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Post-traumatic Aeromonas hydrophila Osteomyelitis caused by an
Infected Gustilo-Anderson Grade 3B Tibial Fracture: A Case Report
with a 7-year Follow-up

Tomoaki Tsunoda', Tomohiro Yasuda', Ryu Igaki', Shinsuke Takagi* Keikichi Kawasaki®, Koji
Kanzaki'

Learning Point of the Article:
The treatment of osteomyelitis often requires reconstruction for bone and soft-tissue defects, thereby necessitating the orthoplastic
approach involving plastic surgery and orthopedic techniques.

Introduction: Post-traumatic osteomyelitis (OM) is often caused by Staphylococcus aureus. However, occasionally, it is caused by an infection
with a rare bacterium. A case of OM caused by Aeromonas hydrophila was first reported in 1975. Since then, only nine cases have been reported,
making it a rare disease. Here, we report a case of rare A. hydrophila OM that developed following open tibial fracture (classified as
Gustilo-Anderson 3B) caused by an injuryinariver.

Case Report: The patient was a 50-year-old male who gotinjured in a river and was diagnosed with open tibial fracture. Debridement in the first
surgery happened at aleisurely pace. Purulent discharge from the wound persisted despite external fixation; however, no bacterium was detected
in the bacterial culture. The patient underwent multiple debridement procedures; A. hydrophila was detected in the bone marrow. Despite the
appropriate administration of antibacterial drugs and debridement, infection persisted until radical bone resection and tissue reconstruction
were performed. In the present case, OM following an open fracture caused by an injury in a river was suspected, which was caused by the rare
bacterium A. hydrophila.

Conclusion: In cases of OM occurring after underwater trauma, A. hydrophila should be considered as a causative pathogen. In addition, in
cases of post-traumatic OM accompanied by bone and soft-tissue defects, the orthoplasticapproachis required.

Keywords: Aeromonashydrophila, osteomyelitis, reverse sural arteryflap.

Introduction fishermen and travelers following exposure to freshwater and

Osteomyelitis (OM) maybe accompanied by soft-tissue defects, seawater. Aeromonas infection is one of the infections associated

and its treatment requires bone reconstruction and soft-tissue with water injuries. The Aeromonas species are Gram-negative

reconstruction. Post-traumatic OM is often caused by bacilli that thrive in aquatic environments [2]. For treating OM

with soft-tissue defects following open fractures such as infected

Staphylococcus aureus infection [1]. However, OM can
Gustilo-Anderson 3B fractures, it is important to simultaneously

occasionally be caused by the infection with a rare bacterium.

Infection associated with water injuries often occurs among perform soft-tissue and bone reconstructions. Orthoplastic
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bacterial culture of the wound was
negative. The patient complained of pain
and presented with purulent discharge
from the surgical site. Moreover,
localized fever and swelling were
confirmed. With regard to soft tissues,
skin loss (15 x 10 cm) was observed on
the outer side of the ankle from the distal
one-third part of the lower leg. In the
deeper part, tibialis anterior muscle
injury was confirmed. There were no
nerve and blood vessel injuries (Fig. 2b-
1,2).

Figure 1: Plain X-ray and computed tomography (CT) images at the time of injury. (a) Plain X-

ray images (a-1: frontal view, a-2: lateral view); (b) CT images (b-1: 3D, b-2: sagittal section).

surgery should be the treatment strategy considered. Here, we
report a case of A. hydrophila OM that developed following an
open tibial fracture (Gustilo-Anderson 3B) caused by an injury
inariver.

Case Report

The patient was a 50-year-old male, who was a smoker. He got
injured after falling into a river while staying in Thailand. He was
rescued from the river 8 h after injury and was then transported
to a hospital in Thailand. X-ray examination revealed left distal
tibial diaphyseal and epiphyseal fractures (classified as
AO/OTA type 43C3.3) (Fig. 1). The patient underwent
surgery 2 days after injury. During the surgery, the open wound
was cleaned and debrided, and the fracture was fixed through
external fixation. After returning to Japan from Thailand, he
visited a nearby doctor and the wound was followed up in an
open state (Fig.2).

