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Abstract
Aims: With increasing attention to renovascular causes and targets for hypertension there arises a criti-
cal need for more detailed knowledge of renal arterial anatomy. However, a standardised nomenclature is 
lacking. The present study sought to develop a standardised nomenclature for renal anatomy considering 
the complexity and variation of the renal arterial tree and to assess the applicability of the nomenclature.

Methods and results: One thousand hypertensive patients underwent invasive selective renal artery angio-
graphy in nine centres. Further, renovasography was performed in 249 healthy swine as a surrogate for nor-
motensive anatomy. Anatomical parameters were assessed by quantitative vascular analysis. Patients’ mean 
blood pressure was 168/90±26/17 mmHg. The right main renal artery was longer than the left (41±15 mm 
vs. 35±13 mm, p<0.001), but the left had a greater diameter (5.4±1.2 vs. 5.2±1.2 mm, p<0.001). Accessory 
renal arteries and renal artery disease were documented in 22% and 9% of the patients, respectively. Other 
than exhibiting a longer left main renal artery in uncontrolled hypertensives (+2.7 mm, p=0.034) there was 
no anatomical difference between patients with controlled and uncontrolled hypertension. Main renal artery 
mean diameter was smaller in patients with impaired kidney function (GFR <90 ml/min, left –0.5 mm, right 
–0.4 mm, both p<0.001).

Conclusions: Renal arterial anatomy differs between sides but shows no difference between patients with 
and without blood pressure control. Impaired GFR was associated with small main renal artery diameter.
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Abbreviations
ACE angiotensin-converting enzyme
CAD coronary artery disease
DBP diastolic blood pressure
GFR glomerular filtration rate
QVA quantitative vascular analysis
RAD renal artery disease
SBP systolic blood pressure

Introduction
Hypertension remains a major risk factor for the most significant 
cardiovascular events and is one of the most prevalent chronic con-
ditions1. Despite its prevalence and the availability of safe and effec-
tive antihypertensive drugs, blood pressure control remains poor2. 
Renal artery stenosis (RAS) is a cause of secondary hypertension, 
especially among patients with other vascular atherosclerotic mani-
festations, and is closely associated with poor outcome3-6. Knowledge 
of the renal arterial anatomy appears crucial not only for a profound 
pathophysiological understanding of hypertension but also for the 
development of endovascular treatment options7,8. Morphometric 
data of the renal vascular tree in patients with hypertension9 and 
a consistent and standardised nomenclature are lacking10-12. The 
present study sought to develop a standardised nomenclature for 
renal anatomy considering the complexity and variation of the renal 
arterial tree and to assess the applicability of the nomenclature in 
1,000 patients with hypertension undergoing renal arteriography.

Methods
Between March 2009 and June 2013, a total of 1,000 hyperten-
sive patients underwent selective invasive renal angiography in 
eight European centres and one Australian centre (Appendix) in pre-
paration for an invasive antihypertensive treatment. All participating 
patients provided written informed consent and local ethics commit-
tees approved the study. Eligible patients were ≥18 years old and had 
uncontrolled (systolic [SBP] and/or diastolic office blood pressure 
[DBP] ≥140/90 mmHg) or controlled hypertension (office blood pres-
sure [OBP] at target with antihypertensive therapy). Patients routinely 
underwent a screening for secondary causes of hypertension, includ-
ing duplex sonography or magnetic resonance/computed tomography 
angiography when clinically indicated3,6. Patients with haemody-
namically significant renal artery stenoses ≥50% were excluded. All 
patients underwent a complete medical history check, physical exami-
nation and routine blood chemistry. Glomerular filtration rate (GFR) 
was assessed using cystatin C measurements. Attended OBPs were 
obtained with an automated oscillometric device (e.g., HEM-705 
monitor; Omron Healthcare Inc., Vernon Hills, IL, USA) in concord-
ance with the Joint National Committee VII guidelines13. The current 
antihypertensive medication was confirmed by direct questioning.

