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Abstract

Aim: To evaluate whether measurement of mean pressure gradient (MPG) over a renal artery stenosis (RAS) before
and after percutaneous transluminal renal angioplasty (PTRA) predicts initial and long-term outcome.

Materials and methods: In our institution, PTRA has generally been performed in RAS patients with MPID
mmHg. We related MPG before and after PTRA in 287 consecutive RAS patients (agd#Yyears, 152 (53%)
men) undergoing PTRA on 332 kidneys to blood pressures (BP), renal function and treatment dutirgjlyears

of retrospective follow-up. The patients were divided into four groups according to MPG before PTRA: group A,
MPG 0-29 mmHgn = 60 patients, 79 kidneys; group B, MPG 30-59 mmHgs 48 patients, 57 kidneys; group C,
MPG 60-199 mmHgn = 40 patients, 43 kidneys; group D, occlusive pressure without numerical value obtainable,
n = 139 patients, 153 kidneys.

Results: In groups A, B, and C, MPG before PTRA correlated with systolic BP (SBP) before PTRA, @.242;

p = 0.0032) and with the reduction in SBP during follow-up £ 0.243; p = 0.0034). MPG decreased from

387 + 26.8 mmHg before PTRA to .B + 3.2 mmHg after PTRA(p < 0.0001). SBP and diastolic BP and the
number of antihypertensive drugs decreased in all groups. Residual MPG after PTRA predicted the need for later
endovascular re-do (52% vs. 14%< 0.0001).

Conclusion: PTRA has positive effects on BP and treatment in RAS patients with MRG mmHg. Whether PTRA
is also indicated with MPG: 10 mmHg requires further evaluation. Residual MPG post PTRA predicts re-do but not
the outcome of the intervention.
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Introduction is the gold standard for diagnosis, and in the 1980s this
technique was further developed to allow percutaneous

If sufficient in magnitude, the hydrostatic pressuréransluminal angioplasty (PTRA), which in the 1990s
gradient between the aorta and the renal arteries resultivegame the standard treatment for RAS
from renal artery stenosis (RAB) leads to arterial To evaluate which patients are candidates for PTRA
hypertension due to decreased glomerular filtration raé@d to predict the outcome of PTRA, precise measure-
(GFR), and renal ischaentt&). In the clinical setting ments of the degree of RAS are neefedA comparison
of arterial hypertension and suspected RAS, angiograpbiyrenal angiograms by experienced radiologists evaluat-
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ing the severity of renal arterial stenosis showed that tiResults of attempted measurements of the mean pressure

general agreement among experts is pdor gradient (MPG) over the stenosis during angiography
Furthermore, the accuracy of digital subtractiomwere available for 287 patients (93%, age¥694 years,

angiography in interpreting the degree of RAS i452 (53%) men)and 332 kidneys. One hundred and sixty-

insufficient because of variations in the evaluation of botix (50%) stenoses were located ostially, and 44 (15%)

minimum luminal and reference diamefér Magnetic were due to fibromuscular dysplasia (FMD). Stenting had

resonance (MR) angiography and computed tomographgen performed in 12832 (38%) procedures.

(CT) angiography, which are often used nowadays for

diagnosis of RAE8], do not allow an accurate judgment

of the degree of stenosis. A role for renal artery Doppler Methods

ultrasonography has also been proposed in assessinq _ )

