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The baroreflex adapts heart rate and peripheral resistances to
acute and chronic changes in blood pressure. The baroreflex is a
crucial function, especially for humans, which continually aims
to adapt blood pressure to postural and behavioural changes by
modulating the sympathetic/parasympathetic balance [1]. Baror-
eflex alteration has been reported in several clinical conditions
such as ageing [2], hypertension [3], diabetes [4], chronic
kidney disease [5] and heart failure [6]. In these conditions, bar-
oreflex impairment has been related to pejorative outcomes [7].

Baroreflex is a very convenient word for summarizing very
complex processes involving different sensor locations (carotid
bulbs, aorta, lungs, atria, kidneys), large operating ranges (high
pressure, low pressure) and various time constants (immediate,
delayed) [8]. Studying the baroreflex is complex, but it always
comes back to relating blood pressure changes to changes in
heart rate. Various approaches have been developed including
pharmacological modulation of blood pressure with infusions of
vasodilating and vascoconstricting drugs and concomitant
measurement of heart rate changes [1, 9] and mechanical stimu-
lation of the baroreceptors with neck suction or with lower

body negative pressure. More recently, methods based on spon-
taneous fluctuation of blood pressure and heart rate were devel-
oped to measure spontaneous baroreflex [10]. Baroreflex can be
studied in the time domain by identifying series when variations
in blood pressure and heart rate go in opposite directions
(thereby obtaining the slope) [11] and in the frequency domain
through spectral analysis of blood pressure and heart rate [9].

All of these classical methods for baroreflex assessment are
limited by the fact that the signal sensed by baroreceptors is not
the pressure by itself, but a stretch rate [12]. Thus, blood pressure
has to be converted to stretch which represents the true signal
received by the baroreceptors. The pressure/stretch relationship
is the definition of arterial stiffness and stiffness of large arteries
is a crucial component, known as the vascular component, of
the baroreflex [13, 14]. Arterial stiffness determines the conver-
sion of blood pressure into stretch of the baroreceptors em-
bedded in the carotid wall via a transfer function (‘TF’ in
Figure 1). Other TFs affect the way brachial or finger blood
pressure is converted into central (carotid or aortic) blood
pressure.
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The neural components of the baroreflex cannot be ad-
dressed directly using the classical methods (Figure 1) [15].
Techniques have recently been introduced to study the neural
components [16, 17]. These techniques involve the measure-
ment of carotid bulb stretch along with heart rate and cross-
spectral analysis.

End-stage renal disease is associated with high levels of
morbidity and mortality, mostly due to cardiovascular disease.
Chronic kidney disease-associated impairment of the barore-
flex has been reported in the past and expresses a severe imbal-
ance in the sympathetic/parasympathetic systems. Sympathetic
tone is chronically increased (mainly because of unopposed
stimulation of renal nerves by non-functioning kidneys [18])
and acutely stimulated (particularly by rapid variations of
blood volume during the haemodialysis sessions). This high
level of sympathetic stimulation is not sufficiently counteracted
by the parasympathetic tone.

In the paper presented by Jayal et al. in the present issue
of NDT, the authors report an increase in baroreflex sensi-
tivity after kidney transplantation and state that this ameli-
oration was related to an improvement in the augmentation
index, an index of pressure wave reflection. This study was
conducted in a limited number of patients (n = 23) but with
very careful and detailed haemodynamic assessment using
spontaneous baroreflex in the frequency domain, and classi-
cal pulse wave velocity and central blood pressure as vascular
indexes. Results are appealing. Improvement of baroreflex sen-
sitivity was clearly correlated with improvement in the aug-
mentation index. However, interpreting the association of
baroreflex sensitivity improvement with a decrease in the aug-
mentation index is not evident. The augmentation index is
considered by some authors as an index of arterial stiffness
because increased stiffness makes the pressure wave return
earlier during systole, thereby increasing wave reflections.

