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    Abstract
Background and Objectives: Complex soft-tissue injuries are one of the leading causes of morbidity and mortality following road traffic accidents (RTA). This article is regarding the pattern, management, and outcome of complex soft-tissue injuries. Methods: This observational study was conducted on 519 patients, from January 01, 2010, to April 30, 2013, at a tertiary care center in southern India. We analyzed the demographic profile, mechanism of injuries, management, and outcome of complex soft-tissue injuries during this study. Results: Of 519 patients with soft-tissue injury, blunt and penetrating injuries were seen in 81.7% and 18.3% of all cases, respectively. The most common cause of injury was RTA 74.3%. Isolated moral Lavelle injuries without associated neurovascular injuries occurred in 26.3% of patients. Soft-tissue injury was associated with bony, vascular, nerve, and tendon injuries in 52.0%, 44.7%, 20.0%, and 16.3% of all the cases, respectively. Patients who presented early (within 6 h of injuries) and patients with bone-only injuries had higher limb salvage rates. The overall morbidity rate among adults was 16.3% and the mortality rate was 1.9% and the most common cause of death was hemorrhagic shock. Mortality and morbidity in the pediatric group are higher than in the adult group. Conclusions: In summary, health education about road safety and proper safety protocol for two-wheelers and four-wheelers will reduce the incidence of RTA, thereby reducing the incidence of complex soft-tissue injury. The early and aggressive intervention will prevent a high amputation rate in bony injuries combined with vascular injury. A low threshold of blood transfusion and early aggressive treatment in the pediatric population will reduce the high mortality rate.
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    Introduction


    Trauma is a leading cause of disability and mortality and has been projected to be the third most common cause of death by 2020. Globally injuries contribute to around 10% of total death and 15% of disability-adjusted life years.[bookmark: ft1][1] The management of complex soft-tissue injuries needs an early assessment and a multispecialty approach for a better outcome. Sound knowledge of the various types, their mechanisms of injuries and most importantly, the management gives a better outcome. These injuries are complicated by the presence of vital anatomical structures such as vessels, ducts, nerves, and muscles.


    Complex soft-tissue injury involves severe soft-tissue damage associated with neurovascular lesions and joint involvement, which entails a high risk for complications. Complex soft-tissue injury is one of the most common causes of morbidity and requires timely care for its management. The management of complex soft-tissue injury depends on (1) the nature of the injury, (2) extent of the injury, and (3) the timing of the injury.


    The World Health Organization reports that every year 1.2 million people die in traffic accidents and more than 50 million are injured. In traffic accidents, the upper part of the passenger's body is well protected, but the upper and lower limb is vulnerable. Complex soft-tissue injury affects the lives of patients, represents a high cost for health-care systems, and has an impact on the productive activity of countries. Our study aimed to assess the pattern, management, and outcome of complex soft-tissue injuries. This gives you an idea regarding the most common cause of soft-tissue injuries, which group of patients needs to be intervened early, the outcome of isolated injury versus complex injuries, and mortality and morbidity of soft-tissue injuries. In this scenario, there is an area not yet adequately defined between injuries that cannot be reconstructed and those where the best outcome is amputation. In this article, we present a literature review and management of complex tissue injury to help in decision-making.


    Materials and Methods


    Study design


    It is an observational study, conducted from January 01, 2010, to April 30, 2013, in the tertiary care center, in southern India. A census sampling method is followed here for the study purpose. Data were collected in all soft-tissue injury patients during the above said period and tabulated.


    Methodology


    Ethical clearance was obtained from the institute's ethics committee. All patients with complex soft tissue injuries were admitted during the study to the tertiary care center, located in the southern part of India (Tamil Nadu). Patients with severe head injuries, and isolated chest and abdominal injuries were excluded from the study. Data were collected from medical records and the computerized patient record system of the hospital.


