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Approximately 5.4 million people are bitten by snakes annually, with up to 
half of these victims experiencing signs of envenomation. This results in an 
estimated 138 000 deaths per year.[1] Only limited data exist on the long-term 
morbidity of snakebites, but one study suggested that between 5  900 and 
14 600 amputations per year may be attributed to snakebites in sub-Saharan 
Africa (sSA) alone.[2] However, accuracy of epidemiological data is limited 
owing to under-reporting, patients’ poor access to healthcare facilities and 
many victims attending traditional healers rather than health centres or 
hospitals.[1-3]

The burden of snakebites is unevenly distributed across the globe, 
with 95% of cases encountered in low- and middle-income countries 
in Africa and Asia.[4,5] Even in those areas, the health effects of 
snakebites are disproportional, with the poorest of the poor generally 
experiencing poor outcomes.[6,7] Rural sSA is specifically vulnerable 
owing to limited availability of healthcare services. In 2017, the World 
Health Organization (WHO) recognised snakebite envenoming as a 

neglected tropical disease.[7] Accordingly, snakebite antivenoms are 
included in the WHO’s list of essential medicines.[8]

Common acute medical conditions arising from snakebites depend on 
the species, but include neurotoxicity, coagulation failure accompanied 
by shock or organ dysfunction, and local tissue destruction.[9] Multiple 
factors, including delayed presentation to healthcare facilities, adversely 
affect the management and outcome of snakebite victims.[2] Inadequate 
regulatory frameworks that result in ineffective or unsafe antivenom 
products being available, restricted access and high costs are crucial 
challenges limiting the use of antivenoms, particularly in sSA.[10,11] 
Supportive measures are often the only therapeutic options for patients 
presenting with snakebite envenoming in sSA.

In this study, we report the intensive care unit (ICU) management and 
outcomes of 174 snakebite victims who were treated mainly with basic 
intensive-care interventions (e.g. mechanical ventilation) in a rural sSA 
hospital where adequate doses of antivenom were not available. 
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Contribution of study
It is estimated that up to 138  000 people die each year following snakebites. Currently, reliable provision of efficient snake-bite antivenom is 
challenging in many rural health facilities in sub- Saharan Africa (sSA).  Our results suggest that basic intensive-care interventions, including 
mechanical ventilation, is a feasible management option for critically ill snakebite victims in a rural sSA hospital, resulting in a low mortality rate, 
even without adequate antivenom doses being available. 
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Methods
This cohort study was designed as a retrospective analysis of a 
prospectively collected database of patients admitted to the ICU of 
St.  Mary’s Hospital Lacor in Gulu, Uganda, between 1 January 2006 
and 30 November 2017. All patients from this database admitted to the 
ICU because of snakebite envenomation were included in the analysis. 
No exclusion criteria were applied. The analysis of the ICU data was 
approved by the institutional review board of the hospital. Owing to the 
retrospective design of the study, written and oral consent was waived. 
Selected data of 139 patients were included in a previous analysis 
reporting on admission diagnoses, use of mechanical ventilation and 
outcomes of critically ill patients treated at this ICU.[12]

Study setting
St. Mary’s Hospital Lacor is a private, non-profit (former mission) 
hospital located in the north of Uganda, serving ~700 000 inhabitants 
in a poor, post-conflict area. It has 476 beds and six operating rooms, 
with ~5  000 surgeries being performed per annum. Using subsidised 
external funding, the hospital’s objective is to provide barrier-free access 
to healthcare, particularly to the poorest of the community. The hospital 
also runs an eight-bed ICU where critically ill patients are admitted. The 
unit has eight trained nurses and four assistant nurses (with one nurse 
attending to between four and eight patients per shift). The medical 
responsibility for an ICU patient is shared by one anaesthetic officer and 
a physician. This team was assisted by a senior anaesthetist from 2002 to 
2016. Table 1 outlines the operational features of the unit, as described 
previously.[12]

Patient management
Patients with snakebite envenoming account for 2 - 3% of the ICU 
population at this centre.[12] General principles of critical care were 
applied to stabilise vital organ functions. Specific treatment of snakebites 
was provided with available resources according to WHO guidelines.[9] 
All snakebite victims were continually monitored using non-invasive 
measurements (e.g. electrocardiogram, respiratory rate, peripheral 
oxygen saturation, non-invasive blood pressure and temperature). 
Respiratory support included the provision of supplemental oxygen and 
advanced airway management, as well as invasive mechanical ventilation 
for airway protection or in the case of respiratory failure. Mechanical 
ventilation was initiated when the attending anaesthetist judged patient 
survival to be at risk within an hour of assessment.

