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ABSTRACT

Background: Acute burn shock requires timely intravenous fluid
resuscitation, but excessive fluid causes edema-related complications and
organ dysfunction. Considerable uncertainty remains regarding the best
starting formula, the role and timing of albumin, fresh frozen plasma, high-
dose vitamin C, advanced monitoring, and computerized decision support.
Objective: To synthesize clinical evidence on fluid-management strategies
used during the first 24-48 hours after major burn injury and to identify
approaches supported by the most consistent evidence.

Materials and Methods: This structured systematic evidence synthesis
followed PRISMA 2020 and SWiM reporting principles. The evidence base
was anchored to the systematic search and screening undertaken for the 2024
American Burn Association burn-shock guideline, which searched Ovid
MEDLINE, Embase, Cochrane databases, and CINAHL from database
inception to 17 May 2022. Twenty-four studies met the guideline's strict adult
PICO criteria. Sixteen additional clinical studies were identified from the
guideline reference set and closely related citation chains to broaden coverage
of pediatric resuscitation, vitamin C safety, fluid creep, renal outcomes,
plasma-based rescue, and computerized decision support. These
supplementary studies were analyzed separately from the strict PICO set.
Forty studies were synthesized narratively; no meta-analysis was performed
because populations, interventions, outcome definitions, and reporting units
were too heterogeneous.

Results: Evidence favored a conservative initial crystalloid estimate followed
by frequent physiological titration rather than rigid formula delivery. Albumin
and other colloid-rescue strategies often reduced crystalloid escalation or
improved input-output balance, but most evidence was observational and
vulnerable to confounding by indication. A starting estimate near 2
mL/kg/%TBSA generally reduced early fluid exposure compared with 4
mL/kg/%TBSA without a consistent signal of increased early acute kidney
injury. Evidence for fresh frozen plasma was limited. High-dose vitamin C
sometimes reduced crystalloid volume, but patient-centered benefit remained
uncertain and renal safety concerns included oxalate nephropathy. Advanced
hemodynamic monitoring produced inconsistent clinical benefit, whereas
computerized decision support improved titration consistency in
nonrandomized studies. Higher cumulative fluid exposure was repeatedly
associated with intra-abdominal hypertension, compartment syndrome,
infection, and other edema-related complications.

Conclusion: For adults with major burns, the most defensible current
approach is to begin with a conservative crystalloid estimate near 2
mL/kg/%TBSA, reassess frequently, and titrate to the overall physiological
response rather than urine output alone. Albumin may be considered
selectively when crystalloid requirements continue to rise, particularly in
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larger burns, but its optimal timing is uncertain. Fresh frozen plasma, high-
dose vitamin C, vasopressors, and early renal replacement therapy should not
be used routinely without a defined specialist protocol or stronger comparative
evidence. These conclusions are based mainly on heterogeneous and
frequently nonrandomized evidence and should therefore be interpreted

cautiously.

Keywords: burn injury; burn shock; fluid resuscitation; albumin; crystalloid;
Modified Brooke formula; Parkland formula; vitamin C; fluid creep;

systematic review.

INTRODUCTION

Burn injury remains a major cause of preventable
morbidity, prolonged hospitalization, disability, and
death worldwide.™¥ When a burn involves
approximately 20% or more of total body surface
area (TBSA), inflammatory mediator release,
endothelial injury, and increased microvascular
permeability produce rapid intravascular volume
loss and extensive tissue edema. The resulting burn
shock is characterized by reduced circulating
volume, depressed cardiac output, increased
systemic vascular resistance, and impaired organ
perfusion.[?3l

Intravenous fluid resuscitation is therefore essential
during the first 24-48 hours. Its purpose is not
simply to deliver a calculated volume, but to restore
perfusion while avoiding avoidable edema and
organ injury. Traditional formulas, including the
Parkland/Baxter and Modified Brooke formulas,
estimate an initial crystalloid requirement according
to body weight and burned TBSA. However, the
calculated value is only a starting point. Hourly
titration according to urine output, blood pressure,
clinical perfusion, lactate, base deficit, and the
overall trajectory of the patient remains
necessary.*9

The central challenge is the narrow therapeutic
balance between under-resuscitation and over-
resuscitation. Inadequate fluid delivery may worsen
shock, acute kidney injury, tissue ischemia, and
multiple-organ dysfunction. Conversely, excessive
administration can produce fluid creep, pulmonary
edema, extremity and orbital compartment
syndromes, abdominal hypertension, abdominal
compartment syndrome, prolonged ventilation, and
delayed recovery.l>9

Clinical practice has consequently shifted toward
lower starting volumes, active fluid titration,
selective use of albumin, and earlier recognition of
patients whose escalating crystalloid requirements
indicate failure of formula-only management.
Nevertheless, important questions remain regarding
the timing of albumin, use of fresh frozen plasma,
high-dose vitamin C, advanced hemodynamic
monitoring,  computerized  decision  support,
vasopressors, and renal replacement therapy. This
review synthesizes 40 clinical studies to provide a
broad but methodologically cautious overview of
contemporary burn fluid management.

MATERIALS AND METHODS

2.1 Review design and reporting framework

This article was prepared as a structured systematic
evidence synthesis using PRISMA 2020 reporting
principles,’®! and narrative-synthesis methods
recommended by the Cochrane Handbook and
SWiM guidance.l”® It was not a new de novo
database review. Instead, it was anchored to the
completed systematic search and screening
undertaken for the 2024 American Burn Association
(ABA) guideline and then expanded through
citation-based identification of clinically relevant
supplementary studies. Because study design,
patient age, burn severity, intervention protocol,
comparator, reporting unit, and outcome definition
varied substantially, quantitative pooling was not
considered methodologically defensible.

2.2 Search basis and study identification

The primary search basis was the comprehensive
literature search performed for the ABA Clinical
Practice Guidelines on Burn Shock Resuscitation.[®
That search covered Ovid MEDLINE, Ovid
Embase, the Cochrane Central Register of
Controlled Trials, the Cochrane Database of
Systematic Reviews, and CINAHL from database
inception through 17 May 2022. English-language
human studies were screened independently in the
source guideline, with duplicate removal, title-and-
abstract  screening, and full-text eligibility
assessment. The present article did not repeat the
database search or claim independent reproduction
of the 9,326-record screening process.

