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Abstract Conclusions. Increased RI is associated with early signs
of TOD in EH and could be a marker of intrarenalBackground. Increased renal resistance detected by

ultrasound ( US) Doppler has been reported in severe atherosclerosis.
essential hypertension (EH ) and recently was shown
to correlate with the degree of renal impairment in Key words: atherosclerosis; essential hypertension; mic-
hypertensive patients with chronic renal failure. roalbuminuria; renal vascular resistance; target organ
However, the pathophysiological significance of this damage
finding is still controversial.
Methods. In a group of 211 untreated patients with
EH, we evaluated renal resistive index (RI) by US
Doppler of interlobar arteries and early signs of target Introduction
organ damage (TOD). Albuminuria was measured as
the albumin to creatinine ratio (ACR) in three non-

Ultrasound ( US) Doppler of renal vasculature is aconsecutive first morning urine samples. Left ventricu-
reliable, non-invasive evaluation technique whose clin-lar mass was evaluated by M-B mode echocardiogra-
ical application has increased steadily in recent years.phy, and carotid wall thickness (IMT) by high
In fact its usefulness varies from the diagnosis of renalresolution US scan.
artery stenosis and renovascular disease [1,2] to theResults. RI was positively correlated with age (r=
assessment of intrarenal haemodynamics in several0.25, P=0.003) and systolic blood pressure (SBP) (r=
different pathological conditions such as essential0.2, P=0.02) and with signs of early TOD, namely
hypertension [3], acute [4] and chronic renal failureACR (r=0.22, P=0.01) and IMT (r=0.17, P<0.05),
[5,6 ], and graft rejection [7–9].and inversely correlated with renal volume (r=−0.22,

Several parameters can be calculated during theP=0.01) and diastolic blood pressure (r=−0.23, P=
cardiac cycle on the basis of the shape of Doppler0.006). Multiple linear regression analysis demon-
waves at various sites of the renal vasculature bothstrated that age, gender, ACR and SBP independently
extra- and intra-parenchymally. These parameters areinfluence RI and together account for ~20% of its
independent of the angle and the position of thevariations (F=8.153, P<0.0001). When clinical data
exploring probe, allowing for accurate and reprodu-were analysed according to the degree of RI, the
cible measurements of downstream vascular imped-patients in the top quartile were found to be older
ance. In particular, increased resistive (RI ) and(P<0.05) and with higher SBP (P<0.05) as well as
pulsatility (PI ) indexes measured at the level of theearly signs of TOD, namely increased ACR (P<0.002)
interlobar arteries recently have been associated withand IMT (P<0.005 by ANOVA), despite similar body
the severity and duration of essential hypertension [10]mass index, uric acid, fasting blood glucose, lipid
and with worse renal function in renal parenchymalprofile and duration of hypertension. Furthermore,
disease [5], although the pathophysiological signific-patients with higher RI showed a significantly higher
ance of these findings deserves further investigation.prevalence of microalbuminuria (13 vs 12 vs 3 vs 33%

The present study was initiated to investigate thex2=11.72, P=0.008) and left ventricular hypertrophy
relationship between US Doppler RI of the intrarenal(40 vs 43 vs 32 vs 60%, x2=9.25, P<0.05).
vasculature and early target organ damage such as left
ventricular hypertrophy (LVH), microalbuminuria andCorrespondence and offprint requests to: Giacomo Deferrari, MD,
extracardiac vascular changes in patients with essentialDepartment of Internal Medicine, University of Genoa, Viale

Benedetto XV, 6, I-16132 Genova, Italy. hypertension.
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AlbuminuriaSubjects and methods

Urinary albumin excretion was evaluated at the end of thePatients washout period, if any, as the albumin to creatinine ratio
(ACR) on three non-consecutive first morning samples inFrom January 1996 to January 1997, all patients with the presence of a negative urine culture. Whenever a positiveessential hypertension attending the outpatient clinic of our urine culture was found, urine samples were discarded,department were asked to take part in this clinical study appropriate antibacterial treatment instituted and collectionswhich had been approved by the Ethical Committee of our for albuminuria repeated only after a second culture tested

