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ABSTRACT 

 

Background:  

Rhabdomyolysis and crush syndrome were initially described where patients were trapped 

under buildings and rubble for an extended period following disasters such as earthquakes and 

bombings. Clinical management has been guided from data based on these patients’ injuries 

and many predictors have been proposed to predict prognosis, but there is no gold standard. In 

South Africa, crush injuries arising from community assault (CA) and sjambok injuries have a 

different profile to those from disaster crush injuries. This study determined the prognostic 

value of different predictive markers including serum myoglobin for the development of Acute 

Kidney Injury (AKI) due to rhabdomyolysis caused by sjambok and/or CA blunt injuries.  

 

Methods:  

Prospective observational study of all sjambok and/or CA injury patients admitted for in-

patient management at Chris Hani Baragwanath Academic Hospital (CHBAH) in Soweto – 

Gauteng, South Africa over 6 months from May to November 2018.   

 

Results:  

The mean patient age was 29 years and 95% were male. The total length of hospital stay ranged 

1-27 days (mean 5.1), with median length of stay of 1 day longer in the group with elevated 

creatinine. Creatinine on admission and the worst creatinine correlated with pH, bicarbonate, 

lactate, and myoglobin (p<0.001); with the best measure being myoglobin (r=+0.61 on 

admission and r+0.41 with worst creatinine, p<0.001).  

 

Conclusions:  

Our study suggested that venous bicarbonate and serum myoglobin should be used as 

predictors of AKI and risk of Acute Renal Failure (ARF) in crush injuries due to community 

assault and sjambok injuries. A larger-scale study would be necessary to validate these markers 

and to guide clinical practice. 
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Background:  

Rhabdomyolysis and crush syndrome were initially described where patients were trapped 

under buildings and rubble for an extended period following disasters such as earthquakes and 

bombings. Clinical management has been guided from data based on these patients’ injuries 

and many predictors have been proposed to predict prognosis, but there is no gold standard. In 

South Africa, crush injuries arising from community assault (CA) and sjambok injuries have a 

different profile to those from disaster crush injuries. This study determined the prognostic 

value of different predictive markers including serum myoglobin for the development of Acute 

Kidney Injury (AKI) due to rhabdomyolysis caused by sjambok and/or CA blunt injuries.  

 

Methods:  

Prospective observational study of all sjambok and/or CA injury patients admitted for in-

patient management at Chris Hani Baragwanath Academic Hospital (CHBAH) in Soweto – 

Gauteng, South Africa over 6 months from May to November 2018.   

 

Results:  

The mean patient age was 29 years and 95% were male. The total length of hospital stay ranged 

1-27 days (mean 5.1), with median length of stay of 1 day longer in the group with elevated 
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creatinine. Creatinine on admission and the worst creatinine correlated with pH, bicarbonate, 

lactate, and myoglobin (p<0.001); with the best measure being myoglobin (r=+0.61 on 

admission and r+0.41 with worst creatinine, p<0.001).  

 

Conclusions:  

Our study suggested that venous bicarbonate and serum myoglobin should be used as 

predictors of AKI and risk of Acute Renal Failure (ARF) in crush injuries due to community 

assault and sjambok injuries. A larger-scale study would be necessary to validate these markers 

and to guide clinical practice. 

 

INTRODUCTION 

Crush Injury  

The Royal College of Surgeons of Edinburgh defines crush injury as ‘…a direct injury resulting 

from crush. Crush syndrome is the systemic manifestation of muscle cell damage resulting 

from pressure or crushing’.1 

 

Rhabdomyolysis and crush syndrome were initially described following disasters such as 

earthquakes and bombings, where patients were trapped under buildings and rubble for an 

extended period. Rhabdomyolysis results from the traumatic breakdown of skeletal muscle 

following muscle compression and ischaemia with leakage from sarcolemmal membrane and 

the release of the muscle contents into the circulation.1-2 This causes various metabolic and 

electrolyte derangements.3 Myoglobin released into the circulation concentrates in the 

glomeruli and precipitates in an acidic environment to form renal casts. These casts obstruct 

the renal glomeruli resulting in acute tubular necrosis and the consequent acute kidney injury 

(AKI).3-5 Rhabdomyolysis may also be the result of non-traumatic causes such as seizures, 

metabolic disorders, infections and toxins.  

 

Data from earthquake and bombing crush injuries appear different to the profile of injury seen 

in South Africa where the majority are caused by sjamboks and community assaults (CA). A 

sjambok is defined as ‘a long, stiff whip made of leather, originally carved from dried elephant 

or rhinoceros hides’.6 Injuries are caused when the victim is whipped with a sjambok. CA is a 
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form of severe beating by the community towards an individual by punching or kicking and 

using objects such as sticks, bricks, and stones.  

 

Crush Injury Markers 

Rhabdomyolysis has no universal definition, however, it is often defined as creatine kinase 

(CK) level that is 5 times the upper limit of normal.7 Many markers have been evaluated for 

predicting AKI caused by rhabdomyolysis but there is no consensus on which may be regarded 

as the gold standard. Many studies also included a heterogeneous group of patients, which may 

introduce selection bias.  

