
Transdermal fluid loss in severely burned patients

Transdermaler Flüssigkeitsverlust bei Schwerbrandverletzten

Abstract
Introduction: The skin protects against fluid and electrolyte loss. Burn
injury does affect skin integrity and protection against fluid loss is lost.
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Thus, a systemic dehydration can be provoked by underestimation of
fluid loss through burn wounds. Felix H. Stang1

Frank Siemers1Purpose:We wanted to quantify transdermal fluid loss in burn wounds.
Method: Retrospective study. 40 patients admitted to a specialized
burn unit were analyzed and separated in two groups without (Group
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A) or with (Group B) hypernatremia. Means of daily infusion-diuresis-
ratio (IDR) and the relationship to totally burned surface area (TBSA)
were analyzed. 1 Department of Plastic

Surgery, Hand Surgery, BurnResults: In Group A 25 patients with a mean age of 47±18 years, a
mean TBSA of 23±11%, and a mean abbreviated burned severity index Unit, University Hospital
(ABSI) score of 6.9±2.1 were summarized. In Group B 15 patients with Schleswig-Holstein, Lübeck,

Germanya mean age of 47±22 years, a mean TBSA of 30±13%, and a mean
ABSI score of 8.1±1.7 were included. Statistical analysis of the period
from day 3 to day 6 showed a significant higher daily IDR-amount in
Group A (Group A vs. Group B: 786±1029 ml vs. –181±1021 ml;
p<0.001) and for daily IDR-TBSA-ratio (Group A vs. Group B: 40±41
ml/% vs. –4±36 ml/%; p<0.001).
Conclusions: There is a systemic relevant transdermal fluid loss in burn
wounds after severe burn injury. Serum sodium concentration can be
used to calculate need of fluid resuscitation for fluid maintenance.
There is a need of an established fluid removal strategy to avoid water
and electrolyte imbalances.
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Zusammenfassung
Einführung: Die intakte Haut dient als Schutz vor Flüssigkeits- und
Elektrolytverlust. Die thermisch geschädigte Haut kann diese Funktionen
nicht mehr vollständig erfüllen Eine Unterschätzung des transdermalen
Flüssigkeitsverlust in Verbrennungswunden kann eine systemische
Dehydratation provozieren.
Fragestellung: Wie hoch ist der transdermale Flüssigkeitsverlust in
Relation zur verbrannten Körperoberfläche (VKOF) bei oberflächlichen
Verbrennungen mit Blasenbildung?
Methoden: Retrospektive Studie an 40 Schwerbrandverletzten. Auftei-
lung des Gesamtkollektivs in Gruppe A (normonatriäm) und Gruppe B
(hypernatriäm). Das tägliche Infusions-Diurese-Verhältnis (IDV) in Rela-
tion zur VKOF wurde analysiert.
Ergebnisse: In Gruppe A (n=25) wurde ein Durchschnittsalter von 47±18
Jahren, eine VKOF von 23±11%, und ein abbreviated burned severity
index (ABSI) von 6,9±2,1 ermittelt. In Gruppe B (n=15) betrug das
mittlere Alter 47±22 Jahre, die VKOF 30±13%, und der ABSI 8,1±1,7.
Für den Zeitraum vom 3. bis 6. Tag nach Brandverletzung zeigten sich
ein signifikant höheres IDV (p<0,001) und IDV-VKOF-Verhältnis
(p<0,001) in Gruppe A.
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Schlussfolgerung: Bei Schwerbrandverletzten kann der transdermale
Flüssigkeitsverlust systemisch relevant werden und sollte im individuel-
len Infusionsregime berücksichtigt werden.

Schlüsselwörter: Elektrolytentgleisung, Verbrennung, Dehydratation,
Intensivmedizin

Introduction
The skin is the largest human organ composed by dermis
and epidermis and protects against fluid and electrolyte
loss [1]. Burn injury is a dynamic process that peaks at
about 3 days after thermal trauma and does affect the
skin partially or completely [2], [3]. Partial thickness burns
usually blister and protection against fluid loss is lost.
Lehnhardt et al. [4] demonstrated, that a patient's entire
amount of serum proteins accumulates in burn wound
fluid within approximately 24 h after a 20% TBSA burn
injury. Additionally, in relation to the totally burned surface
area (TBSA) a systemic relevant fluid loss can occur.
In severely burned patients posttraumatic changes re-
lease systemic effects. Microvascular integrity is lost, and
a plasma-like fluid leaks into the interstitial space, produ-
cing edema. During burn shock plasma volume must be
maintained to ensure tissue oxygen delivery. The time
after injury at which capillary integrity is restored varies
individually [5]. For initial fluid resuscitation several well
established formulas exist, that differ in kind and amount
of infusion regimen [1], [6], [7], [8], [9], [10]. After acute
phase due to recovering of vascular integrity the circulat-
ing fluid volume has to be normalized. Hereby extensive
water and electrolyte shifts can provoke systemic dehy-
dration [11]. There is a lack of knowledge in fluid loss
amount due to burn wounds and post burn shock fluid
regimen.
Study purpose: Through this study, we wanted to deter-
mine daily transdermal fluid loss in burn wounds.

