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Abstract

nature of the renal artery involvement identifies potential rHTN.

ABBREVIATIONS

rHTN: Resistant Hypertension, CAD: Coronary Artery Disease,
TAD: Thoracic Aortic Dissection, TAAD: Thoracoabdominal
Aortic Dissection

INTRODUCTION

Thoracic aortic dissection (TAD) is a potentially disastrous
conditionwithahighimmediateandlongtermmortality [1,2]. TAD
has been classified into various subtypes. The most widely used
classification—the Stanford classification system [1]; considers
Type A dissections as those involving the ascending aorta while
Type B dissections involve the descending aorta without any
involvement of the ascending aorta. Thoracic aortic aneurysms
(TAA) can be more extensive and involve the abdominal
aorta and are referred to as thoracoabdominal aneurysms
(TAAA). Crawford proposed a TAAA classification based on the
anatomic extent of the aneurysm [3]. Type I involves most of the
descending thoracic aorta from the origin of the left subclavian
to the suprarenal abdominal aorta. Type II is the most extensive,
extending from the subclavian to the aortoiliac bifurcation. Type
[T involves the distal thoracic aorta to the aortoiliac bifurcation.
Type IV TAAAs mainly involve the abdominal aorta below the
diaphragm [3]. Thoracoabdominal dissections (TAAD) may be
considered with this general classification.

Although the etiology of TAD is complex involving factors
in the arterial wall that maintain aortic structure and function,

There is little longitudinal BP data in patients with thoracoabdominal aortic dissections (TAAD). In patients attending an aortic diseases clinic, thoracic aortic dissection (TAD)
having false lumen extensions past the renal arteries (Group 1) were compared to TAD without renal artery involvement (Group 2). Resistant hypertension (rHTN) was present in
28.6% of Group 1, significantly (p=0.038) greater than the 4.8% in Group 2. Group 1 had a significantly (p=0.04) greater prevalence of coronary artery disease. BP’s post-TAD
were not significantly different between the two groups likely due to the greater number of antihypertensive drugs used in rHTN. There was a higher proportion of ARB usage in
Group 1. TAAD, with the right renal artery supplied by the false lumen and the left renal artery supplied by a true lumen had the greatest prevalence (42.9%) of rHTN; significantly
(p<0.05) greater than other types of renal artery dissections. The data suggest, rHTN is prevalent in TAAA, necessitating vigorous treatment but good BP control is possible. The

hypertension is usually considered to be an important factor
in producing aneurysmal expansion which predisposes to the
dissection [4]. In thoracic aortic aneurysm (TAAA), hypertension
exacerbates the process of aortic expansion leading to dissection
[5,6]. Although the precise mechanisms responsible for the
dissection remain a matter of debate, elevated systemic arterial
blood pressure (BP) has been implicated in its pathogenesis [7,8].
Thoracoabdominal aortic dissection (TAAD) can involve the
renal arteries and have a risk of impairment in renal blood flow
producing ischemic kidney disease. Considering the role of Bthe
kidney in the genesis of hypertension, restricting renal blood
flow would be expected to further elevate BP [9,19].

While HTN in chronic TAD has been studied [10-12], HTN
in TAAD have not been examined in a systematic manner. The
objective of this study was to assess long-term blood pressures
post-TAAD, their pharmacological management, and whether
dissection induced variations in renal artery involvement impact
BP management in TAAD.

PATIENTS AND METHODS
Patients

The study population consisted of patients who attended
the Aortic Diseases Outpatient Clinic at a University Hospital.
A retrospective case review was conducted from the electronic
medical records of persons attending the Clinic during a 3 year
period. This study was approved by the Clinical Research Ethics

Cite this article: Parmar SS, Janusz MT, Rabkin SW (2022) Resistant Hypertension in Thoracoabdominal Aortic Dissection Involving the Renal Arteries. Ann

Vasc Med Res 9(4): 1153.