The source guideline identified 9,326 records,
removed 3,348 duplicates, screened 5,978 titles and
abstracts, assessed 70 reports in full text, and
retained 24 studies that met its strict adult PICO
criteria. For this broader evidence synthesis, 16
additional clinical studies were selected from the
guideline reference set and closely related citation
chains  because they addressed pediatric
resuscitation, vitamin C safety, fluid creep,
compartment syndromes, renal outcomes, plasma-
based rescue, or computerized decision support. The
final evidence map therefore contained 40 studies:
24 strict adult PICO studies and 16 supplementary
studies. The supplementary studies were not
presented as products of a new independent database
search, and no claim of complete literature capture
beyond the source guideline search date was made.
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2.3 eligibility criteria

Studies were eligible for the evidence map when
they involved patients with acute thermal, scald,
electrical, or chemical burns requiring intravenous
resuscitation and evaluated a starting formula, fluid
type, albumin or plasma strategy, vitamin C, goal-
directed monitoring, computerized decision support,
vasopressor  exposure, renal adjunct, or a
complication directly related to resuscitation
volume. Randomized trials, prospective comparative
studies, cohort studies, case-control studies, and
clinically informative case series were included.
Case series were retained only as supplementary
safety or feasibility evidence and were not treated as
comparative-effectiveness evidence. Animal studies,
laboratory studies, narrative reviews, systematic
reviews, editorials, and studies unrelated to acute
fluid management were excluded from the primary
clinical synthesis. No publication-year restriction
was applied because historically important
controlled studies predated 2000.

2.4 Outcomes

The primary outcomes were total fluid and
crystalloid volume at 24 and 48 hours, urine output,
acute Kidney injury, organ dysfunction, mortality,
and edema-related complications.  Secondary

outcomes included intra-abdominal pressure,
abdominal compartment syndrome, pulmonary
dysfunction, length of stay, infection, renal
replacement therapy, adverse effects, and protocol
adherence.

2.5 Data extraction and appraisal

For each study, the author, publication year, design,
sample size when reported in the source evidence,
intervention or exposure, comparator, outcomes, and
principal methodological limitations were extracted.
Randomized trials were appraised conceptually
using RoB 2 domains; nonrandomized comparative
studies were judged using ROBINS-I principles;
cohort and case-control studies were considered
using  Newcastle-Ottawa/JBI ~ domains;  and
uncontrolled case series were judged using the JBI
case-series framework. The study-level judgments
in Table 9 are preliminary because they were based
on the information available in the source evidence
set and article reports rather than duplicate
independent full-text appraisal by two reviewers. A
formal GRADE summary was not produced because
no pooled analysis or uniform outcome extraction
was available. The review was not prospectively
registered.

Table 1: Evidence identification and selection

Stage Number Explanation
Records identified in the guideline search 9,326 Database records before duplicate removal
. 3,342 removed by the Bramer method and 6 additional

Duplicates removed 3,348 : . -
duplicates removed in Covidence

Titles and abstracts screened 5,978 Independent screening by two reviewers in the source guideline

Reports assessed in full text 70 Selected after consensus screening

Studies meeting strict adult PICO criteria 24 Included in the 2024 ABA guideline

Supplementary clinical studies added 16 Broader evidence on pediatric care, safety, complications, renal
outcomes and decision support

Studies synthesized in this review 40 Narrative synthesis; no guantitative pooling

