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Intermittent hyperbaric oxygen was prospectively studied in 16 of 43
patients with human bite wounds to the hand. Patients were
hospitalized after culture, exploration, debridement, and cleansing of
the wound. A portable hyperbaric unit encompassing the forearm
administered 100% oxygen at 50mmHg intermittently for 90

minutes twice daily, Patients were selected to receive the
hyperbaric oxygen on an availability basis. Important risk factors
included joint and tendon involvement, severity of infection, delay in
treatment, and osteomyelitis. Hospital stay was shortened in the
severely infected hyperbaric oxygen group (P <0.05).
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he hand contains a compact but

disturbingly unprotected array

of neurovascular and poorly
perfused tendinous structures, Infec-
tion is 2 common but devastating com-
plication of hand trauma, as a multitude
of fascial planes and interconnecting
sheaths permit establishment and

propagation of bacterial inocula.
Human bite wounds to the hand, sus-
tained by a bare-fisted assailant upon
impact against the teeth of a victim,
represent a particularly dangerous pat-
tern. Commonly, the bursa over the
metacarpal head, the extensor para-
tenon, and the metacarpal-phalangeal
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joint capsule are violated, with infec-
tion spreading to the subaponeurotic
and web spaces, or lateraily between
the collateral and accessory liga-
ments.' The injury may appear superfi-
cial if not explored thoroughly, as the
skin and extensor hood of the relaxed
hand obscure the more serious pathol-
ogy beneath (Figs. 1,2). The polymi-
is high (100 miilion organisms per milli-
iter of saliva) and often overwhelms
nnmumlomdefensesmademahzed

aggressive management have de-
creased the need for amputation to
cantrol infection and have reduced the
incidence of permanent stiffness.’
Nevertheless, such infections require
hospitalization and prolonged treat-
ment, accounting for almost 509 of in-
patients on a city hospital hand service.
This study was undertaken to deter-



%

Human Bites

Figure 1. Human bits wosund in iypical location at meiacarpal-phalangea!
Jjoint, Wound might appear inmocuons, but diffuse edema, induration,

and necrotic debris suggest established infection.

mine optimal treatment in order to
shorten the hospital stay and to deter-

mine the effect of topical hyperbaric

axygen.

Methods
Patients admitted during a 6-month pe-
riod to Denver General Hospital with
hurnan bite wounds were prospectively
entered into the study. Initial evalua-
tion was done in the emergency de-
partment. Wounds were explored, de-
brided, cultured aerobically and
anaerobically, and cleansed with 2 li-
ters of normal saline. Roentgenograms
were obtained to exclude fracture or
osteomyelitis. Whenever abscess,
subfascial extension, or intraarticular
or tendinous involvement were sus-
pected, exploration, irrigation, and de-
bridement were carried out under re-
gional anesthesia in the operating
room. All wounds were left open, and
the patient was admitted.
Postoperatively, all patients were
placed on penicilin G, 12 million units
per day in 6 divided doses inirave-
nously; and cefazolin (Ancef, Keftol),
1g 3 times a day intravencusly. Follow-
ing culture results, the bactericidal
antibiotic offering best coverage was
substituted i necessary. Intravenous
antibiotics were continued until dis-

charge; an oral equivalent was contin-
ued until improvement was assured at
follow-up. All patients were splinted
with the involved hand elevated.

Range-of-motion exercises were
started during or after twice-daily
whirlpools. Saline-soaked fine-mesh
wet-to-dry gauze bandages were then
placed over the wound. [n cases with
exposed tendon, Bunnell's solution
was substituted for saline. Patients
were selected to receive hyperbaric
oxygen treatments (prior to reban-
dage) on an availability basis to elimi-
nate observer bias in the choice of
treatment. If the chamber was in use
by another patient upon admission, the
new patient was randomized to the
control group. If the chamber was va-
cant, the new patient was randomized
to the hyperbaric group.

