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INTRODUCTION 

Burn injuries are a significant source of morbidity and 

mortality worldwide, necessitating specialized care that 

extends beyond initial resuscitation to encompass 

perioperative management during surgical interventions. 

The unique pathophysiological alterations in burn 

patients, including extensive fluid shifts, capillary leak 

syndrome, and hypermetabolism, present considerable 

challenges in the context of general surgery. Effective 

fluid management is paramount in mitigating the risks of 

hypovolemia, tissue hypoperfusion, and subsequent organ 

dysfunction.1,2 

The Parkland formula has traditionally served as a 

cornerstone for initial fluid resuscitation in burn patients, 

guiding the administration of crystalloids based on body 

weight and total body surface area (TBSA) affected by 

burns. However, this formula may not fully address the 

nuanced needs of patients undergoing surgical 

procedures, necessitating a more dynamic and 

individualized approach. Advanced hemodynamic 

monitoring techniques, such as pulse contour analysis and 

transpulmonary thermodilution, offer valuable insights 

into the patient's fluid status and cardiac function, 

enabling tailored fluid therapy that aligns with 

intraoperative and postoperative requirements.3,4 

ABSTRACT 

 

Fluid management in burn patients undergoing general surgery poses unique challenges due to the complex 

pathophysiological changes associated with burn injuries. Effective resuscitation and perioperative fluid therapy are 

critical in optimizing outcomes and minimizing complications in this vulnerable patient population. This review 

explores the latest evidence-based approaches to fluid management in burn patients, emphasizing the importance of 

individualized strategies that consider burn size, depth, patient age, comorbidities, and surgical factors. We examine 

the role of advanced hemodynamic monitoring, crystalloid versus colloid solutions, and the integration of goal-

directed therapy protocols. Additionally, we discuss the implications of burn-related complications such as systemic 

inflammatory response syndrome (SIRS), sepsis, and multi-organ dysfunction on fluid management strategies. By 

synthesizing current research and clinical guidelines, this review aims to provide a comprehensive framework for 

clinicians to enhance perioperative care in burn patients undergoing general surgery. 
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This review delves into the complexities of fluid 

management in burn patients undergoing general surgery, 

highlighting the latest advancements and evidence-based 

practices. We explore the comparative efficacy of 

crystalloid and colloid solutions, the utility of albumin 

and hypertonic saline, and the integration of goal-directed 

therapy (GDT) protocols to optimize fluid resuscitation 

and maintenance. Additionally, we examine the interplay 

between burn-induced systemic inflammatory response 

syndrome (SIRS), sepsis, and multi-organ dysfunction 

syndrome (MODS) on fluid management strategies.5,6 By 

providing a detailed analysis of current research and 

clinical guidelines, this review aims to equip healthcare 

providers with a robust framework for enhancing 

perioperative care in burn patients. Through the 

application of advanced fluid management strategies, 

clinicians can improve surgical outcomes, reduce 

complications, and ultimately contribute to the overall 

recovery and well-being of burn patients.7,8 

EPIDEMIOLOGY OF FLUID MANAGEMENT IN 

BURN PATIENTS UNDERGOING GENERAL 

SURGERY 

Burn injuries are a major public health issue globally, 

with significant variability in incidence and outcomes 

based on geographic, socioeconomic, and demographic 

factors. Annually, millions of people suffer from burns 

that require medical attention, and a substantial 

proportion of these patients necessitate surgical 

intervention during their treatment course. Effective fluid 

management in burn patients is a critical component of 

perioperative care, given the unique pathophysiological 

challenges these patients face.7,8 

GLOBAL INCIDENCE AND DEMOGRAPHICS 

The World Health Organization (WHO) estimates that 

burns account for approximately 180,000 deaths each 

year, with the majority occurring in low- and middle-

income countries (LMICs). The incidence of burn injuries 

is highest in Southeast Asia, Africa, and the Eastern 

Mediterranean regions. Children and young adults 

represent a significant portion of the burn patient 

population, with children under five years being 

particularly vulnerable due to their higher body surface 

area to weight ratio, which predisposes them to more 

severe fluid shifts and higher mortality rates.9,10 

HOSPITALIZATION AND SURGICAL 

INTERVENTIONS 

In high-income countries, advances in burn care have 

significantly improved survival rates for patients with 

extensive burns, resulting in an increased number of 

patients undergoing surgical procedures. These surgeries, 

ranging from excision and grafting to reconstructive 

procedures, necessitate meticulous perioperative fluid 

management to ensure optimal outcomes. In the United 

States alone, the American Burn Association (ABA) 