RENAL ANGIOGRAPHY AND QUANTITATIVE VASCULAR 
ANALYSIS (QVA)
All procedures were performed by experienced interventionalists (refer-
ring to an experience of ≥10 renal interventions per year). Non-ionic 

iodinated contrast agents were used in all procedures. Procedural 
data were recorded, and two experienced investigators blinded to 
patient characteristics assessed QVA using the CAAS II Research 
System (Pie Medical Imaging BV, Maastricht, the Netherlands).

ANATOMICAL PARAMETERS
Morphometric parameters such as minimum, mean and maximum 
diameter as well as length were documented for the main renal 
artery and in particular for the proximal (p), middle (m) and distal 
(d) segments, as previously described8. The division point in two or 
more consecutive branches of ≥3 mm in diameter defined the end of 
the main renal artery. Renal arteries other than the main renal arter-
ies were defined as accessory renal arteries. These could be of simi-
lar size and penetrating the hilus or smaller and supplying a minor 
part of the kidney. Accessory renal arteries were evaluated regard-
ing mean diameter and length. For further analysis, the largest cali-
bre vessel of each side was determined. Moreover, the branches of 
800 patients were analysed. The largest branches of each side were 
ascertained regarding length and diameter. Furthermore, the mean 
diameter and length were calculated. Renal artery disease included 
patients with non-significant renal artery stenosis (luminal narrow-
ing 10-49%), prior renal angioplasty or stenting.

NOMENCLATURE OF RENAL ARTERIES
The nomenclature used for QVA was based on a three-letter code 
(Figure 1). All vessels proximal to the kidney’s parenchyma shadow 
with a mean diameter ≥3 mm were considered. The first letter indi-
cated the laterality of the kidney (L for left and R for right kidney). 
The following two letters differentiated between main (MA, largest 
in diameter) and accessory renal arteries (AA). Subsequent branches 
were labelled with an additional B and, as with accessory renal 
arteries, numbered from cranial to caudal. Figure 2 gives an exam-
ple of the application of the nomenclature for right renal arteries.

ANIMAL MODEL
Renal angiography, subsequent QVA and statistical analysis of the 
main renal arteries were performed in 249 healthy juvenile Yorkshire 
domestic farm swine at CBSET, Inc. (Lexington, MA, USA) in 
accordance with the Guide for the Care and Use of Laboratory 
Animals under an approved institutional animal care and use com-
mittee-approved protocol. The animal model was introduced as 
a surrogate for renal artery anatomy in normotensive humans. QVA 
was obtained using the Centricity Cardiology CA1000 Cardiac 
Review 2.0 software (GE Healthcare, Wauwatosa, WI, USA).

STATISTICAL ANALYSIS
Data management and all statistical analysis were carried out with 
IBM SPSS Statistics for Mac, Version 23.0 (IBM Corp., Armonk, 
NY, USA). Data are presented as the mean±standard deviation 
(SD) for continuous variables and as numbers (%) for categorical 
variables unless otherwise specified. Comparisons between groups 
were performed using Pearson’s χ2 test or Fisher’s exact test for 
categorical variables and the Kruskal-Wallis test for continuous 
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variables where appropriate. A two-tailed p-value <0.05 was con-
sidered to be statistically significant.

Results
PATIENT POPULATION
Patients’ average age was 63.7±10.7 years; 57% were male 
with a body mass index (BMI) of 30.4±5.4 kg/m2. Coronary 
artery disease (CAD) and type 2 diabetes were prevalent in 270 
(27%) and 375 (38%) patients, respectively. Despite an average 
of 4.8±1.7 prescribed antihypertensive drugs, SBP and DBP was 

168±26 mmHg and 90±17 mmHg, respectively. ACE inhibitors or 
angiotensin receptor blockers were prescribed in 80% (721/901) of 
the patients, calcium channel blockers in 70% (567/805), diuretics 
in 80% (643/805), aldosterone antagonists in 20% (159/804), beta-
blockers in 79% (635/804), centrally acting sympatholytic agents 
in 51% (388/755), alpha-adrenergic blockers in 27% (201/755), 
and direct-acting vasodilators in 23% (181/803). The mean heart 
rate (HR) was 66.9±11.6 beats per minute (bpm). Only 123 patients 
(12%) achieved blood pressure control, while 862 patients (88%) 
had uncontrolled hypertension (Table 1).

Figure 1. Nomenclature of renal arteries.

