Research Article

Progressive fluid removal can avoid electrolyte disorders

in severely burned patients

Ein kalkulierter Volumenentzug kann bei Schwerbrandverletzten eine

Elektrolytdysregulation vermeiden

Abstract

Introduction: Extensive burn injury has systemic consequences due to
capillary leak. After restoration of cellular integrity, infused fluid volume
has to be removed partially. This can provoke electrolyte disorders.
Purpose: We investigated the effect of progressive fluid removal on
serum sodium level.

Method: Retrospective study. Patients admitted to a burn unit were
analyzed and separated in two groups without (Group A) or with (Group
B) prolonged hypernatremia. Daily infusion-diuresis-ratio (IDR) was
analyzed.

Results: Fourty (12 female; 28 male) patients with a mean age of 47+19
years, a total burn surface area (TBSA) of 26£12%, and a mean abbre-
viated burned severity index (ABSI) score of 7.3+2 were included. In
Group A 25 patients with a mean age of 47+18 years, a mean TBSA of
23+11%, and a mean ABSI score of 6.9+2.1 were summarized. In Group
B 15 patients with a mean age of 47+22 years, a mean TBSA of
30+13%, and a mean ABSI score of 8.1+1.7 were included. Hyper-
natremia occurred on day 5+1.4. There was no significant difference
between both groups for fluid resuscitation amount within the first
24 hours. Statistical analysis of the first 7 days after burn injury showed
a significantly higher percentage of removed fluid in Group B for day 3,
day 4, day 5, day 6 and day 7.

Conclusions: Amount and velocity of fluid removal regimen after burn
injury can provoke electrolyte disorders. Serum sodium concentration
can be used to calculate need of fluid resuscitation for fluid mainte-
nance. There is a need of an established fluid removal strategy.
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Zusammenfassung

Einfuhrung: Ausgedehnte Brandverletzungen gehen mit einem Verlust
der zellularen Integritat einher. Das wahrend dieser Phase infundierte
Volumen muss, nach Wiedererlangen der zellularen Integritat, dem
Brandverletzen partiell wieder entzogen werden. Dies kann Elektrolyt-
dysregulationen provozieren.

Fragestellung: Es wurde untersucht, ob ein Zusammenhang zwischen
der Intensivitat des Volumenentzuges und der Serum-Natrium-Konzen-
tration festzustellen ist.

Methoden: Retrospektive Studie an Schwerbrandverletzten. Es erfolgte
eine Aufteilung der Patienten in normonatriam (Gruppe A) und hyperna-
triam (Gruppe B).

Ergebnisse: Vierzig Patienten (12 Frauen; 28 Manner) mit einem
durchschnittlichen Alter von 4719 Jahre, eine verbrannten Koérperober-
flache (TBSA) von 26+12% und einem abbreviated burned severity index
(ABSI) von 7,312 wurden analysiert. In Gruppe A (25 Patienten) wurde
ein mittleres Alter von 47+18 Jahre, eine TBSA von 23+11% und ein
ABSI von 6,9+2,1 berechnet. In Gruppe B (15 Patienten) lag ein

Thomas Namdar*
Peter Leonard
Stollwerck®

Felix Hagen Stang"
Georgios Kolios®
Thomas Lange®
Peter Mailander®
Frank Siemers*

1 Department of Plastic
Surgery, Hand Surgery, Burn
Unit, University Hospital
Schleswig-Holstein Campus
Lubeck, Germany

2 Agaplesion Diakonieklinikum
Hamburg, Germany

am
GMS German Medical Science 2011, Vol. 9, ISSN 1612-3174

1/6



Namdar et al.: Progressive fluid removal can avoid electrolyte disorders ...

durchschnittliches Alter von 47+22 Jahren, eine TBSA von 30+13%
und ein abbreviated burned severity index (ABSI) von 8,1+1,7 vor. Eine
Hypernatriamie trat am 5.+1,4 Tag auf. Es zeigte sich keine signifikant
unterschiedliche Volumentherapie wahrend der ersten 24 Stunden
nach dem thermalen Trauma. Die statistische Analyse der ersten 7 Tage
nach der Brandverletzung zeigte signifikant hohere Volumenentzige in

Gruppe B fur die Tage 3,4, 5,6 und 7.

Schlussfolgerung: Ein kalkulierter Volumenentzug nach ausgedehnten
Brandverletzungen kann eine Serum-Natrium-Dysregulation vermeiden.
Die Serum-Natrium-Konzentration kann einen Beitrag zur Kalkulation
des individuellen Volumenstatus nach Brandverletzungen leisten.