Table 2: Characteristics of the 40 included clinical studies

Study Year Design Sample Intervention/comparator Main outcomes Key limitation
. . . . . . Early randomized
Recinos et 1975 RCT 15 Crystal_lo_ld Vs coI!ond- Flu_|d_ requirement; evidence; small
al. containing solution clinical response
sample
Jelenko et Prospective NOt Hypertonic albumin- Hemodynamics; fluid Older protocol
1979 - consistently L -
al. comparative containing regimen need study
reported
Randomized;
Goodwin et 1983 RCT 79 Crystalloid vs colloid Hemodynamics; lung limited
al. water contemporary
applicability
0, H H | id- . H
Cooperetal. | 2006 RCT 42 5% albumin vs If'alctated Ringer 24-h fluid; MODS; Small rar_1dom|zed
solution pulmonary outcomes trial
Ullmann et . NOt . - Formula performance; Single-center
2000 | Observational consistently Haifa resuscitation formula . ' S
al. fluid adequacy validation
reported
Du et al. 1991 Comparative 30 Different resusutatlon Early weight gain; Sm_aII
cohort regimens fluid accumulation comparative study
Not ; .
Jones et al. 2015 Case series consistently Fresh frozen plasma-based Fluid yo_lgme, No concurrent
protocol feasibility control
reported
O'Mara et Crystalloid vs plasma/colloid- Intra-abdominal Randomized but
2005 RCT 31 L h
al. containing strategy pressure; fluid volume small
High-dose vitamin C plus Crystalloid volume; Key randomized
Tanakaetal. | 2000 RCT 37 standard care urine output; edema vitamin C study
Lin et al. 2018 Retrospective 80 High-dose vitamin C vs Fluid volum_e; AKI; Confou_ndlng
cohort standard care mortality possible
Kahn et al. 2011 Retrospective 33 High-dose ascorbic acid Fluid requirement; Small
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cohort adjunct safety observational
study
Dose- Not Safety; efficacy; Dose
Nagal et al. 2020 comparison consistently High- vs low-dose vitamin C Y v .
pharmacodynamics heterogeneity
study reported
Not . . I
Buef;?er et 2016 Case series consistently Continuous hlgch-dose vitamin Oxalate nephropathy Safety signal only
) reported
Retrospective Not Prognostic rather
Ho et al. 2021 P consistently | Early resuscitation exposures Early AKI than direct
cohort . -
reported intervention study
Adibfar et Retrospective Not Vasopressor use during Fluid volume; organ Indication bias
2021 consistently e . A :
al. cohort resuscitation outcomes; mortality likely
reported
. Not Organ dysfunction; _Adjunctlve_
Multicenter . . N evidence outside
Chungetal. | 2017 applicable to High-volume hemofiltration vasopressor -
RCT . acute resuscitation
first48 h dependency :
window
Not Hemodynamic rescue; Rescue therapy;
Neff et al. 2010 Case series consistently Therapeutic plasma exchange ynan ' Py:
survival uncontrolled
reported
. . . . Adjusted
Cochran et Matched case- Albumin rescue vs matched Fluid volume; ARDS; -
2007 202 . . observational
al. control crystalloid controls mortality -
evidence
Comish et 25% albumin rescue vs 24-h crys@allt.ald; Baseline severity
2021 Case-control 91 - perfusion; ;
al. crystalloid S imbalance
complications
Greenhalgh Prospective . . . .
etal 2023 multicenter 379 Contergl%%r;ri;; crés(:tzlclgld and | Fluid V\(/):riirz;]t?é rEractlce Largectr)ehegr;/vorld
(ABRUPT) observational P
Lawrence et 2010 Retrospective 52 Colloid rescue Flu!d creep; Hlstt_)rlpal-_control
al. cohort resuscitation ratio limitations
Retrospective Early albumin in difficult Fluid volume; Confounding by
Park etal. 2012 cohort 159 resuscitation mortality indication
Saitoh et al 2021 Multicenter 36 Modified Brooke 2 mL vs 24/48-h fluid; AKI; D‘:ltr)en::);(r)irg;g!a
RCT Baxter/Parkland 4 mL complications underpowered
. o Fluid volume; renal No clear clinical
Floresetal. | 2022 Case-control 75 High-dose vitamin C outcomes; mortality benefit
Abeoletta Volume overload; Small monitorin
and 2013 Case-control 30 TPTD-guided assessment hemodynamic stud 9
Abdelsalam endpoints Y
Chenetal. 2017 Case-control 34 Early goal-directed therapy Fluid l;/;lfl:]r:iz;norgan Nonrandomized
Foldi et al. 2009 RCT 16 Alternative resuscitation Oxn_datlve stress Very_sn_1al|_
methods biomarkers mechanistic trial
Foldi et al. 2010 RCT 30 Alternative resuscitation Cytokines; adhesion Mechanistic
methods molecules outcomes
Invasive hemodynamic Fluid volume; No consistent
Holm et al. 2004 RCT 50 monitoring vs conventional physiology volume reduction
guidance
. . . Retrospective;
Retrospective Pulse-contour cardiac-output Fluid volume; - 2
Zhu et al. 2021 cohort 191 quidance prognosis potentlil)li :slectlon
. Historical- Computerized decision- 24-h fluid; target urine L_ower ﬂ.Uid _and
Salinasetal. | 2011 70 ! tighter titration
control study support system output
reported
. Not . . . . . Pediatric
D|tt;||ch et 2016 | Pediatric RCT consistently Barly albvusrr;lnsagflsoci:drystallmd Flu'%ﬂigg:;i?em’ evidence; indirect
) reported Y for adult PICO
Blanco- Not Single-center
Schweizer et | 2020 | Observational consistently Albumin using BET formula Fluid control observational
al. reported study
Dittrich et Not Pediatric
al 2020 | Pediatric cohort | consistently Fluid creep exposure Infection; outcomes observational
) reported evidence
. Nationwide NP Propensity-based
Nakajima et 2019 retrospective Large High-dose vitamin C Mortality; fluid observational
al. database volume -
cohort evidence
Prospective Not . - . . .
Rizzo et al. 2022 multicenter consistently Burn Navigator decision Fluid \_/olume, No randomized
- support effectiveness comparator
observational reported
Rizzo et al. 2023 Multlcenter 285 Burn Navigator across five Fluid volume; Center—IereI
observational centers protocol adherence heterogeneity
Chungetal. | 2006 Retrospective 52 2 vs 4 mL/kg/%TBSA starting Fluid volume; AKI Combat setting;
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military cohort strategy historical
comparison
. Not . . . I
vy et al. 2000 Prospec_tlve consistently IAP monitoring/high fluid IAH: ACS Compllca_tlon—
observational exposure focused evidence
reported
Retrospective Not Higher vs lower resuscitation Abdominal Dose-response
Oda et al. 2006 P consistently g compartment observational
cohort volume -
reported syndrome evidence
Table 3: Distribution of studies by evidence category
Evidence category Number Studies
Albumin/colloid versus crystalloid or Recinos; Goodwin; Cooper; Cochran;
albumin rescue 11 Comish; Greenhalgh; Lawrence; Park;
Dittrich 2016; Blanco-Schweizer; Jelenko
Fresh frozen plasma or plasma exchange 3 Jones; O'Mara; Neff
Starting formula or protocol comparison 4 Ullmann; Du; Saitoh; Chung 2006
High-dose vitamin C 7 Tanal_(_a; Lin; Kahn; Nagal; Buehner; Flores;
Nakajima
Goal_-dnjected or advanced hemodynamic 4 Abeoletta: Chen: Holm: Zhu
monitoring
Computerized decision support 3 Salinas; Rizzo 2022; Rizzo 2023
Re_nal, vasopressor, and organ-complication 3 Ho: Adibfar; Chung 2017
evidence
Fluid creep and mechanistic outcomes 3 Dittrich 2020; Foldi 2009; Foldi 2010
Compartment syndrome and pressure 2 Ivy; Oda
monitoring

RESULTS

3.1 Overall characteristics of the evidence

The 40 studies covered more than four decades of
burn-resuscitation research. The evidence included
small randomized trials, matched case-control
studies, retrospective  cohorts, prospective
multicenter observational studies, historical-control
comparisons, pediatric studies, and uncontrolled
rescue-therapy case series. Sample sizes ranged
from fewer than 20 participants in mechanistic trials
to several hundred patients in multicenter or
database studies. Only a minority of studies were
adequately powered randomized comparisons.

The most frequent outcome was fluid volume during
the first 24 hours. Other commonly reported
outcomes included urine output, acute Kidney injury,
intra-abdominal pressure, compartment syndrome,
pulmonary  dysfunction, organ  dysfunction,
mortality, and length of stay. Outcome definitions
and units were inconsistent. Some studies reported
mL/kg/%TBSA, others reported total liters, mL/kg,
resuscitation ratios, or cumulative balance. This
heterogeneity prevented valid meta-analysis.

3.2 Albumin and colloid strategies

Albumin was the most extensively studied adjunct.
Randomized and observational studies generally
suggested that albumin can reduce further
crystalloid escalation or improve control of urine
output in patients whose resuscitation is becoming
difficult.[*31428-321 However, albumin recipients often
had larger burns, greater full-thickness injury,
inhalation injury, oliguria, or unstable vital signs
before albumin was initiated. This creates strong
confounding by indication.