 

Vanmassenhove et al.8 reviewed the literature of markers for AKI following crush injury and 

showed improved prognostic value when the timing and cause of injury were known.8 However, 

in South Africa many crush injury victims have a delayed presentation to the hospital and often 

the time of injury is not known. Furthermore, many markers are elevated in both AKI and other 

comorbid or concurrent illneses which diminish the specificity of these markers. Finally, 

heterogeneity of a study population would further limit the value of the marker in predicting 

AKI.8  

 

CK has been used as a surrogate marker of myoglobin, which is regarded as the causative agent 

in rhabdomyolysis. CK above 500 u/l was significant for rhabdomyolysis,9 with levels above 

5 000 u/l being associated with an increased risk of renal dysfunction10 and above 10 000 u/l 

being a significant predictor of acute renal failure11(ARF). Fernandez et al.12 suggested a cut-

off CK above 1 000 u/l may be associated with missed cases of rhabdomyolysis, without major 

complications.12 

 

In rhabdomyolysis, myoglobin is released from damaged muscles resulting in tubular damage. 

Serum myoglobin (s-Mgb) peaks on average 16 hours earlier, and is eliminated faster than s-

CK. S-Mgb elimination is not dependent on glomerular filtration rate.13-15 At 90% sensitivity, 

elevated s-Mgb and CK have a 62% and 24% specificity in the development of ARF 

respectively.15 CK correlated with the severity of rhabdomyolysis, but serum creatinine (s-Cr) 

correlated better with s-Mgb when compared to s-CK. S-Mgb therefore better predicted AKI 

and the need for dialysis.16 S-Mgb level has been proposed as being more accurate for 
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rhabdomyolysis and the development of AKI14,17 and s-Mgb level above 5 254 µg/l is 

suggestive of an increased risk of AKI.13 Kasaoka et al.18 showed that the peak value of s-Mgb 

on day two was superior in prognosticating ARF from rhabdomyolysis, compared to s-CK.18 

Furthermore, Mikkelsen and Toft showed CK above 100 000 u/l or myoglobin above 61 000 

µg/L were associated with 100% development of ARF from rhabdomyolysis of various causes 

including trauma, coma, seizures, arterial occlusion, and sepsis.15  

 

Fernandez et al.12 determined causes of rhabdomyolysis and predictors of ARF in emergency 

department patients and concluded that initial s-Cr was the only significant predictor of ARF.12 

However, a similar study of an ICU population with CK levels above 10 000 u/l, concluded 

that initial s-Cr did not predict ARF.11 Serum urea and creatinine measures of renal function 

cannot be used to predict renal failure as these are often abnormal for reasons other than crush 

injury.19  

 

In a prospective study from KwaZulu Natal (KZN), South Africa, Muckart et al.19, suggested 

a venous bicarbonate level (v-HCO3) below 17mmol/L, together with an admission urine 

dipstick positive for haemoglobin, was indicative of severe injury and identified patients at risk 

of renal failure.19 Skinner et al.20 at Edendale Hospital (KZN) hypothesized that following CA 

crush injuries: 1) damaged muscle undergo reperfusion and release lactate; 2) delay in 

obtaining treatment results in sequestration of fluid in the damaged muscles with relative 

hypovolaemia and hyperlactatemia; 3) intra-renal compartment syndrome then results from 

decreased renal blood flow and reduced glomerular filtration and peritubular vascular supply; 

and finally 4) the increased metabolic demands of the kidneys reduces renal clearance of lactate. 

The research showed that patients with AKI had lower pH, lower base excess, and higher 

lactate levels on presentation. However, the correlation of hyperlactataemia and incidence of 

AKI was not statistically significant, as was the relationship between the delay in presentation 

and the development of AKI.20   

 

CK, v-HCO3, s-Cr, and total body surface area (TBSA) of injury have previously been shown 

to be good prognostic markers of AKI in rhabdomyolysis. Furthermore, s-Mgb appears to be a 

promising biomarker.13,15,18  
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Crush Injury Management  

Crush injury results in rhabdomyolysis and causes AKI by several mechanisms. The aim of 

standard of care management is to increase renal blood flow, increase urine output, and prevent 

any ongoing skeletal muscle damage. The mainstay of treatment is thus intravenous fluid to 

restore renal perfusion and increase urine output.21 

 

A systematic review of studies conducted between 1946 and 2020 determining fluids used in 

crush injury management was limited by the 1) few studies available; 2) low numbers of 

patients in the studies; 3) inconsistency in patient management; and 4) observational nature of 

most studies. The management guideline for resuscitation of rhabdomyolysis recommended 

the aggressive use of intravenous fluid but recommended against the use of bicarbonate and 

mannitol. There was no recommendation on the volume of fluid to be administered but rather 

fluid therapy to achieve a urine output of 2-3 ml/kg/hr was recommended. Fluids were to be 

continued until CK level decreased below 5 000-10 000 u/l or urine was cleared of myoglobin.7  

 

Dialysis was to be considered if fluid therapy was ineffective. Myoglobin is a large non-

spherical molecule with electrical charges, which makes it difficult to be filtered by 

conventional dialysis techniques.22 It has been recommended that the dialysis mode in 

rhabdomyolysis be continuous venovenous haemofiltration, continuous venovenous 

haemodiafiltrations, or super-high flux membrane dialysis. Extended dialysis with a high 

molecular weight cut-off membrane was most effective in removing myoglobin.23 Premru et 

al.16 recommended that dialysis should be considered in patients with s-Mgb above 15 000-20 

000 µg/l.16 In a resource limited setting such as South Africa the indication and selection 

criteria for offering dialysis needs to be carefully analysed. A retrospective review of patients 

receiving acute dialysis at Chris Hani Baragwanath Academic Hospital (CHBAH) over a 2-

year period showed that only 3% of the dialysed patients were due to rhabdomyolysis 

complicated with AKI. In agreement with the literature, the study also showed that a lower 

serum urea at time of dialysis initiation correlated with a lower 60-day mortality rate.24 Skinner 

et al.25, in KZN found a surprisingly high 38% of AKI in trauma patients received dialysis due 

to the readily availability of a protocol and dialysis for their crush injury patients.25 
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South African Burden of Trauma 

Sjambok and CA injuries are frequently observed in South Africa, and especially in the Trauma 

Unit of Chris Hani Baragwanath Academic Hospital (CHBAH) in Soweto – Johannesburg, 

Gauteng. Sjambok and CA injuries are usually a result of the community assaulting the alleged 

criminals either as punishment or as a warning to other criminals.26 There is limited data on 

crush injury caused by sjambok and CA injuries alone. 

