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Abstract The real extent of damage in high-pressure

injection injuries (grease gun injuries, paint gun injuries,

pressure gun in juries) is hidden behind a small and fre-

quently painless punctiform skin lesion on the finger or the

hand. These kinds of injuries require prompt surgical

intervention with surgical debridement of all ischemic

tissue. Possibility of a general intoxication by the fluid

must always be ruled out. Postoperative intensive physio-

therapy is essential for the final hand function. The initial

benign aspect is frequently causing a delay for an adequate

treatment while in the mean time the possibility for sub-

cutaneous damage continuously increases. Because of this

delay the chance of permanent reduced functionality in the

hand or finger amputation raises. Not only the latency time

to adequate treatment but also the injected fluid’s nature,

the pressure, the volume and the location of injection, has

influence on the seriousness and extensiveness of subcu-

taneous damage. All these factors influence the functional

outcome of the patient.

Keywords Injection injuries � Hand � High-pressure

injuries � Management � Function

Introduction

In spite of the multiple industrial usages of high-pressure

guns, injection injuries of the hand only seldom occur. On

average 1/600 hand traumatisms include an injection injury

under high-pressure. Large surgical hand centres have on

average 1–4 injection injury treatments every year [1].

These lesions are generally underestimated because of the

initial minimal complaints of the patient and the clinical

aspect of being a small-sized skin lesion [2, 3]. It generally

concerns males and the accident happens mostly during

working circumstances. The average age of patients with

an injection injury is around 36 years. It mostly concerns

the non-dominant hand [4] and the circumstances of the

accident, are generally during cleaning the apparatus or

during a leakage in one of the pipes. In the usual case of

high compression injection of foreign material into the

hand develops severe and sometimes catastrophic conse-

quences related to the tamponade effect occurring from the

compression force, the quantity of material injected, and

the subsequent outpouring edema fluid occaisond by the

chemical irritation of these substances within the tissues

[5]. The amputation rate of these injuries is up to 30–48%

[2] without adequate treatment. The importance of a fast

and adequate treatment of such injury is discussed in this

article by means of a case report. Also the results are being

compared to data from the literature [2, 3, 6–8].

Case report

A 33-year-old, right-handed industrial painter injected an

amount of oil-based paint, with his paint gun, in his left

index finger by accident. He was immediately referred to a

specialized hand centre.

The composition of the paint was notified to value the

risk of a systemic intoxication. Also a tetanus prophylaxis

was given on the emergency department. Clinical exami-

nation showed only a small entry port at the palmar MP
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level of the index finger (MCP II) (Fig. 1a). A decreased

capillary refill and hypersensibility of the hand was

observed. On the X-ray of the left hand a large amount of

radio dense material on the dorsal side from the MCP II

joint to the DIP II joint and from the entry port until the

carpal tunnel level, was present (Fig. 1b, c). Surgical

exploration under tourniquet and general anaesthesia was

decided to carry out. A palmar incision was made from the

Fig. 1 High pressure injection injury in a 33-year-old industrial

painter. a Clinical aspect at admission: small punctiform palmar skin

lesion at left MCP II level. b X-ray of the left hand with radio dense fluid

on MCP II and on the hand palm oblique view. c X-ray of the left hand

with radio dense fluid on MCP II and on the hand palm dorso-palmar

view. d Clinical aspect intraoperatively: planning of Incision. e Clinical

aspect intraoperatively: exploration and debridement of the paint and

necrotic tissue on the palmar side. f Clinical aspect intraoperatively:

debrided tissue. g Clinical aspect intraoperatively: planning of dorsal

Incision. h Clinical aspect intraoperatively: exploration of the dorsal

side. i Clinical aspect 3 years post-operatively: complete finger flexion.

j Clinical aspect 3 years post-operatively: complete finger extension

(plantar view). k Clinical aspect 3 years post-operatively: complete

finger extension (lateral view)
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PIP joint, along the skin fold of the thenar muscle. Sub-

sequently, the paint was removed and a debridement of all

the ischemic tissue was performed, followed by a complete

synovectomy and microsurgical neurolysis and arteriolysis

of the second finger and open carpal tunnel release

(Fig. 1d–f). By means of a second straight dorsal approach

starting from P1 and going up to the MP level, the painting

around the extensor tendons of digit II was removed

(Fig. 1g, h). A suction drain was placed before closing the

wound primarily.

Postoperative the hand was placed on a palmar splint in

intrinsic plus position. The patient received antibiotics

intravenously for a duration of 5 days. There was a good

primary wound healing. Immediately the patient had to

start with passive physiotherapy of the hand and three

weeks postoperative he could switch to an intensive

physiotherapeutic training for about 6–12 months.