Institution. Patients with neoplastic, hepatic and/or renal negative. The ACR was calculated as urine albumin concen-
disease, chronic heart failure (NYHA class III and IV ), tration (mg/l )/urine creatinine concentration (mmol/l ).
diabetes mellitus, renal failure (defined as serum creatinine Creatinine levels were determined by the routine Jaffe reac-
�124 mmol/l males, �106 mmol/l females), severe obesity tion and albumin concentration by a commercially available
(defined as body weight >150% of ideal body weight accord- radioimmunoassay kit (Sclavo, Cinisello). The median of
ing to the 1983 Metropolitan Life Insurance Company three urine collections was taken as the ACR for each patient.
tables), disabling diseases such as dementia or inability to Normal values of albumin excretion as previously defined in
cooperate were excluded from the study. Altogether 350 our laboratory were obtained by simultaneously measuring
hypertensive patients were seen at our clinic within that both albumin excretion rate in timed overnight urine collec-
period of time; 258 (74%) were eligible to participate in the tions and ACR in first morning urine samples within the
study on the basis of available clinical and laboratory data. same group of 63 normal subjects recruited from among the
Twenty seven of these patients did not meet study criteria staff of our hospital. To account for differences in basal
based on the results of additional tests prescribed for clinical creatinine excretion rates and BMI, different criteria were
reasons during their first visit to our clinic. Of the remaining used to define microalbuminuria in men (ACR between 2.38
231 patients, 20 refused or were unable to complete the and 19) and women (ACR between 2.96 and 20). These
washout period, and 211 (91%) form the basis of the present criteria proved to have good sensitivity and specificity for
report. Of the participating patients, 44 (21%) had received the detection of an albumin excretion rate between 20 and
antihypertensive treatment in the past, albeit intermittently, 200 mg/min [13]. The intra- and interassay variabilities of
while 82 (39%) had never been treated for hypertension, and the method in our laboratory were 4.5 and 6.1%, respectively.
the remaining 85 (40%) agreed to discontinue treatment
temporarily. Written informed consent was obtained from
each participant. All patients underwent complete physical Renal US and Doppler studies
examination and routine biochemical analyses of blood and
urine as well as evaluation of the presence and extent of Renal parenchymal echogenicity, renal volume and mean RI
target organ damage. Diagnosis of essential hypertension were evaluated in a total of 422 kidneys at the end of the
was made in all cases by the attending physician, and washout period. Renal parenchymal echogenicity was classi-
additional testing was performed only when signs or symp- fied on the basis of Hricak’s grading system [14]. Renal
toms suggesting secondary hypertension were present. volume was measured by use of the ellipsoid formula and
Hypertension was defined according to JNC V criteria as an corrected for BMI [15]. Doppler signals were obtained from
average blood pressure �140/90 mmHg on at least three the interlobar arteries by placing the sample at the edge of
different occasions or by the presence of antihypertensive the medullary pyramids. The mean RI [(peak systolic
treatment. A 24-h urine sample was obtained from each velocity−end diastolic velocity)/peak systolic velocity] was
subject on the day prior to the study to assess dietary sodium calculated by using six measurements (three from each of
intake. All patients were on a free, salt-unrestricted diet at the two kidneys) taken for each patient. US examination of
the time of the study. They had either never been treated for the kidneys and pulsed Doppler analysis of the intrarenal
hypertension or had been taken off therapy at least 4 weeks arteries were performed using a Hitachi AU 450 machine
prior to the study. On the study day, blood pressure (BP) with a 3.5 MHz transducer working at 2.5 MHz for
was measured on the right arm by a trained nurse, with the Doppler analysis.
patient in the sitting position after a 5 min rest, with a
mercury sphygmomanometer (cuff size 12.5×40 cm). The
systolic and diastolic BPs were read to the nearest 2 mmHg. Echocardiography
Disappearance of Korotkoff ’s sounds (phase V ) was the
criterion for diastolic BP. The lowest of three consecutive Left ventricular mass index (LVMI) was evaluated by stand-
readings was recorded. Body mass index (BMI ) was calcu- ard echocardiography. All echocardiographic studies were
lated using the formula: BMI=weight (kg)/height (m)2. performed using an Acuson XP-128 ultrasound machine.
Creatinine, blood urea nitrogen, electrolytes, uric acid, tri- Echocardiograms were obtained with the patient at rest and
glycerides, total and high density lipoprotein (HDL)-choles- supine in the left lateral position, using standard parasternal
terol and other standard biochemical evaluations were and apical views. The overall monodimensional left vent-
performed on serum according to routine methods. Low ricular (LV ) measurements and the bidimensional (apical
density lipoprotein (LDL)-cholesterol was calculated using four and two chamber) views were obtained according
Friedewald’s formula [11], and creatinine clearance using to the recommendations of the American Society of
Cockroft’s formula [12]. Family history of hypertension was Echocardiography [16,17]. All tracings were obtained and
ascertained by means of a standardized questionnaire and read by a single observer blinded to the clinical characteristics
was defined as a diastolic BP >90 mmHg or BP elevation of the patients under observation. LV mass was derived from
requiring antihypertensive therapy occurring in a parent the formula described by Devereux and associates [18]
or sibling. Smoking was graded on a five-point scale: corrected for surface area (LVMI ), and expressed in units
non-smoker, ex-smoker, smoking 1–14 g/day, smoking of g/m2. LVH was defined for LVMI �134 g/m2 (men) or