@SCiMedCentra]

Parmar SS, et al. (2022)

Board of the University of British Columbia (IRB Number (H16-
03047). All cases were reviewed. Cases were selected if they had
thoracoabdominal dissections and met the following (entry)
criteria (i) thoracoabdominal aortic dissection confirmed by CT
angiogram of the aorta (ii) the aortic dissection extended past the
renal arteries (iii) kidneys were supplied by renal arteries. The
exclusion criteria were: clinical evidence or a family history of a
known genetic cause of aneurysm or dissection such as Marfan’s
syndrome or Ehlers Danlos.

The electronic medical records were reviewed and data
extraction included the following clinical variables: age, sex,
systolic BP (SBP) and diastolic BP (DBP), cardiovascular risk
factors and location/site of TAD. The CT angiogram reports were
examined and data was extracted as to whether the aortic false
lumens extended past the renal arteries. Thoracoabdominal
dissections were classified according to the Crawford
classification [3]. Antihypertensive medications were recorded
and classified into the following Groups: f3-blockers (BB),
calcium channel blockers (CCB), angiotensin-converting enzyme
inhibitors (ACEi), angiotensin receptor antagonists (ARB),
diuretics (DIU) and centrally acting agents (CAA). The number
as well as combination of antihypertensive agents was recorded.

A control Group was selected, matching 1:1, of individuals
who had a TAD that did not involve the renal arteries. Individuals
in the control Group were matched by age and sex without
knowledge of their other clinical data.

Patients were considered as belonging to one of two groups
according to renal artery involvement. Renal artery involvement
was defined as CT imaging evidence of a dissection induced false
lumen extending to or past the renal arteries (Group 1). Patients
of Group 2 served as the control/comparison, defined as having
TAD’s without false lumen extension to the renal arteries. The
reported perfusion of the kidney from the true or false lumen
was recorded.

Statistical analysis

Data are presented as the mean + standard deviation for
continuous variables. Univariate continuous variables were
analyzed by unpaired t-test. Categorical variables were analyzed
by the Fisher’s exact test.

RESULTS

The subject characteristics showed a preponderance of men
(Table 1). The mean age was approximately 60 years and there
were no significant differences in age between TAD cases with
or without renal artery involvement for each sex. The majority
of patients in Group 1 had Crawford Type 1 (38.1%) or Type
2 (38.1%) TAAD’s. There was no significant difference in the
presumed site of origin of the aortic dissection between the
two patient groups. There was also no statistically significant
differencein the type of TAD suffered by patients in the two Groups
when categorized using the Stanford classification system; 66.7%
of those in Group 1 had Type A dissections compared to 71.4% of
cases in Group 2. The majority of individuals in both Groups had
surgery or TEVAR for their TAD.

Ahistory of coronary artery disease was significantly (p=0.04)
more frequent in persons with TAD involving the renal arteries.

Table 1: Shows the patient characteristics of subjects in the study.

TAD with TAD without
Renal artery renal artery P
involvement involvement | value
(n=21) (n=21)
Age (Years) 59.5+11.3 60.5+9.6 0.76
Sex (% Males) 67.70% 71.40% 1

Pre-existing hypertension 11 (52.4%) 10 (47.6%) 0.66

Crawford Classification

1 8 (38.1%) _ -
2 8 (38.1%) _ -
3 1 (4.8%) _ -
4 4 (19.1%) _ -
Stanford Classification Type 14 Type 15 033
of TAD A (66.7%) A (71.4%)

Tpre (33.73%) Tpre 6 (28.6%)
Presumed initial site of
dissection on aorta
Aortic root/sinus 3 (14.3%) 1 (4.8%) 1
Ascending aorta 5 (23.8%) 8 (38.1%)
Aortic arch/isthmus 4 (19.1%) 6 (28.6%)
Descending thoracic 9 (42.9%) 6 (28.6%)

aorta/ diaphragm

Aortic Surgery or TEVAR 15 (71.4%) 17 (80.9%) 0.27
Conditions/ risk factors

Cigarette smokers 3 (14.3%) 7 (33.3%) 0.064
Coronary artery disease 3 (14.3%) 1 (4.8%) 0.04
Dyslipidemia 9 (42.9%) 8 (38.1%) 0.65
Diabetes Mellitus 2 (9.5%) 2 (9.5%) 1

The cardiovascular risk factors assessed, including pre-existing
hypertension, history of smoking cigarettes, dyslipidemia,
and diabetes mellitus were not greater in the TAD with renal
involvement.

