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Abstract

Background: The relationship between hypertension and ‘so called
degenerative or atherosclerotic’ Thoracic Aortic Aneurysm (TAA), has not been
subjected to rigorous systematic examination. The objective was to evaluate
the association between hypertension and this type of TAA and compare it with
other risk factors for atherosclerosis.
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MEDLINE using PubMed and OvidSP platforms.

Results: Fourteen articles fulfilled the eligibility criteria, with twelve having
data on hypertension prevalence. The prevalence of hypertension was high;
70% in 1485 patients with TAA. In contrast the prevalence of cigarette smoking
and dyslipidemia were considerably and significantly (p <0.01) lower 42.2%
and 43.4% respectively. Hypertension was most prevalent (80%) in ascending
(80%) TAA. Studies reporting a relationship between hypertension and
aneurysm progression, have larger initial aortic diameters and greater rates of
TAA expansion.

Conclusion: These data provide evidence for a dominant role for
hypertension in this kind of TAA and suggests that hypertension plays an
important role in TAA expansion, especially in larger TAA perhaps due to
increased wall stress. They also suggest the importance of hypertension in

TAAs that are expanding in rapidly.
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Introduction

Thoracic Aortic Aneurysm (TAA) is a serious condition because
of the potential for aortic rupture and death [1,2]. Although TAA can
be due to a variety of different genetic or inherited conditions, the
majority of TAAs are ascribed to atherosclerosis or ‘degenerative’
factors that are not always clearly defined [3]. The prevalence of this
kind of TAA is steadily increasing [2]. The development of thoracic
aneurysm can be conceptualized as the balance of factors operating
to distend and those that constrain aortic expansion [4]. Foremost
amongst the factors operating to distend the aorta is blood pressure
such that elevated blood pressure has been considered by some
authorities to be an important risk factor for the development of TAA
[5,6]. In contrast, other groups are more cautious in their opinion,
suggesting that the role for hypertension and its management in TAA
is not strong [7]. While there is general and longstanding acceptance
of the relationship between hypertension and thoracic aortic
dissection [8,9], there has not been a previous in-depth evaluation of
the data on hypertension and TAA in the absence of aortic dissection.
The objective of this study was to examine the data on hypertension
and TAA due mainly to ‘degenerative factors,” in the absence of aortic
dissection and compare it with other atherosclerotic risk factors.

Methods

Search strategy

A systematic search was conducted to determine the relationship
between hypertension and the prevalence and expansion of TAAs.
We used MEDLINE with PubMed and OvidSP platforms as our main
search strategy for relevant studies from the first available records
on MEDLINE through to June 30, 2015. Search keywords included
(“thoracic aortic aneurysm”) AND (“hypertension” OR “blood
pressure” OR “determinants”) AND/OR (“progression” OR “growth”
OR “expansion” OR “natural history). The search was limited to
humans and English.

Eligibility criteria

The inclusion criteria were (i) an original study published in a
peer-reviewed journal, (ii) subjects were adults (over 18 years of age),
and (iii) used either chest radiography, echocardiograms, CT Scan
or MRI for diagnosis or to measure aortic diameter. In addition, the
study must either have (a) reported the prevalence of hypertension in
patients with TAAs or (b) investigated how hypertension relates to
the expansion of thoracic aneurysms. Studies were excluded if 30%
or greater of the study population had aortic dissections, or if 30% or
greater had genetic conditions and gene mutations producing TAA,
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718 records identified from
systematic searches

169 Records excluded based on

E— English-text only
. Human studies only
549 Records, titles analyzed W

62 reviews excluded
66 case reports excluded
4 |etters and commentaries excluded

{ 417 Records, titles analyzed J

138 aortic dissectionsexcluded
7 abdominal aorticaneurysms excluded
32 genetics, mutations, heritable disease excluded
153 surgery and post-surgery excluded
—  » 19 aortic coarctation excluded
12 imagingtechniques and methodology excluded

10 infections, inflammation, ruptures ortrauma
removed
28 other comorbidities and other reasons removed

17 added through other means —hibliographies,
article recommendations and author searches

’

15 full-text studies analyzed and reviewed

Figure 1: Shows the study flow diagram.

