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One hundred patients with intraabdominal infections were as-
signed randomly in double-blind fashion to receive either the
combination of tobramycin plus clindamycin (TM/C) or mox-
alactam (MOX) alone. Fifty patients comprised each group,
but one patient in each group died of infection before 48 hours
treatment. In the remaining 98 patients, the average age was
62 years, initial serum albumin was 3.0 mg/dl, serum creatinine
was 1.5 mg/dl, and over half of the patients were nutritionally
deficient by the prognostic nutritional index criteria. In ap-
proximately one-half of the patients, the source of infection
was perforated colon or perforated appendix. There were no
significant differences in demographic factors between these
groups, except that those who were given TM/C were older,
while those who were given MOX had a more serious long-
term prognosis due to underlying disease. The average length
of treatment was 11 days, and the average hospitalization time
was 24 days. Clinical response to therapy was identical, since
74% of the TM/C patients and 76% of the MOX patients had
satisfactory responses. Bacteria persisted at the site of infec-
tion in 63% of the TM/C patients and in 65% of the MOX
patients, with the most common isolate being Staphylococcus
epidermidis. Pseudomonas infections were the most difficult
to cure in both groups. The two regimens differed only in side
effects; TM/C was a more frequent (p < 0.05) cause of neph-
rotoxicity, and elevated prothrombin time/partial thrombo-
plastin time (PT/PTT') was more frequently (p < 0.05) ob-
served in MOX. All PT/PTT elevations responded to injec-
tions of vitamin K, and no serious bleeding occurred. Choice
between these regimens depends on the risk of renal versus
hematologic side effects, rather than efficacy.

r HE PATHOGENESIS ofintraabdominal sepsis has been
elucidated in animal models over the past 5 years. '

Abdominal sepsis is a two-stage mixed infection with
aerobic gram-negative rods as a cause of initial sepsis,
followed (in case of survival) by abscesses caused by
anaerobes. The combination of an aminoglycoside plus
clindamycin is active against both aerobes and anaer-
obes, and has emerged as the standard therapy, in con-
junction with appropriate surgical intervention.2 Ami-
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noglycosides that are marketed in the United States, in-
cluding gentamicin,3'4 tobramycin,5 and amikacin6 have
been combined with clindamycin to successfully treat
intraabdominal sepsis. The choice of aminoglycoside is
determined commonly by organism sensitivity, cost, or
nephrotoxic potential. Metronidazole,5 chlorampheni-
col,4 and ticarcillin4 plus an aminoglycoside have shown
equivalence to clindamycin plus an aminoglycoside in
clinical trials. Recently, cefoxitin,6 cefamandole,7 cefo-
taxime,8 and moxalactam9 have been proposed as al-
ternatives to the combination of aminoglycosides and
clindamycin in such infections.

Although these newer cephalosporins may be effective
in surgical infections, recent studies are deficient in four
major areas. They have included large numbers of soft
tissue or wound infections, which are often a more be-
nign process responsive to drainage alone.6-9 Second,
previous trials span the age range of 20 to 85 years. A
younger, healthy patient is not at equivalent risk for
sequelae of intraabdominal sepsis to an older patient
with chronic diseases. Third, preoperative nutritional
status has not been evaluated in relation to outcome in
other trials. This factor is a major determinant of se-
quelae,'° " and younger patients with abdominal sepsis
who are free of significant malnutrition do not respond
to sepsis in an identical manner as do malnourished
geriatrics.
No study ofabdominal sepsis has yet matched groups

on age and nutritional status, and, in addition, previous
studies have not limited their study populations to those
who require aminoglycosides. If the infection would be
cured by a second generation cephalosporin such as ce-
foxitin or cefamandole, then this patient may have a low
pretreatment risk of sequelae.
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This study was designed to address previous deficien-
cies in a randomized, clinical trial of moxalactam alone
versus the standard treatment of abdominal sepsis. Age
criteria was restricted to include only those patients over
40 years old. Our study excluded trauma patients, gun-

shot and stabbing victims, and those with surgical
wound infections. This trial was carried out in a sub-
population that was representative of the high risk, nu-

tritionally deficient, older patients with sepsis due to in-
traabdominal catastrophe.

