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Background: Aortic dissection is the most common acute aortic syndrome, and renal artery is the
most common involved artery. The size and location of the re-entry tear directly affect the blood
flow enhancement of the false lumen branch artery after surgery. In this study, the morphology and
hemodynamics of the re-entry tear were comprehensively analyzed, and the location and size of the re-entry
tear were quantitatively evaluated to calculate the re-entry tear index (RTT). This study aimed to assess the
predictive capability of a comprehensive quantitative RTT for improvement in renal perfusion following
thoracic endovascular aortic repair (TEVAR) in cases of acute and subacute Stanford type B aortic dissection
with renal artery involvement.

Methods: In this prospective cohort study, 137 patients diagnosed with acute or subacute type B aortic
dissection with concomitant renal artery involvement who underwent TEVAR at Anzhen Hospital in Beijing
from October 2017 to November 2021 were enrolled. Renal blood flow was estimated quantitatively with
ultrasound. Based on the ultrasound findings of renal artery flow, the patients were classified into two groups:
group A [postoperative volume flow (VolFlow) reduced compared to preoperative VolFlow] and group B
(postoperative VolFlow increased compared to preoperative VolFlow). All re-entry tears present in the
aortic trunk according to reconstructed computed tomography angiography (CTA) obtained preoperatively
were included in the analysis. The general information of patients, whether the involved renal artery arose
partially or wholly from the false lumen, the proximal diameter and length of the covered stent, the diameter
of primary entry tear, the RTT, etc. were analyzed. Univariate and multivariate logistic regression analyses
were executed to assess the risk factors associated with increased renal arterial blood flow subsequent to
TEVAR. Additionally, receiver operating characteristic (ROC) curve analysis was used to ascertain the
optimal cutoff value and predictive efficacy of the RTL.

Results: A total of 137 patients, comprising of 32 with acute and 105 with subacute type B aortic dissection
accompanied by renal artery involvement, underwent TEVAR. Among these patients, 44 (32.1%) were
assigned to group A and 93 (67.9%) to group B. Renal blood flow exhibited an increase in 67.9% of the
patients after TEVAR. The results of multivariate analysis indicated that the RTT is an independent risk
factor for postoperative renal perfusion improvement [odds ratio =17.66; 95% confidence interval (CI):
2.13-78.55; P=0.020]. The optimal cutoff value for RTI, determined to be 0.033, demonstrated the ability
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to identify renal perfusion improvement in patients without hypertension with a sensitivity of 53.7% and a

specificity of 68.9%. In patients with concomitant hypertension, RTT exhibited a sensitivity of 96.6% and a
specificity of 60.0%, with an area under the ROC curve (AUC) of 0.792 (95% CI: 0.643-0.941; P=0.021) for

identifying renal perfusion improvement.

Conclusions: RTT demonstrated a favorable predictive value for improving renal malperfusion following

TEVAR in cases of aortic dissection with renal artery involvement.
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Introduction

Aortic dissection is the most prevalent acute aortic
syndrome and is associated with a relatively high mortality
rate (1,2). The International Registry of Acute Aortic
Dissection (IRAD) reported that the incidence of aortic
dissection has been estimated to be from 5 to 30 per
1 million people per year. Overall, in-hospital mortality
is 27.4%, the mortality of patients with type A dissection
managed surgically is 26%, and among those not receiving
surgery, the mortality is 58%. The mortality of patients
with type B dissection treated medically is 10.7%, surgery
is performed in 20% of patients with type B dissection,
and the mortality of those with type B dissection who
underwent surgery is 31.4% (3).

The extensively employed Stanford classification
delineates aortic dissection by differentiating between
involvement with the ascending aorta (type A) and the
absence of such involvement (type B) (4). In cases of
complicated type B aortic dissection, thoracic endovascular
aortic repair ('EVAR) is the preferred therapeutic
approach (5). Among the visceral branches affected in aortic
dissection, renal artery involvement is the most common,
and renal malperfusion significantly contributes to an
unfavorable prognosis in affected patients (6). The efficacy
of vascular repair hinges on the identification of the primary
entry tear of aortic dissection, with the size and location of
re-entry tears exerting a direct impact on the enhancement
of postoperative blood flow in branch arteries originating
from the false lumen (7). Despite this, prior studies have
not conducted a comprehensive analysis encompassing
both morphology and hemodynamics, nor have they
quantitatively assessed the location and size of re-entry tears.
Clinical studies have suggested that the distal re-entry tears
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play a significant role in the remodeling of the true lumen
and thrombosis of the false lumen following TEVAR. Of
particular note, the tear count, area, and maximum distance
of re-entry tears have been suggested as the risk factors of
incomplete thrombosis in the post-TEVAR false lumen
(8,9). As re-entry tears are the only channel connecting the
true lumen and false lumen, they are a key determinant of
the postoperative treatment effect received by patients. A
computational fluid dynamics simulation studies found out
that an increase in the number of re-entry tears can lead
to an increase in the total area of re-entry tears. When
tear count and total area are fixed, this may increase the
distance between tears, which will lead to an unfavorable
hemodynamic environment for the initiation and formation
of thrombosis, resulting in a decrease in the thrombosis rate
in the false lumen following TEVAR (10). Consequently, in
this study, we aimed to ascertain whether a comprehensive
quantitative analysis of the re-entry tear index (RTI)
can serve as a predictive indicator for postoperative
improvement in renal perfusion. The RTT for each re-entry
tear was calculated as the ratio of the maximum diameter
of the re-entry tear (b) to the distance between the re-entry
tear and the involved renal artery (a), as depicted in Figure 1.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-206/rc).