 

South African statistics show that interpersonal violence contributes to a significant burden of 

hospital admissions and these numbers are increasing. In a KZN study, interpersonal violence 

accounted for 65% of trauma admissions, of which 8% were due to CA.27 A tertiary hospital 

in Pretoria found 12% of trauma admissions were CA cases.28 CA victims were usually young, 

with average age 25-31 years, 95-97% males, and 99% black Africans.27-28 Ninety-two percent 

of injuries arising from CAs were blunt force trauma, and 8% mixed blunt and penetrating 

injuries. In 50% of cases the weapons could be identified, and multiple weapons were identified 

in 3% of cases.27  

 

In South Africa, it has been observed that treatment may be delayed as the injured patients 

often hide for many hours26 before presenting for medical treatment or may be found 

unconscious and are brought to hospital. Early aggressive fluid therapy has been shown to 

reduce the incidence of ARF and therefore morbidity and mortality.10,19,26 It is therefore 

necessary for the clinician to have a high index of suspicion19 and make use of markers to 

identify patients at risk of developing ARF so that they can be appropriately managed.3,10,19,26 

 

CA cases have a higher mortality rate than non-CA interpersonal violence cases (17.3% vs 

3%).28 CA does not increase the mortality risk, however, it increases the morbidity rate due to 

AKI.27 CA victims are more likely to suffer significant musculocutaneous injury with 

rhabdomyolysis and thus at higher risk of AKI compared to non-CA victims (9% vs 1%).27 

However, renal failure due to traumatic rhabdomyolysis only accounted for 7% of trauma 

deaths.28  
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Acute Kidney Injury 

The RIFLE classification and criteria (Figure 1), based on s-Cr and urine output, has good 

prognostic value of AKI.29 It classifies the severity of AKI into 3 classes of i) Risk; ii) Kidney 

Injury and iii) Kidney Failure, and on outcome i) Loss of kidney function, and ii) End-stage 

kidney disease.  

 

Skinner et al.25, determined the development of AKI in a Trauma Intensive Care Unit in KZN. 

Fifteen percent of the trauma patients developed AKI, with 57% of the 15% AKI patients 

having ARF. Patient with AKI had a 57% mortality rate with 79% of these patients being in 

the renal injury group as per the RIFLE category. In patients with ARF, those due to sjambok 

injury had a lower mortality than those without sjambok injury. The rate of renal recovery was 

high following AKI in trauma.25  

 

Study Aims and Objectives 

Our study aimed to determine different markers in predicting AKI in patients with blunt crush 

injuries/syndrome resulting from only sjambok or CA. The study was done at the Trauma Unit 

of the Chris Hani-Baragwanath Academic Hospital in Soweto, Johannesburg in the Gauteng 

Province of South Africa.  

 

The objectives were to  

1) determine which serum markers better predicted AKI in patients following blunt 

injuries arising after sjambok or CA; 

2) determine the added predictive value of s-Mgb in identifying such AKI in the South 

African setting; 

A secondary objective was to evaluate the type of fluids used in resuscitation and its 

relationship to the development of AKI. 

 

METHODS 

Study design 

A prospective observational study was done over a six-month period from May to November 

2018. Twenty more patients were screened and included in the study for a 1 month period in 

2019 to achieve a sample size of 100 patients. This was because some enrolled patients had 
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incomplete data or had been excluded later for incorrect inclusion following subsequent 

investigations and review of their data. Trauma patients over 18 years old with only sjambok 

injury or CA who had sustained blunt injuries only were screened for enrolment.  

 

Inclusion criteria: All patients requiring admission for hospital management were included in 

the study. This was based on their clinical condition. Inclusion criteria for hospital admission 

included a) CK above 5 000 u/l; b) v-HCO3 less than 17 mmol/l; c) TBSA above 15%; d) renal 

impairment based on the RIFLE criteria as evident from initial blood test; and e) any clinical 

evidence of rhabdomyolysis such as ‘coca-cola’ colour urine, oliguria or anuria.  

 

Exclusion criteria: Patients younger than 18 years old. Rhabdomyolysis due to entrapment. 

penetrating injuries, motor vehicle accidents, pedestrian vehicle accidents, and previous 

cerebral vascular accidents were excluded, as were patients with pre-existing paralysis, cardiac 

disease, ischaemic heart disease, renal disease, or liver disease.  

 

Ethics 

Ethics clearance was obtained from the Medical Human Research Ethics Committee of the 

University of Witwatersrand – Johannesburg, South Africa. Clearance certificate number 

M170429. 

 

Setting 

The study was done at the Trauma Unit of CHBAH in Soweto, Johannesburg. CHBAH is the 

third largest hospital in the World, spanning across a 233 795m2 land, with approximately 3 

200 beds and 6 760 staff.30 It is the largest teaching hospital of the University of Witwatersrand.  

