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Abstract
Background: High-pressure injections injuries to the extremities can result in significant disability, including amputation of
the affected limb. Proprietary mixtures associated with drill mud and hydraulic fracking leads to frequent encounters with
varied materials. The physician needs to be aware of the effect of these materials when inadvertent exposure occurs.
Injected toxic materials cause extensive soft tissue inflammation and destruction. This puts the foot at risk not only to the
cleaning fluid used, generally water, but any contaminant on the boot at the time of injury. This case report is the first known
case report involving injection with drill mud contaminant and describes 2 oil field injuries resulting in the gross deep
contamination of the foot from a high-pressure washer injury.
Case Report: Two patients, a 46-year-old man (patient 1) and a 29-year-old man (patient 2) sustained high-pressure
injection injuries to the foot. These patients underwent treatment with immediate broad-spectrum antibiotics and emergent
irrigation and debridement on arrival to the treating facility. Neither patient underwent amputation of the affected extremity
as a result of their injuries and achieved a full recovery and return to work.
Conclusion: High-pressure injection injuries are operative emergencies. Treatment should include tetanus prophylaxis,
neurovascular monitoring, broad-spectrum antibiotic coverage, emergent operative debridement for toxic materials.
Despite the toxic nature of the injection injuries, aggressive treatment can improve the chance of salvage in these industrial
injuries.
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Introduction

High-pressure sprays of liquid are commonly used in indus-

trialized settings. However, these sprays can sometimes mal-

function leading to injection injuries of the extremities or

face. Various previous reports on the effects of injuries sec-

ondary to high-pressure injections on the abdomen, face,

spine, hand, and foot have been reported in the litera-

ture.6,8,12,22,24 The material injected is one of the primary

contributors to the patient outcomes after injury, and the

previously reported literature is scarce in regards to injec-

tions in industrial settings.11,21 Industrial settings often have

particularly noxious contaminants and this is especially true

in oil fields, although injection injuries involving river water

have also been reported involving aggressive contami-

nants.5,23 Petroleum-based products are commonly associ-

ated with injection injuries in oil fields, but more exotic

materials such as clay, heavy metals, and radioactive sub-

stances have also been reported.25 Proprietary mixtures

associated with drill mud and hydraulic fracking leads to

frequent encounters with varied materials. The physician

needs to be aware of the effect of these materials when

inadvertent exposure occurs.

Injected toxic materials cause extensive soft tissue inflam-

mation and destruction. Recommended treatment is generally

immediate irrigation and debridement and removal of the

foreign material.4,14 It may be difficult in industrialized setting
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to determine exact composition of the material. This is espe-

cially true when the high-pressure device is used to clean

equipment in the less than controlled setting of the oil field.

The composition of the cleaning fluid as well as the substances

being removed has to be considered. Amputation is a common

result of injections with petroleum-based products.24

Injection injuries in the foot are infrequently reported.

The pressure reported to penetrate work boots is relatively

low, 2000 PSI, compared to the pressures in common use,

which range from 600 to 12 000 PSI.18 This puts the foot at

risk not only to the cleaning fluid utilized, generally water,

but any contaminant on the boot at the time of injury. This

case report describes 2 oil field injuries resulting in the gross

deep contamination of the foot from a high-pressure washer

injury.

Case Report

Case 1 involves a 46-year-old man (patient 1) who used a

commercial pressure washer at an unknown pressure in the

oil field to remove drilling mud and other debris from the

equipment. This equipment was contaminated with

drilling mud, diesel, and other drilling site–related materi-

als. It was unknown what fluid was in the pressure washer.

The dorsal aspect of his left foot was sprayed with the

pressure washer. The transfer of the patient to a tertiary

referral center took 16 hours. On arrival, the patient had a

white count of 22 700, a C-reactive protein of 5.9, and an

erythrocyte sedimentation rate of 16. Physical examination

revealed a 3�4-mm opening at the base of the fourth meta-

tarsophalangeal joint on the dorsal side. Erythema over the

dorsal lateral aspect of the foot extended from the toes to the

ankle. The opening was draining a serous fluid smelling of

petroleum. Radiographs showed a radiopaque material in

the subcutaneous tissues both dorsal and plantar aspects of

the foot (Figure 1). Treatment was broad-spectrum intrave-

nous antibiotics and emergent irrigation and debridement in

the operating room.

Two longitudinal dorsal incisions, with a 3-cm skin

bridge, exposed a large amount of gray material that smelled

of petroleum with the consistency of toothpaste. A Bruner

incision was made on the plantar aspect of the foot under the

injection site exposing more of the gray material. The

wounds were copiously irrigated with 6 liters of normal

saline containing castile soap. The tissues appeared viable.

