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Abstract  
Introduction: Acute kidney injury (AKI) is a common and devastating clinical issue in the community 
associated with high rates of morbidity and mortality.  
Objective: We aimed at estimating the frequency and levels of severity of AKI in trauma patients requiring 
hospital admission using the RIFLE criteria and assess their outcome.  
Method: Our retrospective record based study enrolled data of 80 participants aged 18-59 years who 
presented to the emergency department of KIMS hospital following an acute traumatic event. Participants with 
pre-existing renal dysfunction, chronic heart failure and chronic liver disease were excluded. Tests of 
significance were Chi square and independent sample t test, a p<0.05 was considered statistically significant. 
Results: Participants with AKI had significantly lower age (p=0.02) and lower revised trauma score (RTS) 
(p=0.01). Significant association of AKI with hypotension (p=0.01) and Glasgow coma scale (GCS) (p=0.008) 
was observed. No association of AKI with gender was observed (p=0.6). None of the AKI patients required 
renal replacement therapy and all participants attained normal renal function at discharge. Significantly longer 
mean duration of hospital stay (14.4 days) was observed among AKI patients (p=0.02). Totally, 6.3 % mortality 
was observed among both participants with and without AKI. 
Conclusion: Forty percent of acute trauma patients had AKI (in risk and injury category); but none were in 
failure, loss or end stage renal disease. No association of AKI and mortality was observed. AKI was associated 
with age, RTS, hypotension and GCS. 
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INTRODUCTION

Acute kidney injury (AKI) is a common and 
devastating clinical issue in the community, 
especially in critically ill patients where it is 
associated with higher rates of morbidity and 
mortality (1). AKI is defined as an abrupt reduction 
in renal function which manifests within hours and 
encompasses both injury (structural damage) and 
impairment (loss of function) leading to 
accumulation of end products of nitrogen 
metabolism primarily blood urea nitrogen (BUN) 
and serum creatinine (2). Recently the term AKI 
has been replaced by acute renal failure (ARF) due 
to the significant re-examination of various aspects 
of this entity (2). It is difficult to point a sole 
etiology for majority of AKI and is thought to be due 
to the focal mismatch between oxygen and nutrient 
delivery to the nephrons and increased demand 
owing to cellular stress. The etiological factors for 
AKI has been classified as pre-renal, intrinsic acute 
kidney disease and acute post renal obstructive 

nephropathy with multiple etiological factors in 
each class (3). Of these only intrinsic acute kidney 
disease truly represents renal disease, whereas 
pre-renal and post renal AKI are consequences of 
extra-renal disorders reducing glomerular 
filtration rate (GFR). The presence of multiple 
etiological factors and co-existence of sepsis, 
ischemia and nephrotoxicity complicate the 
recognition and treatment of the patients with AKI.  
AKI affects 5-7% of all hospitalized patients and an 
incidence of 1-25% has been reported from in-
hospital patients (4, 5). The incidence of 
community-acquired AKI in India was reported to 
be 4.14 per 1000 hospital admissions in 1996–
2008 and ~11% mortality was observed among 
these patients.  The incidence and mortality 
associated with AKI among critically ill patients 
were reported to be 15-50% and 45-50% 
respectively (6, 7). Critically ill patients who 
develop AKI requires higher rates of dialysis, has 
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lower quality of life and will face financial 
impoverishment over a short period of time. The 
incidence and prevalence of AKI varies widely 
between developing and developed countries, 
hospital acquired infections is the primary cause of 
AKI in developed nations and community acquired 
infections is the commonest etiological factor in 
developing countries (2). Though some of these 
reports are not standardized, with the advent of 
criterions which classify AKI as risk, injury, failure, 
loss, end stage (RIFLE), and Acute Kidney Injury 
Network (AKIN) have provided some 
standardization to reports (8). These criteria have 
an advantage of providing diagnostic definitions 
for stages where kidney injury can still be 
prevented, and have been tested in clinical practice 
and seems to be relevant with the outcome of a 
patient with AKI. The signs and symptoms of AKI 
range from minimal elevation of serum creatinine 
to anuric renal failure. The current diagnosis of AKI 
is done with the help of estimated GFR (eGFR) and 
serum creatinine where a reduction in eGFR 
accompanied with elevation of serum creatinine is 
indicative of renal injury. Serum creatinine is not a 
biomarker for AKI but a marker for eGFR and 
whether to use serum creatinine and eGFR as sole 
biomarkers for determining AKI is a matter of 
debate since serum creatinine can vary with a wide 
range of characteristics such as age, gender, muscle 
mass, medication and hydration status and eGFR is 
dependent on serum creatinine. Whether or not 
multiple diagnostic parameters are required for 
diagnosing AKI is unclear since many proposed 
biomarkers are under development and validation 
for their use as predictors of renal injury (2). The 
absence of a true standardized baseline value of 
serum creatinine also makes the current diagnostic 
parameter an imperfect gold standard for 
diagnosis of AKI (9). 
The RIFLE classification has been evaluated and 
validated in numerous clinical studies enrolling 
critically ill patients namely post-operative 
patients and burns patients, and had been found to 
be a valid tool for the diagnosis and staging AKI and 
can be utilized for predicting mortality (10). 
Studies that applied RIFLE criteria to characterize 
AKI in a population of patients with trauma show 
an incidence of renal failure in trauma patients 
between 0.1-18%, with an associated mortality of 
7-83% (11-14). Keeping the relevance of this issue 
in mind and data available in the literature, we 
aimed to characterize AKI in trauma patients using 
the RIFLE classification and relate it to hospital in-
patient length of stay (LOS) and mortality in severe 
trauma patients who required intensive care. The 

