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A Prospective Randomized Comparison of a Single Antibiotic
(Moxalactam) Versus Combination Therapy (Gentamicin and
Clindamycin) in Penetrating Abdominal Trauma

Theodore Fifer, MD,* Farouck N. Obeid, MD," H. Mathilda Horst, MD,"
Victor J. Sorensen, MD," Larry D. Crots, RPh,* and Brack A. Bivins, MD'

From July 1 to December 31, 1983, 50 consecutive patients undergoing abdominal exploration for
penetrating abdominal trauma from stab and gunshot wounds were prospectively randomized to
receive postinjury, preoperative antibiotic coverage with moxalactam (2 g intravenously every 12
hours) or a combination of gentamicin (3 to 5 mglkg/day in three equal doses administered every eight
hours) and clindamycin (600 mg intravenously every six hours). No intraabdominal abscesses or
wound infections developed, and no direct evidence of toxicity of the antibiotic regimens developed in
either group. In the study group, moxalactam therapy was an effective alternative to the combination
antibiotic regimen. The subsequently documented incidence of moxalactam-induced bleeding
episodes precludes its use as a primary preventive antibiotic; however, other less toxic cephalosporins
may demonstrate similar effectiveness. (Henry Ford Hosp Med J 1988;36:52-5)

ntraabdominal and wound infections are major sources of

morbidity and mortality in patients sustaining penetrating ab-
dominal injury. In the pre-antibiotic era, penetrating abdominal
injury with hollow viscus injury was almost universally fatal.
Today, with modern techniques of transport, resuscitation, and
postoperative management, the early deaths from hemorrhagic
shock have been partly supplanted by late deaths from multiple
system organ failure caused by intraabdominal infection (1-6).
Controversy remains regarding the optimal regimen of peri-
operative antibiotics, and cost has become an increasingly
important consideration in therapy for these patients. To obtain
the wide spectrum of coverage necessary for abdominal injuries,
multiple drug regimens traditionally have been recommended
(2,7,8). Treatment with one antibiotic has been found to be ef-
fective in comparison to multidrug regimens (9-15). Agents rec-
ommended are usually of the newer generation cephalosporin
type due to their wide spectra including both anaerobes and
aerobes (16-18). Some studies have found multiple drug reg-
imens to be superior to treatment with one antibiotic therapy of
cefamandole or cefoxitin but not of moxalactam (19,20).

In an effort to further clarify the role of single antibiotic ther-
apy in abdominal trauma, a moxalactam regimen was prospec-
tively compared to the more traditional two-drug combination
including an aminoglycoside.

Materials and Methods

Fifty patients consecutively admitted for penetrating abdomi-
nal trauma to the Trauma Surgery Service from July 1 to De-
cember 31, 1983, were entered into a prospective randomized
study. Informed consent regarding the nature of the study was
obtained. The study, consent, and randomization were approved
by the hospital’s research review committee.
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Patients were randomized according to a predetermined se-
quence of regimen choices. Special packaging of the antibiotics
concealed the identity of the selected regimen to the managing
physicians; once the patient was entered into the study, the anti-
biotic regimen was revealed to the treating physicians. Antibi-
otic therapy prior to injury was cause for exclusion from the
study. Group 1 included 25 patients who received gentamicin (3
to 5 mg/kg/day in three equal doses administered every eight
hours) and clindamycin (600 mg intravenously every six hours).
Group 2 included 25 patients who received moxalactam (2 g
intravenously every 12 hours); these patients also received phy-
tonadione (10 mg intramuscularly each week) as part of the pro-
tocol. Antibiotics were given according to the randomization
schedule as soon as the decision to explore the abdomen was
made. No other antimicrobials were given during the initial
management period. Treatment was continued a minimum of
three days for patients without injury to hollow viscus. Patients
who were found to have hollow viscus injury at celiotomy re-
ceived antibiotics for a minimum of five days. Colonic injuries
were managed primarily by exteriorization or colostomy. Pa-
tients were routinely explored via midline xiphipubic celiotomy.
Their wounds were closed primarily in the absence of colonic
injury. In the presence of colonic injury, delayed primary
closure was used.