Materials and methods
Patients admitted to our specialized burn unit were ana-
lyzed retrospectively for the incidence and duration of
hypernatremia (>146 mmol/l) as a sign for dehydration.
Patients with an age >18 years and a TBSA >10% were
included. Split skin grafting to deep dermal burn wounds
was performed within 7 days after trauma. Burn victims
with a TBSA <10% and with a body temperature <36.5°
or >37.8° Celsius were excluded. Neither body-weight-,
nor thermodilution-, nor central venous pressure meas-
urements were performed regularly.
All patients were treated during the first 24 hours after
burn injury guided by the Parkland Formula. No colloids
and no catecholamines were administered within the first
48 hours after burn injury. Inhalation injury was diagnosed
on admission by bronchoscopy. Fluid equilibration during
post-burn shock phase was achieved by application of
colloids, albumin, high-caloric parenteral nutrition and
Ringer's solution. Fatty acids, amino acids, vitamins and

zinc were infused additionally. All burn wounds received
an initial debridement and were covered with moist anti-
septic dressing, which was renewed daily. A urinary
catheter and a fecal collector were placed in all patients.
A naso-jejunal tube was placed in all patients for high-
caloric enteral alimentation.
Patients' characteristics (age, sex, TBSA, ABSI) andmeans
of daily infusion-diuresis-ratio (IDR) were compared. Infu-
sion volume summarizes saline and colloid infusion, as
well as enteral nutrition/oral fluid supply. Diuresis and
body temperature were measured by permanent urine
catheter. Also means of IDR-TBSA-ratio were analyzed to
investigate a potential relationship between burned sur-
face area and transdermal fluid loss. Daily perspiration
was calculated with an amount of 500 ml. The time
period from day 3 to day 6 was analyzed. Split skin
grafting to deeply injured areas was performed on day 7
after trauma.
Statistics were performed with SPSS 15.0 (SPSS Inc.
Chicago, USA). To estimate significance the Mann-
Whitney-U-Test was performed. Results are written in
mean value ± standard deviation.

Results
Forty patients with a mean age of 47±19 years, a TBSA
of 26±12%, and a mean ABSI score of 7.3±2, were in-
cluded. Patients were separated in two groups without
(Group A) or with (Group B) hypernatremia.
In Group A 25 patients (7 female; 18 male) with a mean
age of 47±18 years (minimum: 14 years; maximum:
73 years), a mean TBSA of 23±11% (minimum: 10%;
maximum: 60%), and a mean ABSI score of 6.9±2.1
(minimum: 3; maximum: 11) were summarized. The par-
tial-thickness TBSAwas 19.4±8.3% and the full-thickness
TBSA was 3.8±4.8%. Ten patients were mechanically
ventilated on admission. Eight patients showed an inhal-
ation injury. Escharotomy was necessary in two individu-
als.
In Group B 15 patients (5 female; 10 male) with a mean
age of 47±22 years (minimum: 17 years; maximum:
83 years), a mean TBSA of 30±13% (minimum: 12%;
maximum: 70%), and a mean ABSI score of 8.1±1.7
(minimum: 5; maximum: 11) were included. The partial-
thickness TBSA was 23.1±14.8% and the full-thickness
TBSA was 7.2±7.1%. Escharotomy was necessary in
1 individual. Fourteen patients were mechanically ventil-
ated on admission. Five individuals showed an inhalation
injury. Hypernatremia occurred on day 5±1.4 and per-
sisted for 4.6±2.7 days (Table 1).
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Table 1: Patients' characteristics written in mean ± standard
deviation (sex, age [years], totally burned surface area (TBSA)

[%], ABSI, burn shock fluid [ml/kg/%-TBSA], daily
infusion-diuresis-ratio (IDR) [ml] and daily IDR/TBSA [ml/%]

for day 3 to 6

No significant difference in ABSI between both groups
was found (p=0.078). There was no significant difference
between both groups for fluid resuscitation amount
within the first 24 hours (Group A vs. Group B
4.9±3ml/kg/%-TBSA vs. 5.8±3ml/kg/%-TBSA; p=0.32).
Statistical analysis of the period from day 3 to day 6
showed a significant higher daily IDR-amount in Group A
(Group A vs. Group B: 786±1029 ml vs. –181±1021 ml;
p<0.001 (Figure 1)) and for daily IDR-TBSA-ratio (Group
A vs. Group B: 40±41 ml/%-TBSA vs. –4±36 ml/%-TBSA;
p<0.001 (Figure 2)). Burn victims with the need of a
mechanical ventilation showed an increased risk for hy-
pernatremia (Pearson chi-square 11.1 (p=0.001); Odds
ratio 21.0 (Confidence interval: 2.4–186)). Inhalation in-
jury did not show a relationship to a hypernatremic state.

