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Abstract
Hypertension is currently one of the most prevalent 
illnesses worldwide, and is the second most common cause 
of heart failure, only behind ischemic cardiomyopathy. 
The development of novel multimodality imaging 
techniques in recent years has broadened the diagnostic 
methods, risk stratification and monitoring of treatment 
of cardiovascular diseases available for clinicians. Cardio-
vascular magnetic resonance (CMR) has a great capacity 
to evaluate cardiac dimensions and ventricular function, 
is extremely useful in ruling-out ischemic cardiomyopathy, 
the evaluation of the vascular system, in making the 
differential diagnosis for resistant hypertension and 
risk stratification for hypertensive cardiomyopathy and 
constitutes today, the method of choice to evaluate left 
ventricular systolic function. Computed tomography (CT) 
is the method of choice for the evaluation of vascular 
anatomy, including coronary arteries, and is also able to 
provide both functional and structural information. Finally, 
nuclear cardiology studies have been traditionally used 
to evaluate myocardial ischemia, along with offering the 
capacity to evaluate ventricular, endothelial and cardiac 
innervation function; information that is key in directing 
the treatment of the patient. In this narrative review, 
the most recent contributions of multimodality imaging 
to the patient with hypertension (CMR, CT and nuclear 
cardiology) will be reviewed. 
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Core tip: Diverse imaging modalities are playing a larger 
role every day in the diagnosis, treatment decisions and 
follow-up of patients. This is especially true in patients 
with hypertension. The merger of diverse imaging 
techniques has led to the rise of Multimodality Imaging, 
using tools such as cardiovascular magnetic resonance, 
computed tomography and nuclear cardiology that aid 
clinicians make the best therapeutic decisions. In this 
article, we will make a comprehensive review of the 
most novel contributions of multimodality imaging to 
patients with hypertension. 
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INTRODUCTION
Hypertension is one of the most prevalent illnesses 
worldwide. Data from the NHANES 2007-2010 found 
that approximately 6% of adults in the United States 
have undiagnosed hypertension and that in the adult 
general population; up to one-third might present this 
illness. It is considered that a 65% of patients presenting 
with heart failure have a history of Hypertension, and is 
currently its second most common etiology, only behind 
ischemic cardiomyopathy[1]. Furthermore, besides its 
impact on the heart, Hypertension also produces serious 
damage in blood vessels (including the aorta), kidneys, 
eyes and brain.

During the last few years, the development of 
multimodality imaging has contributed to a better 
understanding of the pathophysiology of cardiovascular 
diseases, also aiding in its early diagnosis and also 
monitoring the response to treatment. Traditionally, 
echocardiogram has been used as the standard imaging 
method for patient evaluation. However, multimodality 
imaging has made available a wide array of other 
imaging techniques [cardiovascular magnetic resonance 
(CMR), computed tomography (CT), positron emission 
tomography (PET), single-photon emission computed 
tomography (SPECT)] for the patient with Hypertension, 
which might help improve treatment and monitoring of 
the patients, thus contributing to control this worldwide 
pandemic. In this review we will touch on the most novel 
contributions on this subject.

CMR
CMR is an imaging method that does not use ionizing 
radiation, and can evaluate both cardiovascular anatomy 
and function with high spatial resolution and diagnostic 
certainty. Furthermore, with the use of gadolinium-based 
contrasts, it is possible to evaluate vascular anatomy. The 
1.5 tesla (T) machines are the most widely used models 
around the world, although there have been reports 
of the usefulness of new 3.0 T machines. Traditionally, 
the most used sequences in patients with hypertensive 
cardiomyopathy are: tracers, Steady-state Free Precision 
(SSFP) cine imaging, weighted T2 STIR (short-tau 
inversion recovery), fast spin-echo weighted T1 and T2, 
first step myocardial perfusion with gadolinium, phase 
contrast sequences, inversion recovery sequences for 
late enhancement and 3D angiographies. All imaging 
sequences must be acquired with electrocardiographic 
(ECG) gating, meaning that patients presenting rhythms 
other than sinus might generate imaging artifacts or 
suboptimal images. The complete protocol has a duration 
of approximately 45-60 min, during which the patient 
must be able to withstand performing 10-20 s apneas, 
and must also deal with being enclosed in a tight space. 
Therefore, the success of the study depends greatly on 
the appropriate selection of the patients. In case that 
the patient cannot tolerate the study, the best course 
of action is to perform the study with the patient under 
general anesthesia with invasive mechanical ventilation.

