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aBstRact

Background: Renal nerve denervation (RDN) is developed as a potential treatment for 
hypertension. Recently, we reported the use of renal nerve stimulation (RNS) to localize 
sympathetic nerve tissue for subsequent selective RDN. The effects of RNS on arterial 
pressure dynamics remain unknown. The current study aimed to describe the acute 
changes in arterial pressure dynamics response to RNS before and after RDN.

methods and results: Twenty six patients with drug-resistant hypertension referred for 
RDN were included. RNS was performed under general anesthesia before and after RDN. 
We continuously monitored heart rate (HR) and invasive femoral blood pressure (BP). 
Augmentation pressure (AP) and index (Aix), pulse pressure (PP), time to reflected wave, 
maximum systolic BP and dicrotic notch were calculated. Systolic and diastolic BP at 
site of maximum response significantly increased in response to RNS (120 ± 16/62 ± 9 to 
150 ± 22/75 ± 15 mmHg) (p < 0.001/< 0.001), whereas after RDN no RNS-induced BP change 
was observed (p > 0.10). RNS increased Aix (29 ± 11 to 32 ± 13%, p = 0.005), PP (59 ± 14 to 
75 ± 17 mmHg, p < 0.001), time to reflected wave (63 ± 18 to 71 ± 25 ms, p = 0.004) and time 
to maximum systolic pressure (167 ± 36 to 181 ± 46 ms, p = 0.004) before RDN, whereas no 
changes were observed after RDN (p > 0.18). All changes were BP dependent. RNS had no 
influence on HR or the time to dicrotic notch (p > 0.12).

conclusion: RNS induces temporary rises in Aix, PP, time to maximum systolic pressure 
and time to reflected wave. These changes are BP dependent and were completely 
blunted after RDN.
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intRodUction

Hypertension is characterized by increased arterial stiffness, dysregulation of the 
autonomic nervous system and is associated with an elevated risk of cardiovascular events 
(1, 2). Previous studies have shown that different antihypertensive drug classes are effective 
in reducing arterial stiffness (2-7). Besides changes in arterial stiffness, dysregulation of 
the autonomic nervous system, particularly imbalance between sympathetic and vagal 
tone, has been implicated in the development of hypertension. In this context, renal nerve 
denervation (RDN) has emerged as a potential therapy for resistant hypertension; its 
rationale originates in denervating the renal sympathetic efferent and afferent coupling 
with the central autonomic nervous system (8). It is thought that by denervating the renal 
arteries, general sympathetic tone is reduced by decreasing norepinephrine spillover and 
muscle-sympathetic nerve activity (8,9). Recently, we reported the feasibility of renal 
nerve stimulation (RNS) to localize sympathetic nerve tissue for subsequent selective 
RDN (10). RNS can potentially be used to map nerve bundles and guide selective ablation 
of sympathetic nerve fibers and on the other hand prevent inadvertent ablation of 
parasympathetic nerve fibers during RDN (11). RNS induces profound rises in arterial 
blood pressure (BP) when sympathetic nerves are stimulated. We have shown that RNS is 
strongly associated with BP changes after RDN (12). The exact influence of RNS on arterial 
blood pressure dynamics remains to be elucidated. Therefore, in this study we aimed 
to describe the acute changes in arterial pressure dynamics and derivatives of arterial 
stiffness, in response to RNS both before and after RDN.

methods

At the Isala Hospital, Zwolle, The Netherlands between May 2013 and October 2016 
RDN was performed with the use of RNS in 41 patients, of which 26 were included for 
further analysis in this study because of available pressure wave form data. All patients 
had drug-resistant hypertension and were referred to RDN. Drug-resistance was defined 
as a baseline office systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg and 24-h systolic 
ambulatory blood pressure measurements (ABPM) ≥ 130 mmHg or diastolic ABPM ≥ 80 
mmHg despite stable antihypertensive treatment of at least three antihypertensive drugs 
(preferably including a diuretic) for at least 1 month or intolerant for antihypertensive 
drugs. Patients were eligible if they were aged between 18 and 80 years. Patients were 
screened for eligibility for RDN by a multi-disciplinary team, including: cardiologists, 
internists with hypertension subspecialty and a radiologist. Glomerular filtration rate 
had to be > 45 ml/min/1.73 m2 according to the MDRD formula. Patients with secondary 
causes of hypertension, a history of renal artery stenosis or abnormal renal artery 
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anatomy (assessed by CT-angiography), diabetes mellitus type 1, chronic oxygen use, or 
contraindication to anticoagulation therapy or heparin were excluded. Patients enrolled in 
another investigational drug or device study were also excluded. All patients were willing 
and able to comply with the protocol and had provided written informed consent. The 
study was approved by the local medical ethical committee (ABR No. 47172) and was 
conducted according to the declaration of Helsinki.

