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ABSTRACT

African Nile crocodiles are the only species of crocodile consistently found across central and sub-Saharan 
Africa. A large and specifically aggressive species of the African Nile crocodile is solely responsible for almost 
all unprovoked attacks on humans, the exact incidence of which is unknown. The reported mortality rate of an 
African Nile crocodile attack is between 65-91% with up to 70% of surviving individuals with a bite of a limb 
ultimately requiring amputation. 
       We describe an adult male patient whom, during the course of performing his daily duties, slipped on 
a riverbank and fell into the water where he was immediately seized on the left forearm by an African Nile 
crocodile. Through fighting back the African Nile crocodile released its hold and he was able to survive the 
attack and reach our unit. Despite relatively benign looking wounds the initial surgical exploration revealed 
the true extent of the underlying muscle damage and within hours a flexor compartment syndrome developed 
needing surgical management. Through serial operating room visits and directed antibiotic therapy we were 
able to successfully treat the patient resulting in a favorable outcome. 
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INTRODUCTION

African Nile crocodile bites are a common occurrence 
across the African continent with several studies 
reporting an increasing incidence (1-3). In terms of 
quantifying the magnitude of this increasing African 
problem one study from Malawi by Vanwersch (3) 
reported 60 patients admitted over a four-year period 
with African Nile crocodile inflicted trauma. Another 
world-wide database that considered Uganda reported 
69 African Nile crocodile bites and confirms an 
increasing incidence (4). Another study from Tanzania 
by Scott et al (1) reported 51 people being killed by 
African Nile crocodiles over a five-year period. Not 
unique to Africa a similar, albeit significantly less 
frequently occurring problem considering the total 
number of attacks, is reported from Australia where 
data from a national computed database reported 87 
Salt-water crocodile attacks over a period of 4 decades 
(5). Several studies (1,6,7) note that many African 
Nile crocodile attacks are not reported and hence 
the exact scale of this problem is in fact unknown. 
Geographical and cultural differences underpin the 
varied causes contributing to these attacks and factors 
implicated include an increasing human population, 
habit encroachment, tourism, and regional religious 
beliefs (1,8,9). Local superstition contributes to 
increasing African Nile crocodile populations such as 
beliefs that a tamed African Nile crocodile is unable 

to be killed and the belief that if one kills an African 
Nile crocodile his son will be targeted by the local 
crocodile population (1). 

CASE REPORT

We report an adult male patient who, by being a 
professional hunter by occupation, put him in close 
proximity to African Nile crocodiles while performing 
his daily duties. The history provided by the patient 
was that on a typical African hot summer’s day, while 
casually walking along a river embankment, he lost his 
foothold, slipped, and fell into the water. Upon entering 
the water he was immediately seized on the left forearm 
by an African Nile crocodile which he estimates to 
have been approximately three meters in length. The 
clamping action was maximal instantaneously and the 
African Nile crocodile began to thrash from side to 
side while simultaneously attempting to drag him into 
deeper waters. Instinctively he used all his strength 
and fortunately managed to pull his arm free from the 
animal’s mouth. He scrawled up the river bank and 
was assisted by a work colleague until paramedic staff 
arrived. 
  On presentation to our unit we noted a healthy 
looking young male patient in obvious pain with 
an isolated crocodile bite to the left forearm. On 
inspection his left forearm was swollen with several 
deep puncture holes in both the flexor the extensor 
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compartments (Figures 1-2). The forearm was 
neurovascularly intact however he resisted all wrist 
and finger movement secondary to pain. At admission 
there were no symptoms or signs of a compartment 
syndrome. An X-ray of his left forearm was performed 
and was normal. 

Figure 1
Pre-operative patient photograph of the left forearm 
showing a deep puncture wound in the proximal part 

of the extensor compartment. Sand from the river 
bank is noted as the wound had not been cleaned
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Figure 2
Pre-operative patient photograph of the left forearm 
showing additional puncture wounds on the lateral 

side of distal left forearm involving both the extensor 
and flexor compartments
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  He was immediately taken to the operating 
room for wound debridement and copious irrigation 
and upon surgical exploration the true extent of the 
injury was appreciated which demonstrated extensive 

crushing muscle damage not clinically evident at the 
initial examination (Figures 3-4). 

