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Abstract

Objective: Evaluation of the effect of Ringer Lactate, as the resuscitative burn
fluid according to Parkland Formula, on restoring the levels of body electroly-
tes and proteins. Design: A retrospective cohort study. Setting: The National
Burns Unit, Mafraq Hospital, Abu Dhabi, United Arab Emirates (UAE). Pa-
tients: One hundred and fifteen patients admitted with fresh burns between
1st of January 2011 and 31st of December 2013, who met inclusion and exclu-
sion criteria. Methods: Team collected demographic and clinical data for each
patient using a standard form. Patients received Ringer Lactate solely as the
resuscitative burn fluid according to Parkland Formula. Baseline (pre-) and
third-day (post-) variables included levels of sodium, potassium, chloride, pro-
teins, and albumin. Researchers then performed paired comparisons of serum
electrolytes and protein levels. Results: Mean values showed maintenance of
the potassium and chloride levels within the normal range after administering
the Ringer Lactate, significant decline in sodium, and a marked hypoproteinae-
mia and hypoalbuminaemia post-resuscitation. Conclusions: Ringer Lactate
used as the mere resuscitative post burn fluid is suboptimal. Sodium supple-
mentation may be required to correct hyponatremia. Colloids, preferably intra-
venous albumin should be added, as advised by the original Parkland Formu-
la.
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1. Introduction

Fluids constitute the most important health-related intervention in patients with
moderate to severe burns [1] [2]. Therefore, centers managing these cases use di-
fferent models for resuscitation [3] [4] [5]. Of these, the majority of centers ap-
ply the Parkland formula in selecting and calculating requirements from availa-

ble and recommended intravenous fluid formulations [6] (Equation (1))

Total amount of fluids needed” = 4 mIx %BSA x Weight (Kg). (1)

%TBSA is the total body surface area burned calculated using the well-known
Lund and Browder assessment chart.

“One of half of this amount is given in the first 8 hours after the burn event and
the remaining half is given over the next 16 hours. Also the original Parkland
Formula used colloids on the second day of the burns but this is neglected in most
of the burns centers.

In this formula, clinicians approximate the percent of total body surface area
(%TBSA) burned using one or a combination of a number of methods; namely,
Lund-Browder [7] [8] [9], Rule of Nines [10] [11], and Palm [12] [13] [14]. In
addition, they may account for gender differences in %TBSA while arriving at
these estimates [15]. Regardless of these considerations, crystalloids comprise the
preferred fluids in this resuscitation model with Ringer Lactate (RL) being the
agent of first choice for most practitioners. Although research groups have used
new components such as ethyl pyruvate together with RL, survival benefits with
such mixtures in animal models of burns await clinical confirmation [16].

Use of Colloids such as intravenous (I.V.) albumin or hypertonic saline is con-
troversial. Albumin for example is more expensive and a meta analysis of 24 tri-
als involving 9920 patients demonstrates that it fails to improve survival when
compared with crystalloids [17]. Similarly, hypertonic crystalloid saline has been
associated with renal failure and death in one observational study and seems to
offer no added benefit to isotonic solutions [18] [19]. However, there is a resur-
gence in interest in albumin and a relatively recent study [20] having shown that
albumin levels of less than about 2 g/dl (20 g/L) emerged with the highest sensi-
tivity and specificity for mortality. It preceeded variables such as flame, full-
thickness, or inhalation injuries, burns affecting > 30% of the body surface area
and those associated with infection. Moreover, reviewers of colloids use in burn
patients document multiple positive actions for albumin and more questions that
need clarifications and answers. For example, although albumin provides better
maintenance of intravascular volume and cardiac output as well as less edema,
the effect of its continuous supplementation in or following the acute resuscitation
phase remains less well understood [21]. In fact, studies which conclude lack of
usefulness of albumin or other colloids’ use outcomes that are broad such as
mortality and ignore the immediate effects that the different fluids have on se-
rum electrolyte as well as protein levels. Furthermore, there is paucity of pub-

lished information on burn injuries and their management in the United Arab
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Emirates (UAE) as well as nearby countries in the Middle East and North Africa
(MENA) and Gulf Corporation Council (GCC) regions. Hence we conducted
this study to resolve some of the uncertainties that exist in the area of fluid re-
suscitation while enriching literature with data from our region. Specifically, we
aimed at answering a simple question; what effects do crystalloids or RL used as
the sole fluid for resuscitation have on the serum levels of sodium, potassium,

chloride, albumin, and total proteins?