Methods

One hundred consecutive patients with presumed or

proven abdominal sepsis were entered into this trial.
Four other suitable patients were approached, but re-

fused to give consent, and were excluded. Patients were
not approached if they were not candidates for tobra-
mycin plus clindamycin (TM/C) or if the patient's age
was below 40 years. Patients with a history of major
allergy to penicillin were excluded. They were also ex-

cluded if not expected to survive 48 hours or if gram
negative bacteria were known to be resistant in vitro to
either TM/C or MOX. Patients were included if they
were a failure on previous antimicrobial therapy, pro-

viding other criteria were met. After informed consent
was obtained, patients were given one of the regimens
based on order of entry, using a previously randomized
list kept blind from the investigators by the pharmacy.
After entry, the study regimen was made known to the
investigators as well as to patients, if they requested.
Almost two-thirds of patients were entered without
knowledge of the pathogen, since most were given the
first dose prior to a surgical procedure. The other one-

third had gram negative organisms resistant to first or

second generation cephalosporins.
Baseline laboratory testing included SMA 6 and 12

profiles, CBC with differential, prothrombin time/partial
thromboplastin time (PT/PTT), and total iron-binding
capacity. Total iron-binding capacity, serum albumin
and triceps skin fold measurements were used in cal-
culation of prognostic nutritional index (PNI), as de-
scribed by Buzby.'0 A urinalysis was taken for cast
count, and a 24-hour urine collection was started to
quantitate excretion of beta 2-microglobulin (B2M), al-
anine aminopeptidase (AAP), creatinine, protein, and
excretion rate of study drug. We assayed B2M'2 and
AAP as previously described. Blood testing was repeated
at 24- to 48-hour intervals during the study, and for 5
to 10 days post-treatment. Daily 24-hour urines were
collected whenever the patient was catheterized.

Tobramycin dosage initially was 2.0 mg/kg, followed
by adjustments based on measured serum concentra-
tions. The moxalactam starting dose was 2.0 g every 8

hours, with empiric increases to 4.0 g every 8 hours if
pseudomonas was isolated, or if the clinical condition
of the patient was not improving by day 2 of treatment.
The MOX dosage was decreased to 1-2 g every 12 hours
in cases of severely impaired renal function. The dose
of clindamycin was 600 mg every 6 hours, empirically
reduced to 600 mg every 8 hours if major liver disease
was present.

Peak and trough antibiotic concentrations were mea-

sured every 2 days during therapy. On study days 3 to
6, a full kinetic profile (eight blood samples and interval
urine) was taken over one dosing interval.

Tobramycin was assayed using EMIT (Syva Com-
pany, Palo Alto, CA). Moxalactam was assayed via high
pressure liquid chromatography (HPLC)14 or bioassay,
with good agreement between methods. Desired thera-
peutic ranges for tobramycin were maintained at peaks
4.0 to 12.0 ug/ml, and valleys 0.5 to 2.0 ,g/ml. Mox-
alactam peaks were maintained above 150 ,ug/ml.

Bacteria were isolated from aerobic and anaerobic
cultures taken before or within 8 hours of the first dose.
Aerobic isolates were tested for sensitivity to MOX and
TM/C using Autobac (Pfizer Labs, Groton, CT) or Kirby
Bauer Disks.
The patients were followed until death or discharge,

and complete clinical and demographic data were col-
lected. Any patient readmitted was noted. Follow-up
was complete, since nearly all patients were seen post
discharge by their physicians who, in turn, advised us

of their subsequent progress.
Clinical and bacteriologic responses were assessed sep-

arately. Satisfactory clinical response was defined as ab-

sence of signs and symptoms of infection at completion
of treatment. Recurrent symptoms were termed satis-
factory with recurrence. Unsatisfactory responses in-
cluded those who failed to improve, had changes in ther-
apy, or died of infection. The clinical requirement for
another antibiotic or antifungal was considered a regi-
men failure, and patient response was defined as un-

satisfactory, even though all patients were treated by the
investigators as needed.

