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Introduction

Local management of wounds should provide optimal
healing conditions and reduce the risk of infections. Un-
ambiguous clinical evidence is lacking regarding the use
of topical agents for local wound care and their effect on
wound healing. The authors of a recent systematic review
concluded that the clinical trials performed to support the

use of these topical agents in general were very small and
of very poor quality.1,2

Bacterial necrotizing dermohypodermitis (BNDH) is a
bacterial infection of the hypodermis causing necrosis with-
out affecting the fascia (thus differentiating it from necro-
tizing fasciitis)3,4 constitutes “gangrene of cellular tissues
with thrombosis of local subcutaneous vessels”. In such
cases, there is no abscess formation or frank pus present.5,6
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SUMMARY. Background. For the burn surgeon, the treatment of necrotizing soft tissue infections is one of the most demanding
surgical emergencies, requiring “radical excisions” of the infected tissue and reconstruction. During the infection period, the ex-
cised sites are treated with application of gauzes soaked in saline solution. When the septic period is over, the excision sites are
usually covered by sterile paraffin gauze dressing. Our aim was to evaluate a new calcium polyuronate dressing enriched with zinc
and manganese ions (test group) versus the reference therapeutic combination (control group) from the septic period to the graft-
ing of skin. Materials and methods. A multicentre, prospective, controlled, randomized clinical trial was conducted from Novem-
ber 2003 to July 2005. The primary endpoint was the waiting period for carrying out the skin graft and the percentage of grafted
patients at 28 days after the last excision. The secondary endpoints were blood loss, exudates amounts, and pain during dressing
changes. Results. Twenty-five patients were included, 14 with the new dressing and 11 with the reference therapeutic combination.
The average waiting period for skin graft was 18 days in the test group versus 27.1 days in the control group (p = 0.128). All the
patients in the test group received their grafts within 28 days after the last excision, compared with 60% (p = 0.043) in the con-
trol group. Bleeding during dressing change was statistically lower in the test group: 45.5% of the patients did not bleed compared
with 0% in the control group (p = 0.045). Treatments were well tolerated. Conclusion. The properties of this new calcium polyuronate
enriched with zinc and manganese ions seem to accelerate granulation tissue development, allowing skin grafting earlier in favourable
conditions with less bleeding and less pain during dressing renewal.
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In western countries, the condition affects 1 person in
100,000, with a mortality rate of 30% (Fig. 1).

This pathology creates a health administration prob-
lem owing to the lengthy hospitalization in a regional burn
centre and to the dressing changes, which are difficult to
perform properly in an out-patient setting.

During the infectious stage, also referred to as the sep-
tic period, repeated surgical debridement is often neces-
sary to re-establish a healthy tissue bed free of necrotic,
infected material. The open wound resulting from these
excisions was suitable for testing our new infected wound
healing modulators.

Calcium polyuronate has haemostatic properties and
appears to produce favourable scarring (phenomena scien-
tifically objectified during the 1990s.7-9 Its highly hy-
drophilic nature allows it to maximize wound drainage
while retaining exudate and fibrinous debris. The zinc and
manganese ions act on haemostasis by potentiating platelet
aggregation and stabilizing factor XII.1,10-12 These ions have
known and proven effects during the essential stages of
tissue repair,13-15 acting as enzymatic inductors and co-fac-
tors which stabilize certain key molecules.

Our aim is to shorten the time to obtain proper gran-
ulation tissue and to improve the trophic qualities of the
tissues in order to decrease hospitalization times before de-
finitive skin grafting. 

Our objective is also to decrease bleeding and pain
during dressing changes, thus helping to avoid the use of
general anaesthesia.

A prospective multi centre randomized study was de-
veloped to compare the usual treatment of these types of
wounds with a novel dressing composed of a new calcium
polyuronate compound micro-dosed in zinc and manganese
ions. This new type of dressing could be used not only dur-
ing the septic phase but also during the tissue repair stage. 