The proportion of resistant hypertension (rHTN) was
significantly (p=0.038) higher in Group 1 as compared to
Group 2 (Figure 1). The prevalence of resistant hypertension
was approximately six times greater in those with renal artery
involvement or 28.6% as compared to 4.8% in those without
renal artery involvement.

The medications prescribed to control BP were examined
(Figure 1). Amongst patients receiving 1 antihypertensive, a beta-
blocker was the drug of choice, with 83.3% of Group 1 patients
and 100% of Group 2 patients receiving a beta blocker. For
patients on two antihypertensive, the most common combination
was a beta-blocker with a calcium-channel blocker, in 60% of
patients in Group 1 and 80% of patients in Group 2. In patients on
3 antihypertensive, the most common combination was a beta-
blocker combined with a calcium channel blocker (CCB) and an
Angiotensin converting enzyme inhibitor (ACEi) or angiotensin@
receptor blocker (ARB) considered together as Renin angiotensin
aldosterone system inhibitor (RAASi). The next most common
combination of antihypertensive was a diuretic rather than a CCB.
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Figure 1 Show the proportion of patients in Groups 1 (upper panel)
(N=21) and Group 2 (N=21) (lower panel), taking one, two, three
or four antihypertensive agents and the specific combinations of
antihypertensive drugs used. The antihypertensive drugs were
3-blockers (BB), calcium channel blockers (CCB), renin-angiotensin-
aldosterone inhibitors (RAASI), diuretics (DIU) and centrally acting
agents (CAA).

Amongst patients on 4 or more antihypertensives, a beta-blocker,
CCB, diuretic, and ACEi/ARB was the choice, with 100% of Group
1 patients receiving such a combination. A greater proportion of
patients in Group 1 as compared to Group 2 were found to be on
ARB therapy (23.8% versus 4.8%).

The mean SBP over the first 24 months post-TAD was not
significantly different between the two patient groups (Figure
2). A similar finding was evident for the mean DBP as there was
no significant different in DBP between the two groups. Over the
first 24 months after-TAD, BP in those in Group 1 was 125.0/74.4
mmHg, compared to 123.7/70.9 mmHg in Group 2. Blood
pressure was also not significantly different between Groups 1
and 2 if men and women were examined separately.

Renal blood supply could originate from the true or false
aortic lumen (Figure 3). Examining the affected renal arteries
involved subdividing Group 1 into four different combinations
since the renal artery might perfuse either the right or left
kidney. Group 1a patients (n=6) were those having both left and
right renal artery blood supply from the true lumen. Group 1b
patients had both left and right renal artery supplied by the false
lumen (n=2). Patients in Group 1c received right renal artery
blood supply from a true lumen and left from a false lumen (n=6).
Group 1d had the left renal artery supplied by a true lumen and
right by a false lumen (n=7). Patients in Group 1d had the greatest
mean SBP (128.8 mmHg) over the first 12 months post-TAD, with
the next highest mean SBP of 125.2 mmHg found amongst Group
1a patients. Resistant hypertension was 3 times more prevalent
in Group 1d than in any other group (Figure 4). Group 1d also

contained the majority of patients taking 3 antihypertensive
agents. The mean and median number of antihypertensive agents
were found to be 3 and 3.1, respectively. These values were
greater than those found in Groups 1a (mean= 1.6, median= 1.5)
or 1c (mean= 2.3, median= 2.5) - Group 1b was not considered
for this analysis due to insufficient number of patients. There was
a significantly greater proportion of patients on three (p=0.024)
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Figure 2 shows the mean systolic and diastolic BP values in follow-up
after the occurrence of TAD for Group 1 and 2. Patients were seen in
the clinic on average 3 months after the occurrence of TAD. There was
no significant difference in BP values between the two groups over the
first 24 months after TAD.).