Bacteriologic response was differentiated into 4 cat-
egories: post-treatment eradication, eradication plus col-
onization, eradication plus superinfection, or persistence
of the organism as a pathogen. In the case of multiple
pathogens, the same criteria were used for each patho-
gen. A global assessment of response was made also.

Significant change in renal function was defined as
a rise in creatinine of more than 0.5 mg/dl during or
within 10 days posttreatment. Changes in creatinine
were ascribed to the antibiotic if they were preceeded
by significant renal tubular damage, such as B2M ex-
cretion above 50 mg/24 hours'5 or AAP excretion above
50 mU/24 hours.
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Elevation of PT/PTT above the normal range was

considered significant, and all patients were treated with
vitamin K at the time of elevation. Except for two cases
of elevated PT/PTT due to heparin, all these cases were
attributed to the antibiotic.

Statistical analysis was performed using chi square or
unpaired T-test. Statistical significance was defined as
p < 0.05.

Results

Study Groups

The 100 study patients comprised two randomly di-
vided groups, 50 patients receiving MOX and 50 re-
ceiving TM/C. Two patients (one MOX, one TM/C)
died in the first 24-48 hours of the study. These two
patients rapidly deteriorated, and both were excluded
from further analysis because they died before surgery.
In the remaining 98 patients, no additional antibiotics
were given, and no other protocol violations occurred.
The 98 study patients were derived primarily (77%) from
the practice of three general surgeons, and six surgical
residents managed the postoperative course of 71% of
the patients. There were no differences between the three
surgical groups in patient response, cures, or compli-
cations.

These 98 patients had multiple underlying diseases,
as shown in Table 1. The most frequent were malnu-
trition and cardiac disease. Renal disease, age above 70
years, and malignancies were observed commonly, while
liver disease and neutropenia were rare. Half of the pa-
tient population had three or more diseases. Less than
20% of the patients had no disease, most of whom had

TABLE 1. Associated Diseases in the Patients Treated with Either
Moxalactam alone (MOX) or Tobramycin plus

Clindamycin (TM/C)

MOX TM/C
Diagnosis* 49 Patients 49 Patients

Diabetes 12% 12%
Carcinoma 37% 26%
Pulmonary 31% 20%
Cardiac 41% 51%
G.I. carcinoma 20% 22%
Malnutrition 59% 51%
Liver disease 4% 4%
Renal disease 31% 49%
Neutropenia 0% 0%
Age above 70 years 20% 41%t
Three or more above 49% 53%
No associated disease 16% 18%

* Criteria for diseases: pulmonary (COPD only), cardiac (clinical
CHF or by EKG), malnutrition (PNI > 60), liver disease (biopsy
proven), renal disease (CCR < 50 ml/min), neutropenia (WBC
< 1000).

t Significant difference (X2 = 4.8, p < 0.05).

TABLE 2. Demographic Features of 100 Patients Treatedfor
Abdominal Sepsis after Randomization to Either Moxalactam

Alone (MOX) or Tobramycin plus Clindamycin (TM/C)

MOX TM/C

Number Studied 49 49
Age (years) 59 ± 16 65 ± 16
Sex (m/f) 22/27 29/20
Baseline lab data
Serum creatinine (mg/dl) 1.5 ± 1.9 1.3 ± 0.6
Serum albumin (gm/dl) 3.0 ± 0.6 3.1 ± 0.7
Initial PNI 66 ± 20 63 ± 22

Type of infection-peritonitis
and/or abscess after

Perforated upper G.I.* 6 7
Hepatobiliary/pancreatict 9 10
Perforated small bowel 5 5
Perforated colon 17 12
Perforated appendix 4 9
Miscellaneoust 8 6

Underlying prognosis
Less than 1 month (%) 8 6
One month to 1 year (%) 35 12§
Over 1 year (%) 26 5311

Positive blood cultures (%) 10 10
First infections (%) 69 80
Failures of prior Tx (%) 31 20
Treatment

Duration (days) 10 ± 4 12 ± 6
Total dose (g) 62 ± 37 2.2 ± 2.0
ICU management (days) 13 ± 18 8 ± 9

* Includes perforated stomach and duodenal ulcers.
t Includes infections of liver, biliary system, suphrenic and pan-

creatic abscesses. Uncomplicated cholecystitis was excluded.
t Includes operations where the bowel was not entered, such as

abdominal aortic graft infections, or those cases where no infection
was found at laparotomy.