A year after the injury the patient was re-evaluated with

special attention to the vascularisation, sensibility, active

and passive range of motion and social reintegration.

Vascularisation of the hand showed no changes at rest and

at work compared to normal conditions, however paling of

the skin as well as hypersensibility and dysfunction

occurred by cold exposure. The static two-point discrimi-

nation amounted 4 mm for N3 and N4. There was a

complete active and passive range of motion of the finger

and hand. There was a soft scar on the palmar side and a

slight hypertrophic scar on the dorsal side of the hand.

Three years postoperatively the patient was re-evaluated

once again. Hypersensibility by cold exposure was still

present as well as the Raynaud complaints. Meanwhile the

patient has changed his profession because of complaints.

He also stopped competitive mountain-biking, because of

pain caused by the repetitive bump movements. The

hypertrophic scar on the dorsal side of the finger had dis-

appeared. Both the maximum grip strength and the pinch

strength of the left hand had diminished slightly. There was

no change concerning static and dynamic two-point dis-

crimination at the index level (Fig. 1i–k).

Discussion

High-pressure injection injuries mainly occur with indus-

trial labourers. In the majority of the cases the injection

place is the hand. Generally it concerns the non-dominant

hand [4, 7–9], although in the study of Wieder et al. [10] 13

of 25 injections took place at the dominant hand. More than

50% of the injections occur in the index finger. The second

most touched region is the thumb and only 10% of the

injections occur in the hand palm or elsewhere [10].

The consequences for the hand function must not be

underestimated. Therefore not only an adequate treatment,

but also sufficient attention to the prevention of such hand

traumatisms must be given. Prevention means a good

education concerning the safe use of the high-pressure

guns, regular functional and component controls, wearing

protection clothes and giving information concerning the

seriousness of a hand traumatism under high-pressure [2, 3,

6, 11, 12].

Pathophysiology

There are several mechanisms responsible for the irre-

versible damage of the tissues:

Firstly, the pressure plays an important role. In the liter-

ature it varies from 40 to 800 bar [10, 16]. A pressure of

7 bar is already sufficient to penetrate the skin. At higher

pressures, direct contact with the skin is not necessary to

infiltrate the subcutaneous tissues [13]. The injected fluid

spreads along the neurovascular bundles through places with

the lowest resistance [17]. This causes a traumatic dissection

of the finger and compression of the neurovascular bundles

with vascular spasms, tissue ischemia and thrombosis as a

consequence. If the distension of the tissues, caused by the

fluid itself and by swelling and oedema, creates a pressure

build-up exceeding hydrostatic pressure, tissue perfusion

will be limited similar to that of compartment syndrome.

Secondly, there is the chemical damage by the fluid

himself. Some fluids have cytolytic properties and can

cause tissue destruction, necrosis and intense inflammatory

responses. Fibrosis arises around the tissues and can result

in a strong restriction of the hand function [5, 7, 10, 16].

A final factor which plays a role in the vast destruction

of tissues is infection. This can occur primarily during the

injection, but more often it is a secondary infection that

occurs. Ischemia and necrosis facilitate this secondary

infection [7, 17]. The use of antibiotics which should cover

both gram-positive and gram-negative organism is indi-

cated [4]. The application of corticosteroids has no effect

on the presence of infection and does not affect the inci-

dence of amputation [2].

Symptoms

Initially there are only minimal complaints. Mostly there is

only a small punctiform skin lesion. After some hours

swelling, pain, functio laesa and sensibility impairments

appear. Finally, a dysfunction of the perfusion occurs. The

initially mild symptoms lead to a delay of treatment and so

subcutaneous damage can spread out, increasing the chance

on permanent complications and amputation. On average

patients are seeing a doctor only after 9 h. The fluid can

damage the soft tissues and can spread to neighbouring
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structures. When the injection takes place at the pink or

small finger, the fluid can spread along the synovial sleeves

like in a V-phlegmona [9, 13].

In literature some rare cases are described. There was a

patient who developed a pneumomediastinum after injec-

tion of air in the hypothenar [13, 14]. Some rare

perversions of granulomes, a sequel after a high-pressure

injection injury by intense inflammatory response, in

squameus carcinomas is also given [13, 15].