    Initial evaluation included the complete assessment of patients, i.e. detailed primary and secondary survey with radiological and biochemical investigations. Patients were resuscitated as per advanced trauma life support protocol. Complete details regarding the demographic profile of the patient, mechanism of injury, place, mode of injury, and method of transport to the hospital were noted. All details regarding soft-tissue injuries such as size, the extent of the soft-tissue defects, and associated neurovascular and musculoskeletal injuries were assessed. The severity of the injuries was assessed using an abbreviated injury scale and an injury severity scale. Ultrasound, Doppler, and computed tomography angiography were done in selected patients with severe extremity injuries. The outcome was noted in terms of clinically significant morbidity graded as per Clavien–Dindo classification, i.e. Grade 3 and above infection, limb survival following vascular repair, hospital stay, and mortality. Outcomes of surgical procedures such as split-thickness skin graft (STSG) and local flaps were assessed after 7 days of the procedure.


    Statistical analysis


    Statistical analysis of the data collected was done using descriptive statistics such as mean, median, and mode. Quantitative data were analyzed using the Student's t-test. Qualitative data were analyzed using the Chi-square test. The confidence interval of 95% with a P < 0.05 was taken as statistically significant.


    Results


    A total of 519 patients with complex soft-tissue injuries presented during this study. There were 462 (89%) male and 57 (11%) female patients. Among 519 patients, 263 were retrospectively and 256 patients were prospectively included in the study. Demographic profile, mode of presentation, mechanism of injury, and time to reach tertiary care center since injury and triage are tabulated in [Table - 1].
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        	Table 1: Demographic profile and baseline characters (n=519)
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    Isolated extremity injury and polytrauma were present in about 407 (78.5%) and 112 (21.5%) patients, respectively. Out of 112 patients, 56 (50%) had abdomen injuries, 19 (16.9%) had chest injuries, 26 (23.2%) had head-and-neck injuries and 11 (9.8%) had both chest and head-and-neck injuries. Surgical debridement and complete wound exploration were done in almost all patients with a crush injury.


    The outcome of vascular injuries


    Of 232 patients with vascular injury (femoral, popliteal, and brachial vessels), 34 (14.6%) patients had extremely mangled injuries with signs of irreversible ischemia clinically and underwent amputation as a primary procedure. In 140 patients, there was associated long bone injury requiring concomitant orthopedic intervention. Repair of vessel injury was done after debridement and skeletal fixation. Primary vessel repair was done in 127 patients (54.7%), repair using reverse saphenous vein graft was done in 68 patients (29.3%), and prosthetic graft (expanded polytetrafluoroethylene) was used in three patients (1.5%). The overall success rate was 64%. The most common cause of failure was thrombosis and delayed hospital presentation. Secondary amputation was done in 72 (36%) patients.


    The outcome of bony injuries


    Among 519 patients, 96 (18.4%) had bone-only injuries, and 140 patients (26.9%) had both vascular and bony injuries. In patients with bone-only injuries, the limb salvage rate was 100%. Whereas in patients with both vascular and bony injuries, the limb salvage rate was only 48.5%.


    Primary repair of nerve and tendon injuries


    Out of 519 patients, primary nerve repair was done in 65 (12.5%) cases. Median, ulnar, and radial nerves were mostly repaired early. Primary tendon repair was done in 57 (10.9%) cases.


    Outcomes of soft-tissue reconstruction


    Among 519 patients, 415 (79.7%) patients required soft-tissue reconstruction. Soft-tissue defects were due to primary de-gloving injuries (Morel-Lavallee), amputation stump sites, and secondary to fasciotomy wounds. In the majority of the patients, soft-tissue reconstruction was done by a Split skin graft. Graft take was assessed on the 7th postoperative day. In 91 (21.9%) patients, soft-tissue reconstruction was done by the flap. The flaps used in our study were mainly rotation advancement and transposition flaps (groin and lower abdominal flaps in 30 [7.2%] cases for hand and upper extremity defects, sural flap in 20 [4.8%] cases, and local trans positional flap in 41 [9.8%] cases for lower extremity and heel defects [Figure - 1]).
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        	Figure 1: Relationship of limb viability with the duration of the presentation
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    Out of 324 who underwent STSG, 307 (94.7%) patients had more than 80% graft take, 12 (3.7%) patients had graft take between 50% and 80%, and 5 (1.5%) patients had less than 50% grafts take. Among STSG patients, 5 patients (1.5%) had hematoma/seroma, and 7 (2.16%) had the infection.


