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REVIEW

The clinical course and treatment of black mamba (Dendroaspis polylepis)
envenomations: a narrative review

Mark Aaltena�, Carsten F. J. Bakhuisa�, Ilias Asaggaua�, Maaike Wulfsea, Maurits F. van Binsbergena,
Eran R. A. N. Arntza, Max F. Troenokarsoa, Jashvin L. R. Oediet Doebea, Ubah Mahamuuda, Leila Belbachira,
Myrthe Meursa, Nastya A. Kovalenkoa and Marcel A. G. van der Heydenb

aHonours Program CRUþ Bachelor, University Medical Center Utrecht, Utrecht, The Netherlands; bDepartment of Medical Physiology,
Division of Heart & Lungs, University Medical Center Utrecht, Utrecht, The Netherlands

ABSTRACT
Context: The black mamba (Dendroaspis polylepis) is, due to its extremely toxic venom, one of the
most dangerous snake species in Sub-Saharan Africa. A D. polylepis bite is a medical emergency and
requires adequate action to prevent severe complications. However, there are no comprehensive
reviews available based on clinical cases, and no readily accessible guidelines for standardized treat-
ment. Therefore, we aim to provide an overview regarding the currently available clinical literature on
D. polylepis envenomations; in order to promote knowledge on symptomatology and treat-
ment options.
Methods: We searched for cases reporting humans bitten by D. polylepis in PubMed, Embase, Scopus,
and Sabinet. We searched the reference lists of all eligible articles for additional articles. After quality
assessment, 29 cases were included in this review. We used descriptive analysis to create an overview
of the collected parameters.
Discussion: Among the included case reports and case series, D. polylepis envenomations most fre-
quently resulted in decreased respiratory function, sweating and paralysis. The onset of symptoms usu-
ally occurred within 60minutes. Neurological symptoms occurred more often than symptoms of
autonomic dysfunction. In the reported cases most patients (26/29) received antivenom and most sur-
vived (25/29). We recommend the reporting of additional structured case reports to improve future
analyses on the clinical course of envenomations, in order to improve public health response to D. pol-
ylepis envenomations.
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Introduction

The World Health Organization (WHO) has designated snake-
bites to be a Neglected Tropical Disease (NTD) [1]. This
makes it the only NTD that is not an infectious disease [2].
Most of this burden falls on Africa. In Africa, the Black
Mamba (Dendroaspis polylepis) is one of the most hazardous
snakes, due to its length, speed, and the toxicity of its
venom [3]. Therefore, the WHO categorized D. polylepis as a
species of “highest medical importance” [4]. Bites occur
mainly in endemic areas of Sub-Saharan Africa (especially
from Kenya to South Africa), but also occasionally in non-
endemic areas (especially Europe and North America) due to
trafficking by private collectors [3,5,6]. Thus, due to its dan-
gerousness and its prevalence in endemic and non-endemic
regions, knowledge of envenomations and the biological
characteristics of D. polylepis is critical to reduce casualties.

D. polylepis is a member of the Elapidae snake family [5].
It is a non-endangered widespread species in Sub-Saharan

Africa [5,7]. Its taxonomical name can be translated to “tree
reptile with many scales”, whilst its popular name “black
mamba” originates from the black-blue color inside its
mouth [7,8]. However, the external skin color is most fre-
quently dark-, yellow-, or olive brown. Green-gray variants
occur in juvenile black mamba’s [6,9]. The length of an adult
specimen varies from approximately 2 to 4 meters and it can
move up to 20 km/h [3,6,8–10]. D. polylepis primarily lives in
forested savanna or in riverine forest, predominantly in areas
with rocky hills. It moves both on the ground and in
trees [5].

Accurate numbers of envenomations are difficult to esti-
mate for two main reasons. Victims might have difficulties to
identify the snake species [11,12], and snakebite incidence
shows seasonal variability [3]. Therefore, the true frequency
remains unclear.

