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Summary

The captive bolt gun (slaughterer’s gun) is a tool used in the meat

industry for ‘‘humane killing’’ of animals. Used with the intent of

suicide, the captive bolt gun causes very serious injuries.

We analysed 19 self-inflicted head injuries with captive bolt gun

during the past 20 years. Autopsy of 20 pigs killed by this method

was also performed.

All 19 cases were middle-aged men from rural areas, with low level

of education, and without a previous psychiatric history. Five of

them used the captive bolt gun daily in their professional activities,

while the remaining 14 handled it only sometimes. In seven cases

suicide was primarily successful, while in five patients, despite inten-

sive medical care, serious craniocerebral injuries eventually resulted

in death. Total mortality was 63.2%.

The clinical appearance of the entrance wound and the imaging

characteristics of the cranial trauma are very specific, and can be

easily di¤erentiated from firearm or other penetrating injuries. These

wounds were always primarily infected with mixed bacterial flora

from the skin. Therefore, besides radical primary wound care, espe-

cially of the wound canal with removal of foreign bodies, it is im-

portant to administer high doses of wide spectrum antibiotics.

Keywords: Penetrating head injury; suicide; captive bolt gun;

slaughterer’s gun.

Introduction

Twenty years ago we admitted to our Neurosurgery

Department an unconscious patient, with a penetrat-

ing wound in the right temporal area, surrounded by

powder tattoos. The X-ray of the skull, and the com-

puted tomography (CT) of the brain, showed a wound

canal directed frontally, with some bone fragments at

the end of the canal. However, no metal foreign bodies

(bullets) could be detected. We consulted senior col-

leagues who were also unable to explain the mecha-

nism of this injury.

The father of the patient, who arrived with the pa-

tient, trying to disguise the suicide attempt, claimed

that his son fell and hit his head on a protruding metal

piece of a farmer’s machine. After surgery, we found

out from the police that it was a suicide attempt with a

captive bolt gun, and we were shown this unusual de-

vice which was hard to define as a weapon or a tool.

In severely depressed states people may reach for

various tools with the intent of suicide. Often these

tools are within the reach of their hand, such as guns,

poisons or a hanging rope. The properties of wounds

caused by unsuccessful suicides are mostly known,

which allows for a straightforward treatment strategy.

Gender, occupation, place of living, and the psycho-

logical state of a person who attempts suicide have in-

fluence on the choice of the mode of suicide. Some-

times the methods and tools for suicide are very bizarre

and hard to recognize, hence treatment of such wounds

may be very di‰cult.

The captive bolt gun or captive bolt pistol, is a de-

vice used by butchers and vets to kill large animals in a

painless manner, the so called ‘‘humane killing’’. By

shooting the head one can daze the animal, and then in

the second act, without resistance, finish the killing by



a di¤erent method. This technique is mostly used in

Middle European countries, so the reports of injuries

with captive bolt guns in professional literature are

mostly from German speaking countries and those

neighboring Germany, while in English and American

literature they are rare. One of the reasons for this fact

is a relatively strict license policy for such tools in

English speaking countries, because, by law, they are

equal to any other weapon. Only farmers and vets

can legally obtain them [18]. Hunt and Kon described

a few models of guns for ‘‘humane killing of animals’’

as well as the characteristics of the accompanying

wounds, but these models are rarely seen in our area

[9]. In many European countries the captive bolt gun is

considered a tool and its purchase is quite liberal, so

they are available to a wide range of users. The captive

bolt gun is a metal device of cylindrical shape, 30 cm

long. On the market there are two kinds: ‘‘Kerner’’ and

‘‘Schermer’’, but there are also anonymous copies of

listed models with very similar technical properties.

Powder filling pushes out a bolt the frontal area of

which is concave and with sharp edges. The bolt

breaks the skull of an animal penetrating some 7–

10 cm into the brain, and then a spring pulls it back.

Powder gases escape through two or four openings

on the frontal side of this device. These openings

are symmetrically placed, with a 30 degrees angle di-

vergent to the bolt. Powder filling is a 9 mm caliber

cartridge without a bullet. There are various power

fillings, depending on the size of the animal being

stunned, or the thickness of the skull. The bolt of

Kerner’s gun is a 10.5 mm caliber, and the part that

comes out on firing is 9 cm long. The Schermer’s bolt

is a 12 mm caliber and 7.5 cm long. Maximal firing

velocity is 50 m/sec [11, 15] (Fig. 1).