likelihood of a successful response to treatrf@nt phar_macologically. achieve a maximal systgmic vgsodi—
Intra-arterial measurement of the pressure gradielﬁfatlon of the peripheral vascular bed. Patients with S-
over the stenosis, as used before PTA in the ili&f€atinine= 130 umol/I underwent CQ@ angiography.
arterie$!® is recommended in the guidelines foBefore PTRA, the intra-arterial BP in the aorta and in
angiography and angioplasty of RES as a complement the poststenotic region of the renal artery was measured
to angiography in order to select patients for the invasiwontinuously by means of a pressure sensor and pressure
treatment of RAS. Different technical methods have be&irves were recorded. Normally, a 4 French (F) end-
used for such assessmdi?<3] and there is no consensudtole catheter was advanced through a 6F introducer from
regarding the level of mean or systolic pressure gradidh¢ femoral artery into the renal artery distally to the
that indicates a haemodynamically significant RAS. |_§ten05|s, and the two pressure curves from the m_troducer
the iliac arteries, peak systolic pressure gradients of mdfe the aorta and from the guiding catheter distal to
than 10%, or a mean pressure gradient of more than 39§ RAS were compared. The dilatation equipment was
(100 x [blood pressure proximal to the stenosidlood th.en advancgd across the stenosis, and PTRA with or
pressure distal to the stenosis/blood pressure proximaM@hout stenting was made. After the PTRA, the renal
the stenosis]) across the narrowed vascular lumen ha&ery pressure distal to the PTRA-treated area was again
generally been accepted as signs of a haemodynamicéﬁ&orded followed by a continuous recording of the BP
significant stenosf&* 15!, as the catheter was pulled back into the aorta. The
At our institution, we have measured intra-arteridin€an arterial pressure gradient (MPG) was measured.
pressure gradients during angiography in renovasculdf®é measurement of MPG after PTRA guided the
hypertension since the end of the 1980s, and normaﬁ)’?c's'on whether to rely on the PTRA alone or V\_/heth_er
performed PTRA on RAS patients with MPG abovd0 place a stent, and whether to repeat the dilatation
10 mmHg. This retrospective study was undertaken il the pressure gradient was abolish_ed. Stenting was
evaluate the importance of the pressure gradient befdt@/formed in cases of angioplasty faillh@ (elastic
and after successful PTRA of RAS for clinical outcomer,eCOiL dissection>50% residual stenosis after repeated
i.e. effects on blood pressure (BP), renal functiod]TRA attempts) or residual MP& 10 mmHg. Several
mortality, and the need for antihypertensive medicatiofifferent types of catheters, balloons and stents have been

as well as for the clinical need for endovascular re-d¢s€d during the 17-year study period. .
procedures. Control renal angiography was performed if reocclu-

sion or stenosis was suggested by the recurrence of
uncontrollable hypertension or by deterioration of renal

Methods function.

Materials o ) _
Definitions of MPG and different patient
Our department is a referral centre for patients from groups

southern Sweden (1.6 million inhabitants) diagnosed with

renovascular hypertension caused by RAS. Our indi¥e defined MPG as: aortic (systolic BPdiastolic BP/3
cations for angiography are hypertension (accelerated,diastolic BP)— renal artery (systolic BRP- diastolic
refractory, malignant or hypertension with intoleranc8P/3+ diastolic BP), i.e. aortic pulse pressuref3enal

to medication), or renal salvage (unexplained worsenimpylse pressure/3.