Materials and methods

Ethics
The study was conducted in four French plastic and

burns surgery centres, following French ethical regulations
for clinical research, with both insurance backing and the
approval of the ethical committee located in the coordi-
nating site of the study. In compliance with the French
Huriet-Sérusclat law,16 the patient’s written consent was ob-
tained one or two days following the first surgical exci-
sion as long as it was possible to communicate informa-
tion about the study.

The sample size was calculated with a hypothesis of
a difference of 8 days (standard deviation of 11 days) be-
tween the two groups before skin grafting, with α = 0.05
and β = 0.20. Forty patients (20 in each group) were nec-
essary according to this hypothesis with a maximum fol-
low-up of 70 days for each patient included.

Fig. 1 - Case illustrations. 
A. Pre-operative view of upper limb. Bacterial necrotizing dermo-
hypodermitis.
B. First debridement.
C. New calcium polyuronate compound microdosed with zinc and
manganese ions dressings to obtain granulation. 
D. View after skin graft.
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Inclusion
We proposed this study to all adult patients who pre-

sented with BNDH in an extremity, without evidence of
fascial infection, and who had benefited from surgical ex-
cision with subsequent open wound dressing and eventu-
al skin grafting. Patients presenting pancytopenia or hy-
persensibility to any of the treatments, as well as patients
participating in any past (last 30 days) or present bio-
medical studies, were excluded.

Design
The study comprised six visits (Table I):
– D1-2 (inclusion visit the next day or, at the latest,

two days after first surgical excision)
– DDE+3 (three days after final excision: patient

now considered to be out of the septic period when
three days have passed without the need for fur-
ther surgical intervention)

– DDE+10, DDE+17, DDE+24 
– final visit of the study, DSTUDY END (DGRAFT

or D70 in the absence of skin grafting)
During the inclusion visit, patients were randomly di-

vided into two groups (block randomization): control group
and trial group.

• Control group patients. The classic treatment was
used,17 beginning at D1-2 (during the septic peri-
od), with the use of NaCl 0.9% dressings on the
entire wound surface followed by a secondary dry
gauze dressing: this was changed once daily. Start-
ing at DDE+3 (tissue repair period), treatment was
continued through the use of sterile paraffin gauze
dressing, pro-inflammatory (Vaselitulle dressing)
on the entire wound surface with a secondary dry
gauze dressing. These were changed either daily or
every other day at the investigator’s discretion. At
the end of the tissue repair period, before skin graft-
ing (approximately day 3 or 4), the investigator
could use Corticotulle® Lumière (anti-inflamma-
tory) to limit overgranulation and/or favour early
skin grafting (up to a maximum of eight days).

• Trial group patients. Treatment began at D1-2 and
remained the same during the septic and the tissue
repair periods. The new calcium polyuronate com-
pound, micro-dosed in zinc and manganese ion (Tri-
onic®) powder, was pulverized directly onto the
entire surface of the excised tissue zone in a very
thin, homogenous layer followed by the applica-
tion of one or several Trionic® dressings. This ini-
tial coverage was then sealed with a secondary
dressing. Daily dressing changes were performed
during the septic period followed by every 2 days
during the tissue repair period.

At the inclusion stage of the study, demographic da-
ta, history of the current illness, biological data, bacterio-

logical information, and the surface area of tissue loss were
documented.

During subsequent follow-up visits, data were gath-
ered on the evolution of tissue loss up to final skin graft-
ing, amount of blood loss and exudates, and pain during
dressing changes. Standardized photographs were taken at
each follow-up visit. Analgesia use and recourse to gen-
eral anaesthesia were also documented.

The principal criterion for evaluating efficiency in the
study was the delay between day 3 following the final ex-
cision (DDE+3) and the day of skin grafting. The effec-
tive day of skin grafting was indicated by the investigator
as well as the day when tissue granulation (continuous,
rosy-red, and homogenous) was ready to receive the skin
graft. The delay before ‘graftability’ and the percentage of
patients grafted 28 days after DDE+3 were compared in
both groups.

The following were used as secondary evaluation cri-
teria:

– number of times general anaesthesia was used for
dressing changes

– blood loss and amount of exudate during dressing
changes

– pain during dressing changes
The results were analysed by a university mathemat-

ics laboratory independent of the promoters of this study.

