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  A 22-year-old female patient (patient 1) 
reported a 1-year history of a recurrent pal-
mar eruption of whitish papules and an 
extensive wrinkling of the skin within 2–
3 min after exposure to water. This phenom-
enon was accompanied by a burning sensa-
tion and occasionally moderate pain. The 
plantar skin was not involved. She had sim-
ilar symptoms approximately 3 years ago, 
which vanished without therapy after sev-
eral months. After symptom recurrence, she 
had tried a therapy with topically applied 
steroid cream, which showed no effects.

  The 2nd patient (patient 2), a 35-year-
old woman, had a 5-year history of similar 
signs, but in contrast to the 1st patient the 
skin eruption appeared only on her left 
palm and on the lateral part of her left foot 
and was not accompanied by any discom-
fort or pain.

  Both patients were in good health, had 
no history of hyperhidrosis and were un-
aware of family members with similar clin-
ical findings. Skin examination revealed 
whitish well-defined papules on both 
palms of patient 1 and on the left palm and 
the lateral part of the left foot of patient 2 
as well as prominent eccrine ducts of the 
sweat glands. Approximately 3 min after 
exposure to water, the skin lesions in-
creased impressively in size and the affect-
ed skin showed excessive wrinkling and 
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 Abstract 

 Aquagenic wrinkling of the palms (AWP) is a 
rare condition, which is characterized by ap-
pearance of whitish papules and plaques, 
and an excessive wrinkling and swelling of 
the palmar skin after exposure to water. In 
most cases, young women are affected, and 
an association of AWP with cystic fibrosis (CF) 
has been surmised. We report on two cases 
of AWP, which were not related to CF, in 
whom we used two innovative imaging 
techniques, namely high-definition optical 
coherence tomography and reflectance con-
focal microscopy, to show in vivo skin chang-
es occurring after exposure of the skin to tap 
water in comparison to the findings in a 
healthy control person. 

 © 2015 S. Karger AG, Basel 

 Cases 

 Two patients presented shortly after 
each other to our outpatient clinic and re-
ported about similar symptoms.
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edematous swelling. Roughly 5 min after 
the water contact, the skin resumed its 
original state.

  We performed punch biopsies in both 
patients; histology did not reveal any path-
ological changes. In addition, we initiated a 
genetic examination in order to find out 
whether our patients were heterozygous 
for cystic fibrosis (CF). None of the muta-
tions typical for CF were detected.

  In order to visualize the morphological 
skin changes that take place after the expo-
sure to water in our patients, we performed 
in vivo reflectance confocal microscopy 
(RCM) imaging using a commercially 
available RCM device (Vivascope ®  1500; 
Lucid-Tech Inc., Henrietta, N.Y., USA/
Mavig GmbH, Munich, Germany). 

  The palms of the 2 patients and 1 gen-
der-matched healthy control person were 
examined by RCM, performing horizontal 
mapping (VivaBlock ® , 8 × 8 mm) at the 
level of the stratum corneum before and 
2–5 min after water contact.

  Additionally, high-definition (HD) op-
tical coherence tomography (OCT) was 
performed using a commercially available 
full-field HD-OCT system (Skintell ® ; Agfa 

 L. Bielicky and M. Braun-Falco contributed 
equally to this work. 
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  Fig. 1.  The right palm of patient 1 shows whitish papules 
before water contact ( a ) and palmar wrinkling and swelling 
2 min after water contact ( b , inset with magnification of the 
wrinkling). HD-OCT of the palm in the slice mode ( c ), with 
typical layering of the stratum corneum (SC) and epidermis 
(E), and in the en-face mode ( e , horizontal image at the 
level indicated in the dashed line of the vertical image in  c , 
image size 1.8 × 1.5 cm) with ducts of sweat glands (D) at 
the upper level of the SC. The arrow ( c ) indicates the ir-
regularity of the SC with hyperreflective areas in the apical 
part of the SC of the AWP patient, which are absent in the 
healthy control (see fig. 2). The HD-OCT slice mode ( d ) 
and en-face mode ( f ) of the palm display the broadened, but 
irregular SC and defined cell borders after water contact. In 
the RCM, the mosaic (8 × 8 mm) displays the irregularity of 
the sweat gland distribution and disordered alignment of 
the palmar lines ( g ) in AWP especially in comparison to the 
healthy control (see fig. 2) and the swelling after water con-
tact at the upper level of the SC ( h ). The single RCM image 
(0.5 × 0.5 mm) at the same level depicts the bright thickened 
and irregular intercellular spaces ( i , arrow) which are clear-
ly visible after water contact ( j ); compared to the healthy 
control, hyperreflective areas are found (arrow). 
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HealthCare GmbH, Brussels, Belgium). It 
is based on the principle of a ‘time domain’ 
OCT system with dynamic focus tracking. 
According to the producer’s instruction, 
Skintell allows a resolution of 3 μm in all 
three dimensions. In this system, two im-
aging modes, a vertical (slice) and a hori-
zontal (en face) mode, are available. 

  The palms of both patients and the 
healthy control person were evaluated by 
HD-OCT in the vertical and en-face mode 
before and 2–5 min after water contact, and 
images were recorded. 

  Using HD-OCT, the thickening of the 
stratum corneum was clearly displayed in 
the slice mode showing a thickness of the 
stratum corneum of around 207 μm in pa-
tient 1 and 220 μm in patient 2 before wa-
ter contact versus 410 μm (patient 1) and 
450 μm (patient 2) after water contact 
( fig.  1 ), compared to 221 μm before and 
321 μm after water contact in the healthy 
control ( fig. 2 ).

