
Review

State of the Art: An Update on Adult Burn Resuscitation

Jacqueline M. Causbie 1, Lauren A. Sattler 1,2, Anthony P. Basel 1,3, Garrett W. Britton 1,3,* and Leopoldo C. Cancio 3

����������
�������

Citation: Causbie, J.M.; Sattler, L.A.;

Basel, A.P.; Britton, G.W.; Cancio, L.C.

State of the Art: An Update on Adult

Burn Resuscitation. Eur. Burn J. 2021,

2, 152–167. https://doi.org/10.3390/

ebj2030012

Academic Editors: Naiem Moiemen

and Peter M. Vogt

Received: 6 July 2021

Accepted: 5 August 2021

Published: 9 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 School of Medicine, Uniformed Services University of the Health Sciences, Bethesda, MD 20814, USA;
jacqueline.m.causbie.mil@mail.mil (J.M.C.); lauren.a.sattler.mil@mail.mil (L.A.S.);
anthony.p.basel.mil@mail.mil (A.P.B.)

2 Brooke Army Medical Center, Fort Sam Houston, TX 78234, USA
3 US Army Institute of Surgical Research, Fort Sam Houston, TX 78234, USA; Leopoldo.c.cancio.civ@mail.mil
* Correspondence: garrett.w.britton.mil@mail.mil; Tel.: +1-210-916-3301

Abstract: Treatment of patients with severe burn injuries is complex, relying on attentive fluid
resuscitation, successful management of concomitant injuries, prompt wound assessment and closure,
early rehabilitation, and compassionate psychosocial care. The goal of fluid resuscitation is to
maintain organ perfusion at the lowest possible physiologic cost. This requires careful, hourly
titration of the infusion rate to meet individual patient needs, and no more; the risks of over-
resuscitation, such as compartment syndromes, are numerous and life-threatening. Recognizing
runaway resuscitations and understanding how to employ adjuncts to crystalloid resuscitation
are paramount to preventing morbidity and mortality. This article provides an update on fluid
resuscitation techniques in burn patients, to include choosing the initial fluid infusion rate, using
alternate endpoints of resuscitation, and responding to the difficult resuscitation.

Keywords: burn; shock; resuscitation; colloid; crystalloid

1. Introduction

According to Dr. Basil A. Pruitt, Jr., the goal of fluid resuscitation is to maintain organ
perfusion at the lowest possible cost, which relies on careful, hourly titration of the infusion
rate to meet individual patient needs, and no more [1]. The risks of over-resuscitation are
significant, including compartment syndrome, pulmonary edema, gastrointestinal dysfunc-
tion, impaired wound healing, and many more. Recognizing a runaway resuscitation and
understanding how to employ adjuncts to crystalloid-based resuscitation are paramount to
reducing the morbidity and mortality associated with burn shock. This article provides an
overview of current practice in burn shock resuscitation.

2. Overlapping Phases of Care

Burn injury represents a complex disease pattern with life-long effects not limited to
the cutaneous injuries. The phases of burn care include the initial resuscitation, definitive
wound management, and rehabilitation of the physical and psychological injuries. These
phases of care should not be approached in a linear fashion; rather, they should be seen
as overlapping phases that must all begin within the first postburn day (Figure 1). In
other words, although the main effort on days one and two postburn is directed at initial
assessment and fluid resuscitation as described in this article, wound care and rehabilitation
management must also begin during this period.
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Figure 1. Overlapping phases of burn care. 

3. Pathophysiology of Burn Shock 
Burn injuries involving 20% or more of the total body surface area (TBSA), or 10% 

TBSA in children or the elderly, are likely to result in burn shock. This is a complex phe-
nomenon that features the following major features: (1) increased microvascular permea-
bility, causing the loss of fluid similar to plasma from the intravascular space into the 
interstitium, resulting in hypovolemic shock; (2) massive release of catecholamines, caus-
ing increased systemic vascular resistance; and (3) a variable degree of myocardial dys-
function. Collectively, these three processes contribute to decreased cardiac output and 
decreased end-organ perfusion. The mainstay of resuscitation is correction of hypovo-
lemic shock by replacement of intravascular volume with intravenous crystalloid solu-
tion, augmented when needed by intravenous colloid solution. During the resuscitation 
period, which takes about 48 h to complete, a patient will pass through three phases with 
respect to hemodynamics. Successful management depends on understanding this trajec-
tory (Table 1). 