Adequate antivenom doses could not be provided in the majority of 
cases because of limited availability of appropriate antivenom. Safety 
and efficacy of the antivenom available at the ICU during the study 
period (VINS Bioproducts, India) has not yet been confirmed for use 
in Africa by the WHO validation processes. Experts from the WHO, 
the Global Snakebite Initiative and Médecins sans Frontières (MSF) 
recommend using products with better neutralisation capacity, such as 
the South African Institute for Medical Research (SAIMR) polyvalent 
antivenom;[9,13] however, this is more expensive than the VINS antivenom. 
The MSF Operational Centre in Geneva recently recommended a new 
algorithm for the management of snakebite victims in South Sudan, 
namely the use of Echitab-Plus for cytotoxic and haemotoxic envenoming 
(vipers and spitting cobras) and the SAIMR polyvalent antivenom for 
neurotoxic envenoming (cobras and mambas).[13] 

When antivenom was available for the treatment of critically ill 
snakebite victims described in this study, usually only one vial could 
be administered; in special cases, two vials could be administered 
if indicated. WHO and MSF guidelines indicate that in persisting 

snakebite syndromes, several vials of antivenom are needed to achieve 
adequate neutralisation of snake toxins and clinical stabilisation.[9,13] 
In view of the limited availability of effective antivenom, advanced 
airway management and mechanical ventilation were prioritised over 
antivenom therapy in critically ill patients with signs of neurotoxic 
snakebite envenoming (e.g. fasciculation, paralysis and respiratory 
failure).

The snake could rarely be identified by patients or relatives. No DNA 
sequencing techniques from swabs of bite sites could be performed for 
identification purposes.[14]

Data analysis
The following data were collected from all patients included in this 
analysis: gender, age, therapeutic interventions (continuous monitoring; 
endotracheal intubation and mechanical ventilation; tracheostomy; 
antivenom therapy), complications, length of ICU stay, and mortality. 
Clinical symptoms of patients documented in the database were 
categorised as fasciculation/paralysis (due to neurotoxicity), 
coagulopathy/shock/haemolysis, or extensive tissue damage.

All statistical analyses were performed using the PASW statistical 
software package (version 20.0) (IBM Corp., Austria). We compared the 
occurrence of and variables related to different envenoming symptoms 
(fasciculation/paralysis, coagulopathy/shock/haemolysis or extensive 
tissue damage) between survivors and non-survivors using chi-squared, 
Mann-Whitney U-rank sum and Fisher’s exact tests, as appropriate. 
Data are presented as absolute values with percentages in parentheses, 
or median values along with interquartile ranges (IQRs). A significance 
level p<0.05 was used.

Results
Of the 6 976 patients admitted to the ICU during the study period, 174 
were treated for snakebite envenomation (2.5%). More than a third 
of the patients were younger than 18 years (n=67; 38.5%) (Fig.  1). 
As shown in Table  2, non-survivors more frequently presented with 
coagulopathy, shock or haemolysis than survivors. Invasive mechanical 
ventilation was used more often for treating non-survivors than 
survivors. Complications were documented for more non-survivors 
than survivors. Antivenom (at low and probably inadequate doses[9,13]) 
was administered to 12.6% of patients (n=22). The median (IQR) length 
of ICU stay was 3 (2  -  5) days and overall mortality was recorded as 
8% (n=14).

Information on clinical symptoms at presentation could be extracted 
from the database for 40 patients (23%) (Table 3). The need for invasive 
mechanical ventilation and subsequent ICU mortality differed among 
snakebite victims who presented with clinical symptoms. 