The constructional characteristics of captive bolt

guns cause specific injuries. If the frontal side of the

gun is directly pressed to the surface at a right angle,

on firing the sharp edge of the muzzle cuts the skin and

takes it like a plug into the depth of the wound, to-

gether with hair and all other skin elements. The di-

ameter of the skin piece is always smaller than the

bolt caliber. The edges of the wound created under

such conditions are sharp, and pigmented with resi-

dues of powder gases, which partially enter along the

bolt. Symmetrically on both sides of the wound, 15 to

20 mm from the center, there are two round or oval

powder tattoos, formed by gases escaping through

openings on the frontal side of the gun. The edges of

the tattoos closer to the wound are sharp and clear,

while the outer edges are less well defined and light

(Fig. 2). If the captive bolt pistol is fired at a sharp

angle this picture changes. The edge of the wound on

the side of the smaller angle is sharper, while on the

side of the larger angle it is irregular and dull. The

same is true for the appearance of powder burns. If the

captive bolt gun is at a distance from the surface, the

diameter of the wound is the same but the powder

burns are wider and of lower intensity. The outer ap-

pearance of the wound is very typical and recognizable

on first sight. However, even with the same tool, the

outer appearance of the wound may di¤er, depending

on modifying factors [12]. Knowing the outer appear-

ance of the wound may be very important in solving

unclear circumstances of injury (suicide or homicide) [5].

Fig. 1. A scheme of the captive bolt gun mechanism (slaughterer’s

gun, ger. Bolzenschussapparat)

Fig. 2. Entry wound with typical position and appearance of the

powder rings (tattoos)
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Defects on the tabula externa of the skull are prac-

tically identical to the caliber of the bolt, but the di-

ameter of the wound on the tabula interna is consider-

ably larger due to bone fragments punched out by the

bolt, and dispersed around the firing canal as second-

ary projectiles. At the end of the wound canal there is

always a piece of skin, sometimes with corresponding

hair, and the central part of the bone defect. The length

of the wound canal is always longer than the penetrat-

ing bolt due to the e¤ect of bone fragments, which act

as secondary projectiles. The damage of bone frag-

ments to the brain parenchyma, and especially to the

blood vessels, is considerably larger than the direct

destructive e¤ect of the bolt [7].

Such an injury, according to the experience obtained

in experimental animals, usually causes loss of con-

sciousness, visually evoked potentials, and corneal re-

flex, depending on the location of the injury [4]. This

explains the possibility of repeated use of the captive

bolt gun in suicidal attempts [14]. Such brain injuries

usually do not cause rapid death, but the overall prog-

nosis is poor – according to the literature the mortality

is 80 to 90%. Besides immediate brain parenchyma in-

juries, and damage to the large blood vessels, impacted

pieces of skin and skin elements determine the prog-

nosis. These wounds are primarily contaminated with

a surface skin bacterial flora, and proliferation of bac-

terial micro-organisms can be found within six hours.

This leads to development of purulent meningitis, cer-

ebritis and death. Therefore, it is essential not only to

remove all devitalized tissue, but to undertake com-

plete exploration of the wound to find potential foreign

bodies deep in the wound, in order to decrease the risk

of infection [18].

Methods and Patients

This study included a group of 19 people who attempted suicide

with a captive bolt gun during a 20 year period. At our Neurosurgery

Department we treated 12 (63.2%) patients who attempted suicide

with this tool from 1981 to 2000. At the Institute for Forensic

Medicine and Criminology, we have found autopsy data of seven

patients (36.8%) for whom these injuries were primarily lethal. All

the available data – anamnestic, hetero-anamnestic, or available

medical documentation, were analysed. Age, place of living, occu-

pation, educational level, and history of prior psychiatric illness were

recorded. Clinical examinations, CT scans, intra-operative findings,

and postoperative course were also assessed.

Autopsy of 20 pig heads killed by this method was also performed.

Immediately after the injury a sample of the macerated brain was

taken from the beginning of the firing canal, approximately 25 mm

from the skin level, and from the end of the firing canal.

Results

All 19 injured persons were men from 21 to 64 years

old, with the average age of 40.5 years. All came from

rural areas. Four were butchers, and one was a veteri-

nary technician. The remaining 14 were of di¤erent

occupations, but in their primary occupation they

worked with farm animals and in the meat industry for

personal needs. The captive bolt gun was owned as a

working tool, as described above. In this group there

were no highly educated people. From the available

data, no evidence of previous psychiatric treatment

Fig. 3. (a) Brain CT scan shows a bone defect at the entry site and the wound canal, which is typically wider near the entry site. Bone fragments

and air are located at the end of the wound canal. There is also blood in the lateral ventricles, and di¤use cerebral edema. (b) Wide window

brain CT scan at a slightly higher level shows the entry site with a bone fragment from the inner table of the skull. A large bone fragment at the

end of the wound canal is now well visualized
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was found in the entire group. There was no notice of

any accidental injuries, nor attempts at homicide.