Table 1. Time course of key variables during a typical successful resuscitation. 

Scheme 
Postburn 

Hour Cardiac Output SVR Plasma Volume Urine Output 
Fluid Infusion 

Rate 

1 0–12 
Rapidly reaches 

nadir 
Rapidly reaches 

peak 
Decreases at its most 

rapid rate 
Oliguria is com-

mon 
May peak at 

hour 8–10 

2 12–36 
Slightly less than 

normal 
Decreases to-
wards normal 

Nadir at hour 12–18, 
then slowly increases Adequate Slowly decreases 

3 36-beyond Supranormal Subnormal Normal 
Often above tar-

get 
Reaches a 

maintenance rate 
SVR, systemic vascular resistance. Adopted from Cancio, L.C. Initial management and resuscitation. In Essential Burn Care 
for Non-Burn Specialists, Lee, J., Ed.; Springer Nature: Cham, Switzerland, in press. 

A complex interplay of inflammatory mediators steers the body’s transition through 
these phases in the response to injury. The immediate release of histamine and leukotri-
enes brings about peripheral vasodilation and contributes to the early drop in cardiac out-
put that occurs even before significant plasma volume is lost. Damage-associated molec-
ular patterns (DAMPs) activate local and systemic inflammatory responses. Release of re-
active oxygen species, cytokines, prostaglandins, and other mediators follows. The most 
rapid period of plasma volume loss occurs in the immediate postburn hours, reflecting a 
derangement of all of the Starling forces that mediate transvascular fluid flux, to include 
an increase in microvascular permeability. This occurs both in burned and, in larger burns 
(>25% TBSA), unburned tissue as well; the latter reflects the systemic effects of inflamma-

Figure 1. Overlapping phases of burn care.

3. Pathophysiology of Burn Shock

Burn injuries involving 20% or more of the total body surface area (TBSA), or 10%
TBSA in children or the elderly, are likely to result in burn shock. This is a complex
phenomenon that features the following major features: (1) increased microvascular per-
meability, causing the loss of fluid similar to plasma from the intravascular space into
the interstitium, resulting in hypovolemic shock; (2) massive release of catecholamines,
causing increased systemic vascular resistance; and (3) a variable degree of myocardial
dysfunction. Collectively, these three processes contribute to decreased cardiac output and
decreased end-organ perfusion. The mainstay of resuscitation is correction of hypovolemic
shock by replacement of intravascular volume with intravenous crystalloid solution, aug-
mented when needed by intravenous colloid solution. During the resuscitation period,
which takes about 48 h to complete, a patient will pass through three phases with respect
to hemodynamics. Successful management depends on understanding this trajectory
(Table 1).

Table 1. Time course of key variables during a typical successful resuscitation.

Scheme Postburn
Hour

Cardiac
Output SVR Plasma Volume Urine Output Fluid Infusion

Rate

1 0–12 Rapidly reaches
nadir

Rapidly reaches
peak

Decreases at its most
rapid rate

Oliguria is
common

May peak at hour
8–10

2 12–36 Slightly less
than normal

Decreases
towards normal

Nadir at hour 12–18,
then slowly increases Adequate Slowly decreases

3 36-beyond Supranormal Subnormal Normal Often above
target

Reaches a
maintenance rate

SVR, systemic vascular resistance. Adopted from Cancio, L.C. Initial management and resuscitation. In Essential Burn Care for Non-Burn
Specialists, Lee, J., Ed.; Springer Nature: Cham, Switzerland, in press.

A complex interplay of inflammatory mediators steers the body’s transition through
these phases in the response to injury. The immediate release of histamine and leukotrienes
brings about peripheral vasodilation and contributes to the early drop in cardiac output that
occurs even before significant plasma volume is lost. Damage-associated molecular patterns
(DAMPs) activate local and systemic inflammatory responses. Release of reactive oxygen
species, cytokines, prostaglandins, and other mediators follows. The most rapid period
of plasma volume loss occurs in the immediate postburn hours, reflecting a derangement
of all of the Starling forces that mediate transvascular fluid flux, to include an increase
in microvascular permeability. This occurs both in burned and, in larger burns (>25%
TBSA), unburned tissue as well; the latter reflects the systemic effects of inflammatory
mediators. It also reflects hypoproteinema, whereby loss of intravascular protein decreases
the plasma oncotic pressure, worsening the systemic capillary leak and further promoting
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the formation of tissue edema. Plasma volume reaches its nadir around hours 12–18
postburn, and then with resuscitation gradually returns to normal at around postburn hour
48. Blood volume reaches a nadir at the same time as plasma volume, but typically does
not return to baseline (reflecting red blood cell destruction—see below). Massive release
of catecholamines begins during burn shock (and is sustained throughout the hospital
stay); in the early postburn period this results in an increase in systemic vascular resistance
(SVR). During the latter half of the first postburn day, with activation of inducible nitric
oxide synthase (iNOS), peripheral vasodilation overcomes the effect of catecholamines on
SVR [2–5]. Microvascular permeability begins to be repaired, at least in unburned tissue,
during the first postburn day. At the end of a successful resuscitation, a patient with major
burn injury is typically hyperdynamic, with a supranormal cardiac output, tachycardia in
the range of 100–120/min (in adults), and a low SVR.