Cochran et al. compared 101 albumin-treated
patients with 101 matched controls. Albumin was
introduced when fluid needs exceeded the expected

formula. Although crude outcomes were difficult to
interpret because albumin-treated patients were
more severely injured, adjusted analysis suggested a
lower mortality risk, while inhalation injury rather
than albumin independently explained pulmonary
complications.?®] Cooper et al. found no clear
improvement in multiple-organ dysfunction with 5%
albumin in a small randomized trial.*4l More recent
rescue-colloid studies reported rapid improvement
in input-to-output ratio and reduced crystalloid
escalation, but no consistent reduction in mortality
or major complications.[?%-32

The overall evidence therefore supports selective
albumin use as a crystalloid-sparing rescue strategy
rather than universal early administration. The
optimal initiation time remains uncertain. The 2024
ABA guideline recommends considering human
albumin, particularly in larger burns, to reduce
resuscitation volume and improve urine output.
3.3 Starting formula and initial crystalloid dose
The direct comparison between a 2 mL/kg/%TBSA
starting approach and the traditional 4
mL/kg/%TBSA approach is clinically important.
The military cohort reported lower fluid exposure
after transition toward a 2 mL starting strategy.[*!
Saitoh et al. directly compared Modified Brooke and
Baxter/Parkland starting volumes in a small
multicenter randomized trial and found lower 24-
hour fluid administration with the 2 mL approach,
without a consistent increase in early acute kidney
injury.®31 At 48 hours, the difference was smaller
and not statistically clear.

These findings support a lower starting rate
followed by close hourly titration. They do not
support rigid restriction. Patients with delayed
presentation, inhalation injury, electrical injury,
deep burns, or evolving shock may still require
substantial fluid. The key practice change is to avoid
automatically beginning at a high rate that increases
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the risk of fluid creep before physiological response
is assessed.

3.4 Fresh frozen plasma and plasma-based rescue
Fresh frozen plasma has been used in some
institutional protocols to reduce crystalloid exposure
and support oncotic pressure. O'Mara et al. reported
lower intra-abdominal pressure with a colloid-
containing strategy in a small randomized study.™*®!
The West Penn experience suggested feasibility of a
plasma-based protocol, but the evidence was
uncontrolled.*” Therapeutic plasma exchange has
been described for refractory burn shock, yet this
remains rescue therapy supported by case-series
evidence.’l The available data are insufficient to
establish routine efficacy or safety.

3.5 High-dose vitamin C

Tanaka et al. reported a marked reduction in
crystalloid requirements with high-dose intravenous
ascorbic acid in a randomized study of severely
burned patients.*®! The intervention also produced
high urine output, which may reflect osmotic
diuresis and can complicate the use of urine output
as a titration endpoint. Later retrospective studies
did not consistently reproduce a meaningful
improvement in mortality, acute kidney injury, or
length of stay.[2021344%]

Safety concerns are important. Continuous high-
dose vitamin C has been associated with oxalate
nephropathy.!?] Dose-comparison and observational
studies have not established a single safe and
effective regimen.[?2%44%1 The evidence therefore
suggests a possible crystalloid-sparing physiological
effect but uncertain patient-centered benefit.
Routine use cannot be recommended without
stronger trials and careful renal monitoring.

3.6 Goal-directed monitoring and computerized
decision support

Advanced hemodynamic monitoring has been
investigated because urine output may lag behind
changing intravascular conditions. Studies of
transpulmonary thermodilution, invasive
monitoring, early goal-directed therapy, and pulse-
contour cardiac output produced inconsistent
findings.[35363%401 Some studies reported improved

physiological assessment, but fluid volume was not
consistently reduced, and invasive measurements
did not reliably translate into fewer edema-related
complications.

Computerized decision-support systems showed
more consistent process benefits. Salinas et al. found
lower 24-hour resuscitation volume and more time
within urine-output targets when a computerized
titration system was used rather than traditional
manual adjustment.’**) Multicenter Burn Navigator
studies demonstrated feasibility and improved
protocol adherence, although between-center
variation remained substantial 6471 Because these
studies were not randomized, the certainty remains
limited, but computerized support appears useful as
an aid to frequent bedside titration rather than a
replacement for clinical judgment.

3.7 Acute Kkidney injury, vasopressors, renal
replacement therapy, and complications

Acute kidney injury is common after major burns
and may result from shock, delayed resuscitation,
nephrotoxic exposure, sepsis, abdominal
hypertension, or excessive osmotic diuresis.
Observational evidence did not show that a 2 mL
starting formula increased early AKI compared with
a 4 mL approach.[3348 High-dose vitamin C studies
produced mixed renal findings, and oxalate
nephropathy remains a specific concern, 2334451
Evidence on vasopressors during initial burn
resuscitation is  weak. Patients  receiving
vasopressors are usually older or more severely ill,
making causal interpretation difficult.?®] High-
volume hemofiltration has shown organ-support
effects in septic burn patients with established AKI,
but this evidence does not directly address
prophylactic initiation during the first 48 hours.[?¢]
High fluid exposure was repeatedly associated with
edema-related harm. Ivy et al. and Oda et al. linked
large cumulative resuscitation volumes with intra-
abdominal hypertension and abdominal
compartment syndrome.[**5% Pediatric evidence also
associated fluid creep with infection.*l These
studies support selective pressure monitoring and
early correction of runaway resuscitation.

Table 4: Summary of evidence by clinical outcome

Outcome Overall finding

Confidence

24-h fluid volume

Lower starting formula, selective albumin
rescue, some vitamin C studies, and
decision support often reduced crystalloid
exposure

Moderate direction; low certainty because
of heterogeneity

Urine output

Albumin rescue and decision support may
improve target achievement

Low to moderate

No consistent difference between 2 and 4

Acute kidney injury mL starting strategies; vitamin C renal Low
safety uncertain
Studies generally underpowered;

Mortality observational albumin and vitamin C Very low

findings conflict

Compartment syndrome/abdominal
hypertension

Higher cumulative fluid exposure
consistently associated with greater risk

Moderate association

No consistent benefit from albumin; renal

Multiple-organ dysfunction support evidence relates mainly to later Low
septic AKI
Pulmonary outcomes No reliable improvement from colloid; Low
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findings

severity and inhalation injury confound

Protocol adherence

Computer decision support improves
consistency of hourly titration

Low to moderate

Table 5: Risk-of-bias overview

Evidence group Representative studies

Main concerns Overall judgment

Recinos; Goodwin; Cooper;
O'Mara; Tanaka; Saitoh; Holm;
Foldi studies

Randomized formula/solution
trials

Small samples, incomplete
blinding, co-interventions,
variable outcome definitions

Some concerns to high

Cochran; Comish; Lawrence;