Left renal from true lumen

Right renal artery from false lumen

Figure 2 shows a CT angiogram of a case with the left renal artery
from the true lumen (top panel) and the right renal artery from the
false lumen (bottom panel).
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Figure 4 Displays the proportion of patients with resistant hypertension in thoracic aortic dissection without and with renal arteries as part of the
dissection (upper panel). The percentage or rHTN is shown according to the type of renal artery involvement. Patients with renal artery involvement
were considered according to source of renal blood supply for individuals taking 3 or more antihypertensive agents (lower right panel) or 4 or more

antihypertensive agents (lower left panel).

or four (p=0.023) antihypertensive agents when the left renal
artery originates form the true lumen and the right renal artery
arises from the false lumen.

DISCUSSION

Thisstudy systematically examined BPanditspharmacological
management in patients with TAAD’s involving the renal arteries.
The results of this study offer insights into the differing blood
pressure as well as the pharmacological management required to
maintain acceptable values in patients with TAAD, especially in
dissections involving the renal arteries.

We found a greater prevalence of resistant hypertension
(rHTN) amongst patients with TAD extending to the renal arteries
as compared to patients without renal artery involvement. The
definition of rHTN includes attaining a normal BP only upon use
of 4 or more antihypertensive drugs [13-15]. In the management
of patients with TAD’s involving the renal arteries, our findings
suggest that an expedited usage of 4 or more antihypertensive
drugs should be considered. This is consistent with the concept
that the greater the number of antihypertensive drugs the greater
the probability of achieving adequate blood pressure control in
patients with potential rHTN [10,16]. Indeed delay in controlling
BP to within acceptable limits is associated with adverse health
outcomes [13,14]. This may be especially relevant for patients
with conditions such chronic TAD that have increased mortality
[2]. The pathophysiology may involve a role for increased blood
pressure to produce greater wall stress in TAA [17] with a greater
probability of expansion.

With the use of a more intensive BP management strategy
in patients with TAAD involving the renal arteries, BP was
controlled to the same levels of patients who had TAD without
renal artery involvement. On average, BP’s were within an

acceptable range and there was no discernable difference in
either SBP or DBP over time after TAD between patients having
TAD with or without renal artery involvement.

Although the advantages of multiple antihypertensive agents
in controlling BP amongst patients with TAD’s has been discussed,
the drawbacks of polypharmacy should not be overlooked—
namely the predisposition to adverse drug interactions and the
associated costs patients incur [18]. The potential high mortality
in chronic TAD, however, should justify the use of effective
medication combinations. We found effective BP control with
combinations of antihypertensive agents that include ARBs.
Based on this observation, we speculate that the earlier inclusion
of ARB’s into treatment regimes in the subset of patients with
TAD’s involving the renal arteries may be advantageous.

Our finding that rHTN was 6 times more prevalent amongst
patients in with renal artery involvement compared to those
without renal artery involvement raises several possible
explanations. TAD with renal artery involvement may invoke
an altered physiological state requiring more pharmacological
interventions to control blood pressure. Reduced renal perfusion
should activate the renin-angiotensin-aldosterone system
(RAAS) [19]. Another explanation is that changes in aortic wall
structure in TAD may be a factor in producing rHTN [20]. The
greater proportion of patients with renal artery involvement
on ARB therapy suggests a potentially specific role for ARB’s in
managing BP in patients with TAAD involving the renal arteries.
This is consistent with the concept of RAAS activation in a
situation of impairment in renal blood flow [19]. Our data that
blood pressure is controlled in Group 1 patients suggests that
RAAS blockade is advantageous in this condition. This was also
suggested in a case report of TAD’s with false lumen extension to
the renal arteries [21].
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We found that patients with TAD involving the renal arteries
were more likely to have coronary artery disease. This finding is
consistent with epidemiologic data [8]. While not exactly similar,
our finding can be supported by the observation that patients
with abdominal aortic aneurysms also exhibit an increased
prevalence of coronary artery disease [22]. The explanation for
this association is uncertain. Elkalioube et al. suggested that this
is due to a the higher prevalence of smoking and hypertension
in patients with CAD [22].We did not find a difference in the
prevalence of smoking and hypertension in the two types of TAD.
Rather we suggest that other factors may be operative to account
for the association of coronary artery disease with this more
severe kind of TAD.