Figure 3
Intra-operative photograph of the patients left 
forearm post debridement demonstrating the 

extensive muscle damage in the flexor compartment 
and the depth of the puncture wound from the 

proximal extensor compartment which had 
transversed the interosseous membrane and was 
visible within the flexor compartment (red arrow)
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Figure 4

Intra-operative photograph of the left forearm post 
debridement demonstrating the extensive muscle 

damage to the proximal extensor compartment. In 
this photograph an antibiotic impregnated gauze is 

seen inserted into the transversing puncture hole (red 
arrow)
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  Post debridement the wounds were left open, a 
vacuum assisted closure dressing was applied, and 
the patient was taken to the Intensive Care Unit for 



East African Orthopaedic Journal

EAOJ; Vol. 14: No. 2, September 2020104

compartment checks. In the Intensive Care Unit he 
was given analgesia and commenced on empiric 
intravenous antibiotic cover, namely ceftriaxone 1g 
12 hourly and metronidazole 500mg eight hourly, 
pending the results of the intra-operative  pus swab. 
      Within hours he began to complain of increasing 
volar forearm pain and paresthesia in a median nerve 
distribution involving his thumb, index finger and 
lateral side of his third finger. Clinical examination 
suggested a compartment syndrome was developing 
in the flexor compartment. A doppler ultrasound was 
performed which confirmed intact radial and ulnar 
arteries with good flow.  He was taken back to the 
operating room for an urgent flexor compartment 
fasciotomy (Figure 5). 

Figure 5
Intra-operative photograph of the left forearm post 
flexor compartment fasciotomy releasing  both the 

superficial and deep muscle compartments
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  Post-operatively the vacuum assisted closure 
dressing was re-applied and the patient was transferred 
back to the Intensive Care Unit. Over the course of 
the next five days he was taken to theatre daily for 
wound debridement and irrigation. On the third day 
post admission the patient’s pus swab result became 
available and on the anaerobic culture an Actinomyces 
species specifically Actinomyces oris was cultured 
which demonstrated sensitivity to co-amoxyclavulonic 
acid. The empiric antibiotic regimen was directed to 
co-amoxyclavulonic acid alone and this was continued 
for a further five days intravenously. 
       Post the daily operating room visits for the first five 
days the wounds demonstrated no signs of necrosis 
and no signs of infection. There was still significant 
muscle swelling precluding wound closure however 
the frequency of operating room visits was reduced 

to alternative days for a further 8 days during which 
sequential wound closure was performed (Figure 6). 

Figure 6
Intra-operative photograph demonstrating one of 

the sequential wound closures of the volar wound. In 
this photograph the significant muscle swelling at the 

time can be noted
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       Daily C-Reactive Protein (CRP) and alternative 
day Procalcitonin (PCT) haematological investigations 
were utilized to exclude a rising trend that might 
suggest infection. The PCT was raised on the third 
post-operative day however reduced once directed 
antibiotic therapy was employed and remained so 
through-out the remainder of his in-patient stay.  In 
total the patient was taken to the operating room nine 
times and on the last visit a tension free wound closure 
was achieved (Figures 7-8).

Figure 7
Intra-operative photograph of the left forearm taken 
at the final operating room visit demonstrating the 
volar wound successfully closed utilizing vertical 

mattress sutures
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Figure 8
Intra-operative photograph of the left forearm taken 
at the final operating room visit demonstrating that 
the wound over the extensor compartment has been 

successfully closed utilizing the visible vertical 
mattress sutures proximally
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       The patient underwent an intensive period of in-
patient physiotherapy and was discharged three weeks 
post the attack for continued out-patient physiotherapy. 
At his 6 week out-patient appointment he had a full 
range motion of his forearm as well as a full range 
of movement of all his fingers and his wounds had 
healed well (Figures 9-11). A decrease in left hand 
grip strength compared to that of his right hand was 
documented however with ongoing rehabilitation and 
muscle strengthening this is expected to improve. 

