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PRACTICE MANAGEMENT  GUIDELINE  FOR THE TREATMENT OF PULMONARY 

CONTUSION  / FLAIL CHEST: 

AN EVIDENCE BASED REVIEW 

 

 

I STATEMENT OF PROBLEM 

 

Thoracic injury and the ensuing complications are responsible for  as much as 25 

percent of blunt trauma mortality. 1   Pulmonary contusion in turn is the most common 

injury identified in the setting of blunt thoracic trauma, occurring in 30 to 75 per cent of all 

cases  2-3 Isolated pulmonary contusion may occur consequent to explosion injury, but 

most multi-trauma patients  have concurrent injury to the chest wall.4 Conversely, flail 

chest, the most severe form of blunt  chest wall injury with mortality rates of 10 to 20%, 

is typically accompanied by significant pulmonary contusion. 5-9  While  injuries to the 

chest wall  itself may rarely  be the primary cause of death in multi-trauma patients, they 

greatly impact  management and the  eventual survival of these individuals. 10 In some 

series, most of the severe lung contusions that require ventilatory support  (85%) are 

associated with severe bony chest wall injury. 10 

 

Despite the prevalence and recognized association of pulmonary contusion and  flail 

chest (PC-FC) as a combined, complex injury pattern with inter-related pathophysiology,  

the mortality  and short-term morbidity of this entity has not improved over the last three 

decades. 12 Advances in diagnostic imaging and critical care have also failed to impact 

upon outcome.12   Additionally, there may be significant long term morbidity associated 

with both pulmonary contusion 13 and flail chest, the true extent of which remains 
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unclear. 14  This injury constellation particularly affects the elderly who constitute 

approximately 10% of the cases but consume 30% of the clinical resources.11 

 

The unchanging mortality and morbidity  of pulmonary contusion / flail chest has been 

attributed to a misunderstanding of the associated pathophysiology and a lack of 

scientifically proven successful management guidelines.12 Consequently,  significant 

controversy and a wide range of management philosophy exists  particularly as relates 

to fluid management and ventilatory support.7,9, 15-32    

 

 

II  QUESTIONS TO BE ADDRESSED 

 

This evidence based review will identify the extent  and quality of scientific support for 

management decisions  in regard to the following questions:  

1. What  are the appropriate principles  for fluid management  for patients with 

pulmonary contusions.? 

2. Ventilatory support 

a. When is mechanical ventilation indicated  for  FC-PC? 

b. Is there are role for non-invasive ventilation? 

c. What is the optimal mode of ventilation for severe pulmonary 

contusion and/or flail chest? 

3. Is there a role for surgical fixation of flail chest injuries?   
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III   PROCESS 

 

A computerized search was conducted  of the Medline, Embase, Pubmed  and 

Cochrane controlled trials databases for North American and European English 

language literature for the period from 1966 through June 30, 2005 .  The initial search 

terms  were  “pulmonary contusion”, “flail chest”, “rib fractures”. chest injuries”,  and 

“thoracic injuries”.  This search initially yielded 91 articles. An additional 45 works were 

obtained from the references of these studies yielding  a total of 136 papers.  Thirty-eight 

of these articles were excluded as being  case studies, reviews, letters, or otherwise 

irrelevant to the questions being asked.  The remaining 98 studies were reviewed, 

graded and listed in the evidentiary table.   

 

The practice parameter workgroup for pulmonary contusion / flail chest consisted of  

eight trauma surgeons, three of whom were also trained and certified as thoracic 

surgeons. All studies were  reviewed  by two committee members and graded  according 

to the standards recommended by the EAST Ad Hoc Committee  for Guideline 

Development.33  Grade I evidence was also sub-graded for quality of design   utilizing 

the Jahad Validity Scale  published in Controlled Clinical Trials  in 1996.34  Any studies 

with conflicting grading were reviewed by the committee chairperson as were all Grade I 

studies.  Recommendations were formulated based on a committee consensus 

regarding the preponderance and quality of evidence.  
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IV  Recommendations 

 
 
Level 1 

 
There is no support for Level I recommendations regarding PC-FC. 
 
 
Level II 

 
 
1. Trauma patients with PC-FC should not be excessively fluid restricted, but rather 

should be resuscitated as necessary with isotonic crystalloid or colloid solution to 
maintain signs of adequate tissue perfusion.  Once adequately resuscitated, 
unnecessary fluid administration should be meticulously avoided. A pulmonary artery 
catheter may be useful to avoid fluid overload. 

 
2. Obligatory mechanical ventilation should be avoided. 
 
3. The use of optimal analgesia and aggressive chest physiotherapy should be applied 

to minimize the likelihood of respiratory failure and ensuing ventilatory support. 
Epidural catheter is the preferred mode of analgesia delivery in severe flail chest 
injury.   ( see EAST PMG “Analgesia in Blunt Thoracic Trauma) 

 
4. Patients with PC-FC requiring mechanical ventilation should be supported in a 

manner based on institutional and physician preference and separated from the 
ventilator at the earliest possible time.  PEEP / CPAP should be included in the 
ventilatory regimen. 

 
5. Steroids should not be used in the therapy of pulmonary contusion.   
 
 
Level III 

 
1. A trial of mask  CPAP should be considered in alert, compliant patients with marginal 

respiratory status   
 
2. Independent lung ventilation may be considered in severe unilateral pulmonary 

contusion when shunt cannot be otherwise corrected due to mal-distribution of 
ventilation or when crossover bleeding is problematic. 

 
3. Diuretics may be used in the setting of hydrostatic fluid overload as evidenced by 

elevated pulmonary capillary wedge pressures in hemodynamically stable patients or 
in the setting of known concurrent congestive heart failure.   

 
4. Surgical fixation may be considered in severe unilateral flail chest or in patients 

requiring mechanical ventilation when thoracotomy is otherwise required. 
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V SCIENTIFIC FOUNDATION 

 

 

Historical Background 

 

Prior to the twentieth century, the entity of pulmonary contusion had rarely been 

described and its clinical significance was not recognized.  During World War One, 

signficant numbers of battlefield dead were noted to be without external signs of trauma 

and postmortem studies revealed lung hemorrhage. 35,36,37 Subsequently, the critical 

study during this conflict identified  pulmonary contusion  as the major clinically 

significant effect of concussive force.38  This concept was  confirmed during the second 

world war by studies of animals placed at varying distances from explosive charges.39-42 

It was also first noted in military studies at that time that the contused lung produces 

more than its normal amount of interstitial and intra-alveolar fluid. 43 Aggressive fluid 

resuscitation was cited as  a key factor in precipitating respiratory failure after  blunt 

thoracic trauma.44  Further studies during the Vietnam war laid the basis for the current 

philosophies in treatment of  pulmonary contusion.45-47  In a study of combined  

pulmonary and chest wall injury Reid and Baird 48  were the first to propose that 

parenchymal contusion rather than bony thoracic injury was the main factor in 

respiratory compromise.    

 

Similarly ,  until the 1960s , the paradoxical movement  of the flail chest component  was 

believed to be the cause of respiratory compromise  in blunt chest wall trauma. 49,50 It 

was presumed that this “Pendelluft” caused deoxygenated air to shunt back and forth to 

the healthy lung, rather than being exhaled, resulting in hypoxia. Consequently, 

treatment was aimed at correcting the paradoxical movement through a variety of 



© Copyright 2006 – Eastern Association for the Surgery of Trauma 

methods including  external fixation 51  and internal fixation by either surgical repair 52  or 

positive pressure ventilation.23,53 It was not uncommon to electively maintain patients on 

ventilatory support until bony union had occurred.53 It is currently believed that the 

underlying  lung contusion is a major cause of  respiratory compromise with the bony 

chest wall injury creating the  secondary problems of pain and splinting. 48 Contemporary 

practice has therefore been directed at addressing these issues. 8,22,54 

 

 

Pathophysiology 

 

The local pathophysiology of injured lung was first delineated by animal studies in the 

1970’s. Oppenheimer 55 studied clinical behavior and pathologic findings in class I study 

of contused dog lung. He identified contusions as lacerations to lung tissue which leaked 

blood and plasma into alveoli . He noted reduced compliance  resulting in reduced 

ventilation per unit volume and increased shunt fraction. Other studies identified 

thickened alveolar septa in contused lung with consequent impaired diffusion. 56 Fulton 

defined the significant and progressive  decrease in pO2 values  in contused dog lung 

over a 24 hour period.57  An increase in pulmonary vascular resistance and consequent 

decrease in blood flow was noted in the contused lung. In other studies, these changes 

were not altered by the concurrence of flail chest injury.58 In a small observational study 

of blunt trauma patients, Wagner also noted increases in pulmonary vascular  resistance 

in proportion to contused volume  and felt this acted as a compensatory mechanism to 

minimize shunt fraction.59   

 

The effects of contusion on uninjured lung have also been recently elucidated through 

animal studies.  Davis performed an elegant class 1 study of a porcine model  of blunt 
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chest trauma.60  Unilateral chest trauma produced an early rise in bronchoalveolar 

lavage (BAL) protein on the injured side as well as a delayed capillary leak in the 

contralateral lung.   Similarly, Hellinger  showed that uninjured lung, both ipsilateral and 

contralateral developed thickened septa, increased vacuolation and edema over an eight 

hour post-injury period.56 Though this occurred to a lesser extent than in injured lung, the 

findings were statistically significant compared to controls (p<.01)   Also, in this study, 

BAL showed an increase in neutrophils (PMNs) in contused lung, and ipsilateral  and 

contralateral uninjured lung compared to controls.  Local and systemic complement 

levels (TCC = terminal complement complex)  increased and C3 complement decreased 

to a statistically significant level.  

 

Consequently, high grade evidence from animal studies indicated that pulmonary 

contusion is not merely a localized process , but probably has global pulmonary and 

systemic effects when occurring in a sufficient portion of the lung.  Table 1 summarizes 

the reported physiologic effects  of lung contusion.  Reviewed literature is graded and 

summarized in the evidentiary  tables.  
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Local  Effects 

Laceration to lung tissue 

Hemorrhage-filled alveoli  

Reduced compliance yielding reduced ventilation 

Increased  shunt fraction  with decrease in pO2, increase in AaDO2 

Increased pulmonary vascular resistance 

Decreased pulmonary blood flow  

Injured and Uninjured Lung  (Ipsilateral and Contralateral) 

Thickened alveolar septa with impaired diffusion  

Decreased alveolar diameter 

Vacuolation of pulmonary tissue 

Delayed capillary leak with increased BAL  protein 

Increased neutrophils in lung tissue 

Systemic 

Increased TCC 

Decreased complement 

 
Table 1  Reported physiologic Effects of Lung Contusion 
PO2 = partial pressure of oxygen 
AaDO2 = alveolar-arterial oxygen difference.  
BAL = bronchoalveolar lavage  
TCC = terminal complement component 
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Outcome 

 

Numerous studies have addressed the outcome of pulmonary contusion  / flail chest 

injury (PC/FC) but have had difficulty in separating the effects of the chest wall and 

parenchymal components.5,10,13-14,19,61-68 In terms of mortality, it remains controversial 

whether this constellation of thoracic injury is a direct cause of death 63 or merely a 

contributor in the setting of multi-trauma.5,61,64  In separate reviews, Clark  and Stellin 

both noted that central nervous system trauma   was the most common  associated 

injury.  Few deaths in these retrospective  studies ( n=144; n=203 ) were due to 

pulmonary failure per se, but rather to brain injury and  shock.  While Rellihan agreed 

that associated brain injury was the most common cause of death in flail chest patients, 

his review (class III n=85) indicated that complications of the pulmonary injury were 

contributory at least half the time.64 Conversely, Kollmorgen,  in a retrospective review of  

100 trauma deaths  among patients with pulmonary contusion  felt that 70% of the 

deaths  were due to  the lung injury or pulmonary failure primarily.63    

 

In terms of  morbidity,  the long-term outcome of flail chest  injury was first addressed in 

the 1980’s by several  workers 14,66 In a retrospective review, Landercasper noted that 

46% (n=32) of flail chest patients did not have  normal chest wall expansion, 24% had 

obstructive changes on spirometry and  20% had restrictive changes.66 Vital capacity 

was normal in only 57%  70% had long term dyspnea and 49%  had persistent chest 

wall pain.  The possible contribution of pulmonary contusion was not addressed and CT 

scanning was not done at this time.  Similarly, Beal reviewed  20 patients with flail chest 

and a variety of associated thoracic injuries from 50 to  730 days and also noted that the 

most common long-term problems  were persistent chest wall pain, chest wall deformity 

and  exertional dyspnea.14 The etiology of the respiratory symptoms was not identified.      



© Copyright 2006 – Eastern Association for the Surgery of Trauma 

 

In the 1990’s, attempts were made to determine whether the flail chest, pulmonary 

contusion  or both components were responsible for the long-term disability which is 

seen with the more severe injuries.  13-14,66,69  In a small (n=18), but  well-validated, blinded 

Class I study, Kishikawa  followed the pulmonary functions and radiographic findings of  

PC-FC patients for  6 months.13  His group was trying to explain the persistent dyspnea 

often seen after blunt chest trauma.  They noted that  pulmonary function recovered 

within 6 months in patients without pulmonary contusion,  even in the presence of severe 

residual chest wall deformity.  However patients with pulmonary contusion had 

decreased functional residual capacity (FRC) and decreased supine paO2 for years 

afterward.  Figure 1, from Kishikawa’s work shows the course of FRC in patients with  

pulmonary contusion with or without flail  chest and with flail chest alone. 

 

 

 

In further work by Kishikawa,  58% (n=14/24) of contused lungs  showed fibrosis on CT 

scan 1 to 6 years  post-injury.69 The average spirometry  for patients  with contused 

lungs was  76% of normal  vs 98% of normal for controls.  Air volume measured by CT 

Figure 1.  The course of  functional residual capacity over  6 months in  patients with pulmonary 
contusion alone (solid circle / dashed line) , pulmonary contusion  with flail chest (solid circle / solid 
line),  flail chest  without pulmonary contusion ( open circle / solid line), and trauma controls with 
neither injury (open circle / dashed line).   From Kishikawa M, Yoskioka T: Pulmonary cotusion cause 
long-term respiratory dysfunction with decreased functional residual capacity. J Trauma 
1991;32:1203-8. 
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scan supported these findings.  From these studies, it was  concluded that the flail chest 

component causes short term respiratory dysfunction while the pulmonary contusions 

are responsible for the long term dyspnea, low FRC and pO2.  The main cause of the 

persistent decreased air volume was felt not to be  the residual thoracic deformity  but 

rather the loss of pulmonary parenchyma  by fibrosis of the contused lung.  Studies 

addressing the outcome of PC-FC  are tabulated in the evidentiary  tables. 

 

 

Fluid Management 

 

Present practice regarding type of quanitity of fluid resuscitation for multi-trauma patients  

with concurrent  pulmonary contusion has been largely extrapolated from animal  

research or retrospective studies.15-20  As early as 1973, Trinkle  studied experimental  

right lower lobe pulmonary  contusions  and noted that crystalloid  resuscitation  caused 

the lesions to be larger than did colloid use.16 Concurrent diuresis caused all lesions to 

decrease in size.  However, when lesion size was corrected for lobe  weight to body 

weight index, these results were not statistically significant.   Also in the 70’s , Fulton 

studied a dog model of pulmonary contusion  and noted that fluid resuscitation increased 

the percentage of water in the  contused lung over control groups  resulting in  

“congestive atelectasis”.  This effect was unchanged whether or not the animals were 

allowed to hemorrhage to shock prior to volume replacement or gradually resuscitated.  