Methods
Study design and patients

Patients diagnosed with acute or subacute type B aortic
dissection with concomitant renal artery involvement who
underwent TEVAR at Anzhen Hospital in Beijing from
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RTI = b/a

Figure 1 A schematic of the RTIL. RTT, re-entry tear index.

October 2017 to November 2021 were enrolled in this
study. The inclusion criteria were as follows: (I) diagnosis
of acute (1-14 days) or subacute (15-90 days) Stanford type
B aortic dissection based on established criteria (11,12);
(IT) specific classifications of type B aortic dissection,
namely B38, B39, B310, and B311 (13); (III) presence of
renal artery involvement, defined as the extension of aortic
dissection to the level of the renal artery and beyond; (IV)
a scheduled TEVAR procedure; and (V) the renal arteries
affected are predominantly or entirely supplied by the false
lumen. Meanwhile, the exclusion criteria were as follows:
(I) a history of renal disease; (II) prior aortic surgery; (I1I)
presence of coronary artery disease or cardiac insufficiency;
(IV) chronic obstructive pulmonary disease; or (V)
autoimmune disorders. A total of 137 eligible patients,
comprising of 93 males and 44 females, were included in
the study. This study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013) and was
approved by the ethics committee of Beijing Anzhen
Hospital (No. 2023123X). Informed consent was obtained
from all participating patients.
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Procedures

Clinical data

Medical records, encompassing demographic data, clinical
characteristics, medical history, pharmacological history,
laboratory findings, imaging results, and treatment
strategies at discharge, were collected. Body mass index
(BMI) was calculated by dividing the weight in kilograms
by the square of the height in meters (kg/m’). Hypertension
was defined as blood pressure >140/90 mmHg without
the use of antihypertensive drugs (14). Dyslipidemia was
defined as fasting levels of triglycerides >1.7 mmol/L,
total cholesterol >5.2 mmol/L, low-density lipoprotein
cholesterol (LDL-C) >3.4 mmol/L, and/or high-density
lipoprotein cholesterol (HDL-C) <1.0 mmol/L (15).
Diabetes mellitus was defined as blood glucose levels
>7.0 mmol/L under fasting conditions, >11.1 mmol/L at
2 hours postmeal or at a random time, and/or levels of
glycosylated hemoglobin (A1C) >6.5 (16). Smoking history
was classified as either being a former smoker or a current
smoker. The estimated glomerular filtration rate (¢GFR)
was calculated using the following formula: 186 x serum
creatinine (mg/dL) - 1.154 x age - 0.203 x 0.742 (if female)
(mL/min/1.73 m®) (17). Biochemical tests were conducted
using standard methods in an AU5400 chemistry analyzer
(Beckman Coulter, Danaher, Brea, CA, USA), and serum
creatinine measurements were obtained through an isotope
dilution mass spectrometry-traceable method. Serum
creatinine levels and eGFR were assessed 24 hours before,
24 hours after, and 6 months after TEVAR.

Imaging data

Aortic computed tomography angiography (CTA)
examinations were conducted within 3 days prior to TEVAR
and at 3 days, 1 month, and 6 months following TEVAR.
Measurements of the diameter of the abdominal aorta,
true lumen, and false lumen at the level of the left renal
artery were concurrently obtained. The diameter of the
primary entry tear was assessed preoperatively. Six months
after TEVAR, the observation of false-lumen remodeling
encompassed the stent segments, distal thoracic aorta
segments, and abdominal aorta segments, involving the
formation and absorption of thrombus within the false
lumen. Inadequate remodeling indicated the presence of
unabsorbed false lumen thrombosis, partial thrombosis,
or the absence of thrombosis. Two vascular ultrasound
doctors who had worked for more than 10 years performed
aortic ultrasound examination within 24 hours preceding
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Patients admitted with acute/subacute Stanford
type B aortic dissection (n=227)

Y

\4

Preoperative CTA diagnosis of branch artery
involvement and splanchnic perfusion (n=172)

Excluded (n=55)
¢ A history of renal disease (n=14)
 Prior aortic surgery (n=9)
® Presence of coronary artery disease or
cardiac insufficiency (n=15)
e Chronic obstructive pulmonary disease (n=12)
¢ Autoimmune disorders (n=5)

Excluded (n=11)

¢ No renal artery involvement (n=8) <

e Bilateral renal artery involvement (n=3)

Patients scheduled for TEVAR (n=161)

Blood flow parameters of the affected renal artery
measured by ultrasound 24 hours before TEVAR

Laboratory tests for renal function 24 hours
before TEVAR

Reconstructed CTA images used to calculate the
mean RTI of re-entry tears

Excluded (n=14)