Confounding by indication,

Albumin rescue cohorts . - severity imbalance, historical Serious
Park; Blanco-Schweizer
controls
Dose variation, selection bias,
Vitamin C observational studies | Lin; Kahn; Flores; Nakajima inconsistent renal outcome Serious

definitions

Decision-support studies

Salinas; Rizzo studies

Historical or nonrandomized
comparator, center effects

Moderate to serious

Complication cohorts

lvy; Oda; Dittrich 2020; Ho

Exposure-outcome confounding,
nonuniform definitions

Moderate to serious

Uncontrolled rescue therapy

Jones; Neff; Buehner

bias

No comparator; strong selection

Critical for comparative
efficacy

Table 6: Evidence-informed clinical implications

Clinical issue

Practical direction

Rationale

Initial crystalloid dose

Begin near 2 mL/kg/%TBSA for adults with
major burns, then titrate hourly

Supported by guideline and limited direct
comparative evidence

Urine-output target

Use urine output with blood pressure,
perfusion, lactate/base deficit, and clinical
trajectory

Urine output alone may be distorted by
diuretics or vitamin C

Albumin

Consider selectively in larger burns or
escalating crystalloid requirements

May reduce crystalloid escalation; timing
uncertain

Fresh frozen plasma

Do not use routinely outside a protocol or
research setting

Evidence limited and largely uncontrolled

High-dose vitamin C

Do not use routinely without specialist
protocol and renal safety monitoring

Benefit uncertain; oxalate nephropathy risk

Advanced hemodynamic monitoring

Do not use transpulmonary thermodilution
routinely solely to reduce fluid volume

No consistent clinical advantage

Computer decision support

May be considered to support frequent
titration

Process benefits; low-certainty outcome
evidence

Compartment monitoring

Measure intra-abdominal/intraocular pressure
selectively in high-risk or runaway

High fluid exposure linked to compartment

resuscitation

syndromes

DISCUSSION

This synthesis shows that burn-resuscitation
evidence is clinically broad but methodologically
fragile. Many influential practices are supported by
small randomized trials, retrospective comparisons,
historical controls, or institutional protocols rather
than by large pragmatic trials.[**1828-38] The most
consistent message is therefore not that one formula
or fluid is universally superior, but that excessive
crystalloid exposure should be actively prevented
through a conservative starting estimate, frequent
reassessment, and timely correction of an escalating
input-output imbalance.[5:9:31,3348-50]

The shift from the traditional Parkland starting
estimate of 4 mL/kg/%TBSA toward approximately
2 mL/kg/%TBSA is supported by lower early fluid
exposure in the available comparative evidence.[?348l
This is clinically relevant because formula-based
overestimation may contribute to fluid creep, tissue
edema, intra-abdominal  hypertension, and
compartment syndromes.®314%50 However, a lower
starting estimate must not become a rigid ceiling. It
should serve as the initial rate from which bedside

titration begins, with reassessment of urine output,
blood pressure, perfusion, lactate or base deficit, and
the patient's evolving clinical trajectory.3]

Albumin occupies an intermediate position between
physiological plausibility and secure comparative
evidence. Several randomized and observational
studies reported improved input-output balance or
reduced crystalloid escalation after albumin or
colloid administration.[31428-324243]  Nevertheless,
rescue albumin was usually started after
conventional resuscitation had become difficult, so
treated patients were often more severely injured
and more unstable at baseline.[®33  This
confounding by indication limits  causal
interpretation and explains why selective albumin
use is more defensible than routine universal
administration. A sufficiently powered multicenter
trial comparing protocolized early-selective aloumin
with protocolized crystalloid remains a priority.[>
High-dose vitamin C illustrates the need to separate
a reduction in fluid volume from improvement in
patient-centered outcomes. The randomized study
by Tanaka et al. reported lower crystalloid
requirements, but later observational studies did not
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consistently show better mortality, kidney outcomes,
or length of stay.['%-2234%1 |ncreased urine output
may partly represent osmotic diuresis and can make
urine-output-guided titration difficult. Reports of
oxalate nephropathy further weaken confidence in
routine use.!?®! Future trials should standardize dose,
renal surveillance, fluid endpoints, and clinically
important outcomes before vitamin C is adopted as
routine burn-resuscitation therapy.

Advanced  monitoring  technology has not
consistently outperformed careful conventional
assessment. Studies of transpulmonary
thermodilution, invasive hemodynamic monitoring,
early goal-directed therapy, and pulse-contour
cardiac output produced mixed effects on fluid
exposure  and  clinical  outcomes.[3%:36:3940]
Computerized decision support may be more useful
because it addresses delayed or inconsistent hourly
adjustment rather than attempting to replace clinical
assessment. Salinas et al. and the multicenter Burn
Navigator studies reported improved titration
consistency and protocol adherence, although their
nonrandomized designs and center effects limit
certainty.[*14471 These systems should therefore
support, rather than automate, bedside judgment.

A major limitation of the literature is inconsistent
outcome reporting. Studies variously reported total
liters, mL/kg, mL/kg/%TBSA, resuscitation ratios,
cumulative balance, or physiological surrogates,
which prevented defensible pooling.>%%1 Future
studies should report pre-burn-center fluid, full-
thickness burn percentage, inhalation injury,
crystalloid and colloid components, total fluid at 24
and 48 hours, standardized urine-output measures,

agreed acute-kidney-injury criteria, and precisely
defined compartment syndromes. A  burn-
resuscitation core outcome set would substantially
improve comparability and reduce selective
reporting.

4.1 Strengths and limitations

The principal strength of this review is the
transparent integration of the strict ABA guideline-
eligible evidence with supplementary clinical
studies covering safety, pediatrics, implementation,
and complications.’! The manuscript distinguishes
randomized comparisons, observational
effectiveness studies, complication cohorts, and
uncontrolled rescue evidence rather than assigning
them equal evidentiary weight. It also avoids
unsupported pooled effect estimates and provides a
study-level preliminary risk-of-bias table.

The principal limitation is that the 16 supplementary
studies were identified through reference-set and
citation-chain expansion rather than through a new
independently documented database search. The
article should therefore be read as a systematic
evidence synthesis anchored to the ABA search, not
as a fully updated de novo systematic review
claiming complete capture through 2025. In
addition, some older studies reported limited
baseline and outcome data, study-level risk-of-bias
judgments were not duplicated by two independent
reviewers, and several interventions were assessed
only in small or nonrandomized studies.[!1-182735-43]
These limitations reduce certainty and preclude
formal meta-analysis or definitive treatment
ranking.