Figure 2. Invasive selective renal artery angiography. Renal artery anatomy of a 25-year-old man. The right main renal artery (RMA) and the 
upper accessory renal artery (RAA1) both arise from the aorta. The lower accessory renal artery (RAA2) originates from the right common 
iliac artery.
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Table 1. Baseline characteristics.

Parameter
All patients Controlled hypertension Uncontrolled hypertension

p-value*
Value N Value N Value N

Male (%) 573 (57%) 985 74 (60%) 123 489 (57%) 862 0.472

Age, years 63.8±10.8 985 62.4±10.5 123 63.9±10.8 862 0.137

BMI, kg/m2 30.4±5.4 985 30.8±5.1 123 30.3±5.4 862 0.353

Type 2 diabetes (%) 372 (38%) 985 42 (34%) 123 330 (38%) 862 0.353

CAD (%) 269 (27%) 985 30 (24%) 123 239 (28%) 862 0.374

GFR, ml/(min/1.73 m2) 75.9±29.1 875 76.8±34.6 118 75.7±28.1 757 0.863

Number of antihypertensive drugs 4.8±1.6 985 5.0±1.6 123 4.8±1.7 862 0.452

SBP, mmHg 167.9±25.9 985 130.6±8.5 123 173.2±23.1 862 <0.001

DBP, mmHg 89.9±17.1 985 75.2±10.7 123 91.9±16.8 862 <0.001

PP, mmHg 78.0±20.7 985 55.4±10.2 123 81.3±19.7 862 <0.001

Heart rate, bpm 66.9±11.6 985 66.5±11.8 123 66.9±11.6 862 0.499

Values are means±SD or numbers (%). *p-values for comparison of controlled and uncontrolled hypertension. BMI: body mass index; CAD: coronary artery 
disease; DBP: diastolic office blood pressure; GFR: glomerular filtration rate; HR: heart rate; PP: pulse pressure; SBP: systolic office blood pressure

Table 2. Anatomical criteria of main renal arteries.

Parameter
LMA RMA

p-value*
Value N Value N

Length, mm 34.8±12.5 1,000 41.4±15.0 1,000 <0.001

Minimum diameter, mm 4.4±1.1 1,000 4.2±1.1 1,000 <0.001

Mean diameter, mm 5.4±1.2 1,000 5.2±1.2 1,000 <0.001

Maximum diameter, mm 7.1±1.6 1,000 6.8±1.7 1,000 <0.001

Proximal minimum 
diameter, mm 4.8±1.2 1,000 4.6±1.1 1,000 0.004

Proximal mean 
diameter, mm 5.6±1.3 1,000 5.5±1.3 1,000 0.002

Proximal maximum 
diameter, mm 6.9±1.7 1,000 6.5±1.6 1,000 <0.001

Middle minimum 
diameter, mm 4.8±1.1 1,000 4.6±1.1 1,000 <0.001

Middle mean diameter, 
mm 5.3±1.2 1,000 5.1±1.1 1,000 <0.001

Middle maximum 
diameter, mm 5.7±1.3 1,000 5.6±1.3 1,000 0.025

Distal minimum 
diameter, mm 4.7±1.2 1,000 4.5±1.2 1,000 <0.001

Distal mean diameter, 
mm 5.2±1.2 1,000 5.0±1.2 1,000 <0.001

Distal maximum 
diameter, mm 5.9±1.4 1,000 5.7±1.5 1,000 0.009

Number of branches 2.2±0.5 800 2.2±0.4 800 0.976

Mean length of 
branches, mm 17.3±7.6 800 19.6±9.1 800 <0.001

Maximum length of 
branches, mm 22.4±10.0 800 25.6±12.0 800 <0.001

Mean diameter of 
branches, mm 4.0±0.9 800 3.9±0.9 800 0.215

Maximum diameter of 
branches, mm 4.6±1.1 800 4.5±1.1 800 0.204

Values are means±SD. *p-values for comparison of left and right main renal artery. 
LMA: left main renal artery; RMA: right main renal artery