The following are the most relevant contributions of 
CMR to patients with Hypertension.

Measurements of volumes and ventricular mass
Hypertension has a direct impact on the heart, which 
is most pronounced in patients with poor control. 
The most common repercussions in cardiac anatomy 
are left ventricular hypertrophy and left atrial dilation 
(Figure 1). 

The Framingham study demonstrated that left 
ventricular hypertrophy is associated with higher cardio-
vascular mortality, independently of the presence of 
coronary artery disease[2]. CMR is currently considered 
the gold standard for the quantification of cardiac 
dimensions, including ventricular mass, since CMR is a 
highly exact and reproducible method, when compared 
with 2D echocardiography. In a study that compared 
these 2 tools in a sample composed of patients with 
dilated cardiomyopathy, hypertrophic cardiomyopathy 
and healthy controls, the coefficients of intra-study 
variability for left ventricular mass were -1.0 ± 7.7 g 
for CMR and 8.7 ± 25 g for 2D echocardiography (P 
< 0.001)[3]. 3D echocardiography has demonstrated 
accuracy and reproducibility similar to CMR, however, 
it is still hindered by the same limitations as 2D echo: 
the need of a good acoustic window and experienced 
personnel in the usage of the device[4].

Besides the diagnosis of ventricular hypertrophy, 
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CMR can also contribute to the monitoring of these 
patients. Adequate antihypertensive treatment has 
demonstrated to revert ventricular hypertrophy, which 
is associated to a better prognosis, since it prevents the 
progression to heart failure. These studies have used 
CMR as the method of choice for serial measurement of 
ventricular mass[5-7]. 

However, ventricular hypertrophy is not exclusive 
of hypertensive cardiomyopathy and can be observed 
in other illnesses, such as infiltrative diseases (Fabry’s 
disease, cardiac sarcoidosis, and cardiac amyloidosis), 
hypertrophic cardiomyopathy, aortic stenosis, exercise-
induced hypertrophy, etc. CMR can readily differentiate 
between these different diseases and help in making 
the differential diagnosis in favor of hypertensive 
cardiomyopathy.

Left atrial dilation correlates with the severity and 
duration of hypertension. Traditionally, this has been 
measured by echocardiogram; however, CMR has proven 
to be a more reliable technique for measuring auricular 
volumes. The presence of left atrial dilation has been 
linked to the development of atrial fibrillation and 
increased mortality[8]. Furthermore, the morphology 
of the left atrial appendage can differentiate between 
patients with low and high risk of thrombus formation 
and subsequent embolic events[9]. Finally, left atrial 
dilation is related to the chronicity of ventricular diastolic 
dysfunction, as long as mitral valvular disease has been 
ruled out. Unlike echocardiography, an area of more 

than 20 cm2 indicates an enlarged left atrium, with 
the enlargement being classified as severe if the area 
surpasses 40 cm2[10].

Diastolic function evaluation
The gold standard for the evaluation of diastolic 
dysfunction has traditionally been the echocardiogram, 
which evaluates the pattern of the flow across the mitral 
valve with Doppler technique. CMR is able to obtain very 
similar information, by realizing ECG-gated sequences 
of contrast-phase in the around the mitral valve and 
the pulmonary veins. This way, it is possible to obtain 
a time/speed curve very similar to that shown by the 
echo, with similar diastolic dysfunction patterns[10-12]. 
Also, novel indexes, such as the Normalized average 
sweep rate, early diastole normalized sweep peak rate 
and the relationship between the normalized peak 
sweep rate in early diastole and the normalized peak 
sweep rate in atrial systole with an area under the curve 
of 0.93, 0.88 and 0.88 respectively[13]. 