Studies have demonstrated a phenotype of burn shock involving reduced cardiac per-
formance that is not responsive to fluid resuscitation alone. This burn-mediated myocardial
injury is thought to be due to impaired isovolumic relaxation and decreased left ventricular
contractility caused by release of potent negative inotropic mediators. The phenomenon
was best demonstrated in ex-vivo small-animal models, in which the coronary arteries
of the isolated heart are perfused in a retrograde fashion (Langendorff preparation). In
otherwise healthy human patients with burns, the effects of circulating catecholamines
usually mask any defect in intrinsic myocardial contractility. On the other hand, older or
medically unfit burn patients may indeed fail to respond to injury in the expected fashion
and may require additional monitoring and inotropic support [6].

Recognition of complex interactions at the endothelial level has led to a revision of
the traditional Starling model of transvascular fluid flux. The endothelial glycocalyx (EGL)
is a complex composed of proteoglycans and glycoproteins that play a pivotal role in
maintaining homeostatic balance between the intravascular and extravascular spaces [7].
Physiologic insults cause degradation of the EGL, but evidence suggests that certain
resuscitation fluids, such as plasma, promote EGL integrity and thus better maintain
intravascular volume. The EGL is therefore the focus of a number of ongoing studies
regarding burn shock and resuscitation [8].

4. Initial Assessment

Upon presentation, burn-injured patients must receive a thorough evaluation. Con-
comitant mechanical trauma occurs in 5–40% of burn patients, is associated with increased
mortality, and should be addressed in a standard fashion while also treating the burn in-
jury [9–14]. Incidence of accompanying traumatic injuries is much higher in burn patients
with certain mechanisms of injury, such as motor-vehicle collisions, military combat, and
jumping from a burning building [11,14–17].

Endotracheal intubation should be performed for all patients with burns >40% total
body surface area (TBSA), regardless of anatomic location, since patients with larger burns
are at risk of airway loss secondary to massive edema formation. Although patients with
extensive facial burns and those with inhalation injury should be considered for intubation
on a case-by-case basis, prophylactic intubation, especially before interfacility ground
or air transport, is often prudent. Carbon monoxide and/or cyanide toxicity should be
considered (and the carboxyhemoglobin level measured), especially in patients whose
presentation or mechanism suggests exposure to smoke [18–21]. In the absence of carbon
monoxide poisoning, efforts should be made to avoid hyperoxygenation [22].

5. Resuscitation Calculations

Calculation of the resuscitation fluid rate includes estimating the %TBSA covered by
partial- or full-thickness burns utilizing methods such as Lund–Browder charts (Figure 2),
the rule of 9 s, and the rule of hands. Accuracy suffers with the rule of 9 s and when burns
are scattered or irregularly shaped, and improves when using a modified Lund–Browder
chart and when calculations are performed by an experienced practitioner [23–26]. The
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development of three-dimensional computer modeling systems provides another strategy
for calculating burn size. These programs construct a model based on input variables
(height, BMI, gender, etc.) or scans of the actual patient, on which clinicians mark the
locations of burns. They have been shown to accurately calculate burn size, but widespread
implementation is limited by the need to calculate %TBSA expeditiously, often outside a
burn unit, in order to initiate resuscitation [27–29].
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Figure 2. Lund–Browder Diagram used to document location of burns and to calculate %TBSA *.
From Driscoll LR et al. Burn Care Clinical Practice Guideline. Available online: https://jts.amedd.
army.mil/index.cfm/PI_CPGs/cpgs (accessed on 25 June 2021).