The chamber (Topox Corp., Jersey
City, NJ.) is a portable lightweight
Plexiglas humidified bedside unit (Fig.
3). A forearm can be placed into the
unit, which is sealed with a latex
sleeve. A pressure of S50mmHg 100%
oxygen (via the wall outlet) is cycled
every 30 seconds, so that the vascular
supply is not impaired. Each of the
twice-daily treatments (administered
after whirlpool and before redressing
the wound) lasts for 90 minutes. The

Figure 2. Debridement reveals laceration of extansor mechanism, decp joint
sepsis, and osteochondral fracture of matocarpal head, showon here afier

unit is cleansed thoroughly between
treatments with soap followed by iso-
propyl alcohol.

Wounds were classified upon entry
as superficially infected (minimal cellu-
litis, no tendon or intraarticular in-
volvement), moderately infected (cel-
lulitis less than or equal to 2cm in
diameter surrounding the wound), or
severely infected (greater than 2cm
cellulitis and/or lymphangitis). Risk
factors such as delay in presentation,
alcohol abuse, nutriticnal deficit, and
diabetes mellitus were recorded.
Wournids were evaluated twice daily and
redebridement was performed as nec-
essary,

Patients were discharged on twice-
daily. wet-to-dry dressing changes,
with outpatient whirlpool and physical
therapy, and visiting nurses when ap-
propriate, Criteria for discharge were
resolution of cellulitis, absence of pain
about the wound, a gramulating clean
base, and improving range of motion.
Return to functional status implied a
clean, healing wound suitable for a
small bandage, and dexterity permit-
orthopedic resident examined and
treated all inpatients entered into the
study, Several physicians examined pa-
tients in follow-up, which extended for
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Human Bites conamsed
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Wound Location Tandon and Joint involvement
vp ::.m # Patients® Hyperbaric u"""..m"& P Vaiue
Thumb IP Joint e Joint capsule .
Index penetration 10514 + 5.0 P>0.08 N.S)
uoPlet 44 wsonwapm  ww 72
PP joint _ 1 + :
. 2 byt * 0.0 P>0.05(N.S)
midctie phalanx 1 Tendon alone 214 * 28
Long s s M ‘o P>00sNS)
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Ring
MCP joint 2 4 Table I
sﬂm’ﬂ"ﬂ“m 1 Medical Risk Fectors
MCP joird 2 1 Superficial Moderate Severe
PP joint 1 1 infaction infection wnieation
poximal phaianx 3 Hyperbaric - 40 BYOH* &7 BYOH
Smail MCP and 177 Disbetes meilitus
ring PP 1 EX0H
Dorsum ieft hang 2 Nonhyperbaric 1/7 hepatitis 7HS E1OH 8 EIOH
Smail PP and ring 2/7 £10H 1118 TAIDS'
MCP 1 P
TADCRsvOU NG AefCiency syndiname
Totals 1 ”
6 to 9 months post discharge. Wound Table IV
size and range of motion were recorded Classification of infection
at each follow-up vigit. Superficial Modersts Severs
Analysis of treatment depended only Hyperbaric (18 patients) o 9 7
on the initial assessment of wound Nonhyperbaric (27 patients) T 8 5
severity (as previously defined) and its -
subsequent respanse to treatment {as
judged by hospital stay). Wound cate-- Table V
garies were constructed to permit sep- Days Hospitalized
arate analysis by severity of infection Superiiciel Moderate Severe
and presence of tendon or joint involve- infection infection intection
ment. Hyperbaric 4.4 (2-12) - 41 2-7) 4.7(2-12)
Nontyperbaric 5.2 (0-21) 2(0-n 4.2(0-8) 1.2 (4-21)
Results
Forty-nine patients with human bite The location of the wound on the  patients (Table I). Osteochondral frac-
wounds were treated in the emergency  hand varied (Table ). The metacarpal-  ture of the metacarpal head was
department at Denver General Hospi-  phalangea] joints of the long and index  present in 8 of these patients; this had
tal from july to December 1982. Three  fingers were more commonly involved. 1o effect on hospital stay or eventual
patients who were excluded from  The dominapt hand was invoivedin 10  joint motion. Extensor tendon lacera-
mrﬂwranaiysislgad'superﬁcialmnds of 16 hyperbaric patients and 180f 27in ~ tions were found in a total of 18 pa-
or refused ad:msmon Forty-six pa-  the nonhyperbaric group. All but 4 pa-  tients, although the paratenon was vio-
tients were admitted for further care;  tients were male. Only 2 patients lated in many more.
27 received standard treatment, and 16~ described the mechanism of injury as The most common medical risk fac-