reports that approximately 40,000 patients are 

hospitalized annually due to burn injuries, with a 

considerable subset requiring surgical intervention. The 

ABA National Burn Repository data highlights that 

adults aged 20-40 years and children under five are the 

most frequently hospitalized age groups for burns.11,12 

PATHOPHYSIOLOGICAL CONSIDERATIONS 

Burn injuries induce profound systemic responses, 

including inflammatory and hypermetabolic states that 

significantly alter fluid dynamics. The extent and depth 

of burns dictate the severity of capillary permeability 

changes, leading to massive fluid shifts from the 

intravascular to the interstitial compartments. These shifts 

necessitate aggressive initial fluid resuscitation, typically 

guided by formulas such as the Parkland formula, which 

recommends 4 ml/kg TBSA of lactated Ringer's solution 

for the first 24 hours post-burn. However, the formula 

serves as a guideline, and fluid needs must be 

continuously reassessed to prevent both under-

resuscitation and fluid overload.13,14 

PERIOPERATIVE FLUID MANAGEMENT 

CHALLENGES 

Burn patients undergoing general surgery present unique 

challenges due to their altered physiological state. The 

systemic inflammatory response syndrome (SIRS) 

induced by severe burns can complicate perioperative 

fluid management by causing capillary leak and 

vasodilation, which may persist for weeks after the initial 

injury. The risk of sepsis further complicates the clinical 

picture, as septic patients often exhibit complex fluid and 

electrolyte imbalances. Additionally, burn patients are 

prone to developing acute kidney injury (AKI) due to 

hypovolemia and nephrotoxic medications, necessitating 

careful monitoring and adjustment of fluid therapy.15,16 

IMPACT OF BURN SIZE AND DEPTH 

The size and depth of the burn injury critically influence 

fluid management strategies. Patients with burns covering 

more than 20% of the TBSA require particularly careful 

fluid resuscitation to maintain adequate tissue perfusion 

and prevent shock. Full-thickness burns exacerbate the 

challenge, as they involve deeper tissue destruction and 

greater fluid losses. The evolving understanding of burn 

wound pathophysiology underscores the need for 

individualized fluid resuscitation protocols that account 

for these variables.17,18 

TRENDS AND ADVANCES IN FLUID 

MANAGEMENT 

Recent advancements in burn care have led to the 

development of more sophisticated fluid management 

strategies. The use of advanced hemodynamic monitoring 

techniques, such as pulse contour analysis and 

transpulmonary thermodilution, allows for real-time 
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assessment of a patient’s fluid status and cardiac 

function. These techniques facilitate goal-directed 

therapy (GDT), which tailors’ fluid administration to the 

patient’s dynamic needs, improving outcomes and 

reducing complications. Additionally, there is ongoing 

debate regarding the optimal type of fluid for 

resuscitation, with studies comparing the efficacy of 

crystalloids, colloids, and hypertonic solutions.19,21  

The epidemiology of fluid management in burn patients 

undergoing general surgery is multifaceted, influenced by 

demographic factors, burn severity, and the intricate 

interplay of systemic responses to injury. Understanding 

these epidemiological trends and pathophysiological 

considerations is crucial for developing effective fluid 

management protocols that enhance patient outcomes. 

Continued research and advancements in fluid 

management techniques hold promise for improving the 

perioperative care of burn patients, ultimately 

contributing to better survival rates and quality of life for 

this vulnerable population.21,22 

IDEAL FLUID AND ELECTROLYTE 

REPLACEMENT IN BURN PATIENTS 

UNDERGOING GENERAL SURGERY 

Burn patients represent a unique and challenging cohort 

in the context of perioperative management due to the 

extensive physiological disruptions caused by thermal 

injury. Effective fluid and electrolyte replacement is 

paramount to mitigating the risk of complications and 

optimizing patient outcomes during general surgery. The 

pathophysiological alterations following a burn injury, 

including significant fluid shifts, capillary leak syndrome, 

and electrolyte imbalances, necessitate a meticulously 

tailored approach to fluid resuscitation and 

maintenance.23,24 

INITIAL FLUID RESUSCITATION 

The initial phase of fluid resuscitation is critical in burn 

management, aimed at restoring intravascular volume, 

preventing hypovolemic shock, and ensuring adequate 

tissue perfusion. The Parkland formula, which 

recommends 4 ml/kg TBSA burned of crystalloid 

solution (typically lactated Ringer’s) administered over 

the first 24 hours post-injury, remains a cornerstone. 