Table  4 summarises the characteristics of patients who required 
mechanical ventilation (n=60; 34.5%). Among these, clinical symptoms 
were documented in more detail in only 16 cases. Neurotoxicity 
(fasciculation/paralysis) was the most commonly documented indication 
for advanced respiratory support (87.5%). However, it should be noted 
that in the absence of any other documented complication, it can be 
assumed that patients with respiratory failure requiring mechanical 
ventilation experienced neurotoxic snakebite syndrome. Antivenom 
could be administered only to 10 (16.7%) of the 60 patients who 
required mechanical ventilation; three of these patients died (33.3%). 
Of the 50 ventilated patients who did not receive antivenom treatment, 
seven died (14%). There was no statistical difference in mortality 
between mechanically ventilated patients with or without antivenom 
therapy (p=0.35; Fisher’s exact test). 
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Table 1. Operational characteristics of the intensive care unit at St. Mary’s Lacor Hospital, Uganda[12]

Characteristic Description
Admission criteria Patients with life-threatening conditions requiring immediate intervention

Patients with abnormal vital signs or other clinical concerns requiring close observation and treatment
Postoperative care in case intensive care or close observation is required.
These criteria were also applied to snakebite victims.

Beds 8 permanent beds; additional beds can be added if needed.
Nurse:patient ratio 1 nurse for every 4 - 8 patients
Doctors/clinical officers One anaesthetic officer and the admitting physician share the medical responsibility for the ICU patients. 

A senior anaesthetist dedicated full clinical responsibility to the ICU (full-time consultant from 2002 to 2008; part-time 
consultant from 2009 to 2016).

Monitoring Pulse oximeters: 2 
Non-invasive blood pressure machines: 3
Multiparameter monitors: 1
12-lead electrocardiograph: 1 
Capnography: not available (end-tidal CO2 monitoring should be considered as an essential element during intubation and 
surveillance of mechanically-ventilated patients)

Equipment – examples Basic resuscitation equipment 
Equipment for advanced airway management
Ventilators capable of providing intermittent positive pressure ventilation (Glostavent; Diamedica, UK): 3
Oxygen concentrators (10 l/min): 3
Oxygen cylinders: limited supply
Equipment for chest drain insertion
Single-lumen central lines (as well as peripheral venous and intraosseous access)

Management options Routine resuscitation measures
Respiratory care

Basic and advanced airway management
Insertion of chest drains (e.g. for management of empyema, pneumothoraces) and aspiration of pleural effusions
Low-flow O2 and O2 supplementation via face mask
 Advanced airway management and mechanical ventilation; non-invasive respiratory support was not available during 
the study period.

Circulation
Fluid management and blood transfusions
Peripheral and central line insertion; no arterial lines used. 
Occasional adrenaline or dopamine infusions

Management of 
neurological emergencies 

Management of comatose patients and status epilepticus
No intracranial pressure monitoring
Medication

Enteral and intravenous medications (based on national guidelines and the WHO list of essential medications[8])
Essential antibiotics, including ceftriaxone, ciprofloxacin (no carbapenems, amikacin or vancomycin)

Nutrition
Enteral nutritional support; parenteral nutrition not routinely used.

Renal replacement therapy
 Peritoneal dialysis could be performed by the end of the study period, on rare occasions; not used in the patients 
described in this study.

Laboratory Point-of-care tests: malaria rapid diagnostic tests (available later during the study period); blood glucose, urine analysis
Blood films (e.g. for detection of malaria parasites), haemoglobin and full blood count
Analysis of CSF
Rapid tests: HIV, hepatitis B and C, syphilis
Sputum: tuberculosis smears (no Gen-Xpert was available during the study period)
Not routinely available: electrolyte analysis, blood gas analysis, renal or liver function tests, clotting tests, no blood or CSF 
cultures.

Blood bank Blood bank: rapid and safe blood transfusion services
Not available: Tranexamic acid, fresh-frozen plasma, platelet concentrates 

Imaging Portable X-ray
Ultrasound by a radiologist (no routine availability of point-of-care ultrasound)

Protocols General principles of anaesthetics and critical care were followed. 
WHO management guidelines were followed for children. 
WHO protocols for snakebites[9]were followed with available resources (e.g. antivenom was administered only in a minority 
of patients).