RENAL VASCULAR ANATOMY
On average, the right main renal artery was longer than the left 
main renal artery (+6.6 mm, p<0.001) (Figure 3A), whereas the 
left main renal artery was of slightly greater diameter (+0.2 mm, 
p<0.001) (Table 2, Table 3, Figure 3B). Main renal artery dia-
meters were similar in patients with uncontrolled and controlled 
hypertension (left p=0.641, right p=0.615). Patients with uncon-
trolled hypertension had longer left main renal arteries (+2.7 mm, 
p=0.034), whereas the right main renal artery length did not dif-
fer. Patients’ age did not correlate with mean main renal artery 
diameter (left r=–0.215 and right r=–0.200, both p<0.001) or 
length (left r=0.093, p=0.003 and right r=0.102, p<0.001). When 
patients were grouped by baseline GFR values, lower GFR was 
associated with smaller main renal artery diameters (Figure 4). In 
patients with GFR <30 ml/min/1.73 m2, right and left main renal 
artery diameters were smallest when compared to patients with 
higher GFR values.

Accessory renal arteries were present unilaterally in 197 (20%) 
and bilaterally in 24 (2%) patients. In male patients, the prevalence 
of unilateral and bilateral accessory renal arteries was higher com-
pared to female patients (unilateral p<0.001; bilateral p=0.009). 
The prevalence of accessory renal arteries differed neither between 
sides (p=0.681) nor between patients with uncontrolled and con-
trolled hypertension (p=0.397), respectively. The mean diameter 
of the left accessory renal artery was greater than the diameter of 
the right accessory renal artery (+0.2 mm, p=0.019) whereas the 
lengths were similar (p=0.595). Patients with multiple renal arter-
ies had longer left and right main renal arteries when compared to 
patients with solitary renal arteries (left +5.2 mm, right +6.9 mm, 
both p<0.001), whereas the mean main renal artery diameter (left 
p=0.151, right p=0.142) and the presence of renal artery disease 
(RAD) (left p=0.694, right p=0.553) were similar in both groups.

The branches of the left and right main renal arteries did 
not differ in terms of mean and maximum diameter (p=0.215 
and p=0.204), but the branches of the right main renal artery 
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Table 3. Comparison between controlled and uncontrolled hypertension.

Parameter
All patients Controlled hypertension Uncontrolled hypertension

p-value*
Value N Value N Value N

Left main renal artery
Length, mm 34.8±12.5 985 32.5±11.9 123 35.2±12.6 862 0.034

Minimum diameter, mm 4.4±1.1 985 4.5±1.0 123 4.3±1.1 862 0.152

Mean diameter, mm 5.4±1.2 985 5.4±1.0 123 5.4±1.2 862 0.641

Maximum diameter, mm 7.1±1.7 985 7.1±1.6 123 7.1±1.7 862 0.890

Right main renal artery
Length, mm 41.5±15.0 985 39.1±14.9 123 41.8±15.0 862 0.062

Minimum diameter, mm 4.2±1.1 985 4.2±1.0 123 4.2±1.1 862 0.404

Mean diameter, mm 5.2±1.2 985 5.2±1.0 123 5.2±1.2 862 0.615

Maximum diameter, mm 6.8±1.7 985 6.8±1.7 123 6.8±1.7 862 0.941

Accessory renal artery
Left kidney (%) 122 (12%) 985 22 (18%) 123 100 (12%) 862 0.057

Right kidney (%) 118 (12%) 985 14 (11%) 123 104 (12%) 862 0.827

Unilateral (%) 195 (20%) 985 26 (21%) 123 169 (20%) 862 0.690

Bilateral (%) 24 (2%) 985 5 (4%) 123 19 (2%) 862 0.209

Accessory renal artery left kidney
Length, mm 46.5±17.8 116 41.1±15.4   20 47.6±18.2   96 0.226

Mean diameter, mm 2.8±0.8 121 3.0±0.8   22 2.7±0.8   99 0.195

% Diameter LMA 54.7±19.2 121 57.8±17.8   22 54.0±19.5   99 0.204

Accessory renal artery right kidney
Length 47.8±18.9 103 41.5±17.8   12 48.6±18.9   91 0.377