§ Significant difference at p < 0.05.
11 Significant difference at p < 0.01.

a perforated appendix as their primary reason for ad-
mission. The duration of abdominal symptoms prior to
randomization and surgery did not differ between MOX
and TM/C, and averaged 36 hours.
As shown in Table 2, initial creatinine tended to be

above normal, and initial albumin and PNI was often
low. Positive blood cultures were relatively infrequent,
and, when noted, the patient usually died. Appendix
and colon perforations were found in about half of the
study group, while upper gastrointestinal and small
bowel perforations comprised most of the remainder.
There were no cases of cholecystitis or appendicitis in
either group, and there were no significant differences
between MOX and TM/C patients in any ofthe surgical
diagnosis categories. Exclusive of infection, many pa-
tients had a generally poor long-term prognosis, since
only 30% of patients were expected to survive 5 years.
There were two differences between MOX and TM/C
patients in long-term prognosis, as more TM/C patients
than MOX patients were expected to survive over 1 year
(p < 0.05) and fewer TM/C patients than MOX patients
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TABLE 3. Bacteria Isolated and Response ofBacteria to Treatment
with Either Moxalactam Alone (MOX) or Tobramycin

plus Clindamycin (TM/C)

MOX TM/C

Number studied 49 49
Initial isolate

Aerobes only (%) 49 43
Anaerobes only (%) 0 2
Aerobes and anaerobes (%) 39 41
No pathogens (%) 12 14

Initial sensitivity to study drug
Gram-neg sensitive (%) 96 100
Gram-pos sensitive (%) 26 38*

During treatment
Eradication 10/43 (23%) 10/42 (24%)
Erad with colonization 18/43 (42%) 13/42 (31%)
Erad with superinfection 10/43 (23%) 9/42 (21%)
Bacterial persistence 5/43 (12%) 10/42 (24%)

Post-treatment persistencet
Enterococci 28/49, 8 (29%) 19/49, 8 (42%)
Anaerobes 4/49, 1 (25%) 5/49, 4 (20%)
Pseudomonas 14/49, 4 (29%) 6/49, 5 (83%)t
Candida 13/49, 1 (8%) 8/49, 1 (13%)
S. epidermidis 15/49, 5 (20%) 23/49, 5 (22%)

* Tobramycin sensitivity is shown.
t Post-treatment persistence of each bacteria are given as follows:

number persistent/total patients, number of persistent bacteria con-
sidered pathogenic (per cent pathogenic). Persistent bacteria in the face
of clinical deterioration was considered pathogenic.

t Significant difference at p < 0.05.

were expected to survive between 1 month and 1 year
(p < 0.05). The only other demographic difference be-
tween the 49 MOX patients and the 49 TM/C patients
was that more TM/C-treated patients were over 70 years
of age (p < 0.05), as shown in Table 1.

Bacteriology

Bacteria isolated from study patients are shown in
Table 3. Because of patient entry prior to surgery based
on symptoms, 12% to 14% of patients had no bacteria
isolated. In a portion of these, infection was not found
at laparotomy, or, in some cases, infection was noted,
but organisms were not isolated. Two such negative
cases were perforations of the appendix, and one was
a gangrenous terminal ileum.

In patients who were culture-positive, aerobes were
found invariably, and concomittant anaerobes were
present in about half ofthem. No differences were noted
between MOX and TM/C groups as to type of bacteria
found. The specific pathogens found in the initial cul-
tures of the 98 patients included Escherichia coli, the
most frequent in 53% of cultures, enterococci in 47%,
bacteroides species in 37%, Klebsiella in 15%, Pseudo-
monas in 15%, Enterobacter in 18%, Proteus in 10%,
Staphylococcus epidermidis in 21%, and Candida in
11%. Three isolates per patient was average.