A

¢ Incomplete ultrasound data (n=6)
¢ Incomplete laboratory data (n=8)

DSA + TEVAR (n=147)

Blood flow parameters of the affected renal artery
measured by ultrasound 24 hours after TEVAR

Serum creatinine and eGFR measured 24 hours
and 6 months after TEVAR

CTA reviewed at 3 days, 1 month and 6 months
after TEVAR

Excluded (n=10)

A

e |ost to follow-up (n=6)
¢ Incomplete ultrasound data (n=4)

Statistical analysis (n=137)
A: n=44; B: n=93

Figure 2 Flowchart of the study. CTA, computed tomography angiography; TEVAR, thoracic endovascular aortic repair; RTT, re-entry tear

index; DSA, digital subtraction angiography; eGFR, estimated glomerular filtration rate.

and following TEVAR and mutually confirmed that the
ultrasound images and measurement results met the
inclusion criteria. The study flowchart is depicted in Figure 2.
CTA was performed using a multidetector computed
tomography (CT) scanner (SOMATOM Definition
FLASH, Siemens Healthineers, Erlangen, Germany) with
a tube voltage of 120 kV and a current of 400 mA. Images
were acquired with a slice thickness of 0.5 or 0.75 mm. An
iopramide (350 mg/mL) contrast agent was administered
at a rate of 4.0 mL/s. The volume data were transmitted
to Vitrea 2.0 workstation (Canon Medical Systems, Tokyo,
Japan) for image analysis through virtual reality and
multiplanar reformation technologies.

Ultrasonographic quantification of renal perfusion

The software of the ultrasonography system (EchoPAC,
GE HealthCare, Chicago, IL, USA) was used to acquire
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the following hemodynamic parameters for the main renal
artery and ascending aorta (AAO): peak systolic velocity
(PSV), end-diastolic velocity (EDV), mean diastolic velocity
(MDV), time-averaged maximum velocity (TAMAX), time-
averaged velocity (TAMEAN), volume flow (VolFlow),
resistance index (RI), heart rate (HR), and inner diameter
(D) (Figure 3). Quantitative estimation of renal blood flow,
representing the average volume of blood flowing through
the main renal artery per minute, was conducted using the
following formula (18): VolFlow (mL/min) = TAMEAN
(em/s) x [D (em)/2]* x T x 60. The measured site for the
renal artery was the distal normal trunk of the involved
segment. Aortic blood flow was assessed at the aortic valve.
Because the renal artery blood flow after TEVAR
changes from that before operation, most of the blood
flow will increase, and a small part of the blood flow
will decrease. Based on the ultrasound findings of renal
artery flow, which indicated whether the flow exhibited an
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Figure 3 The flow parameter measuring software suite was employed to acquire the hemodynamic parameters. (A) The hemodynamics

of the left renal artery. (B) The hemodynamics of the right renal artery. PS, peak systolic velocity; ED, end-diastolic velocity; MD, mean

diastolic velocity; TAMAX, time-averaged maximum velocity; PI, pulsatility index; RI, resistance index; Accel, acceleration; AT, acceleration

time; TAMEAN, time-averaged velocity; VolFlow, volume flow; HR, heart rate; VF Diam, volume flow diameter; AC, angle correct; LRA,

left renal artery; RRA, right renal artery; FR, frame frequency; CHI, contrast harmonic imaging; Frq, frequency; Gn, gain; D, depth; AO,

audio output power; CF, color flow; PRE, pulse repetition frequency; WE, wall filter; PW, pulsed-wave Doppler; SV, sample volume; SVD,

sample volume depth.

increase or decrease subsequent to TEVAR, patients were
classified into two groups: group A (postoperative VolFlow
reduced compared to preoperative VolFlow) and group B
(postoperative VolFlow increased compared to preoperative
VolFlow). Ultrasound examinations were performed with
a Vivid 9 ultrasound system (GE HealthCare) equipped
with a 4C-D transducer (frequency range, 1.6-6.0 MHz)
and a M5S-D transducer (frequency range, 1.5-4.5 MHz).
Doppler settings were standardized with a gain of 50, a
pulse repetition frequency of 5 MHz, and a sample volume
of 2-32 mm.

Calculation of RTI

The calculation of RTI was conducted based on
preoperatively obtained reconstructed CTA images
(Figure 4). All re-entry tears present in the aortic trunk
were included in the analysis. The number of re-entry
tears was documented, and for each re-entry tear, both the
maximum diameter and the distance from the involved
renal artery were measured. The RTT for each re-entry
tear was computed as the ratio of the maximum diameter
of the re-entry tear (a) to the distance between the re-entry
tear and the involved renal artery (b). The mean RTT was
determined as the average of individual RTT values; i.e.,
(RTT, + RTT, + RTL, + ... + RTT)/n.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

TEVAR procedure

A stent graft, measuring approximately 15-20 cm in
length and with an oversizing of about 10%, was primarily
deployed to cover the proximal entry tear, ensuring proximal
landing zones of at least 1.5 cm. The distal landing zones
of the stent graft were consistently positioned above the
diaphragm, providing coverage from zone 3 to zone 5 (19).
If the proximal landing zones were <1.5 cm, adjunctive
procedures such as chimney stenting or bypass surgery
were deemed necessary. Technical success was considered
achieved when the stent graft was accurately deployed,
effectively covering the primary tear without causing
proximal endoleak, severe complications, or intraoperative
death. In this study, membrane-covered stents, specifically
the Valiant Captivia stents (Medtronic, Minneapolis, MIN,
USA), were used in TEVAR.