There are several formulas to predict fluid resuscitation needs; the key is that these are
estimates and that the infusion rate must be adjusted hourly based on individual responses.
The modified Brooke formula predicts a conservative volume of 2 mL/kg/%TBSA of
lactated Ringer’s solution (LR) over the first 24 h, with 50% of the total amount programmed
for delivery during the first 8 h. The most frequently used is the Parkland formula,
which estimates 4 mL/kg/%TBSA [2,30–34]. The original rationale for the higher dose
prescribed by the Parkland formula was the theory that more rapid correction of a patient’s
extracellular sodium deficit during shock would result in better outcomes. In 2008, the
American Burn Association (ABA) published a “consensus” formula of 2–4 mL/kg/%TBSA
based on the modified Brooke and Parkland formulas, respectively [4,31,35–37]. In 2019,
the ABA included the Rule of 10 for adult burn resuscitation as part of disaster management
guidance [38].

The Rule of 10 for adults, developed at the US Army Burn Center, estimates the
initial infusion rate (in mL/h of LR) as 10× %TBSA, with an additional 100 mL/h for
every 10 kg of body weight above 80 kg (Figure 3). For adult patients between 40 and
130 kg, this reliably produces an initial rate that falls within the Brooke and Parkland
recommendations [39–41]. Many attempts have been made to improve upon existing
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equations by incorporating additional variables and calculations with the goal of accurately
predicting ongoing fluid needs [42–46]. The Rule of Ten, however, was developed in
response to calls for a simplified burn resuscitation formula that emphasizes the importance
of precise titration over complex equations, minimizes recall and calculation errors, and is
rapidly implemented during an emergency without delaying care [4,32,47–49].
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6. Endpoints of Resuscitation

The treatment of burn shock requires the judicious infusion of crystalloid and colloid
solutions in order to replace ongoing plasma volume losses and to defend against hypov-
olemic shock. Although the initial rate of fluid infusion is calculated based on burn size and
patient weight as described above, the rate must subsequently be adjusted, often hourly,
based on physiologic response. The primary indicator of the adequacy of resuscitation
is the urine output (UOP), but other variables, including the heart rate, blood pressure,
lactate, base deficit, and mental status, must be considered simultaneously [50].

The UOP goal is 30–50 mL/h in adults or 0.5–1 mL/kg/h, recognizing that the latter
target may be excessive for many adults [30,34,35,51]. On the other hand, patients with
gross pigmenturia, i.e., myoglobinuria or hemoglobinuria, require a higher UOP target—
typically 70–100 mL/h. Complementary methods of monitoring hemodynamic status
and perfusion should be considered for all patients, particularly those with comorbidities
including renal, hepatic, or cardiovascular disease, the elderly, and in difficult resuscita-
tions [35,52–55]. A variety of measurements have also been evaluated as alternatives to
UOP, without identification of consistently superior performance [33,54–56].

Base excess and lactate, as well as the correction rate thereof, are reliable predictors
of mortality [57–59]. However, these variables are not specific to burn shock alone, and
lactate may remain elevated despite adequate resuscitation due to impaired hepatic or
renal clearance, cyanide toxicity, or the infusion of epinephrine [33,35,60–62].

Small studies have demonstrated the usefulness of trending hemoglobin and hemat-
ocrit as markers of resuscitative efforts. Hemoconcentration is a common response to burn
shock, and the resolution thereof can be used to evaluate the response to therapy. One
study found that a lower hematocrit level (45% vs. 55%) was associated with increased
urine output and decreased base deficit at 24 h, and a lower incidence of complications and
of mortality [63]. This approach to monitoring must be tempered by the fact that patients
with deeper burns may experience a decrease in hematocrit secondary to hemolysis.

Advanced hemodynamic monitoring is an expanding field of critical care of which
some technologies have been studied in burn shock and some have not. Advanced hemody-
namic monitoring generally includes modalities such as pulmonary artery catheterization,
transpulmonary thermodilution (LiDCO, PiCCO), pulse-contour analysis of the arterial
waveform, and echocardiographic evaluation [64]. Two meta-analyses have evaluated
mortality with hemodynamic monitoring compared to UOP, and did not demonstrate a
conclusive decrease in mortality [56,65]. Davenport et al. also reported “improved” UOP
with hemodynamic monitoring, but three of five studies reported UOP in the hemodynamic
monitoring group above 0.5–1 mL/kg/h, compared to only one above the goal in the UOP
group.
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Not all hemodynamic metrics are equally effective at guiding resuscitation. Improve-
ments in cardiac and oxygen transport rate correlate more closely with intrathoracic blood
volume index (ITBVI) than central venous pressure (CVP) or pulmonary capillary wedge
pressure (PCWP), suggesting that the former may be a better representation of preload [66].
Paratz et al. noted that studies using preload tended to report increased or unchanged
resuscitation volumes, while one study that used stroke volume variability reported de-
creased total volumes. This supports the assertion by Pham et al., that targeting preload
contributes to over-resuscitation. Rather, “permissive hypovolemia”, in which a low or
low–normal preload is targeted, may help mitigate this [35,56,67,68].