Polyvalent antivenoms are used in the treatment of bites
from various snake species. Currently, for D. polylepis venom,
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eight effective polyvalent antivenoms are available in Sub-
Saharan Africa. Of these, the South African Institute for
Medical Research (S.A.I.M.R.) Polyvalent Snake Antivenom
manufactured in South Africa proved to be the most efficient
against D. polylepis venom [13]. Neil at al. described in 1998
that the S.A.I.M.R. polyvalent antivenom is the most used
snake antivenom in Africa since 1971 [14]. Besides polyvalent
antivenom, monovalent and trivalent (neutralizing the venom
of all three mamba species in Africa) antivenoms were devel-
oped and tested during the 1950’s and 1960’s. Since 1971,
the trivalent mamba antivenom is incorporated into S.A.I.M.R
Polyvalent Snake Antivenom [15].

D. polylepis envenomation should be considered a medical
emergency and needs to be met with rapid medical treatment
[16]. In 2019, the WHO announced that the neglection of snake
envenomation is a public health issue [1]. However, there are
currently no scientific reviews providing an overview of the
clinical course of D. polylepis envenomations. Moreover, there
are no readily accessible guidelines for standardized treatment.
This results in a knowledge gap on the clinical effects of and
treatment possibilities for an envenomation. This narrative
review aims to offer a summary of the existing case reports on
human D. polylepis envenomation and to provide a general
overview on the current state of the clinical course and treat-
ment of a D. polylepis envenomation.

Methods

We conducted this review according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analysis) guidelines [17].

Search strategy

The aim of this search was to find all case reports describing
patients bitten by D. polylepis. We predefined the search strat-
egy and PICO at the start, and constructed strategies for param-
eter extraction and risk of bias assessments. No review protocol
was released to the public. We executed the search in four
databases: PubMed (Medline), Embase, Scopus and Sabinet on
July 20, 2020. We used the following search in PubMed:

� #1: (black mamba�[Title/Abstract] OR mamba, black[Title/
Abstract] OR dendroaspis polylepis[Title/Abstract] OR
“dendroaspis”[Mesh])

� #2: (bite�, snake[Title/Abstract] OR bite[Title/Abstract] OR
snakebite�[Title/Abstract] OR snake envenomation�[Title/
Abstract] OR envenomation�, snake[Title/Abstract] OR
“Snake Bites”[Mesh])

� #3: #1 AND #2

The searches for Embase, Scopus, and Sabinet were
optimized to the specific search databases
(Supplementary methods).

Assessment of study eligibility

Following duplicate removal, we screened articles for title/
abstract relevance. The screening of articles was independ-
ently performed by two reviewers (MA and CFJB). When there
was a conflict of judgement between the two reviewers, the
full text of the article was read. We assessed the full text of
the selected articles for eligibility, using the predefined in-
and exclusion criteria. Inclusion criteria were: (1) human indi-
vidual(s), (2) envenomed by a bite of the D. polylepis described
in (3) case report or case series. Exclusion criteria were: (1)
publication type other than case report/series, (2) envenom-
ation by other snake species than D. polylepis, and (3) no full
text available. No language or publication year restrictions
were applied. We resolved conflicts of judgement by consen-
sus. The reference lists of the included articles were searched
for additional articles. Finally, we performed a quality assess-
ment for selected articles. We used Rayyan software (QCRI,
Doha, Qatar) for all stages of result screening [18].

Quality assessment

The quality of all individual case reports was independently
assessed by three reviewers (MA, MFB and CFJB) based on
the Joanna Briggs Institute Checklist for Case Reports [19].
We assessed each case report based on eight domains
(Table 1). Case reports with a maximum of two mentions of
“no” and/or “unknown” were included. Articles with three
times “no” and/or “unknown” were discussed by the
reviewers. Articles with a minimum of four times “no” and/or
“unknown” were excluded. A unanimous decision amongst
the three reviewers for inclusion or exclusion was required.

Recorded parameters

We recorded, when available, the following parameters from
all included case reports: (1) patient characteristics (sex, age,
country of case origin, continent, ethnicity, survival), (2)
snake and bite description (snake length, snake captivity,
location of bite on body, amount of punctures, and wound
characteristics), (3) clinical symptoms, (4) type and dosing of
antivenom, (5) supportive treatment (circulatory support,
respiratory support, cardiopulmonary resuscitation (CPR), and
other treatments), and (6) vital signs (blood pressure, heart
rate, respiratory rate, temperature, consciousness, saturation,
heart rhythm). Symptoms, vital signs, treatments and anti-
venom were reported per timestamp noted in the case
report. The reported timestamps were either mentioned
explicitly in the case reports/case series or were estimated by
using the provided descriptions in the text. All parameters
were gathered utilizing Castor EDC [38].