Similarly, Richardson performed a well-designed   randomized blinded (class I) study of 

canine pulmonary contusion (n=34).17 He noted that animals receiving lactated ringers at 

various doses had declining oxygenation levels (pO2)  and increased  lung water when 

compared to those receiving plasma.  (p<.05) The authors concluded that colloid was 

superior to crystalloid  for resuscitation in the setting of pulmonary contusion.  However, 
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in a single limb study of109  human patients with PC, Bongard 18  could not  find a 

correlation between plasma oncotic pressure and oxygenation  as determined by the 

PaO2/FiO2 ratio.  He concluded that pulmonary dysfunction after contuson is unrelated 

to hemodilution by crystalloid. Finally,  Richardson   retrospectively reviewed 86 patients 

with PC and found that mortality correlated with  admission pulmonary function 

(PaO2/FiO2 <300 ;  p<.05) but not with  the amount of intravenous fluid administered.17 

 

 

Decision for Ventilatory Support 

 

As early as 1973, Trinkle showed that early intubation and application of positive end 

expiratory pressure (PEEP) decreased the size of experimental pulmonary contusion vs. 

controls. 16  Similarly, workers such as Shin provided some class III evidence that 

progressive pulmonary deterioration in humans was lessened by  immediate intubation 

and ventilation for every  lung contusion.70 Consequently, the de facto standard at that 

time  for treatment of PC was  obligatory mechanical ventilation. Yet, there was no 

credible data  showing improved survival with this approach. 9   

 

Similarly,  in  the 1970’s  it was felt that some form of stabilization  of the mobile chest 

wall was the critical treatment for the flail chest component and that mechanical 

ventilation  for “internal pneumatic stabilization” was the optimal way to achieve this 

regardless of the patient’s pulmonary function.23,53 Evidence supporting this was mostly 

observational (Class II). 23,53  Workers such as Christensson felt that  mandatory  

tracheostomy and two to three weeks of positive pressure ventilation would allow  the 

chest wall to stabilize in a “favorable position”.23   Follow-up studies showed return of 

normal mechanics but non-ventilated control groups were not utilized. 
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Trinkle was the first to raise the possibility that obligatory mechanical  ventilation for flail 

chest was not necessary.9  In a small (n=30) retrospective review with well-matched 

cohorts,  the obligatory ventilation group had a  longer hospital stay (22.6 days vs. 9.3 

days, p<.005), a higher mortality ( 21% vs.  0%  p<.01) and a higher complication  rate  ( 

23 vs 2 p<.01) than the selective group. The “selective” group averaged only .6 ventilator 

days, indicating that the conservative management was often successful. Similarly, 

Richardson studied 135 patients with isolated PC and 292 patients with PC-FC.8 

Intubation was successfully avoided in 80% of patients with  PC and  50% of patients 

with PC-FC.  This study  did not employ matched cohorts and the intubated  patients  

were selected by failure  of  selective management.  But the study did demonstrate that 

the majority of patients could be successfully managed without ventilatory support.      

 

In a landmark work, Shackford and colleagues carried out a  well-constructed case 

control study (Class II) of selective ventilatory support with the endpoints of treatment 

being normalization of oxygenation, shunt and alveolar-arterial oxygen gradient.22 Their 

study demonstrated worse survival in the ventilated group due to the complications of 

mechanical ventilation. Shackford’s group  concluded that mechanical ventilation should 

be  used  to correct abnormalities of gas exchange  rather than to overcome instability of 

the chest wall.      In a prospective study several years later, Shackford’s group divided 

FC patients (n=36) by severity of injury and provided ventilatory support only when a 

clinical indication developed.25 Outcomes were compared to historical controls. Overall 

ventilatory rates decreased from  74% to 38% (p<.01) from the prior study and mortality 

from  14% to 8%. (p<.01) Other recent studies have supported the selective use of 

ventilatory support for defects of gas exchange and clinical indications only, rather than 
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for  correction of mechanical abnormalities of the chest wall.7,24,26 Studies  addressing  

decision for ventilatory support are reviewed and graded in the evidentiary tables. 

 

 

Modes of Ventilatory Support 

 

As early as 1972  Trinkle clearly demonstrated that the size of experimental pulmonary 

conrtusions in  dogs was significantly   decreased by the applications of PEEP.16 The 

initial prospective human study by Sladen involved varying levels of PEEP in a small 

group of patients (n=9) who served  as their own controls.21 Despite the small study size, 

pO2  improved  to a significant degree in all patients with PEEP of 10 or 15 cm of water. 

There was no change in physiologic dead space and therefore the improvements were 

attributed to alveolar “recruitment” or  increased  functional residual capacity (FRC).  Rib 

fracture alignment was anecdotally noted to be improved on fluoroscopy but the 

significance of this was not addressed. Survival benefit could not be assessed as this 

was a single arm study.  

 

Only occasional work has addressed the actual choice of ventilatory modes for PC-FC 

injuries.  In the salient work on this issue,  Pinella studied  the use of Intermittent 

Mandatory Ventilation (IMV) in 144  patients with varying severity of flail chest  against 

historical controls on Continuous Mandatory Ventilation (CMV).27 Groups were well 

matched in terms of severity of flail and associated injuries.  No difference could be 

identified in terms of duration of ventilatory support, level of PEEP or FiO2  or outcome 

between the CMV and IMV group.   
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Recent attention has focused on the use of continuous positive airway pressures modes 

(CPAP) both non-invasively and by endotracheal intubation.30,32 The critical animal study 

by Schweiger compared IMV to CPAP  in three  groups of pigs: a control group, FC 

group and PC-FC group.32 Ten to 15 cm of CPAP was beneficial over IMV alone for 

correcting alveolar closure thereby  minimizing  shunt fraction (p<.001) and improving 

compliance significantly (p<.006) The need for IMV was signficantly reduced after the 

application of CPAP in all animals. (p<.01) This effect was more pronounced in PC-FC  

than in isolated flail chest. (p<.01)    Similarly, in humans, Tanaka  prospectively studied 

the use of non-invasive CPAP in 59 patients with FC injury. (Class II)  Study patients 

were compared to historical controls  treated for respiratory failure prmarily with 

mechanical ventilation.30 Groups were well matched  in terms of extent of chest wall 

injury and overall injury severity.  The CPAP group had a lower rate of pulmonary 

complications (atelectasis 47% vs 95%; pneumonia 27% vs 70%; p<.01). and a 

significantly lower rate of mechanical ventilation.  Recently, Gunduz executed a well-

designed  randomized comparison of mask CPAP to intermittent positive pressure 

ventilation via endotracheal intubation (n=52). 71 CPAP led to a lower mortality (20%, 

5/25 vs 33% 7/21 p<.01) and nosocomial infection rate  (4/22, 18% vs. 10/21, 48%  

p=.001)  Mean pO2 was higher in the ET group initially ( 2 days p<.05) but then 

equalized.  A difference in the length of ICU stay could not be  demonstrated.  

 

Independent lung ventilation ( ILV)  has also been employed sporadically  over the last 

20 years.72-82 This modality has been applied to patients with severe unilateral chest 

trauma, predominantly pulmonary contusion in whom major ventilation-perfusion (V/Q) 

mismatch has been unresponsive to conventional support. Most of the work on this 

modality  has consisted of  case reports 72-79 or small, uncontrolled, single-limb  

observational studies 80-82  which report improved oxygenation and survival in patients 
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who were failing conventional ventilation. The rationale  for ILV rests with the supposition 

that  the severe V/Q mismatch of extensive  pulmonary contusion is worsened by the 

asymmetrical compliance of the injured lung.72 This occurs through diversion of  

ventilation to more compliant areas causing over-distention of normal alveoli. Hurst and 

colleagues initiated ILV  for  eight patients with unilateral  pulmonary  contusion with and 

without flail chest who were failing conventional support.82 Significant improvements 

were obtained in  PaO2 ( 72+8.7 to 153+37; p<.005) and shunt fraction (28+3.5 to 

12.6+2.5; p<.005)  No significant changes  occurred in  cardiac output, peripheral 

resistance or oxygen extraction index.  Seven of the eight patients  survived. Though this 

study was prospective, selection was non-random and no control group was studied. 

(class II) Studies addressing modes of ventilatory support are reviewed and graded in 

the evidentiary tables. 

 

Finally, the successful  use of high frequency jet ventilation has anecdotally been 

reported  in pulmonary contusion.83 However the indication and effectiveness has not 

been formally investigated. 

 

 

Surgical Repair of Flail Chest 

 

Surgical stabilization of flail chest injury  has been employed with  some frequency in 

Europe and  Asia  from the 1950’s until present day.84-89 Relatively little experience has 

been accrued recently in the United States.90 The surgery involves  a significant 

operative   procedure with mobilization  of large chest wall flaps or open thoracotomy.84 

(see figure 2)  A variety of  devices are then employed to stabilize the fracture fragments 

including medullary wires or nails, Judet struts or compression plates. 84,86-87,89-91 (see 
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figure 3) Specifics of the operative technique are beyond the scope of this review and 

the reader is referred to specific reports on the subject.84,86-87,89-91 

 

 

 

 

 

 

 

Figure 3.  Internal fixation of rib fracture by intramedullary nailing.  From Moore BP. 
Operative Stabilization of Non-penetrating Chest Injuries.  J. Thorac. Cardiovasc. Surg. 
1975; 70:619-630. 

Figure 2.  Incisions for internal fixation of flail chest injuries.  From Moore BP. Operative 
Stabilization of Non-penetrating Chest Injuries.  J. Thorac. Cardiovasc. Surg. 1975; 
70:619-630. 
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Numerous European studies report  “good” results with surgical fixation of FC, citing 

decreased pain, improved mechanics compared with pre-operative performance, “rapid” 

separation from mechanical ventilation and excellent return-to-work outcomes.  Yet 

these studies are mostly small, single-limb, observational  studies of personal 

experience lacking non-surgical controls. (classes II and III)  56,84-85,87,90-94 In some, patient 

selection is non-random.88-89,91,93-96 Consequently, though surgical fixation clearly 

corrects the anatomic chest deformity,  comparison of efficacy to  conservative treatment 

is problematic.88 

 

Tanaka and associates  performed the salient  randomized, controlled study (class I) of 

operative fixation  vs. internal pneumatic  stabilization.97 Groups (n=37) were well 

matched in terms of  injury severity, criteria for ventilatory support and  ventilator 

management. The incidence of pneumonia was less in the surgical group  (22% vs 90%) 

as was the length of ventilation and length of ICU stay. The investigators reported 

improved lung volumes, decreased pain and dyspnea and higher return-to-work   at one 

year with surgical fixation. All findings were significant to p<.05. Tanaka’s group 

concluded that surgical stabilization may be preferable  for severe flail chest patients 

when prolonged ventilatory support would otherwise be expected. In a similar, but 

retrospective review of  64 patients, Balci also compared operative fixation to ventilator 

support.96 The surgical group had a lower mortality (11% vs 21%), less ventilator days ( 

3 vs 6.6)  and less narcotic use.  However, patient allocation was not randomized in this 

study.   Finally,  Voggenreiter compared the outcome  of operative fixation for flail chest 

alone  and flail with pulmonary contusion to a non-operative control group.98 Groups 

were well matched.  “Pure” FC patients benefited from  surgical fixation in terms of 

separation from mechanical  ventilation ( 6.5 vs 30 days; p<.02) while those with   FC-
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PC did not  ( 27 vs. 30 days).  These authors concluded that  FC and respiratory 

insufficiency without underlying pulmonary contusion is an indication for surgical fixation.   

They felt that the presence of FC-PC precludes benefit from  primary fixation but that 

secondary stabilization may be indicated in the weaning period.  This study was  

uncontrolled, retrospective  and involved a small sample size.  No prospective, 

randomized controlled studies are identified comparing surgical fixation to modern 

conservative treatment with epidural analgesia  and chest physiotherapy.  Available 

literature addressing surgical fixation of flail chest is reviewed and graded in the 

evidentiary table.  

 

Other Therapies 

The use of steroids for the treatment of  pulmonary contusion has rarely been addressed 

in the literature.  Franz administered methylprednisolone 30 minutes after creation of 

experimental pulmonary contusion in dogs.99  The weight ratio of contused to normal 

lung was significantly decreased in treated animals and the volume of injury was less  on 

postmortem (p<.05).  Since the animals were sacrificed, the effect of steroids  on 

recovery and survival could not be assessed.    In a small retrospective human study, 

Svennevig concluded that  the  mortality in severe chest injury was reduced through the 

use of steroids.100 This study however, involved neither randomization nor constant 

criteria for administration of steroids. Since the cause of deaths were not specified,  it 

was difficult to assess the complications  and risk vs. benefit of steroid use. 
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VI CONCLUSION 

 

Pulmonary contusion / flail chest is a common injury constellation in blunt trauma. While  

injuries to the chest wall  itself may rarely  be the primary cause of death in multi-trauma 

patients, they greatly impact  management, survival, and long-term disability.  When 

occurring in sufficient volume of the lung, pulmonary contusion may have adverse global 

pulmonary and systemic effects. 

 

 Most of the current practice in treatment  of PC-FC derives from a modest quantity of 

Class II and III work , extrapolation of animal  research and “local custom”.   There is 

currently no credible human evidence that  “fluid restriction“ improves outcome though it 

has been shown to improve oxygenation in animal models. Respiratory dysfunction after 

contusion may ultimately be shown to relate more to direct traumatic and indirect 

biochemical effects of the injury rather than amounts of fluid administered.   In terms of 

ventilatory management, the bulk of current evidence favors selective use of mechanical 

ventilation with analgesia and chest physiotherapy being the preferred initial strategy.  

When support is required, no specific mode has been shown to be  superior to others 

though there is reasonable evidence that addition of PEEP or CPAP is helpful in 

improving oxygenation.  While the literature supporting the use of independent lung 

ventilation in severe unilateral. pulmonary contusion is largely observational, the majority 

of work supports the opinion that  it may be beneficial in select patients. Finally, surgical 

fixation of  flail chest has not been credibly compared to modern selective management, 

but may also be a valuable addition to the armamentarium in appropriate circumstances.    
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VII AREAS  FOR FURTHER INVESTIGATION 

 
Significant  quantitative and qualitative gaps exist in the body of knowledge  regarding 

PC-FC. Areas in need of further investigation include:     

1. Effect of hypertonic saline resuscitation on  PC 

2. Anti-inflammatory  “anti-cytokine”  Rx 

3. Modes of ventilatory support  

4. Non-invasive  ventilatory support 

5. Surgical fixation 

6. Long-term outcomes 
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shunt fraction both locally in the lobe and to a lesser extent overall.  
Lungs ventilated w

ih P
E

E
P

 had a higher w
eight than those 

notventilated w
ith P

E
E

P
. P

E
E

P
 increased oxygenation, but w

orsened 
contusion.  

R
ichardso

n  18 

1979 
R

ichardson JD
, W

oods D
: Lung 

bacterial clearance follow
ing 

pulm
onary contusion. S

urgery 
1979; 86:730-5  

2 AN
 

A
 prospective random

ized non –blinded anim
al  cohort study of 16 

dogs.  A
erosolized bacteria introduced into four groups 1-contusion 

alone; 2-contusion + fluid loading; 3 – contusion +system
ic 

hem
orrhage; 4- contusion + steroids.  S

tat analysis: none. 
C

onclusions:  C
ontusion itself does not alter bacterial lung clearance . 