Training The clinical staff consist of nurses, anaesthetic officers who receive regular on-the-job training and coaching by an 
experienced senior anaesthesist, and visiting critical care doctors. The hospital invested in the training of nurses and 
anaesthetic clinical officers for several years. These training programmes are recognised by the Ugandan Minstry of Health.

Logistics, pharmacy and 
biomedical support

The hospital has a strong logistics and pharmacy team. Cleaners and ICU staff ensure infection prevention and control measures.
Reliable maintenance and repair services are provided by a skilled and supportive biomedical department.

Electricity The hospital has a reliable electricity system.

CSF = cerebrospinal fluid; ICU = intensive care unit; WHO = World Health Organization.
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The ICU mortality of patients requiring 
mechanical ventilation was 16.7%. Of the 60 
patients who required mechanical ventilation, 
17  (28.3%) were younger than 18 years; six 
with respiratory failure died (35.3% mortality). 
Among these 17 patients were two children 
younger than 5 years, both of whom died. 
Of the 43 patients older than 18 years who 
required mechanical ventilation, four died 
(9.3% mortality). The difference in mortality 
rates between children and adults requiring 
mechanical ventilation was statistically 
significant (p=0.02; Fisher’s exact test).

Length of ICU stay (Fig. 2A) and mortality 
(Fig. 2B) were significantly higher in patients 
requiring mechanical ventilation than in 
those who did not need advanced respiratory 
support.

Discussion
This analysis reports the ICU management 
and outcomes of 174 snakebite victims, of 
whom approximately a third were younger 
than 18 years, in a rural hospital in northern 
Uganda. The study setting appears comparable 
to other rural healthcare regions in sSA, which 
are characterised by single hospitals that 
serve large catchment areas and support a 
number of peripheral healthcare facilities. In 
contrast with many other facilities in sSA,[15,16] 
our centre runs an ICU that can provide 
basic intensive-care interventions, including 

mechanical ventilation.[12] To put this into 
perspective, a recent survey revealed that one 
ICU bed is available per 1 000 000 inhabitants 
in Uganda.[17] 

Snakebite envenoming accounted for 2.5% 
of all ICU admissions at our centre. Clinical 
symptoms, which could retrospectively be 

determined for approximately a quarter of 
the study population, suggest that neurotoxic 
symptoms were encountered most frequently. 
We observed an overall mortality rate of 8%. 

The cohort of 174 patients described in 
this study reflects the most severe cases of 
hospitalised snakebite victims. Unfortunately, 

Table 2. Characteristics of the study population (N=174)
Characteristic All  (N=174),  n (%)* Survivors  (N=160),  n (%)* Non-survivors  (N=14), n (%)* p-value†

Demographics
Male 90 (51.7) 82 (51.3) 8 (57.1) 0.78
Age (years), median (IQR) 24 (12 - 34) 24 (12 - 35) 19 (8 - 29) 0.92

<5 12 (6.9) 9 (5.6) 3 (21.4) 0.06
5 - 10 25 (14.4) 24 (15) 1 (7.1) 0.7
11 - 18 30 (17.2) 27 (16.9) 3 (21.4) 0.71
>18 107 (61.5) 100 (62.5) 7 (50) 0.4

Clinical presentation (N=40) 
Fasciculation/paralysis, n/N (%) 23/40 (57.5) 19/32 (59.4) 4/8 (50) 0.7
Coagulopathy/shock/haemolysis, n/N (%) 5/40 (12.5) 2/32 (6.3) 3/8 (37.5) 0.046‡

Extensive tissue damage, n/N (%) 12/40 (30) 11/32 (34.4) 1/8 (12.5) 0.4
ICU care

Invasive mechanical ventilation 60 (34.5) 50 (31.3) 10 (71.4) 0.006
Tracheostomy 1 (0.6) 0 1 (7.1) 0.08
Antivenom therapy 22 (12.6) 18 (11.3) 4 (28.6) 0.08

Outcome
Any complication‡ 6 (3.4) 3 (1.9) 3 (21.4) 0.007
Length of ICU stay (days), median (IQR) 3 (2 - 5) 3 (2 - 5) 3 (2 - 5) 0.99
ICU mortality 