 

Data Collection  

Data were prospectively collected from admitted patients for admission day and day one post-

admission, as well as the outcome of their hospital stay. Collected data included basic 

demographics, time of the injury, injury type, laboratory and point-of-care test results, and 

basic patient management questions such as fluids used and the outcome of the patient. Data 

were collected in the form of a datasheet consisting of tick-boxes, and single or short-answer 

questions. 
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Data Analysis 

Data was recorded in Microsoft Excel (Microsoft Corporation) and presented in tables and 

figures. Normally distributed data was presented as mean±std or as median and range, or as a 

log when these data were not normally distributed. Comparisons between groups were made 

by importing the data into Statistica V13.6. A Student’s t-test was used to compare normally 

distributed data (age, biochemical parameters) with Wilcoxon sign-test used for non-normally 

distributed data (s-Mgb and CK) with repeated measures to compare variables at admission 

and on day 1. Data was dichotomised by s-Cr concentrations with s-Cr  114.9 µmol/L in males 

and  97.2 µmol/L in females taken to be normal and above these values to be elevated.31 A 

Pearson’s correlation was used to determine association between variables.  

 

RESULTS 

One-hundred and twenty-five patients were screened. A total of 105 patients were recruited 

into the study during the study period, however 7 patients were excluded for data analysis due 

to incorrect inclusion as per our inclusion criteria. The mean age of our study population was 

29 years, of which 95% were male patients. The total length of hospital stay ranged from 1 to 

27 days with a mean of 5.1 days (Table 1). The median length of hospital stay was 1 day longer 

in the group with elevated s-Cr upon admission (Table 3). 

 

The cause of injury was known by 92 patients, 48 being assaulted with various weapons, 13 

beaten with only sjamboks, and 31 being both assaulted and beaten with sjamboks. Twenty-

eight patients were injured with a single weapon and 49 patients by multiple weapons (Table 

1). 

 

Admission and day 1 parameters show improvement in most values suggesting patient recovery. 

S-Mgb decreased from admission to day 1 confirming that the marker appeared to peak early, 

while s-CK continued to increase (Table 2).  

 

Dichotomised by admission s-Cr (text and Table 3), patients with elevated s-Cr were older 

(p=0.0052), had lower pH (p<0.0001), lower v-HCO3 (p=0.0002), a near 3-fold higher lactate, 
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increased potassium (p<0.05) and a median s-Mgb concentration that was more than 4 times 

that of patients with normal s-Cr concentrations (p<0.0001; Table 3). 

 

Using s-Cr as a measure of renal function during the patients’ hospital stay suggested that 

majority of patients recovered, with a few patients (n=8) worsening (> 20 µmol/L; 

median[range] 145.5 [26 - 300µmol/L]). S-Cr on admission and the worst s-Cr correlated with 

pH, bicarbonate, lactate (p<0.001), and most significantly with s-Mgb (r=+0.61, p<0.001; 

Graph 1). However, when comparing the change of renal functions as an indication of renal 

injury and risk of renal failure, none of the markers reached statistical significance (Table 4).  

 

Intravenous fluid resuscitation administered were at the discretion of the treating doctor. Types 

of fluid used for resuscitation were 72% (71 patients) ringers lactate, 10% combination of 

different fluids, and 9% fluid type were not recorded. Other fluids used included Balsol, 0.9% 

sodium chloride, Plasmalyte, and Hartman’s solution which were given to 3, 3, 1, 1 patients 

respectively. All patients in the study received high volume fluid resuscitation as per unit 

protocol under the guidance of the treating doctor. The volume of fluid administered, and urine 

output were not well recorded, hence analysis of fluids could not be carried out. Sodium 

bicarbonate and mannitol were administered to a few patients (n=8 & 1 respectively) despite 

the lack of evidence for their use. 

 

Renal dialysis was only offered to 3 patients (3%). Mortality rate in our study population was 

5% (n=5). Two of the five patients who died had received dialysis. All 5 of the mortalities had 

elevated s-Cr, markedly elevated s-Mgb, and reduced v-HCO3. The small number of dialysis 

and mortality patients in our study prevents any further analysis.  

 

DISCUSSION 

The aim of this study was to determine which markers predict the development of AKI in 

patients with blunt crush injuries/syndrome resulting from only sjambok or CA. Patients were 

mainly young male patients with no comorbidities, similar to the demographic data of other 

studies done in South Africa.27-28 The overall mean length of hospital stay was 5.1 days and 

the mortality rate was low, suggesting that the prognosis in this young fit population was good, 

with majority of patients making a full recovery. This confirms that fluid resuscitation is highly 
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effective in the management of crush injury.21 However, in the patients who had an elevated s-

Cr on admission the median length of stay was increased by 1 day.  

 

We assessed multiple potential predictors of AKI in this population. S-Cr although 

significantly elevated in our population and validated as a general predictor of AKI should not 

be used due to its non-specificity for crush injury.19 S-CK used as a predictor in multiple 

previous studies9-12 was a poor predictor of AKI in our population. Although s-CK remains 

elevated for longer, there was no difference in the s-CK values between patients with normal 

s-Cr and elevated s-Cr. S-CK also had no statistically significant correlation with admission or 

worst s-Cr.  

 

Admission v-HCO3 levels were lower in patients with an elevated s-Cr compared to patients 

with normal s-Cr (mean 17.4 vs 21.3; p 0.0002). Furthermore, admission v-HCO3 showed an 

inverse correlation with the worst s-Cr during the patients' hospital stay. Admission v-HCO3 

was shown to be a good time-independent prognostic marker for AKI in CA and/or sjambok 

crush injury in this study. Our study is consistent with the previous study by Muckart el al.19 

that v-HCO3 can be used to identify patients at risk for AKI.19  

 

Hyperlactataemia was previously found by Skinner et al.20 not to be a predictor of AKI.20 Our 

study reached a similar conclusion. 