8 valvular abnormalitiesexcluded (e.g. bicuspid vahe)

12 studies did not have
( 27 full-text studies read — imagingdata ordid not
report blood pressure or
hypertension information

or valvular diseases, coarctation of the aorta, previous aortic surgery,

aortic infections, trauma of the aorta or aortic ruptures. Studies that Rabkin et al 2014
. . . . . Geisbusch et al 2014
focused primarily or exclusively on abdominal aortic aneurysms were Shang et al 2013
excluded. Review articles, case reports, letters, and abstracts were also ﬁ::i:f‘:':ﬂ;;r
excluded. Because publications with different analysis of the same Bastein et al 2012
patient population can occur, only the most recent study was used 'g;:l‘;;' s:’::‘z 006
for our evaluation. Achneck et al 2005
Dapunt et al 1994
Data extraction Masuda et al 1992
Joyce etal 1971
For each eligible study, the sample size, country of study, patient Mean

characteristics specifically BMI, history of dyslipidemia and cigarette

use, definitions of hypertension and TAA, mean aortic diameter, 0 25 50_ . 75 100
expansion rates, the inclusion and exclusion criteria and main Hypertension (%)
conclusions were recorded. For studies that had appropriate controls, Figure 2: Shows the reported proportion of individuals with hypertension in

the characteristics of the control group were also noted. cases with TAA.
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Figure 3: Shows the reported proportion of individuals with cigarette smoking
in cases with TAA.
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Statistical analysis

Data analysis calculated the mean and weighted mean. When
a study reported only the median value it was considered to be the
mean for our analysis. For comparison of two datasets the non-
parametric Mann Whitney U test was used. Meta-analyses of the
aggregate patient data were conducted using the Comprehensive
Meta-analysis Version 2 (Biostat, Englewood, New Jersey, USA).
Statistical significance was set as p <0.05.

Results

The systematic search is summarized in (Figure 1), following the
format for preferred reporting items for systematic reviews [10]. The
systematic search yielded 718 unique records. Animal studies and
non-English language studies excluded 169 citations. After screening
the titles, 132 articles were removed because they were reviews, case
reports, editorials or letters. The titles of 417 records were examined
and studies were removed that did not fulfill the entry criteria. The
remaining papers were read and 18 publications were identified
from reference lists, author searches or article recommendations.
We removed 12 studies that did not provide imaging information for
TAA or did not report blood pressure or hypertension information.
Fourteen fulfilled the eligibility criteria and were the basis for this
review.

For evaluation of the prevalence of hypertension in persons with
TAA, there were 1485 individuals with TAA (Table 1). They had a

Rabkin et al 2014
Geisbusch et al 2014

Bastein et al 2012

Ito et al 2008
Achneck et al 2005

Masuda et al 1992

Mean

Dyslipidemia (%)

Figure 4: Shows the reported proportion of individuals with dyslipidemia in
cases with TAA.

Odds Lower Upper Relatve Relative

ratio  limit  limit ZValue pValue weight  weight
Geibushetal 2014 5000 2735 9173 5219 0000 E 3 2622
Rablin etal 2014 0406 0150 1097 777 0076 2403
Bageinetd 2012 0579 0349 0962 2109 0035 2664
Achnecketal 2005 4632 1480 14409 2648 0008 2311
1514 03% 5784 0606 0544
0.01 01 1 10 100

TAA Control

Figure 5: Shows the expansion rate for TAA in studies that reported the
proportion of cases with hypertension. The inserts show the expansion rate
and the initial ascending aortic diameter in studies that showed a relationship
between hypertension and aortic expansion and those studies that did not
show the relationship.

mean age of 65.4 years. There was a preponderance of men namely
66.9%. Studies were also sub-classified depending whether the TAA
cases involved the ascending aorta, descending aorta or both.

Opverall the prevalence of hypertension in persons with TAA was
70.0% (Figure 2).

Considering the anatomical TAA location, the weighted average
of the prevalence of hypertension was 80.1% in the ascending aorta
(N=295) [11-13], 74.6% in the descending aorta (N=161) [14-16] and
66.3% in studies investigating both locations (N=1029) [17-22].