Ruling out ischemic cardiomyopathy
Coronary artery disease is extremely prevalent in 
the hypertensive population. The presence of chest 
pain in patients with hypertensive cardiomyopathy is 
complex, since most of the times it can be due to the 
hemodynamic changes that arise as consequence of 
poor blood pressure control. This is complicated even 
further since traditional tests, such as the cardiac stress 
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Figure 1  Cardiovascular magnetic resonance showing Steady-state Free Precision Sequences. A: Patient with hypertension presenting slight ventricular 
hypertrophy (septal wall of 13 mm); B: Patient with hypertensive cardiomyopathy in dilated phase with a LVDD = 70 mm, LVEF = 40%, left atrium = 65 mm; C: 51-year-
old male patient with asymmetrical septal hypertrophy, with a maximum thickness of 27 mm; D: Same patient as in C, the arrow shows the anterior systolic movement 
of the mitral valve, generating outflow tract obstruction. 
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patients. CMR has proven itself as a very useful 
diagnostic aid to rule-out the presence of ischemic cardio-
myopathy. Through the use of myocardial perfusion 
imaging at rest, and after pharmacological stress (Figures 
2 and 3), myocardial ischemia can be diagnosed with a 
sensitivity of 89% and a specificity of 76%[14]. Also, in 
patients with hypertensive cardiomyopathy and severe 
systolic dysfunction, the absence of ischemic patterns 
(transmural or subendocardic) excludes the coexistence 
of coronary artery disease as the cause of heart failure. 

Evaluation of vascular disease
Hypertension exerts direct damage to the great blood 
vessels, especially the aorta. Magnetic Resonance 
Angiography is a very exact method to diagnose aortic 
dilation, and can also be used in the presence of 
acute aortic syndromes. There are studies that have 
shown that patients with cardiovascular risk factors 
(including hypertension) have an increased aortic wall 
thickness, which directly correlates to the presence of 
atherosclerosis and a poor prognosis[15]. CMR is able 
to quantify the atherosclerotic burden and plaque 
composition. 

Furthermore, CMR can detect the presence of 
vulnerable plaques, mainly by the detection of necrotic 
lipid cores, calcification and hemorrhage in T1 and T2 
sequences, with a sensitivity ranging from 84%-100%, 
both in autopsy studies and in live patients[16,17]. Recent 
studies have demonstrated that it is possible to 
quantify the necrotic lipid core, which does not differ 
from the pathology findings (23.7% vs 20.3%, P = 
0.1)[18]. Other findings that can readily be detected by 
CMR are: plaque fissure, endothelial denudation with 

test yields suboptimal results due to the non-ischemic 
electrocardiographical changes seen in hypertensive 
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Figure 2  Evaluation of ischemia using cardiovascular 
magnetic resonance. A: Rest perfusion image using 
cardiovascular magnetic resonance that doesn’t show 
any defects; B: Same patient post adenosine-induced 
stress test, the arrow shows a perfusion defect in the 
inferolateral wall (territory of the circumflex artery); C: 
Inversion recovery sequence that doesn’t show the 
presence of late enhancement, which demonstrates the 
absence of infarction in the ischemic area; D: Invasive 
coronariography of the same patient, which shows a 
significant plaque in the circumflex artery.
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Figure 3  Evaluation of ischemia using single-photon emission computed 
tomography. A: Short axis view of the left ventricle with a perfusion defect 
visible after pharmacologic stress test in the anterior lateral wall (territory of the 
circumflex artery); B: Confirmation of the perfusion defect in the long axis view; 
C: Gated-single-photon emission computed tomography used to evaluate left 
ventricular function.
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The fact that CMR does not emit ionizing radiation 
and its non-invasive nature make it a very attractive 
alternative to serially evaluate the diameter of aortic 
aneurysms. CMR has the potential to establish itself as 
the diagnostic tool of choice in the follow-up of patients 
with aortic pathology, due to the high reproducibility of 
its measurements. 