Procedure

The RDN procedure was performed by experienced cardiac electrophysiologists. All 
patients were under general anesthesia induced by propofol and received intravenous 
opioids (Fentanyl in all of our patients) to ensure effective analgesia. The anesthesia was 
supervised by a cardiac anesthesiologist. Throughout the RDN procedure, no changes were 
made in the use of vasoactive medication and no inotropic medication was necessary. The 
depth of anesthesia was monitored by the bispectral index. Two sheaths were placed in 
the right femoral artery, one for continuous BP measurement and another for catheter 
access. A total of 5000 IU of heparin were administered during the procedure. In addition, 
in patients not previously on acetylsalicylic acid, we administered 500 mg of acetylsalicylic 
acid intravenously. Aorto-renal angiography was performed using a pigtail catheter. Two 
types of catheters were used. Initially, a conventional quadripolar catheter (EP-XT, C. R. 
Bard, Inc., Murray Hill, NJ, USA) was used in combination with the single-electrode ablation 
catheter (Symplicity Flex Renal Denervation Catheter, Medtronic, Minneapolis, MN, USA). 
Later patients were ablated with the multi-electrode basket catheter (EnligHTN, St Jude 
Medical, Saint Paul, MN, USA), enabling bipolar stimulation by delivering electrical pulses 
through the electrodes of this multi-electrode basket catheter, with bipolar stimulation 
from pole 1–2 and 3–4. The first renal artery to undergo RNS was alternated between 
left and right among consecutive patients. RNS was performed at multiple sites with a 
minimum of four sites in each artery, ensuring that different quadrants of the arterial 
circumference were stimulated in proximal and distal areas of the renal artery, in which 
ablations are usually performed. Per renal artery, we structurally stimulated at two sites 
proximally and at two sites distally. Two of the stimulation sites were towards the roof 
of the artery of which one anteriorly and one posteriorly. Two were towards the bottom 
of the artery of which one anteriorly and one posteriorly. With this protocol we tried to 
ensure that different sites within each artery were tested for reaction. Pacing frequency 
was set at 20 Hz, pacing output at 20 mA with a pulse duration of 2 ms, based on earlier 
research (10). Stimulation duration was 60 s, or shorter when systolic BP increased beyond 
180 mmHg. We chose this as a cut-off point as we experienced additional BP rises up to 
> 200 mmHg after stopping stimulation in previous research (10). We waited for the BP to 
return to baseline values before proceeding to a next stimulation site. After RNS in both 
arteries (total of at least eight stimulation sites) a standard RDN procedure was performed. 
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Normally the catheter is designed for ablation only, however, through the ablation 
electrodes stimulation is possible through a standard electrophysiology system (Bard, 
Boston Scientific, Murray Hill, NJ, USA). We therefore, developed in cooperation with our 
electrophysiology laboratory technicians a switch box with connection to radio frequency 
generator for ablation or to the electrophysiology system for stimulation. In each renal 
artery, depending on the renal artery anatomy, 4 up to 28 ablation points were performed 
by subsequent sets of radiofrequency (RF) energy applications. All accessible branches 
were denervated. During RF energy application, tip temperature and impedance were 
monitored. After the RDN procedure RNS was repeated at the site of maximum systolic 
BP response before RDN. Heart rate and BP were continuously invasively monitored by a 
femoral artery line during the RDN procedure, and BP curves were stored.