During the period from 1980 to 1991 there were 10

suicide attempts and 6 successful suicides using the

captive bolt gun, which is 84.2% of the whole series.

During the war and aggression on Republic of Croatia

from 1991 until the end of 1995 no new cases of self-

aggressiveness with the captive bolt gun were recorded

in our institutions. Since the end of the war, from year

1996, a rise in the number of suicides with the captive

bolt gun has been evident. Two unsuccessful suicide

attempts and one case of successful suicide with cap-

tive bolt gun happened in the period 1996–2000, which

is 15.8% of the entire analysed series.

Nine patients had entrance wounds in the right

fronto-temporal region, one in the left temporal region

(left-handed), one in the projection of the frontal sinus,

and one in the parieto-occipital region, two centi-

meters to the right from the median line. In the group

of successful suicides, the entrance wound in four cases

was in the right temporal region, and in three cases

frontally in the median line.

The entry site was identified in all the patients. These

wounds were round, partially with sharp and partially

with uneven skin powder marks throughout the whole

circumference of the wound. At the poles of the circu-

lar wound, about 2 cm from its center, there were

round or oval powder burns, which gave a very specific

and recognizable appearance to this kind of injury. In

one case these tattoos were in four di¤erent positions

around the wound.

On CT these injuries showed characteristics typical

of penetrating head injuries: entry site with large defect

of the tabula interna, hyperdense wound canal due to

haemorrhage, which was typically wider near the entry

site, and small bone fragments along the canal. Asso-

ciated brain edema, hemorrhage into the ventricular

system, and extra-axial haematomas were sometimes

encountered. Intracranial metal foreign bodies were

not detected in any of the cases, and an exit site was

never seen. At the end of the wound canal a large bone

fragment, approximately 1 cm in diameter, was iden-

tified in all patients.

Intra-operatively, the wound canal was 7 to 10 cm

long, and at its limit bone fragments with pieces of skin

and hair were always found. Smaller bone fragments

were shattered around the firing canal as secondary

projectiles as well.

In four cases with exceptionally poor general and

neurological status, wound and firing canal were pri-

marily treated, and foreign bodies within reach were

removed. All four patients from this group died.

In the remaining eight cases osteoclastic craniotomy

was performed, with the intent of removing the bone

fragment, whose edges were primarily infected. In the

temporal region in addition to the round bony defect, a

comminuted fracture of the temporal squama was

found in two cases, and irregular linear or star-shaped

fractures of surrounding bones in three cases. After

removal of the bone, tears or irregular defects of the

dura were found which were excised up to the healthy

area. Besides detailed exploration of the firing canal,

the entire destroyed brain tissue was removed, along

with bones and other foreign material, especially skin

and hair, which were pushed to the end of the firing

canal. Haemostasis was established, and the dura was

exactly reconstructed. Reconstruction of the dura was

done using periosteal flaps, or temporal fascia, with

Fig. 4. (a) Brain CT scan shows a displaced bone fragment at

the forehead entry site. The wound canal is extending into the

lateral ventricles, causing intraventricular haemorrhage. (b)

Brain CT scan at a lower level again shows the wound canal,

with a large bone fragment at the end of the canal in the poste-

rior aspect of the third ventricle, just anterior to the calcified

pineal gland
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local application of fibrin glue (Beriplast2P). Since
these were primary infected wounds, high doses of

wide spectrum antibiotics were administered.

Autopsy findings of the seven successful suicides re-

vealed lesions of large blood vessels in the Sylvian fis-

sure in five cases as the cause of death, a lesion of the

infraclinoid internal carotid artery in one case, and

choking with inhaled vomit in one case. Four patients

who were brought to our clinic in a moribund state had

massive tamponade of the ventricular system in two

cases, and destruction of the hypothalamus and sur-

rounding structures in another two cases, in addition

to injured large blood vessels in the Sylvian fissure.

One patient with the lesion of right frontal lobe died on

the eighth post-operative day due to development

of purulent meningitis. The total mortality with self-

inflicted injuries employing captive bolt gun was

therefore 63.2% (12 out of 19 cases).

Seven patients (36.8%) survived. Three had a rela-

tively low grade of handicap, in the form of a psycho-

organic syndrome, which corresponded to predom-

inantly frontal lobe injuries. Two patients had discrete

hemiparesis and psycho-organic syndrome upon the

completion of treatment, and one patient had residual

hemiplegia. A patient whose entry site was in the pari-

eto-occipital area, and the wound canal reached the

pineal region and quadrigeminal plate, postoperatively

developed meningitis, and remained in coma.