An additional observation that stemmed from the analysis
of patients separated by the nature of the involvement of the
renal arteries was the finding that those with a left renal artery
supplied by a true lumen and right by a false lumen had the
highest proportion of rHTN—with 42.9% taking 4 or more
antihypertensive agents—and a greater mean SBP over the
first year post-TAD. In particular, the proportion of rHTN was
significantly (p=0.023) higher in Group 1d as compared to other
Group 1 patients. The proportion of rHTN with individuals
taking 3 or more antihypertensive medications was also
significantly (p=0.024) greater in such persons with left renal
artery supplied by a true lumen and right by a false. There are
several potential explanations for this novel finding. It may be
consistent with the suggestion of Siegelmen et al. [23] that the
anatomic origin of the left renal artery makes it more likely to
be narrowed by an aortic dissection compared to the right renal
artery. Alternatively the right renal artery supplied from the false
lumen is the one compromising renal blood flow. We contend
that the nature of renal perfusion may then account for some
of the cases of rHTN. Compromised renal artery blood flow can
increase blood pressure through activation of RAAS, as well as
through the sympathetic nervous system [19]. This may also
be one explanation for the greater mean SBP over the first 12
months post-TAD amongst patients with this kind of dissection.
A clinical extrapolation would be to initiate more vigorous
antihypertensive drug therapy in patients with TAAD once left
renal artery involvement is identified. Finally, given the superior
aortic origin of Type A dissections, it was expected that the more
distally originating Type B dissections would have a propensity
for false lumen extension past the renal arteries and would thus
be more prevalent amongst Group 1 patients [24]. However
this was not the case and in fact Type A dissections exhibited
a majority in both Groups, in line with their expected 60-70%
constitution of all aortic dissections [24].

STUDY LIMITATIONS

There are several issues that warrantattention. First, the small
sample size is an issue. TAAD, however, is a less common type of
TAD so that the number of cases with this condition is usually
small. Second, the retrospective nature of this analysis constitutes
problems with data collection [25]. Data such as serum renin and
aldosterone were not available. The use of archival data often
lends itself to having to work with missing information, which in
this study meant variability in sample size for BP measurements
at some time points after TAD. Missing data reflects variance

in information recorded by medical professionals and have the
potential to create a challenge for retrospective studies [26,27].
These are the standard concerns for retrospective case control
studies. In studying conditions with small prevalence with the
need for longitudinal follow-up, however, retrospective case
control studies, such as the current study, are both essential and
may provide the only available data on the subject. Importantly
there is a greater emphasis now on the collection of non-clinical
trial data to learn from ‘real world’ experience. Third, manual data
abstraction is a source of bias in retrospective studies. However,
the potential for inaccuracy is small and is usually expected to
be less than 5% [28]. Furthermore we minimized bias by using a
predesigned data extraction methodology. Fourth, the number of
antihypertensive drugs was used as the definition of rHTN rather
that an approach that sought to systematically identify a priori
the optimal antihypertensive treatment through a standard
management protocol. This by its nature is the standard issue
with retrospective studies. However, the use of a high number
of antihypertensive drugs is an accepted definition of rHTN
[14,15]. Lastly, several other cardiovascular risk factors such as
BM], low physical activity, or ethnicity that were not considered
in this study may be of value in future an investigation in order
to discern any correlations with blood pressure following TAD’s
involving the renal arteries.

In summary, TAD involving the renal arteries is associated
with a six-fold and meaningful increased prevalence of rHTN. This
study supports the notion that TAD’s involving the renal arteries
does not compromise the ability to maintain acceptable BP’s when
combination therapy across the spectrum of antihypertensive
agents especially ARBs are used. The concomitant presence
of coronary artery disease shows a predilection for TAAD’s
involving the renal artery that warrants further research. Lastly
it should be emphasized that further sub-classification of TAAD’s
based on source of renal blood supply specifically the right renal
artery supplied by the false lumen and the left renal artery by
the true lumen identifies a subset with rHTN and the need for
additional antihypertensive drug therapy.