C
learance w

as low
ered w

ith contusion + fluid load, contusion + 
system

ic hem
orrhage and w

ith steroids. 
Tranbaug
h  19 

1982 
Tranbaugh R

F, E
lings V

B
: 

D
eterm

inants of pulm
onary 

interstitial fluid accum
ulation  after 

traum
a. J Traum

a 1982; 22:820-6 

3 
S

tudy of 16 patients w
ith alleged severe lung injury, but no definition 

of criteria for sam
e.  N

o standardization of term
s or therapies.  

G
eneralized conclusion O

K
: interstitial lung w

ater increases w
ith 

m
em

brane injury from
 any cause 
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W
agner 

 20 

1991 
W

agner R
B

, S
livko B

: E
ffect of 

lung contusion on pulm
onary 

hem
odynam

ics. A
nn Thorac S

urg 
1991; 52:51-8 

2 
P

rospective nonrandom
ized study of 25 blunt traum

a pts w
ith 

pulm
onary contusion. There are 3 different subpopulations of 

patients: the reactors (5pts), the w
eak reactors (10pts) and the non-

reactors (10pts). This refers to pulm
onary vasoconstriction per unit of 

lung injury (P
V

R
I/A

S
F). R

ank correlation coefficient w
as used. 

The P
V

R
I increases w

ith size of contusion (A
S

F) m
ore strongly in 

reactors than in the non-reactors.  
The shunt fraction rem

ains below
 0.31 in both the reactor groups. In 

nonreactors the P
V

R
I rem

ained norm
al w

hile the shunt fraction 
increased w

ith extent of injury.  
C

onclusion: P
ul vasoconstriction m

inim
izes shunt fraction in lung 

injury in reactors. 
C

riticism
: N

on-random
ized trial, no non-contusion patients as controls 

. 
H

ellinger 
 21 

1995 
H

ellinger A
, K

onerding M
A

: D
oes 

lung contusion affect both the 
traum

atized and the noninjured 
lung parenchym

a? A
 

m
orphological and m

orphom
etric 

study in the pig. J Traum
a 1995; 

39:712-9 

2 AN
 

D
esign: C

ohort study w
ith 12 pigs. R

esults: C
ontused lung has 

hem
orrhage, thickened septa, and decreased alveolar diam

eter. 
U

ninjured lung, both ipsilateral and contralateral, has thickened septa, 
increased vacuoles and increased edem

a. B
A

L show
ed increased 

P
M

N
's in both contused and contralateral lung com

pared to controls. 
There w

as increased P
V

R
 and m

P
A

P
 after contusion and decreased 

H
orovitz quotient, and com

pliance. The TC
C

 increased and C
3 

decreased. S
tatistical m

ethods: C
hi squared test for septal 

thicknesses and alveolar diam
eters; p<0.01. S

tudent's t test for 
hem

odynam
ic and respiratory param

eters; p<0.05. C
onclusions: 

Increased septal diam
eter and decreased alveolar diam

eter occur to 
different extents in both contused and contralateral lung. 
M

easurem
ents of TC

C
 and C

3 support presence of system
ic 

inflam
m

atory response after direct lung injury. S
tructural changes are 

accom
panied by w

orsening hem
odynam

ics and lung m
echanics. 

S
trengths: V

ery w
ell done. W

eakness: O
nly 8 hour tim

e period. D
o 

these structural changes reverse w
ith tim

e?  
A

ufm
kolk 

 22 

1996 
A

ufm
kolk M

, Fischer R
, 

K
leinschm

idt C
, et al: E

ffect of 
Lung C

ontusion on S
urfactant 

C
om

position in M
ultiple Traum

a 

2 
N

o definition of lung contusion. N
o recom

m
endations: observations 

only: only direct lung injury w
ith organ failure results in changes in 

surfactant, how
ever study did not include patients w

ith organ failure 
w

ho did not have lung injury.  
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P
atients. J Traum

a. 1996; 
41:1023-9 
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C
ohn 

 23 

1996 
C

ohn S
M

, Zieg P
M

: E
xperim

ental 
pulm

onary contusion: R
eview

 of 
the literature and description of a 
new

 porcine m
odel. J Traum

a 
1996; 41:565-71 

N
/A

 
A

nim
al study 

O
bertacke 

 24 

1998 
O

bertacke U
, N

eudeck F: Local 
and system

ic reactions after lung 
contusion: A

n experim
ental study 

in the pig. S
hock 1998; 10:7-12 

2 AN
 

C
ontrolled, random

ized, non-blinded anim
al study of 12 pigs. 

R
esults:  

1. S
ystem

ic as w
ell as local activation of P

M
N

s, sequestration in 
lungs. 

2. S
urfactant significantly im

paired in both lungs; phospholipids not 
im

paired.  
3. E

arly local and system
ic activation of com

plem
ent 

R
ecom

m
endation: early use of ibuprofren or pentixophyline to protect 

contralateral lung. 
Justification: w

ell done experim
ental study. “O

pens door” to ue of 
drugs that protect contralateral lung.  

D
avis 

 25 

1999 
D

avis K
A

, Fabian TC
: 

P
rostanoids: early m

ediators in 
the secondary injury that develops 
after unilateral pulm

onary 
contusion. J Traum

a 1999; 
46:824-31 

1  
AN

 
D

esign of S
tudy: C

ohort study of anesthetized ventilated pigs w
ith 

unilateral blunt injury from
 bolt gun (n=20) versus control sham

 (n=5). 
Injured group w

as subdivided into no treatm
ent versus adm

inistration 
of Indom

ethacin 15 m
inutes before injury Type: C

ohort.  N
um

ber of 
P

atients: 25  A
nim

al.  R
esults: C

ontusion resulted in a significant: rise 
in pulm

onary artery pressure and hypoxia w
ith decrease in P

aO
2 to 

50%
 of baseline w

ithin 1 hour of injury. Indom
ethacin group had a 

higher P
aO

2 than no treatm
ent group at every level of P

E
E

P
. 

U
nilateral chest traum

a produced an early rise in B
A

L protein on the 
injured side and a delayed capillary leak on the contralateral side. 
These changes w

ere reduced by 40-60%
 w

ith indom
ethacin. 

Throm
boxane rise post injury blocked by indom

ethacin and 
P

rostacyclin rise delayed by indom
ethacin for 18 hours. S

tatistical 
M

ethods / S
ignificance: A

nalysis of variance and Fisher E
xact test 

w
ith 95%

 C
I C

onclusions / R
ecom

m
endations of S

tudy: Indom
ethacin 

blocked or attenuated tw
o inflam

m
atory m

ediators but did not prevent 
the progression of pulm

onary failure. Jadad V
alidity S

cale for G
rade I 

E
vidence S

tudy described as random
ized = 0/1 no but im

plied 
R

andom
ization appropriate=0 S

tudy described as double blinded=0 
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B
linding appropriate=0 D

escription of w
ithdraw

als or dropouts=0 
Total=0.5 Justification grading: Lim

ited num
bers in anim

al study, 
anim

als alw
ays ventilated in controlled environm

ent, treatm
ent group 

pretreated prior to injury, frequent use of bilateral B
A

L, potential for 
ventilator induced lung injury from

 ventilator protocol in study.  
 

B
orrelly  

26 
2005 

B
orrelly J, A

azam
i M

H
: N

ew
 

insights into the pathophysiology 
of the flail segm

ent: im
plications 

of the anterior serratus m
uscle in 

parietal failure.  E
ur J C

T S
urg. 

2005; 28:742-9 

3 
N

=127.A
uthors dem

onstrated via radiographic studies that  flail 
segm

ents secondarily dislocate through a com
plex set of actions 

involving the serratus anterior and other m
uscles. They present this 

concept as a logical  indication for  surgical repair of flail segm
ents.  
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O
U

TC
O

M
E 

 Pulm
onary C

ontusion (7) 
Johnson 
(*2) 
 27 

1986 
Johnson JA, C

ogbill TH
:  

D
eterm

inants of O
utcom

e after 
P

ulm
onary C

ontusion. J Traum
a 

1986; 26:695-7 

 
 

C
lark 

 28 

1988 
C

lark G
C

, S
checter W

P
: 

V
ariables affecting outcom

e in 
blunt chest traum

a: Flail chest vs. 
pulm

onary contusion. J Traum
a 

1988; 28:298-304 

3 
D

esign: R
etrospective chart review

 of 144 patients. R
esults: M

ain 
outcom

e variable w
as m

ortality. Fifteen percent of those w
ith first and 

second rib fractures had an aortic injury. Tw
enty-eight percent of 

those w
ith low

er left rib fractures had a splenic injury. Fifty -six 
percent of those w

ith low
er right rib fractures had a liver injury. C

N
S

 
injuries w

ere the m
ost com

m
on associated injury and m

ost com
m

on 
cause of death. Those w

ith flail chest and flail + pulm
onary contusion 

had higher IS
S

, and higher m
orbidity and m

ortality. A
telectasis and 

pneum
onia w

ere the m
ost com

m
on com

plications. A
R

D
S

 w
as 

infrequent. D
id not include isolated pneum

othorax, hem
othorax or rib 

fractures. S
tatistics: Tw

o tailed S
tudent's t test for age, IS

S
, num

ber 
days ventilated, length of stay, days in IC

U
. C

hi square test for 
m

ale:fem
ale ratio, %

 ventilated, shock incidence, %
 associated 

thoracic injuries and incidence of com
plications. P

<0.05 C
onclusions: 

Those w
ith first and second rib fractures should get aortography. 

M
ortality w

as associated w
ith shock, high IS

S
, brain injury, falls from

 
heights, com

bination pulm
onary contusion and flail, associated aortic 

injury. Few
 deaths w

ere due to pulm
onary failure but rather brain 

injury and shock. S
trength: M

ain conclusions supported. 
W

eaknesses: R
etrospective. C

annot be sure all appropriate patients 
w

ere included. W
ere there really only 144 patients over five years?  
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Kishikaw
a 

 29 

1991 
K

ishikaw
a M

, Y
oskioka T:  

P
ulm

onary contusion causes 
long-term

 respiratory  dysfunction 
w

ith decreased functional residual 
capacity. J Traum

a 1991;   :1203-
8 

1 Jadad 
4 

P
rospective random

ized blinded study m
easuring  P

FTS, particularly 
FR

C
 in patients w

ith P
C

 and w
ithout.  

R
esults” In P

C
 group, FR

C
 rem

ains abnorm
al > 6 m

onths.  
C

onclusions: Flail chest com
ponent causes short term

 respiratory 
disfunction w

hile P
C

 causes long term
 dysfunction w

ith  dyspnea, low
 

FR
C

 and P
aO

2..  
Justify grading: w

ell done study w
ith stat support. C

onclusions are 
supported by study.  

S
tellin 

 30 

1991 
S

tellin G
: Survival in traum

a 
victim

s w
ith pulm

onary contusion. 
A

m
 S

urg 1991; 57:780-4  

3 
D

esign of S
tudy: R

etrospective review
 from

 single traum
a center over 

5 years. A
ll patients had either a pneum

othorax or hem
othorax or 

both. C
ontusions w

ere defined w
ith radiological evidence of 

progression on C
X

R
 or C

T scan. Isolated rib fractures w
ithout 

evidence of pulm
onary contusion w

ere excluded. Type: 
O

bservational. N
um

ber of P
atients: 203 H

um
an. R

esults: M
ortality for 

contusion 20%
 but 42%

 if patient older than 60. Flail chest occurred in 
8%

 of patients w
ith 30%

 m
ortality rate. 68%

 of patients w
ho died had 

G
C

S
<7 w

ith 43%
 brain death. 25%

 died in E
R

. 34%
 of patients (all 

survivors) never required intubation. S
tatistical M

ethods / 
S

ignificance: C
hi square analysis of tw

o proportions w
ith Y

ate’s 
correction. P

<0.05. C
onclusions / R

ecom
m

endations of S
tudy: H

ead 
injury associated w

ith presence of shock is responsible for high 
m

ortality of chest injuries. Justification grading: Lim
ited num

bers and 
lack of detailed hom

ogenous subgroups w
ith true isolated pulm

onary 
contusions prevents quantification of true pulm

onary outcom
es.  

 
Kishikaw

a 
 31 

1993 
K

ishikaw
a M

, M
inam

i T, S
him

azu 
T, et al. Laterality of A

ir V
olum

e in 
Lungs Long A

fter B
lunt C

hest 
Traum

a . J Traum
a  1993;34: 

908-13  

3 
R

etrospective review
 R

esults:  17 patients w
ith severe blunt chest 

traum
a and lung contusion w

ere com
pared w

ith 10 norm
al volunteers 

(control group) to clarify the cause of persistent decreased lung 
capacity.  Ten patients had unilateral lung contusions, and 7 bilateral 
lung contusions.  Flail chest w

as diagnosed in 7 patients w
ith 

unilateral lung contusions and in 4 w
ith bilateral lung contusion.  C

T 
scanning w

as used to m
easure air volum

e laterality in contused lung 
and com

pared reliably w
ith spirom

etry m
easurem

ents.  14 of 24 
(58%

) contused lungs show
ed fibrosis on C

T scan 1 to 6 years 
follow

ing blunt chest traum
a.  The average air volum

e spirom
etry in 
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patients w
ith contused lungs w

as (76%
 +/- 8%

) com
pared w

ith the 
controls (98%

 +/-5%
).  The average air volum

e m
easured by C

T 
(71%

 +/-8%
).::  P

aired or unpaired S
tudent’s t test.  P

robabilities less 
than 5%

 (p<0.05) w
ere considered significant. C

onclusions: The m
ain 

cause of decreased A
V

 (air volum
e) is not thoracic deform

ity 
rem

aining after flail chest, but loss of pulm
onary parenchym

a from
 the 

constriction of fibrosis.  Lung A
V

 is decreased in patients w
ith lung 

contusion long after blunt chest traum
a; air volum

e of unilaterally 
injured lungs is severely reduced on the contused side,  C

T scans 
show

 fibrosis changes in contused lung long after the injury, 
persistent decreased A

V
 long after lung contusion seem

s to be 
induced by fibrosis generated in the contused lung. 

H
off 

32 
1994 

H
off S

J, S
hotts S

T: O
utcom

e of 
isolated pulm

onary contusion in 
blunt traum

a patients. A
m

 S
urg 

1994; 60:139-41 

3 
R

etrospective chart review
 of 94 pts (less than 50 yo) w

ith isolated pul 
contusion defined by cxr and iss of <25. 79%

 of the pts had a good 
outcom

e and 21%
 a bad outcom

e as defined by pneum
onia 

2%
,atelactasis(needing bronch) 16%

,effusion *%
,bronchopleural 

fistula 5%
,em

pyem
a 2%

, bacterem
ia 1%

. 
P

oor outcom
e predicted by (univariate analysis) 1. pul contusion on 

adm
ission cxr, hypoxia on adm

ission, need for chest tube, high chest 
tube drainage, hypoxia on adm

ission (po2<70 or po2/fiO
2<250). O

n 
m

ultivariate analysis only po2/fio2<250 w
as an independent predictor 

of poor outcom
e. There w

as no m
ortality. 

C
onclusion: Isolated pul contusion causes no m

ortality and is 
predicted by low

 P
/F ratios. 