Figure 9
Patient photograph of the volar surface of the 

left forearm at his 6 week follow-up appointment 
demonstrating the healed volar wound
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Figure 10
Patient photograph of the extensor surface of his left 
forearm taken at his 6 week follow-up appointment 

demonstrating the healed wound
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Figure 11

Patient photographs at 6 weeks post discharge 
showing full range of motion of elbow, wrist and 

fingers

    

DISCUSSION

While 23 distinct crocodile species exist world-
wide only one species, Crocodylus Niloticus (Nile 
crocodile), is found in stable populations across central 
and sub-Saharan Africa. While listed as an endangered 
species in the 1970’s, resulting in their inclusion at the 
signing of the International Convention of Endangered 
Species treaty in 1982 whereby they are to date 
protected, the last four decades have seen populations 
increasing substantially across the continent. The 
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African Nile crocodile is reported in several studies 
to be the predominant species responsible for human 
deaths across Africa due to their wide distribution, 
significant size, and increasingly frequent proximity 
to human settlements (10,11). The hunting strategy 
of the African Nile crocodile is that of a surprise 
attack whereby utilizing their powerful tail to rapidly 
accelerate from underwater they suddenly emerge and 
take a firm grasp on an unsuspecting victim. They then 
violently shake the victim side to side to stun him/her, 
rapidly roll the victim onto his/her back, and then pull 
the victim underwater to drown (11,12). Another study 
by Fukuda et al (5) which analyzed a 42 year database 
considering  87 attacks confirmed drowning to be the 
predominant mechanism of death. 
       Globally the mortality rate of a Nile crocodile 
attack is reported to be in the region of 65% however 
local factors in the African situation, such as a lack of 
immediate transport and availability of medical care, 
has seen much higher mortality rates being reported 
(11). One such study that considered African Nile 
crocodile attacks in Uganda over a five-year period 
reported a 91% mortality rate (4). 
  Considering limb bites, in patients that survive 
the bite injury itself and reach hospital, the wound is 
described as crushing in nature and better described as 
degloving. Several studies report that approximately 
70% of afflicted limbs ultimately require amputation 
(2,11). The relatively small puncture sites commonly 
mask significant underlying muscle damage and 
may or may not be associated with a fracture (2). 
Regarding our patient this was exactly the case where 
despite relatively small puncture sites significant 
muscle damage was noted on surgical exploration 
(Figures 1-4). Besides the mechanical crushing of the 
tissue bacterial inoculation into the wound at the time 
of the bite is another important consideration. The 
oral flora of a crocodile that are inoculated into the 
wound, but in many cases also lead to infection, are 
extremely varied. Despite a wide range of species a 
predominance of gram negative aerobic and anaerobic 
bacteria rather than gram positive species have been 
reported across several studies (11, 13-16). 
  In terms of the initial management of a patient 
with an African Nile crocodile bite to a limb the 
literature describes resuscitation, prophylactic 
tetanus prevention, empiric antibiotic therapy, 
fracture stabilization with an external fixator, and 
early surgical debridement as essential interventions. 
Intravenous ceftriaxone, metronidazole as well as oral 
doxycycline are considered an appropriate empiric 
antibiotic regimen that should be used. Repeated 
wound debridements and directed antibiotic therapy 
are advocated secondary measures (2). In our patient 
we utilized intravenous ceftriaxone and metronidazole 
without doxycycline as our empiric antibiotic regimen. 
In addition to these medical measures our patient was 

taken to the operating room nine times. We believe that 
our adherence to standard surgical principles regarding 
the management of a contaminated wound with a high 
index of suspicion which prevented infection resulted 
in a favourable outcome. 

CONCLUSION

Despite predictably avoiding mortality due to the 
circumstances of the attack we describe a young male 
patient who presented to our Unit with an African Nile 
crocodile bite of the left forearm. Despite the benign 
appearance of the skin wounds the initial surgical 
exploration demonstrated a very real possibility of 
amputation if secondary complications were not 
timeously addressed. We advocate frequent operating 
rooms visits as the primary surgical technique to be 
employed in the management of African Nile crocodile 
bites of the extremities. 