The augmentation index is also markedly dependent on
peripheral resistance, which increases the intensity of wave re-
flection. The results of Jayal et al. regarding the relationship
between improvement of baroreflex and augmentation index
following transplantation can be interpreted as induced by
chronic decrease in peripheral resistance and/or by improved
arterial stiffness. The study might have been underpowered to

detect the improvement in arterial stiffness (assessed through
carotid to femoral pulse wave velocity), improvement which
has been shown by others [19], and to relate changes in arter-
ial stiffness with baroreflex sensitivity improvement. One of
the qualities of the study is that measurements were available
at 3 and 6 months after transplantation, but also just prior to
it, which is quite unusual in transplantation studies. One of
the limits of the study is that arterial stiffness was not
measured at the site of the carotid bifurcations where the bar-
oreceptors lie.

Transplantation is the most effective treatment of end-
stage renal disease because glomerular filtration rate and
most of the kidney endocrine functions are restored, but it is
at the cost of a lifelong immunosuppression. Several ques-
tions remain regarding how transplantation can improve bar-
oreflex and its relationship to arterial properties, especially
for the role of chronic vasoconstriction and sympathetic tone
which are the more likely explanations for an altered aug-
mentation index. To what extent do transplanted kidneys re-
innervate in human transplantation? Re-innervation has been
demonstrated for transplanted hearts [20] so there is no
reason why kidneys should not do the same [21]. What is the
role of failing native kidneys and what would have been the
results if failing kidneys were removed or denervated? Native
kidneys are a very strong cause for increased sympathetic
activity [18], and transplantation does not correct increased
sympathetic activity until the failing kidneys are removed
[22]. In the present study, since failing kidneys were kept in
situ, the improvement of baroreflex function can only be ex-
plained by improved arterial properties or improved neural
components. Unfortunately, the method used in the study by
Jayal et al. did not enable neural and vascular components of
the baroreflex to be examined, therefore the relative contri-
bution of improved (if any) arterial properties or improved
neural components cannot be disentangled. We do not yet
know what the relative contributions of restoring glomerular
filtration rate or restoring endocrine function on improve-
ment of arterial and baroreflex sensitivity alterations are. By
studying carotid properties and the neural components of
baroreflex sensitivity in greater depth, future studies may be
able to answer these important questions.

CONFLICT OF INTEREST STATEMENT

None declared.

(See related article by Kaur et al. Renal transplantation
normalizes baroreflex sensitivity through improvement in
central arterial stiffness. Nephrol Dial Transplant 2013; 28:
2645–2655.)

REFERENCES

1. Mancia G, Parati G, Pomidossi G et al. Arterial baroreflexes and
blood pressure and heart rate variabilities in humans. Hyperten-
sion 1986; 8: 147–153

F IGURE 1 : Representation of the vascular and neural components
of the baroreflex (adapted from refs [7] and Saed et al. [15]).
TF stands for transfer function, BP for blood pressure.

IN
F
O
C
U
S

P. Boutouyrie et al.

2402



2. Mattace-Raso FU, van der Cammen TJ, Knetsch AM et al. Ar-
terial stiffness as the candidate underlying mechanism for pos-
tural blood pressure changes and orthostatic hypotension in
older adults: the Rotterdam study. J Hypertens 2006; 24:
339–344

3. Piccirillo G, Viola E, Nocco M et al. Autonomic modulation of
heart rate and blood pressure in normotensive offspring of hy-
pertensive subjects. J Lab Clin Med 2000; 135: 145–152

4. Frattola A, Parati G, Gamba P et al. Time and frequency
domain estimates of spontaneous baroreflex sensitivity provide
early detection of autonomic dysfunction in diabetes mellitus.
Diabetologia 1997; 40: 1470–1475

5. Chesterton LJ, McIntyre CW. The assessment of baroreflex sensi-
tivity in patients with chronic kidney disease: implications for va-
somotor instability. Curr Opin Nephrol Hypertens 2005; 14:
586–591