�110 g/m2 (women) [19]. None of the patients showed15–25 g/day or smoking >25 g/day (1 cigarette=1 g).
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dissynergic areas that would invalidate the theoretical significantly higher age (45.8±1.6 vs 48.3±1.1 vs
assumptions behind the cardiac mass calculations. 46.4±1.5 vs 52.4±1.2, P=0.005), systolic BP

(157.4±2.3 vs 158.1±2.4 vs 161.3±2.1 vs 165.2±2.7,
P=0.002), level of albuminuria (0.94±0.2 vs 1.3±0.4Common carotid US scan
vs 0.8±0.1 vs 3.5±1.0, P=0.002) and increased

The intima plus media thickness (IMT ) of both carotid carotid IMT (0.65±0.03 vs 0.69±0.03 vs 0.63±0.03
arteries was evaluated by high-resolution US scan as vs 0.79±0.04 P=0.005) despite a similar lipid profile,
described by Kawagishi [20]. Carotid arteries were investi- renal function and smoking habits (data not shown).
gated in the longitudinal and the transverse projections by Furthermore, patients with the highest degree of RI
high resolution real-time ultrasonography using a 10 MHz also showed a significantly higher prevalence of mic-
in-line duplex Diasonic Spectra System. The carotid artery roalbuminuria (Figure 1a), LVH (Figure 1b) and IMTwas scanned at the bifurcation and at the common carotid

values above the median for the entire study groupartery (CCA). At each longitudinal projection, the far-wall
(Figure 1c).IMT, as defined by Weldelhag [21], was measured at the

distal end of the CCA, where the near and far walls lose
their parallel configuration. Each measurement was calcu-

Discussionlated taking the averages of three readings.

US Doppler has proved to be a useful non-invasiveStatistical analysis
tool for evaluating renal vasculature in several different
pathological conditions such as acute renal failure [4],All data are expressed as mean±SEM. Differences between

variables were assessed using the appropriate statistical tests acute and chronic renal graft rejection [7–9,27], urin-
based on the underlying distribution of the variables. To ary tract obstruction [28] and chronic glomerular and
study the linear relationship between RI and other variables, interstitial diseases [29,30]. In particular, calculating
Pearson’s correlation test was used. Multiple regression the RI at the level of the interlobar arteries was shown
analysis was performed to assess the independent contribu- to be a very accurate and reproducible indicator of
tion of several variables on RI. One-way analysis of variance vascular impedance to downstream blood flow [31].(ANOVA) with multiple comparison post-test was used to

An increase in the RI has been reported to relate toanalyse data from patients with different degrees of RI.
intrarenal arteriolar and glomerular sclerosis [29] asDifferences between prevalences were assessed by x2 test or
well as to the presence and extent of interstitial damageFisher’s exact test as appropriate [22]. All statistical analyses
in renal parenchymal disease [30]. More recently, anwere performed using SAS (SAS Institute, Carey, NC)

software. increased RI has been reported to be related to macrov-
ascular atherosclerotic damage in hypertensive diabetic
patients [32], to increased BP and to duration of

Results disease in patients with essential hypertension [10],
suggesting that it could reflect intraparenchymal arteri-
olar damage and could serve as a prognostic markerClinical characteristics of study patients are reported

in Table 1. The overall prevalence of microalbuminuria of hypertensive renal injury.
The present study shows that increased Dopplerand LVH was 14 and 45%, respectively. These values

are similar to those previously reported in the literature renal RI is associated with early hypertensive end-
organ damage, namely microalbuminuria, increasedin untreated hypertensive patients [12,23–26 ]. On aver-

age, women had a somewhat better biochemical risk carotid IMT and LVH in patients with essential hyper-
tension. Furthermore, the degree of renal vascularprofile (i.e. lower uric acid and triglycerides, higher