Symptoms were either described using the established
medical term or were interpreted to fit in one of the symp-
toms. For example, dyspnea and ventilation/oxygen depend-
ence were all considered as “decreased respiratory function”.
Slurred speech or inability to speak was interpreted as
“dysarthria”, whilst a throat constriction and a swollen tongue
were regarded as “dysphagia”. “Paresthesia” was used in this
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review to describe a sensation of “pins and needles”. A subject-
ive feeling of a low body temperature by the patient (e.g., shiv-
ering) was regarded as “cold fits”, whilst an objective feeling of
low temperature of the extremities was considered as cold
extremities. Fullness in the head is used once as a term in a
case report, and once described as a feeling of a “thick head”.
The term “drowsy” embodies all perceptions of abnormal
sleepiness or lethargy in the patient, either by the patient him/
herself or the health care professional.

Descriptive analysis

The collected parameters were described in baseline tables
using frequency tables. The case characteristics were
described for patient bitten in the endemic area (Africa) and
the non-endemic areas (e.g., Europe). For all parameters, we
report median and interquartile range (IQR) since the num-
ber of included cases is insufficient to utilize mean± SD.
Concerning discrete variables, frequency and percentage of
the total number of cases reporting this variable are noted.
Cases with missing parameters were excluded per variable.
Descriptive statistics were performed using IBM SPSS (IBM
Corp. Released 2019. IBM SPSS Statistics for Windows,
Version 26.0. Armonk, NY: IBM Corp).

Results

Search results

The systematic search resulted in 172 potentially relevant
articles after duplicate removal, combining the different data-
bases up to July 20, 2020. We assessed 37 articles for eligibil-
ity after title/abstract screening, whereafter 16 were included
in this review. The reference list search resulted in an add-
itional six articles. Therefore, we included 22 articles in the
quality assessment, mentioning 33 cases (Figure 1).

Quality of reporting

Of Blaylock (1982) the first six of the seven elapid bite case
reports were used [37]. The seventh case was fully reported
by Saunders (1980) [28]. Of Hogdson et al. (1996) only the
third case report was used, the other cases were more
extendedly reported in other included articles [23,28,29]. The
third case was originally reported by Markwalder et al. (1987)
[39], of which the full text was not accessible. Therefore, the
description by Hodgson et al. (1996) was used [3]. After qual-
ity assessment, we included 29 of 33 cases (Table 1).

Case characteristics

Most of the patients were male (86%). The median reported
age was 28 (IQR ¼ 22–34; range 1–50) years. Most cases

Table 1. Risk of bias assessment following the Joanna Briggs Institute appraisal checklist for case reports.

Score base on appropriate JBI appraisal checklist for case reports†

Overall appraisalAuthor 1 2 3 4 5 6 7 8

Quarch [24] Y N Y Y Y Y Y Y Inclusion
Erulu [20] Y N Y Y Y Y Y Y Inclusion
Zavada [10] Y N Y Y Y Y Y Y Inclusion
Blumenthal [9] Y N Y Y Y Y Y U Inclusion
Schutzbach [21] Y N Y Y Y Y Y Y Inclusion
Hilligan 1� [22] Y N Y Y Y Y Y Y Inclusion
Hilligan 2� [22] Y N Y Y Y Y NA Y Inclusion
Naidoo [23] Y N Y Y Y Y Y Y Inclusion
Harvey [24] Y N Y Y Y Y Y Y Inclusion
Shah [25] U N Y Y Y Y Y Y Inclusion
Strover [26] U N Y Y Y Y Y Y Inclusion
Krengel [27] Y N Y Y Y Y Y Y Inclusion
Saunders [28] U Y Y Y Y Y Y Y Inclusion
Louw 1� [29] Y N Y Y Y Y Y Y Inclusion
Louw 2� [29] Y N Y U Y Y Y Y Inclusion
Hodgson [3] Y Y Y Y N U Y Y Inclusion
Durrant [30] Y Y Y Y Y U Y Y Inclusion
Branch [31] Y Y Y Y Y Y Y Y Inclusion
Haagner [32] Y Y Y Y Y Y Y Y Inclusion
Devlin [33] Y Y Y U Y U Y Y Inclusion
Visser 1� [34] N N Y U Y U Y Y Exclusion
Visser 2� [34] Y N Y U Y Y U Y Exclusion
Visser 3� [34] Y N Y U Y Y Y Y Inclusion
Visser 4� [34] Y N Y Y Y Y Y Y Inclusion
Visser 5� [34] Y N Y U Y Y Y Y Inclusion
Blake [35] N N Y NA U U Y N Exclusion
Read [36] N N Y NA Y Y Y N Exclusion
Blaylock 1� [37] Y N Y Y Y Y NA N Inclusion
Blaylock 2� [37] Y N Y U Y Y Y N Inclusion
Blaylock 3� [37] Y N Y U Y Y NA N Inclusion
Blaylock 4� [37] Y N Y Y Y Y Y N Inclusion
Blaylock 5� [37] Y N Y Y Y Y Y N Inclusion
Blaylock 6� [37] Y N Y U Y Y NA N Inclusion