The aerobic pathogens isolated were sensitive to the
study drug in 96% of MOX cases and 100% of TM/C
cases. Enterococcus was nearly always MOX-resistant
and was usually resistant toTM or clindamycin. Because
offrequent isolation in benign clinical situations, entero-
coccus and S. epidermidis was not considered a patho-
gen, unless it was a single isolate and the patient showed
clinical deterioration.

During therapy, bacteriologic failures were more fre-
quent than clinical failures, to the point where cultures
were scrutinized only when clinical deterioration oc-

curred. By the end of therapy, the bacterial flora in 98
patients were substantially different than those at initial
culture. S. epidermidis increased to 46% (20% of these
were pathogenic), enterococcus declined to 18%, Can-
dida rose to 16%, Pseudomonas was unchanged at 16%,
bacteroides declined to 9%, and E. coli dropped to 7%.

Table 3 also shows the post-treatment persistence of
bacteria in both groups. Colonization was frequent, and
when clinical deterioration occurred in the colonized
patients, this was termed superinfection. Pseudomonas
was responsible for superinfection in four ofthe 14 Pseu-
domonas-colonized MOX cases and five of the six TM/
C cases (p < 0.05). S. epidermidis caused superinfection
in five of 25 colonizedMOX cases and in five of23 TM/
C cases. Candida superinfection was rare. Most of the
patients with Candida, Pseudomonas, and S. epider-
midis superinfections died. Anaerobes were seldom
identified in the cultures of superinfected cases. Pseu-
domonas superinfection was the only significant bac-
teriologic difference between the TM/C and the MOX
group.

Clinical Response

Clinical response was satisfactory in 75% of patients,
with no differences between MOX and TM/C. Table 4
further defines the less than satisfactory responses by
diagnosis. Most failures were ascribed to gram-negative
aerobic superinfection or acquired resistance. The most
common sites were biliary/pancreatic and colon. In
eight of the nine TM/C failures, cultures revealed or-

ganisms sensitive to TM/C, while cultures showed sen-
sitive organisms in three of the six MOX failures, and
the other three showed a resistance to MOX. All clinical
failures were also bacteriologic failures, although the
converse was not generally true. Study mortality rate
was 13%. Most of the patients who died, did so with
infection as a major contributing factor.

Adverse Reactions

Approximately half of the patients had side effects,
as listed in Table 4. An increase in serum creatinine
(>0.5 mg/dl) occurred in six (12%) MOX and 14 (29%)
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TM/C patients (p < 0.05). Nephrotoxicity due to renal
tubular damage (as assessed by increased excretion of
B2M, AAP, and casts) was less frequent than creatinine
rise, since it occurred in 4% ofMOX patients and 18%
of TM/C patients (p < 0.05).
Moxalactam was associated more frequently (p < 0.01)

with alteration of PT/PTT (45%), although changes in
clotting times were noted also in 16% ofTM/C patients.
All patients with elevated PT/PTT were treated with
vitamin K every 12 hours for two doses, and the elevated
PT/PTT values were usually normalized within 24
hours. Bleeding requiring more than 2 units of packed
cells occurred in only two patients, both treated with
MOX. However, this difference was not statistically sig-
nificant. Mild allergic dermatologic reactions were ob-
served in five patients, with no differences between reg-

imens. Diarrhea, elevations in liver enzymes, throm-
bophlebitis, and eosinophilia were encountered but
could not be clearly related to either regimen. These
abnormalities were reversible.

