
IN THE NAME OF GOD



CRITICAL CARE IN THE SEVERELY
BURNED

DR HOSSEIN MESKAR



• Approximately 4000 burn victims die each year from complications 

related to thermal injury.

• Burn deaths generally occur in a bimodal distribution, either 

immediately after the injury or weeks later due to multisystem organ 

failure (MOF).



Burned patients generally die from one of two causes:

early deaths resulting from “burn shock” and immolation, or MOF leading to late deaths. 

With the advent of vigorous fluid resuscitation protocols in the severely burned, irreversible 

burn shock has been replaced by sepsis and the ensuing MOF as the leading cause of death 

associated with burns in those who do not die at the scene by a margin of 2 to 1.

Those with a risk of mortality who do not die precipitously will be treated by what is termed 

critical care, a service performed in specialized units containing the equipment, supplies, and 

personnel to institute intensive monitoring and life-sustaining organ support to promote 

recovery.



It is postulated that the progression of patients to MOF exists in a continuum with the 

systemic inflammatory response syndrome (SIRS). Nearly all burn patients meet the criteria 

for SIRS as defined by the consensus conference of the American College of Chest 

Physicians and the Society of Critical Care Medicine. It is therefore not surprising that 

severe critical illness and MOF are common in burned patients.

Patients who develop dysfunction of various organs, such as the cardiopulmonary system, 

renal system, and gastrointestinal system, can be supported to maintain homeostasis until 

the organs repair themselves or a chronic support system can be established.





BURN INTENSIVE CARE UNIT ORGANIZATION

Optimally, a BICU should exist within a designated burn center, ideally verified by the American Burn 

Association (ABA), 

and in conjunction with a recognized trauma center, thus providing the capability to treat both thermal 

and nonthermal injuries. This unit, however, need not be physically located in the same space as that 

designated for nonburned trauma patients.

In fact, the requirement for the care of wounds in burned patients necessitates additional equipment,  

such as shower tables and overhead warmers, so a separate space dedicated to the severely burned 

should be standard. This space may be located in a separate hospital with established guidelines for 

transfer or a specialized unit. 



Most moderate to severe burns with hospital admission will require

intensive monitoring for at least the day of admission during the

resuscitative phase. Thereafter approximately 20% will undergo

prolonged cardiopulmonary monitoring for inhalation injury, burn

shock, cardiopulmonary compromise, renal dysfunction, and the

development of SIRS and MOF.



Using an average of 25 days admission for a severely burned patient (20% of the burns, 

4/100,000 per capita) and 2 days for those not so

severely injured (80%, 16/100,000 per capita), this suggests 132 BICU inpatient days per 

100,000 persons in the catchment area. Thus a 10-bed BICU should serve a population of 

3,000,000 sufficiently when considered independently.

Space provided should be at least 3,000 sq ft (278.7 sq meter), including patient beds and 

support space for nursing/charting areas, office space, wound care areas, and storage



Multiply-resistant bacteria and fungi are commonly encountered in the BICU owing to the 

presence of open wounds. To prevent transmission of these organisms to other patients, 

isolation of burned patients from all other patients is recommended and should be 

considered when designing units for this purpose. Single rooms with negative pressure 

ventilation are advisable. In addition, strict guidelines for contact precautions in wound care 

and interventions, and hand-washing are standard.



PULMONARY BURN CRITICAL CARE

Lungs  can  be  injured  from  inhalation  injury,  infection, inflammatory mediators, heart 

failure, or a sequela of critical care interventions, such as fluid overload or ventilator 

injury. 

Minor pathology can be treated with supplemental oxygen, diuresis, bronchodilators, or 

mucolytics. However mechanical ventilation is an essential treatment to manage 

pulmonary failure.



INDICATIONS FOR INTUBATION

In burned patients indications for intubation are, in general, to  improve  oxygenation  and  

ventilation  or  to  maintain  a  compromised airway, such as in a severe inhalation injury 

or obtunded patient





Securing an endotracheal tube (ETT) to a burned and/or edematous face can be

challenging. In a large survey of burn centers, ETTs were reported secured with linen

nonadhesive tape in 59% of cases, manufactured devices in 48%, and

orthodontically in 24%. 85 Our center has used nasal intubation with a septal tie for

20 years without accidental extubation or septic sinusitis.

Tracheotomy can provide a long-term durable airway with less patient discomfort. In a

survey of American burn centers, the average tracheostomy was performed at 2

weeks however there is a consensus that there are indications for earlier tracheostomy.



MECHANICAL VENTILATION

Mechanical ventilation in the severely burned generally occurs for three reasons: airway control 

during the resuscitative  phase,  airway  management  for  smoke  inhalation, and  support  

during  acute  respiratory  distress  syndrome  (ARDS). 

