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ANGIOTENSIN II AND LONG-TERM PROGNOSIS

Abstract

Persistent activation of the renin-angiotensin system leads to downregulation of
the Angiotensin type 1 receptor, and consequently to a decreased response to
exogenous angiotensin II. In the present study, we investigated the association
of angiotensin II responsiveness to clinical outcome after coronary artery bypass
grafting (CABG). We studied the responsiveness to exogenous angiotensin II in
human thoracic artery preparations of 114 CABG patients. Mean duration of
follow-up was 7.3%£0.1 vyears during which 21 patients experienced a
cardiovascular event. A diminished response to angiotensin II remained in
multivariate cox-regression analysis, after adjustment for sex, age, blood
pressure, and number of diseased coronary arteries, the strongest predictor for
cardiovascular events (relative risk 3.37 [95% CI 1.20-9.51]; p=0.022).
Furthermore, diminished response to angiotensin II was associated with an
increased mean arterial pressure (102.85+1.38 versus 97.40+1.37; p=0.003)
and a non-significant increase in Angiotensin-Converting Enzyme activity,
suggestive for a persistently activated renin-angiotensin system. In conclusion,
these results suggest that in patients undergoing CABG, a diminished vascular
responsiveness of the thoracic artery to exogenous angiotensin II is related to
an increased risk of future cardiovascular events.
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Introduction

An activated renin-angiotensin system (RAS) is characterized by increased
serum levels of angiotensin II (Ang II), and is involved in hypertension, coronary
heart disease, heart failure and other cardiovascular diseases. Increased plasma
levels of Ang II, despite Angiotensin-Converting Enzyme (ACE) inhibition, is
associated with increased mortality.! Although the knowledge of the
pathophysiological role of the RAS continues to increase and treatment with
ACE-inhibitors and angiotensin receptor blockers (ARBs) are well proven and
accepted among clinicians worldwide, prognostic studies of direct assessment of
vascular responsiveness to Ang II are lacking. Local or circulating Ang II can
decrease the expression or the angiotensin type 1 (AT;) receptor.?” This agonist
induced downregulation can subsequently result in relative resistance to Ang
I1.23% It remains to be determined whether the response of the human
vasculature to Ang II in patients with coronary heart disease can be related to
an activated RAS and whether it is associated with future cardiovascular events.
We undertook the present study to investigate whether or not the vascular
responsiveness to Ang II in thoracic arteries from patients undergoing coronary
artery bypass grafting (CABG) predicted long-term outcome for cardiovascular
events, including death, myocardial infarction, stroke and vascular surgery. In
this paper we present the prognostic significance of 7.3 years follow-up.
Furthermore, we assessed the relation of vascular responsiveness to Ang II with
blood pressure and ACE activity, as indicators of an activated RAS.

Methods

Study Population

Patients in the present study participated in the QUO VADIS study. A total of
187 patients were included into QUO VADIS, and methods and results of this
study were published elsewhere.”® We studied all 114 subjects undergoing
CABG of whom Ang II responsiveness was assessed. The Institutional Review
Board approved this study, and written, informed consent was obtained from
each subject.

In vitro vascular measurements

Measurements of vascular responsiveness to Ang II of human internal thoracic
arteries performed in the QUO VADIS study has been described previously.” In
brief, excess graft material as obtained during CABG was cut into several 2 mm
rings and mounted in 15 mL organ chambers. Measurements of in vitro vascular
function took place within 3 hours after harvesting. The rings were connected to
an isotonic displacement transducer, where a preload of 1.4 g was given. The
rings were allowed to equilibrate for 1 hour. All rings were primed and checked
for viability by repeated stimulation with 10 upmol/L phenylephrine. The
responses to Ang I and II (0.1 nmol/L to 1 umol/L) were studied in parallel rings
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Table 1. Index of Cardiovascular Events During Follow-up

Outcome Response to Ang Il
All patients Low High P-value
Cardiac Death 2 2 0 0.165
Myocardial infarction 8 1 2 0.315
PCI 4 3 1 0.302
Re-CABG 1 1 0 0.313
Stroke 7 7 0 0.006
Vascular Surgery 6 4 2 0.334
Total Events 23 18 5 0.007