C
riticism

: N
o clear def of how

 the pts w
ere defined as having pul 

contusion’. N
o controls. R

etro chart review
 w

ith inherent bias. 
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K
ollm

orge
n (*2) 
 33 

1994 
K

ollm
orgen D

R
, M

urray K
A

: 
P

redictors of m
ortality in 

pulm
onary contusion. A

m
 J S

urg 
1994; 168:659-64 

3 
D

esign of S
tudy: R

etrospective single traum
a center over 5 years of 

all traum
a patients w

ith pulm
onary contusion defined radiologically or 

by the presence of flail chest. Type: 
O

bservational_X
__C

ohort___P
revalence___C

ase C
ontrol___ 

N
um

ber of P
atients: 100 consecutive patients H

um
an__X

__ or 
A

nim
al_____ R

esults: 97%
 of injuries blunt. 52%

 required intubation. 
O

verall 10%
 m

ortality w
ith 70%

 m
ortality attributed to a direct 

consequence of pulm
onary failure or lung injury. Flail chest in 17%

 
w

ith 30%
 m

ortality. IS
S

 and transfusion requirem
ents higher and G

C
S

 
and P

aO
2/FiO

2 ratios low
er in non-survivors. O

n regression patient 
age, oxygenation 24 post adm

ission, resuscitation volum
e correlated 

w
ith m

ortality. O
f note, correlation betw

een resuscitation volum
e and 

IS
S

 significant (p<0.01)but correlation betw
een resuscitation volum

e 
and oxygenation w

as not p(0.49). S
tatistical M

ethods / S
ignificance: 

O
ne w

ay A
N

O
V

A
 and m

ultivariate regression analysis. P
<0.05 

C
onclusions / R

ecom
m

endations of S
tudy: O

utcom
e of pulm

onary 
contusion is dependent on a num

ber of variables including the 
severity of pulm

onary injury Justification grading: Lim
ited num

ber of 
patients, regression data overfit into lim

ited data set w
hich partly 

explains inability to narrow
 variable set. A

lso key variables not 
included in regression or based on even m

ore lim
ited subsets 

because of inadequate data.  
 

Balci 
34 

2005 
B

alci A
E

, B
alci TA

, E
ren S

, et al: 
U

nilateral post-traum
atic 

pulm
onary contusion: findings of a 

review
. S

urgery Today. 2005, 
35:205-210  

3 
R

estrospective review
  of 107 patients w

ith P
C

. P
erfusion scans w

ere 
done and a contusion score  w

as utilized ranging from
 1 to 9, w

here  
9 represented entire lung contusion.  M

ortality w
as 15%

.  M
ortality 

w
as predicted by age > 60, IS

S
>25, transfusion > 4 untis, paO

2/FiO
2 

<300, concurrent flail chest and contusion score >7. (all p<.05) 
Flail C

hest (7) 
R

elihan 
 35 

1973 
R

elihan M
, Litw

in M
S

: M
orbidity 

and M
ortality A

ssociated W
ith 

Flail C
hest injury: A

 R
eview

 of 85 
C

ases. J Traum
a. 1973; 13:663-

71  

3 
R

etrospective review
 of 85 cases: R

esults:.  
3. A

ge and gender did not affect m
ortality. 

4. Left lateral flail w
as m

ore com
m

on than anterior or right sided. 
5. H

ypovolem
ia and pulm

onary infection predom
inated as 

com
plications.  

6. P
atients w

ho died m
ore than 48 hours after adm

ission had cranial 
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injury 63%
 of the tim

e and m
ultiple fractures 50%

 of the tim
e. 

P
ulm

onary infection w
as felt to directly contribute to the deaths in 

50%
 of the group. 56%

 w
ere hypovolem

ic at som
e point during the 

hospitalization. 25%
 had significant U

G
I bleeding from

 ulcer disease. 
7.In com

paring patients w
ith and w

ithout head injury, death w
as m

ore 
com

m
on in the head injured group (68 vs. 19%

). P
ulm

onary 
com

plications w
ere m

ore com
m

on in the head injured group. (53%
 vs. 

18%
). 

8. P
seudom

onas and S
taph aureus w

ere the predom
inant organism

 
of pulm

onary infections am
ongst survivors and non-survivors.  

9. A
. auregonese, P

 V
ulgaris, E

.C
oli, and K

. pneum
onia w

ere m
ore 

com
m

on (p<0.01) in patients w
ho did not survive. 

S
tats:M

eans, percentages, m
ethod som

etim
es om

itted from
 m

ethod 
section and graphs 
C

onclusions: 
1. R

ecognition as a m
ultiply injured group.  

M
ultidisciplinary approach of skilled, trained physicians, etc. to avoid 

therapeutic om
issions and excesses. 

S
chaal 

  36 

1979 
S

chall M
A

, Fischer R
P

, P
erry JF: 

The U
nchanged M

ortality of Flail 
C

hest Injuries. J Traum
a. 1979; 

19:492-6 

3 
R

etrospective review
 of 685 patients w

ith thoracic  traum
a 1968-77 vs 

historical controls. M
ortality changed significantly for those patients 

w
ith one or m

ore m
ajor extrathoracic injury w

hose m
ajor  thoracic 

injury w
as a hem

othorax. C
onclusion: m

ain determ
inant of   m

ortality  
w

as shock of extrathoracic origin and head traum
a. S

tat m
ethods not 

provided.  
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Landercas
per 
 37 

1984 
Landercasper JL, C

ogbill TH
, 

Lindesm
ith LA

: Long-term
 

D
isability after Flail C

hest Injury. J 
traum

a. 1984; 24:410-14  

2 
D

esign: R
etrospective chart review

 and prospective observations. O
f 

62 original patients, 32 w
ere follow

ed up. The rest died or w
ere lost to 

follow
 up. 26 had C

X
R

's. 21 had spirom
etry. 20 had C

O
 diffusion 

study. 20 had dyspnea index. R
esults: 43%

 fully em
ployed, 7%

 
changed profession, 11%

 part-tim
e and 39%

 not em
ployed. A

ll C
X

R
's 

abnorm
al. 46%

 could not expand chest > 5cm
. S

pirom
etry show

ed 
24%

 w
ith obstructive airw

ay changes, 20 %
 w

ith restrictive findings 
and 15%

 w
ith both. V

ital capacity norm
al in 57%

 w
ho w

ere on vent 
and 22%

 of those off vent. C
O

 diffusion norm
al in 90%

. M
ild dyspnea 

in 50%
 and m

oderate in 20%
. S

tatistics: N
one. C

onclusions: Im
paired 

pulm
onary function in m

ost patients. D
yspnea in 70%

. P
ain in 49%

. 
80%

 w
ith abnorm

al dyspnea index. S
pirom

etry abnorm
al in 57%

. 
R

eturn to norm
al w

ork 43%
. S

trengths: N
ot m

any previous studies 
looking at long term

 disability in patients w
ith flail chest. This is a start. 

W
eaknesses: N

o inform
ation on preinjury function or em

ploym
ent or 

activity. N
O

 explanation of w
hy all 32 available patients didn't get all 

of the objective studies done. N
o discussion of how

 other injuries m
ay 

have affected the patients' ability to w
ork.  

Beal 
 38 

1985 
B

eal S
L, O

reskovich M
R

: Long-
term

 D
isability A

ssociated w
ith 

Flail C
hest Injury. A

m
. J. S

urg. 
1985;150:324-6.  

3 
R

etrospective review
: 20 patients w

ith flail chest and associated 
intrathoracic injuries, pulm

onary contusion, hem
othorax, and 

pneum
othorax w

ere follow
ed in an outpatient setting from

 50 to 732 
days follow

ing injury.  G
roup I (11), those w

ith no extra-thoracic injury, 
33%

 fully recovered and 67%
 had perm

anent sequelae after flail 
chest injury.  O

ne patient in G
roup I w

as not evaluated due to his 
placem

ent in a nursing hom
e.  G

roup II (9), includes extra-thoracic 
injuries w

hich w
ere not thought to contribute to outcom

e, 40%
 w

ere 
fully recovered and 60%

 had perm
anent sequelae.  O

ne patient in 
G

roup II w
as not evaluated due to his presence in an extended care 

facility. Tw
o groups w

ere com
pared using the chi-square or S

tudent’s 
t test.   C

onclusion: The m
ost com

m
on long-term

 problem
s after flail 

chest injury are persistent chest w
all pain, chest w

all deform
ity, and 

dyspnea on exertion. 
Freedland 
 39 

1990 
Freedland M

, W
ilson R

F, B
ender 

JS
, et al: The M

anagem
ent of 

Flail C
hest Injury: Factors 

3 
R

etrospectiive  review
 of  57 patients.   

R
esults: factors affecting outcom

e:  etiology; age, extent of flail; assoc 
pulm

onary contusion, H
P

TX
, assoc. injuries, IS

S
. 
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A
ffecting O

utcom
e. J Traum

a. 
1990; 30:1460-68.  

R
ecom

m
endations: unsupported: fluid restriction; pain control  

G
aillard 

 40 

1990 
G

aillard M
, H

erve C
, M

andin L, et 
al: M

ortality P
rognostic Factors in 

C
hest Traum

a. J Traum
a. 1990; 

30:93-6.  

3 
N

um
bers don't add up: m

ore chest injuries than there are patients: 
som

e had m
ultiple injuries: not addressed. S

elf-fulfilling conclusion: 
m

ore injured patients had higher m
ortality; no m

atched control group 
w

ithout chest traum
a. A

ge w
as not addressed. N

o m
ention of 

associated injuries in the chest traum
a patients 

 
A

lbaugh 
 41 

2000 
A

llbaugh G
, K

ann B
, P

uc M
M

, et 
al: A

ge-adjusted O
utcom

es in 
Traum

atic Flail C
hest Injuries in 

the E
lderly. A

m
. S

urgeon. 2000; 
66:978-81. 

3 
58 pts w

ho had flail chest w
ere included in the retrospective chart 

review
. They w

ere divided into 2 groups: under 55yo(32pts) and over 
55yo(26pts). 
N

o difference in groups re:IS
S

,LO
S

, vent days, head injury, 
tracheostom

y, pneum
onia developm

ent, A
R

D
S

. O
lder group has 

higher m
ort 58%

 vs 16%
. M

ort increases 132%
 for every 10 yr 

increase in age. W
icoxon t test. X2 and logistic regression used. 95%

 
confidence interval used.  
C

onclusion: A
ge is predictor of outcom

e w
ith flail chest and show

s 
increased m

ort. 
C

riticism
: R

etrospective chart review
 w

ithout any controls. The tw
o 

groups are not very com
parable: m

any m
ore m

ales in first group. 
A

thanassi
adi 
42  

2004 
A

thanassiadi K
, G

erazounis M
, 

Theakos N
: M

anagem
ent of 150 

flail chest injuries: analysis of risk 
factors affecting outcom

e.E
ur J. 

C
T S

urg.2004; 26:373-6. 

3 
R

etrospective review
.  M

ain factors correlating w
ith adverse outcom

e 
(p,>05) w

ere IS
S

 and presence of associated injuries.  A
ge and 

hem
opneum

othorax did not affect did not affect m
ortality but did 

influence length of stay.  M
ain findings are as expected. 

 



©
 C

opyright 2006 – E
astern A

ssociation for the S
urgery of Traum

a 

Fluid M
anagem

ent (9) 
Fulton 
 43 

1973 
Fulton R

L, P
eter E

T: P
hysiologic 

effects of fluid therapy after 
pulm

onary contusion. A
m

 J S
urg 

1973; 126:773-7 

2 An 
C

hanges in nl lung w
ith opposite lung injury. S

how
s injured lung 

releases system
ic factors that dam

age norm
al lung.  

Trinkle 
 44 

1973 
Trinkle JK

, Furm
an R

W
: 

P
ulm

onary C
ontusion: 

P
athogenesis and effect of 

various resuscitative m
easures. 

A
nn Thorac S

urg 1973; 16:568-73

2 An 
E

xperim
ental pulm

onary contusion to R
LL. C

rystalloid and D
extran 

caused lesion to be larger than colloid. Lasix and P
E

E
P

 caused lesion 
to be sm

aller  to statistically significant degree.  D
ecadron had no 

effect on contusion size. N
o  stat. sig.  D

ifference w
hen R

LL w
eight to 

body w
eight index used.  

Fulton 
 45 

1974 
Fulton R

L, P
eter E

T: 
C

om
positional and histologic 

effects of fluid therapy follow
ing 

pulm
onary contusion. J Traum

a 
1974; 14:783-90 

2 An 
3 lim

b dog study w
ith experim

ental P
C

. C
ontused lung doubles its 

w
eight due to blood  Fluid resuscitation increases  the percentage of 

w
ater  in the contused lung over control groups resulting in congestive 

atelectasis.. This is unchanged  w
hether or not the anim

al has 
hem

orrhagic shock induced and resuscitated. W
ell designed study 

w
ith statistical significance.  

R
ichardso

n  46 

1974 
R

ichardson JD
, Franz JL: 

P
ulm

onary contusion and 
hem

orrhage – C
rystalloid versus 

colloid replacem
ent. J S

urg R
es 

1974; 16:336  

1 Jadad 
3 AN

 

P
rospective random

ized anim
al m

odel of  34 dogs. R
esults: 

1. P
lasm

a protein levels are progressively dim
inished in anim

als 
receiving volum

e replacem
ent w

ith crystalloid. 
2. A

nim
als exhibited declining arterial po2 levels w

ith 
adm

inistration of Lactated R
ingers at 90cc/kg w

ith 30cc/kg 
blood loss as com

pared to m
atched plasm

a replacem
ent.  

3. Lung w
ater increases significantly w

ith adm
inistration of LR

 at 
both 30cc/kg and 90cc/kg com

pared to plasm
a. 

4. P
athology exhibited alveolar disruption, hem

orrhage, and 
interstitial edem

a in all groups. In plasm
a adm

inistered 
anim

als, hem
orrhage w

as m
inim

al and edem
a described as 

m
ild to m

oderate. In LR
 infused groups, interstitial edem

a w
as 

increased, there w
as m

ore eosin-staining edem
a fluid w

ith 
increased rate of infusion and the am

ount of edem
a outside of 

the central zone of contusion w
as likew

ise greater.  S
tatistical 

m
ethods/significance:P

<-.01 to 0.5  W
ilcoxon R

ank S
um

 Test 
C

onclusions: P
lasm

a replacem
ent w

as superior to R
LS

 replacem
ent 

of volum
e. R

ate of replacem
ent of R

LS
 also affected the results. 

E
valuation: A

nim
al study. D

elayed studies not done to see if 
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differences resolve. 
B

ongard 
 47 

1984 
B

ongard FS, Lew
 FR

: C
rystalloid 

resuscitation of patients w
ith 

pulm
onary contusion. A

m
 J S

urg 
1984; 148:145-9  

3 
A

 R
etrospective review

 of 109 patients w
ith P

C
: attem

pted to 
correlate P

aO
2/FiO

2 ratio w
ith plasm

a oncotic pressure in survivors 
and non-survivors: 
R

esults:  
1. N

o correlation  betw
een P

aO
2/FiO

2 and  P
lasm

o oncotic 
pressure. 

2. N
o p-traum

atic difference in P
aO

2/FiO
2  betw

een survivors and 
non-survivors. 

C
onclusion: P

ulm
onary dysfunction after contusion is unrelated to 

hem
odilution. (U

se  of crystalloid does not affect outcom
e) P

.C
. is not 

a progressive lesion unless pneum
onia supervenes.   

Justification: - retrospective study does no support conclusions m
ade. 