However, it is imperative to continuously reassess and 

adjust fluid administration based on the patient's evolving 

clinical status. The fluid requirement is typically highest 

within the first 8 hours post-burn, with half of the total 

calculated volume administered during this period, and 

the remainder over the subsequent 16 hours.25,26 

ADVANCED HEMODYNAMIC MONITORING 

Traditional fluid resuscitation formulas may not fully 

capture the dynamic needs of burn patients, especially 

those undergoing surgery. Advanced hemodynamic 

monitoring techniques, such as pulse contour analysis, 

transpulmonary thermodilution, and echocardiography, 

provide real-time data on cardiac output, stroke volume 

variation, and systemic vascular resistance. These tools 

facilitate goal-directed therapy (GDT), enabling precise 

fluid management tailored to the patient's immediate 

physiological needs, thereby reducing the risk of both 

under-resuscitation and fluid overload.13,14 

CRYSTALLOIDS VS COLLOIDS 

The choice of resuscitation fluids remains a topic of 

debate. Crystalloids, such as lactated Ringer’s solution, 

are commonly used due to their efficacy in restoring 

intravascular volume. However, large volumes can 

contribute to edema and secondary complications. 

Colloid solutions, including albumin, may be beneficial 

in certain scenarios by maintaining oncotic pressure and 

reducing interstitial edema. Studies suggest that albumin 

administration during the late resuscitation phase (beyond 

the initial 24 hours) may improve outcomes by stabilizing 

hemodynamic parameters and reducing fluid 

requirements.25,26 

ELECTROLYTE MANAGEMENT 

Electrolyte imbalances are common in burn patients and 

must be vigilantly monitored and corrected. 

Hyponatremia can occur due to the administration of 

hypotonic fluids and sodium losses through burn 

exudates. Hyperkalemia or hypokalemia may arise from 

cellular damage and shifts in potassium balance, 

necessitating careful monitoring and appropriate 

supplementation. Hypocalcemia and hypomagnesemia 

should also be addressed, as they can contribute to 

cardiovascular instability and neuromuscular 

dysfunction.13,14 

PERIOPERATIVE FLUID MANAGEMENT 

During surgery, fluid management must account for 

ongoing evaporative losses, insensible losses, and 

potential blood loss. Intraoperative fluid therapy should 

be guided by continuous hemodynamic monitoring to 

ensure adequate perfusion and oxygen delivery. Goal-

directed fluid therapy protocols, which adjust fluid 

administration based on dynamic indicators such as 

stroke volume variation and cardiac output, have been 

shown to improve surgical outcomes and reduce 

postoperative complications.15,16 

MAINTENANCE FLUIDS 

Postoperatively, fluid management shifts towards 

maintaining homeostasis and facilitating recovery. 

Maintenance fluids should be isotonic to prevent 

electrolyte imbalances and support renal function. The 

use of balanced solutions, such as plasmalyte, can help 

maintain acid-base balance and provide necessary 

electrolytes. The total fluid intake should be adjusted 
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based on ongoing losses, renal function, and the patient’s 