6. Osterziel KJ, Hanlein D, Willenbrock R et al. Baroreflex sensi-
tivity and cardiovascular mortality in patients with mild to
moderate heart failure. Br Heart J 1995; 73: 517–522

7. La Rovere MT, Bigger JT, Jr, Marcus FI et al. Baroreflex sensi-
tivity and heart-rate variability in prediction of total cardiac
mortality after myocardial infarction. ATRAMI (Autonomic
Tone and Reflexes After Myocardial Infarction) Investigators.
Lancet 1998; 351: 478–484

8. Mancia G, Mark A. Arterial baroreflexes in humans. In: Shepherd
J, Abboud FM (eds). Handbook of Physiology, Section 2. The
Cardiovascular System IV, Volume 3, Part 2. Bethesda, MD:
American Physiological Society, 1983, pp. 755–793

9. Laude D, Elghozi JL, Girard A et al. Comparison of various
techniques used to estimate spontaneous baroreflex sensitivity
(the EuroBaVar study). Am J Physiol Regul Integr Comp
Physiol 2004; 286: R226–R231

10. Parati G, Di RM, Mancia G. How to measure baroreflex sensi-
tivity: from the cardiovascular laboratory to daily life. J Hyper-
tens 2000; 18: 7–19

11. Parati G, Di RM, Mancia G. Neural cardiovascular regulation
and 24-hour blood pressure and heart rate variability. Ann N Y
Acad Sci 1996; 783: 47–63

12. Arndt JO. Baroreceptors: morphology and mechanics of recep-
tor zones and discharge properties of baroafferents. In: Zucker
IH, Gilmore JP (eds). Reflex Control of the Circulation. Boca
Raton, FL: CRC 1991, pp. 101–131

13. Hunt BE, Fahy L, Farquhar WB et al. Quantification of mechan-
ical and neural components of vagal baroreflex in humans. Hy-
pertension 2001; 37: 1362–1368

14. Bonyhay I, Jokkel G, Kollai M. Relation between baroreflex sen-
sitivity and carotid artery elasticity in healthy humans. Am J
Physiol 1996; 271: H1139–H1144

15. Saeed NP, Reneman RS, Hoeks AP. Contribution of vascular
and neural segments to baroreflex sensitivity in response to pos-
tural stress. J Vasc Res 2009; 46: 469–477

16. Kornet L, Hoeks AP, Janssen BJ et al. Neural activity of the
cardiac baroreflex decreases with age in normotensive and hy-
pertensive subjects. J Hypertens 2005; 23: 815–823

17. Kornet L, Hoeks AP, Janssen BJ et al. Carotid diameter vari-
ations as a non-invasive tool to examine cardiac baroreceptor
sensitivity. J Hypertens 2002; 20: 1165–1173

18. Converse RL, Jr, Jacobsen TN, Toto RD et al. Sympathetic over-
activity in patients with chronic renal failure. N Engl J Med
1992; 327: 1912–1918

19. Delahousse M, Chaignon M, Mesnard L et al. Aortic stiffness of
kidney transplant recipients correlates with donor age. J Am Soc
Nephrol 2008; 19: 798–805

20. Bengel FM, Ueberfuhr P, Hesse T et al. Clinical determinants of
ventricular sympathetic reinnervation after orthotopic heart
transplantation. Circulation 2002; 106: 831–835

21. Stopek D, Gombos A. Adrenergic denervation and reinnervation
possibilities of autotransplanted kidneys in dogs. Folia Morphol
(Praha) 1973; 21: 361–363

22. Hausberg M, Kosch M, Harmelink P et al. Sympathetic nerve
activity in end-stage renal disease. Circulation 2002; 106:
1974–1979

Received for publication: 7.5.2013; Accepted in revised form: 4.7.2013

IN
F
O
C
U
S

B a r o r e fl e x s e n s i t i v i t y a f t e r k i d n e y t r a n s p l a n t a t i o n

2403



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