In the case of intramural hematomas, the high 
spatial resolution allows to identify small hematomas 
that might have been overlooked even by CT. These 
blood collections are seen as hyperintense thickening 
in the aortic wall in weighted T1 sequence.

One of the drawbacks of CMR is that it is a study that 
requires a lot of time, and can be very uncomfortable 
for a patient in an acute setting. 

Detection of intramyocardial fibrosis
The administration of gadolinium allows the evaluation 
of late enhancement, which correlates with the presence 
of interstitial fibrosis in hypertensive cardiomyopathy. 
The characteristic pattern is diffuse, and found mainly 
in the interventricular septum[25] (Figure 5). The 
presence of interstitial fibrosis correlates directly with 
the prognosis, since it is directly associated with an 
increased ventricular remodeling, systolic dysfunction 
and malignant arrhythmias[25]. Several small studies 
have demonstrated that around 45% of the patients 
with hypertension present late enhancement after 
gadolinium administration, which is associated with 
interstitial fibrosis and coronary microangiopathy[26]. 
However, it is necessary to assess the direct impact 
these findings have regarding mortality, progression 
to heart failure and the development of arrhythmias. 
Hopefully, quantitative evaluation will shed some light on 
this issue, as it did with hypertrophic cardiomyopathy. 
At this moment, there is no available evidence that 
clarifies the usefulness of diagnosing interstitial fibrosis 
in patients with hypertensive cardiomyopathy using 
CMR. 

Diagnosis of secondary causes of hypertension
Patients who present with resistant hypertension (patients 
without blood pressure control that are already taking 
3 different drugs, one of them being a diuretic) must 
undergo differential diagnosis in order to rule out a 
secondary cause of hypertension, which are present in 
approximately 5% of the population[27]. The majority of 
secondary causes are due to endocrine dysfunction, for 
which the first diagnostic step are biochemical panels 
and hormone level tests, only after those, are imaging 
methods solicited. However, CMR is a very useful tool 
used to speed up the diagnosis of these patients. The 
most common causes of secondary hypertension are: 
primary hyperaldosteronism, renovascular disease, 
chronic renal insufficiency and obstructive sleep apnea. 
Here we will make a very brief summary of the secon-
dary causes that can be evaluated using CMR.

platelet adhesion and fibrin deposit, late enhancement 
in plaques with active inflammatory activity and the 
severity of vascular stenosis[19].

The study of plaque composition with CMR has been 
used to demonstrate the beneficial effects of some 
therapeutic approaches. Lipid apheresis has proven to 
be statistically significant in diminishing the prevalence 
of necrotic lipid core in carotid plaques (28.1% vs 
56.3%, P < 0.05)[20]. It also showed it reduced its lipid 
content (5.0% vs 11.6%, P < 0.05). Lipid lowering 
therapy has been shown to reduce the area of the lipid 
core of the plaques (0.7 mm2 vs 10.2 mm2, P = 0.01), 
along with the progression of vascular stenosis[21].

As for functional evaluation, there are studies that 
have demonstrated an increased vascular rigidity 
in patients with hypertension and diabetes mellitus, 
measured by the speed of the aortic pulse wave and 
vascular compliance[22,23]. The severity of the rigidity 
has also been associated with an increased degree of 
endothelial injury. The significance of these findings is 
still being clarified. 