2. Patients and Methods

2.1. Definitions

Shock period is defined as the thirty six hours post burn. Hyponatremia was defi-
ned as a blood level of less than 135 mEq/L whereas hypernatremia is any reading
more than 145 mEq/L. Hypokalemia is present when potassium levels are below
3.4 mEq/L in children or 3.5 mEq/L in adolescent and adults. Hyperkalemia is po-
tassium reading more than 4.7 mEq/L in children and 5.2 mEq/L in adolescents
and adults. Hypocholermia and hypercholermia are met when the chloride con-
centration is below 96 mEq/L and above 106 mEq/L, respectively. Hypoalbumi-
nemia and hyperalbuminemia mean levels of less than 34 and more than 54 g/L,
respectively. Whereas hypoproteinemia and hyperproteinemia are present when

levels decrease below 64 g/L and rise above 83 g/L, respectively.

2.2. Inclusion and Exclusion Criteria

The patients included in the study are those who fulfilled the following criteria:

A. Children with burns of >10% and adults of >15% of their total body surface
area assessed according to the Lund and Browder chart.

B. Patients who received RL solution as the resuscitative intravenous fluid du-
ring the burn shock period according to Parkland Formula.

C. Patients who had their blood investigations done within 6 hours from the
start time of the burn and not the time of admission. This initial blood investiga-
tion reading is used as a baseline (pre-) against which the change in the electro-
lytes and proteins is compared at the end of the shock period by another blood
collection within 3 days from the time of burn. This second blood investigation
(post-) is collected after the patient received the RL for at least 1 day and before
the end of the 3rd post burn day.

All patients who did not fulfill the above mentioned criteria were excluded

from the study.

2.3. Setting

Study site comprises the main facility which provides healthcare services to the
UAE burn patients in the Emirate of Abu Dhabi. Mafraq hospital has an approx-
imately 451 total bed size. The burn unit consists of 10 beds with about 80% occu-
pancy. Average annual census of the unit is 170 cases. All the beds are provided

with full ventilator facilities.
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2.4. Team

The team usually consists of a consultant plastic surgeon with 2 specialists and one
resident. Other disciplinary members also involve ICU physicians, infectious dis-
eases doctors, clinical pharmacists, physiotherapists and dieticians. Plastic surgery

team and clinical pharmacists collected and validated data.

2.5. Procedure

Team developed a standardized data collection tool and definitions. Plastic Sur-
geons and clinical pharmacists retrospectively filled these forms anonymously.
Another staff validated first 5 cases of each investigator. Data included patient
and staff codes, demographics, age, and gender, estimated %TBSA, cause of
burn, baseline, and post resuscitation levels of sodium, potassium, chloride, albu-
min, and total protein. Laboratory performed data measurements with standardi-
zed procedures and kits and reported them with common units and reference
ranges. Local hospital ethics committee approved the study and our team con-
ducted this study in full compliance with the ethical standards presented in the
declaration of Helsinki.

2.6. Statistical Analyses

Authors present continuous data with average + standard deviation and catego-
rical data with ratios or percentages. They performed no simulation or replace-
ment of missing data in both cases. Data keeper performed a paired comparison
of the baseline and post resuscitation levels of sodium, potassium, chloride, albu-
min, and total protein when both values were available. He used a paired t-test
whenever data followed a normal distribution. If the data deviated from the nor-
mality assumption, data keeper used non-parameteric tests. Team used Stat Tools,
Version 6.3.0 (Palisades Corp, Ithaca, NY). In all univariate analyses, the team a
priori considered a p-value of less than 0.05 as statistically significant. However,

data analyst determined that multivariate analyses were not possible.