Schliisselworter: Brandverletzung, Intensivmedizin, Diurese

Introduction

The skin - as the largest human organ - protects against
infection and radiation, fluid and electrolyte loss. On the
other hand the skin provides thermal regulation [1].
Thermal injury is a dynamic process that peaks at about
3 days after trauma and can affect the skin partially or
completely [2], [3]. In case of long term or extremely hot
thermal trauma injured structures may extend to subcu-
taneous tissue. In severely burned patients microvascular
integrity is lost, and a plasma-like fluid leaks into the in-
terstitial space. The time after injury at which capillary
integrity is restored varies individually [4]. During this
period plasma volume must be maintained to ensure
tissue oxygen delivery.

Several established formulas describe kind and amount
of fluid resuscitation during burn shock. The Parkland
formula uses crystalloid alone and is frequently applied
[5]. After recovering of cellular integrity the circulating
fluid volume has to be normalized. Hereby extensive water
and electrolyte shifts can provoke electrolyte disorders
and systemic dehydration [6].

Partial thickness burns usually blister and protection
against fluid loss is lost. In relation to the total burn sur-
face area (TBSA) a systemic relevant fluid loss can occur.
The transdermal fluid loss was calculated with
40 ml/%-TBSA/day [7]. Through this study, we want to
elucidate the effect of progressive fluid removal regimen
on serum sodium concentration in severely burned pa-
tients.

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.
Patient’s characteristics (age, sex, TBSA, abbreviated
burned severity index (ABSI)) and continuous infusion-
diuresis-ratio (IDR) were registered. Infusion volume
summarizes saline and colloid infusion, as well as enteral
nutrition. Diuresis was measured by permanent urine
catheter. In a second step IDR after burn shock was put
in relation to daily IDR or corrected by transdermal fluid
loss (40 mil/%-TBSA). To investigate a relationship

between percentage of removed volume and incidence
of hypernatremia two subgroups have been build (Group
A: without hypernatremia; Group B: with hypernatremia).
We investigated IDR changes for the first 7 days after
burn injury.

Statistics

Statistics were performed with SPSS 15.0 (SPSS Inc.
Chicago, USA). To estimate significance between both
groups Mann-Whitney-U-test or Chi-square-test were
performed. Results are written in mean value + standard
deviation.

Results

In Group A 25 patients (7 female; 18 male) with a mean
age of 47118 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. In Group
B 15 patients (5 female; 10 male) with a mean age of
47422 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. Hypernatremia occurred
on day 5+1.4 and persisted for 4.6+2.7 days (Table 1).
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+3
ml/kg/%-TBSA vs. 5.8+3 ml/kg/%-TBSA; p=0.32). In the
analysis of daily IDR, we found - except for day 2 (p=0.06)
- a significantly higher percentage of removed fluid in
Group B (Table 2). In the transdermal fluid loss corrected
analysis a significantly higher percentage of removed
volume was registered for day 4, day 5, day 6 and day 7
after burn injury (Table 3). The 7 day course of non-cor-
rected and corrected IDR-percentage is displayed in
Figure 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]

Group A Group B p-value
(n=25) (n=15)
Sex (female/male) 718 510
Age [years] 47 +18 47 + 22
TBSA [%] 23+ 11 30+£13
ABSI 6.9+2.1 8.1+17
Burn shock fluid 4943 5843
[ml/kg/%-TBSA]

Table 2:

Percentual daily infusion-diuresis-ratio (IDR) divided in Group A (without) and Group B (with hypernatremia) and
significance between both subgroups (n. s.: no significance)

IDR Day Minimum Maximum Mean De\s/it:t.ion p-value
Group A 2 -114 184 99 52 s,
Group B 2 17 126 84 25

Group A 3 0 261 116 57 019
Group B 3 25 108 79 23

Group A 4 45 328 132 64 0.001
Group B 4 -6 109 73 33

Group A 5 48 1778 217 334 <0.001
Group B 5 16 124 76 30

Group A 6 52 400 166 86 <0.001
Group B 6 35 134 88 29

Group A 7 49 1880 232 351 0.01
Group B 7 42 144 98 30

Table 3: Percentual daily infusion-diuresis-ratio (IDR) - corrected for transdermal fluid loss (40 ml/%-TBSA/day) divided in
Group A (without) and Group B (with hypernatremia) and significance between both subgroups (n. s.: no significance)

IDR Day Minimum Maximum Mean De\?i;dt.ion p-value
Group A 2 -274 151 71 74 s,
Group B 2 1 119 76 28

Group A 3 —240 460 94 109 s,
Group B 3 -10 91 61 27

Group A 4 =220 580 100 127 018
Group B 4 =31 83 53 31

Group A 5 -157 660 110 140 004
Group B 5 -12 84 45 29

Group A 6 -137 560 109 123 012
Group B 6 9 98 52 29

Group A 7 -150 600 107 134 028
Group B 7 -6 101 51 33
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Figure 1: 7 day course of percentual fluid removal after burn shock resuscitation divided in Group A (without hypernatremia)
and Group B (with hypernatremia) and corrected for transdermal fluid loss (40 ml/%-TBSA/day)

Discussion

There are several formulas to restore intravasal circulating
fluid volume during burn shock. The Parkland formula -
used in our burn unit - describes a need of ringer’s lac-
tate infusate of 4 ml/kg/%-TBSA to replace interstitial
fluid loss [8]. Fluid resuscitation within the first 24 hours
is commonly monitored by measuring urinary output,
haematocrit and mean arterial pressure. After - burn
shock induced - capillary leak closure, soft tissue edema
has to be reduced to advance patients conditions for skin
grafting. After fluid removal resuscitation has only to
maintain systemic fluid equilibrium. There is no evidenced
data about amount (neither percentual, nor absolute)
and velocity of fluid removal during this period.