Mean diameter, mm 2.6±0.8 117 2.4±0.5   14 2.6±0.8 103 0.977

% Diameter RMA 51.7±15.3 117 48.5±10.1   14 52.1±15.9 103 0.662

Renal artery disease¶

Left kidney (%) 55 (6%) 985 11 (9%) 123 44 (5%) 862 0.083

Right kidney (%) 55 (6%) 985 3 (2%) 123 52 (6%) 862 0.104

Unilateral (%) 72 (7%) 985 10 (8%) 123 62 (7%) 862 0.709

Bilateral (%) 19 (2%) 985 2 (2%) 123 17 (2%) 862 1.000

Values are means±SD or numbers (%). *p-values for comparison of controlled and uncontrolled hypertension. ¶Renal artery disease includes patients 
with non-significant renal artery stenosis (<50%) or prior renal angioplasty or stenting. LMA: left main renal artery; RMA: right main renal artery
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Figure 3. Main renal arteries. Length (A) and diameter (B) of the main renal arteries. Verticals indicate the mean value. LMA: left main renal 
artery; RMA: right main renal artery

were longer (mean length +2.3 mm, p<0.001; maximum length 
+3.2 mm, p<0.001).

RAD was diagnosed in 91 (9%) patients (Table 3). In comparison 
to patients without RAD, patients with RAD were older (66.6±10.7 
vs. 64.4±10.7 years, p=0.003), had a higher prevalence of diabetes 

(51% vs. 37%, p=0.010) and CAD (37% vs. 27%, p=0.044), a lower 
DBP (87±16 mmHg vs. 90±17 mmHg, p=0.041) and a lower 
heart rate (64±9 bpm vs. 67±12 bpm, p=0.022), whereas SBP 
(167±22 mmHg vs. 168±26 mmHg, p=0.668) and pulse pressure (PP) 
(79±18 mmHg vs. 78±21 mmHg, p=0.309) were similar in both groups.
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RENAL VASCULAR ANATOMY IN PORCINE MODEL
In 249 normotensive juvenile swine, the right main renal artery 
was longer than the left (+6.7 mm, p<0.001) whereas the left main 
renal artery was of greater diameter (+0.13 mm, p<0.001).

Discussion
The renal vascular anatomy typically shows a broad interindi-
vidual variety in the general population11, necessitating a stand-
ardised nomenclature. To the best of our knowledge, no accepted 
nomenclature for renal angiograms has been validated practically 
thus far11,14. We introduced a nomenclature which grasps the com-
plexity of renal arterial anatomy and can be applied for clinical 
and research purposes. In addition, we implemented the nomen-
clature by analysing the renal vascular tree of 1,000 individuals 
with hypertension and subsequently introduced the animal model 
as a surrogate for renal artery anatomy in normotensive humans. 
The major findings were that i) accessory renal arteries are more 
common in men than in women, ii) blood pressure control corre-
lates neither with morphological parameters nor with the presence 
of accessory renal arteries, and iii) low GFR is associated with 
small diameters of main renal arteries.

The liver forces the right kidney to be lower, more medially 
displaced and smaller than the left. The renal arteries arise from 
the lateral aspect of the aorta and, because the right artery passes 
posterior to the inferior vena cava, it is longer than the left. Indeed, 
our findings confirm these observations9,15. We add, however, that 
the left main renal artery is of larger diameter. Our data also sug-
gest that accessory renal arteries are associated with longer main 
renal arteries, in contrast to previous studies that described solitary 
renal arteries as longer9. The main renal artery mean diameter was 
not affected by the presence of uncontrolled hypertension or acces-
sory renal arteries. In the former respect, previous studies have 
reported inconclusive findings. Whereas Palmieri et al also found 
no difference between the diameter of main renal arteries with 
and without accessory renal arteries9, a small study using com-
puted tomography documented main renal arteries to be smaller 
in the presence of accessory renal arteries16. Because our patient 
group consisted almost exclusively of patients with hypertension, 

we introduced an animal model as a surrogate for normotensive 
patients. Although the porcine renovascular anatomy is very simi-
lar in size to that of humans17, the renal artery length and diameter 
(not the proportions) may not be exactly translated to a human 
population. However, the data of the human and the porcine renal 
angiography both show the same proportions in size between right 
and left main renal arteries and may therefore allow drawing con-
clusions in a general population.

