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Case Report #1. W.M. is a 70 year old white male who has been paraple gi c for 18 
years following a gun shot wound. He has had a chronic indwelling urinary 
catheter for 14 years with recurrent admissions for fever and cloudy ur i ne. He 
was admitted in June with a one-week history of cloudy urine, ol iguria and 
fever. He had a past history of peptic ulcer di s ease but he had no re cent 
bleeding, aspirin ingestion or alcohol use. His appetite had been good prior to 
the onset of illness. Physical examination showed a well nourished whit e male 
with a temperature of 37.70C. Abdominal e xamination revealed a palpable 
bladder. He had a posterior scrotal urethreostomy with purulent urine in the 
drainage tubing. Stool was guaiac negative. Neurologic exam revealed paraplegia 
with sensory deficit at Tl2 area. 

Initial blood studies showed a hematocrit of 41 with normal indicies, plate­
let count 290,000/mm3, WBC of 14,400/mm3 with differential of 76 neutrophils, 4 
bands, 12 lymphocytes and 8 monocytes. Prothrombin time was 11 seconds. Serum 
chemical analysis were unremarkable except for creatinine of 3.3 mg/dl and BUN 
of 26 mg/dl. UA showed a pH of 7.1, negative protein and 20-25 WBC (hpf), 1- 3 
RBC/hpf and many bacteria on microscopic examination. 

Initially gentamicin was begun for presumed urinary tract infec t ion and 
1 ater penicillin and trimethopri m/su 1 famethazo 1 e were added. The patient's 
urine culture grew Pseudomonas aeruginosa and Proteus mirabilis sensitive t o 
amikacin and cefoperazone. Blood cultures were sterile. Sonogram revealed mild 
hydronephrosis on the right. His temperature spi ked on the hospi ta 1 day to 
102.30. When the results of susceptibility testing ~1ere reported, he wa s 
switched to amikacin and promptly became afebrile. Serum creatinine progressi­
vely rose to 7. 7 mg/dl. In addition, he was noted to have a decreased urine 
output. Consequently he switched on June 9 to Cefaperazone 2 grams q 12 hours. 
On this day his hematocrit was 31, having responded to volume replacement. His 
prothrombin time was 12.1 seconds (11 seconds control and partial thrombopla s tim 
time was 24 seconds (control 25.2 seconds). Platelets were 206,000 per mm 3. 
Five days later he was noted to have gross hematuria in the urine ba g and a 
nasogastric aspirate showed coffee ground material with positive guaia c . Th e 
following day he had bright red blood in his stool and the nasal gas tri c 
aspirate. The hematocrit had fallen at this time was 24. Repeat coagu l ation 
studies showed the prothrombin time to be 35.8 seconds (11 .1 seconds control) 
and PTT was 39.5 seconds (24 seconds control). Platelet count was 366,000 mm3 . 

He was treated with antacids and cimetidine and was transfused with 2 units 
of packed red cells. Cefoperazone was discontinued, Vitamin K 10 milli grams was 
given subcutaneously for three days, and two units of fresh frozen plasma were 
al s o gi ven. His clotting studies returned to normal within 24 hours. He wa s 
transfused with three more units of packed red cells with stabiliza tion of 
hematocrit at 31. A repeat urine culture was sterile. ACT scan s howed a r ight 
perinephric clot and bladder clot with ureteral blockage on the r i ght s ide . 
Consequently a percutaneous nephrostomy was performed for urinary draina ge . 
Since he had persistence of the perinephric clot, exploratory surgery was pe r­
formed to remove a large retroperitoneal collection of blood. Microbial culture 
was negative. He was remained hospitalized for the ne xt three months with 
repeated ureteral tube insertions and multiple surgical drainage proced ures. 
Presently he has a l ~·Fge flank wound closing by secondary inten t ion. 