Arterial pressure dynamics

After the procedure the site of maximum systolic blood pressure response was assessed 
at four moments: (1) before RNS before RDN, (2) after RNS before RDN, (3) before RNS 
after RDN, (4) after RNS after RDN. At each point heart rate, systolic and diastolic blood 
pressure, augmentation pressure, time to reflected wave, time to maximum systolic blood 
pressure, and time to dicrotic notch were assessed from three consecutive pressure wave 
forms. Subsequently, the average of the three wave forms was used for the analysis and 
calculation of the augmentation index (Aix), pulse pressure and mean arterial pressure 
(MAP) (13). As Aix directly increases with MAP (14) and is inversely related to heart rate 
(15,16), arterial pressure indices were corrected for these parameters. In a sample of seven 
patients all outcome variables were tested for inter-observer variability.

Statistical analysis

Statistical analysis was performed using IBM SPSS statistics version 20 (IBM inc., Armon, NY, 
USA). Continuous variables were expressed as mean ± standard deviation (SD) or standard 
error of the mean (SEM) or median with range when appropriate. Categorical variables 
were reported by frequencies and percentages. Variables were tested for normality of 
distribution. For the comparison of normally distributed variables a paired t test was used 
to compare the means before and after RDN, for the non-normally distributed variables 
the non-parametric variant (Wilcoxon signed ranked test) was used. To correct Aix and 
other variables of the pressure waveform for the time varying variables (HR and MAP) a 
repeated measures ANOVA with time-dependent covariate was used (17). In a sample of 
seven patients (27%) the interclass correlation coefficient (ICC) estimates and their 95% 
confident intervals (CI) were calculated based on consistency, two-way mixed effects 
model to describe inter-observer variability (18). A P-value of < 0.05 was considered 
statistically significant.
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ResUlts

Baseline characteristics

Forty-one patients underwent RDN with the use of RNS in the period from May 2013 
and October 2016 at the Isala Hospital. 26 patients were included in the analysis for this 
study; the other 12 patients were excluded because of blunted pressure waves, poor 
quality registration of the arterial pressure wave, or missing pressure wave forms. The 
mean age of the patients was 64 years, 46% of the population was male, mean daytime 
ABPM at baseline was 148 ± 15/83 ± 11 mmHg and patients were using an average of 
four antihypertensive drugs. Further demographic and clinical characteristics, BP 
measurements, and antihypertensive drugs at baseline are presented in Table 1. In the 
first 10 patients the single-electrode ablation catheter (Symplicity Flex Renal Denervation 
Catheter, Medtronic, Minneapolis, MN, USA) was used, in the following 16 patients the 
multi-electrode basket ablation catheter (EnligHTN, St Jude Medical, Saint Paul, MN, USA) 
was used. A median of 10 (range 4–28) RF applications per renal artery was performed. 
Bispectral index did not change during the procedure.

Pressure wave form analysis before and after RDN

Before RDN, systolic and diastolic BP at site of maximum response significantly increased 
in response to RNS (120 ± 16/62 ± 9 to 150 ± 22/75 ± 15 mmHg, p < 0.001/< 0.001). After 
RDN, both systolic and diastolic BP did not change in response to RNS (125 ± 23/61 ± 11 to 
127 ± 22/62 ± 8 mmHg, p = 0.13/0.09). Based on these parameters the pulse pressure also 
significantly increased during RNS before RDN (59 ± 14 to 75 ± 17, p < 0.001), and this effect 
was blunted after RDN (64 ± 19 to 64 ± 17, p = 0.18). RNS-induced a significantly longer time 
to reflection (63 ± 18 to 71 ± 25 ms, p = 0.004) and time to maximum systolic BP (167 ± 36 to 
181 ± 46 ms, p = 0.004) before RDN, whereas after RDN no significant change was observed 
(respectively 63 ± 14 to 64 ± 18 and 157 ± 37 to 160 ± 40 ms, p > 0.45). Time to dicrotic notch 
did not significantly change before (327 ± 40 to 326 ± 40 ms) and after (311 ± 44 to 306 ± 47 
ms) RDN (p > 0.60). Figure 1 presents an example of the described pressure wave form 
changes in a patient undergoing RNS and RDN.
MAP was significantly increased in response to RNS before RDN, from 82 ± 10 to 100 ± 15 
mmHg, p < 0.001. After RDN, the MAP did not significantly change in response RNS (82 ± 13 
to 83 ± 12 mmHg, p = 0.11). The heart rate did not significantly change in response to RNS 
both before and after RNS (51 ± 7 to 52 ± 7/56 ± 11 to 56 ± 11, p > 0.12). RNS-induced before 
RDN a significantly decrease in the sinus cycle length (from 1182 ± 35 ms to 1152, p = 0.05) 
and after RDN the sinus cycle length remained unchanged (1111 ± 47 to 1108 ± 48 ms, 
p = 0.68). The Aix increased significantly from 29 ± 11 to 32 ± 13 before RDN in response 
to RNS. After RDN, RNS-induced no change in Aix (29 ± 11 to 28 ± 11, p = 0.81). Data are 
presented in Table 2 and Fig. 2.
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table 1. Baseline characteristics

characteristics all patients (n = 26)