Discussion

This study was designed to test the efficacy and safety
of moxalactam in a subpopulation of older, critically ill
adults who had major underlying diseases, poor nutri-
tional status defined as PNI 2 50, and intraabdominal
sepsis requiring intensive care unit (ICU) management.
The intervening variables were well balanced between
regimens by the blind randomization.
The findings regarding nephrotoxicity are not nec-

essarily representative of previous studies of surgical in-
fection.4-9 The greater average age, the abnormal renal
function, and the critically ill status of the patients and
long course of treatment all contributed to a higher in-
cidence of changed renal function. Tobramycin was se-

lected as our reference aminoglycoside primarily be-
cause of significantly greater gentamicin nephrotoxicity
in previous studies of these patients.'6" 7 Tobramycin
nephrotoxicity was more frequent in this study than in
previous series, 6 but in this study, the tobramycin cu-

mulative dosage was higher and therapy was continued
longer. Secondly, over 80% of this population had ab-

dominal sepsis, while in our previous studies, about 50%
had abdominal infections and a large portion had pneu-
monia.'6"17 In all previous trials ofnephrotoxicity in ICU
patients, the absence of a non-aminoglycoside-treated
control has prevented full appreciation ofthe acute renal
failure incidence in these patients due to aminoglyco-
sides versus other insults. Since MOX has no nephro-
toxicity in animals,'8 the MOX patients might be con-

sidered a control group given a non-nephrotoxic sub-

stance. The results suggest that approximately one-half
of the acute renal failure in this surgical population was

TABLE 4. Clinical Response and Adverse Reactions during
Treatment with Moxalactam Alone (MOX) or

Tobramycin plus Clindamycin (TM/C)

MOX TM/C

Number studied 49 49
Overall outcome

Satisfactory (%) 76 74
Satisfactory with recurrence (%) 12 8
Unsatisfactory (%) 12 18
Late abscesses 1/49 3/49
Mortality rate (%) 14 12

Clinical failures by category
(failures/total in category)

Upper G.I. 0/6 1/7
Hepatobiliary/pancreatic 4/9 7/10
Small bowel 0/5 2/5
Colon 6/17 2/12
Appendix 0/4 1/9
Miscellaneous 2/8 0/6

Adverse reactionst
All creatinine elevations (%) 12* 29
Renal tubular damage (%) 4* 18
PT/PTT rise (%) 45t 16
Bleeding(%) 4 0
Allergy (%) 2 6
None (%) 45 57

* Significantly different from tobramycin/clindamycin at p < 0.05.
t Significantly different from tobramycin/clindamycin at p < 0.01.
t Some of the reactions occurred in the same patients, so the total

exceeds 100%.

linked directly to aminoglycoside use. These mild and
generally reversible creatinine elevations occurred, even
though dosages of tobramycin were adjusted to the rec-
ommended serum concentration range, using measured
serum concentrations.

Although the study population here is unique because
of the restrictive exclusion criteria, several previous clin-
ical trials bear some similarity to this study population.
Stone performed a series oftrials in surgical patients and
has compared gentamicin plus clindamycin to cefa-
mandole,7 moxalactam,9 and cefotaxime.8 The two
study populations differ; his patients are generally 15 to
20 years younger, in a better state of health, and most
do not appear seriously malnourished. In addition,
trauma cases and/or sepsis from soft tissue or wound
infections, comprised a large portion of the group. Fi-
nally, the dose of clindamycin in one of these studies9
has been challenged. All of the Stone studies find the
cephalosporin regimen equivalent to the aminoglyco-
side/clindamycin regimen, as did this study. However,
it is difficult to define the role of third generation ceph-
alosporins in a series of trials which demonstrate both
second and third generation cephalosporins equivalent
to aminoglycoside plus clindamycin.

Tally6 and Drusano22 conducted randomized trials of
cefoxitin alone or with amikacin, versus amikacin plus
clindamycin. In both studies, at least half ofthe patients
had surgical infections other than abdominal sepsis. The
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mean age of their patients was younger, and it is not
possible to assess nutritional status or underlying disease
severity from the data provided. The protocol of Tally
provided for empiric use ofamikacin until cultures were
back or for addition of amikacin to cefoxitin if cultures
grew resistant organisms. Amikacin was added to ce-
foxitin in 38% of the patients,6 an indication that ce-
foxitin alone is not generally considered equivalent to
aminoglycoside/clindamycin by these investigators. The
high initial isolation of Pseudomonas and Enterobacter
resistant to cefoxitin in our study patients also would
have precluded the use of cefoxitin alone in our popu-
lation.