 

S-Mgb on the other hand appeared to rise early and decline early. It was significantly elevated 

in patients with elevated s-Cr on admission compared to patients with normal s-Cr (6726 vs 

2855, p<0.0001). It correlated better with admission s-Cr than worst s-Cr during the patients’ 

hospital stay. S-Mgb thus may be a good all-time predictor of AKI in CA or sjambok crush 

injury, and appear to have a better correlation than v-HCO3. 

 

LIMITATIONS 

The concentration of many measured markers is dependent on how long after the injury the 

marker is measured. However, when presenting at the hospital the patient may not have recalled 

the time of injury, or was unknown to the person accompanying the patient. As noted, patients 

may have presented to hospital long after sustaining injury as they hide, fearing further beatings 
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or may have been unconscious and only found later. In contrast, other patients may have been 

brought to hospital immediately post-injury by assisting individuals.  

 

The CHBAH Trauma unit is busy and incomplete documentation of clinical records and point-

of-care test results affected the quality of the study data recorded. Therefore, the study was 

conducted prospectively with most data recorded by the investigator upon patient admission to 

minimise data errors. Management of patients depended upon the treating doctor, which led to 

variance with respect to the type and volume of fluids administered. 

 

Although our study only included crush injury from CA and/or sjambok injuries, there could 

have still been other variables such as head injury and long bone fractures that may have 

affected the predictive serum markers. 

 

CONCLUSION 

This study concluded that admission venous bicarbonate and serum myoglobin may predict 

AKI and risk of ARF in crush injuries from community assault and sjambok injuries. A larger-

scale study would validate these markers and may guide clinical practice.  
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TABLES, GRAPH, AND FIGURE 

Table 1: Patient demographics and injury pattern upon admission. Data as numbers (frequency) 

and mean ± standard deviation or as median [range] 

Parameter Admission (n) 

Age 

Sex M/F (% male) 

Length of Hospital stay 

 

Mechanism of injury 

- Assault 

- Sjambok  

- Assault and Sjambok 

- Unknown 

 

Weapons type 

- Single weapon 

- Multiple weapons 

- Unknown weapons 

 

Weapons used 

- Bricks 

- Stones 

- Sticks 

- Punched/Kicked 

- Sjambok 

- Others 

- Unknown 

29.3±10.7 (98) 

93/5 (95) 

5.1±4.2; 4 [1-27] 

 

 

48 

13 

31 

6 

 

(n=98) 

28 

49 

21 

 

(n=98) 

15 

13 

37 

29 

34 

33 

18 
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Table 2: Biochemical results at admission and after 24 hours. Data as mean±standard deviation 

or as median [range] 

Parameter Admission (n) Day 1 (n) Change: Admission – day1 Difference (p) 

pH (units) 

 

Bicarbonate 

 

Lactate 

 

Haemoglobin 

 

Potassium 

 

Calcium  

 

Creatinine 

 

Myoglobin  

 

Creatine kinase 

 

7.3±0.2 (94) 

 

19.9±5.0 (94) 

[6.4-31.4] 

4.9±4.4 (90) 

 

13.5±2.2 (93) 

 

4.0±0.7 (95) 

 

1.1±0.4 (60) 

 

106.6±41.6 (98) 

[49-293] 

4262±4652 (66) 

2331 [121-

19891] 

3640±2766 (89) 

2933 [62-11743] 

7.4±0.1 (63) 

 

25.1±4.1 (63)  

 

2.8±8.6 (61) 

 

12.4±11.6 (63) 

 

4.1±0.7 (80) 

 

3.6±15.8 (n=40) 

 

104.9±83.0 (86) 

[46-577] 

1764±3214 (32) 

380 [61-12814] 

5792±4299 (22) 

2539 [140-15015] 

0.14±0.17 (62) 

0.09 [-0.19-+0.83] 

5.89±5.92 (62) 

4.75 [-5.10-+20.0] 

-2.27±8.76 (58) 

-1.85 [-18.2-+55.8] 

-2.33±2.15 (60) 

-2.40 [-6.6-+4.6] 

0.12±0.99 (79) 

0 [-3.6-+3.7] 

0.04±0.35 (29) 

-0.02 [-0.61-+1.08] 

-3.47±63.03 (86) 

-14.5 [-124.0-+300] 

-1548±2508 (18) 

-1391 [-6758-+5254] 

1733±3733 (20) 

1075 [-3787-+12731] 

<0.0001 

 

<0.0001 

 

0.052 

 

<0.0001 

 

0.32 

 

0.67 

 

0.86 

 

0.0005 

 

0.08 

 

  



 15 

Table 3: Patient demographics and biochemical results dichotomized by creatinine 

concentration normal creatinine <114.9 µmol/L in males and <97.2 µmol/L in females or 

greater than these values respectively. Data as mean±standard deviation or as median [range] 

 Admission Day 1 

Parameter Normal Cr (n) Elevated Cr (n) p Normal Cr (n) Elevated Cr (n) p 

Age 

Sex (m/f) 

LoS (days) 

27.1±7.2 (64) 

61/3 (64) 

4.3±3.4 (63) 

4 [1-23] 

33.4±14.6 (34) 

32/2 (34) 

6.9±5.1 (29) 

5 [1-27] 

0.0052 

0.57 

0.0002 

- 

- 

- 

- 

- 

- 

- 

- 

- 

pH (units) 

Bicarbonate 

Lactate 

Haemoglobin 

Potassium 

Calcium  

Creatinine 

Myoglobin  

 

Creatine kinase 

 

7.4±0.1 (61) 

21.3±4.3 (61) 

3.3±2.5 (35) 

13.6±2.3 (60) 

3.9±0.6 (61) 

1.1±0.4 (39) 

84.3±17.2 (64) 