Prognostic influencing factors

The factors influencing the prognosis of the final hand

function are mainly stipulated by the circumstances of the

accident:

A first factor is the nature of the injected fluid. Injections

with water, air or small quantities of veterinary vaccine

only cause little damage and frequently have a good

outcome, even without surgical intervention [2, 12, 10,

19]. Paints and solvents are more irritating substances

and have larger cytolytic properties than water, some oils

or greases. That is the reason why they also have a worse

outcome than other fluids [17, 19, 20]. Solvents have a

lower viscosity compared to paints and as a consequence

a faster distribution along the tissues is apparent [21].

A further distinction can be made based on the paint

type. Paints based on white-spirit cause damage by

disintegration of cell membranes, oil-based paints cause

intense inflammatory responses and latex paints based on

water have been known to be less destructive (Fig. 2).

A second important factor determining the patients

outcome is the pressure of the gun ejection. An injection

under low pressure causes less damage than an injection

under high pressure. That is why injections with

veterinary vaccines in general give less damage than

other injections.

Fig. 2 Algorithm for the treatment of high-pressure inject injuries on the base of nature of the fluid
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A third factor which is determinative for the seriousness

of the injury is the volume. A larger quantity of the

injected fluid causes a higher pressure in the tissues and

therefore a larger risk on compression of the neurovas-

cular bundles and tissue ischemia.

A fourth important factor is the site of injection,

especially concerning large volumes. The hand palm

has a lager expansion capacity than a finger top. Therefore

an injection with the same quantity of fluid at both sites,

results into faster development of a compartment syn-

drome in the finger top compared to the hand palm [16,

20]. The internal spreading of the injected material

depends on the different strengths of the encountered

tissues and can continue to enter until resistant structures

are reached. The site of injection ascertains whether the

fluid can penetrate in the tendon sheath itself or not. The

flexor sheath is not uniform in consistency. The C-pulleys,

overlying the interphalangeal joints, are flexible and thin.

They allow penetration of the tendon sheath and sur-

roundings by the injected material with lower chance of

functional outcome. The A-pulleys on the other hand are

rigid and fibrous structures, overlying the centres of the

phalanx, and inducing deflection and lateral spreading of

the injected material in the superficial tissues encircling

the digit. Only cutaneous necrosis will be enhanced [21].

A fifth, and the only factor where a doctor or a patient can

anticipate on, is the latency time between the accident and

the establishing of an adequate treatment. Several authors

consider this the most important prognostic influencing

factor [2, 3, 6, 12]. Among others, the risk on amputation

increases with time latency. Some studies report a time

limit of 10 h on which amputation risk is strongly raised.

Other studies showed no significant difference in progno-

sis if the patient is treated within the first 24 h [13,20].

Stark et al. [22] concluded that patients who underwent a

decompression within the first 10 h had a better outcome.

Pinto et al. showed also that the longer the latency time to

adequate treatment was, the larger the risk on amputation.

They had only been obliged to perform an amputation

when the patient came to the emergency department after

more than 72 h [8]. According to Christodoulou et al. this

time factor is not always the most important variable. They

state that the eventual prognosis is influenced by different

factors and the prognosis of patients with an injection

under very high pressure and with very toxic material is as

bad as the prognosis of those people that are treated only

after 10 h with a less detrimental injection [19].

Treatment

Firstly, information about the fluid’s nature is to be gath-

ered to exclude a general intoxication. If needed, contact

with an anti-poison-centre can give information about an

anti-dotum. Vital parameters must be followed up. The

general systemic responses which can occur among others

are renal failure, intoxication with lead, allergic responses

and haemolysis. There is a big danger for intoxication in

case of an injection with white-spirit or terebentine [16].

Most of the authors agree that only a fast and wide

exploration under general anaesthesia or plexus block is the

suitable treatment for a high-pressure injection injury [2, 3].

Pushing the fluid to the outside or making relieving incisions

for decompression is insufficient to prevent additional sub-

cutaneous damage. Ring block of the finger should be

avoided because of the possibility of further vascular com-

pression and vasospasm by the extra injected volume [9, 13].

All injected material and necrotic substances must be

removed, followed by a saline irrigation. The use of a sol-

vent to remove the fluid is no solution, because most of the

solvents themselves have cytolytic properties and can cause

additional damage to the weak tissues. The procedure occurs

under tourniquet but without using the Esmarch bandage for

exsanguination of the arm to avoid further spreading of the

injection material along the tendon sheaths and neurovas-

cular bundles [13, 15]. There must be an optimalisation of

the vascularisation of the injected hand. Therefore applica-

tion of ice to reduce swelling is dissuaded (Table 1).