P-value for Low versus High responsiveness to Angiotensin II.

under continuous presence of N®-monomethyl-L-arginine (L-NMMA, 100 pmol/L)
to avoid confounding Nitric Oxide (NO) release by endothelial NO Synthase
(eNOS). At the end of the Ang measurements a control response was evoked
with 10 umol/L phenylephrine. Results are presented as percentage of the
maximal phenylephrine induced response. To study the relationship between
Ang II responsiveness and cardiovascular events, the study population was
divided according to the median of maximal response to Ang II as decided
before conducting follow-up. The lower half was considered to have relative
resistance to Ang II (in parallel with relative resistance to insulin in diabetes
mellitus).

ACE activity determination

Plasma ACE activity was measured 1 day before CABG as described previously.’
Briefly, using 35 times diluted plasma 10 minutes of incubation with 7 mmol/L
hippuryl-L-histidyl-L-leucine (Hip-His-Leu) at 37°C the production of hippuric
acid (nM His-Leu/min/mL) was measured spectrophotometricly. Local ACE
activity was determined in arbitrary unites as the area between the Ang I and II
dose-response curves, normalized for maximal response to Ang II, as described
before.1°

Long-Term Follow-Up

Long-term follow up was performed by telephone contact. All cardiovascular
events were validated by review of medical records. The outcome measure
assessed was the time from CABG until the first occurrence of a component of
the following: cardiovascular death, hospitalization for myocardial infarction,
revascularization with percutaneous coronary intervention or re-CABG (if these
procedures were performed at least 30 days after randomization), vascular
surgery, and stroke.

Statistical Analysis

Data are expressed as mean+SEM. Statistical significance of differences in
baseline characteristics was assessed by unpaired Student’s t test or y° test,
when appropriate. Cardiovascular event rates were estimated by Kaplan-Meier
survival curves and were compared by means of the log-rank method. Cox
proportional hazards multivariate stepwise regression analysis was used to
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determine the multivariate relationships between clinical variables and
cardiovascular events during the follow-up period. Covariates entered in this
regression model were Ang II resistance, number of diseased vessels, age, sex,
smoking, hypertension, blood pressure, and LDL-cholesterol. Statistical analysis
was performed with SPSS statistical software (SPSS Inc). All probability values
were 2-tailed, and a value <0.05 was considered to indicate statistical
significance.

Results

Of the 114 patients, one patient was lost to follow-up. Mean duration of follow-
up was 7.3+0.12 years (median 7.4 years). During this period, 21 (18%)
experienced a cardiovascular event, 2 of these subjects had 2 events (table 1).
Baseline characteristics are presented in table 2. Their average age at baseline
was 62.5+8.3 years, and 16 (14%) were women. Before CABG, 40% of patients
had had a myocardial infarction and 15% had previously undergone a PCI. At
baseline the total cholesterol level was 6.2+1.3 mmol/L (241 mg/dL), LDL-

Table 2. Clinical Characteristics

Variables Low Ang Il response (N=56) High Ang Il response (N=57)

Age, years 63.311.1 61.4+1.1
Gender, male/female 51/5 47/10
Body Mass Index, kg/m? 26.5+0.4 26.9+0.4
Risk factors, n (%)
Hypertension 31 (55) 29 (51)
Smoking

Never smoked 9 (16) 9 (16)

Current smokers 8 (14) 6 (11)
CAD

1-vessel disease 1 1

2-vessel disease 15 16

3-vessel disease 40 40
Ischemic NYHA (1-2/3-4) 21/34 25/31
History, n (%)
Angina (past/current) 4/51 (7/91) 4/53 (7/93)
Myocardial infarction 25 (45) 20 (35)
PTCA 12 (21) 5(9)
Heart rate, bpm 69.6+13.6 72.1+14.6
Blood pressure, mmHg
Systolic 144.2+3.0 136.2+2.6
Diastolic 82.2+1.0 80.0%1.0
Lipid concentrations, mmol/l
Total cholesterol 6.14 (0.16) 6.37 (0.17)
LDL cholesterol 4.20 (0.14) 4.30 (0.15)
HDL cholesterol 1.06 (0.04) 1.13 (0.04)
Triglycerides 1.90 (0.15) 2.03 (0.18)
Medication (%)
Quinapril/Captopril/Placebo 45/11/45 37/23/40
Beta blocker 78 91
Nitrates 74 82
Lipid Lowering 36 43
Follow-up time (years) 7.2 (0.1) 7.3 (0.1)
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Figure 1. Concentration-response curves of Angiotensin Il (Ang II)-induced