2855±3754 (42) 

1202 [121-13977] 

3565±2827 (59) 

2792 [62-11743] 

7.2±0.2 (33) 

17.4±5.2 (33)  

8.1±5.5 (31) 

13.5±2.0 (33) 

4.2±0.8 (34) 

1.1±0.4 (n=21) 

148.5±42.0 (34) 

6726±5108 (24) 

5183 [548-19891] 

3789±2685 (30) 

3822 [156-10330] 

<0.0001 

0.0002 

<0.0001 

0.84 

0.0294 

0.71 

<0.0001 

<0.0001 

 

0.51 

7.4±0.1 (38) 

25.9±3.3 (38) 

1.5±0.7 (38) 

11.8±2.2 (37) 

3.9±0.4 (50) 

1.1±0.1 (23) 

74.1±13.2 (54) 

407±383 (21) 

327 [61-1658] 

4573±3262 (15) 

4386 [957-11262] 

7.4±0.1 (25) 

23.8±4.8 (25) 

5.0±13.7 (23) 

9.8±2.2 (25) 

4.4±1.0 (30) 

1.2±0.5 (16) 

156.9±118.9 (32) 

4356±4525 (11) 

3844 [217-12814] 

8405±5307 (7) 

9400 [140-15015] 

0.0397 

0.0390 

0.12 

0.0008 

0.0016 

0.67 

0.0001 

0.0010 

 

0.10 

 

*Cr = Creatinine; CI = confidence interval; LoS = Length of Stay;  

 

 

Table 4: Correlation of creatinine with different markers on admission (r-value. p-value, and 

number) 

Admission markers Admission creatinine Worst creatinine Change in creatinine 

TBSA 

pH 

Bicarbonate 

Lactate 

Haemoglobin  

Potassium  

Myoglobin 

Creatine kinase  

+0.07 (ns; 84) 

-0.4094 (p<0.001; 94) 

-0.3262 (p=0.001; 94) 

+0.4720 (p<0.001; 90) 

-0.13 ( p=0.21; 93) 

+0.19 (p=0.061; 95) 

+0.6101 (p<0.001; 66) 

+0.05; p=0.66; 89) 

+0.08 (ns; 82) 

-0.4722 (p<0.001; 92) 

-0.3845 (p<0.001; 92) 

+0.4332 (p<0.001; 88) 

-0.19 (p=0.068; 91) 

0.02 (p=0.85; 93) 

+0.41 (p=0.001; 64) 

0.09 (p=0.38; 87) 

+0.06 (ns; 75) 

-0.13 (ns; 92) 

-0.08 (ns; 84) 

+0.01 (ns; 80) 

-0.2302 (p=0.036; 83) 

-0.20 (p=0.068; 84) 

+0.23 (p=0.092; 57) 

-0.17 (p=0.50; 19) 
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Graph 1: Correlation of admission creatinine with admission myoglobin  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: RIFLE Criteria32 
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ABSTRACT 

Introduction: Rhabdomyolysis and crush syndrome was initially described following disasters 

such as earthquakes and bombings, where patients were trapped under buildings and rubble for 

an extended period of time. The majority of the available data for crush injury management is 

derived from earthquakes and bombings which is a different profile to the sjambok and 

community assault blunt injuries that are prevalent in South Africa. In this study we aim to 

List of Abbreviations 

AKI = Acute kidney injury s-Cr = serum creatinine 

ARF = Acute renal failure s-Mb = serum myoglobin 

CK = Creatine kinase v-HCO3 = venous bicarbonate 

GCS = Glasgow Coma Scale  TBSA = Total Body Surface Area 
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determine the prognostic value of different biomarkers for the development of acute kidney 

injury due to rhabdomyolysis caused by sjambok and/or community assault blunt injuries. We 

also aim to evaluate the value of point-of-care testing in sjambok and community assault blunt 

injuries.  

Method: A prospective observational study will be done. All patients with sjambok and/or 

community assault blunt injuries who are admitted for hospital management will be included. 

Patients will have data collected from admission and day one of admission. Data will be 

obtained from clinical notes, laboratory results, and nursing charts.  

Results: We will evaluate pH and venous bicarbonate levels from blood gases. Serum creatine 

kinase will be obtained from laboratory results, while serum potassium, creatinine, myoglobin, 

and calcium will be tested with point-of-care test. Total body surface area, fluids and the 

amount of fluids used will be obtained from clinical notes. The outcome of the patient will be 

recorded as whether the patient required dialysis or not, as well as whether the patient was 

discharged from the hospital or demised. 

Conclusion: We propose that serum myoglobin tested at the point-of-care can be used to 

identify the patients who are at risk of acute kidney injury. We also aim to determine whether 

serum myoglobin tested at the point-of-care is a better prognostic marker than other previously 

studied biomarkers in determining acute kidney injury caused by rhabdomyolysis due to 

sjambok and/or community assault blunt injuries. 

 

INTRODUCTION / BACKGROUND 

Rhabdomyolysis is the breakdown of skeletal muscles which results in the release of muscle 

contents into the circulating blood. (1) Rhabdomyolysis and crush syndrome was initially 

described following disasters such as earthquakes and bombings, where patients were trapped 

under buildings and rubble for an extended period of time. Muscle compression and ischaemia 
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result in acute kidney injury caused by muscle damage, leading to the release of intracellular 

contents and resulting in various metabolic derangements. (2) The majority of the data for crush 

syndrome have been derived from earthquakes and bombings which are different to the profile 

of crush injury/syndrome seen in South Africa where the majority are caused by sjambok and 

community assault injuries.  