There were four studies with a control group. One study reported
the proportion with a documented history of hypertension in persons
with TAA at an aortic diseases clinic and an age matched group of
persons without TAA attending a cardiology clinic [13]. Bastien et
al. evaluated individuals with TAA but only 54% were reported to
have had idiopathic-degenerative or so called atherosclerotic TAA
[17]. Their control group was patients starting a cardiac rehabilitation
program who were all considered to have cardiac disease [17]. Blood
pressure was taken in a standard manner and hypertension diagnosed
by guideline accepted criteria [17]. Another study compared TAA
with a control group with no evidence of TAA on a CT done in
the emergency department but did not provide details of the other
characteristics of the control group and no definition of hypertension
was stated [12]. Another study focused on aortic root aneurysms and
hadacontrol group from the emergency department [11]. Considering
these studies with a control group, there were two studies showing
an increased prevalence of hypertension in TAA and two showing
a reduced prevalence of hypertension and TAA. The Odds Ratio for
hypertension was 1.4 in TAA compared to control with p=0.08 which
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Table 1: Studies reporting hypertension in Thoracic Aortic Aneurysms (TAA).

TAA TAA
Study (Author(s), Country TAA Average Age | Male Definition of HTN Type of TAA
Year) N
(Years) (%)
Joyce et al. 1964 USA 08 593 73% DBP>95 mmHg Ascendmg_ and
[21] Descending
Masuda et al. ) Ascending and
0,
1992 [20] Japan 36 61+15 (SD) 2% Not defined Descending
Dapunt et al. o Ascending and
1994 [22] USA 67 65.1+13 64% DBP>100mmHg Descending
Juvonen et al. . ) Descending and
0,
1997 [16] USA 102 72 (Median) 58% Not defined Thoracoabdominal only
Achneck et al. . ) . - '
2005 [11] USA 31 59.6+14.9 61% History of HTN or on antihypertensive medications Ascending only
Davies et al. 2006 USA 210 61.9 63% Not defined Ascendlng'and
[19] Descending
SBP>140mmHg, .
Ito et al. 2008 [18] Japan 132 73'.6i7'5 74% | or DBP>90 mmHg for atleast two repeated measurements or if Ascendmg_ and
(Median+SD) ) . - Descending
they are on antihypertensive medications
Nathan et al. 73.5+11.8 ) '
— 0,
2011 [15] USA 34 (SD) 50% Not defined Descending only
Bastien et al 67.5+101
’ Canada 286 (SD) 69% BP>140/90mmHg Ascending & Descending
2012 [17]
TAD group
Shang et al. 2013 71.6+10.0 o ) .
[14] USA 25 (SD) 48% Not defined Descending only
232
Geisbiisch et al. 166 had 63.6+12.3 ) .
— 0,
2014 [12] USA follow-up (SD) 72% Not defined Ascending only
imaging
Rabkm[titS]al. 2014 Canada 32 66'(531[)1)0'9 81% History of hypertension Ascending only

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; SD: Standard Deviation; +: When variance is reported as standard deviation

Table 2: Studies investigating the effects of blood pressure or hypertension on the progression of Thoracic Aortic Aneurysms (TAA).

Possibly Favors Expansion

Does Not Favor Expansion

Masuda et al. 1992 [20]
N=36

analysis, blood pressure was no longer found to be significant.

Diastolic blood pressure, but not systolic blood pressure, was significantly (F=4.41,
p<0.05) correlated with the expansion rate of TAA However, in multivariate risk factor

Bonser et al. 2000 [23]
N=87
In univariate analysis, hypertension did not significantly (p=0.24) influence
growth rates of the aorta. Hypertension was also not a significant factor in
stepwise multivariate regression of expansion rate.

Dapunt et al. 1994 [22]
N=67

analysis of variance.

Hypertension had a borderline significance with regards to the expansion of TAA
(p=0.0532) compared to normotensive group, but was not significant in multifactorial

Geisbusch et al. 2014 [12]
N=166
In univariate analysis, a history of hypertension was not a significant
predictor for ascending aortic growth (p=0.67). Systolic blood pressure had
a p value of 0.188.

Coady et al. 1997 [24]
N=230
“we found that we could not demonstrate a correlation between the level of
blood pressure and the rate of growth”

Shang et al. 2013 [14]
N=25
The prevalence of hypertension was not significantly different between the
rapidly expanding and slowly expanding TAAs

For the two studies no data was presented between TAA growth and blood pressure in Coady et al.’s study, and no correlation analysis was done in Shang et al.’s

study.

was not significant at the 5% level. There was, however, significant
heterogeneity across the studies (I’=92.3, Q=38.9, p <0.001). This may
in part be due to the nature of the control groups.