Results

Twenty-five patients were included in our study from
December 2003 to July 2005, 14 in the trial group (calci-

Table I - Study design

Trionic Control Total
Age (yr) 62.0 ± 13.6 66.6 ± 14.6 64.0 ± 13.9
Gender (m/f) 6/8 7/4 13/12
Body mass index
(kg/m2) 31.81 ± 8.19 27.55 ± 4.31 29.94 ± 6.98
Location upper
or lower limb 4/10 1/10 5/20

Table II - The patients
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um polyuronate enriched with zinc and manganese) and
11 in the control group (NaCl - Vaselitulle).

The demographic characteristics of this series and the
localization of lesions are described in Table II. The most
common portal of entry for these infections was a super-
ficial cutaneous trauma. It is important to note that clini-
cal signs became evident on average later in the trial group,
i.e. after 6.6 ± 4 days versus 5.1 ± 3 days in the control
group.

The most important risk factors identified were dia-
betes, obesity, and corticosteroid therapy (Table III). Obese
and corticodependent patients were found only in the tri-
al group. Table III summarizes the initial biological data.

The results from bacteriological cultures in the two
groups were comparable: Gram-positive bacilli in 44% of
cases, Gram-negative bacilli in 36% of cases, and absence
of bacteria in 12% of cases.

During the septic period, the number of surgical ex-
cisions per patient was one except in two patients who re-
quired two excisions (one in each group). The ‘beta-lac-
tams’ (80% of the series) were the most prescribed an-
tibiotics during the post-operative period.

Primary efficiency evaluation criteria
An analysis was made of the results in 20 patients.

Five patients were excluded owing to major deviations
from the primary criteria of the study: in three patients,
this consisted of a longer delay than three days following
final tissue excision, before initiation of the new treatment,
while in two patients there was a prolonged delay (over
15 days) between the date of graftability and the effective
skin graft date because of temporary contraindications to
general anaesthesia (poorly controlled diabetes in one pa-
tient, myocardial infarction in the other). In these 20 pa-
tients, the average wound surface area was 361 ± 280 cm2

in the trial group versus 300 ± 224 cm2. The average de-
lay before skin grafting was 18 days in the trial group ver-
sus 27.1 days in the control group. However, the differ-
ence was not statistically significant.

A comparison of variance between the two groups
showed a higher homogeneity of delay before grafting in
the trial group than in the control group: standard devia-
tion for the trial group was 6.76 vs 22.15 in the control
group (p = 0.003). The percentage of patients grafted 28
days after DDE+3 was 100% in the trial group versus 60%

in the control group (p = 0.043 ¯2 test) (Table IV).The av-
erage delay before ‘graftability’ (time until granulation tis-
sue allowing skin grafting) was 16.7 ± 6.3 days in the tri-
al group and 25.0 ± 20.8 days in the control group (p =
0.885, Wilcoxon test).

Secondary evaluation criteria 
Between DDE+3 (3 days after the final surgical exci-

sion) and DDE+17 in the trial group, the most used anal-
gesias were class I (71.4% of the patients) while in the
control group, they were primarily class II (81.8% of pa-
tients) (Table V). Only one patient in the control group re-
quired general anaesthesia for a dressing change, between
DDE+3 and DDE+10. Pain measured on the EVA scale
(0 to 10) diminished progressively with time in both groups,
although at each time point it was greater in the control
group during visits DDE+10 (3.14 ± 0.97 in the trial group
versus 3.61 ± 2.27) and DDE+17 (2.26 ± 0.68 in the tri-
al group versus 2.35 ± 1.99) but these differences were
not statistically significant.