The patient was referred to our hospital 27 days after injury. The

W ae——a SN
Figure 2: X-ray images and external appearance at the time of visit to the hospital. (a) X-ray
images (a-1: frontal view, a-2: lateral view); (b) External appearance (b-1: frontal view, b-2:
lateral view).

Surgery

The patient experienced a tibial distal
epiphyseal fracture accompanied by a skin loss of 15 X 10 cm
and infection. He was diagnosed as a case of infected
Gustilo—Anderson 3B tibial fracture. We decided to treat it with
a multistage management approach involving the three
procedures of serial debridement, wound closure flap surgery,
andbone reconstruction.

Serial debridement

Emergency surgery was performed 27 days after injury. The
surgery was performed under general anesthesia with the
patient in the prone position. Surgery was performed without
using a tourniquet. Serial debridement and wound closure flap
surgery were performed. The open wound was extended, and
deep cleaning and debridement were performed. Bacterial
culture test of the wound was performed; however, no
bacterium was detected.

Figure 3: Reverse sural artery flap for a skinloss of 15 x 10 cm.
The skin bridge was elevated toawide of 3 cm.
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Figure 4: Contrast-enhanced computed tomography (CT) image and bone resection. (a) The contrast-
enhanced CT image shows abscess in the tibialis anterior muscle (white arrow); (b) Clogged pus in the
medullary cavity of the resected tibia (white arrow) is shown; (c) Bone resection was performed until the

paprika signwas confirmed.

Wound closure flap surgery (reverse sural artery flap
surgery)

Wound closure flap surgery was performed on the same day as
serial debridement. To cover the outer open wound at the distal
lower leg, we performed reverse sural artery flap (RSAF)
surgery. For the skin loss of 15 x 10 ¢cm, a skin flap that was 1 cm
larger in size was designed. Using Doppler echocardiography,
peroneal artery perforator was confirmed at two positions - at
and 7 cm from the tip of the lateral malleolus. The center of the
skin flap was aligned with the line of the medial sural cutaneous
nerve and lesser saphenous vein, and the distal skin bridge was
aligned with the peroneal artery perforator. Skin incision was
made from the proximal side, the medial sural cutaneous nerve
and lesser saphenous vein were confirmed, and the median
superficial sural artery between deep gastrocnemius muscles
was confirmed and included in the skin flap. For the lateral side,
the lateral sural nerve was included in the skin flap. To manage
venous congestion, a skin bridge of 3 cm was attached (Fig. 3).

S 5, sy oy

The skin flap was engrafted without
congestion or partial necrosis. At 6
weeks after injury, redness in the lower
limb and a sensation of heat in the skin
of the lower leg appeared. Contrast-
enhanced computed tomography
revealed abscess accumulation in the
tibialis anterior muscle. We suspected
OM (Fig. 4a) and planned to perform
boneresection of the infected tibia and
bone reconstruction using a ring
external fixator.

Debridement and bone
reconstruction (through the
surgical technique of ring external
fixation)

Debridement and bone reconstruction surgeries were
performed 7 weeks after the injury. During the surgery, the
wound was opened from the skin flap suture. Bone resection
was performed from the bone to the site where bleeding was
observed (paprika sign) using a bone saw (Fig. 4b, c). The tibia
was fixed with a ring external fixator. In the resected tibia, pus
was observed in the medullary cavity, whereas blood flow was
not observed (Fig. 4b). Aeromonas hydrophila was detected
from the medullary cavity. The patient was diagnosed with OM
caused by A. hydrophila. Poly(methyl methacrylate) mixed
with 10% vancomycin was injected into the bone defect site
(Fig. Sa). Following the surgery, vancomycin and clindamycin
were intravenously administered for 2 weeks.