Debridement at this time did not extend into the toes, and

fluoroscopy was not used during the debridement. Radio-

graphs after the first debridement showed a significant

amount of retained material (Figure 2). Two days later, the

patient was taken to the operating room for a second irriga-

tion and debridement. Necrotic subcutaneous tissue and resi-

dual gray debris were found extending into the third and

fourth digits and throughout the plantar fat pad. The plantar

and dorsal incisions were irrigated with 3 L of normal saline

with castile soap. The foot was splinted to prevent an equi-

nus contracture. A third debridement encountered purulent

material but little foreign material. A wound vacuum closure

device was applied to the dorsal surface because of skin loss

about the injection site. Eight days after initial debridement,

the wounds were closed with a split-thickness skin graft

dorsally. Radiographs at that time showed little foreign

material.

Figure 1. Radiographs showing radio-opaque subcutaneous
material in the dorsal and plantar aspects of the foot.

Figure 2. Persistent retained radio-opaque material after the initial
irrigation and debridement procedure seen on radiographs.
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Patient followed up over the course of the next 6 months.

Healing was complicated with a superficial infection at

3 months with wound cultures growing Staphylococcus

aureus and Klebsiella oxytoca. The infection was resolved

after a course of oral antibiotics. At 6 months postoperation,

the wound and graft site had healed, and the patient’s pain

managed with nonopiate medications. Custom foot beds

were recommended to accommodate the loss of soft tissue

on the plantar foot. Figure 3 shows the clinical appearance of

the foot at final follow-up.

Case 2 involves a 29-year-old man (patient 2) who sus-

tained commercial pressure washer injury with an unknown

pressure to his left foot on accidentally injecting himself

while trying to free his boot from mud in an oil field. The

pressure washer was fed with well water, but the contents are

unknown. The area of injury was contaminated with debris,

mud, and other drilling site materials. The dorsal aspect of

his foot in the first web space sustained a small puncture

wound. Transfer to the treating center took approximately

20 hours. On arrival, the patient had a white blood cell count

of 10 320. Radiographs showed a radiopaque material in the

soft tissues in the dorsum of the foot at the level of the first

metatarsal (Figure 4). Treatment was broad-spectrum anti-

biotics in the emergency department and emergent irrigation

and debridement in the operating room.

The wound was explored in the operating room. The area

of injury was explored, and no purulence was noted. At this

time, the wound was curetted to the level of bone and thor-

oughly irrigated with 6 liters of normal saline. The tissues

appeared viable and the wound was loosely approximated

with nylon sutures. The patient was discharged 3 days later

on oral amoxicillin clavulanate (Augmentin) for 14 days.

The patient followed up in clinic 4 weeks after discharge.

Sutures were removed and the wound was well healed with-

out signs concerning for infection. The patient was instructed

on signs and symptoms of infection and voiced understand-

ing. No further clinical encounters were documented with the

patient.

Discussion

Patient 1 was exposed to an unknown industrial mix of

materials at an oil field drilling site. When asked about the

material, the personnel accompanying the patient reported

drill mud, diesel, and heavy metals. The material was

reported to have a pH of 10. The radiographs showed a

radiopaque material in both the dorsal and plantar soft tis-

sues of the foot. At both the first and second debridement, a

strong petroleum smell was noted. The soft tissues were

severely affected by the foreign material, with extensive

necrosis. This may be due to the petroleum or caustic com-

ponents. The material spread widely in the dorsal and plantar

soft tissues as demonstrated by the initial radiograph. It does

appear that the extent of the foreign material spread was not

fully explored at the first debridement. It is possible that the

lack of fluoroscopy and lack of sufficient exposure during

the initial debridement contributed heavily to the subsequent

need for multiple trips to the OR for this patient. This is

evident by the radiographs taken after the initial debride-

ment. There was a vigorous inflammatory reaction with a

large inflammatory exudate although the patient’s white

count, and C-reactive protein were not particularly elevated.

Patient 2 had a similar exposure with a pressure injection

injury at an oil field with an unknown mixture of chemicals

and additives. Radiopaque material was confined in the dor-

sal subcutaneous tissue of the foot. The initial emergent

operative debridement was sufficient to remove the foreign

material and debride the affected tissue, which contributed

to the relatively uneventful hospital stay and subsequent

discharge.