Point of care ultrasound (POCUS) can also be a valuable adjunct to determine in-
travascular volume status and fluid responsiveness. One meta-analysis of eight studies
found the sensitivity and specificity of inferior vena cava (IVC) respiratory variation to be
0.76 and 0.86, respectively, in predicting fluid responsiveness. IVC variation is subject to
extrinsic forces and must be interpreted carefully [69]. Cardiac output measurement by ul-
trasonography may provide additional assessment of preload status, though transthoracic
echocardiography can be very challenging in burn-injured patients due to burns to the chest
that interfere with image acquisition. Hemodynamic transesophageal echocardiography
(hTEE) provides a low-risk means to monitor cardiac preload and contractility real-time
throughout the resuscitative period [64].

7. Adjuncts to Resuscitation

Though volume resuscitation in burn shock primarily includes crystalloid fluid solu-
tions such as LR, other fluids are often used as resuscitation adjuncts, primarily to “rescue”
a patient who is receiving an excessive volume [70]. Of these fluids, albumin and plasma
are the most frequently used in clinical practice [71–76]. Pruitt et al. reported in 1971 that
varying doses of colloid provided during the first 24 h postburn had no apparent effect
on the rate of plasma volume loss. This prompted the elimination of albumin from the
modified Brooke formula during the first postburn day [77]. Goodwin and colleagues then
conducted a randomized controlled trial comparing crystalloid vs. crystalloid and albumin,
during the first 24 h postburn. These authors found an increase in extravascular lung water
in the colloid group, but also reported that the colloid group received a lower resuscita-
tion volume than the crystalloid group [78]. Demling and colleagues, in an ovine model,
documented a decrease in the lymph flow rate and in the lymph-to-plasma protein ratio
beginning around 8–12 h postburn in unburned tissue [79] This suggests that increased
microvascular permeability to protein begins to resolve at that timepoint, and implies that
colloid becomes more effective than crystalloid as a volume expander thereafter.

Several recent studies have suggested that colloid is useful in decreasing total fluid
administration, thereby reducing the risk of “fluid creep,” edema formation, and com-
partment syndrome, especially when started on an as-needed basis later during the first
postburn day. But there is little consensus with respect to indications or dosing, and use of
colloid has not been demonstrated to have a mortality benefit [8,55,70,80–82]. The approach
to colloid rescue currently utilized at the US Army Burn Center is offered in Figure 4.
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Investigation is ongoing into the use of plasma, with some evidence suggesting
that its use may result in reduction of resuscitation volumes by reversing glycocalyx
damage [8,55,76,80,83]. High-dose ascorbic acid has also been associated with reducing
total resuscitation volumes, but without demonstration of mortality benefit to date, and
some evidence of increased risk of renal injury via oxalate nephropathy [73–75].

The gastrointestinal (GI) tract has been evaluated as an alternate route for fluid
administration during burn shock. Historically, oral or enteral resuscitation has been
performed mainly in resource-limited settings or mass casualty events [31,84,85]. Based on
extensive experience with oral resuscitation of patients with cholera using the World Health
Organization oral rehydration salt solution, it is reasonable to expect similar efficacy in burn
patients. More research is needed to further define how best to employ GI resuscitation in
burns.

Burn injury results in massive catecholamine release resulting in increased vascu-
lar tone and vasoconstriction, which complicates the use of vasopressors in this patient
population. Recognizing that the main reason for hypotension during burn shock is hy-
povolemia, vasopressors should be used if hemodynamic instability persists in spite of
efforts to provide adequate preload [86,87]. A recent retrospective review of 52 patients
performed by Adibafar et al. revealed that vasopressors were more commonly used in
patients who were older and had larger burns as well as a higher incidence of inhalation
injury and use of mechanical ventilation [88]. However, the authors did not identify any
significant difference in albumin use or in total volume of resuscitation at 24 h. When
considering implementation of vasopressors, other causes of shock must be considered,
such as identification of cardiomyopathy so as to tailor therapies, i.e., initiation of inotropic
support versus increasing afterload [77].

