of diagnosis. Mortality rates are relatively high among patients with
spontaneous gas gangrene, especially that due to C. septicum. Survivors
of gas gangrene may undergo multiple debridements and face long
periods of hospitalization and rehabilitation.
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Prevention of gas gangrene Initial aggressive debridement of devitalized tissue can reduce the risk of gas gangrene in contaminated deep
wounds. Interventions to be avoided include prolonged application
of tourniquets and surgical closure of traumatic wounds; patients
with compound fractures are at significant risk for gas gangrene if the
wound is closed surgically. Vaccination against α toxin is protective
in experimental animal models of C. perfringens gas gangrene but has
not been investigated in humans. In addition, as mentioned above, a
hyperimmune globulin would represent a significant advance for prophylaxis in victims of acute traumatic injury or for attenuation of the
spread of infection in patients with established gas gangrene.
FIGURE 179-4 Histopathology of experimental gas gangrene due
to C. perfringens, demonstrating widespread muscle necrosis, a paucity of leukocytes in infected tissues, and accumulation of leukocytes
in adjacent vessels (arrows). These features are due to the effects of
α and θ toxins on muscle cells, platelets, leukocytes, and endothelial
cells.
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Antibiotic treatment of traumatic or spontaneous gas gangrene (Table 179-1) consists of the administration of penicillin and
clindamycin for 10–14 days. Penicillin is recommended on the basis
of in vitro sensitivity data; clindamycin is recommended because of
its superior efficacy over penicillin in animal models of C. perfringens
gas gangrene and in some clinical reports. Controlled clinical trials
comparing the efficacy of these agents in humans have not been
performed. In the penicillin-allergic patient, clindamycin may be
used alone. The superior efficacy of clindamycin is probably due to
its ability to inhibit bacterial protein toxin production, its insensitivity to the size of the bacterial load or the stage of bacterial growth,
and its ability to modulate the host’s immune response.
C. tertium is resistant to penicillin, cephalosporins, and clindamycin. Appropriate antibiotic therapy for C. tertium infection is vancomycin (1 g every 12 h IV) or metronidazole (500 mg every 8 h IV).
The value of adjunctive treatment with hyperbaric oxygen (HBO)
for gas gangrene remains controversial. Basic science studies suggest that HBO can inhibit the growth of C. perfringens but not that
of the more aerotolerant C. septicum. In vitro, blood and macerated
muscle inhibit the bactericidal potential of HBO. Numerous studies
in animals demonstrate little efficacy of HBO alone, whereas antibiotics alone—especially those that inhibit bacterial protein synthesis—confer marked benefits. Addition of HBO to the therapeutic
regimen provides some additional benefit, but only if surgery and
antibiotic administration precede HBO treatment.
In conclusion, gas gangrene is a rapidly progressive infection
whose outcome depends on prompt recognition, emergent surgery, and timely administration of antibiotics that inhibit toxin
production. Gas gangrene associated with bacteremia probably
represents a later stage of illness and is associated with the worst
outcomes. Emergent surgical debridement is crucial to ensure survival, and ancillary procedures (e.g., CT or MRI) or transport to HBO
units should not delay this intervention. Some trauma centers associated with HBO units may have special expertise in managing these
aggressive infections, but proximity and speed of transfer must be
carefully weighed against the need for haste.

Prognosis of gas gangrene The prognosis for patients with gas gangrene is more favorable when the infection involves an extremity
rather than the trunk or visceral organs, since debridement of the latter
sites is more difficult. Gas gangrene is most likely to progress to shock
and death in patients with associated bacteremia and intravascular
hemolysis. Mortality rates are highest for patients in shock at the time
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Toxic Shock Syndrome Clostridial infection of the endometrium,
particularly that due to C. sordellii, can develop after gynecologic
procedures, childbirth, or abortion (spontaneous or elective, surgical or medical) and, once established, proceeds rapidly to TSS
and death. Systemic manifestations, including edema, effusions,
profound leukocytosis, and hemoconcentration, are followed by the
rapid onset of hypotension and multiple-organ failure. Elevation of
the hematocrit to 75–80% and leukocytosis of 50,000–200,000 cells/
μL, with a left shift, are characteristic of C. sordellii infection. Pain
may not be a prominent feature, and fever is typically absent. In
one series, 18% of 45 cases of C. sordellii infection were associated
with normal childbirth, 11% with medically induced abortion, and
0.4% with spontaneous abortion; the case-fatality rate was 100% in
these groups. Of the infections in this series that were not related
to gynecologic procedures or childbirth, 22% occurred in injection
drug users, and 50% of these patients died. Other infections followed trauma or surgery (42%), mostly in healthy persons, and 53%
of these patients died. Overall, the mortality rate was 69% (31 of 45
cases). Of patients who succumbed, 85% died within 2–6 days after
infection onset or following procedures.
Early diagnosis of C. sordellii infections often proves difficult
for several reasons. First, the prevalence of these infections is low.
Second, the initial symptoms are nonspecific and frankly misleading.
Early in the course, the illness resembles any number of infectious
diseases, including viral syndromes. Given these vague symptoms
and an absence of fever, physicians usually do not aggressively pursue
additional diagnostic tests. The absence of local evidence of infection
and the lack of fever make early diagnosis of C. sordellii infection particularly problematic in patients who develop deep-seated infection
following childbirth, therapeutic abortion, gastrointestinal surgery, or
trauma. Such patients are frequently evaluated for pulmonary embolization, gastrointestinal bleeding, pyelonephritis, or cholecystitis.
Unfortunately, such delays in diagnosis increase the risk of death, and,
as in most necrotizing soft-tissue infections, patients are hypotensive
with evidence of organ dysfunction by the time local signs and symptoms become apparent. In contrast, infection is more readily suspected
in injection drug users presenting with local swelling, pain, and redness at injection sites; early recognition probably contributes to the
lower mortality rates in this group.
Physicians should suspect C. sordellii infection in patients who present within 2–7 days after injury, surgery, drug injection, childbirth,
or abortion and who report pain, nausea, vomiting, and diarrhea but
are afebrile. There is little information regarding appropriate treatment for C. sordellii infections. In fact, the interval between onset of
symptoms and death is often so short that there is little time to initiate
empirical antimicrobial therapy. Indeed, anaerobic cultures of blood
and wound aspirates are time-consuming, and many hospital laboratories do not routinely perform antimicrobial sensitivity testing on
anaerobes. Antibiotic susceptibility data from older studies suggest
that C. sordellii, like most clostridia, is susceptible to β-lactam antibiotics, clindamycin, tetracycline, and chloramphenicol but is resistant
to aminoglycosides and sulfonamides. Antibiotics that suppress toxin
synthesis (e.g., clindamycin) may possibly prove useful as therapeutic
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