Figure 1: Daily infusion-diuresis-ratio (IDR) from day 3 to day
6 [ml] divided in Group A (without hypernatremia) and Group

B (with hypernatremia)

Figure 2: Daily infusion-diuresis-ratio (IDR)/totally burned
surface area (TBSA)-ratio from day 3 to day 6 [ml/%-TBSA]

divided in Group A (without hypernatremia) and Group B (with
hypernatremia)

Discussion
Severe burn injury induce a capillary leak characterized
by fluid dysregulation, electrolyte imbalance, loss of pro-
teins and circulatory insufficiency [1], [4]. Fluid resuscita-
tion within the first 24 hours after burn injury is commonly
monitored bymeasuring urinary output, haematocrit and
mean arterial pressure. After the burn shock induced
capillary leak is closed the majority of the infused saline
has to be removed and a systemic fluid equilibrium has
to be maintained.
Urinary output is an unreliable guide for the patient's hy-
dration status >48 hours after burn injury. Respiratory
water losses, osmotic diuresis secondary to accentuated
glucose intolerance, high protein feeding, and derange-
ments in hormone mechanisms contribute to increased
fluid losses despite an adequate urine output [12]. The
transdermal fluid loss after burn injury is terminated by
complete reepithelization or after skin grafting surgery.
In patients with a TBSA >10% transdermal burn wound
fluid loss can have systemic effects. There is no formula
describing the amount of transdermal fluid loss in burned
patients.
In burned patients serum sodium concentration is report-
ed as a guide for controlling fluid replacement >48 hours
after burn injury and should be in normal range [1]. In-
hospital hypernatremia is commonly caused iatrogenically
and can be a sign for systemic dehydration [13], [14],
[15]. Risk factors for a serum sodium dysregulation are
unconsciousness, parenteral feeding, age, renal insuffi-
ciency [14], [16]. In severely burned patient hyper-
natremia is frequently observed due to the extensive ini-
tial fluid resuscitation conditioned by capillary hyperper-
meability [5], [7], [17]. In critically ill patients elevated
serum sodium concentration is associated with an ad-
verse outcome [18], [19].
There are several well established algorithms of burn
shock resuscitation within the first 24–48 hours [5], [7],
[17]. In this study, we tried to quantify transdermal fluid
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Figure 3: Time table of phases after burn injury and description of therapeutic strategy

loss until burn wound closure. The highest amount of
fluid loss via thermally injured skin is expected during
day 1 to day 6 after trauma. Within the first 48 hours
after burn injury it is difficult to quantify transdermal fluid
loss, because of the extensive amounts of infused/re-
moved volume. Therefore we analyzed IDR differences
between Group A and Group B for the time period of day
3 to day 6.The fluid resuscitation during burn shock (day
1) in our study was guided by Parkland Formula [8], and
fluid removal (day 2) was performed adjusted by meas-
urement of urine output, hematocrit, central venous
pressure and blood pressure. We observed a close rela-
tionship between hypernatremia and negative daily IDR.
We found in Group B a significantly lower amount of daily
IDR (p<0.001) and IDR-TBSA-ratio (p<0.001). In our
opinion, a balanced daily IDR is not sufficient for patients
with severe burn injury (>10% TBSA). The transdermal
fluid loss in second degree burned skin areas has to be
kept inmind. The incidence of an in-hospital hypernatrem-
ic state after severe burn injury – even in patients with a
normal diuresis (0.5–1ml/kg body-weight/hour) – should
be noticed by specialized physicians and needs to be
treated immediately to avoid pronounced systemic dehy-
dration and its neurologic sequelae and consequences
in wound healing [18], [20], [21].
Even in specialized high-volume burn centers the inci-
dence of post-burn hypernatremia is not avoidable. Only
little attention is paid to the post-resuscitation phase and
there is still a lack of fluid removal algorithms. Our find-
ings show, that there is a relevant transdermal fluid loss
after severe burn injury. We found in Group B (hyper-

natremic) a significant lower amount of daily IDR. A
negative daily fluid balance with a hypernatremic state
indicates a relevant systemic dehydration [13], [14]. Our
data suggest that a daily transdermal fluid loss due to
second degree burn wounds of approximately
+40ml/kg/%-TBSA should be calculated after burn injury.
The transdermal fluid loss will be reduced in relation to
burn wound closure. In our opinion, severely burned pa-
tients do have a transdermal fluid loss which should be
replaced for fluid maintenance until burn wound closure
is achieved (Figure 3).

Limitations

Because of the small population and sometimes different
diuresis protocols used further investigation is recom-
mended to figure out a safemethod of fluid removal after
burn injury. Choice and amount of administered diuretics,
as well as a definition of daily IDR tominimize dehydration
risk are not described in the literature.

Conclusions
There is a systemic relevant transdermal fluid loss in
second degree burn wounds after severe burn injury.
Serum sodium concentration can be used to calculate
need of fluid resuscitation for fluid maintenance. There
is a need of a well established fluid removal strategy in
severely burned patient to avoid water and electrolyte
imbalances.
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