. Impaired hemodynamic 
conditions in acute aortic syndrome at time of diagnosis 
might lead to impaired ADs in CT assessment and 
therefore challenge precise stent graft sizing. IVUS 
might provide useful real-time information adjusting 
the actual hemodynamic situation and therefore may be 
considered in emergency situations to allow for a careful 
stent graft selection and limit further stent graft related 
complications. 
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