Course

The bone defect site resected owing to OM was reconstructed
through the bone transport method using a
ring external fixator (Fig. Sb, ¢, d). The bone
was moved at a rate of 1 mm/day. At 4 months
after surgery, the bone was healed and the ring
external fixator was removed (Fig. 6a).
External fixation period was 360 days, bone
extension amount was 5 cm, and the healing
index (day/cm) was 72.2. At the final follow-
up examination 7 years after surgery, there was
no relapse of infection, and ankle range of
motion was 5° of dorsiflexion and 35° of
plantar flexion (Fig. 6b, ¢, d). The patient
could walk without pain and has resumed

Figure 5: Debridement and reconstruction of the bone defect site. (a) Poly(methyl methacrylate) work. The American Orthopaedic Foot and
mixed with 10% vancomycin was filled into the bone defect site; (b) Osteotomy proximal to the Ankle Society score was 93 points.

tibia; (c) Bone transport method; (d). Bone docking completed.
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Figure 6: X-ray images and external appearance after surgery. (a) Frontal X-ray image after the

removal of the ring external fixator; (b) Frontal X-ray image 7 years after surgery; (c) Lateral X-ray

image 7 yearsafter surgery; (d) External appearance 7 yearsafter surgery.

Discussion

The incidence of post-traumatic fracture-related infections
(FRIs) differs depending on the degree (grade and type) of
fractures. FRIs include deep infection, OM, and osteitis. Of
these, OM is difficult to treat. Therefore, treatment for post-
traumatic OM is costly and time-consuming. In the present
case, OM occurred following an open tibial fracture,
accompanied by soft-tissue and bone defects.

A.hydrophilaand OM

Overall, 37.5% of the cases of post-traumatic OM are caused by
S.aureus [ 1]. However, in the present case, we encountered OM
caused by a rare bacterium, A. hydrophila. There have been 9
reports including 12 cases of post-traumatic OM caused by this
bacterium (Table 1) [3,4, 5,

marrow and were not sufficiently debrided.

The Aeromonas species was first reported as
the cause of post-traumatic OM in 1975. It was
tibial OM; however, the treatment and its
outcome were not reported [3]. The second
report was presented by Blatz in 1979. It was a
case of OM caused by A. hydrophila associated
with open tibial fracture. To control the
infection, above-the-knee amputation was
performed [4]. Further, in a report by
Weinstock et al. and Karam et al,, the affected
limb was preserved. Partial resection was
performed; however, bone reconstruction was
not performed [S, 6]. Dubey et al. reported a
case of A. hydrophila OM in the forearm. For
treatment, bone resection and bone
reconstruction were not performed, and it developed into
chronic OM [7]. Bonatus and Alexander reported the
occurrence of A. hydrophila OM following surgery for closed
pilon fracture. Reconstruction with gracilis free flap for soft-
tissue defect was reported. Bone graft was performed for bone
defect. However, bone resection was not performed for the
lesion site of OM [8]. Gunasekaran et al. performed bone
resection for the lesion site of OM but did not perform bone
reconstruction [10]. The treatment principles for OM were
lesion resection and reconstruction. Karam et al. and
Gunasekaran et al. performed lesion resections [6, 10].
Meanwhile, only Bonatus and Alexander performed
reconstruction [8]. In the present case, we performed both
lesion resection and reconstruction for soft-tissue and bone

6,7,8,9,10,11].In 11 cases Date

17,8,9,10, ] Author Publishe Site Exp\::;x;: o8 N Bone resection! | Reconstruction! || Outcome
(91.6%), the site that was d
infected and deve]oped oM Stephen et al. [3] 1975 Tibia Sea Unknown Unknown Unknown
was the lower limb. Blatz [4] 1979 Tibia Pool waiff"a"t - - Amputation
Infection caused by A. |\yeinstock et al. (51| 1982 - Lake ) . Resolved
hydrophila is one of the o ” ————