vasoconstriction.
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cholesterol 4.2+1.0 mmol/L (164 mg/dL), HDL-cholesterol 1.09+0.31 mmol/L
(42 mg/dL), and triglycerides 1.96+1.25 mmol/L (174 mg/dL).

Median contraction to Ang II of the total population was 58.4% of the maximal
response to phenylephrine. Maximal contraction to Ang II in the low responsive
group was 382 (% phenylephrine) and in the high responsive group 74+2
(figure 1). Absolute contractions for phenylephrine was 346+23 and 444+34 um
(28% difference; p=0.02) and for Ang II 135+12 and 323+26 um (139%
difference; p<0.00001) in the low and high responsive group, respectively. Low
responsiveness to Ang II was associated with an increased mean arterial blood
pressure (102.9%+1.4 versus 97.4x1.4; p=0.003). Both serum ACE activity
(23.7£1.2 nM His-Leumin/mL versus 18.3%£2.7; p=0.12) and local ACE activity
(17.5£0.7 arbitrary units versus 16.3+0.5; p=0.19) were not significantly
increased in patients with low responsiveness to Ang II.

For all patients, the Kaplan-Meier event rates of the primary end point was 29%
in the low responsive group and 9% in the high responsive group. The high-
responsive group was associated with 69% fewer events (p=0.0059; figure 2).
In multivariate cox-regression analysis, after adjustment for sex, age, mean
arterial blood pressure, and number of diseased coronary arteries, a diminished
response to Ang II was the most significant predictor for cardiovascular events
(relative risk 3.37 [95% CI 1.20-9.50]; p=0.022, table 3). When only the more
objective events (cardiac death, myocardial infarction, and stroke) were
combined, Ang II remained the most significant predictor (relative risk 5.0 [95%
CI 1.06-23.62]). Response to phenylephrine was not associated with
cardiovasular events. Among the individual components of the primary end
point, there was a consistent pattern of benefit favoring the high-responsive Ang
IT over the low-responsive Ang II group, which included a significant association
with fewer strokes (p=0.006; table 1).
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Figure 2. Kaplan-Meier curve for primary composite end point
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Discussion

We are the first to report long-term follow-up data on in vitro assessment of
vasomotor function. The present study demonstrated that in vitro resistance to
exogenous Ang II independently predicts the long-term risk of cardiovascular
events, including cardiac death, myocardial infarction, PCI, re-CABG, stroke, and
vascular surgery after adjustment for blood pressure, and other cardiac risk
factors. 78% of all cardiovascular events occurred in patients in the Ang II
resistant group. In addition, Ang II resistance was associated with a higher
blood pressure and a trend to an increased serum and local ACE activity.

Ang II is the principal mediator of the RAS. The AT; receptor mediates many of
the known detrimental effects of Ang II, including vasoconstriction. Increased
levels of endogenous Ang II have been associated with an increased mortality in
chronic heart failure (CHF) patients.! Progression of CHF is associated with a
progressive increase in cardiac Ang II formation, regardless of aetiology of
CHF.'* More importantly, in contrast to non-failing myocytes, myocytes from
CHF patients are relatively resistant to Ang II since they are selectively unable
to produce appreciable amounts of IGF-1 and ET-1 in response to Ang II
stimulation.! In CHF, downregulation of AT; receptor has been reported by
several studies.!®!* Increased levels of endogenous Ang II itself diminish AT;
receptor expression.’>> In our study, we demonstrated diminished
responsiveness to Ang II, which might be explained as a reflection of chronic
over activity of the RAS. This is supported by the increased blood pressure and
trend to increased local and serum ACE activity. Despite chronic ACE inhibitor
therapy, conversion of Ang I to Ang II may persist and Ang II levels may return
to pre-treatment levels.'>1® Non-ACE dependent pathways, like chymases!’*°,
are thought to be involved. We assume that the observed diminished
responsiveness to exogenous Ang II, relative resistance, in our population is due
to downregulation of the vascular AT; receptor and can be explained by an
increase in vivo endogenous Ang II levels. One could also speculate on changes
in signaling of AT; receptor or differences in AT, receptor function.
Nevertheless, effects mediated by eNOS by AT, receptor or otherwise are not
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Table 3. Clinical Predictors of Cardiovascular Events During Follow-up