REFERENCES

1. Hiratzka LF, Bakris GL, Beckman JA, Bersin RM, Carr VF, Casey DE,
et al. 2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM
Guidelines for the Diagnosis and Management of Patients With
Thoracic Aortic Disease: Executive Summary. JAC. Elsevier Inc. 2010;
55:1509-44.

2. Erbel R, AboyansV, Boileau C, Bossone E, Bartolomeo R Di, Eggebrecht
H, et al. 2014 ESC Guidelines on the diagnosis and treatment of aortic
diseases: Document covering acute and chronic aortic diseases of
the thoracic and abdominal aorta of the adult. The Task Force for the
Diagnosis and Treatment of Aortic Diseases of the European Society of
Cardiology (ESC). Eur Heart]. 2014; 35: 2873-926.

3. Crawford ES, Coselli JS. Thoracoabdominal aneurysm surgery. Semin
Thorac Cardiovasc Surg. 1991; 3:300-22.

4. Rabkin SW. Accentuating and Opposing Factors Leading to
Development of Thoracic Aortic Aneurysms Not Due to Genetic or
Inherited Conditions. Front Cardiovasc Med. 2015; 2: 21

5. Frederick JR, Woo Y]. Thoracoabdominal aortic aneurysm. Ann
Cardiothorac Surg. 2012; 1: 277-85.

6. Melby SJ], Zierer A, Damiano RJ]J, Moon MR. Importance of blood

Ann Vasc Med Res 9(4): 1153 (2022)

5/6


https://pubmed.ncbi.nlm.nih.gov/25173340/
https://pubmed.ncbi.nlm.nih.gov/25173340/
https://pubmed.ncbi.nlm.nih.gov/25173340/
https://pubmed.ncbi.nlm.nih.gov/25173340/
https://pubmed.ncbi.nlm.nih.gov/25173340/
https://pubmed.ncbi.nlm.nih.gov/25173340/
https://pubmed.ncbi.nlm.nih.gov/1793767/
https://pubmed.ncbi.nlm.nih.gov/1793767/
https://pubmed.ncbi.nlm.nih.gov/26664893/
https://pubmed.ncbi.nlm.nih.gov/26664893/
https://pubmed.ncbi.nlm.nih.gov/26664893/
https://pubmed.ncbi.nlm.nih.gov/23977509/
https://pubmed.ncbi.nlm.nih.gov/23977509/
https://pubmed.ncbi.nlm.nih.gov/23282126/

@SCiMedCentra]

Parmar SS, et al. (2022)

pressure control after repair of acute type a aortic dissection: 25-year
follow-up in 252 patients. ] Clin Hypertens (Greenwich).2013; 15: 63-
8.

7. LeMaire SA, Russell L. Epidemiology of thoracic aortic dissection. Nat
Rev Cardiol. 2011; 8: 103-13.

8. Yeh TY, Chen CY, Huang JW, Chiu CC, Lai WT, Huang YB. Epidemiology
and Medication Utilization Pattern of Aortic Dissection in Taiwan: A
Population-Based Study. Medicine (Baltimore). 2015; 94: e1522.

9. Layton AT. Recent advances in renal hemodynamics: insights from
bench experiments and computer simulations. Am ] Physiol Renal
Physiol. 2015; 308: F951-5.

10.Eggebrecht H, Schmermund A, von Birgelen C, Naber CK, Bartel T,
Wenzel RR, et al. Resistant hypertension in patients with chronic
aortic dissection. ] Hum Hypertens. 2005; 19: 227-31.

11.Januzzi JL, Sabatine MS, Choi JC, Abernethy WB, Isselbacher EM.
Refractory systemic hypertension following type B aortic dissection.
Am | Cardiol. 2001; 88: 686-8.