Bacteriologic confirmation of infection was achieved
in 88% of patients, and initial gram-negative isolates
were nearly always sensitive to the study regimens. Al-
though most patients were entered before culture of the
surgical infection site, patients with a large left shift were
identified nearly always correctly as having intraabdom-
inal perforations. A large left shift was also one of the
most useful indicators of the need for further surgery or
abscess later in the course of therapy. The findings gen-
erally agree with those of previous studies.10
The clinical findings suggest that the enterococcus has

a low pathogenic potential. This bacteria was universally
resistant to MOX and frequently to TM/C. The entero-
coccus was often the sole bacteria found at the wound
site on days 3 to 5, but it disappeared with wound heal-
ing. Eight patients had superinfections including this
organism, but enterococcus was the sole isolate in only
two cases. Our data are in contrast to one previous re-
port,20 but the reference study was an open trial and
patients are not necessarily comparable.

Pathogenic S. epidermidis has been noted recently in
surgical infections.2' S. epidermidis was usually resistant
to both regimens, and although uncommonly patho-
genic, superinfections were serious problems, account-
ing for one fatality in each regimen. This organism
should be considered a pathogen in surgical patients if
fever and leukocytosis returns after an initial response,
in conjunction with its isolation.

Anaerobes were found initially in almost one-half of
these 98 study patients, with bacteroides species being
most common. Others have found these organisms pres-
ent in abdominal infections as frequently as 80%.45
Anaerobic isolation procedures were not rigorous, and
the actual presence of anaerobes in our population was
probably higher than our cultures reveal. Nevertheless,
in the presence ofprior or concommittant surgical drain-
age, both MOX and clindamycin apparently provided
effective anaerobic coverage, as there were almost no
cases of subsequent abscesses requiring drainage (Ta-
ble 4).

The present study population was selected carefully
to study the subpopulation of older, seriously ill patients
who require aminoglycoside plus clindamycin for treat-
ment of intraabdominal sepsis. Most patients had both
aerobes and anaerobes. Moxalactam was as effective as
the combination but was responsible for significantly
less nephrotoxicity. However, MOX was not free of ad-
verse reactions, since elevated PT/PTT occurred in 22
(45%) of the patients, while it was observed in eight
(16%) of the TM/C patients. The latter finding has not
been reported previously and probably reflects the poor
health of these patients, combined with intense surveil-
lance. Vitamin K was given within 24 hours of the first
PT/PTT elevation, and no hazardous bleeding was
noted. However, the data support the prophylactic use
of vitamin K in older, malnourished patients who are
treated with MOX, as recommended in the package lit-
erature. Those given TM/C should also have clotting
profiles monitored closely.
Drug costs were not different between the two regi-

mens. The average cost of the moxalactam plus three
fluid administration sets per day was $75.10, compared
to the TM/C regimen with 7 I.V. fluid sets costing $71.75
per day. Factors such as tobramycin levels, PT deter-
minations, and nursing and pharmacy time were not
considered in these calculations.
As amply documented in the literature, cure of ab-

dominal sepsis can be effected by surgical correction of
the underlying condition, but in older patients, only
when adequate surgery is combined with effective an-
timicrobial coverage. Nutritional support has a major
adjunctive role, since the patients with the highest base-
line malnutrition can be considered likely to heal slowly,
develop leaks around anastamoses, form abscesses, and
develop resistant organisms.'0"' In almost all our clinical
failures, resistant aerobes were identified as the cause.
Pseudomonas was implicated most often in failure of
both TM/C and MOX, and neither agent can be con-
sidered a universal antidote to this pathogen. S. epider-
midis was also particularly troublesome, and it will be
interesting to see if gram-positive bacteria return as the
gram-negative spectrum is optimized further by the
newer cephalosporins. In spite of the development of
new antibiotics, the patient with weakened host resis-
tance continues to have a high mortality due to infec-
tion. Nevertheless, moxalactam in combination with
vitamin K is a major advance in safety and can be con-
sidered equivalent in efficacy to the standard regimen.
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J. A. Ziemniak, and A. DeLattre.
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