of renal function, or secondary to antihypertensive Balloon diameter at PTRA was.(6+ 0.9 mm). In 139
treatment particularly with an ACE inhibitor or anpatients (153 kidneys); no numerical value for the MPG
angiotensin Il receptor blocker), or recurrent pulmonargould be registered because of occlusive pressure from
oedem&$6l. All 308 consecutive patients who underwenthe pressure catheter during the measurement procedure.
renal angiography with PTRA because of a diagnosis We arbitrarily divided the 287 patients into four groups
RAS between 1987 and November 2004 were identifiedccording to the following cohorts of estimated MPG:
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group A, MPG 0-29 mmHgnh = 60 patients, 79 to 1.3 &+ 3.2 mmHg after PTRA(p < 0.0001). In group
kidneys; group B, MPG 30-59 mmHg, = 48 patients, D, MPG was 11 + 2.9 mmHg after PTRA. Patients with
57 kidneys; group C, MPG 60-199 mmHg, = 40 FMD were equally distributed in the groups (Table 1).
patients, 43 kidneys; group D, occlusive pressure withoBefore PTRA in groups A, B and C, MPG was equal
obtainable numerical value, renal artery occlusion, @m patients with atherosclerotic stenosis or FMD.@%
such a severe stenosis that the 4F catheter occluded 2@ mmHg vs. 373+ 27.3 mmHg; p = 0.488), whereas
lumen,n = 139 patients, 153 kidneys. after PTRA, MPG was lower in the atherosclerotic group
(0.9 +£ 2.8 mmHg vs. 40 4+ 4.6 mmHg; p = 0.0002). In
groups A—-C, MPG was higher before PTRA (34- 24.8
Follow-up mmHg vs. 356 + 27.4 mmHg; p = 0.008), but lower
after PTRA (02 + 1.1 mmHg vs. 19 + 3.8 mmHg;
We retrospectively registered the MPG, systolic ang = 0.0031) in patients receiving stents than in patients
diastolic BP (SBP and DBP), serum (S-) creatinine, GFfRat were not stented, and the reduction in MPG was
estimated according to the Cockcroft-Gault forntth larger in stented patients (44+ 24.8 mmHg vs. 3% +
and the number of antihypertensive drugs used befazg 7 mmHg; p = 0.0021). When the effects of PTRA
PTRA, at discharge, after 1 month, 1 year and @pon blood pressure, renal function, antihypertensive
the last follow-up after mean.# + 3.3 years from drugs, mortality, and endovascular re-do were assessed
patient files at our and other referring hospitals in therable 2), only systolic blood pressure before treatment,
region. Supine blood pressure recordings were identifigghich was higher in group C than in groups A, B and
from patient files; when several measurements werg revealed significant differences (Kruskall-Wallis and
available, the mean was used for calculations. Due f@ann—Whitney tests) between groups during the 4
their effects upon BP, diuretics and nitrates were defin@l year follow-up (Table 2, Fig. 1). No differences
as antihypertensive drugs, even though they may hawere seen between groups concerning mortality, clinical
primarily been given for other reasons. outcome, systolic (Fig. 1) or diastolic (Fig. 2) blood
Information about mortality and cause of death wasressures. The number of drugs decreased equally in
obtained through the registers of the Swedish Boagll groups (Table 2). Even in patients with the lowest
of Health and Welfare. The ethics committee of thenean pressure gradients 15 mmHg,n = 34) systolic
University of Lund approved the study. blood pressure decreased significantly (from 4732 to
153 + 22 mmHg;p < 0.0021) whereas no decrease in
blood pressure could be demonstrated in the six patients
Statistics (eight kidneys) undergoing PTRA despite a MRG0
mmHg.
Differences between groups were evaluated with theyhen patients were divided with respect to residual
Kruskall-Wallis test and the Mann-Whitnéj-test, and pressure gradient or not after PTRA, the clinical need
differences over time within a group with the Wilcoxorkgr endovascular re-do during follow-up occurred in
signed rank test. Differences in frequency were evaluatggoy, of patients with residual MPG vs. 14% of patients
with the chi-squared test. The Spearman correlatiqmthout(p < 0.0001). On the other hand, there were no
coefficient was used to evaluate correlations. TeSifferences with regard to the effects on blood pressure,
were two-tailed andp-values <0.05 were considered g_creatinine or antihypertensive drugs at the time points
significant. Results are presented as meaAnSD. anglysed. The need for re-do procedure was 18% among
StatView 4.5 (SAS Institute, Cary, NC, USA) was usedtented patients and 25% among non-stented patients
for the statistical calculations. (p = 0.097). Neither were there any significant differ-
ences regarding effects on blood pressure, S-creatinine
or the number of the antihypertensive drugs between
Results patients stented or not. There were no complications

) o %pecifically related to the measurements of MPG.
Patient characteristics for the four groups A, B, C an

D are given in Table 1. In groups A, B and C, MPG
correlated with systolic blood pressure before PTRA
(r = 0242; p = 0.0032), and both MPG before
treatment( = 0.243; p = 0.0034) and the reduction This retrospective study evaluating the predictive value
in MPG achieved by PTRAr(= 0.229; p = 0.0060) of the MPG both before and after treatment regarding
correlated with the reduction in systolic blood pressutée long-term effects of PTRA confirmed that the MPG
during follow up. On the other hand, MPG beforaneasured by the 4F catheter method is significantly
PTRA did not correlate with diastolic blood pressurdpwered by the proceduf¥! as previously shown for
S-creatinine, glomerular filtration rate, or the numbdvoth pressure measurements with the 4F catheter, and
of antihypertensive drugs. In groups A, B and C, ththe guidewire with a pressure-sensing electronic tip
MPG decreased from 3B+ 26.8 mmHg before PTRA method!3l. In a previous, smaller study using the same

