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To the Editor:
With much interest we read the article published by Khan et
al1 in the November 2005 issue of Hypertension on microvascular reactivity during normal and preeclamptic pregnancies. They
showed that microvascular responses to iontophoretically applied
acetylcholine and sodium nitroprusside are enhanced in women
who will develop preeclampsia before the clinical symptoms of
the syndrome appear. The authors found, however, no differences in the microvascular responses 6 weeks postpartum and
stated that there was no study that had compared these responses
shortly after pregnancy.
We recently published our study in which we measured
microvascular reactivity using iontophoresis and laser Doppler
flowmetry between 3 to 11 months postpartum in 25 women who
had a serious early onset (⬍34 weeks of gestation) of preeclampsia and 23 women with a normal pregnancy.2 In contrast to Khan
et al, we found increased responses to acetylcholine in the
recently preeclamptic group, whereas the response to sodium
nitroprusside showed no difference with the normal pregnancy
group. Blood pressure, maternal age, and family history of
premature cardiovascular diseases could not explain the increased responses to acetylcholine.
There are some differences between both studies; the first one
concerns the interval time between delivery and measurement.
We chose to perform our microvascular measurements between
3 and 11 months postpartum, when the effects of pregnancy have
likely disappeared. Second, Khan and coworkers measured
microvascular reactivity on the forearm, a relatively low flow
area, whereas we performed our studies on the fingers, a
relatively high flow area. We investigated whether the location of
the measurement could have influenced our data by measuring
on the finger as on the forearm in some participants and found
the same trend of reactivity for both locations. Another difference with the imaging setup of Khan et al was that they measured
the mean of the two highest flux values in an area, which may
have led to preference of skin locations with AV-shunts. Furthermore, the wave length we used, 780 nm, was less sensitive to
influences of blood oxygenation than the 633 nm of Khan et al.
In summary, iontophoresis of acetylcholine and sodium nitroprusside to evaluate local vasodilator responses via endotheliumdependent and endothelium-independent pathways indicates that
preeclampsia is associated with an enhanced endothelium dependent vasodilatation, during and months after the preeclamptic
pregnancy. These findings support the hypothesis of an
underlying (micro)angiopathy in preeclampsia.
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Response: Endothelial Function and Preeclampsia
We appreciate Blaauw et al for their careful consideration of
our recent article and would like to make the following comments. Blauuw et al claim we stated that there was no study that
had compared microvascular responses shortly after pregnancy.
However, the statement we made was in fact that “no study had
examined vascular responses sequentially at different gestations
before the clinical syndrome of preeclampsia develops and after
delivery.”1
Blaauw et al are correct that methodological differences
between their study2 and ours might be the reasons for the
different findings. We found no significant differences in
microvascular responses between normal and preeclamptic
women 6 weeks postpartum, at a time when blood pressure
had returned to normal in preeclamptic women. Blauuw et al
showed enhanced microvascular responses to acetylcholine
(ACh) at 3 to 11 months postpartum and state that they chose
a postpartum time point when the effects of pregnancy have
likely disappeared. However, they also report in their article
that women with a preeclamptic pregnancy had higher systolic
and diastolic blood pressures at this time point. Thus, it is
difficult to say with confidence that hemodynamic parameters
had returned to normal in their particular sample of preeclamptic patients, and this might be the reason for their
enhanced ACh responses.
We chose the forearm skin as the site for our measurements.
Blauuw et al are correct that this is a relatively low flow area.
However, perfusion through the forearm skin is also much
more stable than in the finger. Accordingly, the forearm skin
is the preferred site over the finger for such studies and the
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one that is most widely used.3,4 Blauuw et al themselves
demonstrate the highly variable nature of finger perfusion by
showing a variation in baseline perfusion of as much as 74%
in control subjects. We do not agree that our measurements
might have led to preference of skin locations with arteriovenous shunts as it is well recognized that the forearm is
completely devoid of such vessels. Indeed, this is the main
reason why forearm skin is a low flow area. Additionally, our
measurements were made over a much larger area of forearm
skin using a laser Doppler imager. This overcomes the
problems of spatial variability of skin perfusion and thus
provides a more accurate measure than single point
measurements.
In conclusion, we agree with Blauuw et al that preeclampsia is
associated with enhanced skin microvascular responses. However, we suggest that these changes are at a level further down
from the endothelium, and that these changes revert to normal in
the short-term postpartum when hemodynamic changes have also
normalized. Finally, we concur completely that laser Doppler
flowmetry and iontophoresis of ACh and sodium nitroprusside
are useful tools for the investigation of microvascular function in
preeclampsia, but any comparisons between studies using different modes of measurement (imaging versus single point) and
different measurement sites (finger versus forearm) must be
made with caution and with a good understanding of the
underlying factors that regulate blood flow in different vascular
beds.

e15
Faisel Khan
Jill J.F. Belch
Vascular Diseases Research Unit
The Institute of Cardiovascular Research
Ninewells Hospital and Medical School
University of Dundee
Dundee Scotland, UK
Maureen MacLeod
Gary Mires
Maternal and Child Health Sciences
Ninewells Hospital and Medical School
University of Dundee
Dundee Scotland, UK

1. Khan F, Belch JJF, MacLeod M, Mires G. Changes in endothelial function
precede the clinical disease in women in whom preeclampsia develops.
Hypertension. 2005;46:1123–1128.
2. Blauuw J, Graaf R, van Pampus MG, van Doormaal JJ, Smit AJ, Rakhorst
G, Aarnoudse JG. Abnormal endothelium-dependent microvascular reactivity in recently preeclamptic women. Obstet Gynecol. 2005;1105:
626 – 632.
3. Davis KR, Ponnampalam J, Hayman R, Baker PN, Arulkumaran S,
Donnelly. Microvascular vasodilator response to acetylcholine is increased
in women with pre-eclampsia. Br J Obstet Gynaecol. 2001;108:610 – 614.
4. Ramsay JE, Stewart F, Greer IA, Sattar N. Microvascular dysfunction: a
link between pre-eclampsia and maternal coronary heart disease. Br J
Obstet Gynaecol. 2003;110:1029 –1031.

Changes in Endothelial Function Precede the Clinical Disease in Women in Whom
Preeclampsia Develops
Judith Blaauw, Reindert Graaff, Maria G. van Pampus, Jasper J. van Doormaal, Andries J. Smit,
Gerhard Rakhorst and Jan G. Aarnoudse
Downloaded from http://hyper.ahajournals.org/ by guest on July 12, 2017

Hypertension. 2006;47:e14-e15; originally published online January 9, 2006;
doi: 10.1161/01.HYP.0000201448.69581.e2
Hypertension is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2006 American Heart Association, Inc. All rights reserved.
Print ISSN: 0194-911X. Online ISSN: 1524-4563

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://hyper.ahajournals.org/content/47/3/e14

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Hypertension can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Hypertension is online at:
http://hyper.ahajournals.org//subscriptions/