Age (years) 63.7±9.1

Sex (male) 12 (46%)

Body-mass index (kg/m2) 28.6±3.4

Current smokers 0 (0%)

Medical history

Hypercholesterolemia 16 (62%)

Type 2 diabetes mellitus 26 (23%)

Coronary heart disease 5 (19%)

Atrial fibrillation 7 (27%)

Number of antihypertensive medications 4±1

Type of antihypertensive medication

Diuretic 16 (62%)

Aldosterone receptor blocker 5 (20%)

Beta-blocker 16 (62%)

Calcium channel blocker 17 (65%)

ACE- inhibitor 9 (35%)

Angiotensin receptor blocker 15 (58%)

Aliskiren 1 (4%)

Centrally acting α2-sympatholytics 2 (8%)

Α1-receptor blockers 8 (31%)

eGFR (ml/min/1.73m2) 87 [44 – 150]

Ambulatory BP (mm Hg)

24 – hours systolic 147±15

24 – hours diastolic 82±11

Daytime systolic 148±15

Daytime diastolic 83±11

Night-time systolic 132±15

Night-time diastolic 72±12

Office BP (mm Hg)

Systolic 171±23

Diastolic 96±14

Heart rate (bpm) 65±10

ACE angiotensin-converting enzyme; eGFR: estimated glomerular filtration rate according to the 
Cockcroft-Gault formula; BP, blood pressure; bpm: beats per minute. Data are presented as number of 
patients (percentage) or mean ± SD, or range where appropriate.
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Pressure wave form analysis before and after RDN corrected for MAP and heart rate

The heart rate did not significantly change in response to RDN both before and after RDN 
(51 ± 7 to 52 ± 7/56 ± 11 to 56 ± 11, p > 0.12). When corrected for MAP, RNS-induced changes 
in pulse pressure (66 ± 3 to 68 ± 3 mmHg), time to reflected wave (67 ± 4 to 66 ± 5 ms), time 
to maximum systolic BP (176 ± 7 to 171 ± 8 ms), time to dicrotic notch (325 ± 8 to 331 ± 9 ms) 
and Aix (29 ± 2 to 31 ± 3%) were no longer significant (p > 0.43) (Table 3), indicating a BP-
dependent change. After RDN, none of the parameters changed significantly in accordance 
with the non-corrected data (p > 0.41).

figure 1. Example of described pressure wave form changes in a patient undergoing RNS and RDN

table 2. Pressure wave form analysis

Variables

Before Rdn after Rdn

Before RNS After RNS p-value Before RNS After RNS p-value

SBP (mmHg) 120±16 150±22 <0.001 125±23 127±22 0.13

DBP (mmHg) 61±9 75±15 <0.001 61±11 62±8 0.09

PP 59±14 75±17 <0.001 64±19 64±17 0.18

Time to reflected wave (ms) 63±18 71±25 0.004 63±14 64±18 0.89

Time to maximum SBP (ms) 167±36 181±46 0.004 157±37 160±40 0.45

Time to dicrotic notch (ms) 327±40 326±41 0.60 311±44 306±47 0.86

AP (mmHg) 16±7 24±13 <0.001 20±12 19±10 0.47

Aix (%) 29±11 32±13 0.005 29±11 28±11 0.81

MAP (mmHg) 82±10 100±15 <0.001 82±13 83±12 0.11

HR (bpm) 51±7 52±7 0.12 56±11 56±11 0.39

Sinus cycle length (ms) 1182±35 1155±36 0.05 1111±47 1108±48 0.68

SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; AP: augmentation pressure; 
Aix: augmentation index; MAP: mean arterial pressure; HR: heart rate. Data are presented as estimated mean 
and standard error.
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Inter-observer variability