3. Results

461 patients with fresh burns were admitted to the Unit during the period from
January 2011 till December 2013. Only 115 patients fulfilled the inclusion/exclu-
sion criteria and were recruited in this study (Figure 1). Forty five patients were
excluded because their %TBSA was less than 10% or 15% for children and adults,
respectively. One hundred and sixty two patients were referrals from other hospit-
als and did not receive RL during shock period. Another one hundred and thirty
nine patients had their laboratory investigations done outside the time windows
defined a priori. We present the baseline and demographic characteristics of the
patients and burn injuries in Table 1. Eighty percent of the patients were more
than 12 years old and most were males (almost 6:1 ratio). Less than 50% of the
patients had burns affecting more than 30% of their body surface area. Majority of
burns were due to flame (71%) and scalds (19%) or heat (ie. scald, steam, and lig-

uids) (23%). These and other types of burns encountered in this cohort are
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461Burn patients from January 2011 till December 2013

»| 45 TBSA% not meeting ¥inclusion criteria
(38 children < 10% and 7 adults < 15% burns).

162 referred from other hospitals did not
receive RL solution during shock period.

47 had their initial blood investigations done
after 6 hours of sustaining the burns.

A 4

92 had their blood investigations repeated
after 3 days

A 4

v
115Burn patients met all inclusion criteria

Figure 1. Total number of patients admitted to the burn unit and numbers of excluded
cases with their reasons.

Table 1. Cohort baseline characterisitics.

Variable Categories (N) or Mean + Standard Deviation
Age 27.3 +16.0 years
Age Categories <12 years old (23)

>12 years old (92)

M: Male (98)

Gend
ender F: Female (17)

%TBSA <30% (65)
30 to <60% (33)
>60% (17)
Cause Alkali (1)
Chemical (2)
Coffee (1)
Electrical (3)
Flame (82)
Friction (1)
Food (1)
Scald (22)
Steam (3)

Lightning (1)

Abbreviations: N; number of patients, %TBSA; percent of total body surface affected.

summarized in Figure 2. Survival during the shock period was 100% and vital
signs were maintained while fluids were adjusted accordingly.

Electrolytes assessed in the study were sodium, potassium and chloride. Twenty
one patients (18.3%) had hyponatraemia at the time of admission. The number

increased to 55 patients (47. 8%) at the end of the resuscitation period. One patient
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Figure 2. Types (causes) of burns encountered in cohort in this study in percentages.

was admitted with hypernatraemia (0.9%) and 6 patients had hypernatraemia at
the end of the shock period (5.2%). Pre- and post-sodium levels are presented in
Figure 3. Overall, there was a statistically significant decrease in sodium levels
post-resuscitation. Subgroups with larger samples; namely, male patients, those
with %TBSA of less than 30%, as well as adolescent and adult patients had greater
and significant dips in sodium.

Thirty patients had hypokalaemia at the time of admission (26.1%). The num-
ber reduced to 16 patients by the end of resuscitation period (13.9%). Four patients
were admitted with initial hyperkalaemia (3.4%) and two had post infusion hy-
perkalaemia (1.7%). Pre- and post-potassium levels are presented in Figure 4.
Overall, there was a trend towards raising the potassium level post-resuscitation
although it did not reach statistical significance (p value < 0.05). Larger subgroups;
namely, males, those with %TBSA < 30%, and adolescents and adults, were once
again more likely to witness significant increases in potassium levels.

No patients had hypochloraemia in this study. However, 39 patients had hy-
perchloremia (33.9%) initially and 34 (29.6%) had hyperchloremia post-resuscia-
tion. Overall, there was no change in chloride levels in blood and only patients
with %TBSA less than 30% (pre- 104.1 + 3.4 mEq/L vs. post- 103.0 £ 3.9, p value
0.03) or more than or equal to 60% (pre- 106.9 + 5.1 vs. post- 110.9 * 5.5, p value
0.02) had significant reduction or increase in chloride levels, respectively.