Autopsy of 20 pig heads killed by this method found

identical morphological characteristics of the skin en-

trance wounds. As firing was always done at a stan-

dard location, at the right angle on the skull bones of

pigs, there were no linear or star-like fractures, as no-

ticed on human skulls. The largest fragment with

pieces of skin and hair, was found deep at the end of

the firing canal in all of the 20 cases, while throughout

the canal smaller fragments were detected. In all 20

cases, the sample from the end of the firing canal con-

tained identical bacterial flora as on the skin of the

animal.

The results are summarized in Table 1.

Discussion

Injuries with captive bolt guns are a rarity in our

area, so that a number of neurosurgeons might never

see such a bizarre injury. Since many suicide attempts

with captive bolt guns are successful, corpses are

transported directly to the Institute for Forensic Med-

icine and Criminology. Clinicians, therefore, rarely

have an opportunity to learn the morphological fea-

tures of such injuries, and how to undertake adequate

Table 1.

Pt. Age EW GCS CD BFendWC BFWC GOS/30d GOS/3m DNS

1. 30 Tr 10 yes yes 5 5 PO

2. 21 F 6 yes no 3 3 RH

3. 36 Tr 3 SyV yes yes 1

4. 41 Tr DOA SyV yes yes 1

5. 34 F DOA RA yes no 1

6. 36 Tr 9 yes no 3 5 PO

7. 64 Tr 9 HT yes yes 1

8. 46 F DOA ICA yes no 1

9. 47 Tr 10 yes yes 3 4 PO

10. 35 Tr DOA SyV yes yes 1

11. 44 Tl 3 SyV yes yes 1

12. 49 O 6 yes yes 2 2 PVS

13. 41 F DOA HT yes no 1

14. 27 Tr 3 SyV yes yes 1

15. 35 Tr 9 yes no 3 3 PO

16. 56 Tr DOA SyV yes yes 1

17. 38 Tr 3 SyV yes no 1

18. 35 Tr DOA SyV yes yes 1

19. 54 Tr 10 yes no 3 5 PO

F Frontal; Tr Right Temporal; Tl Left Temporal; O Occipital; DOA death on appearance; EW localization of entrance wound; GCSGlasgow

Coma Scale on appearance; CD Cause of death; BFendWC Bone fragments at the end of wound canal; BFWC Bone fragments in the wound

canal; GOS/30d Glasgow Outcome Scale at 30 days; GOS/3m Glasgow Outcome Scale at 3 months; DNS Definitive neurological status; SyV

Lesion of fissura Sylvii vessels; HT Lesion of hypothalamus; ICA Lesion of ICA; RH Right hemiplegia; PO Psycho-organic Syndrome; PVS

Persistent vegetative state.
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treatment measures. We have performed a retrospec-

tive study and were therefore unable to gain data con-

cerning the cerebral pathophysiological status of pa-

tients, as in the work of Valadka et al. [19].

In some countries a license is not required to obtain

a captive bolt gun. It is rather treated as a tool used

by vets and butchers in industrial plants for so called

‘‘humane killing’’ of large animals. Therefore, their

purchase is legalized, they are relatively easily obtain-

able and hence misuse is possible [10, 16]. It is evident

from the literature that suicides are the most frequent

among captive bolt gun injuries, while accidental in-

juries or homicides are much less common [5, 7, 10, 14,

15, 17, 18].

In the group we analysed, the wounded were middle-

aged men, which correlates well with the data in the

literature [7, 10]. Patients who survived (7/19) were

somewhat younger (average 38.8 years) in comparison

to the twelve patients that died (average 40.8 years).

To our knowledge, previous psychiatric treatment has

not been described in any of the reported cases. Al-

though this study did not include the psychological

and psychiatric profile of suicides, there seems to be an

auto-destructive pattern in the survivors, without the

‘‘cry for help’’ function of the suicide. The male pre-

dominance of this destructive and aggressive means of

suicide is probably in relation to the innate character-

istics of the male gender as the more active and ag-

gressive [1, 3]. Another common finding in all the

analysed cases is that they are all from rural areas,

as opposed to urban communities, and that they were

all with a low level of education.

Five cases from the group (26.3%) almost daily

handled this device as their professional tool (four

butchers and one veterinary technician). The remain-

ing 14 cases (73.7%), occasionally handled a captive

bolt gun, or owned it as a tool. Therefore, it is easy to

conclude that they reached for this tool as a convenient

means of suicide [13, 18].