aim of the study is to estimate the frequency and 
levels of severity of AKI in trauma patients 
requiring hospital admission using the RIFLE 
criteria and assess their outcome. 

METHODS 
Our retrospective record based study enrolled data 
of 80 participants aged 18-59 years who presented 
to the Emergency Department of KIMS hospital 
with acute trauma who had revised trauma score 
(RTS) (15) of less than 4 and grade 2 or higher 
hemorrhagic loss (16) during the time period 
between June 2012 and July 2014. Participants 
with pre-existing renal dysfunction, chronic 
cardiac failure and chronic liver disease were 
excluded from the study. Data was collected in 
structured case record form and collected data 
included age, gender, mechanism of injury, RTS at 
presentation, presence of hypotension at 
presentation, Glasgow coma scale (GCS) at 
presentation and length of in-hospital stay. Vital 
signs, systemic examination findings and 
laboratory parameters such as blood urea nitrogen 
(BUN) and serum creatinine were collected at 
baseline and at 24 hours of presentation. 
Participants were categorized based on RIFLE 
criteria (17) during in-hospital stay. Outcomes 
were measured using duration of hospital stay, 
renal replacement therapy and mortality in-
hospital. Mortality post discharge and during extra 
institutional transport were not taken into 
consideration. Study commenced after obtaining 
approval from Institutional Ethics Committee and 
waiver of consent was obtained since the study is 
retrospective record based and identifying details 
of participants were not collected. Sample size was 
calculated as 80 assuming α as 0.05 and β as 0.2 
with 95% power. Values are expressed as 
frequencies and as mean ± standard deviation (SD) 
and are rounded off to nearest decimal. Chi square 
test was used to estimate the association of 
categorical variables and independent sample t test 
for detecting significant difference between groups 
of numerical variables. All statistical analysis was 
performed using free software R® and a p <0.05 
was considered statistically significant. 

RESULTS 
Our retrospective study collected data from 
medical records of 80 participants with acute 
trauma presenting to Emergency medicine 
department of KIMS hospital, Trivandrum. 85% 
(n=68) participants were males and 15% (n=12) 
were females. AKI occurred in 40% (n=32) 
participants of which 93.8% (n=30) participants 
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were in the risk category and 6.2% (n=2) 
participants in the category injury according to 
serum creatinine, eGFR and RIFLE criteria. None of 
the participants were in the RIFLE categories 
failure, loss and end stage renal disease.  
The association between patients’ characteristics 
and AKI in studied population are demonstrated in 
table 1. Based on the findings, there was significant 
difference between groups regarding their age 
probably indicating lower mean age among 
participants with AKI; No association was observed 
between groups regarding their gender. There was 
significant difference between groups regarding 
RTS, probably indicating lower RTS among 
participants with AKI. Significant association was 
observed between groups regarding blood 
pressure, probably indicating the higher 
proportion of participants with hypotension 
without AKI. Significant association was observed 
between groups regarding their GCS, probably 
indicating higher proportion of participants with 
AKI who had GCS ≥ 10. 
None of the participants who were diagnosed with 
AKI required renal replacement therapy and all 
participants attained normal renal function in 
terms of urine output and serum creatinine levels. 
Participants with AKI were having significantly 
longer mean duration of hospital stay, 14.4 days 
compared to participants without AKI, 10.8 days 
(p=0.02). Mortality among participants with AKI 
was 6.3% (n=2) and among participants without 
AKI was 6.3% (n=3). Mortality among participants 
without AKI within 2 days of injury was 4.2% (n=2) 
and after 2 days was 2.1% (n=1). 

