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The Use of Dilute Dakin’s Solution for the Treatment
of Angioinvasive Fungal Infection in the Combat Wounded:

A Case Series
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Lt Col Wade T. Gordon, USAF MC*†

ABSTRACT Disseminated fungal infections are normally opportunistic infections in the immunocompromised popula-
tion. Current literature has documented a high mortality rate with these infections in civilian trauma or as complications
of severe burns. There is only one published case of fungal infection in a combat-injured individual to date, which
resulted in mortality despite aggressive debridement and appropriate antifungal agents. We present here three patients in
whom aggressive debridement, antifungals, and the addition of dilute Dakin’s solution with negative pressure wound
therapy was used to treat angioinvasive mold. Angioinvasive fungal infection continue to be one of the most aggressive
and devastating infections that our combat-injured patients face. With the addition of dilute Dakin’s solution, we
successfully managed three critically ill patients. Previous literature had shown close to 30% mortality associated with
cutaneous mucormycosis and the mortality rate approaches 100% with disseminated angioinvasive fungal infections.
These results provide hope not only for the combat-injured patients being treated for both local and disseminated
angioinvasive fungal infections, but also for the civilian trauma and immunocompromised patients.

INTRODUCTION
Fungal infections have traditionally been considered opportu-

nistic infections seen predominantly in the immunocompro-

mised population. Previous case reports and series have

reported on invasive fungal infections associated with civil-

ian trauma and severe burn injuries. These infections are

typically managed with aggressive debridement and systemic

antifungal medications, with limited success.1–8 To date,

there has been one article in the infectious disease literature

describing the course of a severely injured combat casualty

who died secondary to an aggressive actinomucor infection,9

and we are aware of no literature describing ways to modify

surgical technique to help improve survivorship in the face of

these aggressive infections.

In this report, we describe the use of dilute Dakin’s solution

(0.025% sodium hypochlorite solution)10 and negative pres-

sure wound therapy (NPWT) in three patients as an adjunct

to the aggressive surgical debridement required to address

aggressive fungal infections. Sodium hypochlorite solution

has been previously used for treatment of combat-related

wound infections since the Civil War11; however, the use of

dilute Dakin’s solution has not been described to date in the

management of angioinvasive fungal infections in patients

with severe traumatic wounds.

CASE 1
The first patient is a 24-year-old male Marine who sustained

injures while conducting combat operations in support of

Operation Enduring Freedom. His vehicle encountered an

improvised explosive device causing multiple injuries includ-

ing a right transtibial amputation, left transfemoral amputation,

and a right transradial amputation. In addition, he sustained a

severely mangled left upper extremity (Figs. 1–3). His initial

management included obtaining hemorrhage control, decon-

tamination, and resuscitation in Afghanistan. He underwent

a revascularization procedure using vein grafts in his left fore-

arm to revascularize his left hand. Once stabilized, he was

evacuated to Landstuhl Regional Medical Center and under-

went additional irrigation and debridement procedures before

transferring to our facility. During the aeromedical evacuation,

the patient began to hemorrhage from his left upper extremity

vein grafts and was emergently diverted to Canada for assess-

ment and hemorrhage control. After 48 hours, he continued his

evacuation to National Naval Medical Center. On arrival at our

facility 6 days from the date of injury, he was febrile to 104� F
with exposed left forearm vein grafts, an open abdomen, and

malfunctioning Wound Vacuum Assisted Closure (V.A.C.)

(KCI, San Antonio, Texas). Therefore, a decision was made

to urgently take him to the operating room for wound assess-

ment and aggressive debridement and irrigation.

Intraoperatively, his right knee disarticulation appeared

viable. However, his vein grafts were nonviable and necrotic

appearing. He did have a dopplerable arch that is presumed to

be from dorsal collateral flow. His right transradial amputation

was largely nonviable, and the radius and ulna were removed

along with large amounts of skin and dead muscle. The high

left transfemoral amputation was malodorous and had obvious

necrosis. Following aggressive debridement and irrigation of
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all wounds, the patient was started on broad spectrum antibi-

otics and tissue was sent for culture. Based on the appearance

and the presence of extensive necrosis in all wounds, a deci-

sion was made to return to the operating room in 24 hours for

repeat debridement and irrigation. At the next operative inter-

vention, because of the extent of tissue necrosis around the

left transfemoral amputation, his left transfemoral amputa-

tion was revised to a hip disarticulation. Several specimens

from the left lower extremity were sent to pathology for

histological evaluation as well as to microbiology. Histologic

analysis revealed angioinvasive fungal elements. Wound cul-

tures eventually grew Aspergillus fumigatus.
On hospital day 4, the patient underwent repeated debride-

ment of his bilateral lower extremity wounds. During this trip

to the operating room, he also required a left transradial

amputation, as a result of extensive tissue necrosis and an

inability to maintain adequate tissue perfusion to the hand.