Regional anesthesia of the stellate ganglion and brachial

plexus produces analgesia and vasodilatation of peripheral

arteries by inhibition of the sympathic tone [23]. If there is

already a loss of sensibility and a poor vascularisation at

arrival in the emergency department, immediate amputation

must be discussed with the patient [16]. Frequently there is a

need for several debridements or a reconstruction by means

of skin grafts, local or free flaps [8, 24]. Sometimes there is a

preference to open wound technique with regular salvage of

the wound [8]. With this technique Pinto et al. had only an

amputation risk of 16%, which lies much lower than the

amputation risk that is described in other articles [2, 3, 12].

They applied the same wide exploration and debridement

with leaving the wound open and regularly salvage in

combination with early intensive physiotherapy treatment in

all cases [8].

In the study of Wong et al. the injection injuries were

divided in mild, moderate and serious cases, based on the

nature of the fluid, the latency time to adequate treatment

Table 1 Do nots in high pressure injection injuries

• Exploration under ring block of the finger

• Using of the Esmarch bandage

• Removing the material with a solvent

• Pushing the fluid to the outside or making relieving incisions for

decompression

• Application of ice to reduce swelling
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and the clinical neurovascular status at arrival. Mild inju-

ries can be treated conservatively with broad spectrum

antibiotics, tetanus prophylaxis and observation of the

neurovascular situation of the fingers. Patients with mod-

erate or serious injuries underwent immediate surgical

exploration and decompression with wide debridement in

combination with antibiotics and tetanus prophylaxis. Six

of seven mild injuries could be well treated with conser-

vative therapy. One nevertheless still needed a surgical

exploration. Sixteen patients with a moderate injury had

good results. At three of the five serious high-pressure

injection injuries an amputation could not be avoided. The

other two had good results [24].

Preoperative X-rays can show the quantity and distri-

bution of radio-opaque fluids. The distribution of

radiolucent substances can sometimes be shown on X-rays

by subcutaneous emphysema [7]. At arrival in the hospital

a tetanus prophylaxis and antibiotic prophylaxis, under the

form of 3e a generation cephalosporine must be adminis-

tered. In literature a controverse concerning the use of

corticosteroids for high-pressure injection injuries exists.

There is a theoretical evidence for the use of corticosteroids

in the case of intense inflammatory reactions and at late

presentations with diffuse oedema and erythema. Cortico-

steroids can avoid an acute response to the strange fluid and

functional sequels [15]. In the study of Lewis et al. all

patients received 100 mg hydrocortisone/6 h intravenously

and later 25 mg prednisolone/24 h orally while diminish-

ing the concentration in order to stop within 3–5 days. [16]

Other authors dissuade the use of corticosteroids because of

the possible disadvantages. Corticosteroids oppress the

leukocyte response and raise the infection risk. The chance

on infection increases more within necrotic tissues and

diminished vascularisation [24, 25]. A recent review of the

literature [2] however shows, that the application of cor-

ticosteroids has no effect on the presence of infection and

does not affect the incidence of amputation [2].

Postoperative the patient receives a palmar splint. It is

very important to start immediately with physiotherapy to

build up the hand function as well as possible. In the first

three weeks patients only receive active and passive mobi-

lisation of the fingers. After three weeks they can start with an

intensive physiotherapeutic scheme for 6 up to 12 months.

Outcome

The outcome after a high-pressure injection injury is fre-

quently disappointing, even after immediate adequate

treatment. The patient has to be informed previously con-

cerning the possible restrictions in hand function and the

chance on finger amputation. The amputation risk is valued

on 16–55%. With solvents it goes up to 50–80% [12, 13, 16].

When there are already impairments of the vascularisation

during the first medical examination or when the pressure

was more than 490 bar, amputation risk reaches the 100%

[13]. Permanent complaints of the patient among others are

hyperesthesia, continuous pain, cold intolerance, contrac-

ture, and reduced sensitivity. Amputation and aesthetic

problems are two other complications. Only a small per-

centage of the patients can resume its original work [10].

Conclusion

High-pressure injection injuries to the hand are character-

ised by a small and punctiform skin lesion but with severe

subcutaneous damage of the tissues. The initial clinical

presentation can be misleading as a result of which an

adequate treatment is frequently postponed. In the first

place an intoxication caused by the fluid must be excluded.

The surgical treatment must happen under complete

anaesthesia or plexus block. An immediate wide micro-

surgical exploration must be carried out with complete

debridement of the foreign material and necrotic tissue. If

there is no immediate intervention, additional damage

occurs, with a decrease of the functionality of the hand.

Frequently an amputation of the finger can no longer be

avoided. A long-term and intensive physiotherapy after-

wards will influence the outcome of the hand function in a

positive way. Therefore it is very important to inform users

of high-pressure guns about the seriousness of such injuries

and to take preventive measures.
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