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\ Abstract
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initial appearance, can result in significant morbidity due to deep
tissue involvement and rapid progression to compartment syndrome.
We report a case of 64-year-old male quarry worker who sustained a
high-pressure injection injury from a power washer to his middle finger
of his right dominant hand. Despite a small entry wound, he developed
extensive soft tissue swelling, crepitus, and signs suggestive of early
finger compartment syndrome. Radiography revealed subcutaneous
emphysema. Prompt diagnosis, early hand and plastic surgical
consultation and intervention were critical in initiating appropriate

management and preventing long-term functional disability.
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Introduction

High-pressure injection injuries of the hand are uncommon
but potentially limb-threatening conditions often observed in
industrial settings. Such injuries frequently present with mini-
mal external signs but have potential to rapidly evolve into com-
partment syndrome, tissue ischemia, necrosis, and even ampu-
tation if not promptly diagnosed and managed. These injuries
however pose a diagnostic challenge due to their deceptively
minor superficial wounds. This case emphasizes the importance
of early recognition and imaging by emergency physicians and
prompt specialist referral in the management of high-pressure
injection injuries.

Case presentation

A 64-year-old male, quarry worker, presented to our emer-
gency department, complaining of swelling and severe pain in
his right hand, two hours after sustaining an accidental injury

to the middle finger of his right dominant hand while operating
a power washer at his workplace. His past medical history was
significant for well-controlled hypertension.

On examination, a 4 mm puncture wound was noted on the
antero-lateral aspect of the volar surface of proximal phalanx of
his right middle finger. However, no exit wound was observed.
The wound was dry, with no active bleeding or discharge. There
was noticeable erythema and fusiform swelling involving the
entire middle finger (Figure 1). Palpable crepitus was present
which extended into the hand, and passive and active move-
ments of the third metacarpophalangeal (MCP), proximal inter-
phalangeal (PIP), and distal interphalangeal (DIP) joints were se-
verely restricted and painful. Capillary refill was brisk, and distal
neurological examination was intact.

An intravenous (IV) line was secured, and the patient re-
ceived parenteral analgesia, prophylactic antibiotic and a tet-
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Figure 1: 4 mm entry wound with erythema and fusiform swelling
| involving the entire right middle finger.

Figure 2: Plain radiographs showing subcutaneous air tracking
| within the compartments of the finger and hand.
o

anus booster. Plain radiographs of the right hand and middle
finger demonstrated subcutaneous air tracking within the com-
partments of the finger and hand, suggestive of a high-pressure
injection injury (Figure 2). Given the clinical findings of tense
swelling, severe pain with passive motion, and radiological
evidence of air in tissue planes, a presumptive diagnosis of im-
pending compartment syndrome was made.

Urgent consultation with the hand and plastic surgery team
was obtained for further evaluation and definitive manage-
ment. Physical milking out of water and air bubbles out of
wound was attempted prior to surgery. Our patient subsequent-
ly underwent digital decompression through finger fasciotomy,
performed by hand surgeon using bilateral midline incision. On
physical exam post-surgery, sensation, blood flow, and color re-
turned to the finger. The patient was ultimately admitted to the
hospital, and he made an uneventful recovery.

Discussion

High-pressure injection injuries of the hand, while uncom-
mon, represent true surgical emergencies due to the decep-
tively benign appearance of the initial wound contrasted with
the potential for devastating outcomes [1]. These injuries are
characterized by the forcible entry of substances—commonly
grease, paint, or water—into soft tissues under pressures ex-
ceeding 2,000 psi, causing mechanical tissue disruption and
rapid spread along fascial planes. Our patient’s constellation of
findings—rapid swelling, severe pain on passive movement, fu-
siform digit swelling, and crepitus—met criteria for a presump-
tive diagnosis of impending compartment syndrome, even in
the absence of overt neurovascular compromise. These signs
are critical, as clinical diagnosis should not be delayed pending
confirmatory tests when compartment syndrome is suspected

2.