overall clinical status.25,26 

MANAGING COMPLICATIONS 

Burn patients are at heightened risk for complications 

such as acute kidney injury (AKI), acute respiratory 

distress syndrome (ARDS), and sepsis, all of which 

impact fluid and electrolyte management. AKI 

necessitates careful balancing of fluid administration to 

avoid exacerbating renal dysfunction, while ARDS may 

require fluid restriction and diuretic therapy to manage 

pulmonary edema. Sepsis management includes 

aggressive fluid resuscitation early on, followed by de-

escalation and tight fluid balance to prevent fluid 

overload.27,28 

Ideal fluid and electrolyte replacement in burn patients 

undergoing general surgery is a dynamic and complex 

process requiring a comprehensive understanding of burn 

pathophysiology and meticulous monitoring. The 

integration of advanced hemodynamic monitoring, 

individualized fluid therapy, and vigilant correction of 

electrolyte imbalances is essential to optimizing 

outcomes. Ongoing research and clinical innovations 

continue to refine these strategies, contributing to 

improved survival rates and quality of life for burn 

patients. By adhering to evidence-based practices and 

adapting to the unique needs of each patient, healthcare 

providers can enhance perioperative care and ultimately 

improve the prognosis for those suffering from severe 

burn injuries.29,30 

ADVANCED RESUSCITATION STRATEGIES 

The initial resuscitation phase is crucial in burn 

management, with the Parkland formula serving as a 

foundational guideline for fluid administration. However, 

this formula must be adapted based on continuous clinical 

assessment to prevent both under-resuscitation, which 

can lead to hypovolemic shock, and over-resuscitation, 

which can cause complications such as compartment 

syndrome and pulmonary edema. The incorporation of 

advanced hemodynamic monitoring techniques, such as 

pulse contour analysis and transpulmonary 

thermodilution, provides invaluable real-time data, 

enabling a more nuanced and goal-directed fluid therapy 

approach. These advanced monitoring methods facilitate 

the precise titration of fluids to meet the dynamic needs 

of burn patients, thereby improving hemodynamic 

stability and reducing the incidence of resuscitation-

related complications.29,30 

OPTIMIZING FLUID CHOICES 

The debate between the use of crystalloids versus colloids 

in burn resuscitation continues to evolve. Crystalloids, 

such as lactated Ringer's solution, are favored for their 

efficacy in restoring intravascular volume; however, they 

require careful administration to avoid excessive 

interstitial edema. Colloid solutions, including albumin, 

may offer benefits in maintaining oncotic pressure and 

reducing fluid requirements, particularly during the later 

stages of resuscitation. Emerging evidence suggests that a 

balanced approach, utilizing both crystalloids and 

colloids at appropriate phases of resuscitation, may 

optimize patient outcomes by addressing the specific 

physiological demands at different stages of recovery.30,31 

ELECTROLYTE MANAGEMENT AND 

MONITORING 

Electrolyte imbalances are a frequent and critical concern 

in burn patients due to extensive tissue damage and the 

subsequent release of intracellular contents. Continuous 

monitoring and timely correction of electrolyte 

disturbances, such as hyponatremia, hyperkalemia, 

hypocalcemia, and hypomagnesemia, are essential to 

maintaining cellular function and preventing 

complications such as cardiac arrhythmias and 

neuromuscular dysfunction. The use of isotonic and 

balanced electrolyte solutions during maintenance 

therapy helps to stabilize electrolyte levels and supports 

overall homeostasis.31,32 

PERIOPERATIVE CONSIDERATIONS 

The perioperative period introduces additional challenges 

in fluid and electrolyte management. During surgery, 

fluid administration must be meticulously managed to 

compensate for evaporative losses, insensible losses, and 

potential hemorrhage. Goal-directed fluid therapy 

protocols, informed by continuous hemodynamic 

monitoring, are critical in ensuring adequate perfusion 

and oxygen delivery while minimizing the risk of fluid 

overload. Postoperative fluid management focuses on 

maintaining homeostasis and facilitating recovery, with 

adjustments made based on ongoing losses, renal 

function, and overall clinical status.32 

COMPLICATION MANAGEMENT 

Burn patients are at increased risk for complications such 

as acute kidney injury (AKI), acute respiratory distress 

syndrome (ARDS), and sepsis, each of which 

significantly influences fluid and electrolyte management 

strategies. AKI necessitates careful balancing of fluid 

administration to avoid exacerbating renal dysfunction, 

while ARDS may require fluid restriction and diuretic 

therapy to manage pulmonary edema. In the context of 

sepsis, early aggressive fluid resuscitation followed by 

careful de-escalation and maintenance of fluid balance is 

crucial to prevent fluid overload and support organ 

function.32,33 

FUTURE DIRECTIONS AND CLINICAL 

IMPLICATIONS 

The evolving landscape of burn care demands ongoing 

research and innovation in fluid and electrolyte 
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management. Future studies should focus on refining 

resuscitation protocols, optimizing fluid types and 

administration strategies, and developing advanced 

monitoring technologies to enhance individualized 

patient care. Integrating new evidence-based practices 

into clinical guidelines will ensure that burn patients 

receive the most effective and efficient care, ultimately 

improving survival rates and quality of life.33 

CONCLUSION 

Fluid management in burn patients undergoing general 

surgery presents a complex and challenging aspect of 

perioperative care due to the profound physiological 

changes induced by thermal injury. The unique 

pathophysiological responses, including significant fluid 

shifts, increased capillary permeability, and a heightened 

inflammatory state, necessitate a sophisticated and 

individualized approach to fluid and electrolyte 

replacement to ensure optimal outcomes. In conclusion, 

the management of hydration and electrolyte balance in 

burn patients undergoing general surgery requires a 

multifaceted and adaptive approach. By leveraging 

advanced monitoring techniques, employing a balanced 

fluid resuscitation strategy, and vigilantly managing 

electrolyte imbalances, healthcare providers can 

significantly improve perioperative outcomes. Continued 

advancements in research and clinical practice will 

further enhance the care and recovery of burn patients, 

underscoring the importance of a dynamic and 

individualized approach to fluid and electrolyte 

management in this vulnerable population. 
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