HDL-cholesterol ) and lower serum creatinine, higher impedance correlates with other cardiovascular risk
factors such as BP levels and age. Although the patho-RI and prevalence of LVH as compared with men

though with similar ACR and prevalence of microalbu- genesis of increased renal vascular impedance is still
unknown, these associations suggest that it could beminuria (Table 1). Significant univariate correlations

between RI and selected clinical variables in the entire due either to functional vasoconstriction secondary to
the severity of the hypertensive state, to the presencestudy group are shown in Table 2. The RI showed a

positive correlation with systolic BP and age as well of structural intrarenal atherosclerotic lesions or also
to the combination of both factors. Smoking habitsas with signs of early end-organ damage, namely ACR

and carotid IMT. A negative correlation was present might have an impact on renovascular resistance.
However, while acute nicotine consumption inducesbetween RI, renal volume and diastolic BP.

The relationship between RI and several variables renal vasoconstriction in healthy non-smokers, toler-
ance to its renal haemodynamic effects has beenincluding albuminuria, was investigated further by the

use of multiple regression analysis (Table 3). Renal reported in chronic smokers [33]. Accordingly, we
could not demonstrate any association between chronicvascular resistance is significantly and independently

influenced by age, gender, urinary albumin excretion cigarette consumption and renal RI in our patient
population.and systolic BP. Altogether these factors explain ~20%

of variations in the renal vascular impedance. The higher RI observed in women, despite a similar
age and a somewhat better biochemical risk profile, isWhen the data were analysed on the basis of different

degrees of RI, patients in the top quartile showed rather difficult to explain. However, the study design
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Table 1. Clinical characteristics of study patients

Men Women All patients Range P

n 131 80 211
SBP, mmHg 159±1.5 162±1.7 160±1.1 125–230 NS
DBP, mmHg 104±0.7 103±0.8 103±0.6 80–140 NS
MBP, mmHg 122±0.8 122±1.0 122±0.6 103–163 NS
Age, years 47±0.8 48±0.9 48±0.6 21–65 NS
BMI, kg/m2 27±0.3 26±0.4 26±0.2 17–38 0.07
Family history of Ht (%) 78 80 79 NS
Duration of disease, months 52±4.7 49±5.1 51±3.5 2–240 NS
Serum glucose, mmol/l 5.1±0.06 4.9±0.07 5.0±0.04 3.5–6.4 NS
Serum uric acid, mmol/l 0.35±0.006 0.3±0.007 0.31±0.006 0.11–0.6 <0.0001
Serum creatinine, mmol/l 86.9±0.9 69.0±1.1 79.8±1.0 44.3–115.3 <0.0001
Creatinine clearance, ml/mina 92±2.1 79±2.2 87±1.6 54–167 <0.0001
Triglycerides, mmol/l 1.5±0.07 1.2±0.07 1.42±0.06 0.4–4.2 0.002
Total cholesterol, mmol/l 5.5±0.1 5.7±0.1 5.6±0.1 2.6–8.6 NS
LDL-cholesterol, mmol/l 3.6±0.1 3.5±0.1 3.58±0.08 0.2–4.1 NS
HDL-cholesterol, mmol/l 0.12±0.003 0.14±0.001 0.13±0.002 0.05–0.25 <0.0001
Current smokers (ex-), % 34 (41) 37 (25) 35 (35) NS
ACR, mg/mmol 1.6±0.3 1.4±0.3 1.53±0.2 0.1–19 NS
Prevalence of Mi (%) 15 12 14 NS
Renal volume (ml ) 107.2±1.2 106.3±2.1 106.8±1.1 76–145 NS
RI 0.58±0.01 0.62±0.01 0.60±0.004 0.48–0.75 0.005
LVMI, g/m2 125.0±2.5 120.3±3.3 123.3±2 48–213 NS
LVH (%) 36 59 45 <0.01
Carotid IMT, mm 0.67±0.02 0.7±0.02 0.68±0.02 0.3–1.25 NS

Data are mean±SEM. SBP, systolic blood pressure; DBP, diastolic blood pressure; Ht, hypertension. ACR, urinary albumin to creatinine
ratio; Mi, microalbuminuria; RI, resistive index; LVMI, left ventricular mass index; LVH, left ventricular hypertrophy, as evaluated by the
use of echocardiography; IMT, intima plus media thickness. P indicates significant differences between men and women.
aCalculated using Cockroft’s formula [(140−age)×lean body mass (kg)/(serum creatinine×72)], in women the value is ×0.85.