At DDE+3, blood loss was graded on four levels (ab-
sent, mild, moderate, abundant) and was found to be sig-
nificantly less pronounced during dressing changes in the
trial group: bleeding was noted in all patients in the con-
trol group whereas approximately half the patients in the
trial group showed no bleeding whatsoever (p = 0.045,

Trionic Control
Diabetes 4 3
Obesity 4 0
Corticotherapy 3 0
Immunodepression 1 1
Others 0 3

Table III - Risk factors Table IV - Proportion of skin graft on day 28 after JDE+3

Trionic Control Total 
Classe I Paracetamol
and NSAIDs 2 (14.3%) 2 (18.2%) 4 (16.0%)
Classe II Low opiates 10 (71.4%) 5 (45.5%) 15 (60.0%)
Classe III
Morphinomimetics 8 (57.1%) 9 (81.8%) 17 (68.0%)
Others: Psychotropic
agents 1 (7.1%) 0 (0.0%) 1 (4.0%)

Table V - Analgesic
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Fisher test) (Table VI). The amounts of exudates were al-
so graded on four levels (absent, mild, moderate, abun-
dant) and diminished with time, while remaining compa-
rable between the two groups. However, the number of
dressing changes was on average less numerous in the tri-
al group8,14 than in the control group (22,2) (p = 0.205,
Wilcoxon test).

Among the 25 patients included in the study, a total
number of four undesirable events were reported: a death
due to lymphoma, a myocardial infarction with full re-
mission, an allergic reaction to an antibiotic, and a case
of malignant hyperthermia four days after the first surgi-
cal excision. In this last patient, the calcium polyuronate
treatment was interrupted for two days and then restarted,
with a favourable evolution and a skin graft on day 24.
None of these events was directly related to the products
used in this study.

Discussion

Bacterial necrotizing dermohypodermititis is an ex-
tremely serious but rare pathology affecting less than 1
in 100,000 people in western countries. This series is one
of the biggest trials to this effect in the current literature.18

The type of patients in our series was consistent with those
described in the literature. The cause of cutaneous dis-
ruption was not detailed in approximately 20% of cases,
but the most frequently affected region was the lower ex-
tremity. Factors which had a potential negative influence
on healing were diabetes, corticotherapy, and immuno-
suppression. In our study, patients who were being treat-
ed by corticotherapy were all in the trial group, which
may have had a considerable impact on the delay to wound
healing.

For these types of infections, the current consensus

agrees on the importance of urgent wide debridement of
all involved tissue in order to save the patient’s life.

The goal of our study was to compare a novel thera-
py using a calcium polyuronate enriched with zinc and
manganese ions during both the septic and the tissue re-
pair periods of wound healing compared to traditional
wound dressings.

The duration of the septic period and the number of
excisions were comparable in the two groups and there
was good tolerance of the trial product.

During the tissue repair phase, we were unable to show
any significant difference between the two groups con-
cerning delay to skin grafting, probably as a consequence
of the relatively small sample size.

Nonetheless, the proportion of patients skin grafted 28
days after DDE+3 was significantly greater in the trial
group (100% versus 60%, p = 0.043) even though the av-
erage surface area of the lesions was considerably larger.

We believe that the patients in the trial group bene-
fited from the favourable healing properties of calcium
polyuronate. These are well established and have been
proven over a long time period. The healing action of cal-
cium polyuronate begins during the ionic exchange be-
tween the calcium in its fibres and the sodium found in
blood and exudates in the lesion. This ionic exchange in-
duces platelet activity and accelerates fibrin formation and
cellular activation of key molecular processes (macro-
phages, fibroblasts, endothelial cells, and epithelial cells).
Also, zinc and manganese ions added to the calcium
polyuronate formula have been known for the past few
decades to increase resistance to infection. In 1973 Rabi-
novitch and Destefano14 showed that manganese ions in-
duced macrophage activity. Other researchers such as
Agren at the Swedish University of Linkoping10,13 discov-
ered that zinc increased resistance of cultured fibroblasts
to oxidative stress, further activating secretion of gly-
cosaminoglycans which intervened in the cicatricial
process. Zinc appears to be an important factor in the struc-
ture and function of chromatin, thus making it an impor-
tant inductor of epithelial cell proliferation.