Table 7: Priority research gaps

Topic Required study

Critical outcomes

Early selective albumin

Large multicenter RCT comparing
protocolized albumin timing

Fluid volume, AKI, compartment
syndromes, mortality

2 vs 4 mL starting formula

Adequately powered pragmatic RCT

24/48-h fluids, AKI, organ dysfunction,
complications

Fresh frozen plasma

Comparative safety and efficacy trial

Fluid volume, transfusion reactions,
thrombosis, organ outcomes

Vitamin C .
renal surveillance

Dose-finding placebo-controlled RCT with

Fluid volume, AKI, oxalate, organ
dysfunction, mortality

Decision support multicenter study

Cluster-randomized or stepped-wedge

Protocol adherence, fluid exposure,
complications

Standardized reporting

Consensus core outcome set

Comparable units and definitions across
studies

Pediatric resuscitation

Dedicated multicenter pediatric trials

Age-specific fluid, glucose, renal and edema
outcomes

Table 8: Evidence provenance and role in the synthesis

Evidence component | Extent Purpose Interpretive rule
Strict ABA adult PICO 24 studies Direct evidence used by the 2024 Primary evidence for adult clinical
evidence ABA guideline recommendations

Studies added from the

Supplementary guideline reference

comparative evidence

Pediatric, safety, implementation,
renal, plasma and complication
set/citation chains evidence

Interpreted separately because eligibility
differed from the strict adult PICO

Uncontrolled case-

. " Jones; Neff; Buehner
series evidence

Feasibility, rescue therapy or
adverse-event signals

Not used to establish comparative efficacy

Quantitative synthesis Not performed

Substantial clinical and statistical
heterogeneity

No pooled effect estimates, heterogeneity
statistics or pooled GRADE ratings reported

3536

International Journal of Medicine and Public Health, Vol 16, Issue 3, July- September, 2026 (www.ijmedph.org)




Table 9: Preliminary study-level risk-of-bias assessment

Study Design Appraisal Main risk-of-bias concerns _Prellmmary
framework judgment
. Very small sample; limited reporting of .
Recinos et al. (1975) RCT RoB 2 randomization and blinding; older care context High
Jelenko et al. (1979) Prospectlye ROBINS-I !\lonrandomlzed z_illocatlon_; older protocol; Serious
comparative incomplete baseline reporting
Goodwin et al. (1983) | RCT RoB 2 Limited blinding; small trial; older co-interventions Some concerns
Cooper et al. (2006) RCT RoB 2 _Small sar_nplg; limited power; possible co- Some concerns
intervention imbalance
Ullmann et al. (2000) Ob_ser\{atlonal JBIINOS S_mgle center; no concurrent comparator; selection Serious
validation bias
Du et al. (1991) Comparative ROBINS-| Small san_“lple; nonrandomized regimens; Serious
cohort confounding
Jones et al. (2015) Case series JBI case series No concurrent gontrol; institutional protocol; Critical for efficacy
selective reporting
O'Mara et al. (2005) RCT ROB 2 Small sample;_llmlted blinding; outcome-specific Some concerns
power uncertain
Tanaka et al. (2000) RCT RoB 2 Small 'szlim_plg; urlne_output affected by osmotic Some concerns
diuresis; limited patient-centered outcomes
Lin et al. (2018) Retrospective ROBINS-| Confoundlng t?Y treatment selection; retrospective Serious
cohort outcome definitions
Kahn et al. (2011) CR;;LOSPGC“VE ROBINS-I Small cohort; historical comparison; selection bias Serious
Dose- Dose heterogeneity; limited sample; unclear .
Nagal et al. (2020) comparison ROBINS-I - ' ’ Serious
allocation process
study
Buehner et al. (2016) Case series JBI case series Adverse-event case series without denominator or Critical for efficacy

comparator

Retrospective

Exposure-outcome confounding; prognostic rather

Ho et al. (2021) cohort NOS/JBI than intervention design Moderate to serious
Adibfar et al. (2021) E(;ert]:)o;pectlve ROBINS-I Strong confounding by indication for vasopressor use | Serious
Chung et al. (2017) Multicenter ROB 2 Adc_iresses septic AKI rather than initial resuscitation; | Some o
RCT indirectness concerns/indirect
Neff et al. (2010) Case series JBI case series bRizsscue therapy; no control group; extreme selection Critical for efficacy
Matched Residual confounding despite matching; albumin .
Cochran et al. (2007) case-control ROBINS-I given to sicker patients Serious
Comish et al. (2021) Case-control ROBINS-I gﬁ;ﬂégf severity imbalance; nonrandomized rescue Serious
Prospective . s . . .
(Gzr(;e;g;algh etal. multicenter ROBINS-I E(;ﬁ(t:;:‘ceef}/:gtlstlon’ nonrandomized albumin use; Moderate to serious
observational
Lawrence et al. Retrospective ROBINS-I Historical controls; protocol-era effects; confounding | Serious
(2010) cohort
Park et al. (2012) 506;2)0:%0“\/9 ROBINS-| ;:ec;er)\;‘tc:tézdmg by indication; retrospective treatment Serious
. Multicenter . ; ;
Saitoh et al. (2021) RCT RoB 2 Small and underpowered; open-label intervention Some concerns
Flores et al. (2022) Case-control ROBINS-I y&griggizr;;w exposure; residual confounding; Serious
Abeoletta and Small sample; monitoring selection; surrogate .
Abdelsalam (2013) Case-control ROBINS-I oUtCOmes Serious
Chen et al. (2017) Case-control ROBINS-I !\lonrandpmlzgd; small sample; possible co- Serious
intervention differences
Foldi et al. (2009) RCT RoB 2 Very small mechanistic study; surrogate outcomes High
Foldi et al. (2010) RCT ROB 2 Sma}ll mechanistic study; surrogate outcomes; limited High
clinical relevance
Holm et al. (2004) RCT RoB 2 ﬁ]r;arcec:]p:;ag\r;lsabel trial; invasive monitoring co- Some concerns
Zhu et al. (2021) E;t]rooripectlve ROBINS-I gfalxifitégn bias; residual confounding; center-specific Serious
Salinas et al. (2011) ch:ittcr)glcsttdy ROBINS-I Ei;s;orlcal comparator; secular trends; implementation Serious
Dittrich et al. (2016) Pediatric ROB 2 Small pedlatrl'c trial; indirectness for adult Some o
RCT recommendations concerns/indirect
Blanco-Schweizer et Observational | ROBINS-I Smgle_ center; no randomized comparator; protocol Serious
al. (2020) selection
Dittrich et al. (2020) Egﬁﬁ”c NOS/JBI %‘i’f‘f;;eésos“tcome confounding; pediatric Moderate to serious
" Nationwide . . Lo . .
Nakajima et al. . Administrative-data limitations; residual confounding .
(2019) (r:%t;gsg)ectlve ROBINS-I despite adjustment Moderate to serious
Rizzo et al. (2022) Prospective ROBINS-I No randomized comparator; center and Moderate to serious