Cigarette smoking data was available in nine studies with a total
of 1280 patients. The average prevalence of cigarette smoking was
40.1% (Figure 3). The prevalence of hypertension was significantly
(p=0.0057) greater than the prevalence of cigarette smokers.
Dyslipidemia prevalence was reported in six studies which totaled
701 individuals. The prevalence of dyslipidemia was 48.7% (Figure 4).
The majority of studies did not provide a definition of lipid values that
constituted dyslipidemia so that the definition was a usually ‘history’
of dyslipidemia. The prevalence of hypertension was significantly
(p=0.009) greater than the prevalence of dyslipidemia.

Three studies also reported the mean BMI of their subjects
[12,17,18]. The mean BMI would be considered overweight under
standard BMI ranges, but the proportion of increased BMI was not
provided and thus, comparisons could not be made with the cigarette
smoking and dyslipidemia data.

Four of the identified studies also presented data on the
relationship between aortic expansion and hypertension or blood
pressure (Table 2). The results are conflicting. Masuda et al. examined
36 persons with TAA with a mean age of 61 years who were followed
for at least 6 months [20]. The rate of aortic expansion was 1.3 mm/
year and there was a significant correlation between expansion and
diastolic but not systolic blood pressure in univariate analysis [20].
In multivariate analysis, only the size of the TAA was a significant
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predictor of TAA expansion [20]. Dapunt et al. followed 67 persons
with TAA for an average of 1.5 years [22]. A history of hypertension
correlated with a greater diameter at TAA diagnosis and there
was a borderline significant relationship between TAA expansion
and hypertension (p=0.0532) [22]. In multivariate analysis, initial
aneurysm diameter greater than 5 cm was the only independent
predictor of expansion [22]. In contrast, there were two studies which
did not find that hypertension was a significant risk factor for TAA
expansion rates in univariate, multivariate or correlation analysis
[12,23]. Bonser et al. conducted a retrospective evaluation of 87
persons with TAA, mean age 63 years, at a center for thoracic aortic
diseases [23]. They did not find a significant correlation, in univariate
analysis between TAA expansion and hypertension (treated or not
treated) [23]. Geisbusch et al. examined the course of 166 persons
with TAA who were on average 63.6 years and who were followed
for an average of 1 year [12]. Systolic blood pressure was one of the
top three factors correlating with TAA expansion although it did
not reach statistical significance (p=0.19) and it was not significant
in multivariate analysis [12]. Two studies that did not provide data
on aortic expansion and blood pressure or hypertension, warrant
additional comment. Coady et al. analyzed the determinants of
aortic expansion in TAA and commented that they did not identify
“a correlation between the level of blood pressure and the rate of
growth” [24] but no data was presented (Table 2).

Shang et al. reported that the prevalence of hypertension was
not significantly different between the rapidly expanding and slowly
expanding TAAs but there was no data analysis correlating blood
pressure and TAA expansion [14].

The aorta expanded significantly when one considers all of the
studies on aortic expansion with blood pressure data (Figure 5).
Aortic expansion was 2.17 mm per year [95% CI was 0.90 to 3.43].
We next examined the four studies with blood pressure and aortic
expansion data. The rate of expansion was smaller than the average
in studies that reported no relationship between blood pressure and
aortic expansion. In contrast, the rate of expansion was greater than
the average in studies that reported a relationship between blood
pressure or hypertension and aortic expansion. The studies that
reported a relationship between blood pressure or hypertension
and aortic expansion, showed consistently a greater initial aortic
dimension than studies that did not report such a relationship.

Discussion

This is the first detailed systematic review, to our knowledge, that
examined the relationship between hypertension and TAA of ‘so
called’ degenerative or atherosclerotic origin. We found a relatively
high proportion of hypertension in persons with this kind of TAA.
The prevalence of hypertension was greater than the prevalence of
the other major risk factors for atherosclerotic vascular disease. In
addition we provide a potential resolution of the reported controversial
relationship between blood pressure and TAA progression.

Hypertension was present in 70% of persons with TAA. In two
studies that were excluded for having 30-50% chronic dissections
in their population, the prevalence of hypertension was 71% and
73% [25,26], which is similar to our findings that focused mainly on
aneurysms without dissections. The prevalence of hypertension was
highest in ascending TAAs which argues against the contention that

ascending TAA is associated with less atherosclerosis [11].