The ICC and CI are presented in Table 4. For all parameters the ICC indicates a good 
reliability with an ICC > 0.92 and CI between 0.63 and 1.0.

discUssion

In this study we observed changes in femoral arterial pressure characteristics in response 
to RNS before and after RDN in patients with drug-refractory hypertension. RNS before 
RDN resulted in a higher systolic and diastolic BP, pulse pressure, MAP, Aix and longer time 
to reflected wave and time to maximum systolic BP compared to RNS-induced effects after 
RDN. No influence on heart rate and time to dicrotic notch was observed. RNS-induced 
changes were BP dependent. All effects were blunted after RDN.

figure 2. Aix response to RNS both before and after RDN. The Aix increased significantly from 29 ± 11 (1) to 
32 ± 13 (2) before RDN in response to RNS (p = 0.005). After RDN, during RNS no significant change in Aix was 
observed; 29 ± 11 (3) to 28 ± 11 (4), p = 0.81.

table 3. Pressure wave form analysis corrected for mean arterial pressure

Variables

Before Rdn after Rdn

Before RNS After RNS p-value Before RNS After RNS p-value

PP 66±3 68±3 0.46 64±3 64±3 0.58

Time to reflected wave (ms) 67±4 66±5 0.91 63±3 64±3 0.56

Time to maximum SBP (ms) 176±7 171±8 0.47 157±7 160±7 0.41

Time to dicrotic notch (ms) 325±8 331±9 0.46 310±8 308±9 0.56

Aix (%) 29±2 31±3 0.43 29±2 27±2 0.61

Data are presented as estimated mean and standard error. SBP: systolic blood pressure; DBP: diastolic blood 
pressure; PP: pulse pressure; AP: augmentation pressure; Aix: augmentation index; MAP: mean arterial 
pressure; HR: heart rate.
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Chinushi et al. reported in dogs the use of RNS before and after RDN. Electrical stimulation 
of the renal arterial autonomic nerves increased BP most likely via increased central 
sympathetic nervous activity, in this study measured by increased serum catecholamines 
and changes in heart rate variability. After RDN, RNS-induced BP rise was attenuated when 
the ablated artery was stimulated (19). The magnitude of the reduction was shown to be 
related to the severity of tissue injury measured by histological study of the arterial wall 
(20). Lu et al. assessed in a canine model the efficacy of RNS-guided RDN and showed that 
RNS-guided targeted ablation can achieve apparent BP reduction (21).

To our knowledge, we were the first assessing the feasibility of RNS in humans with drug-
resistant hypertension, undergoing RDN. We showed a significant temporary rise in BP 
due to RNS, and a large reduction of RNS-induced BP rise after RDN (10). Furthermore, we 
reported earlier that the magnitude of reduction of RNS-induced BP changes after RDN 
were strongly associated with reductions of BP measured with 24-h ABPM during follow-
up after RDN (12). On top of that, we recently reported on the different patterns of BP and 
HR responses elicited by RNS prior to RDN. Most RNS sites (62%) showed a BP increase 
(> 10 mmHg) in response to RNS; however, also a part (respectively 30 and 4.5%) showed 
indifference (≤ 10 mmHg) or vagal response to RNS. So, RNS can potentially be used to 
identify sympathetic and parasympathetic nerve tissue in the renal arteries (11).

The underlying pathophysiological mechanism of RNS and the effects on arterial blood 
pressure dynamics remain to be elucidated. In our present report, we again proved that 
acute rises in BP, without a rise in heart rate, can be induced by high frequency stimulation 
through the renal arteries. We observed a marked increase in pulse pressure, the time to 

table 4. Intercorrelation coefficient (ICC) and 95% confidence intervals, n = 7

Variables Before Rdn after Rdn

Before RNS After RNS Before RNS After RNS

SBP 1.0 
(1.0 – 1.0)

1.0 
(0.99 – 1.0)

0.99 
(0.99 – 1.0)

0.99 
(0.99 – 1.0)

DBP 0.99 
(0.99 – 1.0)

0.99 
(0.99 – 1.0)

0.98 
(0.82 – 1.0)

0.98 
(0.98 – 1.0)

Time to reflected wave 0.92 
(0.63 – 0.99)

0.95 
(0.72 – 0.99)

0.97 
(0.78 – 0.99)

0.96 
(0.70 – 0.99)

Time to maximum SBP 0.98
 (0.91 – 0.99)

0.99 
(0.96– 0.99)

0.99 
(0.97 – 1.0)

0.99 
(0.98 – 1.0)

Time to dicrotic notch 0.97 
(0.80 – 0.99)

0.95 
(0.73 – 0.99)

0.97 
(0.75 – 0.99)

0.96 
(0.70 – 0.99)
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maximum BP and time to reflected wave, whereas the time to dicrotic notch remained 
similar. Furthermore, the Aix was significantly increased by RNS before RDN.