Discussion
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Figure 1  Systolic blood pressure before and after PTRA in patients with renal artery stenosis grouped with
respect to mean pressure gradient (MPG) before PTRA. Group A, MPG 0-29 mmHg, = 60; group B, MPG
30-59 mmHg,n = 48; group C, MPG 60-199 mmHg,n = 40; group D, occlusive pressure without obtainable
numerical value, renal artery occlusion, or such a severe stenosis that the 4F catheter occluded the lumen,
n = 139.
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Figure 2 Diastolic blood pressure before and after PTRA in patients with renal artery stenosis grouped with
respect to mean pressure gradient (MPG) before PTRA. Group A, MPG 0-29 mmHg) = 60; group B, MPG
30-59 mmHg,n = 48; group C, MPG 60-199 mmHg,n = 40; group D, occlusive pressure without obtainable
numerical value, renal artery occlusion, or such a severe stenosis that the 4F catheter occluded the lumen,
n=139.

technique as in our institution, the magnitude of thand other§8-22] has indicated lower pressure values
pressure gradient was not significantly related to Bfhan obtained with the 4F catheter when used in the
before PTRA, number of antihypertensive drugs, aenal arterieB8], except in patients with very severe
renal functio!?, whereas in our material, we foundstenosis. Colyer and co-workers therefore suggested
a significant correlation between MPG before PTRAhat the guidewire with a pressure-sensing electronic
and SBP. Our data therefore partly confirm the resultip method provides more accurate measurements of
of Grosset al.l13 who reported that both systolic andpressure gradients across renal artery lesl8hsThe
mean pressure gradients measured by the guidewmnethod is less documented in renal than in coronary
with a pressure-sensing electronic tip method wemeteries!9-22] however, and carries substantially higher
highly correlated with stenosis severity, systolic BP ancbsts than the 4F catheter method. Like several other
S-creatinine, and suggested a cut-off point of 20 mmHgvestigators of RA&3-2%], we have therefore only used
systolic pressure gradient for interventi&?. the 4F catheter method in our department.

In a small comparative study, the guidewire with a The effects of PTRA on the MPG were more evident
pressure-sensing electronic tip method used by Gr8ss in patients with atherosclerotic RAS than in those with
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Table 1  Patient characteristics in different groups

Group A Group B Group C Group D
Patientg(n) 60 48 40 139
Kidneys(n) 79 57 43 153
Fibromuscular dysplasian (%)) 13 (22) 7 (15) 6 (15) 18 (13)
Age (years) 64t 13 65+ 14 65+ 13 65+ 13
BMI (kg/m?2) 25+5 26+5 24+ 6 2445
Pressure gradient before PTRA 1%6.3 407+ 8.8 78+ 16.6
Pressure gradient after PTRA 0H-22 08+19 26+52 11+29
Stent (1 (%)) 18 (23) 25 (44) 19 (44) 64 (42)
Re-do (1 (%)) 14 (18) 14 (25) 10 (24) 36 (24)
Mortality (n (%)) 23 (38) 18 (38) 13 (33) 52 (37)

Group A, pressure gradient 0—-29 mmHg; group B, pressure gradient 30-59 mmHg; group C, pressure gradient 60—-199 mmHg; group D, occlusive
pressure without numerical value. BMI, body mass index; PTRA, percutaneous transluminal renal angioplasty.

Table 2 Effects of PTRA upon blood pressure (BP), S-creatinine (crea), estimated glomerular filtration rate
(GFR) and number of antihypertensive drugs (drugs) in different MPG groups