 

Sjambok and community assault injuries are frequently observed in South Africa, and 

especially in the trauma unit of Baragwanath Hospital in Soweto – Johannesburg, Gauteng. 

Sjambok and community assault injuries are usually a result of the community punishing the 

alleged criminals either as a punishment to them or a warning to other criminals. (3) There is 

very limited data on crush injury caused by sjambok and community assault injuries alone.  

 

It has been observed that the injured patients often hide in the bush for many hours (3) before 

they present for medical treatment or is found unconscious and brought to hospital for further 

management. Early aggressive fluid therapy has been shown to reduce the incidence of acute 

renal failure and therefore mortality. (3) (4) (5) It is therefore necessary for the clinician to have 

a high index of suspicion (4) and make use of biomarkers to identify patients who are at high 

risk of developing renal failure so that they can be appropriately managed. (2) (3) (4) (5) 

 

Many of the available data for crush injury induced by rhabdomyolysis included study samples 

from blunt forces such as motor vehicle accidents, entrapments, blunt force assaults, burns, etc. 

Some studies also included rhabdomyolysis due to non-traumatic causes such as seizures, 

metabolic disorders, infections, toxins, etc. Vanmassenhove et al (6) reviewed the literature on 

biomarkers for acute kidney injury (AKI) and showed that biomarkers yield better results when 

the timing and cause of injury is known. Many biomarkers are elevated not only in AKI but 
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with other conditions which may be present as a comorbid or concurrent illness, thereby 

impacting on the specificity of the biomarker. Heterogeneity of the study population will limit 

the value of the biomarker in predicting AKI. (6) 

 

Many studies have used creatine kinase (CK) as a surrogate marker of myoglobin which is 

believed to be the causative agent in rhabdomyolysis. CK level above 500u/L is significant for 

rhabdomyolysis, (7) while a CK level above 5000u/L is associated with an increased risk of 

renal dysfunction, (5) and CK above 10 000u/L is significant for acute renal failure (ARF). (8) 

Fernandez et al on the other hand suggested that by having a higher cut off of CK level above 

1000u/L there may be missed cases of rhabdomyolysis, though these would probably have been 

insignificant for major complications. (9)  

 

Fernandez et al evaluated various causes of rhabdomyolysis and predictors of acute renal 

failure due to rhabdomyolysis in patients from the emergency department. They used a cut-off 

CK value above 1000u/L and concluded that initial serum creatinine (s-Cr) was the only 

significant predictor of ARF. (9) However de Meijer et al in a similar study of ICU population 

with a CK cut-off value above 10 000u/L concluded that initial s-Cr did not show statistical 

significance in predicting ARF. (8) Renal function with measurements of serum urea and 

creatinine should not be used as a predictor of renal failure as this is often abnormal due to 

other causes other than crush injury, thus having many confounding factors. (4)  

 

Muckart et al in a prospective study suggested that a venous bicarbonate level (v-HCO3) below 

17mmol/L together with a urine dipstick positive for haemoglobin on admission is indicative 

of severe injury, thereby identifying patients who are at risk of renal failure. (4) Total body 
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surface area (TBSA) involvement of above 18% in blunt force trauma has also been shown to 

be associated with an increased risk of renal dysfunction. (5) 

 

In rhabdomyolysis, myoglobin is released from damaged muscles resulting in tubular damage. 

Serum myoglobin (s-Mb) is therefore the actual causative agent as compared to CK which has 

been used in previous studies as a surrogate marker for s-Mb. S-Mb peaks earlier than s-CK 

and its elimination is not dependent on glomerular filtration rate. (10) (11) S-Mb level has been 

proposed as being more accurate for rhabdomyolysis and the development of AKI (11) (12)  and 

a s-Mb level above 300nmol/L is suggestive of an increased risk of AKI. (10) Kasaoka et al 

showed that the peak value of serum myoglobin on day two is superior to serum CK in 

prognosticating renal failure due to rhabdomyolysis. (13)  

 

The measurements of CK, v-HCO3, s-Cr, and TBSA have previously been studied and have 

shown to be a good prognostic marker of AKI in rhabdomyolysis. S-Mb is a biomarker which 

has previously been studied in the studies by Kasaoka et al (13) and Lappalainen et al (10) 

which have both shown to produce promising results. It is therefore our aim to include s-Mb 

as a new addition to the evaluation of sjambok and community assault blunt injuries in the 

South African settling.  

 

STUDY OBJECTIVES 

Many biomarkers have been evaluated for the prediction of AKI caused by rhabdomyolysis, 

however, there has been no consensus as to which is the gold standard. Many studies also 

included a heterogeneous group of patients which may introduce selection bias. Our study is 

aimed at evaluating different biomarkers in predicting the development of AKI caused only by 

sjambok or community assault blunt crush injuries/syndrome in the South African setting.  
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The objectives will be: 

• To evaluate the predictive value of different previously studied biomarkers in 

prognosticating acute kidney injury specifically for sjambok and community assault 

blunt injuries. 

• To evaluate the predictive value of serum myoglobin in prognosticating acute 

kidney injury in sjambok and community assault blunt injuries as compared to 

other previously studied biomarkers. 

• To determine the value of point-of-care testing in sjambok and community assault 

blunt injuries.  

• Secondary objective is to evaluate the type of fluids used in resuscitation and its 

relationship to the development of acute kidney injury. 

 

METHODS 

1) Design: Prospective observational study  

 

2) Site of Study: Chris Hani Baragwanath Academic Hospital – Trauma Unit.  