received, in addition, topical hyper-
baric oxygen. The remaining 3 pa-
tients, who had osteomyelitis, were
analyzed separately (see Complica-
hons).
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an occlusional bite rather than a fist
blow agamst 2 tooth.
Documentation of joint capsule
penetration was available in 10 of 14 hy-
perbaric and 10 of 25 nonhyperbaric

tor identified was ethanol abuse, acute
or chronic. The majority of patients
had been drinking at the time of the in-
cident. Chronic ethanol induigence
predominated among those with mod-
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Human Bites consinues

Relurn o functional status. Al-
though return to functional status ap-
peared to be shortened by hyperbaric
oxygen treatment in the severely in-
fected group (Table VI), this may not
be a justifiable conclusion because of
inconsistent patient follow-up.

Bacteriology. Bacteriology in hyper-
examined (Table VI for moderately
and severely infected wounds. The
polymicrobial nature and prepon-
derance of strict and facultative anaer-
obes in human bite wound infections
are striking. Mouth flora, as expected,
were the predominant species. Over-
all, 15 wounds grew strict anacrobes,
always (except in 1 case of osteomy-
elitis) in cancert with other pathogens.
Five- of 6 patienta in the severely in-
fected hyperbaric group grew strict an-
aerobes, as did 3 of the 5 patients in the
severely infected nonhyperbaric
group. The delay in presentation was
likely to be longer for those wounds
growing strict anaerobes, averaging
4.7 days.

Complications. Osteomyelitia oc-
curred in 3 patients. This complication
occurred in conjunction with pyarthro-
sis, heavy ethanol use, and a prolonged
delay in treatment of 1, 2, and 4 weeks.
at 12 days (hyperbaric therapy), 21
days, and 15 days (nonhyperbaric
therapy). Two of the 3 wounds grew
mixed anaerobes, and all were severely
infected; redebridement was required
in all,

The outcome was poor in terms of
joint motion, but thus far no amputa-
tion has been performed for stiffness,
No extensor terxdon ruptures were en-
countered in either group. Redebride-
ment and rehospitalization was re-
quired in 1 patient treated with
hyperbaric oxygen and in 2 patients not
treated with hyperbaric axygen.

In those patients without osteomy-
elitis, loss of joint motion was re-
stricted to severely infected wounds, 1
in the hyperbaric and 2 in the nonhy-
perbaric group. Metacarpal-phalangeal
motion was at least 60 degrees, pre-
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senting no functional deficit to this pa-

tient population. Follow-up and com-
pliance with outpatient physical
therapy was incoungistent.

Discussion

The literature on human bite wounds is
extensive and will not be reviewed in
detail.* In this patient population of
hand injuries, therapeutic prudence
demands hospitalization, debridement,
intravenous antibiotics, and observa-

tion for those presenting over 12 hours
following injury, This management pro-
tocol is consistent with that of Peeples
and colleagues?® as well as Mann and as-
sociates® and conforms to basic surgi-
cal principles. This group of human
bites was simifar to those studied by
Mann and Peeples in terms of demo-
graphics, delay in presentation (60%
over 24 hours), and inconsistent follow-
up. Nevertheless, average hospitaliza-
tion was significantly less (4.4 and 5.2

Editorial Comment
The authors have outlined an approach to poiymicrobial infections of the hand asso-
ciated with a high risk of functional impairment and have evaluated hyperbaric oxygen
therapy in a subset of patienta. The finding that patients with severe infections who
were treated with hyperbaric oxygen had shorter hospitalization than the nonhyper-
baric axygen group suggests that adjunctive therapy with hyperbaric axygen may bene-
fit such patients. Although the difference between groups was shown to be statistically
significant, the statistical as well as the clinical significance of the findings is unclear,
Patients were not assigned to treatment groups in a true randomized manner, nor were
observers blinded with regand to treatment. These aspects, and the small number of
patients in the groups, male it difficult to be certain of the conciusion drawn. A larger
randomized, prospective, blinded series would be helpful.