Statistical analysis

Numerical data conforming to a normal distribution were
presented as the mean = standard deviation, with group
comparisons being conducted with the Student z-test. If
the data did not conform to a normal distribution, the
nonparametric test method was used. Categorical data
were expressed as frequency counts and percentages, and
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Figure 4 The average RTT was determined using preoperative CTA image reconstruction. (A) A coronary view of an abdominal aortic

dissection accompanied by a distal re-entry tear. (B) The distance between the involved renal artery and the distal re-entry tear of the renal

artery. (C) The maximum diameter of the cross-section of the distal re-entry tear of the renal artery. (D) An oblique measurement of the

maximum diameter of the distal renal artery re-entry tear. RTT, re-entry tear index; CTA, computed tomography angiography.

group comparisons were conducted via the chi-square test.
Univariate and multivariate logistic regression analyses were
undertaken to assess risk factors associated with heightened
renal arterial blood flow subsequent to TEVAR. Inclusion
of variables in the multivariate analysis was determined
based on the results of the univariate analysis with a P
value <0.1 and clinical significance. Receiver operating
characteristic (ROC) curve analysis, along with DeLong
test, was conducted to ascertain the optimal cutoff value
and the predictive efficacy of the RTT in enhancing renal
arterial blood flow. A two-sided P value <0.05 indicated
a statistically significant difference. The analyses were

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

conducted using SPSS version 22.0 (IBM Corp., Armonk,
NY, USA).

Results
Baseline characteristics of patients

In this study, a group of 137 patients diagnosed with acute
(n=32) or subacute (n=105) type B aortic dissection and
renal artery involvement underwent TEVAR. The TEVAR
procedure was successful in all cases, resulting in a 67.9%
increase in renal blood flow after TEVAR. Among the
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Table 1 Baseline characteristics of patients

Liu et al. RTI predicts renal perfusion

Variables Group A (n=44) Group B (n=93) P value
Clinical data
Age (years) 53.14+10.63 51.32+11.25 0.036
Male 27 (61.4) 66 (71.0) 0.553
BMI (kg/m?) 25.11+7.30 23.05+7.25 0.231
SBP (mmHg) 145+36 153+22 0.212
DBP (mmHg) 94+26 83+19 0.056
Medical history
Hypertension 26 (59.1) 57 (61.3) 0.031
Dyslipidemia 29 (65.9) 51 (54.8) 0.555
Diabetes 19 (43.2) 52 (55.9) 0.677
Smoking 33 (75.0) 45 (48.4) 0.91

Data are presented as mean + SD or n (%). Group A: postoperative VolFlow reduced compared to preoperative VolFlow; group B:
postoperative VolFlow increased compared to preoperative VolFlow. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic

blood pressure; SD, standard deviation; VolFlow, volume flow.

Table 2 Comparison of laboratory test data between the two groups

Variables Group A (n=44) Group B (n=93) P value
Serum creatinine (umol/L)
24 hours preoperation 81.20+26.80 78.70+36.30 0.022
24 hours postoperation 82.55+25.54 94.2+62.30 0.443
6 months postoperation 72.35+£28.14 70.1+27.30 0.755
eGFR (mL/min/1.73 m?)
24 hours preoperation 105.90+21.30 90.10+18.20 0.877
24 hours postoperation 91.10+19.20 86.10+18.50 0.255
6 months postoperation 119.90+26.8 101.10+17.30 0.092

Data are presented as mean + SD. Group A: postoperative VolFlow reduced compared to preoperative VolFlow; group B: postoperative
VolFlow increased compared to preoperative VolFlow. eGFR, estimated glomerular filtration rate; SD, standard deviation; VolFlow, volume flow.

enrolled patients, 83 (60.6%) had concurrent hypertension,
78 (56.9%) had a history of smoking, 71 (51.8%) had
diabetes mellitus, and 80 (58.4%) had dyslipidemia (7able 1).

The preoperative CTA examination revealed a total
of 308 re-entry tears, representing an average of 2.25 re-
entry tears per patient. The distribution of these re-entry
tears was as follows: 60 (19.5%) between the primary entry
tear and the abdominal trunk, 156 (50.6%) between the
abdominal trunk artery and the right renal artery, and 92
(29.9%) below the right renal artery.