The previously published reports of injection injuries out-

comes ranges from benign to amputation. The extent of the

soft tissue injury, the material injected, the time to debride-

ment, and injection pressure are key factors in the outcome

of the injury.1 Urgent operative debridement is key in reduc-

ing the impact of the injected materials. Debridement within

6 hours is recommended.1,14 Petroleum distillates have been

reported to have a worse prognosis and should always trigger

immediate operative intervention.14 Despite the use of a

surfactant, such as castile soap, patient 1 required 2 debride-

ments to remove the petroleum products. It is often neces-

sary to repeat the debridement to remove all the foreign

material and necrotic soft tissue. Cultures are often positive

Figure 3. Clinical appearance of the foot at the final follow-up.

Figure 4. Radio-opaque material seen at the level of the first
metatarsal seen on radiographs of patient 2.
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in injection injuries, but have not shown a correlation to

outcome.1 Literature review has shown negative pressure

wound therapy being used with positive outcomes to apply

a base for subsequent skin grafting, which is consistent in the

outcome seen in this patient.17

High-pressure injection injuries in the foot with water

only have been previously reported, with 2 patients who

sustained an amputation to the affected digit after minimal

debridement at index procedure.24 The injection of normal

saline under high pressure did not appear to cause significant

soft tissue reaction, whereas the mechanical effects of the

injection contribute to the majority of the tissue destruction

in similarity to high pressure missiles.10,20 The cases we

reported underwent extensive debridement at index proce-

dures without eventual amputation, although the injuries

sustained were both high-pressure injections coupled with

toxic materials. It is possible that the extensive debridement

these patients received contributed to the lack of amputation

as a part of their treatment course.

The unique aspect of these cases is the setting. The recent

spread of hydraulic fracking has seen extensive spread of oil

drilling in the United States. This is exposing a larger section

of the workforce to the chemicals used in the industry. In this

case, the patient was known to be exposed to petroleum

products and drill mud. Drill mud is a viscous liquid used

in the drilling process. The mud circulates through the well,

cooling the drill bit, removing debris generated by the

drilling process, preventing the influx of gas and crude oil,

and supporting the sides of the well to prevent collapse.

The composition of the drill mud varies according to manu-

facturer propriety blends, but commonly includes such mate-

rials as barium sulfate, hematite, zinc chromate, organic

amines, formaldehydes, esters, hydrated lime, diesel, phenol,

and caustic soda. It is often strongly alkaline and highly

poisonous.13,19 The organic components and the alkaline pH

are both recognized as risk factors for amputation after injec-

tion injury because of their toxicity to skin.26

The drill sites are often in remote locations. Transporta-

tion to tertiary treatment centers can result in delay in treat-

ment. Patient 1 required 16 hours to transport to the treating

facility, whereas patient 2 reached the treating facility in

roughly 20 hours after injury. The delay in treatment is a

known risk factor in amputation after injection injuries.1,7

As the chemicals break down the tissues, inflammatory med-

iators are released. The resulting swelling can increase the

pressures within compartments already compressed by for-

eign material. Compartment syndrome can result from the

initial injection owing to volume of material or can develop

from the body’s reaction to the insult.2,15

The technique of fracking has been extensively covered

in the media. Fracking is a technique of injecting fluids

under very high pressure to access the hydrocarbons trapped

in shale formations. The injected fluids are often a propriety

blend by the manufacturer, and it is difficult to discern their

exact composition. However, literature has shown that a

mixture of nonpolymeric and polymeric compounds such

as cellulose, starch, xanthan gum, guar gum, polyanionic

cellulose (PAC), and carboxymethyl cellulose in conjunc-

tion with bentonite are commonly used to reduce environ-

mental impact and decrease cost.9,16,25 A literature search

found no reports of injection injuries from fracking fluid.

The mechanism of fracking makes a direct injection injury

to an extremity during fracking extremity unlikely. Exposure

to these materials is more likely when servicing or cleaning

equipment in oil fields.

In conclusion, high-pressure injection injuries are opera-

tive emergencies. Treatment should include tetanus prophy-

laxis, neurovascular monitoring, broad-spectrum antibiotic

coverage, emergent operative debridement for toxic materials,

and fasciotomies if compartment syndrome is a concern.1,3

Tissue injury from the mechanical injury of the injection can

be compounded by the materials exposed. The materials in the

oil field are particularly toxic, and the physician should have a

low threshold for operative exploration of injection injuries

sustained in the oil field. If the injury is sustained in a remote

location, transport to a treating facility should be expedited.

Despite delays in treatment and the toxic nature of the injec-

tion injuries, aggressive treatment can improve the chance of

salvage in these industrial injuries. After reviewing the differ-

ences in these 2 cases, we highly recommend the use of

fluoroscopic imaging in the operating room if foreign material

is retained in the soft tissue as well as a more extensive deb-

ridement in order to thoroughly debride the injured soft tissues

when necessary.
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