    Of 91 patients, who underwent flap reconstruction, 80 (87.9%) patients had no necrosis or infection, 6 (6.5%) patients had an infection and improved after oral antibiotics and 5 (5.4%) patients had partial necrosis. Types of injuries and the number of treatment procedures are tabulated in [Table - 2].
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        	Table 2: Types of complex injury and procedures (n=519)
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    Analysis of outcome between blunt and penetrating injury


    In our study, patients with complex soft-tissue injuries had an injury severity score (ISS) of 10.6 in blunt injuries and 9.9 in penetrating injuries. The average duration of hospital stay among blunt injury and penetrating injury patients was 17.3 and 10.5 days, respectively. There was a statistically significant difference between the blunt and penetrating injury groups with an average number of procedures, hospital stays, and clinically significant mortality rates.


    Analysis of outcome between isolated and combined injury


    The average number of procedures done among isolated extremity injury patients was two and among combined injury patients was three. The average duration of hospital stay among isolated injuries and combined injuries was 14.6 and 21.2 days, respectively. The mortality rate of isolated injury was 0.9% and combined injury was 5.3% [Figure - 2]. There was a statistically significant difference between isolated and combined injuries with the average number of procedures, hospital stays, and mortality [Table - 3].
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        	Figure 2: Analysis of mortality rate in isolated and combined injuries
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        	Table 3: Severity and outcomes to type of injuries
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    Mortality


    Clinically significant infection rate including organ dysfunction among the pediatric age group 12 (17.14%) and adult group 56 (12.78%). Out of 519 patients, 10 (1.9%) patients expired (six patients had death <24 h, two within 72 h and two died after 2 weeks. The most common cause of death was a hemorrhagic shock, followed by multiple organ dysfunction syndromes septic shock.


    Discussion


    Complex soft-tissue injury is an important public health problem accounting for a substantial proportion of all trauma admissions. From our results, it is evident that road traffic accidents (RTA) were the major etiological factor of complex soft-tissue injuries and blunt trauma was the most common mechanism of injury in our center. Young adult males were the main victims indicating the need to improve road safety measures among youth. This finding highlights the need for awareness programs regarding road safety, especially for the high-risk group. Similar findings were reported by Sanyang et al. showed risk factors reduction will reduce RTA.[bookmark: ft2][2]


    Most of these patients were referred from peripheral hospitals (lower level medical centers). It is prudent to note that only 6% reached the center within 1 h (golden hour) of trauma, and 51.1% of the patients reached our center after 6 h of injury. Several studies have reported prolonged ischemic time due to late presentation is associated with amputation.[bookmark: ft3][3],[bookmark: ft4][4]


    In our study, primary amputation and secondary amputations were 10% and 36%, respectively, among patients with vascular injuries. The secondary amputation rate was high in patients with combined bone and vascular injuries. Dua et al. reported the outcome of 68 patients with traumatic popliteal injury. In their study, they reported blunt injury was the most common cause of traumatic injury and the primary amputation rate was 11% similar to our study, however, they reported a lower secondary amputation rate of 10%.[bookmark: ft3][3] In contrast to our study Huh et al. showed a higher incidence of early amputation (16.9%) and a lower incidence of late amputation (5.2%) in open tibial fracture.[bookmark: ft5][5] The limb salvage rate decreases with an increase in the time of presentation to tertiary care in our study [Figure - 2] similar to previously published data.[bookmark: ft6][6],[bookmark: ft7][7] This increased secondary amputation could be attributed to several reasons. First, the higher percentage of patients with combined vascular and bony injuries second delay in the majority of cases to reach a trauma center, and thirdly could be a result of referral bias.