Initial laboratory studies in all patients included complete
blood count with differentials, serum electrolytes, and enzymes
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Table 1 Table 2
Study Population Demographics Patterns of Injury
Group 1 Group 2 Group 1 Group 2
Gentamicin/Clindamycin Moxalactam Gentamicin/Clindamycin Moxalactam

Age (years) Number of patients 25 25
Mean 27 27.1 Hollow viscus injury 12 11
Range 17-57 18-66 Colon injury 4 2

Gunshot wound 20 15

Cemdey Stab wound 5 10

Male 23 23 Solid ;s
olid organ injury
el 2 % (liver, spleen, pancreas,

Hospitalization (days) kidney, ovary) 7 15
Mean 10.4 9.5 “Negative” laparotomies 5 7
Range 3-28 3-21
Total 261 238

consisting of calcium, phosphorus, magnesium, SGOT, SGPT,
lactic dehydrogenase alkaline phosphatase, creatinine phos-
phokinase, creatinine, total bilirubin, total protein, cholesterol,
triglyceride, BUN, uric acid, and glucose. Urinalysis was ob-
tained. Coagulation parameters, prothrombin time, and partial
thromboplastin time with platelet count were obtained. Cultures
of intraperitoneal fluid, blood, and wound surface were obtained
aerobically and anaerobically within four hours of antibiotic ad-
ministration. Organisms isolated in such cultures were tested
for sensitivity to the antibiotics. In vitro susceptibility to moxa-
lactam was evaluated by determination of minimum inhibitory
concentration. The Kirby-Bauer disk diffusion method was
used to test sensitivity of isolated organisms to gentamicin
and clindamycin.

Inpatient follow-up included daily physical examinations, vi-
tal sign determinations every eight hours, and selected labora-
tory studies during the study period and three times weekly after
the study period until discharge. Postdischarge follow-up was
continued for at least two weeks. Failure of antibiotic therapy
was defined as an oral temperature greater than 38°C on two
occasions more than six hours apart, a WBC count greater
than 20,000/pL, wound infection requiring drainage, intra-
abdominal abscess formation, or positive blood cultures.

Results

Population demographics are summarized in Table 1. The 25
patients who received gentamicin and clindamycin (group 1)
ranged in age from 17 to 57 years (mean 27 years). The 25 pa-
tients who received moxalactam (group 2) ranged in age from 18
to 62 years (mean 27.1 years). Both groups contained 23 men
and two women. Patterns of injury are summarized in Table 2.
Twelve of the patients randomized to the gentamicin/clin-
damycin group had hollow viscus injury at celiotomy, with four
of the patients sustaining injuries to the colon. Eleven of the pa-
tients receiving moxalactam had hollow viscus injury, with two
of the patients sustaining injuries to the colon. Of the patients
randomized to the gentamicin/clindamycin group, 20 sustained
gunshot wounds and five had stab wounds. Of the patients in
the moxalactam group, 15 sustained gunshot wounds and ten
had stab wounds. No stab wounds resulted in colonic injury in
either group.

No patients in this study developed an infection requiring sur-
gical intervention. Several patients had positive peritoneal or
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wound cultures. Four patients receiving moxalactam had
positive peritoneal cultures as opposed to three patients in the
gentamicin/clindamycin group. One patient receiving moxalac-
tam after multiple gunshot wounds to the chest, abdomen, and
extremities had a positive wound culture for an enterococcus
and developed a postoperative fever. The fever, however, re-
solved with intensive pulmonary toilet, and no obvious focus of
enterococcal infection was identified.