Among the patients, 44 (32.1%) were assigned to group

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

A and 93 (67.9%) to group B (1able 1). The laboratory data
(serum creatinine and eGFR) (Table 2), CTA data (such as
whether the false lumen entirely supplied the renal artery
and the number of re-entry tears) (7zble 3), ultrasound
data (PSV, EDV, TAMEAN, VolFlow) (Tuable 4), covered
stent for TEVAR, and false-lumen remodeling (7able 5)
were collected. Compared to group A, patients in group B
exhibited a younger age (P=0.036) and lower preoperative
24-hour serum creatinine levels (P=0.022) among patients
with acute/subacute type B aortic dissection and renal artery
involvement. Group B also displayed a higher prevalence
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Table 3 Comparison of CTA data between the two groups

Variables Group A (n=44) Group B (n=93) P value

False-lumen supply for the renal artery

Whole from the false lumen 15 (34.1) 38 (40.9) 0.034

Partial from the false lumen 29 (65.9) 55 (59.1) 0.228

Re-entry tear

One 5 (11.4) 11(11.8) 0.094
Two 13 (29.5) 13 (14.0) 0.771
More than two 26 (59.1) 69 (74.2) 0.087
RTI 0.030::0.029 0.034+0.023 0.005

Data are presented as n (%) or mean + SD. Group A: postoperative VolFlow reduced compared to preoperative VolFlow; group B:
postoperative VolFlow increased compared to preoperative VolFlow. One, one re-entry tear; two, two re-entry tears; more than two, more
than two re-entry tears. CTA, computed tomography angiography; RTI, re-entry tear index; SD, standard deviation; VolFlow, volume flow.

Table 4 Comparison of ultrasound data of renal artery between the two groups

Variables Group A Group B P value

Preoperative 24 hours
PSV (cm/s) 112123 91+24 0.441
EDV (cm/s) 26+9 25+4 0.076
TAMEAN (cm/s) 31+7 29+7 0.332
VolFlowg, (ML/min) 468+119 392+125 0.221
VolIFlowse (ML/min) 3,706+944 3,755+989 0.937
VolFlowga/VolFlowae 0.165+0.062 0.163+0.079 0.811

Postoperative 24 hours
PSV (cm/s) 104£19 97+23 0.233
EDV (cm/s) 2615 26+6 0.655
TAMEAN (cm/s) 2816 3317 0.066
VolFlowg, (mL/min) 489+157 420+189 0.330
VolIFIow,ao (ML/min) 3,725+901 3,925+1,001 0.337
VolIFlowga/VOIFIoW s 0.164+0.077 0.167+0.066 0.091

Data are presented as mean + SD. Group A: postoperative VolFlow reduced compared to preoperative VolFlow; group B: postoperative
VolFlow increased compared to preoperative VolFlow. PSV, peak systolic velocity; EDV, end-diastolic velocity; TAMEAN, time-averaged
velocity; VolFlow, volume flow; VolFlow,,, ascending aorta volume flow; VolFlowg,, renal artery volume flow; SD, standard deviation.

of a history of hypertension (P=0.031), complete renal
artery supply from the false lumen (P=0.034), and a higher
RTT value of (P=0.005). Moreover, poorer remodeling,
specifically partial thrombosis (P=0.014) in the false lumen
of abdominal aorta segments was more frequently observed
in group B than in group A.

In the comparison of measures before operation to
those after operation, significant statistical differences
were observed in the true-lumen diameter (P=0.01), false-
lumen diameter (P=0.030), true-lumen velocity (P=0.011),
and false-lumen velocity (P=0.043). Specifically, the true
lumen exhibited an enlargement with an increased flow
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Table 5 Data of patients with subacute type B aortic dissection and renal artery involvement
Variables Group A (n=44) Group B (n=93) P value
TEVAR covered stent

Proximal diameter (mm) 0.661
28 6 (13.6) 11(11.8)
30/32/34 38 (86.4) 78 (83.9)
36/38/40 0 4 (4.3

Length (mm) 0.544
200 40 (90.9) 85 (91.4)
150 49.1) 8 (8.6)

False-lumen remodeling
Stent segment
Complete absorption 31 (70.5) 81 (87.1) 0.778

Poor remodeling

Unabsorbed thrombosis 13 (29.5) 11 (11.8) 0.902
Partial thrombosis 0 1(1.1) 0.445
No thrombosis 0 0 -

Distal thoracic aorta segment

Complete absorption 15 (34.1) 49 (52.7) 0.667
Poor remodeling
Unabsorbed thrombosis 7 (15.9) 8 (8.6) 0.551
Partial thrombosis 17 (38.6) 19 (20.4) 0.9
No thrombosis 5(11.4) 17 (18.3) 0.732
Abdominal aorta segment
Complete absorption 10 (22.7) 20 (21.5) 0.554
Poor remodeling
Unabsorbed thrombosis 4(9.1) 8 (8.6) 0.335
Partial thrombosis 22 (50.0) 54 (58.1) 0.014
No thrombosis 8(18.2) 11 (11.8) 0.096
Abdominal aorta (preoperation, left renal artery plane)
TL diameter (cm) 11.3+£3.0 12.7+£3.9 -
PSV;_ (cm/s) 63+34 72+39 -
FL diameter (cm) 14.2+5.7 15.6+£5.4 -
PSVe, (cm/s) 7129 65+39 -

Abdominal aorta (24 hours postoperation, left renal artery plane)