The finding that 53% of positive cultures contained anaerobes confirma the palymi-
croblal nature of these infections and supports aggressive surgical and medical therapy
of these injuries,

Roger W, Yurnt, M.D.
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Human Bites

days in this study, versus 7.5 days in
Mann's group), which may be attrib-
uted to differences in microbial viru-
lence as well as to the effect of hyper-
barno:ygmmmaunhumdm
healing response.®™ -

Overall, return to functional status
was mare rapid in these patients than
in those reported by Chiunard and co-
workers, poasibly because of vigarous

range-of-motion exercises begun at 24

hours rather than at 2 weeks. Also, in
the authory’ study early motion proba-
bly accounts for the lower incidence of
permanent joint stiffnéss (compared to

so%dthehoapu!mdmsm-'

ied by Chuinard’s team),

1‘hemmbndogyofwwnd§mth:s~-__

study merits further attention. Only
33% of positive cultures grew. Siaphy-

locxcusam(aﬂpen:cilﬁnreﬂstant :

ofethicillin-sensitive), in contrast to
80% in other studies. The presence of
S. aureus has been associated with a
higher incidence of severe complica-
tions.** A higher number of strictly an-
aerobic isofates (53% of positive cul-
tures) wis seen in this study,
suggesting improved anaerobic trans-
port media, and perhaps better isola-
tion techniques when a specific labora-
tory is designated to process such
material.”

These data confirm the synergistic
role of anaerobic and microaerophilic
organisms in serious hand infections
and emphasize the basic role of surgi-
cal intervention: to remove traumati-
cally compromised tissue, to establish
free drainage of violated deep spaces, '
and to convert an anaerobic environ-
ment to an aerobic one. Specific antibi-
otics, physical therapy, and redebride-
ment as necessary must not he

The antibiotic protocol used—peni-
cillin and cefazolin—was based on pre-
vious reparts documenting a high inci-
dence of. S. aureus, Streptococcus
species, gram-negative organisms,
and anaerobes cultured from these
wounds. The results of this study sug-
gest that cefoxitin (Mefoxin) is an ap-

iate single antibiotic for empiri

coverage pending culture resuits. The
effectiveneas of this regimen, however,
may be limited in severely infected,

- neglected wounds, in which anasrobes

play 3 major role. Eikenella corvodens
(not specifically identified in this se-

- ries) would be variably suppressed.’?

Antibiotic selection should be adjusted
according - to senmtmtypnﬁlu when
they become available..

- Hyperbaric uxygmhasbemfwnd

' &ﬁechmmthemanagememdcatam

anaerobic infections, particularly with
clostridia species, presumably by
elevation of redax potentials and resul-
tant growth inhibition.?- Hyperbaric
oxygen also appears to be directly bac-
teriostatic on aerobes in vifro, aspe-
cially S. aurexs.* Open wounds appear
to heal faster with exuberant granula-
tion tissue when exposed to hyperbaric
oxygen, an effect supparted by tissue
gas measurements.’”® Perrins*® dem-
onstrated improved survival (64% ver-
sus 17% complete coverage) of spl:t
thickness skin grafts.

The advent of portable hightweight
units generating intermittent pres-
sures of up to 80mmHg 100% oxygen,
which can be entirely isolated to an ex-
tremity, have circumvented problems
of transport and cost. Complications of
oxygen toxicity,"” vertigo, embolus,
and neurologic sequelae” have been
eliminated. Pressures and conditions
(particularly constant versus intermit-
tent cycling) have never heen sub-
jected to a2 controlled trial, although
case studies suggest the apparatus ex-
erts a comparable effect, at least on leg
ulcers and pressure sares.*'

The beneficial effect of hyperbaric
oxygen in the management of aerious
hand infections probably stems from
the improved healing response of tis-
sue* and bacterial inhibition, Serial
quantitative tissue cultures could help
clarify its effect. No response was
seen in superficially or moderately in-
fected groups, as standard debride-
ment and antibiotics were capable of
converting the wound to a healthy en-
vironment for recovery. In established,
serious infections with severely trau-

matized tissues, however, topical hy-
perbaric oxygen may be an effective
treatment modality. a
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