Results from our study also showed that bleeding was
less important during dressing changes in the trial group,
in which 45.5% of patients in the trial group had no blood
loss versus 0% in the control group (p = 0.045), even
though the same patients in the trial group had an initial
platelet level inferior to that of the control group. This was
certainly due to the haemostatic activity of calcium
polyuronate, a well-known property of the compound for
many years which has been demonstrated in skin graft
donor sites.19 Zinc seems to potentiate platelet aggregation
by stabilizing its receptors to fibrinogen. It also decreases
coagulation time (fibrin formation), while amplifying the
effect of calcium.11,12

Pain (EVA) during dressing removal was slightly less

Table VI - Bleeding
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present with the trial dressing and the analgesia used was
from a lower class (class I versus class II) in the trial
group. We believe this to be related to the gelification
properties of the calcium polyuronate fibres which initiate
as soon as the dressing comes into contact with blood or
exudates from the wound.1 The average number of dress-
ing changes was lower in the trial group but the differ-
ence was not statistically significant. This could be ex-
plained by the highly hydrophilic properties of the calci-
um polyuronate fibres.

Conclusion

The idea of undertaking a scientific study to test an
external treatment on such an aggressive pathology remains
a highly controversial topic of discussion, yet no similar
study has been found in the literature. Developing such a

study, it was necessary to treat dressings as veritable med-
ication. When considering necrotizing bacterial dermohy-
podermititis, the use of calcium polyuronate enriched with
zinc and manganese was found to significantly reduce blood
loss in the tissue repair phase following radical surgical
debridement of the wound.

Owing to the limited number of patients recruited to
our study we were unable to draw any definitive conclu-
sion as to the main question of the delay in skin grafting.
Yet one important element brought to light was the in-
creased proportion of patient’s skin grafted at 28 days af-
ter the final surgical excision in the trial group: 100% ver-
sus 60% in the control group. This conclusion is all the
more interesting in light of the initial demographic con-
ditions, which were unfavourable, and of the average
wound surface area, which was more substantial in the
trial group.

RÉSUMÉ. Données de base. Le traitement des dermohypodermites nécrosantes est une urgence chirurgicale nécessitant l’exérèse
des tissus nécrosés. Pendant la période septique des compresses imbibées de sérum physiologique sont appliquées sur les lésions.
Une fois le sepsis résolu, le traitement se poursuit par des pansements gras jusqu’à obtention d’un tissu de granulation permettant
la greffe cutanée. Le but de ce travail était de comparer le traitement habituel (sérum physiologique puis pansement gras) à l’uti-
lisation d’un nouveau pansement, polyuronate de calcium enrichi en ions zinc et manganèse, de la période septique à la réalisation
de la greffe. Matériels et méthodes. Étude prospective multicentrique et randomisée avec période d’inclusion de novembre 2003 à
juillet 2005. Le critère d’évaluation principal était le délai pour réaliser la greffe de peau. Le pourcentage de patients greffés dans
les 28 jours suivant la dernière excision a été calculé. Les critères secondaires étaient les caractères hémorragique et exsudatif des
lésions ainsi que le niveau de douleur des patients au renouvellement des pansements. Résultats. Vingt-cinq patients ont été inclus,
dont 14 ont reçu le nouveau pansement et 11 le traitement comparateur (sérum physiologique puis pansement gras). L’analyse des
critères d’efficacité a porté sur 20 patients en raison de déviations majeures au protocole. La durée moyenne avant la greffe de
peau était de 18 jours avec le nouveau pansement contre 27,1 jours avec le pansement de référence (p = 0,128). Tous les patients
traités avec le nouveau pansement ont reçu leur greffe de peau dans les 28 jours versus 60% des patients dans le groupe compa-
rateur (p = 0,043). Les saignements lors du renouvellement des pansements étaient significativement réduits avec le nouveau pan-
sement: 45,5% des patients n’ont pas saigné versus aucun patient sans saignement dans le groupe comparateur (p = 0,045). Aucu-
ne intolérance aux traitements n’a été rapportée. Conclusion. Les propriétés spécifiques du polyuronate de calcium enrichi en ions
de zinc et manganèse semblent avoir un effet bénéfique sur le délai de greffe ainsi que sur le saignement et la douleur lors du re-
nouvellement des pansements.

Mots-clés: dermohypodermites nécrosantes, polyuronate de calcium, pansement, zinc, manganèse
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