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Injection injuries: seemingly minor injuries with major consequences
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Abstract

Background: High-pressure injection injuries are rare injuries, characterized by a small puncture wound that is often
underestimated by physicians and patients. The injected substance leads to extensive tissue damage and sometimes to
loss of the limb. Aim: To underline the severity of these injuries and to alert physicians to recognize them and treat them
appropriately.

Methods: Eight patients with injection injuries from lubricants (6) or solvents (2) were treated in a University Ortho-
paedic Department in a 5-year period. In all patients the mild initial symptoms were aggravated over the next 4-6 hours
leading to a severe compartment syndrome of the hand. Five patients were referred with a mean delay of 3.8 days and 3
were treated immediately; all with debridement and compartment release.

Results: The total number of procedures per patient was 2 to 5. In 3 patients a heterodigital flap was necessary whereas
in one the second ray was amputated. Results were excellent in 5 cases and good in 3.

Conclusions: In injection injuries, prompt diagnosis and immediate aggressive surgical intervention are necessary to
save the patients’ digit/limb. Patients should be informed about the severity of their injury, its potential complications
and the multiple surgical procedures that may be required for a satisfactory functional result. Hippokratia 2008; 12 (1):

33-36
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High pressure injection injuries result from the inap-
propriate operation of equipment that achieve ejection
pressures of their contents sufficient to breach the human
skin!.

These injuries are uncommon with an estimated inci-
dence of one in 600 hand injuries presenting to an emer-
gency care unit’. They occur predominantly in young
men and are mostly occupational injuries®. The major-
ity of the injuries affect the non-dominant index finger
and occur usually due to inexperience in operating the
high pressure equipment, inappropriate use, insufficient
training, carelessness, fatigue at the end of the shift or
rupture of the equipment**. The most commonly inject-
ed substances are paints, paint solvents, grease, fuel oil
(paraffin oils, diesel oil, gasoline) but there has also been
reported injection of water, air, cement, and animal vac-
cines®’. In order to breach the human skin the ejection
pressure has to be at least 100 pounds per square inch
(psi)® while most high-pressure guns and injectors reach
pressures of 2000 to 12000 psi®.

The puncture wound is small, inconsiderable and not
distinct. Initially the toxic substance causes edema and
ischemia and later the combination of mechanical and
chemical factors leads to compartment syndrome and
consequently to fibrosis, adhesions, necrosis and second-
ary contractures and ulcerations, apart of the risk of sys-
temic intoxication (acute renal failure, air embolism)'”.

The aim of this study is to point-out the severity of

these apparently innocuous injuries and to raise physicians’
awareness for prompt diagnosis and effective treatment.
Material and Methods

In a period of 5 years, 8 patients with injection inju-
ries were treated in the Department of Orthopaedic Sur-
gery of Larissa University Hospital in Greece. The pa-
tients were injured on their hands while either using high
pressure machinery (6) or repairing hydraulic pumps
(2). All patients were male, with mean age of 34.5 years
(range 23-49) and manual workers. In 7 cases the injury
was occupational while one patient was amateur. Four of
7 occupational injuries occurred at the end of the shift
where fatigue played a significant role. The substances
involved in the injection injuries were solvents (2 cases)
and lubricants (6 cases).

The injury was located at the second ray of the domi-
nant hand in 7 patients (Figure 1A, 2A, 3A) and in the
3 ray in one, while the site of penetration was mainly
detected in the fingertip (6) (Figure 1A, 3A) and more
proximally in 2 cases (middle phalanx and head of sec-
ond metacarpal bone) (Figure 2A).

Regarding the time of admission to the Department of
Orthopedic Surgery of Larissa University Hospital, only
3 patients presented at the hospital immediately after in-
jury, while the other 5 came with a delay varying from
36 hours to 12 days (mean: 3.8 days). These 5 patients
were treated initially in other medical facilities, 4 conser-
vatively and 1 surgically.
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Figure 1.

A. A 32 years old male patient, 12 days after an injection injury of his right index with fuel oil. The patient was treated conser-
vatively in another hospital for the past days and presented to our hospital with a necrotic fingertip and with signs of pyogenic
tenosynovitis and septic arthritis of the DIP.
B. The patient underwent arthrodesis of the DIP joint and coverage of the fingertip with a heterodigital island flap.
C. Result 3 months postoperatively.

The mild initial clinical condition of the 3 patients, who
came immediately after injury (1-3 hours), deteriorated
rapidly in the following 6 hours. All the patients presented
with intense pain and widespread edema of the involved
digit, one presented with accompanying lymphangitis and
2 patients with delayed admission presented with an in-
fected trauma (Figure 1A). All developed compartment
syndrome in the involved digit and in 5 patients the com-
partment syndrome extended proximally (Figure 3A).

Tissue necrosis was observed around the entrance
wound (Figure 1A, 3A, 3B), while one patient, who was
admitted 36 hours after injection injury with solvent, pre-
sented with generalized symptoms (fever 40,1-41,1 C,
leukocytosis and signs of renal failure).