DISCUSSION 
Eighty-five percent of study participants were 
males which was higher than previous reports of 
50-60% of trauma victims being males. Males are 
at a higher risk of traumatic events owing to high 
risk behaviours such as drunken driving, rash 

driving etc. (18-20). Among males especially 
Keralites exposing them to higher frequencies of 
trauma. India was reported to have the highest 
number of road traffic accidents in the world and 2-
33% had history of alcohol consumption prior to 
driving and 6-48% fatalities also had history of 
alcohol consumption (21). AKI was observed 
among 40% participants with acute trauma which 
is lower than previous reports of 50% AKI among 
acute trauma (22). Participants with AKI had lower 
mean age compared to previous reports which had 
reported a higher incidence of AKI associated with 
trauma among elderly (23). Advancing age results 
in decline in renal function thus predisposing these 
individuals to renal injury during acute trauma. 
Our finding, since a contradicting one requires 
further evaluation as to whether AKI is common 
among younger trauma victims and to establish the 
association of age and AKI among urban Keralites. 
Whether this finding is due to the high incidence of 
renal dysfunction among young Keralites owing to 
early development of lifestyle disorders such as 
diabetes mellitus and hypertension is to be 
evaluated (24). No association was observed 
between gender and AKI though males have been 
reported to be at higher risk of developing AKI 
(24). The exact reason for gender difference in AKI 
has not been understood clearly, though 
testosterone has been implicated as a causative 
factor for this increase in risk among males (25). 
Further studies demonstrating association of 
gender and acute kidney injury in trauma patients 
are required to demonstrate this association. The 
mean RTS among participants with AKI was 
significantly lower, this is a contrasting finding 
since AKI is usually associated with severe injuries 
and with higher RTS (23). In acute trauma many 
factors contribute towards AKI, hypovolemia and 
rhabdomyolysis cause damage to kidneys initially, 
the use of fluids (crystalloids or colloids) in 
patients with acute trauma worsens the existing 

Table 1: Association between patients’ characteristics and AKI in studied population 

 
AKI 

(n=32) 
Non AKI 
(n=48) 

P 

Age (mean ± SD) 32.0 ±10.7 39.3 ± 14.8  0.02 
Gender [N (%)]   

0.6 Male 28 (87.5) 40 (83.3) 
Female 4 (12.5) 8 (16.7) 

RTS (mean ± SD) 9.7 ± 1.4 10.6 ± 1.8 0.01 
Hypotension [N (%)]   

0.01 Yes 21 (65.6) 39 (81.3) 
No 11 (34.4)  9 (18.7) 

GCS [N (%)]   
0.008 ≥10 10 (71.4) 4 (28.6) 