Aortic angioresonance has proven to have excellent 
diagnostic accuracy for the diagnosis of aortic dissection, 
with a sensitivity and specificity of 98% and an 
excellent performance compared to transesophageal 
echocardiography and CT (Diagnostic OR of 6.8, 6.5 and 
6.1, respectively)[24]. It also offers a very high spatial 
resolution that allows an easy differentiation between 
the false and true aortic lumen and its branches. In 
dissections involving the aortic root, SSFP cine imaging 
allows the evaluation of aortic valve function, to assess 
the presence of regurgitation and at the same time, 
to measure both ventricular dimensions and function 
(Figure 4); all of which are vital parameters which 
directly affect therapeutic decisions in patients with 
acute aortic syndromes. The presence of liquid with an 
increased signal output in the pleura or pericardium 
are highly suggestive of aortic rupture with subsequent 
presence of free blood.
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Figure 4  Evaluation of vascular anatomy using cardiovascular magnetic 
resonance. A: Patient with Marfan’s syndrome that presents a Stanford A type 
dissected aortic aneurysm; the arrows point to the two sites of dissection; B 
shows post-surgical changes after a Bentall and Bono procedure; the arrow 
points to a dissection flap in the aortic arch.

A B
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not shown to improve BP control or renal function[35,36] 

(Figure 6).
Other less frequent causes of secondary hypertension 

include Cushing’s syndrome and pheocromocytoma. 
Both these entities have very characteristic clinical 
presentations, so once that there is enough clinical 
suspicion, a biochemical confirmation must be made. 
Once both these criteria have been met, CMR might be 
used; offering a very similar diagnostic capacity to that of 
CT.

CT
Over the last few decades, impressive technological 
advances have been made in the field of CT. The rise 
of machines with a very high spatial and temporal 
resolution coupled with ECG gating have allowed to 
obtain high precision coronary artery images, which is 
currently CT’s main use in cardiology. Among the most 
relevant contributions to patients with hypertension we 
can find the following:

Coronary artery evaluation
The use of CT for the evaluation of coronary artery 
disease (CAD) constitutes one of the most important 
breakthroughs in non-invasive cardiology in the last 
few decades. The CT machines best suited for the 
acquisition of these studies are those with 16 detectors 
or more; nowadays the most used CT scanners have 64 
detectors. The acquisition must always be ECG-gated 
and coordinated with contrast administration. Today, 
thanks to the various acquisition techniques (prospective 
protocols, diminished voltage, high pitch, etc.) the 
radiation dose per study has been reduced to around 1-2 
mSv. 

Coronary CT has shown a great diagnostic certainty 
when it comes to ruling out CAD with a sensitivity of 
85% (95%CI: 79%-90%) and a specificity of 90% 
(95%CI: 83%-94%), with an area under the curve of 
0.93[37]. Furthermore, the result of the Coronary CT 
has a direct relationship with prognosis, having a 3-year 
survival of over 95%[38].

The presence of coronary artery tortuosity has been 
related to female gender and the presence of chronic 
hypertension[39]. It is believed that these changes are 

PRIMARY HYPERALDOSTERONISM
The prevalence of this disease is still a matter of debate. 
Some studies report that it might be responsible for 
up to 6.1% of the cases of hypertension, and this 
number goes up to 18% when taking into account 
patients with BP of over 180/110 mmHg. It makes up 
20% of the cases of secondary hypertension[28]. Clinical 
and laboratory findings typical of this disease include 
hypokalemia and hypertension; however, hypokalemia 
is only present in around half of the cases, and it’s only 
found in latter stages of the disease[28,29]. A high degree 
of clinical suspicion is necessary to diagnose this illness, 
followed by biochemical confirmation (aldosterone/renin 
relationship in blood serum, confirmed with oral or 
parenteral sodium overload). The two principal causes 
of primary hyperaldosteronism are: adrenal adenoma 
(35%) and bilateral adrenal hyperplasia (65%). In these 
patients, it is mandatory to realize an imaging study 
to rule out the presence of neoplasm, since in these 
cases, surgical removal of the aldosterone producing 
tumor can cure the patient. Adenomas are usually hypo 
or isointense in T1 (when compared to the liver) and 
slightly hyperintense in T2. CMR has demonstrated a 
sensitivity of 70% and a specificity of 100% for the 
diagnosis of these tumors[30]; these values are very 
similar to those offered by CT[31].