The first indication is for airway control early in the course, with the development of massive 

whole-body edema associated with the great resuscitative volumes required to maintain 

euvolemia. In this situation, the need for mechanical ventilation is not due to lung failure per 

se, but rather to  maintain  the  airway  until  the  whole-body  edema  is resolved. Once this 

occurs, usually 2–3 days into the course, extubation can  be  accomplished  with  minimal  

sequela. Ventilator  management  during  this  phase  is  routine. 



• The second indication is airway management early in the course of smoke inhalation, 

which is a direct toxic injury to the airways and alveoli resulting in mucosal sloughing, loss 

of mucociliary escalator  function,  airway  narrowing  and edema,  loss  of  surfactant,  

weakening  of  cartilaginous support  of  the  airways,  and  fibrinous  exudation  into  the 

airways. 

• The third indication is the development  of  hypoxemia  or  hypercarbia  due  to  a  high 

alveolar-arterial  (A-a)  gradient,  shunting,  ventilation/perfusion  (VQ)  mismatching,  

poor  compliance,  or  high resistance. Severe burns are known to be associated with 

hypoxemia  and  the  development  of  ARDS.  The  clinical manifestations  are  dyspnea,  

severe  hypoxemia,  and decreased lung compliance, with radiographic evidence of diffuse 

bilateral pulmonary infiltrates.



Lungs have three main functions:

■ Ventilation

■ Oxygenation

■ Expectoration



VENTILATION

Ventilation allows the elimination of carbon dioxide  (CO 2 ),  as  measured  on  arterial  blood  gas  by  

the PaCO2 . The ventilator accomplishes this with minute ventilation (V min ) minus dead space 

ventilation (V d ). In general, PaCO2  varies inversely with V min , so this value must be considered when 

making ventilator adjustments to alter PaCO2 . V min  is equal to tidal volume multiplied by respiratory 

rate. Therefore, PaCO2  can be adjusted downward by increasing either tidal volume or respiratory rate. 

In general, the respiratory rate should be set between 10 and 20 breaths/min and tidal volume at 6 

mL/kg ideal body weight initially. In a normal patient, V min  is 100 cc/kg per minute, but with the high  

CO 2   production  seen  in  burn  patients  the  needed minute  ventilation  can  increase  two- to  

fourfold.  Adjustments can then be made in minute ventilation to optimize PaCO2 ,  which  is  usually  40 

mm Hg  but  can  be  higher  in patients  with  pre-existing  chronic  obstructive  pulmonary disease  

(COPD)  or  smoking  habits. When  making  these adjustments,  it  should  be  noted  that  the  

respiratory  rate cannot be increased above 40 breaths/min in those who are not  neonates,  and  tidal  

volume  should  be  minimized  to avert ventilator-induced lung injury (VILI).



When plateau airway pressures are greater than 30 mm Hg the ventilated lung is relatively 

noncompliant, indicative of ARDS or pulmonary edema, which subject the lung to 

barotrauma similarly.  In  this  situation,  “permissive  hypercapnia” is a strategy that can 

be used to reduce barotrauma. This strategy seeks to limit peak and plateau airway 

pressures by reducing tidal volumes to allow for respiratory acidosis (PaCO2  >45 mm Hg, 

arterial pH <7.30).



OXYGENATION

Like  the  adequacy  of  ventilation,  oxygenation  has  been  classically  determined  using  

the  PaO2  in arterial blood. Increasing  the  FiO 2   has  limited  ability  to  improve 

oxygenation  because  FIO2   in  excess  of  60  is  considered pulmonary  toxic  for  

prolonged  time  courses.  However increasing  MAP-O 2   profoundly  improves  

oxygenation, often quite safely. This can be accomplished by increasing the PEEP or the 

inspiratory time during which the airways are maintained at inspiratory pressure for 

longer, thereby enlarging the area under the curve. However as more time is maintained in 

inspiration, less is available for exhalation and  ventilation.  Thus  hypercarbia  and  acidosis  

can  limit the  maintenance  of  high  MAP-O 2 .



ARDS

ARDS occurs as a result of injury to the lung,  which can be direct through smoke 

inhalation or pneumonia or indirect through mediators associated with sepsis







CHEST RADIOGRAPH OF A PATIENT WITH ACUTE RESPIRATORY DISTRESS SYNDROME. NOTE THE BILATERAL AIR 
SPACE OPACIFICATION AND LACK OF OBVIOUS VASCULAR CONGESTION.



• ARDS occurs because of damage to the endothelium and lung epithelium. It is speculated 

that the products of inflammation, such as cytokines, endotoxin, complement, and 

coagulation system products, induce the changes characteristic of ARDS. 