High-volume hemofiltration (HVHF) is thought to mitigate cytokine-driven vascu-
lopathy and has demonstrated promise in retrospective data analysis with respect to
reduction of vasopressor requirements in septic shock and in burn-injured patients [89–93].
Studies are ongoing regarding application of HVHF in the treatment of burn shock as a
volume-sparing adjunct.

Lastly, computerized decision-support systems have been designed and implemented
wherein data such as urine output and resuscitation fluid rate are inputted hourly and,
utilizing advanced modeling, a fluid rate for the next hour is recommended. These burn
resuscitation decision-support systems (BRDSS) have been shown to decrease resuscitation
volumes and are associated with decreased ventilator days and hospital mortality [94]
(Figure 5). BRDSS may help identify appropriate use of adjuncts to mitigate the risk
of complications associated with over-resuscitation. It may also reduce the tendency to
tolerate UOP above the goal, by reassuring clinicians who may otherwise have hesitated to
decrease the fluid rate [55].
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organ perfusion, and eventually organ failure and death. Over-resuscitation increases the
risk of massive edema formation, causing elevated compartment pressures including the
abdominal, ocular and extremity compartments, conversion of superficial to deep burns,
and acute respiratory distress syndrome (ARDS). Over-resuscitation is recognized as a
frequent hazard even in burn units with experienced staff. Interestingly, this appears to
be a relatively recent phenomenon. Earlier literature reports that the Parkland formula
accurately predicts total resuscitation volume, while more recent data reflect Parkland as
almost always underestimating total volumes [24,33,35,37,52,54,95]. Possible mechanisms
include increasing use of opioids and sedatives that counter the stress response and pro-
mote vasodilation, increasing proportion of patients with large burns, more intravenous
fluids in the prehospital setting, decreased use of colloids, overestimation of burn size and
depth, higher rates of comorbidities, and use of alternate endpoints that require higher
volumes to normalize. Clinicians also tend to increase fluids without hesitation when
endpoints are below the goal, but tolerate parameters above the goal without decreasing
fluid rate. This preference for erring on the side of more fluids is exacerbated by monitor-
ing multiple endpoints since one parameter dipping below the goal may precipitate an
increase in the fluid rate, even if all others are within the goal range [8,35,54]. Appropriate
titration of fluids, use of adjuncts, ensuring accurate %TBSA calculation, and judicious
use of medications with hemodynamic effects can all help avoid or mitigate the effects of
over-resuscitation.

The following complications may be seen during resuscitation. Avoidance of over-
resuscitation will likely prevent the worst of these problems.

Thoracic eschar syndrome occurs when thoracic compliance is impaired due to large
areas of eschar resulting in decreased chest excursion and increased inspiratory pressure,
which may progress to cardiopulmonary arrest if not promptly treated. Treatment is urgent
escharotomy of the chest [96].

Extremity eschar syndromes are caused by tight, inelastic eschar encircling an ex-
tremity, with progressive edema formation in the subjacent tissue. They are diagnosed
by hourly Doppler flowmetry of distal pulses. By elevating burned extremities above the
level of the heart during burn shock resuscitation, transvascular hydrostatic pressure and
the risk of this syndrome can be reduced but not eliminated. Treatment is escharotomy of
circumferential full-thickness burns of involved limbs, hands, and/or fingers.

Both thoracic and extremity escharotomies are usually done at the bedside under
semi-sterile conditions using intravenous sedation and electrocautery.

Extremity intramuscular compartment syndromes are caused by edema within the
investing fascia and should not be confused with extremity eschar syndromes. Performance
of an extremity escharotomy does not guarantee that the patient will not develop an
intramuscular compartment syndrome requiring operative fasciotomy. Thus, continued
monitoring of the extremities even after an escharotomy is mandatory [97].

Abdominal compartment syndrome (ACS) is more likely to occur when 24 h fluid
resuscitation exceeds 250 mL/kg. Abdominal compartment syndrome is heralded by
intra-abdominal hypertension, diagnosed by measurement of bladder pressures. Treatment
includes paracentesis and/or decompressive laparotomy. Death is likely in burn patients
who develop ACS, despite laparotomy, due to loss of domain and inability to close the
abdomen. Thus, ACS must be avoided by infusing less than 250 mL/kg [98].