Variables Univariate Analysis Multivariate Analysis
RR (95%Cl) P RR (95%Cl) P

Age 1.03 (0.98-1.09) 0.24 1.01 (0.95-1.08) 0.69
Male Gender 1.78 (0.41-7.66) 0.44 1.24 (0.28-5.47) 0.78
Body Mass Index 0.97 (0.84-1.13) 0.73
Hypertension 0.99 (0.42-2.33) 0.98
Smoking 2.10 (0.49-9.01) 0.32
Total cholesterol 0.89 (0.61-1.29) 0.54
Blood pressure

Systolic 1.02 (1.01-1.04) 0.01 1.02 (0.99-1.04) 0.14

Diastolic 1.01 (0.96-1.06) 0.73
Mean Arterial Pressure 1.04 (0.99-1.09) 0.06
Three vessel disease 4.99 (1.15-21.61) 0.03 4.41 (1.00-19.41) 0.05
Phenylephrine contraction 1.00 (0.99-1.01) 0.69
Low Ang Il response 3.74 (1.37-10.23) 0.01 3.37 (1.20-9.51) 0.02

likely, since vascular measurements were performed in the continuous presence
of the eNOS inhibitor L-NMMA. The observed difference in stroke between
groups is intriguing. Although blood pressure levels were different, our
multivariate analysis suggests the Ang II responsiveness to be of greater
importance. This suggestion is in good harmony with the Losartan Intervention
For Endpoint reduction (LIFE) which demonstrated that the ARB losartan
substantially reduced the rate of stroke, over and above blood pressure lowering
therapy.2%2! Ppotential interactions between medical treatment and Ang II
response in the current study can not be excluded. Nevertheless, in our opinion,
it is not feasible to obtain less confounded clinical data considering the current
clinical guidelines.???* Any future study would include even more confounding
drug therapy regimes to make it unfeasible to assess the consequence of Ang II
resistance.

Of note, we examined internal thoracic arteries. The response of these vessels
does not represent the blood pressure increase as measured in humans since
blood pressure increases are more dependent of resistance vessels. The local
RAS might be differently regulated and is likely to be completely independent of
the circulating system. Furthermore, we only assessed the internal thoracic
artery, it is tempting to speculate AT; receptor upregulation in atherosclerotic
coronary or cerebral arteries and downregulation AT; receptors in internal
thoracic arteries in our patient population. The systemic or local increased Ang II
levels might therefore be deleterious in the coronary and cerebral artery. The
macroscopic  non-atherosclerotic internal thoracic artery might have
downregulated the AT; receptor rather than upregulated due to the increased
circulating in vivo Ang II level.

Study Limitations

This study was descriptive in nature, conducted retrospectively and will
therefore require confirmation in a prospective investigation. Our results cannot
be extended to conditions other than coronary artery disease, because we
included only patients who underwent CABG. We were unable to rule out other
factors (e.g. medication) known to influence the RAS and the AT; receptor
expression. However, medical treatment was similar in both groups. Because
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serum Ang II levels does not reflect local Ang II levels, the local ACE activity
was assessed. Nevertheless, the present data is unique in its kind and provides
important pathophysiological insight. We are not aware of a larger series of
vascular assessment of Ang II responsiveness performed within one single,
structured protocol, and the degree of Ang II resistance is an important
predictor of outcome in these patients.

Perspectives

We have demonstrated a strong association between Ang II resistance of the
human thoracic artery and an adverse long-term cardiovascular prognosis.
Although clinical value may be limited, assessment of Ang II resistance may
provide a surrogate end point to evaluate therapy. Whether strategies that
improve Ang II responsiveness will uniformly improve prognosis needs to be
studied prospectively.
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