<10 22 (33.3) 44 (66.7) 
AKI: acute kidney injury; GCS: Glasgow coma scale; RTS: revised trauma score  
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injury produced by hypovolemia and 
rhabdomyolysis. Crystalloids produce 
compartment abdominal or renal syndrome while 
colloids cause injury to the kidneys directly (23). 
Trauma via tissue injury produce systemic 
inflammation leading to increased renal oxidative 
stress. This is also produced by the ischemia 
reperfusion associated with haemorrhage and 
rhabdomyolysis. Renal oxidative stress results in 
production of superoxide anion which triggers 
renal cell apoptosis. Inducible nitric oxide synthase 
catalyses nitric oxide production which combines 
with superoxide to form peroxynitrate which 
produces structural alteration of mitochondria. 
Ischemia reperfusion also lead to expression of 
intracellular adhesion molecule 1 and E-selectin 
which mediate leukocyte adhesion, rolling and 
transmigration which develops into a pro-
inflammatory state. Haemorrhage and blood loss 
reduces renal perfusion pressure, coupled with 
loss of erythrocytes and reduction in serum 
haemoglobin cause renal hypoxia. Hypovolemia 
and renal hypoxia activates sympathetic nervous 
system and renin angiotensin aldosterone system 
that result in further intrarenal vasoconstriction. 
These compensatory mechanisms increase renal 
perfusion but complicates renal ischemia by virtue 
of the increased demand of ATP for sodium 
reabsorption. Renal oxidative stress leads to renal 
inflammation and subsequent migration of renal 
inflammatory cells causing acute kidney injury. The 
use of iodinated contrast materials in patients with 
acute trauma cause direct injury to the kidneys by 
direct toxic effect of contrast materials. 
Haemorrhage also reduces blood volume and lead 
to renal hypo perfusion and hypoxia causing AKI. 
Myoglobin released as a result of rhabdomyolysis 
cause injury by producing hypovolemia due to 
swelling of muscles and by renal vasoconstriction 
both directly and by accentuating the vasopressor 
action of Angiotensin II which worsen renal 
ischemia and hypoxia (26). Myoglobin also 
increase the concentration of superoxide anion 
which in turn reduce the nitric oxide in vessel wall 
of afferent arterioles which lead to subsequent 
vasoconstriction (26). Myoglobin being a small 
molecule is filtered via glomerular capillaries 
produce damage to renal tubular epithelium due to 
oxidative ability of the end product of myoglobin 
breakdown, haeme (27). Myoglobin accumulation 
in renal tubules due to the acidic environment in 
haemorrhage and this accentuates the damage to 
renal tubules. Myoglobin also activates renal 
inflammation by activation of NF-kB and 
interleukin-6 leading to monocyte migration and 

also myoglobin catalyses the conversion of 
monocytes to macrophages. M1 macrophages 
secrete interleukin 1 and 12 which results in renal 
fibrosis and cause subsequent damage to renal 
tubules. Abdominal compartment syndrome cause 
mechanical constriction of blood vessels (arteries 
and veins) causing renal ischemia. Renal ischemia 
in acute trauma can also be a resultant of direct 
pressure and compression on the abdomen can 
directly lower the renal perfusion and produce 
ischemia. Renal interstitial oedema due to fluid 
resuscitation and inflammation could be 
considered as another etiological factor for AKI in 
acute trauma patients. Excessive use of crystalloids 
cause renal parenchymal oedema and renal hypo 
perfusion.  
Our study also demonstrated significantly higher 
proportion of participants with hypotension who 
did not develop AKI. This is a new observation 
since studies evaluating the association of 
hypotension and AKI are scarce though many 
studies demonstrating pathophysiological changes 
are available as published literature. Higher 
proportion of participants with AKI had GCS ≥ 10, 
which has not been described in literature. There 
are reports of AKI among patients with traumatic 
head injury and had been detected to 9.2% of head 
injury patients (28). Different criteria for 
classification of patients according to GCS was used 
in the above mentioned study.  
None of the participants required renal 
replacement therapy. Early initiation of renal 
replacement therapy has been advocated by many 
studies though methodological flaws limit the use 
of this recommendation (29). Renal replacement 
therapy is also associated with catheter related 
complications from insertion and infection, 
mechanical complications associated with 
extracorporeal circuit which includes severe blood 
loss, electrolyte disturbance, haemodynamic 
compromise, activation of humoral and cell 
mediated immune response and dialysis associated 
hypotension. These factors are considered to delay 
the recovery of renal injury in AKI (30, 31). All 
participants recovered completely from AKI at 
discharge. AKI patients were having significantly 
longer duration of hospital stay compared to 
participants without AKI. This is an established fact 
since AKI is associated with severe injuries, the 
hospital stay will be longer in these patients. 
Studies have demonstrated that the longer the 
persistence of AKI the higher the risk of mortality, 
heart failure and incident chronic kidney disease 
(32). The mortality among participants with AKI 
was 6.3% and this has not been reported in 
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previous studies from our setting.  
Limitations 
Small sample size and study design being a record 
based retrospective study are the major limitations 
of our study. 