Out of 82 patients assessed (available data) for albumin level, 23 patients had
hypoalbuminaemia at the time of admission (28.0%). The number markedly in-
creased to 79 patients by the end of the resuscitation period (96.3%). None of the
patients had hyperalbuminaemia in our study. In addition, 6 and 15 patients had
albumin levels of less than 20 g/L initially and after the resuscitation period, re-
spectively. We assessed total protein in blood in 81 patients with available data.
While the initial reading of patients showed that 33 of them had hypoproteinaemia
(40.7%), 78 patients had hypoproteinaemia by the end of the resuscitation period
(96.3%). No patients had hyperprotinaemia in our study. Figure 5 and Figure 6
summarize the levels found on admission and post-resuscitation for albumin and
total protein, respectively. Overall and in all subgroup comparisons albumin and
total protein levels were significantly reduced at the end of burn shock phase (All p
values < 0.05).
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Sodium Pre-Level

128 135 138139 147
Sodium Post-Level
127 133 135 138 153
I I I {
} + }
127 137 147
Sodium Levels
Figure 3. Pre- and post-sodium levels using two-tailed paired t-test.
Potassium Pre-Level
2.6 34 3.7 4.15 5.6
} { T } 1
Potassium Post-Level
2.9 3.6 3.9 4.2 5.9
{1 1} i
1 1 1 1 1 1 1
f T T T T T Ll
2.6 3.1 3.6 4.1 4.6 5.1 5.6

Potassium Levels

Figure 4. Pre- and post-potassium levels using two-tailed paired t-test.
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Figure 5. Pre- and post-albumin levels for total number of cases and in various sub-
groups with error bounds of 95% confidence intervals. In total and subgroup analyses,
pre-albumin levels were all significantly reduced as evident in the post-albumin levels (All

p values < 0.05).

4. Discussion

This study is the first in GCC and MENA regions, to the best of our knowledge,

that demonstrates that management of burn patients in the shock phase with
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Figure 6. Pre- and post-protein levels for total number of cases and in various subgroups
with error bounds of 95% confidence intervals. In total and subgroup analyses, pre-albu-
min levels were all significantly reduced as evident in the post-albumin levels (All p val-
ues < 0.05).

lactated ringer may be insufficient. There is a limited number of up to date litera-
ture directly investigating the effect of resuscitation of burn patients with lactated
ringers (LR) in terms of electrolytes balance. LR contains physiologic concentra-
tions of major electrolytes and lactate (one liter of Ringer’s lactate solution con-
tains: 130 mEq of sodium, 109 mEq of chloride, 28 mEq of lactate, 4 mEq of potas-
sium, and 3 mEq of calcium ion) [22]. These amounts reflect those found in blood,
except for sodium, and would prevent hyperchloremic acidodsis (in our study
chloride levels were maintained) as well as ensure patients remain in the normal
potassium level range. Another solution that has similar constituents is Hart-
mann’s Solution which contains for each one litre: 131 mEq of sodium, 111 mEq
of chloride, 29 mEq of lactate, 5 mEq of potassium, 4 mEq of calcium [23]. These
solutions, however, fail to control sodium levels in such patients and are usually
associated with hyponatremia. Specifically, RL seems to be insufficient in restoring
the blood sodium back to 135 - 145 mmol/L. On the other hand, studies in animal
models show that addition of sodium containing mixtures such as sodium pyru-
vate, and sodium butyrate improve hemodynamic stability and organ functions in
burn patients [24] [25]. Therefore, it would be important to see if these effects
would be achieved by modifying the current recommended solutions such that
they contain more sodium. In fact, we have previously shown [26] in a retrospec-
tive study that when normal saline (154 mEq/L) was used together with proteins
(colloids) as a resuscitative fluid, patients were more likely to have normal sodium
blood levels. Cohort in that analysis included 76 patients who received normal

saline during the 1st 12 hours of the shock period followed by 5% purified plasma
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protein fraction for the rest of the shock period. Another group of 64 patients re-
ceived 5% purified plasma protein fraction all through the shock period.