12.Grajek S, Cieslinski A, Mitkowski P, Ochotny R, Pawlak B, Brocki Z, et
al. Results of long-term medical treatment of patients with arterial
hypertension complicated by aortic dissection. ] Hum Hypertens.
1995; 9: 987-92.

13.Modolo R, de Faria AP, Sabbatini AR, Barbaro NR, Ritter AM V,
Moreno H. Refractory and resistant hypertension: characteristics and
differences observed in a specialized clinic. ] Am Soc Hypertens. 2015;
9:397-402.

14.Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, et al.
Resistant hypertension: diagnosis, evaluation, and treatment: a
scientific statement from the American Heart Association Professional
Education Committee of the Council for High Blood Pressure Research.
Circulation. 2008; 117: e510-26.

15.Padwal RS, Rabkin SW, Khan N. Assessment and management of
resistant hypertension. CMAJ. 2014; 186: E689-97.

16.Amar ], Chamontin B, Genes N, Cantet C, Salvador M, Cambou JP. Why
is hypertension so frequently uncontrolled in secondary prevention?.
] Hypertens. 2003; 21: 1199-205.

17.Rabkin SW,JanuszMT. Aorticwall stressin hypertensionand ascending
thoracic aortic aneurysms: Implications for antihypertensive therapy.
High Blood Press Cardiovasc Prev. 2013; 20: 265-71.

18.Bushardt RL, Massey EB, Simpson TW, Ariail JC, Simpson KN.
Polypharmacy: misleading, but manageable. Clin Interv Aging. 2008;
3:383-9.

19.Siddiqi L, Joles JA, Grassi G, Blankestijn PJ. Is kidney ischemia the
central mechanism in parallel activation of the renin and sympathetic
system?. ] Hypertens. 2009; 27: 1341-9.

20.Zhang L, Pei Y, Wang L, Liao M, Lu Q, Zhuang Y, et al. Dramatic
decrease of aortic longitudinal elastic strength in a rat model of aortic
dissection. Ann Vasc Surg. 2012; 26: 996-1001.

21.Shimoyama M, Igawa G, Hashimoto M. Acute aortic dissection induced
renovascular hypertension. Heart. 2004; 90: 194.

22.Elkalioubie A, Haulon S, Duhamel A, Rosa M, Rauch A, Staels B, et
al. Meta-Analysis of Abdominal Aortic Aneurysm in Patients With
Coronary Artery Disease. Am | Cardiol. 2015; 116: 1451-6.

23.Siegelman SS, Sprayregen S, Strasberg Z, Attai LA, Robinson G. Aortic
dissection and the left renal artery. Radiology. 1970; 95: 73-8.

24.Dahnert W. Cardiovascular disorders: aortic dissection. Radiology
review manual. 5th ed. Philadelphia, Pa: Lippincott Williams & Wilkins
2;2003.

25.Jansen ACM, van Aalst-Cohen ES, Hutten BA, Buller HR, Kastelein JJP,
Prins MH. Guidelines were developed for data collection from medical
records for use in retrospective analyses. ] Clin Epidemiol. 2005; 58:
269-74.

26.Dworkin R]. Hidden bias in the use of archival data. Eval Health Prof.
1987; 10: 173-85.

27.Hess DR. Retrospective studies and chart reviews. Respir Care. 2004;
49:1171-4.

28.Pan L, Fergusson D, Schweitzer [, Hebert PC. Ensuring high accuracy of
data abstracted from patient charts: the use of a standardized medical
record as a training tool. ] Clin Epidemiol. 2005; 58: 918-23.