CONCLUSIONS 
Forty percent of the acute trauma patients had AKI 
of which 93.8% of patients were in risk category 
and 6.2% of patients were in injury category 
according to RIFLE criteria. Surprisingly no 
patients of categories failure, loss and end stage 
renal disease were encountered. This could be due 
to timely arrival and intervention by protocol 
based care. No association of AKI and mortality was 
observed probably due to lower rates of mortality 
encountered in our study. AKI was associated with 
age, RTS, hypotension and GCS. No association of 
AKI with gender was observed. None of the 
patients required renal replacement therapy and 

the renal function of all patients returned to normal 
at the time of discharge. 

ACKNOWLEDGEMENTS 
The authors wish to express their appreciation and 
thanks to all colleagues for their cooperation in the 
present study.  

AUTHORS’ CONTRIBUTION 
All the authors met the standards of authorship 
based on the recommendations of the International 
Committee of Medical Journal Editors. 

CONFLICT OF INTEREST 
None declared.  

FUNDING 
None declared.

REFERENCES 

1. Hoste EAJ, Schurgers M. Epidemiology of acute kidney injury: how big is the problem? Crit Care Med. 
2008;36(4 Suppl):S146-51.  
2. Makris K, Spanou L. Acute Kidney Injury: Definition, Pathophysiology and Clinical Phenotypes. Clin 
Biochem Rev. 2016;37(2):85–98.  
3. Harty J. Prevention and Management of Acute Kidney Injury. Ulster Med J. 2014;83(3):149–57.  
4. Mehta RL, Pascual MT, Soroko S, Savage BR, Himmelfarb J, Ikizler TA, et al. Spectrum of acute renal 
failure in the intensive care unit: the PICARD experience. Kidney Int. 2004;66(4):1613–21.  
5. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, et al. Acute renal failure in critically 
ill patients: a multinational, multicenter study. JAMA. 2005;294(7):813–8.  
6. Gurjar M, Baronia AK, Azim A, Prasad N, Jain S, Singh RK, et al. Septic acute kidney injury in critically ill 
Indian patients. Indian J Crit Care Med. 2013;17(1):49–52.  
7. Case J, Khan S, Khalid R, Khan A. Epidemiology of acute kidney injury in the intensive care unit. Crit Care 
Res Pract. 2013;2013:479730.  
8. Brochard L, Abroug F, Brenner M, Broccard AF, Danner RL, Ferrer M, et al. An Official 
ATS/ERS/ESICM/SCCM/SRLF Statement: Prevention and Management of Acute Renal Failure in the ICU 
Patient: an international consensus conference in intensive care medicine. Am J Respir Crit Care Med. 
2010;181(10):1128–55.  
9. Waikar SS, Betensky RA, Emerson SC, Bonventre JV. Imperfect gold standards for kidney injury 
biomarker evaluation. J Am Soc Nephrol. 2012;23(1):13–21.  
10. Jenq C-C, Tsai M-H, Tian Y-C, Lin C-Y, Yang C, Liu N-J, et al. RIFLE classification can predict short-term 
prognosis in critically ill cirrhotic patients. Intensive Care Med. 2007;33(11):1921–30.  
11. Hoste EA, Clermont G, Kersten A, Venkataraman R, Angus DC, De Bacquer D, et al. RIFLE criteria for 
acute kidney injury are associated with hospital mortality in critically ill patients: a cohort analysis. Crit 
Care. 2006;10(3):R73.  
12. Bell M, Liljestam E, Granath F, Fryckstedt J, Ekbom A, Martling C-R. Optimal follow-up time after 
continuous renal replacement therapy in actual renal failure patients stratified with the RIFLE criteria. 
Nephrol Dial Transplant. 2005;20(2):354–60.  
13. Colpaert K, Hoste EA. Acute kidney injury in burns: a story of volume and inflammation. Crit Care. 
2008;12(6):192.  



ADVANCED JOURNAL OF EMERGENCY MEDICINE. 2019; 3(3): e22 Don Bosco et al 

   

 

6 Copyright © 2019 Tehran University of Medical Sciences  
This open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 License (CC BY-NC 4.0). 

