
Introduction

High-pressure injection injuries are an unusual cause of

morbidity in the emergency department. They most

 commonly occur due to work-related industrial accidents

in which a high-pressure or hydraulic spray gun is being

used. Due to relatively small initial insertion sites, and

minor swelling of the adjacent peripheral tissue, they can

be overlooked and under treated. On average 1/600 trau-

ma of the hand include an injection injury under high-

pressure. They occur predominantly in young men (1, 2).

The average age of patients with an injection injury is

around 36 years (1, 3). The majority of the injuries affect

the non-dominant hand (1-4). The most commonly

injected substances are paints, paint solvents, grease, fuel

oil, but there has also been reported injection of water,

air, cement, and animal vaccines (2, 4, 5). Acute injury is

caused by introduction of a foreign material, under high

pressure between 2,000 and 10,000 psi, into the poorly

distensible digital or palmar tissues. The pathophysiolo-

gy involves acute and chronic inflammation and foreign

body granuloma formation. Damage results from the

impact, ischemia due to vascular compression, chemical

inflammation, and secondary infection. Highly viscous

substances require higher injection pressures than paint

or solvents (1). Fuel and paint injections lead to the most

severe inflammatory response with a high incidence of

subsequent amputation. Grease and oil-based compounds

may lead to oleogranulomas with chronic fistula forma-

tion, scarring, and eventual loss of digit function (1, 3,

4). The amputation rate of these injuries is up to 30-48%

without adequate treatment (3). Morbidity is dependent

to a large degree upon the material injected. Paint

solvents  appear to cause the greatest damage and result

in amputation in 60-80% of the cases. Grease, the more

common injectant, causes a less severe inflammatory

response. Amputation is necessary in about 25% of these

patients (3).

Case reports

Case 1

A 41-year-old right-handed man presented to the surgical

emergency department approximately one hour after a

work-related injury to his right hand from a high-

 pressure paint gun. The patient complained of severe

pain to the right hand and decreased range of motion in

the right 3rd and 4th digits. There was no other associat-

ed trauma.

The patient had normal vital signs and on clinical

examination was found to have a 1.0 � 0.5-cm entry port

of the palm between third and fourth metacarpal bone

(Fig. 1a). There was circumferential edema of the 3rd

and 4th digits extending proximally to the thenar and

hypothenar eminence of the palm. 

The X-ray of the right hand showed a large amount of

radio dense material between third and fourth metacarpal

bones, without associated fractures (Fig. 1b). Surgery

under tourniquet and general anesthesia was performed.

A palmar incision was made from PIP joint along the

skin fold of the thenar muscle. The paint was removed

and a debridement of all the necrotic tissue was per-

formed, followed by a complete synovectomy (Fig. 1c).

An incision was made on the dorsal part of the third and

fourth finger and the paint around the extensor tendons

of digits III and IV was removed (Fig. 1d). The wound

was closed secondary seven days after first exploration.

A suction drain was placed before secondary wound

 closure. Patient received tetanus immunization, low

molecular heparin, painkillers and intravenous antibiotic

(3rd generation cephalosporins). Postoperative the hand

was placed on a palmar splint in intrinsic plus position.

There was a good wound healing. Immediately the

patient had to start with passive physiotherapy of the

hand and three weeks postoperatively he could switch to

an intensive physiotherapeutic training for about
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6 months. A year after the injury the patient was re-

 evaluated. He had normal vascularisation, sensibility and

complete active and passive range of motion of the

fingers and hand.

Case 2

A 30-year-old right-handed man presented to the  surgical

emergency department approximately two hours after a

work-related injury to his right hand from a high-

 pressure sandblasting machine, when air and particles of

sand were injected. There was no other associated

 trauma. The patient had normal vital signs and on

 clinical examination was found to have an 7 � 3-cm

black area of the skin on the volar side of the radiocarpal

joint with a small entry port, size 1 � 0,5-cm (Fig. 2a). 

Right hand, forearm, and proximal third of upper arm

were swollen, with strong crepitations, and hyposensibil-

ity of the thumb and forefinger.

The X-ray of the right hand showed a large amount of

radio dense material at the volar side of the radiocarpal

joint, without associated fractures (Fig. 2b). Surgery

under tourniquet and general anesthesia was performed.

After incision a large amount of adherent reddish

 foreign material was exposed and removed and a

debridement of all necrotic tissue was performed

(Fig. 2c), followed by forearm fasciotomy (Fig. 2d). The

Fig. 1
High pressure injection injury in a 41-year-old man.
a) Clinical aspect at admission : small punctiform palmar skin lesion.
b) X-ray of the right hand with radiodense material. 
c) Clinical aspect intraoperatively : exploration and debridement of the paint. 
d) Clinical aspect intraoperatively : exploration of the dorsal side.
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particles of sand around the radial artery were removed.

Secondary wound closure was performed six days after

first exploration with suction drain in place. Patient

received tetanus immunization, low molecular heparin,

painkillers and intravenous antibiotics (amoxicillin/

clavulanic acid and metronidasol).

Postoperative the hand was placed on a palmar splint

in intrinsic plus position. There was a good wound

 healing. The patient had to start immediately with pas-

sive physiotherapy of the hand and three weeks post -

operatively he could switch to an intensive physio -

therapeutic training for about 6 months. A year after the

injury the patient was re-evaluated. He had normal

 vascularisation, sensibility and complete active and

 passive range of motion of the fingers and hand.

Discussion

The first published cases of high-pressure hand injuries

were injuries caused by fuel-injection systems (6).