A (n = 60) B (n = 48) C(n =40 D (n = 139
Before PTRA
BP (mmHg) 175+ 30/92+ 16 1794 26/92+ 15 1914 289/94 4+ 17 1794 28/944+ 14
S-crea fgmol/I) 189+ 187 184+ 164 174+ 124 175+ 136
GFR (cn$/min) 50+ 30 50+ 29 48+ 30 51431
Drugs(n) 27+1 27+12 27+14 27+12
At discharge
BP (mmHg) 145¢ 24°/90+ 19 1454 20°/77 £ 11° 1514 21¢/79+ 10° 1444 216/77+£ 12°
S-crea fmol/l) 1824172 1904+ 145 155+ 91 170+ 132
GFR (cn®/min) 53+ 32 48+ 30 524 32 52429
Drugs(n) 23409 24+13° 23+13° 224£13°
After 1 month
BP (mmHg) 159t 6°/90+ 19 1564 24°/84+ 10 162+ 31¢/88+ 17 155+ 27¢/81 + 14°
S-crea fgmol/I) 156+ 98 179+ 115 1574+ 108 164+ 116
GFR (cn®/min) 50+ 27 53432 514+ 322 53431
Drugs(n) 2.3+ 1072 24+14 22+13b 214+13°
After 1 year
BP (mmHg) 156+ 25P/87+ 15 1544 246/91+ 41 1574 246/86+ 14 1544 25°/83+ 14°
S-crea fgmol/I) 181+ 125 161+ 110 148+ 109 1544 126
GFR (cn®/min) 49+ 29 564 31 544 30 564 30
Drugs(n) 25+11 24+14 28+ 132 22413
Final follow-up
BP (mmHg) 151+ 26°/81 4 13° 1444 25°/79+ 13 1474 25°/80+ 13 1484 23°/80+ 13
S-crea fgmol/I) 219+ 195 2164+ 1807 167+ 127 197+ 194
GFR (cr?/min) 47+ 32 46+ 2% 50+ 34 52431
Drugs(n) 25+1.9 28+13 25+1.3 23+1.3¢

ap < 0.05 compared to same group before PTRA.

b p < 0.01 compared to same group before PTRA.

®p < 0.001 compared to same group before PTRA.

d p < 0.05 compared to same group before PTRA artd01 compared to groups A and D before PTRA.

FMD, and in patients receiving stents compared to thos#ter repeated angioplasty attempts or the occurrence
not receiving stents. The MPG might be more difficult tof dissection. However no differences could be demon-
evaluate in patients with FMD in which the relationshipstrated between stented and non-stented patients concern-
between the morphologic angiographic picture, the MP1&g BP or renal function or the need for endovascular re-
and the pathophysiological consequences of the RA® during clinical follow-up. Importantly, we present data
might not necessarily be the same as in atherosclerasttowing that the residual pressure gradient is a predictor
disease. of future need for endovascular re-do.