A longer ejection period, probably accompanied by a rise in left ventricular ejection fraction 
(LVEF), could lead to an increased time to maximum systolic BP. However, physiological 
rises in LVEF alone are by no means explanatory for the magnitude of the observed RNS-
induced BP rises. As MAP is a product of heart rate, stroke volume and systemic vascular 
resistance, due to RNS additional increases in systemic vascular resistance should have 
occurred since heart rate was similar before and after RNS. Systemic vascular resistance 
changes due to vasoconstriction and vasodilation or due to alterations in the intrinsic 
vessel wall characteristics. As the intensity of reflection is correlated with systemic 
vascular resistance (22,23), and in our study the increase in the time to reflected wave was 
BP dependent, this was most probably caused by vasoconstriction in response to RNS, 
and not due to acute changes in intrinsic vessel wall characteristics. (Sub)Acute changes in 
intrinsic vessel wall characteristics are possible, and were induced by different classes of 
intravenous beta-blockers in previous studies (24-26). As changes in nitric oxide synthesis 
can produce these (sub)acute changes, remodeling of the vessel wall is a process of longer 
duration, and is induced by changes in matrix metalloproteinase levels (27,28). Future 
study is warranted to measure the exact changes in stroke volume, LVEF and systemic 
vascular resistance, to give more insight into the pathophysiological mechanism of RNS 
and RDN. Subsequently, aiming to create a definite end point for the RDN procedure and 
hereby improving clinical results after RDN.

Limitations of our study are the single-center design and limited number of patients, partly 
due to lacking or poor quality registrations of pressure wave form data. It is known that 
drug non-adherence is a major issue in patients with treatment-resistant hypertension 
(29). Although our patients were treated by dedicated internists with hypertension 
subspecialty, we did not systematically assess drug adherence which is a limitation of the 
study. Another limitation is the potential selection bias due to exclusion of 12 RNS patients 
because of blunted pressure waves, poor quality registration of the arterial pressure wave, 
or missing pressure wave forms. However, from our previous research we know that only 
two patients (who finally did not underwent RDN) showed a vagal response to RNS at all 
stimulated sites. All other patients exhibited an increase in BP in response to RNS (11). 
Ongoing research will focus on whether an RNS-guided RDN procedure will result in better 
BP control compared to a RNS-checked procedure; in the RNS-checked approach RNS 
will only serve as a check and will not change the amount of ablation points while in the 
RNS-guided approach, ablation will be performed only when RNS results in an increase 
in BP. Strong aspect, however, is the rigorous and standardized protocol used for the 
RNS and RDN procedure which were performed by experienced electrophysiologists. All 



Chapter 2

36

procedures were supervised by a cardiac anesthesiologist, patients were under general 
anesthesia and no changes in vasoactive medication were made. During the procedure 
bispectral index, to monitor the depth of anesthesia, remained stable. Furthermore, the 
inter-observer reliability of a sample of the pressure wave form analysis was assessed and 
good, supporting the reliability of the analysis of the entire study population.

conclUsion

Our study provides, to our knowledge, for the first time some insight into the 
pathophysiological mechanism of RNS. We showed that RNS-induced BP dependent 
changes in arterial hemodynamics, probably reflecting changes in ventricular ejection 
period and arteriolar tone, and not intrinsic alterations in arterial stiffness. All effects were 
blunted after RDN. In the future RNS can potentially identify to locate sympathetic and 
parasympathetic nerve fibers and serve as a procedural end point for the RDN procedure. 
Future study is warranted to give more insight in the pathophysiological mechanism of 
RNS and RDN, subsequently aiming to create a definite end point for the RDN procedure 
and hereby improving clinical results after RDN.
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