Johnson 
 (*2) 
 48 

1986 
Johnson JA, C

ogbill TH
:  

D
eterm

inants of O
utcom

e after 
P

ulm
onary C

ontusion. J Traum
a 

1986; 26:695-7 

3 
R

etrospective case series of 86  patients . R
esults: M

ortality w
as 

significantly greater (p<0.05) in patients w
ith IS

S
 greater than or 

equal to 25, initial G
C

S
 less than or equal to 7, transfusion of > 3units 

of blood and pO
2/FIO

2 <300. C
onclusions:  M

ortality correlated w
ith  

degree  of hypoxem
ia on adm

ission, extrathoracic injury , particularly 
head traum

a  and overall severity of injury.. M
ortality w

as not 
correlated w

ith either the presence of shock or am
ount of intravenous 

fluid adm
inistration.  C

oncom
itant flail chest did not lead to  increased 

m
ortality, but did increase the incidence of  m

echanical ventilation 
(p<0.05).  The extent of contusion assessed on adm

ission C
X

R
 w

as 
not predicative of m

ortality or the need for intubation. S
tats: C

hi-
square analysis of tw

o proportions w
ith Y

ates’correction.  Level of 
confidence w

as defined p<0.05.  
K

ollm
orge

n (*2) 
 49 

1994 
K

ollm
orgen D

R
, M

urray K
A

: 
P

redictors of m
ortality in 

pulm
onary contusion. A

m
 J S

urg 
1994; 168:659-64 
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C
ohn 

 50 

1997 
C

ohn S
M

, Zieg P
M

: R
esuscitation 

of pulm
onary contusion: E

ffects of 
a red cell substitute. C

rit C
are 

M
ed 1997; 25:484-91 

2 AN
 

D
esign: C

ohort study w
ith 10 pigs. R

esults: M
ore decrease of 

hem
oglobin w

ith crystalloid. S
V

O
2 unchanged w

ith crystalloid but 
decreased w

ith H
b substitute. H

ad increased M
P

A
P

 greater w
ith H

b 
substitute than crystalloid. C

om
pliance decreased m

ore w
ith H

b 
substitute than crystalloid. Increased lesion size w

ith H
b substitute on 

C
T scan. S

tatistical m
ethods: Tukey's difference test for post oc 

com
parisons p<0.05. C

onclusions: Increased hem
orrhage w

ith H
b 

substitute vs. crystalloid. C
om

pliance decreased m
ore w

ith H
b 

substitute vs. crystalloid. O
verall, H

b substitute did not perform
 w

ell 
com

pared to crystalloid. S
trength:N

one W
eaknesses: S

tudy of H
b 

substitute affect on lungs, not pulm
onary contusion. There w

ere no 
controls w

ho w
ere not contused. S

tudy only lasted 4 hours. D
id not 

see hypoxem
ia in either group; w

hy? U
sed static rather than dynam

ic 
com

pliance.  
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C
ohn 

 51 

1997 
 C

ohn S
M

, Fisher B
T: 

R
esuscitation of pulm

onary 
contusion: H

ypertonic saline is not 
beneficial. S

hock 1997; 8:292-9 

1 Jadad 
4 AN

 

P
rospective random

ized trial. Jadad scale 4 (1,0-doubleblind,1,1,1)18 
pigs w

ere used to evaluate the effects of pulm
onary contusion and 

resuscitation w
ith N

orm
al saline (8pigs,N

S
,  90cc/kg) or 

7.5%
saline(H

TS
 , 4cc/kg,10pigs). The pigs w

ere also bled 30cc/kg 
and resuscitated at t=20 m

ins. R
esuscitation w

as continued for 20 
m

ins and then the pigs received m
aintenance fluids till 4 hrs. A

t 4 hrs 
the pigs w

ere C
t scaned to obtain injury volum

e and then sacrificed to 
m

easure w
et and dry lung w

eight. A
N

O
V

A
 used , p<0.05 null 

rejected. 
H

R
 w

as sam
e for both groups. M

A
P

s w
ere low

er at 40 and 120 m
ins 

for H
TS

 group. N
S

 resus returned bp to baseline. C
ardiac index w

as 
also low

er for H
TS

 upto 60 m
ins com

pared to N
S

.N
S

 returned C
I to 

baseline. Thus O
2 extraction w

as low
er in the H

TS
 group and never 

returned to baseline as w
ith N

S
. 

C
om

pliance w
orsened in both groups sim

ilarly. 
C

T lesion volum
es and dry/w

et lung w
ts rem

ained sam
e for both the 

groups. 
C

onclusion: S
m

all volum
e hypertonic resus does not decrease lung 

injury. 
C

riticism
: Tim

e studied (4 hrs) m
ight be too short. 90cc/kg too m

uch 
w

rt 4 cc/kg for the hypertonic saline. 
   



©
 C

opyright 2006 – E
astern A

ssociation for the S
urgery of Traum

a 

Ventilatory Support 
 Pulm

onary C
ontusion  (4) 

Shin 
 52 

1979 
S

hin B
, M

cA
slan C

: M
anagem

ent 
of lung contusion. A

m
 S

urg 
1979;45:168-75 

3 
R

etrospective study of 132 patients im
m

ediate intubation and 
ventilation w

ith P
E

E
P

 for every lung contusion . S
ingle lim

b study 
P

rogressive hypoxem
ia and pulm

onary deterioration w
ere not seen. 

D
eaths due to brain injury or sepsis .  C

onclusions: early intubation  
and ventilation w

ith peep  m
inim

izes developm
ent of interstitial edem

a 
and alveolar hem

orrhage.  M
ethodologically flaw

ed: retrospective, no 
statistical validation, sm

all num
bers, no correction for severity of 

illness.  C
onclusion can’t be supported by the data. 

R
ichardso

n  53 

1982 
R

ichardson JD
, A

dam
s L: 

S
elective m

anagem
ent of flail 

chest and pulm
onary contusion. 

A
nn. S

urg 1982; 196:481-6 

3 
R

etrospective study (retrospective review
 of prospectively accrued 

data) of 427 patients w
ith FC

-P
C

. 
95 pts. H

ad FC
. (86%

 of those also had P
C

) 135 pts. had  P
C

 w
ithout 

FC
.  Treatm

ent m
odalities  varied by physician judgm

ent., including 
fluid restriction.  99 intubated. 328 not.  
R

esults:  H
alf the FC

 patients w
ere intubated and 20%

 of the P
C

 
patients w

ere also.  The intubated patients had a higher m
ortality  but 

w
ere m

ore severely injured.  O
verall m

ortality 6.5%
 w

ith  ¼
 of that 

due to pulm
onary com

plications.   
C

onclusions :U
se ventilatory support only as a last resort w

ith specific 
indications. 
Justification: M

ostly expert opinion . N
o statistical analysis.  

M
oom

ey 
 54 

1998 
M

oom
ey C

B
, Fabian TC

: 
C

ardiopulm
onary function after 

pulm
onary contusion and partial 

liquid ventilation. J Traum
a 1998; 

45:283-90 

2 AN
 

D
esign: C

ohort study w
ith 23 pigs. R

esults: C
onfirm

ed decreased 
P

aO
2/FIO

2 ratio and increased P
V

R
, increased dead space, 

increased shunt in injured anim
als. The increase of peak inspiratory 

pressure w
as greater w

ith partial liquid ventilation(P
LV

) than w
ith 

P
E

E
P

. Increased P
E

E
P

 caused a better increase of P
aO

2/FIO
2 

ration and a better decrease of dead space than P
LV

. S
hunt fraction 

w
as low

er and com
pliance higher for P

E
E

P
 than P

LV
 but difference 

w
as not statistically significant. P

E
E

P
 caused a decrease in C

ardiac 
index, stroke index and oxygen delivery; there w

as no change w
ith 

P
LV

. There w
as less hem

orrhage in uninjured lung on P
LV

 than on 
P

E
E

P
. The injured lung had no histologic changes betw

een the 
treatm

ent groups. S
tatistics: A

N
O

V
A

 and Fisher's t test; p=0.05 
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C
onclusions:N

either P
LV

 nor P
E

E
P

 w
as 100%

 effective. There w
ere 

advantages and disadvantages w
ith both. N

either reversed increased 
airw

ay resistance caused by contusion. P
E

E
P

 w
as better than P

LV
 at 

restoring P
aO

2 and decreasing dead space. P
E

E
P

 w
as as good at 

P
LV

 at correcting P
aC

O
2, com

pliance and shunt fraction. P
LV

 is 
better than P

E
E

P
 at m

aintaining cardiac index, stroke index and 
oxygen delivery. S

trengths: G
ood controls. W

eaknesses: V
entilator 

strategy did not include low
 tidal volum

es. C
ould this have caused 

injury to both groups and been attenuated in the P
LV

 group. W
as 

P
E

E
P

 of 25 needed? Total treatm
ent tim

e lasted only 2 hours and 
there w

as only 30 m
inutes betw

een P
E

E
P

 changes. O
nly single dose 

of perflubron w
as given and there w

as no account for evaporation; not 
using P

E
E

P
 w

ith P
LV

 as is usually done m
ay have caused m

ore 
evaporative losses.  
 

 R
iou 

 55 

2001 
R

iou B
, Zaier K

: H
igh-frequency 

jet ventilation in life-threatening 
bilateral pulm

onary contusion. 
A

nesthesiology  2001; 94:927-30  

2 
R

eport on 9 patients: no controls. H
FJV

 used after conventional 
ventilation failed: lung protective strategies not addressed. 4/9 
patients died: all from

 "severe head injury": no inform
ation on the 

effects of H
FJV

 on the head injury. H
FJV

 w
as successful "salvage" 

therapy for resistant hypoxia.  
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Flail C
hest  - Ventilatory Support vs. C

onservative Treatm
ent (10) 

D
iethelm

 
 56 

1971 
D

iethelm
 A

G
, B

attle W
: 

M
anagem

ent of Flail C
hest Injury: 

A
 R

eview
 of 75 C

ases. A
m

 
S

urgeon. 1971; ___:667-70  

3 
R

etrospective cases series review
:  R

esults: 75 patients w
ere treated 

by both internal and external m
eans of stabilization.  E

arly 
stabilization w

as achieved by endotracheal intubation and positive 
pressure ventilation in 56 patients usually lasting 7 to 14 days.  
E

xternal fixation w
as required in 19 patients by using tow

el clips, 
sternal w

iring or sandbags.  N
ine of the patients died none of w

hich 
w

ere related to hypoxia or thoracic instability. N
o statistics identified. 

C
onclusions: 75 patients w

ere treated by both internal and external 
m

eans of stabilization.  E
arly stabilization w

as achieved by 
endotracheal intubation and positive pressure ventilation in 56 
patients usually lasting 7 to 14 days.  E

xternal fixation w
as required in 

19 patients by using tow
el clips, sternal w

iring or sandbags.  N
ine of 

the patients died, none of w
hich w

ere related to hypoxia or thoracic 
instability. Justify grading: observational study w

ithout stats. H
istorical 

interest. N
o usable conclusions today.  

Trinkle 
 57 

1975 
Trinkle JK

, R
ichardson JD

, Franz 
JL, et al: M

anagem
ent of Flail 

C
hest W

ithout M
echanical 

V
entilation. A

nn. Thoracic S
urg. 

1975; 19:355-62. 

3 
R

etrospective review
 of 30 patients. R

esults: 
1. The groups w

ere com
parable w

ith respect to age, m
echanism

, 
num

ber and types of organs injured, requirem
ent of operations, 

rib fractures, and E
D

 stability. 
2. Tracheostom

y w
as also the preferred m

ethod of intubation in 
group 1.  

3. A
vg. # of ventilator days w

as 22.6 in group 1 and 0.6 in group 
2 (p<0.005) 

4. G
roup 1 w

as hospitalized 22.6 days avg. vs. 9.3 in group 2.  
(p<0.005) 

5. 21%
 m

ortality in G
roup 1 vs. 0%

 in group 2. (p< 0.01) 
6. 23 com

plications in G
roup 1 vs. 2 in  group 2. (p<0.001) 

S
tats:W

ilcoxon R
ank S

um
 Test/ C

hi S
quare Test  p<0.01 

C
onclusions/R

ecom
m

endations: 
1. Internal stabilization is not w

arranted in all cases of flail chest 
2.   M

andatory tracheostom
y and ventilation is not needed. 

Justify grading. S
trengths/w

eaknesses 
C

om
pared tw

o m
ethods being practiced in a large center by different 

areas of the hospital supervised by tw
o different groups of physicians. 
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M
ethods significantly different betw

een groups. The data are rather 
convincing, but the sm

all num
bers of patients and the study design do 

not allow
 m

ajor confidence in m
ost of the statem

ents. 
S

hackford 
 58  

1976 
S

hackford S
R

, S
m

ith D
E

, Zarins 
C

K
, et al: The M

anagem
ent of 

Flail C
hest. A

m
. J. S

urg. 1976; 
132:759-62. 

2 
C

ase control group of ventilated vs non-ventilated patients w
ith flail 

chest. Failure of m
echanical ventilation to im

prove survival w
ith flail 

chest is due to com
plications of vent support.  G

roups w
ell m

atched 
for severity of thoracic injury and overall.  M

echanical ventilation 
should be used to correct abnorm

alities of gas exchange rather than 
to overcom

e instability of chest w
all. E

ndpoint is norm
alization of 

P
aO

2, shunt and A
a gradient.  W

ell identified groups and stat. sig. 
achieved but retrospective study w

ith sm
all num

bers.  
C

hristenss
on 
 59 

1979 
C

hristensson P
, G

isselsson L, 
Lecerof H

, et al: E
arly and Late 

R
esults of C

ontrolled V
entilation 

in Flail C
hest. C

hest. 1979; 
75:456-60. 

2 
S

ingle lim
b prospective observational study of 35 patients w

ith FC
. A

ll 
w

ere treated w
ith obligatory tracheostom

y and IP
P

B
 for tw

o to three 
w

eeks.  The goal w
as to stabilize the chest w

all in a favorable position 
for healing. S

even patients died of other injuries.  
R

esults – 1-8 year P
FTs  revealed m

inim
al to no im

pairm
ent of 

m
echanics.  Zenon perfusion revealed  reduction in regional perfusion 

in  5/35 patients.  
C

onclusion: M
andatory IP

P
B

 is useful in allow
ing healing and 

preventing long term
 disability  in patients w

ith FC
 and paradoxical 

respiratory m
ovem

ents. 
Justify grading:  sm

all sam
ple of patients in single lim

b study.  N
ot 

com
pared to a control group of non-vented patients.    
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C
arpintero 

 60 

1980 
C

arpintero JL, R
odriguez D

iez A
, 

E
lvira JR

, et al: M
ethods of 

M
anagem

ent of Flail C
hest. 

Intens. C
are M

ed. 1980; 6:217-21 

3 
N

on-random
ized observational study of 30 patients: Tw

o groups of 
patients w

ere identified. A
ll received initial therapy identically, but 

those w
ho progressed to m

echanical ventilation w
ere designated 

G
roup B

. Age, initial vital signs, num
ber of ribs fractured, 

hem
opneum

othoraces, evidence of cardiovascular injury/anom
aly by 

E
K

G
, head injury, initial po2 and pC

O
2,  and need for abdom

inal 
procedure w

ere statistically the sam
e.  