 

14. Bagshaw SM, George C, Gibney RTN, Bellomo R. A multi-center evaluation of early acute kidney injury 
in critically ill trauma patients. Ren Fail. 2008;30(6):581–9.  
15. Sloan EP, Koenigsberg M, Clark JM, Desai A. The use of the Revised Trauma Score as an entry criterion 
in traumatic hemorrhagic shock studies: data from the DCLHb clinical trials. Prehosp Disaster Med. 
2012;27(4):330–44.  
16. El Sayad M, Noureddine H. Recent Advances of Hemorrhage Management in Severe Trauma. Emerg 
Med Int. 2014;2014:638956. 
17. Lopes JA, Jorge S. The RIFLE and AKIN classifications for acute kidney injury: a critical and 
comprehensive review. Clin Kidney J. 2013;6(1):8–14.  
18. Breslau N. Gender differences in trauma and posttraumatic stress disorder. J Gend Specif Med. 
2002;5(1):34–40.  
19. Tolin DF, Foa EB. Sex differences in trauma and posttraumatic stress disorder: a quantitative review of 
25 years of research. Psychol Bull. 2006;132(6):959–92.  
20. Yasan A, Saka G, Ozkan M, Ertem M. Trauma type, gender, and risk of PTSD in a region within an area 
of conflict. J Trauma Stress. 2009;22(6):663–6.  
21. Das A, Gjerde H, Gopalan SS, Normann PT. Alcohol, drugs, and road traffic crashes in India: a systematic 
review. Traffic Inj Prev. 2012;13(6):544–53.  
22. Harrois A, Libert N, Duranteau J. Acute kidney injury in trauma patients. Curr Opin Crit Care. 
2017;23(6):447–56.  
23. Bagshaw SM, Berthiaume LR, Delaney A, Bellomo R. Continuous versus intermittent renal replacement 
therapy for critically ill patients with acute kidney injury: a meta-analysis. Crit Care Med. 2008;36(2):610–
7.  
24. Lakshminarayana GR, Sheetal LG, Mathew A, Rajesh R, Kurian G, Unni VN. Hemodialysis outcomes and 
practice patterns in end-stage renal disease: Experience from a Tertiary Care Hospital in Kerala. Indian J 
Nephrol. 2017;27(1):51–7.  
25. Hodeify R, Megyesi J, Tarcsafalvi A, Mustafa HI, Hti Lar Seng NS, Price PM. Gender differences control 
the susceptibility to ER stress-induced acute kidney injury. Am J Physiol Renal Physiol. 2013;304(7):F875–
82.  
26. Liu ZZ, Mathia S, Pahlitzsch T, Wennysia IC, Persson PB, Lai EY, et al. Myoglobin facilitates angiotensin 
II-induced constriction of renal afferent arterioles. Am J Physiol Renal Physiol. 2017;312(5):F908–16.  
27. Zorova LD, Pevzner IB, Chupyrkina AA, Zorov SD, Silachev DN, Plotnikov EY, et al. The role of myoglobin 
degradation in nephrotoxicity after rhabdomyolysis. Chem Biol Interact. 2016;256:64–70.  
28. Moore EM, Bellomo R, Nichol A, Harley N, Macisaac C, Cooper DJ. The incidence of acute kidney injury 
in patients with traumatic brain injury. Ren Fail. 2010;32(9):1060–5.  
29. Palevsky PM. Renal Replacement Therapy in AKI. Adv Chronic Kidney Dis. 2013;20(1):76–84.  
30. Conger JD. Does Hemodialysis Delay Recovery from Acute Renal Failure? Seminars in Dialysis. 
1990;3(3):146–8.  
31. Palevsky PM, Baldwin I, Davenport A, Goldstein S, Paganini E. Renal replacement therapy and the 
kidney: minimizing the impact of renal replacement therapy on recovery of acute renal failure. Curr Opin 
Crit Care. 2005;11(6):548–54.  
32. Mehta S, Chauhan K, Patel A, Patel S, Pinotti R, Nadkarni GN, et al. The prognostic importance of 
duration of AKI: a systematic review and meta-analysis. BMC Nephrol. 2018;19:91 