To elucidate this question we compared 40 severely
burned patients in regard to percentual alteration in daily
IDR. Urinary output is an unreliable guide for individual
need of fluid administration in the >48 hours post burn
period, because respiratory water losses, osmotic diuresis
secondary to accentuated glucose intolerance, high pro-
tein feeding, and derangements in hormone mechanisms
contribute to increased fluid losses despite an adequate
urine output [9]. In burned patients serum sodium con-
centration is the best guide for controlling fluid replace-
ment >48 hours after burn injury and should be in normal
range (135-145 mmol/l) [1]. Hypernatremia (>146
mmol/I) is a valid sign for systemic dehydration [10], [11],
[12]. In severely burned patients hypernatremia is a fre-
quently observed electrolyte disorder [4], [5], [13].

After burn injury there is a continuous transdermal fluid
loss. Prior studies reported a wide range (25 to 80 ml/%-

TBSA/day) of transdermal fluid loss [1], [14]. In our burn
unit the transdermal fluid loss is calculated with 40 ml/%-
TBSA/day. This fluid loss is terminated by complete
reepithelization or after skin grafting surgery. In patients
with a TBSA >10% transdermal fluid loss can have sys-
temic effects. The fluid resuscitation during burn shock
in our study was guided by Parkland formula [8], and
fluid removal regimen was adjusted by measurement of
hematocrit, central venous pressure, blood pressure, and
urine output. Split skin grafting to deep dermal burn
wounds was performed within 7 days after trauma.

We demonstrate in this study that patients with a hyper-
natremic state after burn shock showed a significantly
higher percentual daily fluid removal within the first 7 days
after trauma. This finding was registered in the non-cor-
rected (day 3-day 7) and the transdermal-fluid-loss cor-
rected analysis (day 4-day 7). The analysis without cor-
rection for transdermal fluid loss, showed no significantly
difference in the amount of fluid regimen for day 1 and
day 2 after burn injury. Same findings were calculated
for the first 3 days after burn injury in the transdermal-
fluid-loss corrected analysis.

Our findings show that a prolonged fluid removal regimen
(>2 days) may provoke systemic electrolyte disorders and
should be avoided. The amount of volume applied during
resuscitation should be removed within 48 hours after
capillary leak closure. In the following days a balanced
daily IDR should be achieved. Therefore the individual
amount of transdermal fluid loss has to be kept in mind.
In patients with a prolonged fluid removal regimen a hy-
pernatremic state was observed frequently. The trans-
dermal fluid loss corrected analysis showed that in the
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hypernatremic subgroup the balanced fluid equilibrium
was generated at about 50 percent of the maximum IDR
(day 1). In the for transdermal fluid loss corrected nor-
monatremic Group A the balanced fluid equilibrium was
held on about 100% of the maximum IDR. There was
neither a significant difference in the non-corrected, nor
in the transdermal fluid loss corrected analysis of re-
moved fluid volume within the first 2 days after burn injury
between Group A and B.

We demonstrate that even in specialized high-volume
burn centers the incidence of post-burn hypernatremia
is not avoidable. Our findings enforce the assumption,
that a post burn injury hypernatremic state can be pro-
voked by prolonged fluid removal strategy. A negative
daily IDR with a hypernatremic state indicates a relevant
systemic dehydration [10], [11]. Hypernatremia should
be immediately treated to avoid systemic dehydration
and its neurologic sequelae and consequences in wound
healing [15], [16], [17]. Apart of these consequences,
hypernatremia is associated with adverse outcomes in
critically ill and severely burned patients [15], [18].

We conclude that serum sodium concentration can be
used to control fluid removal strategy after burn shock.
There is a systemic relevant coherence of amount and
velocity of fluid removal and elevated serum sodium
levels. There is a need of a well established fluid removal
strategy in severely burned patient to avoid water and
electrolyte imbalances.

Limitations

Because of the small population and sometimes different
diuresis protocols used further investigation is recommen-
ded to figure out a safe method of fluid removal after
burn injury. Choice and amount of administered diuretic
agents to enforce diuresis, as well as a definition of daily
IDR to minimize dehydration risk are not described in the
literature.
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