The treatment of these patients in the Department
Orthopedic Surgery of Larissa University Hospital was
surgical. Under general (1) or regional (7) anesthesia and
tourniquet control, surgical exploration of the involved
rays, debridement of nonviable tissue and lavage with
normal saline solution was performed and repeated, at
least once after 2-3 days for each patient, while compart-
ments (of the finger and hand) were released in all patients

(Figure 2B, 3B, 3C). The wound was sutured at a second
stage in 5 patients while in the remaining 3 patients fur-
ther procedures were necessary: amputation of the index
finger (1) (Figure 3C, D), arthrodesis of the DIP joint (1),
use of heterodigital flaps for fingertip restoration (3) (Fig-
ure 1B, C) and full thickness skin grafts (2) (Figure 3D).
One patient developed complex regional pain syndrome
and was treated with intravenous local anesthetic block-
ades. All patients received tetanus immunization and in-
travenous antibiotics (2™ generation cephalosporins and
aminoglycosides).

After discharge all patients were evaluated clinically
at 6 weeks, 3 and 6 months and at the latest follow-up
by measuring the total active and passive range of mo-
tion (ROM), and the grip and pinch strength. Pain was
evaluated with the visual analogue scale (VAS) with
scores ranging from 0 (no pain) to 10 (very severe pain).
Patient’s subjective opinion was recorded, and the dis-
abilities of the arm, shoulder and hand (DASH) score was
also obtained'’. The time to return to previous activities
was documented and the functional outcome was ranked
as excellent, good, fair or poor.

Figure 2.
A. A 49 years old male patient sustained an injection injury with fuel oil from a hydraulic pump and presented with a minor
wound of his right palm (2" ray).
B. The patient was treated immediately with debridement and compartment release. The fuel oil spread proximally and distally
following the path of the flexor tendon sheath.
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Results

The duration of follow up was 6 to 52 months. The
total number of procedures per patient was 2 to 5 (mean
2.7 procedures).

At the latest follow-up (and after reoperations) results
were excellent in 5 cases according to the final active
ROM. Good results included one arthrodesis of the DIP
(Figure 1C), one case of complex regional pain syndrome
and one amputation of the index finger, in order to save
both the limb and the patient’s life, which had a very good
functional outcome (Figure 3C, D).

At the latest follow up, the mean VAS score was 0.9
(range 0 to 3) and the DASH score was 8 (0.0-32). All
patients returned to their previous occupation and activi-
ties 8-16 weeks later (mean 10 weeks).

ger, indicating that the most vulnerable fingers are those
contributing to fine motor activity.

The seemingly innocuous initial clinical presentation
of injection injuries, with a narrow puncture wound and
mild symptoms and signs?, leads to their underestimation
not only by the patient, but also by the physicians. This
leads to extension of the tissue damage, development of
compartment syndrome and finally to functional disabil-
ity of the limb", or even to amputation’, while patients
life may also be at risk. The majority (5 of 8) of the pa-
tients of the present study presented at the hospital with
a significant delay (mean of 3.8 days) and extended dam-
age of the finger or even the palm, confirming the risks of
underestimation of these injuries.

The severity of injury and consequently the progno-

Figure 3.
A. A 25 years old male patient, presented to our hospital 36 hours after an injection injury of his right index with solvent. The
patient was treated surgically 20 hours after the injury in another hospital and was transferred to our hospital with signs of
systemic toxicity apart of the compartment syndrome of his hand and forearm.

B. The patient underwent extended debridement and compartment release but it was obvious that the index finger was not vi-
able.

C-D. Result 6 months after amputation of the second ray.

Discussion

High pressure injection injuries are uncommon inju-
ries of the hand and according to the literature they af-
fect mainly the non-dominant hand'~*!12, However, in all
cases of the present series the dominant hand was injured,
with the most common site of trauma being the index fin-

sis depend on the toxicity, density, and velocity of the
injected substance, the pressure of the appliance, the
anatomy and distensibility of the injection site, the pos-
sible secondary infection and the interval between injury
and treatment!!. Amputation rate ranges between 16%
and 48% and can even reach 80% in injection injuries
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by paint solvents>!*. The amputation risk is lower if wide
surgical debridement occurs within 6 hours of injury'. In
the present study the worse clinical presentation, which
led to amputation, was due to paint solvent injection. Sec-
ondary infection occurred only in cases with late presen-
tation and treatment.

Prompt and correct diagnosis is crucial for the re-
duction of the catastrophic results'>!*. Due to their po-
tential morbidity injection injuries are characterized
as “the most urgent of all emergencies of the hand” '°.
Physicians must be aware of the emergency of this con-
dition, and must regard all patients who report digital
injection as potential amputees at the time of the injury"!
and refer them to the appropriately specialized hospital.
Almost all of these injuries require expeditious surgery
and nonsurgical treatment is exceptional'. Usually mul-
tiple procedures are needed and late reconstruction of
the salvaged digit may include the use of flaps to restore
good quality pulp tissue to the index finger'®. Antimi-
crobial therapy including tetanus prophylaxis'? and use
of anticoagulants is recommended, whereas the use of
steroids is controversial'®. Patients and their relatives
should be informed of the nature and severity of this
injury. Wide surgical exploration, including decompres-
sion of tissue compartments, debridement of nonviable
tissue and high-volume saline irrigation under general
or regional anesthesia is recommended whereas digital
blocks should be avoided.

It is suggested that education of high-risk population
in the use of high-pressure equipment and of health care
workers, would help to reduce the number of these inju-
ries’. These seemingly innocuous injuries should not be
underestimated but should alert physicians, so that their
destructive consequences are limited.
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