TL diameter (cm) 14.7+4.9 14.3+4.1 -
PSV;, (cm/s) 73144 73+32 -
FL diameter (cm) 12.6+4.4 14.2+5.7 -
PSV¢, (cm/s) 45+19 51+22 -

Data are presented as n (%) or mean + SD. Group A: postoperative VolFlow reduced compared to preoperative VolFlow; group B:
postoperative VolFlow increased compared to preoperative VolFlow. TEVAR, thoracic endovascular aortic repair; TL, true lumen; PSV;, peak
systolic velocity of true lumen; FL, false lumen; PSV, peak systolic velocity of false lumen; SD, standard deviation; VolFlow, volume flow.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2024;14(9):6222-6237 | https://dx.doi.org/10.21037/qims-24-206



Quantitative Imaging in Medicine and Surgery, Vol 14, No 9 September 2024 6231

velocity, while the false lumen displayed a reduction in size
accompanied by a decreased flow velocity. Notably, no new
re-entries were detected in group A, whereas 15 patients in
group B exhibited the emergence of new re-entries.

Six months after TEVAR, 71 patients (51.8%) (59 from
group B and 12 from group A) exhibited a decrease in
serum creatinine along with an increase in eGFR, indicating
improved renal function. Conversely, 66 patients (48.2%)
experienced an increase in serum creatinine paired with a
decrease in eGFR, reflecting no significant improvement in
renal function. The mean value of serum creatinine reached
the peak value and eGFR decreased to the lowest value at
24 hours after operation in both groups (Table 2).

In group A, ultrasound examination revealed that the
AAO VolFlow was 3,706+944 mL/min preoperatively and
3,725£901 mL/min postoperatively (P=0.937). The VolFlow
renal artery:AAO ratio, representing the ratio of arterial
blood flow to aortic blood flow in the affected kidney, was
0.165+0.062 preoperatively and 0.164+0.077 postoperatively
(P=0.811). Conversely, in group B, ultrasound examination
revealed that the AAO VolFlow was 3,755+989 mL/min
preoperatively and 3,925+1,001 mL/min postoperatively
(P=0.337). The VolFlow renal artery:AAO ratio was
0.163+0.079 preoperatively and 0.167+0.066 postoperatively
(P=0.091) (Tuble 4).

Risk factor analysis for increased renal arterial blood flow
post-TEVAR

The univariate statistical analysis of age, gender, BMI,
medical history (hypertension, dyslipidemia, diabetes,
smoking), serum creatinine, whether the involved renal
artery arose partially or wholly from the false lumen,
proximal diameter and length of covered stent, diameter of
the primary entry tear, RTI, etc. was completed. To identify
risk factors associated with increased renal arterial blood
flow after TEVAR, a multivariate analysis was conducted.
This analysis incorporated age, preoperative serum
creatinine levels at 24 hours, a history of hypertension,
complete renal artery supply from the false lumen,
poorer remodeling (partial thrombosis), primary entry
tear diameter, and RTI. eGFR was not included in the
multivariate analysis, as it was calculated from serum
creatinine. In the multivariate analysis, the independent risk
factors for renal artery involvement in acute and subacute
type B aortic dissection were a history of hypertension
[odds ratio =5.87; 95% confidence interval (CI): 1.39-11.77;
P=0.032] and RTT (odds ratio =14.70; 95% CI: 3.13-66.55;

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

P=0.020) (Table 6).

ROC curve analysis revealed that the area under the
ROC curve (AUC) of RTT for identifying increased renal
arterial blood flow after TEVAR in patients with no
history of hypertension was 0.789 (95% CI: 0.599-0.960;
P=0.011). The optimal cutoff value was determined to be
0.033, providing 90.9% sensitivity and 54.5% specificity
(Figure 5A). Similarly, in patients with a history of
hypertension, RTT yielded a 96.6% sensitivity and a 60.0%
specificity in identifying increased renal arterial blood
flow (AUC =0.792; 95% CI: 0.643-0.941; P=0.021) in
acute/subacute type B aortic dissection with renal artery
involvement (Figure 5B), and the optimal cutoff value was
also 0.033. The ROC curve of RTT in the whole cohort had
a sensitivity of 100% and a specificity of 50% (AUC =0.750;
95% CI: 0.540-0.960; P=0.048), and the cutoff value was
0.033 (Figure 6).

The relationship between mean RTT and the increase
in post-TEVAR renal blood flow appeared roughly linear
(Figure 7). At the 6-month follow-up after surgery, two
cases demonstrated a reduction in kidney volume, with
kidney lengths decreasing from 9.5 and 9.3 cm before
surgery to 8.5 and 8.3 cm after surgery, respectively, with
the corresponding RTT values being 0.034 and 0.011.

Discussion

The objective of this study was to investigate the predictive
capacity of the RTT in assessing the enhancement of
postoperative renal perfusion among patients with acute
or subacute type B aortic dissection with renal artery
involvement. Our findings indicate that RTT can function
as an independent risk factor influencing changes in renal
perfusion, providing valuable insights into the potential
improvement of compromised renal perfusion. Notably,
patients with a history of hypertension demonstrated
heightened sensitivity and specificity at the same RTI
cutoff value (0.033) compared to their counterparts without
hypertension. This phenomenon can be attributed to the
diminished elasticity of vessel walls in patients who are
hypertensive and to the attenuated remodeling capacity
of vessel walls following surgery. Consequently, the
redistribution of blood flow pressure between the true
and false lumens becomes more contingent on the passage
between the two, namely the re-entry tears.