 

3) Study Duration: Six months 

 

4) Study Population: Trauma patients above the age of 18, with sjambok injury or community 

assault who sustained blunt injuries only will be screened. All patients who require 

admission for hospital management will be included in the study. Patients are admitted for 

hospital treatment on the bases of their clinical condition and at the discretion of the 

treating doctor. 
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5) Sampling: Patients must be above the age of 18 to be considered for inclusion into the 

study. All patients who are victims of sjambok or community assault blunt injuries will be 

screened. Patients who are admitted will have data collected for admission and day one 

post-admission, as well as the outcome of their hospital stay. 

 

a. Inclusion criteria for hospital admission are: Patients who have a CK value above 

500, v-HCO3 of less than 17mmol/l, TBSA above 15%, renal impairment based on 

the RIFLE criteria as evident from initial blood test, and any clinical evidence of 

rhabdomyolysis such as coca-cola colour urine, oliguria or anuria, etc.  

b. Exclusion criteria are: rhabdomyolysis due to entrapment, penetrating injuries, 

motor vehicle accidents, pedestrian vehicle accidents, and previous cerebral vascular 

accidents. Patients who have pre-existing paralysis, cardiac disease, renal disease, or 

liver diseases will also be excluded.  

 

6) Estimated Sample Size: Approximately 180 patients (Estimated on one patient recruited 

to the study per day over a six month period) 

 

7) Measuring Tools/Instruments: Data will be collected in the form of a datasheet which 

consist of tick boxes, single and short answers, laboratory results, and point-of-care test 

results. The date and time of injury, as well as date and time of presentation will be 

recorded to account for the biomarker changes during the time interval of injury to 

biomarker measurements. Biomarkers that will be measured are venous pH, v-HCO3, 

venous lactate, potassium, haemoglobin level, calcium level, CK, s-Cr, and s-Mb. Other 

measurement will include TBSA, and urine output. S-Cr and urine output has been 
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evaluated for use as a marker of AKI in the RIFLE criteria and is therefore included in our 

study as a standard of evaluating the degree of AKI. 

 

The outcomes that will be measured are the worst s-Cr measured during the patient’s 

hospital stay and the need for dialysis, and whether the patient was eventually discharged 

or that he/she died. These will be used to evaluate the degree of renal impairment or failure 

based on the RIFLE critera, and also give an idea of the morbidity and mortality of crush 

injury/syndrome in our setting.  

 

8) Data Collection: The usual management of patients with crush injury at Chris Hani 

Baragwanath Academic Hospital Trauma Unit involves taking blood for blood gas 

analysis, laboratory CK level, and point-of-care test of renal functions including chemistry 

and myoglobin testing. Blood tests will be done on patients’ first presentation and during 

the patients hospital stay to evaluate the patients’ trend of disease progression or 

improvement.  

 

The information for our study will be collected from admission clinical assessment, 

admission blood gas and point-of-care test results, hospital records, and nursing records of 

volume of fluid administered and urine output from the patient files. Laboratory blood 

results will be retrieved from the National Health Laboratory Service (NHLS).  

 

9) Study Limitations: 

a. Time interval between injury to hospital presentation: We know from previous 

studies that patients may present to hospital late post injury as they go into hiding to 

avoid further beatings or is unconscious and only found later. Others may be brought 
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to hospital immediately post-injury by bystanders, family, or emergency medical 

personnel. This time difference will affect the level of biomarkers, therefore 

affecting the significance of our results.  

 

b. TBSA: TBSA is assessed by the treating doctor therefore it is observer dependent. 

It may be overestimated as sjambok and community assault injuries do not create 

well define large areas for body surface area assessment. It may also be 

underestimated as the degree of bruising and muscle injury may not be apparent on 

presentation if it is soon after the injury.  

 

c. Quality of data: Our study is dependent on the blood tests done by the treating doctor. 

As there will be many different doctors collecting blood samples on the study 

subjects, the quality of our samples may be affected.  

 

d. Incomplete data: In a busy casualty such as Chris Hani Baragwanath Academic 

Hospital Trauma unit, there is the potential for incomplete clinical records or 

misplaced point-of-care test results.  

 

DATA ANALYSIS 

Data will be recorded in EXCEL and summarized in Tables and Graphs. Different statistical 

tests will be used to evaluate our data. Mechanism of injury and weapons used will be 

calculated by percentages. Differences between patients in renal failure and without renal 

failure will be determined using Statistica using a t-test or Mann-Whitney test for continuous 

variables. Differences in non-continuous variables would be calculated using a Chi-squared 

Wilcoxon test. Logistic regression would be used to determine variables predicting renal failure. 
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In addition time to discharge would be determined as Kaplan-Meier survival curves in patients 

who had compromised renal function. Factors affecting time to discharge in these patients 

would be determined using a Cox regression analysis. 

 

ETHICS 

Informed consent will be obtained from all participating patients with a Glasgow coma scale 

(GCS) of 15. Patients with a GCS below 15 will have forms completed by their family for 

unconscious patients, or consent will be obtained when the patient regains their full level of 

consciousness.  

 

A submission to the ethics committee for ethics clearance will be made in April 2017.  

 

TIMING 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb 

Literature Review               

Preparing Protocol               

Protocol Assessment               

Ethics Application               

Collecting Data               

Data Analysis               

Write up – thesis               

Write up – paper                

 

FUNDING 
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All the documentation and investigation results required for this study are part of the routine 

management for patients presenting to Chris Hani Baragwanath Academic Hospital following 

crush injury. There is therefore no added cost requiring funding.  

 

The Investigator’s own resources will be used for administrative work – such as laptop, internet 

data, printing and photocopying, etc. 
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APPENDIX C: ETHICS CLEARANCE 
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APPENDIX D: SUPERVISOR DECLARATION  
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APPENDIX E: DATA COLLECTION SHEET 
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