Our data also showed a positive relationship between main renal 
artery mean diameter and renal function as measured by GFR. 
Several pathophysiological mechanisms should be considered. 
Small renal diameters, especially in relation to renal mass, can 
cause an increase in renal sympathetic nerve activity18. Elevated 
renal sympathetic nerve activity increases renin secretion resulting 
in vasoconstriction and a subsequent decrease in renal blood flow 
(RBF) and GFR18,19. Therefore, small renal diameters may both 
be a consequence of reduced renal blood flow and reflect higher 
sympathetic tone which can potentially be affected by the means 
of renal denervation20. In the long term, flow-mediated decreases 
in shear stress may trigger endothelium-dependent inward arterial 
remodelling, leading to a narrowing of the renal arteries21. The 
association between GFR and main renal artery diameter is in line 
with findings in patients with renal artery stenosis, where small 
and minimal reference diameters were associated with low GFR 
and resistant hypertension22.

Accessory renal arteries were identified in 22% of the patients. 
Two extensive meta-analyses calculated a slightly higher prevalence 
of 23.3% and 28.2% for accessory renal arteries, respectively11,14. 
We documented accessory renal arteries to be more common in 
males than in females, whereas previous studies provide inconclu-
sive evidence of a sex-specific difference9,11. However, the general 
role of accessory renal arteries in the development of hypertension 
remains elusive. A recently published study on the importance 
of accessory renal arteries for non-response to renal denervation 
showed accessory renal arteries to be overrepresented in resistant 
hypertensives and non-responders23. The authors argue that insuf-
ficient focal perfusion due to a mismatch between arterial perfu-
sion and renal mass may result in an increased renin secretion23. 
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A review of magnetic resonance angiography data suggests that 
accessory renal arteries are a vascular anomaly rather than an ana-
tomical cause of hypertension24.

The overall prevalence of 9% for RAD (stenosis <50% or prior 
intervention) was higher compared with two previous studies ana-
lysing patients undergoing diagnostic cardiac catheterisation25,26. 
This may be related to the underlying hypertension in the pre-
sent cohort. Patients with significant renal artery stenosis were 
excluded a priori from renal angiography to minimise selection 
bias, but several studies have shown that the prevalence of renal 
artery stenosis is higher among patients with uncontrolled hyper-
tension (i.e., 15-40%) compared to hypertension in general6.

Limitations
As with all studies, the limitations of our work should be acknow-
ledged. We aimed to perform quantitative analyses of renal artery 
anatomy in a large and representative cohort of 1,000 individu-
als; the sample size, however, was not based on an a priori power 
analysis. Although renal angiography of healthy swine showed 
similar results to our human patient group which consisted almost 
exclusively of patients with hypertension, many of whom lacked 
blood pressure control, the results may not be translated to the 
general population17. Future studies using less invasive diagnostic 
modalities such as magnetic resonance angiography27 are needed 
to compare healthy individuals with those affected by hyperten-
sion. Selective invasive renal angiography primarily provides two-
dimensional images which may have reduced the accuracy of our 
measurements. The use of local vasodilators prior to imaging was 
at the interventionalists’ discretion. Thus, the extent of vascular 
tone may also have affected the measurements. Although the num-
ber of antihypertensive drugs prescribed was documented for all 
patients, detailed information was missing in some. The study did 
not aim to analyse subgroups of different antihypertensive drugs.

Conclusions
Renal arterial anatomy differs significantly when comparing renal 
arteries by side or sex but not when comparing patients with hyper-
tension with and without blood pressure control. Further, acces-
sory renal arteries are more common among men than women. 
Impaired renal function measured by GFR is associated with small 
main renal artery mean diameter.

Impact on daily practice
With increasing attention to renovascular causes and targets 
for hypertension there arises a critical need for more detailed 
knowledge of renal arterial anatomy. We proposed a new intui-
tive nomenclature which meets the requirements of the complex 
renal arterial anatomy and implemented it by analysing the renal 
vascular tree of 1,000 people with hypertension. Renal arterial 
anatomy differs significantly between sides and genders, but not 
when comparing patients with hypertension with and without 
blood pressure control.
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