<18 years, n/N (%) 7/67 (10.4) n/a n/a n/a
>18 years n/N (%) 7/105 (6.5) n/a n/a n/a

IQR = interquartile range; ICU = intensive care unit.
*Unless otherwise specified. 
†Based on comparison between survivors and non-survivors; p<0.05 considered statistically significant. 
‡ Complications included acute lung injury (n=1), induced labour (n=1), acute renal failure (n=1), bed sore (n=1), ascites (n=1) and aspiration pneumonia (n=1).
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Fig. 1. Age distribution of snakebite victims treated at the intensive care unit at St. Mary’s Lacor Hospital, 
Uganda (N=174). 
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the hospital information system does not provide data on the number 
of patients referred from peripheral facilities or hospitalised snakebite 
patients who did not need ICU admission during the study period. 
Although reliable regional epidemiological data regarding snakebites 
are scarce,[2,5] Uganda is considered to have a relatively high incidence of 
snakebite envenomation and faces considerable challenges in providing 
adequate access to basic emergency care for snakebites, especially in 
rural areas.[5] 

All patients included in the study received continuous monitoring 
in the ICU. Approximately a third of the patients required advanced 
interventions, such as invasive mechanical ventilation. As this was a non-
randomised cohort study, it is not possible to determine the true treatment 

effect of mechanical ventilation on mortality in our study population. 
However, the higher mortality rate and longer ICU stays reported for 
patients who required invasive mechanical ventilation compared with 
those who did not need ventilatory support likely reflect the high disease 
severity and risk of death in patients in whom mechanical ventilation 
was instituted. The authors are not aware of existing systematic data in 
peer- reviewed literature describing the clinical outcomes of neurotoxic 
snakebite victims with respiratory failure, treated in healthcare facilities 
without the facilities providing mechanical ventilation. 

The risk of mortality among patients who develop paralysis and acute 
respiratory insufficiency following a snakebite is likely to be very high 
without mechanical ventilation.[18-21] As the fatality rate among snakebite 
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Fig. 2. (A) Length of stay in the intensive care unit for patients requiring invasive ventilation (n=60) compared with patients not requiring invasive ventilation (n=114). 
(B) Mortality of snakebite victims for patients requiring invasive ventilation (n=60) compared with patients without severe respiratory failure (n=114).

Table 3. Characteristics of patients according to clinical presentation (N=40)

Characteristic
Fasciculation/paralysis 
(N=23), n (%)*

Coagulopathy/shock/
haemolysis (N=5), n (%)*

Extensive tissue damage 
(N=12), n (%)* p-value

Demographics
Male 14 (60.9) 2 (40.0) 7 (58.3) 0.7
Age (years), median (IQR) 28 (12 - 34) 9 (5 - 30) 11 (4 - 35) 0.07

ICU care
Monitoring 23 (100) 5 (100) 12 (100) 1
Mechanical ventilation 14 (60.9) 1 (20) 1 (8.3) 0.007†

Tracheostomy 0 0 0 1
Antivenom therapy 4 (17.4) 2 (40.0) 3 (25.0) 0.53

Outcome
Any complication‡ 3 (13.0) 1 (20.0) 0 0.35
Length of ICU stay (days), median (IQR) 4 (2 - 6) 8 (6 - 11) 4 (3 - 6) 0.16
ICU mortality 4 (17.4) 3 (60.0) 1 (8.3) 0.047†

ICU mortality of ventilated patients, n/N (%) 4/14 (28.6) 1/1 (100) 1/1 (100) 0.15

IQR = interquartile range; ICU = intensive care unit.
*Unless otherwise specified. 
†Statistically significant difference between groups (p<0.05).
‡Complications included acute lung injury (n=1), acute renal failure (n=1), bed sore (n=1) and aspiration pneumonia (n=1).
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victims who received mechanical ventilation in our cohort was low 
(16.7%), mechanical ventilation can be considered to have been a life-
saving intervention for the majority of patients with acute respiratory 
failure, particularly those presenting with neurotoxic symptoms.