Despite the recognized significance of the number of
re-entry tears as a potential determinant influencing the
progression of type B aortic dissection, previous studies
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Table 6 Risk factor analysis for increased renal arterial blood flow after TEVAR

Univariate analysis

Multivariate analysis

Preoperative parameters

Odds ratio 95% Cl P value Odds ratio 95% ClI P value
Clinical data
Age 1.10 1.06-1.15 0.074 0.95 0.53-3.07 0.220
Male 0.71 0.73-2.31 0.931
BMI 0.12 0.91-1.13 0.773
Medical history
Hypertension 3.76 0.56-1.07 0.021 5.87 1.39-11.77 0.032
Dyslipidemia 0.94 0.81-1.53 0.171 0.21 0.05-0.77 0.472
Diabetes 0.33 0.90-1.33 0.172
Smoking 1.00 1.01-1.33 0.371
Laboratory data
Serum creatinine 1.41 0.38-5.21 0.031 0.41 0.08-3.21 0.561
eGFR 0.65 0.48-7.03 0.370
False-lumen supply
Whole from false lumen 3.09 0.78-5.21 0.051 1.22 0.67-4.21 0.120
Partial from false lumen 0.45 0.18-1.03 0.370
Covered stent
Proximal diameter 0.65 0.07-3.15 0.120 0.44 0.28-1.21 0.061
Length 0.60 0.25-2.23 0.341
Diameter of primary entry tear 1.21 0.40-2.11 0.044 0.39 0.21-2.20 0.332
RTI 8.34 3.03-11.87 0.011 14.70 3.13-66.55 0.020

TEVAR, thoracic endovascular aortic repair; Cl, confidence interval; BMI, body mass index; eGFR, estimated glomerular filtration rate; RTI,

re-entry tear index.

have been limited in achieving real-time quantitative
analyses of the relationship between re-entry tears and
hemodynamic shifts in arterial branches (20,21). The
evidence indicates that an escalation in the number of tears
facilitates the redistribution of flow from the false lumen
to the true lumen, providing additional pathways for blood
flow between the lumens (20-23). This redistribution results
in changes in velocity patterns, including changes in velocity
magnitudes and VolFlow in the aorta and its branches,
thereby directly impacting branch perfusion. However, our
study revealed no significant changes in the ratio of VolFlow
renal artery:AAO ratio after surgery in the two groups,
potentially due to the absence of comprehensive renal artery
dissection in these patients. Although following surgery, the
renal VolFlow decreased in group A but increased in group

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

B, the VolFlow renal artery:AAQO ratio remained relatively
stable in both groups. This observation prompts further
investigation in subsequent studies.

Our study demonstrated a roughly linear correlation
between mean RTT and the augmentation in post-TEVAR
renal blood flow increase. Larger re-entry tear diameters,
coupled with shorter distances from the implicated renal
artery, corresponded to elevated RTT values (>0.033), which
is indicative of an improvement in blood flow to the affected
renal artery subsequent to surgery. Notably, patients with
subacute type B aortic dissection who underwent TEVAR
exhibited positive clinical outcomes.

Furthermore, distal re-entry tears were observed in all
patients, with the positioning of the trunk abdominal artery
when compared to the double renal artery exhibiting a
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multifaceted pattern. This observation may be attributed to
the profusion of visceral artery branches in this anatomical
region. As blood descends subsequent to the primary
breach into the middle layer, it encounters these branches,
prompting changes in the blood flow direction and
consequent inner membrane tears of the visceral artery at
the opening. Consequently, a higher prevalence of re-entry
tears was identified between the abdominal trunk and renal
arteries, potentially explaining the observed enhancement
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Figure 7 Scatter plot illustrating the correlation between RTI
and the elevation in postoperative renal blood flow subsequent to
TEVAR. VolFlow, volume flow; RTT, re-entry tear index; TEVAR,

thoracic endovascular aortic repair.

in renal artery flow after TEVAR in most patients (67.9%)
within this group.

Injuries to branches of the abdominal aorta can receive
blood supply from either a single true lumen, a single
false lumen, or both true and false lumens. After TEVAR,
the diameter of the false lumen in the abdominal aorta
shrinks, gradually leading to thrombosis and diminished
patency. These factors may contribute to inadequate blood
supply to arterial branches fed by the false lumen. There
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have been clinical cases reported of kidney atrophy and
necrosis following TEVAR (24). Rectifying all branches of
the abdominal aorta through intervention to supply blood
from the true lumen after TEVAR requires considerable
time and effort, and this approach is not recommended in
the relevant guidelines. Hence, preoperative assessment of
renal artery risk stratification through noninvasive imaging
assumes particular significance. Given the relatively low
incidence of cases and the heterogeneity of type B aortic
dissection subtypes, formulating risk-stratification tools for
this condition poses challenges but remains imperative for
refining personalized and cost-effective treatment selection.
In this context, both morphological and hemodynamic
assessments are rapidly evolving. Our study integrated
morphology (location and size of re-entry tears observed
through CTA) and hemodynamics (quantitative analysis of
changes in renal arterial blood flow through ultrasound) to
clarify the intrinsic relationship between these two facets.