RENOVASCULAR DISEASE
Up to 20% of patients who undergo cardiac cath-
eterization present significant unilateral or bilateral 
renal artery stenosis[32] as an incidental finding; 
mainly in patients with extrarenal atherosclerosis[33], 
but it is still unclear how many of these patients 
have a direct repercussion on their BP. Renovascular 
disease is responsible for 35% of the cases of resistant 
hypertension[28]. CMR sequences used to study renal 
arteries are the same ones used during aortic angio-
resonance. CMR with gadolinium has shown a sensitivity 
of 97% and a specificity of 93% for the diagnosis of 
renal artery stenosis[34], with the limitation of being 
contraindicated in patients with a creatinine clearance of 
less than 30 mL/min per 1.73 m2. It must be noted that 
treatment using either balloon angioplasty or stenting has 
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Figure 5  Cardiovascular magnetic resonance using inversion-
recovery sequences. A: Patient with chronic hypertension that 
presents late enhancement in the areas connecting with the right 
ventricle (shown by red arrows); B: Patient with hypertensive 
cardiomyopathy in dilated phase, showing linear late enhancement 
in the septal wall.
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Patients with an Agatston score of under 100 have a 
very good prognosis, with a very low probability of 
having a positive SPECT scan[43]. The risk for coronary 
disease increases linearly as the Agatson score rises[44-48]; 
the same is seen with mortality[49].

It is known that hypertension is an important risk 
factor for the development of atherosclerosis. Recently, 
a study included 8238 asymptomatic subjects and then 
divided them by category of BP (according to JNC-7), 
demonstrating that the risk of subclinical atherosclerosis, 
non-calcified coronary plaques and coronary calcium 
score of over 100 AU increase linearly as BP levels 
rise[50]. Previous studies have demonstrated that the 
progression of coronary calcification was significantly 
slower in patients with adequate BP control[51]. Erbel et 
al[52] have shown that as BP levels rise, so does coronary 
calcium scores (mainly in men) as does the rate of 
major adverse cardiovascular events. This suggests 
that in patients with a stage 2 hypertension (BP > 
160/100) might be candidates for a CT study to rule out 
subclinical atherosclerotic. However, the impact of this 
strategy must be evaluated in future studies.

Ventricular volume and mass quantification
Retrospective protocols with radiation modulation have 
allowed the evaluation of volumes, dimensions and 
mass of cardiac structures. CT offers the advantage 
of being able to evaluate cardiac cavities with a 
great temporal and spatial resolution, along with the 
possibility of 3D volumetric visualization. A meta-
analysis comprising 27 comparative studies between 
CT and CMR demonstrated excellent correlations in 
the measurement of telesystolic, telediastolic, ejection 

due to an increase in the pressure and volume load in 
coronary vessels, therefore these changes can be seen 
as a consequence of hypertension[40]. There are studies 
that have related coronary tortuosity with diastolic 
dysfunction[41]; however, this finding has not been linked 
with worsening in the prognosis. The relevance of the 
presence of coronary artery tortuosity in coronary CT 
studies is still being debated (Figure 7).

Coronary calcium
Coronary calcium quantification currently is made with 
CT machines with prospective ECG-gating capacity, 
which translates to reduced radiation dosage per study 
(1-2 mSv). CT has a sensitivity of 96% and a positive 
predictive value of 80% for coronary calcium, with the 
drawback being that it only has a specificity of 46%[42]. 
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Figure 6  Evaluation of secondary hypertension. 
Cardiovascular magnetic resonance T2- sequences. 
Above is show a study taken in a 27-year-old female 
patient that presented with hypertension and a 5 cm 
× 4 cm adrenal mass, hyperintense when compared 
to the liver (marked by red arrows). On the bottom 
panels we see the contrast angiography study and 
T2 sequence, which show significant bilateral renal 
artery stenosis.

Figure 7  Coronary computed tomography of an 81-year-old hypertensive 
patient that demonstrates the presence of coronary tortuosity without 
atherosclerotic plaques.
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(Figure 8). In general, CT has a great performance in 
the diagnosis of aortic disease (up to 92%), including its 
main branches[58].