nkile ver - - esolve
infections associated with Karam etal.[6] | 1983 DR
L. Calcaneus Lake - Resolved
water injuries. Among the (calcaneus) —
12 cases of OM caused by A Dubey et al. [7] 1988 Forearm Unknown i i osteo:;:litis
. . _ . Bone graft/Gracilis
hydrophila, 8 cases involved Bonatus and 1990 Tibia River - Feckiap Resolved
trauma associated with Alexander (8] Femur = = = Resolved
rivers, lakes, and seas. In the Tibia - - - Resolved
¢ yand Gold and Salit [9] | 1993 — -
present case, the patlent Tibia River or sea - - Resolved
developed A. hydrophila Gunase:(:;]an GEelk 2009 Foot Sewer (:?er't:iaila::::agtci;:) - Resolved
OM following aninjuryina [acawaletal [12] | 2017 p— _ _ i ——
riverin Thailand. One of the S 2022 Tibia River Partial resection Bone Resolved
(tibia) transport/Sural flap

reasons was that bacteria
were identified in the bone

Table 1: Reports of osteomyelitis caused by Aeromonas hydrophila following trauma.
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defects.

Reverse sural artery flap surgery

In the present case, substantial skin loss (15 x 10 cm) was
observed, and free skin flap or pedunculated skin flap was
considered. For free skin flap, the anterolateral thigh flap would
be an option. However, compared with RSAF, free skin flap
requires microsurgical techniques and the surgery is time-
consuming.

We confirmed the median superficial sural artery and peroneal
artery perforator through pre-operative echocardiography and
determined whether RSAF surgery was possible.
Complications of RSAF surgery, such as post-operative
congestion and partial necrosis, reportedly occur in 14.8% of
the cases. Moreover, the incidence of necrosis in cases
undergoing RSAF surgery is reportedly 5.1% [12]. In the
present case, the skin loss was substantial, and there was a
concern regarding the occurrence of post-operative congestion
and necrosis in RSAF surgery. Considering the large size of the
skin flap, to prevent congestion, a skin bridge was attached and
RSAF was elevated. This method was reported by Sugg et al,;
they prevented post-operative congestion using a skin bridge of
4cm [13].Inthe present case, a 3-cm wide skin bridge was used,
and the skin flap was engrafted without congestion or partial

Necrosis.
Treatment of aninfected Gustilo-Anderson 3B fracture

There is a standard therapy for the management of open tibial
fractures. Antibiotic administration, debridement, and fracture
fixation are to be performed in the early stage. However, in the
present case, treatment was delayed, and the patient underwent
surgery 2 days after injury. We believe that this could be the
reason for the co-occurrence of deep infection and OM. OM
treatment may require bone resection depending on the extent
of infection. Therefore, reconstruction is often required for

soft-tissue and bone defects. Treatment for open fracture, OM,
and tumors require the orthoplastic approach that involves
plastic surgery and orthopedic techniques [14]. In the present
case, the orthoplastic approach was performed by an orthopedic
surgeon alone. In 2012, Yusof et al. reported treating infected
Gustilo-Anderson 3B fractures through three stages - serial
debridement, wound closure flap surgery, and bone
reconstruction. All 11 caseshealed without infection relapse, and
satisfactory outcomeswere reported [ 15].

In the present case, the patient was treated using the multistage
management approach that includes serial debridement, wound
closure flap surgery, and bone reconstruction, which was similar
to that reported by Yusof and Halim [15]. When the patient was
referred to our hospital, debridement was performed, and the
bone was reconstructed by bone lengthening using RSAF
surgery for soft-tissue reconstruction and ring external fixation
for bone reconstruction. It was considered to be an effective
treatment with no infection relapse in the 7 years after surgery.

Conclusion

A. hydrophila is rarely reported but it may cause OM or soft-
tissue infection following underwater trauma. In cases of OM
occurring after underwater trauma, A. hydrophila should be
considered as a causative pathogen. When accompanied by soft-
tissue defect, OM caused by trauma should be treated using the
multistage management approach that includes serial
debridement, wound closure flap surgery, and bone
reconstruction.

Clinical Message

OM caused by A. hydrophila is rare. In cases of OM following
underwater trauma, A. hydrophila should be considered as a
causative pathogen during treatment.
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