3537

International Journal of Medicine and Public Health, Vol 16, Issue 3, July- September, 2026 (www.ijmedph.org)




multicenter implementation effects
observational
Rizzo et al. (2023) g/kljlsjg;\s:?itoer:al ROBINS-I Center heterogeneity; nonrandomized protocol use Moderate to serious
Rf'at_rospective Historical comparison; combat setting; changing co- .
Chung et al. (2006) military ROBINS-I interventions ’ ' Serious
cohort
Prospective Complication-focused design; confounding by burn .
Ivy et al. (2000) observational NOS/JBI severity and fluid exposure Moderate to serious
Oda et al. (2006) Retrospective NOS/JBI Dose-re_zsponse confounding; retrospective outcome Moderate to serious
cohort ascertainment

Note: These judgments are preliminary and should
be confirmed through duplicate independent full-
text appraisal before submission. “Critical for
efficacy” indicates that an uncontrolled case series
may inform feasibility or safety but cannot establish
comparative effectiveness.

CONCLUSION

Fluid resuscitation is life-saving but can itself cause
harm when fluid is delivered without frequent
reassessment. For adults with major burns, current
evidence supports beginning with a conservative
crystalloid estimate near 2 mL/kg/%TBSA and
titrating to the patient's overall physiological
response rather than automatically delivering a fixed
high volume.5%481 Albumin may be considered
when crystalloid requirements continue to rise,
particularly in larger burns, but its optimal timing
remains uncertain.>%-32 Fresh frozen plasma and
high-dose vitamin C should not be routine because
comparative evidence is limited and safety concerns
remain,[17-23:34:4%] Advanced hemodynamic
monitoring has not consistently improved fluid
efficiency, whereas computerized decision support
may improve titration consistency.[3%36:39-41.46.47]
Selective monitoring for compartment syndromes is
important in patients with high cumulative fluid
exposure.%% These conclusions remain provisional
because much of the evidence is heterogeneous,
small, or observational.

REFERENCES

1.  World Health Organization. Burns. Geneva: World Health
Organization; 2023.

2. Greenhalgh DG. Management of burns. N Engl J Med.
2019;380(24):2349-2359.

3. Jeschke MG, van Baar ME, Choudhry MA, Chung KK,
Gibran NS, Logsetty S. Burn injury. Nat Rev Dis Primers.
2020;6(1):11.

4, Pham TN, Cancio LC, Gibran NS; American Burn
Association. American Burn Association practice guidelines
burn shock resuscitation. J Burn Care Res. 2008;29(1):257-
266.

5. Cartotto R, Johnson LS, Savetamal A, Greenhalgh D,
Kubasiak JC, Pham TN, et al. American Burn Association
Clinical Practice Guidelines on Burn Shock Resuscitation. J
Burn Care Res. 2024;45(3):565-589.

6. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ.
2021;372:n71.

7. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T,
Page MJ, Welch VA, editors. Cochrane Handbook for

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Systematic Reviews of Interventions.Version 6.5. London:
Cochrane; 2024.

Campbell M, McKenzie JE, Sowden A, Katikireddi SV,
Brennan SE, Ellis S, et al. Synthesis without meta-analysis
(SWiM) in systematic reviews: reporting guideline. BMJ.
2020;368:16890.

Pruitt BA Jr. Protection from excessive resuscitation: fluid
creep. J Trauma. 2000;49(3):567-568.

Navickis RJ, Greenhalgh DG, Wilkes MM. Albumin in
burn shock resuscitation: a meta-analysis of controlled
clinical studies. J Burn Care Res. 2016;37(3):268-e278.
Recinos PR, Hartford CA, Ziffren SE. Fluid resuscitation of
burn patients comparing a crystalloid with a colloid
containing solution: a prospective study. J lowa Med Soc.
1975;65(10):426-432.

Jelenko C 3rd, Williams JB, Wheeler ML, et al. Studies in
shock and resuscitation, I: use of a hypertonic, albumin-
containing fluid demand regimen in resuscitation. Crit Care
Med. 1979;7(4):157-167.

Goodwin CW, Dorethy J, Lam V, Pruitt BA Jr.
Randomized trial of efficacy of crystalloid and colloid
resuscitation on hemodynamic response and lung water
following thermal injury. Ann Surg. 1983;197(5):520-531.
Cooper AB, Cohn SM, Zhang HS, et al. Five percent
albumin for adult burn shock resuscitation: lack of effect on
daily multiple organ dysfunction score. Transfusion.
2006;46(1):80-89.

Ullmann Y, Kremer Y, Ramon Y, Ullman A, Peled NJ.
Evaluation of the validity of the Haifa formula for fluid
resuscitation in burn patients at the Rambam Medical
Centre.Ann Burns Fire Disasters. 2000;13:206-212.

Du GB, Slater H, Goldfarb IW. Influences of different
resuscitation regimens on acute early weight gain in
extensively burned patients. Burns. 1991;17(2):147-150.
Jones LM, Brown LM, Phillips G, et al. Burn resuscitation
with fresh frozen plasma: 5 years of experience with the
West Penn formula. Austin J Emerg Crit Care Med.
2015;2(2):1019-1022.

O'Mara MS, Slater H, Goldfarb IW, Caushaj PF. A
prospective, randomized evaluation of intra-abdominal
pressures with crystalloid and colloid resuscitation in burn
patients.J Trauma. 2005;58(5):1011-1018.

Tanaka H, Matsuda T, Miyagantani Y, Yukioka T, Matsuda
H, Shimazaki S. Reduction of resuscitation fluid volumes in
severely burned patients using ascorbic acid administration:
a randomized, prospective study. Arch  Surg.
2000;135(3):326-331.