    In patients with only bony injuries, the limb salvage rate was 100%, whereas both vascular and bony injuries were associated with limb salvage was 48.5% (nearly 50%). Hence, patients with both vascular and bony injuries need to be treated aggressively and early. This will reduce the limb loss rate. Similar findings were reported by Gopinathan et al. and it showed 56% of limb loss when orthopedic injuries are associated with vascular injuries.[bookmark: ft8][8]


    Patients with polytrauma and blunt injuries had a higher severity score when compared to the severity score of isolated extremity and penetrating injuries. As per Wong et al., Combining the new ISS with an anatomical polytrauma injury variable predicts mortality better than the new ISS and the ISS.[bookmark: ft9][9] The most common cause of soft-tissue defects was due to primary de-gloving injuries, amputation stump sites, and secondary to fasciotomy wounds. The overall outcome of soft-tissue reconstruction was good with acceptable morbidity and mortality. As per our study, most of the soft tissue defects can be managed with split skin graft and it showed higher graft uptake. These findings tell us primary wound debridement will early graft will reduce the infective rate and higher graft uptake. Those patients were soft tissue defects that cannot be managed with graft, planned for flap procedures mainly rotational advancement flap and transposition flaps. Similar findings reported by Hacquebord et al. showed flap is effective for large and complex soft-tissue injuries coverage.[bookmark: ft10][10]


    Blunt injuries have a longer hospital stay compared with penetrating injuries. The hospital stay for isolated injury was shorter and the complex injury was longer. A study conducted by Hokkam et al. in Saudi Arabia showed prolonged admission, higher incidence of transfer to the operation room, higher incidence of intensive care unit admission, and delayed referral to the hospital.[bookmark: ft11][11]


    The mortality of the pediatric group is significant compared with the adult group, so early intervention and aggressive management in the pediatric group will reduce the complications. Similar findings reported by Sharma et al. showed higher pediatric mortality, particularly between the age group of 1–3 years showed higher mortality (39.21%).[bookmark: ft12][12] The mortality mostly occurred in <24 h. The most common cause of mortality here was a hemorrhagic shock, so a low threshold of blood transfusion will reduce mortality. The second most common cause of mortality is sepsis which occurs in the later part of treatment. Children have less reserve of blood, so the pediatric age group reported higher mortality which can be reduced by early blood transfusion, particularly in the pediatric population. Similar findings were reported by Chagomerana et al. showed higher morbidity and mortality.[bookmark: ft13][13]


    Limitations of the study


    This study has a few limitations. Details regarding the first aid given at the accident site and care received by the patient before attending the trauma center were not available. Functional outcomes of complex soft-tissue injury had not been collected. Details regarding complex perineal and gluteal injuries had not been collected. The sampling method is a simple census sampling method. It needs a simple random sampling to further validate the findings.


    Conclusions


    The following conclusion is arrived at based on our study findings. RTA are the most common cause of soft-tissue injuries. Reducing RTA with health education will reduce soft-tissue injuries. The outcome of penetrating soft-tissue injuries is better than blunt soft tissue injuries. Patients with both vascular and bony injuries are associated with higher amputation rates, so these patients need to be intervened early and aggressively. Graft and flap survival are good in most soft tissue injury patients, so these patients can have good uptake of graft. The morbidity and mortality in the pediatric age group are higher than adult group, so the pediatric group needs to be treated aggressively with a multimodality team. Most of the mortality is due to hemorrhagic shock within 24 h, so a low threshold of blood transfusion reduces the rate of mortality. Proper referral systems reduce the time between injury and the definitive treatment thereby improving the outcomes of such patients. Proper training of healthcare workers about complex injuries will reduce the referral time from primary care to the tertiary care center, thereby reducing the mortality rate and limb loss rate. This study emphasizes the need to prioritize road safety awareness among policymakers and the general public to prevent such injuries.


    Financial support and sponsorship


    Nil.


    Conflicts of interest


    There are no conflicts of interest.