1. The ventilated group had a statistically higher incidence of 
pneum

onia and sepsis. 
2. The average stay w

as 3.2 for the nonventilated group vs. 11.7 
for the ventilated group (p<0.01) 

3. There w
ere no statistically significant param

eters in patients 
w

ho received surgical fixation of fractures vs. those w
ith flail 

chest that did not. 
4. S

tatic com
pliance m

easurem
ents w

ere the only variable in 
w

hich survivors w
ere statistically different than nonsurvivors. 

(56 vs/ 25  p<0.01) 
S

tats: S
tudent T and C

hi S
quare ; p< 0.01 

C
onclusions: 

1. C
onservative m

anagem
ent can be successful for flail chest 

and has a low
er m

orbidity and m
ortality. 

2. M
echanical ventilation w

ith IM
V

 + P
E

E
P

 if the patient cannot 
be oxygenated conservatively. 

3. The static com
pliance is a good prognostic indicator. 

4. E
arly surgical fixation is needed in the very unstable chest. 

Justify grading. S
trengths/w

eaknesses 
O

bservational study in w
hich patients w

ho w
ere not doing w

ell and 
required m

echanical ventilation w
ere stratified as a separate group. 

S
m

all num
bers. N

o real criteria for stabilization.  A
rm

s of study  not 
random

. C
onclusions not w

ell supported.                                     
S

hackford 
 61 

1981 
S

hackford S
R

, V
irgilio R

W
, P

eters 
R

M
, et al Selective U

se of 
V

entilator Therapy in Flail C
hest 

Injury. J. Thorac. C
ardiovasc. 

S
urg. 1981; 81:194-201  

2 
D

esign of S
tudy: P

rospective evaluation of flail chest patients in a 
treatm

ent protocol for lim
ited use of m

echanical ventilation. G
roup I 

patients had severe pulm
onary dysfunction. G

roup II patients had no 
pulm

onary dysfunction on adm
ission but did require tem

porary 
ventilatory support for an associated injury. G

roup III had no 
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pulm
onary dysfunction on adm

ission. B
lunt injuries only. Type: C

ohort 
study of 36patients. . G

roup I = 13, G
roup II = 7, G

roup III = 16 
R

esults:  C
om

plication rate in G
roup I significantly higher than others 

at 40%
 w

ith pneum
onia occurring in 69%

. M
ortality rate in group I w

as 
15%

. G
roup II duration of ventilation <24 hours in all but one w

ith no 
deaths. G

roup III patients 94%
 didn’t require ventilatory support. 

D
ecreased proportion of flail chest patients ventilated from

 74%
 in 

earlier study to 38%
 in this study. M

ortality rate also decreased from
 

14%
 to 8%

 from
 earlier to current period. S

tatistical M
ethods / 

S
ignificance: S

tudent’s t test. P
<0.01. C

onclusions / 
R

ecom
m

endations of S
tudy: V

entilatory support should be reserved 
for patients w

ho m
anifest som

e degree of pulm
onary dysfunction 

such as hypoxem
ia, increased intrapulm

onary shunt fraction or 
clinical respiratory distress. Justification grading: Lim

ited study but 
defined treatm

ent protocols and relatively hom
ogenous groups. 

V
entilator protocol w

ith 15 m
g/kg tidal volum

es w
ould in and of itself 

contribute to lung injury.  
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D
ittm

ann 
 62 

1982 
D

ittm
ann M

, S
teenblock U

, 
K

ranzlin M
, et al: E

pidural 
A

nalgesia or M
echanical 

V
entilation for M

ultiple R
ib 

Fractures. Intensive C
are M

ed. 
1982; 8:59-92 

3 
P

rospective analysis of treatm
ent protocol. For 283 patients. R

esults: 
155 patients w

ere treated w
ith prim

ary ventilation, 112 patients w
ith 

prim
ary epidural analgesia, and 16 patients w

ith general anesthesia.  
P

rim
arily ventilated patients w

ere treated for an average of 13.5 days 
in the IC

U
, spent 26.2 days in the hospital w

ith 22 dying 
predom

inantly due to pulm
onary causes and 16 solely due to non-

pulm
onary causes.  21 of the 155 prim

arily ventilated patients could 
be extubated early w

ith thoracic epidural analgesia.  S
pontaneously 

breathing patients receiving thoracic epidural analgesia spent an 
average of 6.1 days in the IC

U
 and a total of 17 days in the hospital. 

Five of the patients treated prim
arily w

ith epidural analgesia needed 
secondary ventilation. S

tats: none supplied.  C
onclusions: The 

severity of gas exchange abnrm
ality, not m

echanical defect is the 
indication for ventilatory support. For patients  w

ith only m
oderate gas 

exchange abnorm
ality , spontaneous breathing w

ith epidural 
analgesia is preferable.  This is a descriptive study of a protocol. 
S

ince groups are not hom
ogenous no statem

ent can be m
ade 

regarding  relative effectiveness of each m
odality.  

M
iller 

 63  

1983 
M

iller H
A

, Taylor G
A

, H
arrison 

A
W

, et al: M
anagem

ent of Flail 
C

hest. C
an. M

ed. A
ssoc. J. 1983; 

129: 1104-1107 

3 
C

onclusion that not all patients w
ith flail chest need m

echanical 
ventilation is supported. H

ow
ever in the group that w

as ventliated, 
only 2 (out of 57) w

ere intubated because of pulm
onary/respiratory 

problem
s. The use of diuretics, colloids, fluid restriction and steroids 

w
as not controlled. P

atients grouped retrospectively; few
 had IS

S
 

recorded. 
 

O
delow

o 
 64 

1987 
O

delow
o FO

: S
uccessful 

M
anagem

ent of Flail C
hest 

W
ithout the U

se of a Volum
e 

V
entilator.  J. M

ed. E
ast. 

A
fr.1987; 64:836-844 

3 
C

linical series of 7 flail chest patients treated w
ith intercostal nerve 

block and chest stabilization using adhesive plaster across the flail 
portion. P

ts received O
2,and nasotracheal suction along w

ith 
antibiotics. 
O

ne pt expired. 2 pts could not tolerate the plaster (1-increase IC
P

,1-
pregnant). H

ospital course 11-38d. N
o statistics used. 

C
onclusion: D

eveloping countries should use the m
anagem

ent 
schem

e since it produces good results. 
C

riticism
: N

o evidence that this schem
e is any better than any other 

non-vent m
anagem

ent. N
ot clear  that their result are better than no 
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m
anagem

ent at all. 
V

elm
ahos 

 65 

2002 
V

elm
ahos G

C
, V

assiliu P
, C

han 
LS

, et al. Influence of Flail C
hest 

on O
utcom

e A
m

ong P
atients w

ith 
S

evere Thoracic C
age Traum

a. 
Int. S

urg. 2002; 87:240-44 

2 
P

rospective com
parative study of 60 patients w

ith thoracic traum
a. 22 

pts had flail chest and 68 rib fractures w
ithout flail. O

utcom
es looked 

at w
ere, m

ort, resp com
plications (pneum

onia and A
R

D
S

), need for 
ventilation, and length of IC

U
 and hospital stay. S

tudent t-test, C
hi-

square or Fischer’s exact test w
as used. P

<0.05 w
as considered 

significant.  
Flail pts w

ere sim
ilar to the rib-fracture-only pts except for higher IS

S
. 

Flail pts needed vent support m
ore(despite sim

ilar rates of lung 
contusion) (86%

 vs 42%
),and had m

ore resp com
plications (64%

 vs 
26%

overall; pneum
onia 55%

vs 24%
 ; A

R
D

S
 27%

 vs 9%
). They also 

had longer hospital stays(28d vs 17 d) and IC
U

 stays (20d vs 9 d). 
C

onclusion: P
ts w

ith flail chest need intubation and develop pulm
 

com
plications. 

C
riticism

: P
ts w

ith flail chest had higher IS
S

 scores and the 
calculation of pul contusion volum

e can be subjective. 
 

          M
odes of Ventilatory Support (9) 
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S
laden 

 66 

1973 
S

laden A
, A

ldredge C
F, A

lbarran 
R

: P
E

E
P

 vs. ZE
E

P
 in the 

Treatm
ent of Flail C

hest Injuries. 
C

rit. C
are M

ed. 1973; 1:187-91. 

2 
P

rospective  serial controlled study  of 9 patients, patient serving as 
ow

n control: 
 R

esults: 
1. P

O
2 im

proves in nearly all patients  w
ith the addition of P

E
E

P
 

of 10 or 15 (t=5.15. p<0.001) 
2. N

o change in physiologic dead space m
easurem

ent w
ith 

adm
inistration of peep at 0, 10, and 15. 

3. R
ib alignm

ent “usually im
proved” w

ith P
E

E
P

. 
S

tats:S
tudent’s paired T test, p<0.001 

C
onclusions: 

1. O
xygenation im

proves w
ith application of P

E
E

P
. The authors 

state it is the FR
C

 that is responsible. 
2. P

E
E

P
 can affect cardiac output.  

3. R
ib fracture alignm

ent is im
proved w

ith P
E

E
P

. 
Justification:  
1. V

ery sm
all study in w

hich patients serve as their ow
n controls 

show
ing that oxygenation is im

proved w
ith P

E
E

P
 and that it is not 

secondary to changes in the physiologic dead space. These 
conclusions are supported. 

2. The conclusion that rib alignm
ent is im

proved is w
eak as there is 

no real description or quantitative data.  A
ll patients had a 

tracheostom
y and w

ere placed on the ventilator. This is not truly 
applicable or acceptable in current practice standards. 

3. S
om

e of the pO
2 w

ere in the 200-300 range. ? need for vent/trach  
in this group 

4. S
tatem

ent regarding cardiac output is based on experience w
ith 

only one patient in this group. I think w
e are now

 aw
are that this is 

true from
 other authors, but this study does not support this w

ell. 
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C
ullen 

 67 

1975 
C

ullen P
, M

odell JH
, K

irby R
R

, et 
al: Treatm

ent of Flail C
hest. A

rch 
S

urg. 1975; 110:1099-1103 

3 
R

etrospective hum
an study w

ith significant confounding: groups 
"contam

inated" w
ith criteria from

 other groups; patients w
eaned 

differently, then claim
ing w

eaning on IM
V

 w
as better: C

M
V

 patients 
N

O
T given sam

e spontaneous breathing trial at the sam
e tim

e as IM
V

 
group. C

onclusions not justified by their m
ethods.  

 
Pinella 
 68 

1982 
P

inella JC
: A

cute R
espiratory 

Failure in S
evere B

lunt C
hest 

Traum
a. J Traum

a.  1982; 
22:221-225  

3 
R

etrospective review
 of prospective protocol, cohort study of 144 

patients. R
esults: The size of flail chest segm

ents w
ere m

easured 
and classified as sm

all (<100cm
2), m

edium
 (101-199 cm

2) and large 
(>200cm

2) w
ith the size of the flail chest segm

ent determ
ining the 

need for ventilatory support.  A
ggressive m

edical m
anagem

ent did 
not prevent m

ost patients (79%
) w

ith large flail segm
ents (>200 cm

2) 
from

 requiring intubation.  The initial P
a02/FIO

2 and the num
ber of 

associated extra-thoracic injuries did not correlate significantly w
ith 

m
ortality.  Further, the presence of pulm

onary contusion, num
ber of 

fractured ribs and hem
opneum

othorax w
ere not significant 

determ
inants of death.  W

hen com
paring continuous m

andatory 
ventilation to interm

ittent m
andatory ventilation in the tw

o study 
groups, the num

ber of days on respirator, thoracic injuries, level of 
P

E
E

P
 used did not significantly vary, but the course of respiratory 

failure w
as im

proved w
ith IM

V
. S

tats: C
om

parisons for determ
inants 

of m
ortality, use of ventilatory support and the degree of severity by 

size of the flail segm
ent used a fourfold table of X

2.  C
om

parison of 
the degree of respiratory failure in the tw

o historical periods w
as 

accom
plished by the standard error of differences betw

een the m
eans 

and the probability related to m
ultiples of standard deviation or error 

for a norm
al distribution.  
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H
urst  69 

1985 
H

urst JM
, D

eH
aven C

B
, B

ranson 
R

D
: C

om
parision of C

onventional 
M

echanical  V
entilation and 

S
ynchronous Independent Lung 

V
entilation (S

ILV
) in the 

Treatm
ent of U

nilateral Lung 
Injury 

2 
P

rospective single lim
b observational study of eight patients w

ith P
C

 
+/- FC

 w
ho w

ere “failing” conventional ventilation and w
ere placed on 

S
ILV

. ) S
ignificant im

provem
ents w

ere obtained in  P
aO

2 ( 72+8.7 to 
153+37; p<.005) and shunt fraction (28+3.5 to 12.6+2.5; p<.005)  N

o 
significant changes  occurred in  cardiac output, peripheral resistance 
or oxygen extraction index.  S

even of the eight patients  survived. 
Though this study w

as prospective, selection w
as non-random

 and no 
control group w

as studied. H
ow

ever , som
e support is  lent to the 

claim
 that appropriate patients w

ith severe unilateral disease w
ho are 

failing w
ith a single ventilator  m

ay do better w
ith independent lung 

ventilation. 
H

urst 
 70 

1989 
H

urst JM
, B

ranson R
D

, D
avis K

, 
et al: C

ardiopulm
onary E

ffects of 
P

ressure S
upport V

entilation. 
A

rch S
urg.1989; 124:1067-1070  

2 
C

onclusion, that patients w
ith flail, pulm

onary contusion, should be 
placed on P

S
V

,is not supported. P
atients not random

ized, no 
controls. N

o data collected w
as show

n to be statistically significant. 
S

om
e observations on the changes in pulm

onary m
echanics after 

instituting P
S

V
 are beneficial.  
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Tzelepis 
 71 

1989 
Tzelepis G

E
, M

cC
ool FD

, 
H

opppin FG
: C

hest W
all 

D
istortion in P

atients w
ith Flail 

C
hest. A

m
. R

ev. R
esp. D

is. 1989; 
140:31-37. 

2 
D

esign of S
tudy: C

ohort study of hem
odynam

ically stable flail chest 
patients on m

echanical ventilation able to breathe w
ithout ventilatory 

assistance for several m
inutes versus norm

al control volunteers. 
B

reath to breath variability in patterns of chest w
all m

otion over 10 
breaths w

as assessed by m
easuring the angle betw

een 
displacem

ents of the rib cage in various positions. Type: C
ohort study  

of  9 P
atients. in ventilated flail chest and 4 in control  R

esults: There 
w

as a greater degree of chest w
all distortion in flail chest w

all patients 
the greater the loading of the ventilator, thus m

ore distortion w
ith 

spontaneous breathing IM
V

 versus C
P

A
P

 through a ventilator 
dem

and valve circuit versus C
P

A
P

 through a high flow
 gas system

. 
S

tatistical M
ethods / S

ignificance: P
aired t test to determ

ine 
significance of pressures and angles. p<0.05. C

onclusions / 
R

ecom
m

endations of S
tudy: The distortion im

posed by ventilators 
increases the w

ork of breathing in flail chest patients and m
ay 

contribute to difficulty breathing. Justification grading: C
onclusion not 

supported by study evidence. D
egree of distortion of chest w

all 
interesting, but in m

y opinion the ability to w
ean ventilator or recover 

from
 flail chest injury is related to the underlying parenchym

al lung 
injury, the inflam

m
atory response and the presence or absence of 

com
plications and not the paradoxical m

otion of the overlying chest 
w

all 
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R
ouby 

 72 

1992 
R

ouby JJ, B
en A

m
eur M

, Jaw
ish 

D
, et al: C

ontinuous P
ositive 

A
irw

ay P
ressure (C

P
A

P
) vs. 