Lin J, Falwell S, Greenhalgh D, Palmieri T, Sen S. High-
dose ascorbic acid for burn shock resuscitation may not
improve outcomes. J Burn Care Res. 2018;39(5):708-712.
Kahn SA, Beers RJ, Lentz CW. Resuscitation after severe
burn injury using high-dose ascorbic acid: a retrospective
review. J Burn Care Res. 2011;32(1):110-117.

Nagal SS, Rodu CA, Kremer T, et al. Safety,
pharmacodynamics, and efficacy of high versus low dose
ascorbic acid in severely burned adults. J Burn Care Res.
2020;41(4):871-877.

Buehner M, Pamplin J, Studer L, et al. Oxalate nephropathy
after continuous infusion of high-dose vitamin C as an
adjunct to burn resuscitation. J Burn Care Res.
2016;37(4):€374-e379.

Ho G, Camacho F, Rogers A, Cartotto R. Early acute
kidney injury following major burns. J Burn Care Res.
2021;42(2):126-134.

3538

International Journal of Medicine and Public Health, Vol 16, Issue 3, July- September, 2026 (www.ijmedph.org)




25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Adibfar A, Camacho F, Rogers AD, Cartotto R. The use of
vasopressors during acute burn resuscitation.Burns.
2021;47(1):58-66.

Chung KK, Coates EC, Smith DJ, et al. High-volume
hemofiltration in adult burn patients with septic shock and
acute kidney injury: a multicenter randomized controlled
trial. Crit Care. 2017;21(1):289.

Neff LP, Allman JM, Holmes JH. The use of therapeutic
plasma exchange in the setting of refractory burn
shock.Burns. 2010;36(3):372-378.

Cochran A, Morris SE, Edelman LS, Saffle JR. Burn patient
characteristics and outcomes following resuscitation with
albumin. Burns. 2007;33(1):25-30.

Comish P, Walsh M, Castillo-Angeles M, et al. Adoption of
rescue colloid during burn resuscitation decreases fluid
administered and restores end-organ perfusion. Burns.
2021;47(8):1844-1850.

Greenhalgh DG, Cartotto R, Taylor SL, et al. Burn
resuscitation practices in North America: results of the
Acute Burn Resuscitation Multicenter Prospective Trial.
Ann Surg. 2023;277(3):512-519.

Lawrence A, Faraklas I, Watkins H, et al. Colloid
administration  normalizes  resuscitation  ratio and
ameliorates fluid creep. J Burn Care Res. 2010;31(1):40-47.
Park SH, Hemmila MR, Wahl WL. Early albumin use
improves mortality in difficult-to-resuscitate burn patients. J
Trauma Acute Care Surg. 2012;73(5):1294-1297.

Saitoh D, Gando S, Maekawa K, et al. A randomized
prospective comparison of the Baxter and Modified Brooke
formulas for acute burn resuscitation. Burns Open.
2021;5(3):89-95.

Flores E, Sanchez-Sanchez M, Gutierrez C, et al. High-dose
ascorbic acid during acute resuscitation in critically burned
patients. J Burn Care Res. 2022;43(1):149-155.

Abeoletta Y, Abdelsalam A. Volume overload of fluid
resuscitation in  acutely burned patients  using
transpulmonary thermodilution technique. J Burn Care Res.
2013;34(3):349-354.

Chen ZH, Jin CD, Chen S, et al.The application of early
goal-directed therapy in patients during the burn shock
phase.Int J Burn Trauma. 2017;7(3):27-33.

Foldi V, Csontos C, Bogar L, Roth E, Lantos J. Effects of
fluid resuscitation methods on burn trauma-induced
oxidative stress. J Burn Care Res. 2009;30(6):957-966.
Foldi V, Lantos J, Bogar L, Roth E, Weber G, Csontos C.
Effects of fluid resuscitation methods on pro- and anti-

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

50.

inflammatory cytokines and adhesion molecules after burn
injury. J Burn Care Res. 2010;31(3):480-491.

Holm C, Mayr M, Tegeler J, et al. A clinical randomized
study on the effects of invasive monitoring on burn shock
resuscitation.Burns. 2004;30(8):798-807.

Zhu Y, Yang M, Ding L, Chu G, Cheng J, Lv G. Fluid
resuscitation based on pulse contour cardiac output
monitoring is associated with improved prognosis in adult
severe burn patients: a retrospective cohort study. Ann
Palliat Med. 2021;10(10):10904-10912.

Salinas J, Chung KK, Mann EA, et al. Computerized
decision support system improves fluid resuscitation
following severe burns. Crit Care Med. 2011;39(9):2031-
2038.

Dittrich MHM, Brunow de Carvalho W, Lopes Lavado E.
Evaluation of the early use of albumin in children with
extensive burns: a randomized controlled trial. Pediatr Crit
Care Med. 2016;17(6):e280-286.

Blanco-Schweizer P, Sanchez-Ballesteros J, Bendito B, et
al. Resuscitation with albumin using the BET formula keeps
at bay fluid administration in burn patients: an observational
study. Burns. 2020;46(4):860-867.

Dittrich MHM, Hosni ND, de Carvalho WB. Association
between fluid creep and infection in burned children: a
cohort study. Burns. 2020;46(5):1036-1042.

Nakajima M, Kojiro M, Aso S, et al. Effect of high-dose
vitamin C therapy on severe burn patients: a nationwide
cohort study. Crit Care. 2019;23(1):407.

Rizzo JA, Liu NT, Coates EC, et al. Initial results of the
American Burn Association observational multicenter
evaluation on the effectiveness of the Burn Navigator. J
Burn Care Res. 2022;43(3):728-734.

Rizzo JA, Liu NT, Coates EC, et al. Comparing
resuscitation between five major burn centers using the
Burn Navigator. J Burn Care Res. 2023;44(2):446-451.
Chung KK, Blackbourne LH, Wolf SE, et al. Evolution of
burn resuscitation in Operation Iragi Freedom. J Burn Care
Res. 2006;27(5):606-611.

lvy ME, Atweh NA, Palmer J, Possenti PP, Pineau M,
D'Aiuto M. Intra-abdominal hypertension and abdominal
compartment syndrome in burn patients. J Trauma.
2000;49(3):387-391.

Oda J, Yamashita K, Inoue T, et al. Resuscitation fluid
volume and abdominal compartment syndrome in patients
with major burns. Burns. 2006;32(2):151-154.

3539

International Journal of Medicine and Public Health, Vol 16, Issue 3, July- September, 2026 (www.ijmedph.org)