• The acute phase of ARDS is marked by an influx of protein-rich edema fluid into the air 

spaces as a consequence of increased permeability of the alveolar–capillary barrier . The 

importance of endothelial injury and increased vascular permeability leading to the 

formation of pulmonary edema is well established. Epithelial injury is also of great 

importance. In fact, the degree of alveolar epithelial injury is an important predictor of 

outcome.



After the development of ARDS, some patients have a rapid recovery over a few days. thers

progress to fibrotic lung injury; the alveolar space fills with mesenchymal cells, 

extracellular proteins, and new blood vessels. The finding of fibrosis on histologic analysis 

correlates with increased mortality.





ARDS was managed through fluid restriction/diureses and enteral nutrition, as well as 

by neuromuscular blockade. In severe ARDS, prone positioning was used in 33% of 

centers and extracorporeal membrane oxygenation (ECMO) in 18% A commonly used 

parameter to assess the adequacy of oxygenation is the ratio of PaO2 to FIO2 (P/F ratio). 

It is an easily calculated surrogate for the A-a gradient.As such, the P/F ratio is one of 

the criteria utilized to diagnose ARDS in the Berlin definition. ARDS is defined as 

bilateral opacities not explained by effusion, collapse of nodules occurring within 1 week 

of a clinical insult not fully explained by cardiac failure, or fluid overload associated with 

a P/F ratio of less than 300. ARDS is stratified to mild, with a P/F between 200 and 300; 

moderate, between 100 and 200; and severe, below 100.



• 22% decline in mortality in patients with ARDS treated with tidal volumes of 6 mL/kg 

compared to those treated with conventional volumes of 12 mL/kg. In this study, peak 

airway pressures could not exceed 30 cm H2O in the lower tidal volume group, and a 

detailed protocol was used to adjust the FIO2 and PEEP.

• PEEP has clearly been shown to benefit patients with ARDS; however the optimum level 

has been contentious. The best effects of PEEP are to increase functional residual capacity 

or the number of open alveoli at the end of expiration, as well as increase MAP-O2 and 

thus oxygenation. However the use of prophylactic PEEP therapy in patients at risk for 

ARDS showed no benefit for the treatment group compared to controls



• When oxygenation begins to decline, initial maneuvers are to increase the FIO2 to greater 

than 40%, possibly to 100%. Concentrations of oxygen greater than 60% are considered 

toxic to airway epithelium over the course of hours; other means to increase oxygenation 

should be employed. As discussed earlier, treating hypoxia is first accomplished by 

increasing the MAP-O2 by raising the level of PEEP incrementally until the desired level of 

oxygenation is reached while keeping the FIO2 to less than 60%. Once a level of 15–20 mm 

Hg of PEEP is reached, other means of increasing MAP-O2 will need to be employed. These 

consist of ventilator modes, including inverse ratio ventilation, HFOV, HFPV, and APRV.



Prone positioning is another modality commonly used in BICUs for refractory hypoxemia, 

aimed to reduce VQ mismatch. By placing the patient in the prone position or a 

prescribed period, the previously aerated lung now receives a greater portion of blood 

flow as directed by gravity.



Glucocorticoid treatment of early severe ARDS showed an improvement in ventilator 

days and MOF scores. Others have shown the benefit of glucocorticoids when used to 

good effect in the later fibroproliferative phases of the disease.  It is probable that 

some population with ARDS exists in which glucocorticoid treatment is of benefit, but 

we do not think it is burns. This type of therapy may be treacherous in burned patients at 

risk for invasive burn wound infection but might be considered upon complete burn 

wound closure. If steroids are used, high-dose vitamin A can be tried to ameliorate the 

wound-healing complications.



EXPECTORATION.

The final aspect of pulmonary physiology necessary for consideration in pulmonary critical 

care is expectoration. The injured lung must clear its secretions, damaged mucosa, 

pathogens, and aspirated material. In the case of an inhalation injury, there is the transudate 

of fibrinous material and sloughing of injured mucosa that must be cleared in the setting of 

a compromised mucociliary escalator. Chest physiotherapy, mucolytics, suctioning, and 

particular ventilator modes aid in the expectoration of the lungs



A commonly used technique to treat inhalation injury is the combination of nebulized 

heparin and N-acetylcysteine with albuterol and pulmonary toileting. The goal is that the 

heparin will prevent coagulation of the transudated plasma, which comes through the  

injured pulmonary capillaries.

The N-acetylcysteine serves as a mucolytic agent and allows expectoration, along with the 

sloughed mucosa, during physiotherapy and suctioning.



THE END

• Thanks