  


  
    References


    
      
        	[bookmark: ref1]1.

        	
          
            Sakran JV, Greer SE, Werlin E, McCunn M. Care of the injured worldwide: Trauma still the neglected disease of modern society. Scand J Trauma Resusc Emerg Med 2012;20:64.  Back to cited text no. 1    
          

        
      


      
        	[bookmark: ref2]2.

        	
          
            Sanyang E, Peek-Asa C, Bass P, Young TL, Daffeh B, Fuortes LJ. Risk factors for road traffic injuries among different road users in the Gambia. J Environ Public Health 2017;2017:8612953.  Back to cited text no. 2    
          

        
      


      
        	[bookmark: ref3]3.

        	
          
            Dua A, Desai SS, Shah JO, Lasky RE, Charlton-Ouw KM, Azizzadeh A, et al. Outcome predictors of limb salvage in traumatic popliteal artery injury. Ann Vasc Surg 2014;28:108-14.  Back to cited text no. 3    
          

        
      


      
        	[bookmark: ref4]4.

        	
          
            Keeley J, Koopmann M, Yan H, DeVirgilio C, Putnam B, Plurad D, et al. Factors associated with amputation after popliteal vascular injuries. Ann Vasc Surg 2016;33:83-7.  Back to cited text no. 4    
          

        
      


      
        	[bookmark: ref5]5.

        	
          
            Huh J, Stinner DJ, Burns TC, Hsu JR, Late Amputation Study Team. Infectious complications and soft tissue injury contribute to late amputation after severe lower extremity trauma. J Trauma 2011;71:S47-51.  Back to cited text no. 5    
          

        
      


      
        	[bookmark: ref6]6.

        	
          
            Hafez HM, Woolgar J, Robbs JV. Lower extremity arterial injury: Results of 550 cases and review of risk factors associated with limb loss. J Vasc Surg 2001;33:1212-9.  Back to cited text no. 6    
          

        
      


      
        	[bookmark: ref7]7.

        	
          
            Yavuz C, Demirtas S, Caliskan A, Ertas F, Kaya H, Aydin M, et al. The predictors of poor outcomes in patients with femoral artery injuries. Eur Rev Med Pharmacol Sci 2013;17:1901-8.  Back to cited text no. 7    
          

        
      


      
        	[bookmark: ref8]8.

        	
          
            Gopinathan NR, Santhanam SS, Saibaba B, Dhillon MS. Epidemiology of lower limb musculoskeletal trauma with associated vascular injuries in a tertiary care institute in India. Indian J Orthop 2017;51:199-204.  Back to cited text no. 8  [PUBMED]  [Full text]
          

        
      


      
        	[bookmark: ref9]9.

        	
          
            Wong TH, Krishnaswamy G, Nadkarni NV, Nguyen HV, Lim GH, Bautista DC, et al. Combining the new injury severity score with an anatomical polytrauma injury variable predicts mortality better than the new injury severity score and the injury severity score: A retrospective cohort study. Scand J Trauma Resusc Emerg Med 2016;24:25.  Back to cited text no. 9    
          

        
      


      
        	[bookmark: ref10]10.

        	
          
            Hacquebord JH, Hanel DP, Friedrich JB. The Pedicled Latissimus Dorsi flap provides effective coverage for large and complex soft tissue injuries around the elbow. Hand (N Y) 2018;13:586-92.  Back to cited text no. 10    
          

        
      


      
        	[bookmark: ref11]11.

        	
          
            Hokkam E, Gonna A, Zakaria O, El-Shemally A. Trauma patterns in patients attending the emergency department of Jazan general hospital, Saudi Arabia. World J Emerg Med 2015;6:48-53.  Back to cited text no. 11    
          

        
      


      
        	[bookmark: ref12]12.

        	
          
            Sharma M, Lahoti BK, Khandelwal G, Mathur RK, Sharma SS, Laddha A. Epidemiological trends of pediatric trauma: A single-center study of 791 patients. J Indian Assoc Pediatr Surg 2011;16:88-92.  Back to cited text no. 12  [PUBMED]  [Full text]
          

        
      


      
        	[bookmark: ref13]13.