Y: yes; N: no; U: unknown; NA: not applicable.
†The JBI appraisal checklist scores case reports on a clear description of eight domains: (1) demographic characteristics, (2) relevant medical history, (3) current
clinical condition, (4) diagnostic test/methods and results, (5) intervention(s) or treatment, (6) post-interventions clinical condition, (7) adverse or unanticipated
events and (8) takeaway lessons.�The author has more than one case report publicized in the same article. The numbers are set in the order they appear in the article.
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(69%) were from an African country. Twenty-five patients
(86%) survived the envenomation. Antivenom was adminis-
trated to 26 patients (90%). The median time upon hospital
arrival was 70minutes (IQR ¼ 30–135; range 6–420) in the
endemic countries and 30minutes (IQR ¼ 25–45; range 10-
60) in the non-endemic countries.

Snake length was reported in 15 cases with a median of
205 cm (range 45–400 cm), which was often an estimation. In
endemic countries the snake was mostly wild (79%), whilst
the snake was held captive in all the non-endemic case
reports. The most often recurring bite locations were the leg
(14 incidents, 48%), the hand (ten incidents, 35%), and the
forearm (four incidents, 14%). Common immediate character-
istics of the bite wound included swelling in 11 cases (48%)
and pain in nine cases (39%) (Table 2).

Symptoms

Thirty-three different symptoms that patients presented with
were reported. Out of the 33 cases, decreased respiratory

function was the most common symptom (Table 3).
Decreased respiratory function, sweating, paralysis and skin
swelling were reported in more than 50% of the cases. The
median time of presentation was 35, 60, 60, and 120minutes
respectively for sweating, decreased respiratory function, skin
swelling, and paralysis.

Of the top ten most frequent symptoms, six are neuro-
logic symptoms (paralysis, dysarthria, dysphagia, paresthe-
sia’s, ptosis, and hypersalivation). These neurologic
symptoms often had their onset within 120minutes.
Paresthesia’s, dizziness, pain and hemorrhage had their onset
mostly within 30minutes after the bite. Rhabdomyolysis was
reported once with a creatinine kinase of 16.049U/L [40].

Antivenom

Twenty-six (90%) patients received antivenom therapy fol-
lowing a D. polylepis envenomation. Of antivenom recipients,
in 19 (73%) cases S.A.I.M.R. polyvalent (mamba) antivenom
was administered with a median of two vials per case and a
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Records identified through PubMed 
searching 
(n = 30) 

Additional records identified through other 
sources (Embase, Scopus and Sabinet) 

(n = 192) 

Records after duplicates removed 
(n = 172) 

Records screened 
(n = 172) 

Records excluded 
(n = 135) 

Full-text articles assessed 
for eligibility 

(n = 37) 

Full-text articles excluded, 
with reasons 

(n = 21) 
-Full text not available 
(n=4) 
-Other subject/snake (n=3) 
-No new case (n=3) 
-No case description (n=7) 
-Wrong study design (n=4) 

Articles included in 
quality assessment 

(n = 22; describing 33 
individual cases) 

Records retrieved through 
cross-referencing 

(n = 6) 

Cases excluded in quality 
assessment 

(n = 4) 