Sixteen out of 19 (84.2%) analysed suicide attempts

with a captive bolt gun occurred in the first 10 years of

our study. During the second ten-year period, there

were only 2 attempts and one successful suicide with a

captive bolt gun (15.8%). It is important to mention

that during the war period (1991–1995) there were

numerous suicides, many of them with fire weapons.

However, there were no reports of self-aggression with

captive bolt gun. This may be explained by increased

availability of firearms during that period.

Wounds were very typical and recognizable, so that

after the first experience with such a wound, it was

almost impossible not to recognize it again. The

most frequent place of injury was the right temporo-

occipital region, in 13 (68.4%) cases. These were

mostly right-handed persons. In four cases (21%) the

entrance wound was in the projection of the frontal si-

nus. In one case (5.23%) the entrance wound was in the

left temporal region (left-handed) and in one (5.2%)

in the parieto-occipital region (indicative of a possi-

ble homicide). The most common wound locations

(fronto-temporal and frontal region) are probably the

result of ergonomical properties of the captive bolt

gun. The direction and the depth of bolt invasion and

impacted bone fragments mostly a¤ected large vascu-

lar structures, predominantly in the Sylvian fissure,

causing high primary mortality and serious morbidity.

The radiological findings were also easily recogniz-

able and similar to clinical experience. Penetrating

head injuries are most commonly caused by firearms,

and their appearance on CT images may be very simi-

lar to the cases we described, however bullet frag-

ments, exit site, or both are inevitably present [6].

Penetrating injuries may also be inflicted by other

metal objects, ice-pick being a relatively common

example, however, typically with homicidal intent.

Those injuries show a relatively small bone defect at

the entry site, and no evidence of large fragments along

the wound canal [6]. We propose that the distinguish-

ing features of captive bolt gun injuries are a large

bone defect at the entry site, a corresponding bone

fragment at the end of a long wound canal, and ab-

sence of an exit wound and intracranial metal objects.

We have seen a somewhat similar appearance in two

cases of attempted homicide with a hammer; however

the bone fragments were only a few centimeters deep,

and the wound canal was not clearly formed.

All nineteen patients have had bone fragments at the

end of the wound canal. Bone fragments along the

wound canal were present in ten patients, and eight of

them died. Primary wound contamination with mixed

skin flora caused meningo-encephalitis in two patients,

although high doses of wide spectrum antibiotics were

administered. One of these patients died on the eighth

post-operative day and the other remained comatose

after the treatment of the infection was completed.

These findings were confirmed by bacteriological

study of animal brain tissue samples. These samples

were taken from the firing canal at a depth of 25 mm

from the skin surface in 16 cases (84.2%), and showed

flora identical to the animal’s skin surface. In all cases
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(100%) taken from the firing canal bottom, where a

skin piece was impacted, a large quantity of skin bac-

teria were detected.

This experience allows for a very aggressive ap-

proach in the primary wound treatment, with the ex-

cision of all devitalized or suspicious soft tissue parts.

This includes osteoclastic craniotomy, as well as exci-

sion of the dura into the healthy tissue. Special care

should be given to detailed exploration of the wound

canal and in particular to removal of all foreign

bodies, especially impacted skin and hair pieces and

bone fragments from the bottom of the canal. We rec-

ommend closing the dura defect with periosteal flaps,

and avoiding devascularized autotransplants (fascia

lata). In such an environment it is contra-indicated

to use lyophylized dura or similar implants. Also it

is recommended to close the dural defect with very

little sewing material, mostly monofilamental. Water-

tightness should be achieved with fibrin glue, which

has proved to be a good material for contaminated

wound closure or in wounds with a large infection risk.

Conclusion

Self-injury with suicidal intent with a captive bolt

gun is a relatively rare incident with a number of

characteristic findings that are important for recogni-

tion of injury mechanisms, as well as for the approach

to treatment of survivors. Once seen, this entrance

wound is so specific that it is almost instantly recog-

nizable in later encounters, and the imaging features

are very characteristic.

As the captive bolt gun is primarily used to daze

animals, with intention of ‘‘humane killing’’, the sui-

cidal person mostly uses it for injuring their own head.

These injuries are often primarily lethal. Due to ex-

tensive lesions of brain structures, primarily large ves-

sels, and superimposed infection, the total mortality

rises to 63.2%, despite surgical treatment and high

doses of wide spectrum antibiotics. Survivors are seri-

ously handicapped with a psycho-organic syndrome as

a dominant neurological finding.
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