Interm
ittent M

andatory P
ressure 

R
elease V

entilation (IM
P

R
V

) in 
patients w

ith A
cute R

espiratory 
Failure. Intensive C

are M
ed. 

1992; 18:69-75.   

2 
D

esign: P
rospective cohort study w

ith 16 patients divided into tw
o 

groups. A
ll patients in respiratory failure; m

ost w
ith either pneum

onia 
or pulm

onary contusion. G
roup 2 w

as supposed to have abnorm
al 

spontaneous breathing either from
 flail chest, quadriplegia or fentanyl 

sedation. E
ach patient in both groups w

as put on C
P

A
P

 and IM
P

R
V

 
for an hour each; the order w

as random
. R

esults: O
nly param

eter 
different betw

een groups 1&
2 w

as pC
O

2 w
hich w

as low
er in G

roup 1; 
authors attribute this to less efficient spontaneous breathing in group 
2. IM

P
R

V
 significantly increased m

inute ventilation in group 2 patients 
but provided no change in group 1 patients. P

eak inspiratory pressure 
w

as higher in IM
P

R
V

 in both groups. S
tatistics: G

roups com
pared 

using M
ann-W

hitney U
 test; V

entilator param
eters com

pared using 
student t test; respiratory and hem

odynam
ic data w

ere com
pared 

using K
ruskall and W

allis H
 test and M

ann-W
hitney U

 test. 
C

onclusion: IM
P

R
V

 im
proves ventilation in patients w

ho have poor 
spontaneous respiration because of either flail chest or sedation or 
paralysis. IM

P
R

V
 caused decreased spontaneous respiration in group 

1. S
trengths: N

one. W
eaknesses: O

nly 3 patients in G
roup 2 had flail 

chest. G
roup 2 w

as too heterogenous. E
ach ventilator m

ode w
as tried 

in the sam
e patient for only an hour in a random

 order. V
ery poorly 

designed study. N
o conclusions can be draw

n from
 it.  

 
Ip-Y

am
 

 73 

1998 
Ip-Y

am
 P

C
, A

llsop E
, M

urphy J: 
C

om
bined high-frequency 

ventilation in the treatm
ent of an 

acute lung injury A
nn A

cad M
ed, 

S
ingapore. 1998; 27:437-41. 

N
/A

 
A

n anecdotal report of the successful use of high frequency jet 
ventilation in the treatm

ent of resistant hypoxia consequent to m
ultiple 

thoracic injuries.  

Tanaka 
 74 

2001  
Tanaka H

, Tajim
i K

, E
ndoh Y

, et 
al: P

neum
atic S

tabilization for 
Flail C

hest Injury: A
n 11-Y

ear 
S

tudy. S
urg. Today. 2001; 31:12-

17. 

2 
2 C

ohort series, one serving as control com
prised of a retrospective 

review
 of charts of 59 pts w

ith flail chest. (historical controls) 
O

ne group of pts w
ith flail chest w

ere treated w
ith m

echanical 
ventilation as the prim

ary treatm
ent. A

 later group adm
itted to the 

sam
e institution w

as treated w
ith  C

P
A

P
 and pulm

onary therapy in an 
attem

pt to avert intubation. The first group had 39 pts and the 2
nd 20. 

M
ort w

as low
er in the 2

nd group (51vs21%
)..non significant 

statistically. H
em

orrhage and brain injury caused 15 deaths. The 
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surviving pts w
ere identical in both the groups..sam

e IS
S

,age and 
gender. H

ow
ever, they had different rates of atelactasis and 

pneum
onia. The rates w

ere low
er in the 2

nd group..(95vs 47%
 for 

atelactasis; 70 vs 27%
 for pneum

onia) The rate of C
M

V w
as higher in 

the first group and the num
ber of pts needing endotracheal intubation 

w
as low

er in the 2
nd group. Fisher’s test used , C

I>95%
 significant. 

C
onclusion:P

ulm
onary m

orbidity and the need for E
TI is reduced by 

the introduction of analgesia, C
P

A
P

 and respiratory physical therapy. 
C

riticism
: Trial is non-random

ized and non-blinded. B
ias m

ay be 
introduced.D

ifference in m
ortality could not be dem

onstrated. 
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S
chw

eiger 
 75 

? 
S

chw
eiger JW

, D
ow

ns JB
, S

m
ith 

R
A

: C
P

A
P

 Im
proves Lung 

M
echanics A

fter Flail C
hest Injury.  

N
/A

  
A

nim
al study 

S
chw

eiger 
 76 

2003 
S

chw
eiger JW

, D
ow

ns JB
, S

m
ith 

R
A

: C
hest W

all D
isruption w

ith 
and w

ithout A
cute Lung Injury: 

effects of C
ontinuous P

ositive 
A

irw
ay P

ressure Therapy on 
V

entilation and P
erfusion 

R
elationships. C

rit C
are M

ed. 
2003; 31:2364-70. 

1 Jadad 
3 AN

 

P
rospective random

ized lab investigation of  22 pigs. Three groups 
ventilated on IM

V
: uninjured control;  chest w

all disruption only; chest 
w

all disruption and lung injury.  E
xtensive m

easurm
ents on IM

V
 prior 

to application C
P

A
P

: 
R

esults: significant decrease in open units w
ith chest w

all disruption  
and an even greater decrease w

ith disruption + lung injury.  
A

pplicaton of C
P

A
P

  decreased shunt,  increased # of open alveolar 
units, reduced FiO

2 requirem
ents w

ithout im
pairm

ent of cv function. 
C

onclusion: C
P

A
P

 is beneficial for correcting   alveolar closure and 
V

Q
 m

ism
atch in both FC

  and FC
 w

ith lung injury in anim
als. 

Justification: w
ell done prospective random

ized study w
ith good 

statistics. U
se of acid lung injury as a m

im
ic to pulm

onary contusion is 
presum

ptive.. O
therw

ise, conclusions are w
ell supported.   

S
chreiter 

 77 

2004 
S

chreiter D
, R

eske A
, S

tichert B
, 

et al: A
lveolar recruitm

ent in 
com

bination w
ith sufficient 

positive end-expiratory pressure 
increases oxygenation and lung 
aeration in patients w

ith severe 
chest traum

a. C
rit C

are M
ed. 

2004; 32:968-75. 

3 
A

 retrospective analysis (n=17) of a protocol to use lung recruitm
ent 

strategy to im
prove oxygenation in patients w

ith acute lung injury  or 
full A

R
D

S
 secondary to pulm

onary contusion.  The tem
porary ( less 

than five m
inutes) stepw

ise application of high insipiratory pressures 
started w

ith 50 cm
 H

2O
 and progressed in 15 cm

 H
2O

 increm
ents 

(range 50-80). A
uthors dem

onstrated increased paO
2/FiO

2 ratio, 
aerated lung volum

e by C
T scan  and m

easured total lung volum
es 

(p<.05)  S
am

ple size w
as sm

all though results statistically significant.  
E

ffect on survival or total ventilator days could not be assessed w
ith 

sam
ple size. S

uch protocols seem
 to have possible applicability to 

patients w
ith pulm

onary contusion.  
G

unduz 
 78 

2005 
G

unduz M
, U

nlugenc H
, O

zalevli 
M

, et al: A
 com

parative study of 
continuous positive airw

ay 
pressure (C

P
A

P
) and interm

ittent 
positive pressure ventilation 
(IP

P
V

) in patients w
ith flail chest. 

E
m

erg M
ed J. 2005; 22:325-9. 

2 
A

 prospective, random
ized non-blinded  com

parison of non-invasive 
(m

ask) C
PA

P
  to IP

P
V

 via endotracheal tube. (n=52 divided into tw
o 

lim
bs). N

oninvasive C
P

A
P

 led to a low
er m

ortality (20%
, 5/25 vs 33%

 
7/21 p<.01) and nosocom

ial infection rate  (4/22, 18%
 vs. 10/21, 48%

  
p=.001)  M

ean pO
2 w

as higher in the E
T group initially ( 2 days 

p<.05) but then equalized.  A
 difference in the length of IC

U
 stay 

could not be dem
onstrated.  S

tatistical validation w
ell done. 
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Surgical R
epair of Flail C

hest (17) 
M

oore 
 79 

1975 
M

oore B
P

: O
perative S

tabilization 
of N

on-penetrating  C
hest 

Injuries. J. Thorac. C
ardiovasc. 

S
urg. 1975; 70:619-630   

3 
A

 retrospective review
 of 50 cases of chest w

all stabilization.  
R

esults: 11 deaths of w
hich tw

o w
ere related to prim

ary respiratory 
failure.  V

entilation via tracheostom
y w

as used for less than 3 days in 
eight patients.  
C

onclusions: operative stabilization  prevents or reduces the use of 
m

echanical ventilation and lessens or avboids perm
anent chest w

all 
deform

ity. 
Justification:  E

xpert opinion only . N
o com

parison to other options. 
P

aris 
 80 

1975 
P

aris F, Tarazona V
, B

lasco E
, et 

al: S
urgical S

tabilization of 
Traum

atic Flail C
hest. Thorax. 

1975; 30:521-7 

3 
O

bservational study of 233 chest injured patients w
ith 29 cases of 

flail. R
esults: 

1. G
roup I (internal stabilization) had a m

ortality of 73%
 due to 

non-chest causes. 
2. G

roup II had late surgical stabilization due to unstable m
edical 

condition on presentation and had a 40%
 m

ortality. 
3. G

roup III w
as stable and had early surgical repair and no 

m
ortality. 

4. G
roup IV

 had early surgical stabilization but also had internal 
injuries to chest or abdom

en approached operatively. M
ortality 

1 in 4 or possibly 2 in 4. U
nclear.  

S
tats:  N

one 
C

onclusions: 
S

urgical stabilization is helpful. 
Justify grading: S

m
all study. G

roups clearly heteogenous. N
o real 

statistical analysis.  C
onclusions not adequately supported. 

Thom
as 

 81 

1978 
Thom

as A
N

, B
laisdell W

, Lew
is 

FR
, et al: O

perative S
tabilization 

for Flail C
hest after B

lunt Traum
a. 

J. Thorac. C
ardiovasc. S

urg. 
1978; 75:793-801. 

3 
C

linical series of 4 pts w
ith flail chest treated w

ith operative 
stabilization. P

t 1 im
proved and w

as extubated in 48 hrs. P
t 2 

im
proved her vital capacity and M

IF but then died of an M
I. P

t 3 
im

proved his V
C

 and M
IF but died of hypoxic failure. P

t 4 w
as 

extubated at nine days post op but had no preop V
C

 or M
IF done to 

com
pare to post op values. 

C
onclusion: Internal stabilization of flail chest is advantageous 

C
riticism

: S
m

all series w
ithout good data to support the conclusion of 

the authors. C
annot assum

e that the sm
all im

provem
ents in pul 

m
echanics w

ill translate into any real benefit for the patients. 
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H
ellberg 

 82 

1981 
H

ellberg K
, deV

ivie E
R

, Fuchs K
, 

et al: S
tabilization of Flail C

hest 
by C

om
pression O

steosynthesis – 
E

xperim
ental and C

linical R
esults. 

Thorac. C
ardiovasc. S

urgeon. 
1981; 29:275-81 

3 
C

ases  series, cohort study of 10 patients: R
esults: 2 patients w

ith 
type A

 flail chest (anterior type w
ith unilateral or bilateral rib fractures 

in the costochondral area w
ith or w

ithout sternum
 fracture), 3 type B

 
(lateral type w

ith serial segm
ental fractures), 4 type B

 (lateral type 
w

ith serial rib fractures) and one dislodged sternum
 fracture had 29 

dynam
ic com

pressions plates im
planted in the lateral or anterolateral 

ribs; 2 com
pression plates utilized for sternum

 fixation; and 2 rib struts 
for additional fixation in type A

 flail chest.  A
ll com

pression 
osteosynthesis plates resulted in im

m
ediate stabilization of the 

fractured rib and stabilization of the chest w
all.  8 patients survived to 

be successfully w
eaned from

 the respirator 3 to 14 days (m
ean 5.4) 

after the stabilization procedure.  The three deaths resulted from
 

injuries not related to the stabilization procedure. S
tats not identified. 

C
onclusions: The use of com

pression osteosynthesis plates results in 
m

arked reduction of pain, im
m

ediate stabilization and decreased 
ventilator support tim

e.  This technique is particularly suited for lateral 
or anterolateral serial fractures.  P

atients w
ith bilateral rib serial 

fractures close to the costochondral junction , plate osteosynthesis 
can be difficult and chest w

all stabilization is better achieved w
ith one 

or tw
o rib struts. Justify grading:  technical description; no com

parison 
to alternative therapies. N

o conclusions can be draw
n. 

 



©
 C

opyright 2006 – E
astern A

ssociation for the S
urgery of Traum

a 

S
chm

it-
N

euerburg 
 83 

1981 
S

chm
itt-N

euerburg K
P

, W
eiss H

, 
Labitzke R

: Indication for 
Thoracotom

y and C
hest W

all 
S

tabilization. Injury. 1981; 14:26-
34  

3 
Tw

o lim
b retrospective review

 of 50 patients w
ith surgical chest w

all 
stabilization  vs none. M

ortality in operative group w
as ½

 that of non-
op group ( 36 vs 64%

) D
eaths in non-op group w

ere due to 
pulm

onary and septic com
plications from

 prolonged vent support.  
C

onclusion: it is better to stabilize flail chest w
ith rib plates than 

pneum
oatic stablization on ventilator. W

eaknesses: - observational 
study w

ith no discussion of design, m
ethods or statistics. N

o evidence 
of random

ization or hom
ogeneity betw

een tw
o groups.  

S
anchez-

Lloret 
 84 

1982 
S

anchez-Lloret J, Letang E
, 

M
atsu M

, et al: Indicatons and 
S

urgical Treatm
ent of the 

Traum
atic Flail C

hest S
yndrom

e: 
A

n original Technique. Thorac. 
C

ardiovasc. S
urgeon. 1982; 

30:294-7. 

TA
 

R
etrospective review

, cohort series  R
esults: 7 cases of flail chest 

w
ere treated by rib fixation using extraperiostal plates.  O

f this group, 
4 patients required “lung suture”, 2 diaphragm

 suture and 1 
splenectom

y.  A
ll patients w

ere m
anaged w

ith IP
P

V
 w

ith a m
ean 

postoperative tim
e of m

echanical ventilation 15 days (variance 0 to 30 
days).  N

o deaths w
ere directly attributed to extraperiostal plate 

placem
ent. S

tats: N
one identified. C

onclusions: E
xtraperiosteal rib 

plates allow
 the fixation of 2 rib fracture sites w

ith the sam
e plate.  

This rib fixation technique can be used w
ith associated intrathoracic 

lesions requiring em
ergency thoracotom

y, thoracoabdom
inal traum

a, 
bilateral m

ultiple rib fractures w
ith m

oderate to severe paradoxical 
m

otion of the chest w
all and“flail chest syndrom

e”. 
M

enard 
 85  

1983 
M

enard A
, Testart J, Philippe JM

, 
et al: Treatm

ent of Flail C
hest w

ith 
Judet’s S

truts. J Thorac. 
C

ardiovasc. S
urg. 1983; 86:300-

305 

3 
P

rospective trial of use of Judets struts to operatively stabilize flail 
chest in 18 pts. 
There w

ere 5 deaths in the series.  3pts w
ere extubated in 24 hrs, 2 in 

8 days,7 in the third w
eek. Info not available for the rest of the pts. 