After study antibiotics were discontinued, two patients
receiving moxalactam had positive wound cultures for an
enterococcus and Staphylococcus epidermidis but wound infec-
tion requiring drainage did not develop. Another patient receiv-
ing gentamicin and clindamycin had a positive wound culture
for Pseudomonas aeruginosa and Staphylococcus epidermidis
but wound infection requiring intervention did not develop.

No overt symptoms of toxicity developed in any patient. One
patient receiving moxalactam had a transient elevation of serum
creatinine (> 2.0 mg/dL), which resolved within 48 hours with-
out specific change in therapy. Abnormal coagulation param-
eters, which also resolved without specific intervention, were
observed in two patients receiving gentamicin and clindamycin
and one patient receiving moxalactam. No clinical episodes of
bleeding or ototoxicity were noted.

Discussion

Antimicrobials have four clinical applications: 1) primary
therapy, as in the treatment of pneumonia; 2) prophylaxis, as in
coverage for an elective operation (where antibiotics are given
prior to contamination); 3) preventive, as when contamination
has already occurred; and 4) adjunctive, as in the management
of an abscess where drainage is the primary therapy. Antibiotic
treatment of the traumatized patient begins after injury (and
therefore after contamination) and must be considered preven-
tive. The therapy should be directed against pathogens most
likely to cause infection, such as the microflora residing in the
gut of the acutely traumatized patient. While the normal stom-
ach and proximal small bowel contain relatively few bacteria in
most patients, the distal small bowel and colon contain a high
concentration (up to 10" organisms per gram) (21,22) of aerobic
and anaerobic species including Bacillus fragilis, aerobic en-
terococci, Pseudomonas species, and anaerobic Streptococcus
and Fusobacterium. In patients with postsurgical intraab-
dominal abscesses, mixed flora of anaerobes and aerobes are
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recovered five times more frequently than either aerobes or an-
aerobes alone (21). Theories of microbial synergism abound (2).
When risk factors of penetrating abdominal trauma were exam-
ined in 338 patients, colon injury and wounding by gunshot
emerged as significant risk factors for trauma-related infections
(5). In an experimental model of colonic perforation, 29 dif-
ferent regimens were compared for incidence of fatal perito-
nitis and abscess formation (11). The most effective regimens
were those which combined agents effective against coliforms
(aerobes) and Bacillus fragilis (11,13).

In a study of 295 patients sustaining penetrating abdominal
trauma, those who received antibiotics preoperatively had a
significantly lower incidence of wound infection, abscess, and
sepsis (23). The question of how long to continue therapy
postoperatively has not been resolved. In a prospective ran-
domized study of 82 patients requiring celiotomy for penetrating
abdominal trauma, a 12-hour postoperative course of antibiotics
was comparable to a five-day course in the prevention of
postoperative infection (4). Statistically significant differences
of infection rate were not found between preoperative only and
preoperative plus 24-hour antibiotic regimens in a series of 360
patients sustaining abdominal trauma (14).

Although antibiotics reduce the risk of infection in abdominal
trauma, the choice of antibiotics remains controversial. Com-
bination therapy with an aminoglycoside has been popular, even
though aminoglycoside antibiotics tend to produce nephrotox-
icity and ototoxicity. Of particular significance is that the
ototoxic damage is often permanent due to destruction of
cochlear hair cells. The new cephalosporins have antimicrobial
spectra which compare favorably to that of combination therapy
and may be less toxic (16,17,24).

Moxalactam has been noted to cause blood clotting derange-
ments. The mechanisms are: 1) an acute interference with
vitamin K metabolism superimposed on a chronic vitamin K de-
ficiency, and 2) platelet dysfunction. Supplemental vitamin K
reverses humoral clotting derangements (25). The frequency of
moxalactam-induced bleeding events, most of which are se-
rious, has been reported to be 2.5% for those receiving mox-
alactam for four or more days (24). Because of this incidence,
use of moxalactam as a primary preventive antibiotic has been
abandoned.