The results from our study revealed a significant
correlation between the size and location of distal re-
entry tears and the improvement in renal artery blood flow
following TEVAR. The underlying mechanism involves
the false lumen-perfused visceral arteries, which induce
negative aortic remodeling by sustaining continuous
patency of the false lumen (11,12,18,25). Previous research
has demonstrated that patients with false-lumen perfusion
of the visceral arteries exhibit more extensive dissection, a
larger false-lumen volume, and a greater prevalence of distal
re-entry tears (26). In cases of aortic dissection involving the
renal artery level, distal re-entry tears frequently manifest in
the region above the celiac trunk to the termination of the
abdominal aorta. These tears serve as significant conduits
for blood flow from the true lumen to the false lumen,
resulting in the reversal of perfusion in the affected renal
artery after TEVAR. This pathophysiological alteration,
characterized by retrograde blood supply through the distal
re-entry tear of the dissection, constitutes the pathological
foundation for enhancing the blood supply to the implicated
renal artery following surgery.

The study conducted by Magee et al. demonstrated
a high patency rate of branch vessels after TEVAR for
type B aortic dissection (27). Notably, there was no
substantial difference in the patency rate between branch
vessels originating from the false lumen or both the true
and false lumen and those originating solely from the
true lumen (27). Our present study similarly observed an
increase in postoperative blood flow in the involved renal
artery for most patients. Moreover, the outcomes of our
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semiquantitative analysis of re-entry tears using the RTT
indicated that the RTT cutoff value has high sensitivity but
low specificity in predicting whether renal artery blood flow
can increase after TEVAR, resulting in an amount of false
positives and false negatives.

It is worth noting that certain patients in our study
had abnormal renal function before surgery. Despite the
RTTI values being greater than the cutoff, there was no
increase in renal arterial blood flow 24 hours following
surgery, and no enhancement in renal function was
observed at the 6-month follow-up, leading to instances
of false positives. This may be attributed to a significantly
lower preoperative renal artery blood flow compared to
that of a normal physiological state. Prolonged exposure
to a low hemodynamic state can result in diminished
renal perfusion pressure, causing damage to glomeruli
and tubules. Consequently, when renal tissue regains
blood supply following acute ischemia and hypoxia, renal
ischemia-reperfusion injury may occur, impeding the return
to normal and potentially exacerbating dysfunction and
structural damage. Therefore, in patients with preoperative
renal dysfunction and renal malperfusion identified via
ultrasound, the prognosis after TEVAR is unfavorable,
and the sole use of the RTT cutoff value is insufficient for
determining outcomes. Among the patients in our study,
71 (51.8%) exhibited improved renal function, while
66 (48.2%) demonstrated no improvement at 6 months
following TEVAR. The week following TEVAR included
the poorest renal function compared to 24 hours before
surgery and 6 months after surgery. The substantial use
of contrast agent during surgery likely impacted the swift
recovery of renal function (28,29). Contrast nephropathy
is being increasingly acknowledged as a major contributor
to medically induced renal insufficiency, with no current
effective treatment. With the improvement of renal blood
perfusion, renal function gradually recovers. Therefore, the
judicious selection of isotonic contrast agents with minimal
renal injury according to preoperative renal function is
crucial to safeguarding renal function.

Following the release of the Investigation of Stent Grafts
in Aortic Dissection (INSTEAD) XL trial, numerous
centers have adopted the practice of using TEVAR for
the treatment of uncomplicated subacute type B aortic
dissection, with the aim of achieving long-term remodeling
and enhanced survival (30). Our study included both
acute and subacute cases, with RTT potentially providing
additional predictive insights. Further investigations in
patients specifically diagnosed with acute type B aortic
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dissection are imperative to assess the utility of RTT in
predicting postoperative renal perfusion improvement in
this subgroup.

"This study was subject to several limitations which should
be addressed. First, the relatively low incidence of cases
and the heterogeneity of type B aortic dissection subtypes
pose challenges in developing risk stratification tools. The
number of patients with acute type B aortic dissection
was relatively limited, primarily due to the emergency
nature of treatment for these patients, precluding sufficient
time for measurements tailored for research purposes.
Additionally, the RTT threshold used in this study displayed
low specificity in determining whether renal artery flow
increased after TEVAR, resulting in some false positives
and false negatives. These limitations may be a result of the
sample size and the stochastic nature of the data or may be
inherent to the methodology itself. Consequently, further
large-scale studies are warranted to validate the clinical
significance of these findings.

Conclusions

RTT is a promising predictor for the improvement of
renal malperfusion subsequent to TEVAR in cases of
aortic dissection affecting the renal artery. Patients with
preoperative renal dysfunction and malperfusion on
ultrasound and CTA may experience an unfavorable
prognosis following TEVAR, with a diminished likelihood

that the renal malperfusion can be resolved.
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