Though, the type of injected material affects prognosis, but
timing of intervention is a more critical determinant of outoc-
me. The type of injected product and its cytotoxicity are the
also most important prognostic factors in this type of injury.
Paints, solvents, paint thinner, plastic, lubricants, fuels, grease,
cement, and hydraulic fluids are some of the substances that
can be injected. The injection of water, air, or small quantities
of veterinary vaccine usually induces minimal inflammatory re-
sponse and generally has a good prognosis. It can be managed
non-surgically with close observation if compartment syndrome
is not present. On the other hand, turpentine and other organic
solvents frequently used in an industrial context as diluents, dry
cleaning, and paint thinners to oil-based paints are highly cy-
totoxic since they dissolve fats and lead to tissue liquefaction,
offering an overall poor outcome and a 40% risk of amputation.
Solvents have a low viscosity and a fast distribution along the
tissues. The amputation rate is significantly higher following
injuries involving oil-based paints than following water-based
paints. Other products like lubricants, wax, grease, and graphite
usually do not provoke a very intense inflammatory response
but can lead to chronic granulomas. Secondary infection is of-
ten polymicrobial and occurs when tissue necrosis is present.
Prophylactic antibiotic therapy is recommended to reduce the
risk of infection. Infection is relatively uncommon, because the
injected material is usually an organic chemical that does not
support bacterial growth. Nevertheless, when a patient pres-
ents to the emergency department several days after the initial
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injury, suspicion should be raised, for example, in cases of flexor
tenosynovitis. If the temperature of the injected solvent is very
high, then it accentuates the injury by burning the underlying
soft tissues and skin. Water, although non-toxic, poses particu-
lar danger due to its high volume and low viscosity, allowing for
extensive tissue penetration and pressure buildup. This can rap-
idly lead to compartment syndrome and tissue necrosis if not
promptly addressed [2]. In our case, rapid onset swelling, crepi-
tus, and pain with passive motion raised immediate concern for
this complication. Our patient’s presentation is comparable to a
case reported by Verhoeven and Hierner [3], in which a patient
sustained a high-pressure water injection injury to the hand and
developed rapidly progressing swelling, pain, and subcutaneous
emphysema. Like our patient, the wound appeared deceptively
minor on the surface, but required urgent surgical debridement
due to extensive underlying tissue involvement. The key differ-
ence is that our patient presented earlier—within two hours—
allowing for prompt diagnosis and surgical referral, likely pre-
venting further complications. Radiographs are critical in such
settings, not only to rule out any radio-opaque foreign bodies,
fractures but also to detect subcutaneous emphysema—an im-
portant diagnostic clue [4]. The classic signs of compartment
syndrome—pain out of proportion to exam, pain with passive
stretch, pallor, paresthesia, and pulselessness—often emerge
late, making early recognition of subtle signs like crepitus and
swelling essential [5].

Early surgical intervention has been shown to significantly
improve outcomes. In a systematic review, delays beyond 6-8
hours were associated with a higher rate of necrosis and am-
putations, particularly in water and solvent-based injection
injuries [6]. Our patient’s early presentation, accurate clinical
assessment, and urgent referral likely played a critical role in
preventing progression to necrosis or amputation. This case
reinforces findings from similar reports, emphasizing that even
low-toxicity materials like water can cause severe compartment
syndrome due to mechanical effects [1,3,4,6]. Occupational
settings such as quarry work pose particular risks due to the
high-pressure tools in use and the tendency to underestimate
seemingly minor wounds. Feldman et al. described a pediatric
patient who sustained a similar injury from a power sprayer.
Due to delayed presentation, the child developed a severe in-
fection requiring prolonged hospital care. Our case, by contrast,
underscores the importance of early recognition and highlights
the favorable outcome that can be achieved when intervention
is not delayed [7]. A systematic review by Schnall et al. empha-
sizes that while grease and paint-based injuries often involve
chemical toxicity, water injection injuries—though chemically
benign—carry high risk of compartment syndrome due to hy-
drostatic dissection along tissue planes. This aligns with our
case, where water from a power washer caused extensive sub-
cutaneous air and swelling despite the absence of caustic sub-
stances [8].

Additionally, the study by Hogan and Ruland, which reviewed
42 patients with high-pressure injection injuries, found a 30%
amputation rate—particularly among those who presented late
or received delayed surgical care. This further illustrates the im-
portance of early diagnosis and management, as demonstrated
in our case [9]. The pathophysiology involves mechanical dis-
ruption of tissue, vascular injury, and inflammatory response.
Injected materials spread rapidly along tissue planes, increasing
compartmental pressure and compromising perfusion. Water,
in particular, poses a significant risk due to its high volume and
low viscosity, facilitating extensive tissue penetration and ede-

ma formation. Moreover, secondary infection is a frequent con-
cern, particularly when the injury introduces environmental or
workplace contaminants, as is likely in quarry settings [9]. Other
differential diagnoses at presentation should include cellulitis,
necrotizing fasciitis, gas gangrene or simple traumatic punc-
ture wounds. However, the rapid onset of swelling and crepi-
tus, in conjunction with severe pain on passive motion, should
alert clinicians to the possibility of a compartment syndrome.
The presence of subcutaneous emphysema seen on radiogra-
phy further supports this diagnosis. It is crucial to distinguish
these injuries from simple lacerations to avoid delays in defini-
tive care. Management of such injuries must be prompt and
aggressive in a busy emergency department. Early recognition
is important based on history and physical exam. Early admin-
istration of broad-spectrum antibiotics should be done due to
the polymicrobial risk in contaminated water exposure. Urgent
relevant surgical consultation is paramount for potential fasci-
otomy or debridement. Studies have shown that delays beyond
6-8 hours in surgical management can lead to irreversible isch-
emic damage, tissue necrosis, and amputation rates exceeding
as high as 50% in some case series [10]. Hence, even in the ab-
sence of overt signs of neurovascular compromise, high clinical
suspicion warrants early intervention.

Conclusion

High-pressure injection injuries are surgical emergencies
that require a high index of suspicion despite their initially in-
nocuous appearance. This case underscores the importance of
thorough clinical assessment, timely clinical suspicion, early
imaging, and prompt specialist consultation to prevent devas-
tating complications such as compartment syndrome, necrosis
and digital amputation. While previous literature supports the
severity of such injuries, our case contributes an example of
successful early recognition and management in a high-risk oc-
cupational setting. High pressure injuies from water may appear
benign but spreads rapidly in tissue. Delay worsens outcome,
even with less toxic material.
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