Orbital compartment syndrome (OCS) is also common in patients following large-
volume resuscitation, but can occur within hours of injury in patients with deep burns
of the periorbital region. Immediate ophthalmology consultation for these patients is
indicated. Diagnosis of OCS is by measurement of intraocular pressures using a tonometer.
Treatment is lateral canthotomy and cantholysis [99].

9. Pitfalls of Resuscitation

A number of conditions can complicate burn resuscitation (Table 2). Elderly burn
patients have increased mortality and complication rates, and optimizing their care presents
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a number of challenges [20,100–102]. Age has most frequently been associated with an
increased volume requirement during resuscitation (although Benicke et al. did note a non-
significant decrease), likely driven by decreased physiologic reserve as well as pre-existing
hypovolemia and hypoproteinemia from poor oral intake [42,100,101]. Decreased baseline
cardiac and pulmonary function renders elderly patients more susceptible to sequelae
of volume overload, so hemodynamic monitoring should be used in concert with UOP
to optimize perfusion and cardiac function [99–102]. Nutrition management should be
aggressive since pre-existing malnutrition, presbyphagia, and anorexia combine with age-
related changes in immune function and skin proliferation to compromise healing capacity.
Placement of a Dobhoff tube should be considered in patients who are unable to meet calorie
or protein requirements [100–104]. Pain and anxiety control, judicious use of sedation,
early rehabilitation, and delirium precautions mitigate deconditioning [100,101,105].

Table 2. Common pitfalls of resuscitation.

Resuscitation Pitfalls

Advanced age
Obesity

Existing cardiomyopathy
Renal failure

Osmotic diuresis (glycosuria, alcohol consumption)
Active hemorrhage

Inhalation injury
Mechanical Ventilation

Obesity has frequently been associated with increased mortality and complication
rates in burn patients [44,106–111]. However, when patients are stratified by class of obesity,
there is evidence for a mortality benefit in mild obesity, although some smaller studies
have failed to replicate this effect [112–114]. Methods for calculating burn size have been
adjusted to account for body proportions of obese patients, but these have not been shown
to result in significantly different calculations for most patients [44,114,115]. Overestimation
of volume requirements when using actual body weight prompted the use of ideal body
weight, but this led to underestimation [43,44]. Lindsey et al. demonstrated improved
outcomes using an adjusted ideal body weight, but the benefit may be attributable using
plasma, or to developments in practice over time, since historical controls were used [45].
Another proposed way to help optimize care is to admit obese patients to a burn unit
regardless of whether they otherwise meet criteria [111].

Oliguric or anuric renal failure should prompt use of alternate endpoints for resus-
citation. If acute, conversion to nonoliguric renal failure may be attempted with forced
diuresis. The prevalence of acute kidney injury (AKI) in burn patients is a matter of some
controversy. At the US Army Burn Center, Clemens et al. documented AKI of KDIGO
Stage 1 or higher in 48% of 830 mechanically ventilated burn patients. AKI was an in-
dependent predictor of mortality in that study [116]. Prior to routine use of continuous
renal replacement therapy (CRRT), burn-injured patients who developed an indication
for renal replacement therapy demonstrated 50% to 90% mortality [117]. CRRT is now
widely utilized and appears to be associated with a significant reduction in mortality in
septic burn patients, but its utility in burn shock is unknown [118]. The managing team
must also be wary of UOP that seemingly meets the goals of resuscitation but the patient
demonstrates signs of hypoperfusion, as may occur in the setting of glucosuria or alcohol
intoxication [119].

It has been demonstrated that the presence of inhalation injury may increase the
total volume required for fluid resuscitation during burn shock. More recently, studies
have suggested that the use of mechanical ventilation increases the resuscitation volume
independent of concomitant inhalation injury. Mechanical ventilation increases intratho-
racic pressure, thereby reducing venous return and increasing right ventricular afterload.
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This results in decreased left ventricular preload and diminished cardiac output [120].
In addition, mechanical ventilation is associated with biotrauma and systemic release of
inflammatory mediators. It is possible that this also contributes to increased resuscitative
fluid requirements during burn shock [121].