In our series, wound infection requiring surgical intervention
did not develop even though positive cultures of the wounds
were obtained. Culture of an organism from a wound does not
represent infection but does indicate the presence of that organ-
ism in sufficient numbers to produce colony-forming units (26).
The probability of infection in a wound is directly proportional
to inoculum size and pathogen virulence and inversely propor-
tional to local and systemic defenses (27). The results of this
study provide support for previous reports indicating that broad
spectrum cephalosporin therapy is clinically equivalent to com-
bination therapy in abdominal trauma (9,11,13,14).

The populations included herein are insufficient to eliminate
the possible existence of a type 2 error. Populations sizable
enough to determine the exact difference in rates of post-
penetrating abdominal trauma infections between the two reg-
imens would be difficult to achieve given the overall low rate of
infection with adequate surgical therapy. One obstacle to routine

54  Henry Ford Hosp Med J— Vol 36, No 1, 1988

use of the newer cephalosporins has been the perceived high cost
of these antibiotics. In a previous study, the total cost of antibi-
otic therapy for patients with penetrating abdominal trauma was
approximately $125 higher per patient for the combination of
gentamicin and clindamycin versus single agent therapy of mox-
alactam. This study considered cost per dose, personnel time,
supply cost, and the cost of laboratory monitoring (28).

In our study, 2 g of moxalactam given intravenously every 12
hours was found to be of comparable efficacy to a gentamicin/
clindamycin combination. Unfortunately, coagulopathy associ-
ated with use of moxalactam is serious enough to preclude its
use in a preventive setting. Nevertheless, single antibiotic reg-
imens with less toxic third generation cephalosporins appear to
be a fruitful area for future research.

References

1. O’Donnell VA, Lou MA, Alexander JL, Mandal AK. Role of antibiotics in
penetrating abdominal trauma. Am Surg 1978;44:574-7.

2. Thadepalli H, Gorbach SL, Broido PW, Norsen J, Nyhus L. Abdominal
trauma, anaerobes, and antibiotics. Surg Gynecol Obstet 1973;137:270-6.

3. Moore EE, Dunn EL, Moore JB, Thompson JS. Penetrating abdominal
trauma index. J Trauma 1981;21:439-45.

4. Oreskovich MR, Dellinger EP, Lennard ES, Wertz M, Carrico CJ,
Merishew BH. Duration of preventive antibiotic administration for penetrating
abdominal trauma. Arch Surg 1982;117:200-5.

5. Dellinger EP, Oreskovich MR, Wertz MJ, Hamasaki U, Lennard ES. Risk
of infection following laparotomy for penetrating abdominal injury. Arch Surg
1984;119:20-7.

6. Dineen P. Management of post-traumatic intra-abdominal abscesses. Bull
NY Acad Med 1979;55:266-71.

7. Martinez OV, Lester JL III, Arango A, Malanin TI. Antibiotic prophylaxis
in penetrating colorectal injuries: The comparative effectiveness of clindamycin
and cephalothin in combination with an aminoglycoside. Am Surg 1979;
45:378-83.

8. Smith JA, Forward AD. Metronidazole and tobramycin in intraabdominal
sepsis. Surg Gynecol Obstet 1982;155:235-7.

9. Moore FA, Moore EE, Mill MR. Preoperative antibiotics for abdominal
gunshot wounds: A prospective randomized study. Am J Surg 1983;146:762-5.

10. Mbawa NC, Rose RA, Schumer W. Evaluation of efficacy of cefoxitan in
the prevention of abdominal trauma infections. Am Surg 1983;49:582-5.

11. Bartlett JG, Louie TJ, Gorbach SL, Onderdonk AB. Therapeutic efficacy
of 29 antimicrobial regimens in experimental intraabdominal sepsis. Rev Infect
Dis 1981;3:535-42.

