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Abstract
Water-filtered infrared-A (wIRA) as a special form of heat radiation with a high tissue
penetration and with a low thermal load to the skin surface acts both by thermal and thermic
as well as by non-thermal and non-thermic effects. wIRA produces a therapeutically usable field
of heat in the tissue and increases tissue temperature, tissue oxygen partial pressure, and
tissue perfusion. These three factors are decisive for a sufficient tissue supply with energy and
oxygen and consequently as well for wound healing and infection defense. wIRA can
considerably alleviate the pain (with remarkably less need for analgesics) and diminish an
elevated wound exudation and inflammation and can show positive immunomodulatory
effects. wIRA can advance wound healing or improve an impaired wound healing both in acute
and in chronic wounds including infected wounds. Even the normal wound healing process can
be improved. A prospective, randomized, controlled, double-blind study with 111 patients after
major abdominal surgery at the University Hospital Heidel-Pediatric berg, Germany, showed
with 20 minutes irradiation twice a day (starting on the second postoperative day) in the group
with wIRA and visible light VIS (wIRA(+VIS), approximately 75% wIRA, 25% VIS) compared to a
control group with only VIS a significant and relevant pain reduction, combined with a markedly
decreased required dose of analgesics: during 230 single irradiations with wIRA(+VIS) the pain
decreased without any exception (median of decrease of pain on postoperative days 2-6 was
13.4 on a 100 mm visual analog scale VAS 0-100), while pain remained unchanged in the control
group (p<0.001). The required dose of analgesics was 57-70% lower in the subgroups with
wIRA(+VIS) compared to the control subgroups with only VIS (median 598 versus 1398 ml
ropivacaine, p<0.001, for peridural catheter analgesia; 31 versus 102 mg piritramide, p=0.001,
for patient-controlled analgesia;3.4 versus 10.2 g metamizole, p=0.005, for intravenous and oral
analgesia). During irradiation with wIRA(+VIS) the subcutaneous oxygen partial pressure rose
markedly by approximately 30% and the subcutaneous temperature by approximately 2.7°C
(both in a tissue depth of 2 cm), whereas both remained unchanged in the control group: after
irradiation the median of the subcutaneous oxygen partial pressure was 41.6 (with wIRA) versus
30.2 mm Hg in the control group (p<0.001), the median of the subcutaneous temperature was
38.9 versus 36.4°C (p<0.001). The overall evaluation of the effect of irradiation, including
wound healing, pain and cosmesis, assessed on a VAS (0-100 with 50 as indifferent point of no
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effect) by the surgeon (median 79.0 versus 46.8, p<0.001) or the patient (79.0 versus 50.2,
p<0.001) was markedly better in the group with wIRA compared to the control group. This was
also true for single aspects: Wound healing assessed on a VAS by the surgeon (median 88.6
versus 78.5, p<0.001) or the patient (median 85.8 versus 81.0, p=0.040, trend) and cosmetic
result assessed on a VAS by the surgeon (median 84.5 versus 76.5, p<0.001) or the patient
(median 86.7 versus 73.6, p=0.001). In addition there was a trend infavor of the wIRA group to a
lower rate of total wound infections (3 of 46, approximately 7%, versus 7 of 48, approximately
15%, p=0.208) including late infections after discharge, caused by the different rate of late
infections after discharge: 0 of 46 in the wIRA group and 4 of 48 in the control group. And there
was a trend towards a shorter postoperative hospital stay: 9 days in the wIRA group versus 11
days in the control group (p=0.037). The principal finding of this study was that postoperative
irradiation with wIRA can improve even a normal wound healing process. A prospective,
randomized, controlled, double-blind study with 45 severely burned children at the Children’s
Hospital Park Schönfeld, Kassel, Germany, showed with 30 minutes irradiation once a day
(starting on the first day, day of burn as day 1) in the group with wIRA and visible light VIS
(wIRA(+VIS), approximately 75% wIRA, 25% VIS) compared to a control group with only VIS a
markedly faster reduction of wound size. On the fifth day (after 4 days with irradiation) decision
was taken, whether surgical debridement of necrotic tissue was necessary because of deeper
(second degree, type b) burns (11 of 21 in the group with wIRA, 14 of 24 in the control group)
or non-surgical treatment was possible (second degree, type a, burns). The patients treated
conservatively were kept within the study and irradiated till complete reepithelialization. The
patients in the group with wIRA showed a markedly faster reduction of wound area: a median
reduction of wound size of 50% was reached already after 7 days compared to 9 days in the
control group, a median reduction of wound size of 90% was already achieved after 9 days
compared to 13 days in the control group. In addition the group with wIRA showed superior
results till 3 months after the burn in terms of the overall surgical assessment of the wound,
cosmesis, and assessment of effects of irradiation compared to the control group. In a
prospective, randomized, controlled study with 12 volunteers at the University Medical Center
Charité, Berlin, Germany, within each volunteer 4 experimental superficial wounds (5 mm
diameter) as an acute wound model were generated by suction cup technique, removing the
roof of the blister with a scalpel and a sterile forceps (day 1). 4 different treatments were used
and investigated during 10 days: no therapy, only wIRA(+VIS) (approximately 75% wIRA, 25%
VIS; 30 minutes irradiation once a day), only dexpanthenol (= D-panthenol) cream once a day,
wIRA(+VIS) and dexpanthenol cream once a day. Healing of the small experimental wounds was
from a clinical point of view excellent with all 4 treatments. Therefore there were only small
differences between the treatments with slight advantages of the combination wIRA(+VIS) and
dexpanthenol cream and of dexpanthenol cream alone concerning relative change of wound
size and assessment of feeling of the wound area. However laser scanning microscopy with a
scoring system revealed differences between the 4 treatments concerning the formation of the
stratum corneum (from first layer of corneocytes to full formation) especially on the days 5-7:
fastest formation of the stratum corneum was seen in wounds treated with wIRA(+VIS) and
dexpanthenol cream, second was wIRA(+VIS) alone, third dexpanthenol cream alone and last
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were untreated wounds. Bacterial counts of the wounds (taken every 2 days) showed, that
wIRA(+VIS) and the combination of wIRA(+VIS) with dexpanthenol cream were able to inhibit
the colonisation with physiological skin flora up to day 5 when compared with the two other
groups (untreated group and group with dexpanthenol cream alone). At any investigated time,
the amount of colonisation under therapy with wIRA(+VIS) alone was lower (interpreted as
more suppressed) compared with the group with wIRA(+VIS) and dexpanthenol cream.
Hartel et al.: Therapy of acute wounds with water-filtered ... During rehabilitation after hip and
knee endoprosthetic operations the resorption of wound seromas and wound hematomas was
both clinically and sonographically faster and pain was reduced by irradiation with
wIRA(+VIS). wIRA can be used successfully for persistent postoperative pain e.g. after
thoracotomy. As perspectives for wIRA it seems clinically prudent to use wIRA both pre- and
postoperatively, e.g. in abdominal and thoracic operations. wIRA can be used preoperatively
(e.g. during 1-2 weeks) to precondition donor and recipient sites of skin flaps, transplants or
partial-thickness skin grafts, and postoperatively to improve wound healing and to decrease
pain, inflammation and infections at all mentioned sites. wIRA can be used to support routine
pre- or intraoperative antibiotic administration or it might even be discussed to replace this
under certain conditions by wIRA.
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