        	
          
            Chagomerana MB, Tomlinson J, Young S, Hosseinipour MC, Banza L, Lee CN. High morbidity and mortality after lower extremity injuries in Malawi: A prospective cohort study of 905 patients. Int J Surg 2017;39:23-9.  Back to cited text no. 13    
          

        
      

    

  
Figure: 1

  [bookmark: fig_ArchTraumaRes_2023_12_1_34_375450_f1.jpg][image: ]


  Figure 1: Relationship of limb viability with the duration of the presentation


  Figure: 2

  [bookmark: fig_ArchTraumaRes_2023_12_1_34_375450_f2.jpg][image: ]


  Figure 2: Analysis of mortality rate in isolated and combined injuries
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  Table 1: Demographic profile and baseline characters (n=519)
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  Table 2: Types of complex injury and procedures (n=519)
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  Table 3: Severity and outcomes to type of injuries


   

  
    
  


  
    Copyright 2023 - Archives of Trauma Research
  

OEBPS/images/ArchTraumaRes_2023_12_1_34_375450_f1.jpg
80
70
60
50
40
30
20
10

0

Number of limb survival/loss

W Limb survival
m Limb loss

69
42
- -
26
13 II 12 10 55
3
[ Il mm

<1 hr
13
3

1-6 hrs 6-12hrs 12-18hrs 1824 hrs
69 26 12 7
42 33 10 7

Duration of presentation

mLlimb survival mLimb loss

66
(]|

24-48 hrs
6
6






OEBPS/images/ArchTraumaRes_2023_12_1_34_375450_f2.jpg
5:3

m |solated injury

Combined injury






OEBPS/images/cover.png
Imum %






OEBPS/images/ArchTraumaRes_2023_12_1_34_375450_t3.jpg
Parameters Number of cases (%)
Age (years)
0<18 109 21)
19-64 399 (76.9)
65 and above 1
Sex
Male 462 (89)
Female 57(11)
Regional background
Chennai 304 (75.9)
Kanchipuram 48(92)
Chengalpatu 45 8.6)
Tiruvallur 33(63)
Mode of transport to hospital
Private vehicle 124(23.9)
Ambulance 200 (38.6)
Police van 145 27.9)
Others 50 9.6)
Times to reach the hospital (h)
0-1 35(6.7)
1-6 219 (422)
624 204 (39.3)
=24 61(11.8)
Mechanism of injury
RTA 386 (74.4)
Occupational injury 70(13.5)
Fall from height 39(7.5)
Assault and others 24(46)
Triage at the initial presentation
Red 282 (54)
Yellow 142 28)
Green 95 (18)

RTA- Road traffic accident





OEBPS/images/ArchTraumaRes_2023_12_1_34_375450_t4.jpg
Parameters

Number of cases

(%)

Tsolated extremities 407 (78.4)
Polytrauma 112 216)
Bony injuries 270 (52)
Vascular injuries 232 (44)
Nerve injuries 104 20)
Nerve repair was done in a nerve injury patient 65 (62.5)
Tendon injuries 85(163)
Tendon repair was done in a tendon injury patient 57 (67.0)
Types of orthopedic procedures performed

Fixation of bene without vascular injury 96 (18.5)

Fixation of bone with vascular repair 140 (26.9)

Primary amputation 34(66)

Secondary amputation 72(139)
Graft procedures

STSG 324 (62.4)

Flap procedures 91(17.5)

STSG: Split-thickness skin grafting





OEBPS/images/ArchTraumaRes_2023_12_1_34_375450_t5.jpg
Parameter Type of injury

Isolated Combined P
extremity injuries injuries

1SS 93 126 <0.005
The average number of 21(0.52) 26Q23)  <0.005
procedures

Average days stay in 146 212 <0.005
‘hospital

Mortality 09 53 <0.005

T

Tnjury severity score