Slightly more than one-third of patients in this cohort were younger 
than 18 years, with 7% younger than 5 years (Fig.  1, Table  2). In 
2017, 48% of the Ugandan population was younger than 14 years;[22] 
this age group is slightly under-represented in our cohort. Children 
older than 5 years may be exposed to a higher risk of snakebite 
than younger children owing to the activities they are involved in 
(e.g. exposure during play, on their way to school, assisting the family 
with agricultural work). Adolescents and adults involved in manual 
labour (e.g. in the agricultural sector) seem to carry the highest risk 
for exposure to venemous snakes.[1,9] 

Fatality rates associated with snakebite in children are generally 
higher than in adults, possibly due to the smaller volume of distribution 
and consequently higher toxin levels in children.[9,23,24] Although 
insignificant (p=0.4) in the analysis of the cohort of all 174 patients, 
mortality in children was higher compared with adult patients (10.4% 
v. 6.5%). In the analysis of 60 patients with respiratory failure requiring 
mechanical ventilation, mortality among children >18 years (N=17) 
was significantly higher than among adult patients (35.3% v. 9.3%; p= 
0.02). These findings highlight that interventions to prevent snakebites 
as well as management strategies for snakebite victims need to address 
particular needs of children and adolescents.[25]

Most of the snakebite victims in our cohort did not receive what 
would be regarded as adequate antivenom doses by international 
standards,[9,13] owing to difficulties in the supply chain, poor local 
economic conditions and limited donor capacity. This finding reflects 
and highlights the challenges of provision and use of antivenom in 
rural sSA.[10,11,26] Considering findings from Sri Lanka, which showed 
that snakebite victims presenting with signs of severe neurotoxicity 
progressed to respiratory failure requiring mechanical ventilation even 
when antivenom had been given,[27] it is unlikely that antivenom alone 
is sufficient to treat critically ill snakebite patients. A study from India 
reported no fatalities in 51 patients with neurotoxic snake envenomation 
after they were treated with a combination of antivenom therapy and 
mechanical ventilation.[28] In our study only a small number of patients 

(16.7%) with respiratory failure and who required mechanical ventilation 
received antivenom. The antivenom used during the study period is not 
among the products currently recommended by international specialists 
in this field.[9,13] It could therefore not be determined whether early 
administration of adequate doses of appropriate antivenom combined 
with advanced airway management and mechanical ventilation could 
have improved survival rates or reduced the required duration of 
mechanical ventilation. 

In this study, acetyl-cholinesterase inhibitors (ACHEIs) were not 
routinely used in the management of patients with neurotoxic snakebite 
syndromes. Evidence regarding the role of ACHEIs (e.g. neostigmine) 
in the management of muscle paralysis following neurotoxic snakebite 
is limited.[21] A beneficial role of ACHEIs is not confirmed by WHO 
guidelines for envenomation from possible mamba bites.[9] Mamba bites 
are common causes of severe neurotoxic envenomation in eastern and 
southern Africa.[9]

Study limitations
Important limitations need to be considered when interpreting the 
data of our study. First, our analysis was designed retrospectively, 
which explains why the presenting clinical symptoms of snakebite 
victims could be determined in only 23% of the patients included 
in the analysis. Our findings therefore offer insight merely into the 
differences in management and outcome of patients presenting with 
different snakebite-associated clinical syndromes. Second, the non-
randomised study design precludes conclusions on the true outcome 
effects of intensive-care interventions, including mechanical ventilation, 
in critically ill snakebite patients.

Conclusion
Despite the limitations of this study, our results suggest that provision 
of basic intensive care, including mechanical ventilation, was a feasible 
treatment option for critically ill snakebite victims presenting with 
respiratory failure in a rural sSA hospital when adequate antivenom 
doses were unavailable. An international strategy focused on preventive 
measures and community engagement to reduce deaths and disability 
associated with snakebites in sSA is required. Strengthening of context-
adapted treatment of critically ill patients, including snakebite victims, 
at various levels of the referral pathway is important. The provision and 
administration of efficient and safe antivenoms should be integrated 
in the clinical care of snakebite victims in rural and peripheral 
healthcare facilities. Snakebite management protocols and preventive 
measures need to consider specific requirements of children. Pragmatic 
operational research can contribute to advance strategies aimed at 
integrating prevention of snakebites and improving clinical care of 
snakebite victims.
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