Funding:  This research did not receive any specific 
grant from funding agencies in the public, commercial, 
or not-for-profit sectors.

Declaration of interest:  None of the authors listed 
have any financial nor personal relationships with other 
people, or organizations, that could inappropriately 
influence (bias) their work, all within 3 years of the 
beginning the work submitted.

REFERENCES 

1.   Scott, R. and Scott, H. Crocodile bites and 
traditional beliefs in Korogwe District, Tanzania. 
Br Med J. 1994; 309:24-31. 

2.   Wamisho, B., Bates, J., Tompkins, M., Islam, R.,  
Nyamulani, N., Ngulube, C. and Mkandawire, 
N. Ward round- crocodile bites in Malawi: 
microbiology and surgical management. Malawi 
Med J. 2009; 21(1):29 – 31.

3.  Vanwersch, K. Crocodile bite injury in southern 
Malawi. Trop Doctor. 1998; 28(4):221-222.

4.  The Worldwide Crocodilian Attack Database. 
Big Gecko, Darwin, CrocBITE 2013. http://www.
crocodile-attack.info.

5.   Fukuda, Y., Manolis, C., Saalfeld, K. and Zuur, 
A. Dead or alive? Factors affecting the survival 
of victims during attacks by saltwater crocodiles 
(Crocodylus porosus) in Australia.  PLoS One. 
2015; 10(5): 1-12. doi:10.1371/journal.pone.

6.   Sideleau, B. and Britton, A.  A preliminary analysis 
of worldwide crocodilian attacks. Proceedings 
of the 21st Working Meeting of the IUCN-SSC 
Crocodile Specialist Group. Switzerland. 2012: 
111–114.

7.  Fikri, M. Abu-Zidan. Crossroad between camel 
bites and crocodile bites.  J Afr Health Sci. 2015; 
15:1-3.       



East African Orthopaedic Journal

EAOJ; Vol. 14: No. 2, September 2020 107

8.   Fukuda, Y., Manolis, C. and Appel, K. 
Management of human-crocodile conflict in 
the Northern Territory Australia: A review 
of crocodile attacks and removal of problem 
crocodiles. J Wild Life Manag. 2014; 78:1239-49.

9.   Elsey, R. and Woodward, A. American alligator 
Alligator mississippiensis in Crocodiles Status 
Survey and Conservation Action Plan. 2010:1–4. 
http://www.iucncsg.org/365_docs/attachments/
protarea/01_A81db765a.pdf 

10.  Lamarque, F., Anderson, J., Fergusson, R., 
Lagrange, M., Osei-Owusu, Y. and Bakker, 
L.  Human-wildlife conflict in Africa: Causes, 
consequences and management strategies. 
FAO Forestry Paper. 2009. http://www.fao.org/
docrep/012/i1048e/i1048e00. 

11.   Caldicott, D., Croser, D., Manolis, C., Webb, G. 
and  Britton, A. Crocodile attack in Australia: 
an analysis of its incidence and review of the 

pathology and management of crocodilian attacks 
in general. Wilderness Environ Med. 2005; 
16:143-159.

12. Gruen, R.L. Crocodile attacks in Australia: 
challenges for injury prevention and trauma care. 
World J Surg. 2009; 33:1554-61.

13.   Harding, B. and Wolf, B. Alligator attacks 
in southwest Florida. J Forensic Sci. 2006; 
51(3):674-677.

14.  Marta, E. Isolation of Serratia fonticola from skin 
lesions in a Nile crocodile (Crocodylus niloticus) 
with an associated septicaemia. Vet J.  2008; 
176(2):254-256.

15.  Microorganisms isolated from different 
animal bites: http://emedicine. medscape.com/
article/768875-overview.

16.  Urschel,  D. Necrotizing soft tissue infections.  
Postgrad Med J. 1999; 75:645-649. 