Nowadays, as technology advanced, more injection

injuries with various caustic substances have been

reported. In the work place, gasoline, sand, grease, and

paint are common agents found under increased pres-

sure. Less toxic pressurized agents include water, air and

low-volume animal vaccines (4). The most common

injuries concern the non-dominant hand (1, 4, 7),

although in our cases both patients had an injury on the

dominant hand. More than 50% of the injections occur in

the index finger (1, 7). The second most touched region

is the thumb and only 10% of the injections occur in the
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Fig. 2
High pressure injection injury in a 30-year-old man.
a) Clinical aspect at admission : 7 � 3-cm black area of the skin
on the volar side of the radiocarpal joint with a small entry port.
b) X-ray of the right hand with radiodense material.
c) Clinical aspect intraoperatively : exploration and debride-
ment of the sand.
d) Clinical aspect intraoperatively : forearm fasciotomy.
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hand palm or elsewhere (7), although in our cases both

patients had injury on the palmar side. There are few

most important factors in pathophysiology of high-

 pressure injuries. Factors of importance in pathophysi -

ology of pressure accidents are : the high pressure,

chemical damage, volume of injected substance, site of

injection, infection and time between injury and opera-

tive treatment. The pressure plays an important role, it

varies from 40 to 800 bar, at a pressure more than 7 bar

direct contact with the skin is not necessary to infiltrate

the subcutaneous tissues (1). The nature of the injected

material is probably more important. It has been noted by

many authors that injuries with paints have a worse out-

come than those with oil or grease (8-10). The injected

fluid spreads along the neurovascular bundles through

places with the lowest resistance. This causes a traumat-

ic dissection of the finger and compression of the neu-

rovascular bundles with vascular spasms, tissue ischemia

and thrombosis as a consequence. When substance is

injected there is the chemical damage by the fluid itself.

Some fluids have cytolytic properties and can cause tis-

sue destruction, necrosis and intense inflammatory

responses (1). Injuries with water, air, or low-volume

vaccines may be amenable to non-operative treatment (4,

9). A next important factor which is determinative for the

seriousness of the injury is the volume of injected sub-

stances. A larger quantity of the injected fluid causes a

higher pressure in the tissues and therefore a larger risk

on compression of the neurovascular bundles and tissue

ischemia (1).

Very important factor is the site of injection, especial-

ly concerning large volumes. The hand palm has lager

expansion capacity than a finger tiptop. The site of

 injection ascertains whether the fluid can penetrate in the

tendon sheath itself or not (1). An amputation is often

necessary with injections into a digit, while injections

into the palm have better prognosis (10). An infection

plays a role in the vast destruction of tissues. Finally, the

time between injury and operative treatment has been

regarded as a key determinant by a number of authors for

the outcome of high-pressure injection injuries. On

 average patients are only seeking medical advice after

9 h (1). According to STARk et al. patients undergoing

decompression earlier than 10 hours post-injury fared

better (8). PINTO et al. have reported on the outcome of

25 patients injured with a variety of materials. They had

the lowest amputation rates in the literature (16%), and

postulated that presentation after more than 48 hours

 precluded application of their consistent practice of

aggressive early debridement and open wound packing,

which they thought was responsible for the favorable

results (7). CHRISTODOULOU et al. reported the functional

outcome of 15 patients with high-pressure injection

injuries. According their findings this time factor is not

always the most important variable. In their series all

patients were treated operatively, with a mean delay of

11.7 hours. They state that the eventual prognosis is

influenced by different factors and that the prognosis of

patients with an injection under very high pressure and

with very toxic materials is bad as the prognosis of

patients treated only after 10 h with a less detrimental

injection They conclude that deterioration of hand

function  is a predictable outcome of high-pressure

injuries (9). GeLbeRMAN et al. have not been able to con-

firm the relationship of the delay to the outcome. A large

number of their 26 patients treated by early surgery did

not do as well as expected, whereas several with later

surgery recovered satisfactorily (10). In our two cases

patients were treated immediately operatively, within

two or three hours after the injury. both patients had

excellent postoperative result with normal vascularisa-

tion, sensibility and complete active and passive range of

motion of the fingers and hand. It is difficult to draw any

conclusive evidence from these studies, because there

seems to be a multitude of factors in play. From the

information available to us, however, it seems likely that

the time factor has so far been overestimated. If the pres-

sure is high and the injected material toxic enough to

cause vascular damage, it may not be possible to salvage

the digit, however early the decompression is performed.

Most of the authors agree that only a fast and wide explo-

ration under general anesthesia or plexus block is the

suitable treatment for a high-pressure injection injury (1,

3). Pushing the fluid to the outside or making relieving

incisions for decompression is insufficient to prevent

additional subcutaneous damage. All injected material

and necrotic substances must be removed, followed by a

saline irrigation.

Conclusion

High-pressure injection injuries to the hand are a true

hand surgery emergency, they are characterized by punc-

tiform 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. An intoxication caused by the fluid

must be excluded. Prompt diagnosis and immediate

aggressive surgical intervention are necessary to save the

patients’ digit/limb. The fast and wide surgical explo-

ration must be carried out with complete debridement of

the foreign material and necrotic tissue. A long-term and

intensive physiotherapy afterwards 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. Where necessary, these

patients should be encouraged to consider retraining for

alternative occupations to prevent them from becoming

disabled.
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Spinčićeva 1

21 000 Split, Croatia

Tel. : +38521556182

Fax : +38521556225

e-mail : zenon@vip.hr

utrobicic-(dr)_Opmaak 1  28/02/11  11:03  Pagina 50