10. Analgesia and Sedation

Due to the painful nature of burn injuries and the need for invasive procedures, careful
attention must be paid to managing analgesia and sedation so as to provide appropriate
analgesia while avoiding hemodynamic compromise, delirium, and over-sedation. Because
of the vasodilatory and sympatholytic properties of many analgesic and sedative medica-
tions, the hemodynamic effects of each medication must be scrutinized [122]. For example,
the term ‘opioid creep’ has been used to attribute increased fluid resuscitation volumes to
the overuse of narcotics during burn shock [123,124]. Ketamine has been shown to have an
opiate-sparing effect in burn-injured patients, and a favorable hemodynamic profile (short
of the anesthetic induction dose) in most patients with shock [125,126]. A multi-modal
regimen is preferred so as to limit dose-dependent effects and to target multiple pain-
transducing pathways [127]. It is also important to note alterations of pharmacokinetics
and pharmacodynamics. The resuscitative phase is associated with changes in medication
distribution, metabolism and availability. Plasma loss and decreased glomerular filtration
rate result in a decreased volume of distribution, slower rate of distribution, and decreased
drug clearance [128,129]

11. Wound Management during Resuscitation

As soon as possible after admission to the burn center, and while active resuscitation
is ongoing, thorough debridement of nonviable tissue, debris, blistered skin, and exudate is
performed. Significant variability in wound care management exists across burn centers; a
surgical antiseptic such as chlorhexidine gluconate 4.0% should be used [30,34]. At the US
Army Burn Center, debridement is done in a specially designed, temperature-controlled
shower room. In other facilities, the operating theater is used for this purpose, but general
anesthesia should be performed with care during burn shock. Following debridement, a
topical antimicrobial is applied. A variety of topical agents are available. A good choice
for patients with extensive burns is application of mafenide acetate cream in the morning,
alternating with silver sulfadiazine cream in the evening. An option for patients with
clean wounds is a silver-impregnated dressing such as silver nylon. In several countries, a
combination of cerium nitrate and silver sulfadiazine cream (Flammacerium) is available.
The cerium component is proposed to have immune-enhancing and anti-inflammatory
effects, and also generates a tough protective layer of eschar. Daily assessment and cleaning
of the burn wounds is paramount so as limit the risk of wound infection [20]. Patients with
deep partial and/or full-thickness burns are prepared for operative excision and grafting,
typically beginning as soon as the first postburn day if hemodynamic stability has been
achieved.

12. Rehabilitation during Resuscitation

Physical and occupational rehabilitation must start as early as possible so as to pro-
mote favorable long-term outcomes, particularly in the most severely injured patients.
Early mobilization may prove challenging in critically ill burn patients due to hemody-
namic instability and interventions such as renal replacement therapy (RRT), mechanical
ventilation, and deep sedation. Despite these challenges, our practice at the US Army Burn
Center is for a burn rehabilitation therapist to perform initial evaluation within 24 h of
admission for all burn patients and initiate early interventions. Thus, rehabilitation is a
fundamental component of burn care, even during active resuscitation.

Rehabilitation interventions include elevation of burned extremities so as to reduce
the risks of eschar and compartment syndrome following resuscitation, limb range-of-
motion exercises and frequent re-positioning to reduce edema and the risk of contractures,
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as well as to optimize mobility and function [130]. Therapy should be escalated as the
patient becomes increasingly able to participate [20,131]. More intensive interventions
prepare patients for ambulation and include sitting position, sitting at the edge of bed,
positioning via tilt table, and use of assistive devices [132]. Behavioral health providers
should be involved early in the care of burn patients and this care should continue after
discharge [20].

Nutritional support must also commence as soon as possible. Because of postburn hy-
permetabolism, patients with burn size >30% TBSA can rarely meet their nutritional needs
by mouth. Thus, they routinely receive a Dobhoff feeding tube (placed post-pylorically if
possible) with a goal of initiating enteral nutrition by the 24th postburn hour.

13. Conclusions

Care for the acute burn patient is complex and requires prompt wound assessment, as
well as evaluation for other concomitant injuries, such as inhalation injury and traumatic
wounds. Subsequent phases of burn management include aggressive volume administra-
tion utilizing one of the multiple available resuscitation formulas. Administration of colloid
should be considered in the setting of massive fluid resuscitation or failed resuscitation,
and vasopressors should be used judiciously to preserve mean arterial pressure. Proper
selection of adequate analgesia and sedation is required to facilitate frequent wound care.
Monitoring for complications of resuscitation is important, particularly life-threatening
complications such as compartment syndrome. Further study is required to elucidate the
mechanism of and role for resuscitation adjuncts, such as colloids, oral resuscitation and
renal replacement therapy.
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