P
ostop com

plications included 2 atelactases, 2 pneum
onias, 1 

pleurisy, 2 w
ound infections, 1 septicem

ia, 1 w
ire m

igration,1 
brochoalveolitis. 6 pts had nl cxr’s, 8 had abnorm

alities. O
nly 3 pts 

had P
FTs and they w

ere all restrictive. 
C

onclusion: Judets struts are better than other m
odes of operative 

flail chest im
m

obilization and obviate the need for ventilation. 
C

riticism
: C

onclusion not supported by data. There are high rates of 
ventilatory support. N

o controls or com
parison of other m

odalities are 
presented. N

o reason given w
hy these particular pts w

ere chosen for 
operative stabilization, other than request or preferences of M

D
s. 

G
alan 

1992 
G

alan G
, Penalver JC

, P
aris F, et 

3 
D

esign of S
tudy: R

etrospective review
 single traum

a center of blunt 
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 86 
al: B

lunt C
hest Injuries in 1696 

P
atients. E

ur. J. C
ardiothorac. 

S
urg.1992; 6:284-7. 

traum
a patients w

ith a full range of thoracic injuries over a 20 year 
period. Type: O

bservational_X
__C

ohort___P
revalence___C

ase 
C

ontrol___ N
um

ber of P
atients: 1696 total H

um
an_X

___ or 
A

nim
al_____ R

esults: O
verall m

ortality in total group 5%
 but 37%

 in 
patients w

ith m
ultiple injuries. Intercostal tube in 638 patients and 

thoracotom
y in 105 patients. S

urgical fixation for flail chest perform
ed 

in 29 patients only one in past decade. M
ortality of surgical fixation 

24%
 (7/29). In fixation group 9 patients no m

echanical ventilation post 
op, 11 paitents short course of m

echanical ventilation and 2 w
ith 

prolonged ventilation. S
tatistical M

ethods / S
ignificance: N

ot done. 
C

onclusions / R
ecom

m
endations of S

tudy: S
urgical stabilization is the 

best policy. Justification grading: C
onclusion not supported by study 

data. N
o conclusion from

 study can be draw
n regarding surgical 

stabilization in blunt chest patients.  
 

R
eber 

 87 

1993 
R

eber P
, R

is H
B

, Inderbitzi R
, et 

al: O
steosynthesis of the Injured 

C
hest all: U

se of the A
O

 
Technique. S

cand J Thoracic 
S

urg. 1993; 27:137-42. 

TA
 

R
etrospective  study of author’s personal experience w

ith a particular  
m

ethod    of rib fixation in 11 patients.  D
oes not speak to the efficacy 

of surgical fixation of flail.    
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A
hm

ed 
 88 

1995 
A

hm
ed Z, M

ohyuddin Z: 
M

anagem
ent of Flail C

hest Injury: 
Internal Fixation V

ersus 
E

ndotracheal Intubation and 
V

entilation. J Thorac. C
ardiovasc. 

S
urg. 1995; 110:1676-80.  

3 
C

onclusions (im
plied), are not supported: that patients w

ith flail chest 
should have internal rib stabilization (K

irschner w
ire). P

atients not 
random

ized, no statistical analysis done. Those w
ho had surgical 

stabilization had surgery for other reasons, not just stabilization. 
O

bservations A
R

E
 interesting though: stabilized patients had few

er 
com

plicatioins, w
eaned faster, less chest deform

ities, low
er m

ortality .  
 

G
yhra  

 89 

1996 
G

yhra A
, Torres P

, P
ino J, et al: 

E
xperim

ental Flail C
hest: 

V
entilatory Function w

ith Fixation 
of Flail S

egm
ent in Internal and 

E
xternal P

osition. J Traum
a. 

1996; 40:977-9. 

2 
P

rospective controlled anim
al study of nine cases: In an experim

ental 
m

odel of flail chest , authors com
pared fixation in internal and 

external position.  TV
, R

R
 and m

inute volum
e w

ere significantly  
im

proved by fixation in  external position, but w
ere w

orsened by 
fixation in internal position.  P

aO
2 and P

aC
O

2 w
ere not affected. 

Therefore changes in m
echanics w

ere not secondary to hypoxem
ia.  

C
onclusions:  rib fixation in external position is preferred. A

lso, this 
w

ork  confirm
s other w

orks indicating that  hypoxem
ia is not induced 

by flail per se as hypoxem
ia w

as not present and oxygen 
adm

inistration did not affect respiratory rate. S
tatistics support 

conclusions though study size sm
all.  

M
outon 

 90 

1997 
M

outon W
, Lardinois D

, Furrer M
, 

et al: Long-term
 Follow

-up of 
P

atients w
ith O

perative 
S

trabilisaton of a Flail C
hest. 

Thorac. C
ardiovasc. S

urgeon. 
1997; 45:242-4 

3 
D

esign of S
tudy: C

ase series report over 6 years w
ith flail chest after 

traum
a and respiratory insufficiency not responding to peridural 

analgesia w
ithout need for m

echanical ventilation for “other” reasons. 
S

tabilization provided by osteosynthesis of chest w
all using A

O
-

technique w
ith 3.5 m

m
 thick reconstruction plates Type: 

O
bservational_X

_N
um

ber of P
atients: 23 patients H

um
an_X

  R
esults: 

30 day survival rate 91.4%
 w

ith deaths secondary to 1 arrhythm
ia and 

1 A
R

D
S

/M
O

D
S

. M
ean period to extubation and transfer to the w

ard 
3.9 and 7.8 days respectively. C

hest w
all appeared sym

m
etrical in all 

patients during 28 m
onth m

ean follow
-up. N

o im
plant dislocation. 24%

 
com

plained of prolonged pain and discom
fort m

ore than 3 m
onths 

post op. R
em

oval of m
aterial in 2 patients resolved chronic pain. 95%

 
of patients returned to preoperative w

ork capacity and 86%
 to 

preoperative sports activity. S
tatistical M

ethods / S
ignificance: N

ot 
done C

onclusions / R
ecom

m
endations of S

tudy: E
xternal chest w

all 
fixation appears attractive in this select subgroup of patients. 
Justification grading: O

bservational study only, no control group, no 
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firm
 conclusions can be draw

n.  
V

oggenrei
ter 
 91 

1998 
V

oggenreiter G
, N

eudeck F, 
A

ufm
kolk M

: O
perative C

hest 
W

all S
tabilization in Flail C

hest – 
O

utcom
es of P

atients W
ith or 

W
ithout P

ulm
onary C

ontusion. J. 
A

m
. C

oll. S
urg. 1998; 187:130-8  

3 
R

etrospective observational study of 42 patients. R
esults:  

1. N
o significant difference in age, IS

S
, extent of injury betw

een 
groups. 
2. In patients w

ith operative stabilization for flail chest w
ithout 

pulm
onary contusion, the ventilator day use w

as shorter than for 
those patients w

ith flail and no contusion w
ithout stabilization (6.5 vs. 

27 p<0.02)  and for flail chest w
ith pulm

onary contusion (6.5 vs. 30.8.)  
S

tatistical m
ethods: A

N
O

V
A

 (p<0.02) 
C

onclusions: 
1. Flail chest and respiratory insufficiency w

ithout underlying 
pulm

onary contusion is an indication for chest w
all 

stabilization. 
2. U

nderlying pulm
onary contusion precludes benefit of  prim

ary 
stabilization. S

econdary stabilization m
ay be indicated in the 

w
eaning period. 

Justify grading: O
ne group of patients dropped from

 analysis. 
R

etrospective in nature, uncontrolled. D
id have a hospital set of 

criteria. A
re the conclusions supported?  There m

ay be som
e validity 

in the claim
s regarding stabilization for insufficiency w

ithout 
contusion, but  this cannot be claim

ed w
ith m

ajor confidence from
 this 

study. . 
 Lardinois 
 92 

2001 
Lardinois D

, K
rueger T, D

usm
et 

M
, et al: P

ulm
onary Function 

Testing after O
perative 

S
tabilisation of the C

hest W
all for 

Flail C
hest. E

ur. J. C
ardiothorac. 

S
urg. 2001; 20:496-501.  

2 
P

rospective, non-random
ized observational study of 66 patients w

ith 
operative  stabilization for flail chest. . 
R

esults:  6 m
onth P

FTs revealed  V
C

, FE
V

1,TLC
  not indicative of 

restriction in all but 5 patients.  ( A
ll 5 patents had returned to w

ork.) 
C

onclusion: the best indication for early operative chest  w
all 

stabilization is antero-lateral flail  and respiratory failure w
ithout P

C
.  

S
econdary stabilization should be considered for P

C
-FC

 patients w
ho 

have persisting  chest w
all instability and  vent dependence  after 

healing of contusions.  
Justiifcation: P

atients had good outcom
e but non-com

parative study. 
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Tanaka 
 87 

2002 
Tanaka H

, Y
ukioka T, Y

am
aguti 

Y
, et al: S

urgical S
tabilization or 

Internal P
neum

atic S
dtabilization? 

A
 P

rospective R
andom

ized S
tudy 

of M
anagem

ent of S
evere Flail 

C
hest P

atients. J Traum
a. 2002; 

53:727-32. 

1 Jadad 
3 

D
esign: R

andom
ized controlled study w

ith 37 patients. O
ne group 

had rib stabilization, the other m
anaged w

ith internal pneum
atic 

stabilization. R
esults: B

oth groups sam
e based on dem

ographics, and 
severity of injury. V

entilator m
anagem

ent w
as the sam

e in both 
groups. Incidence of pneum

onia at day 21 w
as 22%

 in surgical group 
and 90%

 in nonsurgical group. Length of ventilation and Length of 
IC

U
 stay w

as m
uch higher in the nonsurgical group. Tracheostom

y 
w

as required in the nonsurgical group in alm
ost all patients and in 

only a few
 of the surgical patients. Total m

edical expenses in the 
nonsurgical group w

as nearly tw
ice that of the surgical group. 

S
pirom

etry show
ed significantly better %

FVC
 in the surgical group at 

one through 12 m
onths. Incidence of chest tightness, thoracic pain 

and dyspnea w
as significantly higher in the nonsurgical group. M

ore 
of the surgical group returned to w

ork sooner than the nonsurgical 
group. S

tatistics:Tw
o w

ay analysis of variance w
ith repeated 

m
easures w

as used to analyze the interactions betw
een groups and 

tim
e factors. Tukey's test w

as used to com
pare values betw

een the 
groups at individual tim

es. S
tudent's t test and chi squared test w

ere 
used to com

pare nonrepeated variables. p<0.05 C
onclusions: Judet 

strut surgical stabilization m
ay be preferably applied for severe flail 

chest patients in w
hom

 prolonged ventilatory assistance is expected. 
S

trengths: W
ell done. S

im
ilar groups to start w

ith. S
am

e ventilator 
m

anagem
ent w

ith reasonable param
eters for intubation and 

extubation. W
eaknesses: Few

 num
bers. O

ther: S
om

e m
ight think that 

the exclusion of patients w
ith severe brain or spinal cord injury or 

perhaps som
e of the other exclusion criteria introduced bias. 

H
ow

ever, the authors w
ere trying to select hom

ogenous groups of 
patients w

ith sim
ilarly severe chest traum

a and to rem
ove other 

factors that can affect tim
e on ventilator, etc.  

M
ayberry 

 93 

2003 
M

ayberry JC
, Terhes JT, E

llis TJ, 
et al: A

sbsorbable P
lates for R

ib 
Fracture R

epair: P
relim

inary 
E

xperience. J Traum
a. 2003; 

55:835-9. 

3 
10 patients, non random

ized, had fixation of rib fractures w
ith 

absorbable plates. O
nly conclusion: m

ethod is safe, w
as 

dem
onstrated. N

o statistical analysis; no non-operated cohort; no 
objective analysis of results in term

s of pain reduction, IC
U

 days, 
ventilator days or chest w

all stability.  
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Balci 
 94 

2004 
B

alci A
E

, E
ren S

, C
akir O

, et al: 
O

pen Fixaton in Flail C
hest: 

R
eview

 of 64 P
atients. A

sian 
C

ardiovasc. Thorac. Ann. 2004; 
12:11-15. 

3 
R

E
TR

O
S

P
E

C
TIV

E
 chart review

 of 64 pts w
ith flail chest. # groups of 

pts w
ere identified by the treatm

ents they received: 1.operative 
internal fixation of ribs 2. vent support w

ith interm
ittent PP

V
  or 3 vent 

w
ith S

IM
V

. S
urgically treated pts did w

ell w
ith low

er m
ort (11%

 vs 21 
and 33%

 in group 2 and 3),less duration of vent (3d vs 6.6, 7.8d in 
groups 2,3). B

oth groups 2,3 needed pain control beyond epidural 
analgesia; group 1 needed only non-narcotic analgesics. A

N
O

V
A

 
used to com

pare groups. 
C

onclusion:O
perative fixation of flail chest is advantageous 

C
riticism

: N
onrandom

ized pt allocation…
treatm

ent w
as based on 

individual [t indications, thus pts w
ith poor prognosis m

ight not have 
been referred for surgery 
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O
ther Therapies (4) 

S
inha 

 95 

1973 
S

inha K
, dayal A

, C
haran A

: 
Tow

el C
lip  Tarction: A

 S
im

ple 
and E

ffective M
ethod for the 

Treatm
ent of Flail C

hest.  Indian 
J. C

hest D
iseases. 1973; 15:307-

11 

3 
C

linical series of tow
el clips applied to traum

atic flail chest in 23 
pts.15/23 pts had good results(sym

ptom
 free and w

ithout any chest 
deform

ity), 6 had fair results (som
e pain and deform

ity on D
/C

). M
ain 

problem
 w

as secretion retention due to ineffective cough. N
o tow

el 
clip site infections or pneum

o occurred. N
o statistical analysis done 

C
onclusion: E

xternal traction by tow
el clips is effective and safe. 

C
riticism

: P
oor study. N

o controls, no exact m
easures of  ‘good’ 

results. 
Franz 
 96 

1974 
Franz JL, R

ichardson JD
: E

ffect 
of m

ethylprednisolone sodium
 

succinate on experim
ental 

pulm
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4 An 

M
ethylprednisolone 30 m

inutes after  experim
ental pulm

onary 
contusion in 20 anesthetized dogs.. In steroid treated anim

als. W
eight 
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een injured and uninjured lung significantly low

er. V
olum

e of 
injury w

as less. R
esults of course not correlated w

ith clinical 
outcom

es. 
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3 
C

onclusion, that m
ortality in patients w

ith severe chest injury m
ay be 

reduced w
ith use of steroids, is not supported. N

o random
ization, no 

criteria used w
hether or not to give steroids; patients w

ith "severe" 
chest injury: only 34%

 required m
echanical ventilation. C

ause of 
patient m

ortality not specified, m
aking it im

possible to decide w
hether 

or not steroids could have been a factor.  
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3 
R

etrospective series of 100 patients. R
esults: 

1. M
ultiple injuries are com

m
on w

ith 45%
 intrathoracic and 30%

 
extrathoracic. 

2. M
ortality rate is 11%

, .average hospital stay is 15 days. 
S

tats: N
one except dem

ographic statistics, averages and percents. 
C

onclusions: P
ad and strapping recom

m
ended. 

Justify grading: P
urely observational study. S

om
e treatm

ent options 
exercised (e.g. steroid, strapping) w

ould not be considered standard 
of care.  N

o conclusions w
ere given in this paper.            

 