Serial debridements continued every 48 hours. Once positive

fungal cultures were obtained, Dakin’s solution was added to

the intraoperative irrigation solution at the next debridement.

The patient’s left hip disarticulation wound was then treated

with Dakin’s solution infused using Instill Therapy Wound

V.A.C. This allowed for timed administration and removal of

the solution from the wound bed. The Dakin’s solution using

the Instill Therapy Wound V.A.C. was subsequently placed

on his right lower extremity and his open abdomen, following

positive fungal cultures and concern for continued necrosis at

these sites. The patient continued to undergo serial irrigation

and debridement every 48 hours. The patient’s wounds were

ultimately closed without further complications on hospital

day 31.

CASE 2
The second patient is a 46-year-old male who was injured

by an improvised explosive device while on foot patrol.

He sustained bilateral traumatic transfemoral amputations,

along with bilateral upper extremity and superficial torso soft

tissue injuries. Although en route in the aeromedical evacua-

tion system, he was taken to the operating room for serial

debridements of his lower extremity amputations with Wound

V.A.C. placement.

On arrival to our institution, the patient was 6 days out

from initial injury. Initial radiographs showed 13 cm of resid-

ual right femur and 17 cm of residual left femur. Empiric

antibiotic coverage at presentation included meropenem,

vancomycin, and doxycycline.

At initial debridement, the right lower residual limb

appeared grossly healthy, whereas the left showed significant

fat and deep muscle. The necrotic tissue extended proximal

to the inguinal ligament, and operative cultures yielded

Zygomycete and Aspergillus species. Because of the appear-

ance of fat necrosis suspicious for angioinvasive fungal infec-

tions, NPWT, with Dakin’s solution infusion, was used to

FIGURE 1. Right transradial amputation on presentation of case 1.

FIGURE 2. Left forearm with prominent soft tissue loss and tissue necrosis
of case 1.

FIGURE 3. Left transfemoral amputation with evidence of fat necrosis on
presentation of case 1.
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help manage the fungal infection, along with serial, aggres-

sive surgical debridements. Antimicrobial coverage was also

broadened to include Ambisome. The tissue of the left lower

residual limb, however, continued to show progressive necro-

sis, and on hospital days 6 and 10, it was again aggressively

debrided. Repeat cultures were again positive for Zygomycete
and Aspergillus, and voriconazole was added to the antibiotic
regimen, with discontinuation of vancomycin and meropenem.

After several additional debridements, when the tissue

appeared amenable to wound closure on hospital day 18,

Integra collagen bioscaffold graft (Integra LifeSciences,

Plainsboro, New Jersey) was placed over the left lower

extremity amputation wound.

On hospital day 23, the patient was febrile and the right

lower extremity was opened and debrided after appearing

suspicious for deep infection. After several additional opera-

tive debridements, on hospital day 37, both the left and right

transfemoral amputations were covered with split thickness

skin grafts and dressed with a Wound V.A.C. After Wound

V.A.C. removal on hospital day 42, there were small areas of

incomplete take of the skin grafts, which healed successfully

by secondary intention. The patient’s final radiographs

showed 10 cm of residual right femur and 10 cm of residual

left femur. The patient required continuing wound care for

several weeks after discharge but ultimately healed his

wounds without recurrence of infection.

CASE 3
The final patient is a 29-year-old male who was also the

victim of a blast injury while on foot. He sustained an unstable,

vertical shear pattern open pelvic fracture, left transfemoral

amputation (Fig. 4), right knee disarticulation, and severe

bilateral upper extremity soft tissue injuries with multiple

digit amputations. He also sustained severe buttock and peri-

neal soft tissue injuries with associated unilateral orchiectomy

and penile injury.

He underwent emergent laparotomy and clamping of the

iliac vessels for proximal control of the hemorrhage from his

lower extremity amputations on initial presentation. He sub-

sequently underwent serial debridements while en route to

our institution. On arrival on day 5 after his injury, the patient

arrived intubated, on a ventilator, and was hemodynamically

stable. Initial radiographs showed left transfemoral amputa-

tion and a right knee disarticulation. He was taken to the

operating room where his wounds were again debrided, and

revision of his above knee amputations was performed.

Despite aggressive serial debridements, an extensive progres-

sion of necrosis of both adipose and muscle tissues was noted

at each return trip to the operating room (Figs. 5 and 6).

Intraoperative wound cultures taken on hospital day 7 of

bilateral lower extremities grew an angioinvasive species of

Zygomycete. On the subsequent day, Dakin’s solution was

infused with Wound V.A.C.s on both lower extremity ampu-

tation wounds. This was done by infusing a constant drip of

Dakin’s solution into the wounds with intravenous fluid

tubing at a site distant from the Wound V.A.C. Trac-Pad.