Table 2. Univariate correlation between RI and selected clinical higher systemic pulse pressure, a known marker of
variables increased rigidity of the arterial vascular bed [34].

Results of multiple linear regression analysis support
Variable r P Variable r P this conclusion and show that age, systolic BP and

urinary albumin excretion independently influence RI
ACR 0.22 0.01 IMT 0.17 0.05 and together account for a significant part of its
Age 0.25 0.003 SBP 0.2 0.02 variation (~20%). These findings, together with theRenal volume −0.22 0.01 DBP −0.23 0.006

inverse correlation observed between RI and renal
volume (r=−0.221, P=0.01, Table 2), provide further

Table 3. Multiple regression linear analysis of RI evidence that high RI could be the result of hypertens-
ive and atherosclerotic intraparenchymal vascular
damage and possibly a marker of unfavourable renalIndependent variable b SEb Partial F P
prognosis in essential hypertension. This hypothesis
seems to fit with data reported by Veglio et al. [10],SBP 0.000545 0.000288 1.894 0.06

Sex 0.02987 0.00848 3.522 0.0006 who described a lack of significant RI variation after
Age 0.00124 0.000503 2.462 0.0152 acute administration of angiotensin-converting enzyme
ACR 0.002955 0.001366 2.164 0.0323 (ACE) inhibitors in a smaller group of patients with

longer duration and more severe degrees of hyperten-
Constant 0.4026 0.0508 7.92 0.00001 sion, and suggested that this phenomenon may reflect

an impairment of intrarenal autoregulation due to
Dependent variable, RI; independent variable, SBP, sex, age, ACR.

atherosclerosis.Regression degrees of freedom=4–127, F=8.15326, P=0.00001.
In this regard, the correlation between urinary albu-r2=0.20433.

min excretion rate and RI (Table 2) and the higher
prevalence of microalbuminuria in patients within thedid not take into consideration several factors which
highest quartile of RI reported here (Figure 1a) is ofmay have a significant impact on renal haemodynamics
particular interest. Microalbuminuria, in fact, hasand RI, such as the activity of the renin–angiotensin
recently been shown to be a powerful, integratedsystem, endothelin and hormonal changes linked to
marker of increased cardiovascular risk and targetthe ovarian cycle.
organ damage in essential hypertension [35,36 ] andIt is noteworthy that the RI was positively correlated
could be a predictor of subsequent clinical renalto systolic BP and inversely to diastolic BP, indicating

that higher renovascular resistance is associated with damage [37]. In the context of long-standing hyperten-
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microalbuminuria would appear to have lower values
of kidney volume/RI ratios as compared with normoal-
buminuric patients (169±5.4, n=25, alb+ vs
183±2.8, n=173, alb−, P<0.05, data not shown).
Thus increased renal vascular resistance, lower kidney
volume and higher urinary albumin excretion all seem
to cluster within the same group of patients.

Interestingly, Mimran et al. [38] previously demon-
strated impairment of renal haemodynamics under
acute ACE inhibition in hypertensive microalbumin-
uric subjects using a radioisotopic technique. This
finding relates well to the data reported in the present
study and points to an association between increased
urinary albumin excretion, high RI and intrarenal
atherosclerosis. Data presented here need to be inter-
preted with some caution due to the selection criteria,
which probably explain the relatively high prevalence
of positive family history for hypertension and microal-
buminuria reported. Nonetheless, the association
between increased renal RI and atherosclerotic vascular
damage has led us to believe that it may signal the
presence of intrarenal atherosclerosis.

These conclusions are corroborated by the fact that
higher renovascular impedance is a concomitant factor
of early extrarenal hypertensive and atherosclerotic
organ damage such as LVH and increased common
carotid wall thickness (Figure 1b and c).

While further studies are needed to clarify the exact
pathophysiological mechanisms underlying increased
RI and its prognostic value for the development of
more severe renal damage, this abnormality should be
regarded as a marker of early renal and systemic
vascular damage and could help identify hypertensive
patients for whom more aggressive preventive and
therapeutic measures are advisable.
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