12. Alexander JW. Prophylactic antibiotics in trauma. Am Surg 1982;
48:45-8.

13. O’Donnell V, Mandal AK, Lou MA, Thadepalli H. Evaluation of car-
benicillin and a comparison of clindamycin and gentamicin combined therapy in
penetrating abdominal trauma. Surg Gynecol Obstet 1978;147:525-8.

14. Crenshaw C, Glanges E, Webber C, McReynolds DB. A prospective ran-
dom study of a single agent versus combination antibiotics as therapy in
penetrating injuries of the abdomen. Surg Gynecol Obstet 1983;156:289-94.

15. Fabian TC, Hoefling SJ, Strom PR, Stone HH. Use of antibiotic pro-
phylaxis in penetrating abdominal trauma. Clin Ther 1982;5(suppl A):38-47.

16. Neu HC. The new beta-lactamase-stable cephalosporins. Ann Intern Med
1982;97:408-19.

17. Wittman DH, Schassan H-H. Penetration of eight B-lactam antibiotics
into the peritoneal fluid: A pharmacokinetic investigation. Arch Surg 1983;
118:205-13.

18. Guglielmo BJ, Hohn DC, Koo PJ, Hunt TK, Sweet RL, Conte JE Jr. Anti-
biotic prophylaxis in surgical procedures: A critical analysis of the literature.
Arch Surg 1983;118:943-55.

19. Rowlands BJ, Ericsson CD. Comparative studies of antibiotic therapy
after penetrating abdominal trauma. Am J Surg 1984;148:791-5.

Single vs Combined Antibiotics in Abdominal Trauma—Fifer et al



20. Hofstetter SR, Pachter HL, Bailey AA, Coppa GE. A prospective com-
parison of two regimens of prophylactic antibiotics in abdominal trauma: Cefox-
itin versus triple drug. J Trauma 1984;24:307-10.

21. Condon RE, Bartlett JG, Greenlee H, et al. Efficacy of oral and systemic
antibiotic prophylaxis in colorectal operations. Arch Surg 1983;118:496-502.

22. Committee on pre and postoperative care, American College of Sur-
geons. Dudrick SJ, et al (eds). Manual of pre and postoperative care. 3rd ed.
Philadelphia: W.B. Saunders, 1983:113.

23. Fullen WD, Hunt J, Altemeier WA. Prophylactic antibiotics in penetrat-
ing wounds of the abdomen. J Trauma 1972;12:282-9.

24. American Medical Association. AMA drug evaluations. 6th ed. Chicago:

Henry Ford Hosp Med J—Vol 36, No 1, 1988

American Medical Association, 1986:1376-7.

25. Baxter JG, Marble DA, Whitfield LR, Wells PB, Walczak P, Schentag JJ.
Clinical risk factors for prolonged PT/PTT in abdominal sepsis patients treated
with moxalactam or tobramycin plus clindamycin. Ann Surg 1985;201:96-102.

26. Thadepalli H. Principles and practice of antibiotic therapy for post-trau-
matic abdominal injuries. Surg Gynecol Obstet 1979;148:937-51.

27. Pankey GA. Post-traumatic antibiotic management. Bull NY Acad Med
1979;55:272-83.

28. Crots LD, Obeid FN, Horst HM, Bivins BA. Twice daily moxalactam vs.
gentamicin and clindamycin in patients with penetrating abdominal trauma. Clin
Pharm 1985:4:316-9.

Single vs Combined Antibiotics in Abdominal Trauma—Fiferetal 55




	A Prospective Randomized Comparison of a Single Antibiotic (Moxalactam) Versus Combination Therapy (Gentamicin and Clindamycin) in Penetrating Abdominal Trauma
	Recommended Citation

	A Prospective Randomized Comparison of a Single Antibiotic (Moxalactam) Versus Combination Therapy (Gentamicin and Clindamycin) in Penetrating Abdominal Trauma
	Authors

	VOL 36, NO 1, 1988