  The typical layering of the dermis in 
the slice mode of HD-OCT vanished with 
the swelling of the stratum corneum. In 
the en-face mode of HD-OCT, the swell-
ing of the stratum corneum could be vi-
sualized showing a clear cell border with 
dark nuclei surrounded by bright cell bor-
ders in comparison with the image before 
water contact where cell borders were not 
so clearly depicted. The same finding was 
present in the RCM image before and after 
water contact, where the cell borders in 
the stratum corneum were precisely de-
marcated after water contact. Compared 
to the healthy control ( fig.  2 ), the AWP 
patients clearly showed an irregular su-
perficial layer of the stratum corneum 
with focal hyperreflective areas, which 
was not present in the control. In the sin-
gle RCM image at superficial levels of the 
stratum corneum, the intercellular bor-
ders were clearly broadened and hyperre-
flective also before water contact ( fig. 1 c–
f). In the 8 × 8 mm mosaic image of 
the RCM, the pores of the sweat glands 
seemed more irregularly distributed com-

pared to palms without aquagenic wrin-
kling and no regular palmar lines could be 
depicted ( fig. 1) compared to the healthy 
control with regular palmar lines (fig. 2). 

  Both patients received iontophoretic 
treatment once daily for 6 weeks with-
out success. The skin manifestations were 
again monitored by HD-OCT and RCM 1 
month after the treatment, but no morpho-
logical changes compared to the results be-
fore treatment could be found. A treatment 
attempt with botulinum toxin injections, as 
reported in the literature, was refused by 
the patients  [1, 2] .

  Discussion 

 AWP signs are often described as ‘hand-
in-the-bucket sign’  [3]  because of the char-
acteristic wrinkling and swelling that take 
place after the patients’ hands are im-
mersed in water. AWP (synonyms: aqua-
genic palmoplantar keratoderma, transient 
aquagenic palmar hyperwrinkling and 
aquagenic syringeal acrokeratoderma) was 
first described by Elliot  [4]  in 1974 in CF 
patients. Gild and Clay  [5]  reported on 
AWP in 80% of the investigated CF pa-
tients and in 25% of the carriers of the mu-
tated CF gene. Our 2 patients did not pre-
sent the relevant CF gene mutations. How-
ever, there is accumulating evidence that 
AWP also appears independent of CF.

  Furthermore, AWP has been associated 
with the intake of COX-2 inhibitors  [6] , 
tobramycin  [7]  and hyperhidrosis  [8] , but 
none of them was present in our 2 patients.

  It has been proposed that in patients with 
CF and hyperhidrosis, the elevated epider-
mal sodium content might increase the ab-
sorption of water above levels of healthy per-
sons  [9, 10] . In general, it is assumed that in 
AWP patients structural changes in the stra-
tum corneum result in a malfunction follow-
ing water contact, and an aberrant expres-
sion of AQP5, which belongs to the aquapo-
rin water channel family, was shown in the 
sweat glands of AWP patients. Additionally, 

hyperplastic glandular epithelium and en-
larged eccrine coils were described  [8] . 

  AWP patients may benefit from topical 
application of 15–20% aluminum chloride 
solution  [3, 11]  and local injection of botu-
linum toxin  [1, 2] , but in our patients a 
6-week iontophoretic treatment failed to 
reduce their symptoms.

  Imaging techniques such as OCT and 
RCM have been applied for various indica-
tions, including non-melanoma and mela-
nocytic skin cancer  [12–14] . Also, inflam-
matory reactions such as contact or allergic 
eczema and infestations with parasites 
have been studied using these techniques 
 [15, 16] . These innovative imaging devices 
enable the noninvasive, in vivo evaluation 
even of transient skin alterations.

  In this case report, we record acute mor-
phological changes of the palmar skin af-
ter water contact by HD-OCT and RCM, 
which were not detectable by standard his-
tological techniques because of their tran-
sient nature. We were able to document the 
significant swelling of the stratum corneum 
after water contact in both patients com-
pared to a healthy control person, and the 
irregular broadening and brightening of the 
intercellular borders could be visualized us-
ing both HD-OCT and RCM.

  Conclusion 

 Innovative imaging devices such as 
HD-OCT and RCM allow the visualization 
of transient skin alterations in patients with 
AWP, which cannot be demonstrated by 
histological means. In vivo imaging has the 
additional advantage of repeated nonin-
vasive examination to monitor treatment 
success.

  Disclosure Statement 

 T. Maier served as lecturer/consultant 
for Agfa HealthCare GmbH. There were no 
funding sources. 

  Fig. 2.  Palm of a healthy control person in HD-OCT with a thin 
and regular stratum corneum (SC) in the slice mode ( a ) and regu-
lar aligned ducts of sweat glands (D) before water contact in the 
en-face mode (c, 1.8 × 1.5 cm). After water contact, the SC shows 
thickening in the slice mode ( b ); the horizontal image (en-face 
mode, d) is located in the upper level of the SC, as indicated by the 
dashed line in the slice-mode image. Arrows indicate the regular 

SC with broadening after water contact ( b ). In the RCM mosaic 
(8 × 8 mm) before ( e ) and after ( f ) water contact, the regular pal-
mar lines are depicted at a superficial layer of the SC. The single 
image (0.5 × 0.5 mm) at this level shows fine intercellular spaces 
( g ) compared to the AWP patients which become more prominent 
after water contact ( h ). E = Epidermis. 

(For figure see next page.)
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