Articles included in 
review 

(n = 20; describing 29 
individual cases  

Figure 1. Flowchart of the record-selection process.
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median total dose of 70mL. Sixteen (84%) patients who
received this antivenom survived the envenomation.
Unspecified polyvalent antivenom was applied to three
(12%) patients with a range of 1–7 vials per case and a total
dose range of 10–79mL. Of these, two (67%) patients sur-
vived the envenomation. Four (15%) patients were treated
with the trivalent mamba antivenom with a range of 2–4
vials per case and a total dose range of 40–150mL. All
patients who received the trivalent mamba antivenom sur-
vived the envenomation. Two (8%) patients who received
the polyvalent antivenom as first dose, later received add-
itional doses of the trivalent mamba antivenom [26,33].
Another two (8%) cases reported the application of unspeci-
fied antivenom, both receiving four vials, one with a total
dose of 40mL and one 150mL. Both patients survived.
(Table 4). All antivenoms were applied intravenously or intra-
muscularly. All instances of intramuscular administered
antivenom were reported in cases from the 1960’s and
1970’s [27,29,34,37].

Supportive treatment

Each patient received supportive treatment. In total, 18
(62%) patients received circulatory support, mostly consisting

of fluid administration. Furthermore, 20 (69%) patients
received respiratory support, most often intubation/ventila-
tion. Other treatments included corticosteroids, antibiotics, a
tourniquet, dextrose, a tetanus prophylaxis and antihistamine
therapy. Moreover, five (17%) patients required cardiopul-
monary resuscitation (CPR) (Table 5).

Cardiovascular findings

Twenty-six case reports included vital signs. Hypertension
and hypotension were unusual among the reports. Median
heart rates declined from 100 bpm to 83 bpm after anti-
venom administration with little apparent change in blood
pressures. Of the 17 cases commenting on state of con-
sciousness of the patient, seven (41%) patients were uncon-
scious for an unspecified time period. Twenty-six cases
reported on pulse. Of these, 13 (50%) cases reported at least
one measurement of tachycardia (>100 bpm), whilst three
(12%) reported at least one measurement of bradycardia
(<60 bpm). In two cases bradycardia was seen after tachycar-
dia [23,26].

Of eight case reports describing an electrocardiogram
(ECG) [9,10,21–23,26, 28,40] seven had at least one ECG-
abnormality [6,10,21,23,26,28,40]. Tachycardia seen on an

Table 2. General case characteristics for the 29 case reports on human D. polylepis envenomation.

Total (N¼ 29) Endemic bite (N¼ 23) Non-endemic bite (N¼ 6)
Case characteristic Count (%) Count (%) Count (%)

Sex 24 Male (83)
5 Female (17)

18 Male (78)
5 Female (22)

6 Male (100)

Median age in years (IQR); range 28 (22–34); 1–50
2 Undescribed

28 (16–36); 1–50
2 Undescribed

31 (24–34); 22–35

Country of case origin�
(N¼ 26)

9 South Africa (35)
8 Zimbabwe (31)
2 Swaziland (8)
2 Switzerland (8)
1 Czech Republic (4)
1 Germany (4)
1 Kenya (4)
1 Pakistan (4)
1 United States (4)
3 Undescribed

9 South Africa (39)
8 Zimbabwe (35)
2 Swaziland (9)
1 Kenya (4)
3 Undescribed��

2 Switzerland (33)
1 Czech Republic (17)
1 Germany (17)
1 Pakistan (17)
1 United States (17)

Survival 25 Yes (86)
4 No (14)

19 Yes (83)
4 No (17)

6 Yes (100)

Antivenom received 26 Yes (90)
3 No (10)

21 Yes (91)
2 No (9)

5 Yes (83)
1 No (17)

Median time upon hospital arrival in minutes (IQR); range 60 (30–98); 6–420 70 (30–135); 6–420 30 (25–45); 10–60
Median snake length in centimeters (IQR); range 205 (120–275); 45–400

14 Undescribed
198.5 (117.5–237.5); 45–306
9 Undescribed

400
5 Undescribed

Wild/captive snake�
(N¼ 24)

15 Wild (63)
9 Captive (38)
5 Undescribed

15 Wild (79)
4 Captive (21)
4 Undescribed

0 Wild (0)
5 Captive (100)
1 Undescribed

Location bite on body 10 Hand (34)
9 Lower leg (31)
4 Forearm (14)
4 Leg undefined (14)
1 Back (3)
1 Upper leg (3)