Ann Vasc Med Res 9(4): 1153 (2022)

6/6


https://pubmed.ncbi.nlm.nih.gov/23282126/
https://pubmed.ncbi.nlm.nih.gov/23282126/
https://pubmed.ncbi.nlm.nih.gov/23282126/
https://pubmed.ncbi.nlm.nih.gov/26356726/
https://pubmed.ncbi.nlm.nih.gov/26356726/
https://pubmed.ncbi.nlm.nih.gov/26356726/
https://pubmed.ncbi.nlm.nih.gov/25715984/
https://pubmed.ncbi.nlm.nih.gov/25715984/
https://pubmed.ncbi.nlm.nih.gov/25715984/
https://pubmed.ncbi.nlm.nih.gov/15565176/
https://pubmed.ncbi.nlm.nih.gov/15565176/
https://pubmed.ncbi.nlm.nih.gov/15565176/
https://pubmed.ncbi.nlm.nih.gov/11564399/
https://pubmed.ncbi.nlm.nih.gov/11564399/
https://pubmed.ncbi.nlm.nih.gov/11564399/
https://pubmed.ncbi.nlm.nih.gov/8746644/
https://pubmed.ncbi.nlm.nih.gov/8746644/
https://pubmed.ncbi.nlm.nih.gov/8746644/
https://pubmed.ncbi.nlm.nih.gov/8746644/
https://pubmed.ncbi.nlm.nih.gov/25979412/
https://pubmed.ncbi.nlm.nih.gov/25979412/
https://pubmed.ncbi.nlm.nih.gov/25979412/
https://pubmed.ncbi.nlm.nih.gov/25979412/
https://pubmed.ncbi.nlm.nih.gov/18574054/
https://pubmed.ncbi.nlm.nih.gov/18574054/
https://pubmed.ncbi.nlm.nih.gov/18574054/
https://pubmed.ncbi.nlm.nih.gov/18574054/
https://pubmed.ncbi.nlm.nih.gov/18574054/
https://pubmed.ncbi.nlm.nih.gov/25135921/
https://pubmed.ncbi.nlm.nih.gov/25135921/
https://pubmed.ncbi.nlm.nih.gov/12777958/
https://pubmed.ncbi.nlm.nih.gov/12777958/
https://pubmed.ncbi.nlm.nih.gov/12777958/
https://pubmed.ncbi.nlm.nih.gov/24092647/
https://pubmed.ncbi.nlm.nih.gov/24092647/
https://pubmed.ncbi.nlm.nih.gov/24092647/
https://pubmed.ncbi.nlm.nih.gov/18686760/
https://pubmed.ncbi.nlm.nih.gov/18686760/
https://pubmed.ncbi.nlm.nih.gov/18686760/
https://pubmed.ncbi.nlm.nih.gov/19444143/
https://pubmed.ncbi.nlm.nih.gov/19444143/
https://pubmed.ncbi.nlm.nih.gov/19444143/
https://pubmed.ncbi.nlm.nih.gov/22819525/
https://pubmed.ncbi.nlm.nih.gov/22819525/
https://pubmed.ncbi.nlm.nih.gov/22819525/
https://pubmed.ncbi.nlm.nih.gov/14729796/
https://pubmed.ncbi.nlm.nih.gov/14729796/
https://pubmed.ncbi.nlm.nih.gov/26347003/
https://pubmed.ncbi.nlm.nih.gov/26347003/
https://pubmed.ncbi.nlm.nih.gov/26347003/
https://pubmed.ncbi.nlm.nih.gov/5417048/
https://pubmed.ncbi.nlm.nih.gov/5417048/
https://pubmed.ncbi.nlm.nih.gov/15718116/
https://pubmed.ncbi.nlm.nih.gov/15718116/
https://pubmed.ncbi.nlm.nih.gov/15718116/
https://pubmed.ncbi.nlm.nih.gov/15718116/
https://pubmed.ncbi.nlm.nih.gov/10282610/
https://pubmed.ncbi.nlm.nih.gov/10282610/
https://pubmed.ncbi.nlm.nih.gov/15447798/
https://pubmed.ncbi.nlm.nih.gov/15447798/
https://pubmed.ncbi.nlm.nih.gov/16085195/
https://pubmed.ncbi.nlm.nih.gov/16085195/
https://pubmed.ncbi.nlm.nih.gov/16085195/

	Resistant Hypertension in Thoracoabdominal Aortic Dissection Involving the Renal Arteries
	Abstract
	Abbreviations
	Introduction
	Patients and Methods 
	Results
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Discussion
	Study limitations 
	REFERENCES