Because most of the studies did not provide detailed age and
blood pressure data, it was not possible to construct age-adjusted
hypertension prevalence to permit comparisons with the general
population. The 70% prevalence of hypertension for persons of 65
years of age, which was the mean age of the persons with TAA, in
studies across different decades, is greater than the prevalence of
hypertension in the general US population from NHANES population
data for individuals of 60 to 69 years of age, with data collection from
1988 to 1991 [27]. As most of the TAA publications originated in the
USA, the NHANES data is a reasonable comparator.

The relationship of blood pressure to the rate of TAA expansion
has been controversial. Some studies report a significant correlation
between blood pressure and TAA expansion [20,22] while other
studies do not [12,23]. There may be several explanations for the
divergent conclusions. First, the blood pressure selected for correlation
with aortic expansion varied. One study reported that there was
a correlation between diastolic, but not systolic blood pressure,
and expansion rate [20]. Another study examined the relation of
systolic blood pressure to aortic expansion and found it was almost
significant in univariate analysis [12]. A second reason is that none of
the studies were randomized control trials and therefore are subject
to the biases of retrospective analysis. These include variations in the
proportion receiving anti hypertensive medications and the degree of
blood pressure control. Thirdly, the follow-up period for some studies
was short, on average of six months to a year. A longer period maybe
required to reveal the effects of hypertension on expansion rate.
Fourthly, studies comment that patients were often already started on
antihypertensive medications which makes it challenging to isolate
the effects of blood pressure on growth as antihypertensive drugs
may mitigate any effect that elevated blood pressure may have had
[22,23]. Fifth, we propose an explanation based on aortic wall stress
in TAA. Aortic wall stress is greater in larger compared to smaller
aneurysms at the same level of blood pressure [28]. This is supported
by our analysis that the two studies with larger aneurysms found
that hypertension was a relevant risk factor for aortic expansion.
The stress on the aortic wall should drive TAA expansion and this
stress is greater in larger compared to smaller TAAs. In addition
we found that studies showing a greater role for hypertension were
those with higher rates of aortic expansion. While aortic expansion
rates are linked with initial aortic dimension, the data suggest that
hypertension maybe more important in rapidly expanding TAAs.

There are several potential limitations of our study that warrant
consideration. First, we excluded studies published in non-English
languages. This type of exclusion is reasonable as it does not affect
the outcome of most meta-analysis [29]. Second, the absence of
hypertension in all cases of TAA does not invalidate a role for
hypertension in the pathogenesis of TAA. The development of TAA
requires additional factors in the arterial wall which fail to oppose or
accentuate aortic expansion [4]. Third, the major limitation of these
kinds of reviews is the nature of the available reported data. While not
a critique of those studies, most studies were focused on the nature
of the aortic aneurysm, its co morbidity and its progression rather
than a detailed description of blood pressure measurement or the
nature of the hypertension. Furthermore there were differences in
study criteria, differences in definitions, and lack of explicit definition
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of key clinical terminology. The extent to which some studies have
included a proportion of cases of aortic dissections, valvular diseases,
previous vascular surgery or genetic diseases can create appreciable
discrepancies between studies. Fourth, the role of antihypertensive
drugs in TAA progression could not be assessed from this study. This
subject is dealt with in randomized control trials although mainly in
Marfan syndrome [30]. Lastly, we did not examine clinical endpoints
of aortic rupture or dissection. We have previously examined this
issue and found a trend of increasing prevalence of hypertension
and aortic dissection [9]. Hypertension may be causative in the
pathophysiology of aortic rupture. Blood pressure trends in men and
women in 18 countries show a general parallel between reduction in
blood pressure over time and reduction in mortality from thoracic
aneurysms [31].

Conclusion

Analysis of pooled data from more than 1400 persons with TAA
mainly of so-called ‘degenerative or atherosclerotic’ etiology shows a
high proportion, specifically 70%, with hypertension. The prevalence
of hypertension was highest (80%) in ascending compared to
descending TAAs. These data in conjunction with the significantly
higher prevalence of hypertension compared to cigarette smoking
and dyslipidemia in TAA, suggest that hypertension is the leading
risk factor for TAA of ‘atherosclerotic or degenerative’ origin. TAA
is not just a condition of rare genetic or inherited diseases but is
more commonly due to so called ‘atherosclerotic or degenerative
conditions’ and these kind of TAAs are increasing in prevalence
[2,32]. While recognizing that other factors are operative in the
production of TAA, our analysis provides evidence for vigilance in
the assessment and management of blood pressure especially in those
with larger TAA and those with higher aortic expansion rates.
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