The original Parkland formula as was introduced by Baxter in 1974 recom-
mended the use of colloids in the second 24 hours post burn [3] [27]. On his re-
view paper of different formulas, Greenhalgh mentioned that this recommenda-
tion is not usually followed [28]. Those who did not administer colloids in the se-
cond 24 hours found that their patients required more resuscitation fluid than
predicted by Parkland Formula—a phenomenon termed “fluid creep” [29] [30]
[31]. Patients who required more fluids returned to the predicted fluid rates and
stayed at lower volumes for the remainder of their resuscitation after giving 5%
albumin [32]. Blumetti et a/ had sometimes to give colloids during the first 24
hours in difficult resuscitations [33].

Still, the use of colloids (albumin and dextran) during the initial resuscitation
period is controversial. In a meta-analysis of 21 eligible trials involving 1385 criti-
cally ill patients’ colloids did not improve survival over crystalloids and therefore,
were not recommended [17]. However, survival in our cohort was 100% and this
may indicate that mortality during the initial period of resuscitation may not be a
sensitive outcome for the importance of colloids and specifically, albumin. This
comes as a confirmation of our previous findings of 0% mortality in our previous
similar cohorts and further downgrades this outcome as a legitimate marker of the
usefulness of colloids [26]. Additionally, from our experience, deaths that may oc-
cur at a later stage may be due to complications such as septic shock and hence
albumin may need to be reconsidered for these patients in burn shock phase.
Moreover, note that those at the highest risk of death with albumin levels of less
than 20 g/L [20] were 6 (7.3%) and 15 (18.3%) initially and in the post-resuscita-
tion phases, respectively in this study. It follows that a significant number of our
patients may have been at risk of passing away even though none actually expired
in the burn shock phase. Furthermore, it is clear in our study that the progressive
decline in albumin and protein levels was dramatic and occurred in the entire co-
hort and all other subgroups analyzed. Consequently, we believe that albumin in
addition to current recommended crystalloids may be important for these burn
patients although this may need to be confirmed in controlled studies.

Our study is stand-alone to the best of our knowledge in this area of practice
which gave a close zoom in at the baseline and post-resuscitation levels of electro-
lytes, albumin and proteins following RL. Our data consist of a cohort admitted at
the major burn unit in the Emirate of Abu Dhabi. Unfortunately, we did not have
a comparator arm to contrast the levels with patients who receive albumin in the
burn shock phase. This is an important limitation in our study which other groups
has to overcome by performing controlled investigations. However, if we take our
previous study [26] as a historical control, we find that with a relatively small sam-
ple of 140 patients (both arms), providing 5% human albumin (Purified Plasma
Protein Fraction) as the only fluid or combined with normal saline significantly
maintained albumin and protein levels. For the sake of comparison, contrast our

post-resuscitation mean of albumin of 25.3 + 6.3 g/L in this study with that of only
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5% human albumin (mean of 40.3 g/L) or 5% human albumin plus normal saline
(mean of 37.1 g/L). Lack of clarity as to the optimal fluids to use enabled us to have
these different cohorts and hence made it possible to demonstrate the great differ-
ences in effect they have on post-resuscitation electrolytes and proteins levels.
Nevertheless, we suggest that other centers attempt at replicating our findings and
possibly include a reference arm.

It is noteworthy, that larger subgroups were more likely to have significant re-
ductions in sodium and protein levels. They were also more likely to show a be-
neficial effect of RL on normalization of potassium levels. If we remember that
sample size was again a factor that ruled albumin out of the acute management of
burn patients, it may be prudent that we conduct larger multicenter studies to fi-
nally weigh albumin back in the management of burn patients during the burn

shock phase in the future.

5. Conclusion

Our study is the first, to authors’ best knowledge, in the MENA and GCC regions
that demonstrate significant gaps in the management of hypoalbuminemia, hypo-
proteinemia and to a lesser extent electrolyte imbalance in the burn shock phase in
burn patients. These patients may be at risk for significant reductions in albumin
and protein levels which put them at an increased risk of death. We recommend
using the original Parkland Formula and hence to start colloids after the first 12 -
24 hours period after crystalloid administration. Hyponatremia correction by
adding more sodium, possibly using normal saline or sodium supplementation,
may be beneficial. Future studies are needed to replicate our findings and to fi-

nally come to an end of the old chapter on albumin in burn patients.
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