7 Hand (30)
7 Lower leg (30)
3 Forearm (13)
2 Leg undefined (9)
1 Back (4)
1 Upper leg (4)

3 Hand (50)
1 Lower leg (33)
2 Forearm (33)

Acute wound characteristics�
(N¼ 23)

11 Swelling (48)
9 Dolor (39)
6 Rubor (26)
4 Hemorrhage (17)
1 Calor (4)
6 None (26)
6 Undescribed

7 Swelling (39)
8 Dolor (44)
5 Rubor (28)
4 Hemorrhage (22)
0 Calor (0)
5 None (28)
5 Undescribed

4 Swelling (80)
1 Dolor (20)
1 Rubor (20)
0 Hemorrhage (0)
1 Calor (20)
1 None (20)
1 Undescribed

�Percentage taken from total cases reporting the case characteristic, excluding cases without description.��Specific country not mentioned, but they were all on the African continent.
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ECG is also considered an ECG-abnormality. Cardiac arrest
occurred in three patients [9,23,24], in one patient twice [9].
ECG findings before cardiac arrest included ventricular fibril-
lation with tachycardia in one and ST elevation with brady-
cardia in another patient. Both of these patients died [9,23].
Despite receiving antivenom, six case reports noted cardiac
abnormalities post-antivenom [9,10,23,26,28,40].

Discussion

Survival after envenomation was 86%, which differs from
overall survival-numbers described in literature. Generally,
many patients are bitten far away from health care institu-
tions, resulting in a higher mortality rate than the cases
reviewed here. The most recent mortality rate mentioned in

literature is 28%, by Christensen in 1981 [12]. Without any
treatment, envenomation by D. polylepis is met with a near
100% mortality rate [10].

Generally speaking, there are three categories of symp-
toms that present with black mamba envenomation: neuro-
logical, autonomic dysfunction and local symptoms [41].
These symptoms vary per case probably related to the spe-
cific composition and amount of snake venom injected.
These parameters may vary amongst all individual black
mamba’s, relying on age, snake length and season of the
year [42].

Overall, the top-three most common symptoms consisted
of decreased respiratory function, sweating and paralysis.
Neurological symptoms occurred more often than symptoms
of autonomic dysfunction. Furthermore, these neurological
symptoms usually presented soon after the envenomation
and frequently arose simultaneously. Finally, envenomations
by D. polylepis associate with a range of cardiac arrythmias,
although varying in severity.

Table 3. Frequency and median time of onset of symptoms reported in
the cases.

Symptom Frequency (%)
Median time in
minutes (IQR)

Decreased respiratory function 24 (82.8) 90 (28–218)
Sweating 19 (65.5) 35 (10–180)
Skin swelling 19 (65.5) 60 (31–490)
Paralysis 17 (58.6) 120 (25–345)
Dysarthria 14 (48.3) 94 (20–210)
Pain 14 (48.3) 21 (5–54)
Dysphagia 13 (44.8) 65 (19–125
Vomiting 12 (41.4) 48 (19–125)
Paresthesia’s 11 (37.9) 15 (2–60)
Ptosis 10 (34.5) 105 (20–210)
Hypersalivation 10 (34.5) 87 (26–135)
Redness 10 (34.5) 189 (30–214)
Fasciculations 9 (31.0) 270 (78–485)
Restlessness 7 (24.1) 135(120–510)
Altered state of conscious 6 (20.7) 60 (13–160)
Nausea 6 (20.7) 38 (8–119)
Dizziness 5 (17.2) 5 (3–23)
Hemorrhage 5 (17.2) 0 (0–2633)
Cold fits 5 (17.2) 83 (68–275)
Visual problems 4 (13.8)
Pupil unresponsive to light 4 (13.8)
Pruritus 4 (13.8)
Numbness 4 (13.8)
Drowsy 3 (10.3)
Paleness 2 (6.9)
Cold extremities 2 (6.9)
Fullness in head 2 (6.9)
Convulsions 2 (6.9)
Spasms 2 (6.9)
Cough 1 (3.4)
Shock 1 (3.4)
Rhabdomyolysis 1 (3.4)
Diarrhea 1 (3.4)
Total 249 60 (15–188)

Table 4. Received antivenom following D. polylepis envenomation.