In Korean hypertensive patients of over 65 years, 
CT studies have shown a prevalence of thoracic aortic 
aneurysms in 36.5% and abdominal aortic aneurysms 
in 6%[59]. In another study, high coronary calcium 
scores correlated with an increased abdominal aortic 
diameter and a higher incidence of aneurysms (14%) 
when the score was > 400 AU, especially when this 
coincided with other cardiovascular risk factors[60]. 
However, due to the scarce evidence regarding this 
issue, there is currently no recommendation about 
screening studies in these patients.

Diagnosis of causes of secondary hypertension
The advantages of CT for the diagnosis of renovascular 
disease or adrenal adenomas have been mentioned 
previously: good spatial resolution, short acquisition 
times and widely available in many hospital centers. 
CT has demonstrated a sensitivity of 85%-87% 
and a specificity of 82%-93% for the diagnosis of 
adrenal adenomas[31]. In the evaluation of resistant 
hypertension, the usage of either CT or CMR can be 
used interchangeably, since their diagnostic accuracy is 
very similar.

NUCLEAR CARDIOLOGY
Nuclear cardiology is the most studied non-invasive 
cardiovascular imaging modality, only behind echo-
cardiogram. Since the 1970’s, SPECT established itself 
as the most widely diffused imaging technique to 
evaluate the presence of myocardial ischemia all around 
the world; today, PET and hybrid imaging offer valuable 
information used in everyday cardiologic practice. 

Myocardial perfusion evaluation
Both SPECT and PET have developed protocols for the 
evaluation for myocardial ischemia, which is extremely 
useful in hypertensive patients with angina and multiple 
cardiovascular risk factors. Both techniques use 
protocols that involve image acquisition in rest and 
stress, either physical or pharmacological. In a meta-
analysis, the validity for SPECT to detect myocardial 
ischemia has shown a sensitivity of 88% (95%CI: 
88%-89%) with specificity of 61% (95%CI: 59%-62%) 
and an area under the curve of 0.86[14]. Regarding PET, 
it showed a better diagnostic capability, with a sensitivity 
of 84% (95%CI: 81%-87%) with a specificity of 81% 
(95%CI: 74%-87%) and an area under the curve of 
0.92[14]. When merging different techniques, a modality 
called hybrid imaging, SPECT/CT has shown a sensitivity 
of 94%-96%, specificity of 92%-95% and a negative 
predictive value of 97%-99%. Finally, PET/CT has 
shown a slightly better performance over other imaging 
techniques, with a sensitivity of 93% and a specificity of 
99% when using 15O-H2O radioisotope[61] (Figure 9).

fraction and left ventricular mass volumes (r = 0.93, 
0.95, 0.93, 0.86 respectively)[53]. In hypertensive 
patients, the acquisition of this data has a direct impact 
on prognosis.

Right ventricular function has also been compared 
to CMR in several studies, showing good correlation 
between the 2 imaging modalities (r = 0.88), with an 
even higher reproducibility in CT[54,55]. However, the 
exactitude of the measurement of the right ventricle 
depends on the quality of the attenuation of right 
cavities, being necessary at least 175 HU to achieve a 
good measurement[56]. 

Vascular disease evaluation
CT is currently the method of choice to evaluate 
vascular anatomy, playing a key role in the diagnosis, 
risk stratification and treatment of aortic disease[57]. 
ECG-gated studies allow the acquisition of precise 
aortic root images free of movement artifacts. Also, 
CT is a diagnostic tool that is present in most hospital 
centers and unlike CMR, the acquisition times are very 
short. 