Stenting resulted in a significantly higher reduction The correlation between MPG and SBP in groups A,
of the MPG than PTRA alone. Indications for stentindd and C, and the fact that SBP was highest in group
among our patients were persistent pressure gradie@itdefore PTRA might be interpreted as an increasing
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effect on renal haemodynamics with increasing pressud@other limitation of our study is that changes in medical
gradient. This effect could only be demonstrated up therapy between 1987 and 2004 might have influenced
a certain level, however, since SBP was again lowéhne follow-up results. During this time period, medical
among patients in group D with occlusive pressuretherapy has improved in all patients irrespective of their
Among group D patients with the most narrow RASMPG at PTRA, however, and this factor is therefore
in whom the small 4F catheter causes an occlusion whlikely to have influenced our conclusions concerning
the vessels not allowing numerical measurements of theessure gradients. Doppler measures of velocity are
MPG, the BP increase seems to have stabilised, as helsted to pressure chand®sand another limitation of
been described when a severely stenosed or occluded study is that we did not routinely perform Doppler
kidney loses its biological functidffl. Effects upon ultrasonography which might have provided useful data
blood pressure were evident in all groups, however, affier comparison with the MPG in the prediction of blood
patients with occlusive pressure are also candidates fisessure responses to PTRA.
PTRA. Even if MPG before PTRA was related to long- In conclusion, PTRA has positive effects upon BP
term effects on systolic BP, we found significant effectand antihypertensive medication in all RAS patients with
on BP also in the group with the lowest MPG, just abovPG of 10 mmHg and above. Apart from that, the
10 mmHg. Indeed, in all RAS patients with an MBGLO MPG before PTRA was related to the reduction in SBP
mmHg, PTRA conferred reductions of BP and the nee#iring follow up, and the clinical effects of PTRA were
for antihypertensive medication. The clinical importanc#idependent of MPG levels before PTRA. Measurement
of defining MPG values above 10 mmHg is thereforef MPG is asafe_ procedurg. A residual pressure gradient
limited; if an MPG above this limit is established PTRAPOSt PTRA predicts later clinical need for re-do, but not
should be performed as it confers significant effects updfe outcome regarding blood pressure control.
blood pressure and antihypertensive medication.
A mean pressure gradient of 10 mmHg, obtained
either a.t rgst or after vasodilation, was ipitially prppq;ed Acknowledgements
as an indicator for the need for angioplasty in iliac
arterie$”, whereas a systolic pressure gradient of 2Phis study was supported by grants from the Ernhold
mmHg has been proposed as a cut-off for interventiqrundstém Foundation, Research Funds at University
in RAS[3]. There is no consensus as to whether absolut®spital MAS, the Albert Bhlsson Foundation, and
systolic, peak systolic or mean pressure gradients shogé Hulda Ahlmroth Foundation. We thank Kristina
be used when evaluating the significance of RAS Lindholm PhD for assistance in providing background
however, and at our institution the 10 mmHg meagata and literature.
pressure gradient has been arbitrarily used as the cut-off
value for intervention also in RAS. Concerning patients
with MPG <10 mmHg, we cannot therefore draw any
conclusions from our material, as the number of patients
was too small. We have shown that it is reasonable t(‘h] Vaughan, ED Jr. Renovascular hypertension. Kidney Int 1985;
perform PTRA at MPG levels-10 mmHg, but whether 27:811-27.
an even lower cut-off value should have been choseri2] Textor, SC, Novick, AC, Tarazi, RC, Klimas, V, Vidt, DG,
will be further studied at our institution, as we also plan Ponhl, M. Critical perfusion pressure for renal function in patients
. . ' with bilateral atherosclerotic renal vascular disease. Ann Intern
to retrospectively study patients that. were not treated  jed 1985: 102: 308-14.
because of low MPG at angiography with respect to blood[3] Textor, SC. Revascularization in atherosclerotic renal artery
pressure and medication. disease. Kidney Int 1998; 53: 799-811.
The residual MPG after PTRA. on the other hand [4] Plouin, PF, Darne, B, Chatellier, G, Pannier, |, Battaglia, C,
. . ! . ! Raynaud, A, Azizi, M. Restenosis after a first percutaneous
showed a more eV|den.t clinical value .m our StUdy’ transluminal renal angioplasty. Hypertension 1993; 21: 89-96.
as we found that a residual MPG predicted the needs] van Jaarsveld, BC, Pieterman, H, van Dijk, L€ al. Inter-
for endovascular re-do. A limitation of our study that observer variability in the angiographic assessment of renal
has to be noted in this context was the absence artery stenosis: DRASTIC study group-Dutch Renal Artery
. . . L. Stenosis Intervention Cooperative. J Hypertens 1999; 12:
of routine angiographic control after revascularisation. 1731,
Such investigations were performed mainly in cases ofj6] Paul, JF, Cherrak, I, Jaulent, M& al. Interobserver variability
recurrent arterial hypertension, which is a strong clinical ~ inthe interpr?taﬂon of renal digital subtraction angiography. Am
PR 7] . J Roentgenol 1999; 173: 1285-8.
indicator of restenosi$’l .Repeated an_g|09raphy .was [7] Reidy, JF. New diagnostic techniques for imaging the renal
performeq at least once in a SUbStan“_al propqrtlpn of " arteries. Curr Opin Nephrol Hypertens 2002; 11: 635-9.
our material (157 patients (55%)). Our findings indicate[s] Leiner, T, de Haan, MW, Nelemans, PJ, van Engleshoven, JM,
that the interventionist should aim to eliminate the L/asbinden fGB- ICOHtemporary imagingd t:echniques for the
; : ; iagnosis of renal artery stenosis. Eur Radiol 2005; 15: 2219-29.
pressure gradient durm_g_PTRA, and_that_patlents shoulcﬁg] Radermacher. J, Chavan, A, Blecked al Use of Doppler
be carefully followed clinically especially in those cases ultrasonography to predict the outcome of therapy for renal-
where this cannot be achieved due to technical reasons. artery stenosis. N Engl J Med 2001; 344: 410-17.
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