Antivenom
Number of cases applying
specific antivenom

Median number of doses
per case

Median total dose amount
per case Patient survival

No antivenom 3 – – –
SAIMR polyvalent

(mamba) antivenom
19 2 70 16

Polyvalent antivenom
(unspecified)

3� 1–7�� 10–79�� 2

Trivalent mamba antivenom 4� 2–4�� 40–150�� 4
Unspecified (anti-

snakebite) antivenom
2 4�� 190–400�� 2

�In two cases (Louw 1 [26] & Visser 3 [33]) one dose of polyvalent antivenom was followed by two doses of trivalent mamba antivenom.��Not enough counts for the median, instead range is reported.

Table 5. Received supportive treatment following D. polylepis envenomation.

Support N (%)�
Received support 29 (100)
Resuscitated 5 (17.2)
Circulatory support 18 (62.1)
Fluid 16 (55.2)
Anticholinergic 4 (13.8)
Diuretics 2 (6.9)
Sympathicomimetics 2 (6.9)
Cardiopulmonary bypass 1 (3.4)
Vitamin K 1 (3.4)
Inotropics 1 (3.4)

Respiratory support 20 (69.0)
Intubation/ventilation 11 (37.9)
Oxygen 8 (27.6)
Benzodiazepine agonist 6 (20.7)
Sedation 5 (17.2)
Tracheotomy 4 (13.8)
Ambubagging 1 (3.4)

Extra support 28 (96.6)
Corticosteroids 25 (86.2)
Antibiotics 11 (37.9)
Tourniquet 10 (34.5)
Dextrose 8 (27.6)
Tetanus prophylaxes 7 (24.1)
Antihistamines 6 (20.7)
Noradrenalin 5 (17.2)
Neostigmine 4 (13.8)
Anti-emetics 2 (6.9)
Hemodialysis 1 (3.4)

�Percentage taken from total cases reporting the treatment, excluding cases
without description.
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Neurological symptoms usually manifested within
120minutes in the disease course and are typically related to
the neurotoxic effects of the black mamba venom. These
symptoms generally resolve after antivenom administration,
but patients often require additional medical therapy to
decrease morbidity and mortality. Symptoms of autonomic
dysfunction (e.g., vomiting, nausea, dizziness, and sweating)
usually occur within 60minutes and can be effectively man-
aged with supportive care. Local symptoms in relation to the
bite site are normally self-limiting and resolve without any
additional medical intervention. The neurological and symp-
toms of autonomic dysfunction mostly occur simultaneously,
showing the clinical picture of an envenomation “syndrome”.
Therefore, this only provides insight into the disease course,
with statistical evidence currently lacking to show a relation
between the onset of certain symptoms and the time of
the bite.

Dendroaspis polylepis venom contains five different types
of toxins: neurotoxins, myotoxins, coagulotoxins, nephrotox-
ins, and necrotoxins [42]. D. polylepis venom is known to be
especially neurotoxic. A recent study by Laustsen et al.,
investigating the immunoprofile of D. polylepis toxins,
revealed alfa-neurotoxins to be the most lethal component
in acute toxicity [43]. These neurotoxins are antagonists for
the nicotinic acetylcholine receptors (nAChRs) in skeletal
muscles. As alfa-neurotoxins inhibit binding to the nAChRs,
administration of D. polylepis venom will result in impeded
muscle contractions and a higher concentration of ACh in
the neuromuscular junction [44].

Furthermore, the Dendroaspis venom uniquely contains
dendrotoxins which interact with the voltage-dependent
potassium (Kv1) channels in skeletal muscle cells and
increase the ACh release at the neuromuscular junction [43].
As this leads to hyperexcitability, convulsive symptoms may
appear. Finally, this hyperexcitability may result in tetanic
contractions and consequently paralysis of, for example,
respiratory muscles [45].

In addition, the Kv1 channels also play a role in regulating
vascular smooth muscle cell contraction and thereby influ-
ence vasoconstriction [46]. Therefore, dendrotoxins may also
indirectly promote vasoconstriction and cause hypertension.

The presence of both the alfa-neurotoxins and dendrotox-
ins in D. polylepis venom contributes to the morbidity and
mortality amongst its victims.

Symptoms of autonomic dysfunction of snake bites in
general are due to three different effects: the snake venom
itself, consequences of treatment, and the anxiety of the
patient. Even when “dry” bites are delivered, patients may
start sweating, feeling dizzy, or experience chest compression
[47]. Therefore, symptoms of autonomic dysfunction as
sweating, nausea, and vomiting might be due to a stress
reaction via the sympathetic nervous system. To date, no
specific components of D. polylepis venom have been identi-
fied to cause these specific reactions.