The traditional CT protocol must include non-contrast 
images, mainly when an acute coronary syndrome is 
suspected, since this sequence allows the detection 
of intramural hematomas. Afterwards, ECG-gated 
angiography is performed using contrast, allowing the 
evaluation of vascular anatomy. Finally, in patients with 
vascular implants, late images can identify vascular leaks 
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Figure 8  Aortic computed tomography. A: Patient with vascular endoprothesis, 
without vascular leaks; B: Dissected abdominal aortic aneurysm, arrow points to 
calcified atherosclerotic plaques; C: Ruptured infrarenal aortic aneurysm, seen as 
hyperdense material in the abdominal cavity (arrow).
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the presence of endothelial lesions in patients with 
hypertension. A study made by our group evaluated 
the endothelial function using a triphasic protocol of 
13N-Amonia PET (rest, cold pressor test and adenosine 
induced-hyperemia) in patients with recent diagnosis of 
hypertension, compared with a healthy control group. 
We found that 84% of the hypertensive patients had 
endothelial dysfunction measured by an ENDEVI score 
< 1.5 (Endothelial-dependent Vasodilation Index) and 
58% presented vasomotor abnormalities measured by 
a CFR (coronary flow reserve) of < 2.5. These findings 
might be early findings of coronary artery disease[67]. 
Another similar study also found more significant 
endothelial dysfunction in patients with dyslipidemia, 
when compared with a healthy control group. Notably, 
the study group showed improvement after 8 wk of 
treatment with ezetimibe-simvastatin[68]. The findings 
of this study are very promising, especially regarding 
its implications in vascular risk screening, therapeutic 
decision-making and patient follow-up. However, more 
information is needed before this method demonstrates 
its usefulness in daily practice.

Sympathetic innervation
The autonomic sympathetic nervous system plays a 
fundamental role in the maintenance of hormonal and 
hemodynamic harmony in the cardiovascular system. In 
hypertensive patients, the increase in this system’s 
activity leads to the development of hypertensive cardio-
myopathy. The synaptic vesicles contain adrenaline, 
noradrenaline and the false neurotransmitter, an 
analogue of noradrenaline, guanetidine. This last 
one can be radioactively marked, transforming itself 
into meta-iodinebenylguanidine (123I-mIBG) which, 

Patients with several risk factors can present with 
silent ischemia. A study of hypertensive patients 
without angina demonstrated that, when evaluated 
with pharmacologic stress-SPECT, the prevalence of 
reversible perfusion defects was of 27.7% and increased 
to 41.4% in patients with diabetes (P = 0.001), many 
of these being moderate to severe defects. In a sub-
analysis of the same study, dyspnea and proteinuria 
were found to be independent predictors of silent 
ischemia[62]. 

Evaluation of ventricular function
The incorporation of cardiac-gating allowed evaluating 
left ventricular function at the same time as myocardial 
perfusion without the need of performing an additional 
radioisotope ventriculography, which implied a longer 
study time and radiation exposure. The calculation 
of the left ventricular ejection fraction (LVEF) is done 
automatically by software, without human intervention, 
which makes it a highly reproducible method. 

Furthermore, it has shown to have a very good 
correlation with CMR (r = 0.82), without being 
statistically significant in the Bland-Altman analysis 
and high reproducibility[63-65]. LVEF calculation with 
Gated-PET has shown to have a good correlation with 
CMR (r = 0.76)[66], however, it has been observed that 
it underestimates both telesystolic and telediastolic 
volumes. Today, the clinical implications of this method 
are limited to complementing the myocardial perfusion 
study, with isolated LVEF measurement being reserved 
for investigation protocols exclusively. 

Evaluation of endothelial lesion
Nuclear cardiology studies have been able to demonstrate 
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Figure 9  Myocardial perfusion positron emission tomography. A shows a perfusion defect in the posterior wall during stress; B shows flow quantification; the 
regional flows during stress are significantly increased in all areas, except in the inferior wall (territory of the right coronary artery), where the increase is significantly 
diminished; C shows a Gated-positron emission tomography to evaluate left ventricular function. 
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enhancement techniques with the aid of gadolinium 
contrast in CMR or the evaluation of sympathetic 
innervation and the evaluation of different causes of 
resistant hypertension. The use of these techniques 
is still not commonplace in everyday clinical practice, 
and further studies are needed before they become 
a standard of common clinical practice; however, the 
future is certainly very promising. 
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