This provided a constant lavage of the wounds with the

Dakin’s solution. On return trips to the operating room, the

bilateral lower extremities showed continued progression of

soft tissue necrosis and were again aggressively debrided.

Cultures taken at the time of these debridement procedures

continued to be positive for fungal elements. On hospital

day 20, the patient was taken to the operating room for irri-

gation and debridement of bilateral lower extremities, with

a Dakin’s solution Instill Wound V.A.C. placement over

the left lower extremity and Integra with a traditional Wound

V.A.C. system placed over the right lower extremity. After

multiple additional debridements, the left lower extremity

wound had cultures that were negative for fungal elements

on hospital day 39. At this point, the wound was closed

primarily. The right lower extremity was debrided, and the

Integra grafting was revised. On hospital day 50, the patient’s

right lower extremity was successfully covered with a split

thickness skin graft.

DISCUSSION
Zygomycetes and Aspergillus are found ubiquitously on

decomposing organic material and are regularly inhaled in

spore form without concern to immunocompetent patients.5,7

However, angioinvasive fungal infections continue to be

among the most aggressive and devastating complications to

affect our combat-injured patients. To date, we have evidence

of approximately 77 patients with confirmed or presumed

angioinvasive fungal infection from Iraq and Afganistan

since 2001 throughout the department of defense medical

treatment facilities. These infections lead to dramatic short-

ening and frequently the ablation of residual limbs secondary

to the aggressive debridement of tissue necessary to gain con-

trol of the advancing necrosis associated with these infections.

With the addition of Dakin’s solution through either Instill

Therapy Wound V.A.C. or intravenous tubing in conjunction

with traditional Wound V.A.C., we successfully managed

three critically ill patients whose outcome may have been

dramatically worse without this novel treatment modality.

The existing civilian literature has shown close to 30%

mortality associated with nosocomial acquired cutaneous
FIGURE 4. Left transfemoral amputation of case 3 on presentation with
extensive devitalized muscle.
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mucormycosis following traumatic injury despite aggressive

debridement and appropriate antifungal medication.12 Appro-

priate antifungal agents for invasive infections have been

defined in the infectious disease literature as intravenous

amphotericin B because it is in vitro activity and lower tox-

icity or the newer azole preparations, such as voriconazole

and posaconazole in resistant cases.2,9,13,14

Hyperbaric oxygen therapy has also been used as an adjunct

in combination with aggressive debridement and antifungal

agents for the treatment of invasive fungal infection; how-

ever, the evidence of its effectiveness has been limited.15

There are also other barriers to the application of hyperbarics

in this clinical setting. In addition to the need for a hyperbaric

oxygen unit on site, patients with angioinvasive fungal infec-

tion tend to be critically ill, requiring continuous intensive

care that can be difficult to provide during dwell time in the

hyperbaric chamber as well as the transportation to and from

the treatment.

With the continued treatment of infection in combat

casualty patients, there has been a trend toward increasing

antimicrobial resistance, with a significant increase in the

incidence of resistant organisms between 2002 and 2005 at

U.S. treatment facilities.16,17 In cultures of returning service

members, it was shown that only colistin and minocycline

were shown to be effective more than 75% of the time in

treatment of all colonizing agents.18 With these increasing

rates of resistance, combination therapy with Dakin’s solu-

tion may continue to provide antimicrobial treatment solu-

tions even with the most aggressive infections. Previous

reports describe a mortality rate approaching 100% with

disseminated angioinvasive fungal infections, such as in our

first case where multiple extremities and the abdomen are

involved.2 Further direction of investigation could include

FIGURE 5. Right transfemoral amputation of case 3 following extensive
debridement and revision amputation with continued fat necrosis before use
of Dakin’s solution.

FIGURE 6. Left transfemoral amputation of case 3 also demonstrating
continued fat necrosis prior to use of Dakin’s solution.
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the use of dilute providone–iodine solution rather than the

use of dilute Dakin’s solution for continuous irrigation in

conjunction with the NPWT system. Although we are pre-

senting a series of only three patients, these results provide

hope not only for the combat-injured patients undergoing

treatment for both local and disseminated angioinvasive fungal

infections but also for the civilian trauma and immuno-

compromised patients challenged with these deadly infections.

CONCLUSION
These three cases show our relative success in the treatment

of angioinvasive fungal infection with the addition of Dakin’s

solution administration with NPWT as an adjunct to standard

surgical management. Although this may show returning to

a 150-year-old technique of wound care,11 we feel that this

treatment modality, in addition to aggressive debridement,

and culture directed intravenous antifungal chemotherapy

can help dramatically decrease the mortality rate associated

with these catastrophic infections.
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