Van Aswegen et al. showed that the venom is also cardio-
toxic by means of inducing cardiomyocyte death. The
amount of cell death depends on the amount of venom
injected but could reach up to 6% [48]. Furthermore, cardiac

rhythm abnormalities could be caused by the effect of calci-
septine, present in D. polylepis venom. Calciseptine can block
the L-type calcium channels in the cardiac myocytes, which
leads to decreased contractility [43]. Moreover, the L-type
calcium channels contribute to the heart’s automaticity [49]
and hence their inhibition may contribute to cardiac
arrhythmias.

Nevertheless, the above-mentioned pathophysiological
mechanisms of the D. polylepis venom originates from in-
vitro studies and more theoretical articles. The ECG abnor-
malities observed in the case reports should therefore not be
considered as a primary effect of the venom only, but also
as a secondary effect of severe envenomation. For example,
sinus tachycardia could be linked to stress and anxiety, while
cardiac arrest is seen often in cases with severe paralysis or
decreased respiratory function. Moreover, ECG recordings
were only reported in eight cases. Case report bias may have
led to cases mentioning the ECG more often when the ECG
was abnormal.

Antivenom is the principal treatment for D. polylepsis
envenomation [41]. S.A.I.M.R. Polyvalent Antivenom was the
most frequently used antivenom among the reviewed cases.
This antivenom uses whole antibodies arising from horses
exposed to ten venomous African snakes including D. poly-
lepsis. Acute allergic reactions and delayed serum sickness
may occur [16]. Acute reactions may range from urticaria,
rash, and fever to severe anaphylaxis with shock [50]. Acute
allergic reactions warrant temporary cessation of antivenom
infusion and treatment with antihistamines, corticosteroids,
and adrenaline [41]. Allergic reactions were not reported in
the case reports. While allergic reactions seemed to occur,
they could not be confirmed nor excluded.

Antivenom therapy alone is often insufficient for symptom
management and mortality prevention. Airway access and
respiratory function should be monitored cautiously to pre-
vent early mortality. This varies depending on the level of
respiratory function impairment and may range from oxygen
therapy to intubation under sedation.

There is no evidence supporting the use of corticosteroids
and antihistamines as premedication prior to antivenom
administration [40]. However, a low dose of noradrenalin as
premedication has been shown to significantly reduce
adverse reactions to antivenom therapy [51].

This narrative review has several limitations. First, the
amount of published literature and especially case reports is
very limited. Many cases are more than 20 years old, whilst
some were more than 50 years old. In the meantime, the
clinical practice might have changed.

Second, the case reports included might demonstrate a
certain degree of publication bias. An estimated 90,000 to
420,000 snakebites per year occur in sub-Saharan Africa [52].
Assuming that the incidence will be consistent over the
years, this will lead to at least 4.7 million cases in a 52-year
time period. Even if D. polylepis represent one percent of
these reported cases (47,000), the 29 cases in this review
will not represent all D. polylepis envenomations, Moreover,
the six non-endemic case reports are probably an over-
representation of cases in these countries. As a bite by a
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Black Mamba is a rare event in non-endemic countries, case
reports are more likely to be written there. Similarly, the 23
endemic case reports likely under-represent cases in these
countries as a black mamba envenomation is a more occur-
ring event. Publication bias could for instance have led to
the high survival rate reported in this review. For example,
all patients were hospitalized. As medical care and anti-
venom are beneficial to survival, it is likely that survival is
higher among patients who receive hospital care compared
to those who did not.

Third, length and amount of detail varied considerably
among the case reports. This resulted in a large variance
between parameters presented per case. Moreover, it was
sometimes uncertain if the snakebite was definitely delivered
by D. polylepis.

Fourth, the cause of a symptom, either the bite itself or
an allergic reaction to treatment, was not always clear.

Altogether, we would recommend a more systematic
reporting of the characteristics of a D. polylepis envenom-
ation, using published case report format guidelines [19]. As
D. polylepis is also held captive by snake breeders and snake
holders in other parts of the world, increased awareness
among health care professionals on the clinical course of
black mamba envenomation is important.
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