That a bleeding diathesis can be associated with administration of B 
lactam antibiotics has been known for some two decades. (1 ,2) Although bleeding 
can occur with any of the e lactam antibiotics, it has been recognized 
recently to be particularly associated with the use of newly introduced 
cephalosporin; cefamandole and moxalactam. (3,4) Impairment of hemostasis byr3-
lactam antibiotics can result from one or a combination of three mechanisms: 
(1) Indirect inhibition of fibrin formation through inhibition of synthesis of 
vitamin K - dependent coagulation factors; (2) inhibition of normal platelet 
function, and (3) direct inhibition of fibrin formation through inhibition of 
the final phases of blood coagulation. (3) A bleeding problem due to low levels 
of clotting factors that depend on vitamin K for their biosynthesis (clotting 
factors II, VII, IX and X) has a predilection for elderly patients who are debi­
litated and/or patients on hyperalimentation, but complications also have been 
noted in young healthy patients. (4-6) Presumably they weren't eating for some 
period prior to the treatment. Some have postulated that these antibiotics 
diminish the production of Vitamin K in the gastrointestinal tract in previously 
starved individuals (3). However, a duration of 3 to 4 weeks is necesary before 
hypoprothrombinemia follows the combination of starvation and antibiotic admi­
nistration (7). Hence this is an unlikely explanation for the very rapid deve -
1 opment of hypoprothrombinemia within 4 to 6 days of therapy with· re su 1 tant 
bleeding difficulties as seen in our case. The bleeding diathesis is rapidly 
reversible with administration of Vitamin K and there is no associated defect 
in platelets or fibrinogen (5,6). 

In experimental studies, cefamandole and moxalactam did not have a direct 
inhibitory effect on Vitamin K dependent clotting factors (3). Assays for· 
Vitamin K and the clotting factors II, VII, IX and X and for the Vitamin Kinde­
pendent clotting factors V and VIII were normal. In addition there was no abnor­
mal prothrombin precursor such as appears in patients taking warfarin. Thus no 
experimental evidence has been garnered to explain such a rapid change in 
prothrombin time. The one characteristic of the cephalosporins associated with 
these changes is the methylthiotetrazole side chain at position 3 (figure 1). 
No experimental published studies have been done to assess the effect of this 
metabolite on prothrombin synthesis. 

This ring is also probably responsible for the antabuse-like reacti on 
reported with these same antibiotics (table 1) in patients who drink alcohol 
after receiving the drug (more likely in hospitals with bars!). (8) 

This disulfiram reaction with moxalactam is associated with accumulati on of 
acetaldehyde, likely through inhibition of aldehyde dehydrogenase (8) . Com ­
putergraphics indicated close match for the S-S-C-N-C chain in disulfiram 1vith 
the C-S-C-N-C chain in the methythiotetrazole structure of moxalactam (figure 
2). 

Previous studies have shown that many 8 -lactams, most especially the ca rbo­
xypenicillins induce platelet dysfunction (3). The defect results from the 
interaction of aggregation agonists with the appropriate platelet membra ne 
receptors (9,10). Carbenicillin was shown to reduce aggregation of an adenosine 
diphosphate (ADP) affinity label to the binding protein in platelet membranes (10). 
Prolonged bleeding ti ~s (greater than 7 minutes) hav.e been noted in patients 
receiving carbenicillln within 3 days (9). Bleeding diatheses however have 
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generally occurred in those with renal failure, indicating the additive effects 
of bleeding abnormalities in renal failure with the adverse effects of these 
penicillins on perturbation of the platelet membranes. A great majority of 
lactam antibiotics suppress platelet aggregation when tested in vitro but in 
concentrations far greater than in those achieved in vivo (3}.Moxalactam was 
shown to affect platelet function in vivo in normal subjects given standard 
dosing. The defect reached a maximum-aT six days and the ADP aggregation 
abnormality returned to normal within 96 hours after the last dose. Bleeding 
diatheses have been reported to result from prolongation of the bleeding time 
with impaired ADP aggregation of platelets (11}. These authors postulate the 
defect may be additive with other factors that affect platelet function: 
azotemia, heparin, antihistamine, aspirin and other antiinflammatory agents, 
furosemide, propranolol and steroids (11 ). 

Practical considerations 

Since the cephalosporins (cefamandole, cefoperazone, moxalactam) which lead to 
bleeding problems secondary to hypoprothrombinemia develop the abnormality 
within 4 to 6 days after administration of the antibiotic, it is wise to preme­
dicate with 10 mg Vitamin· K prior to giving these drugs. Even with this 
therapy, 20% of granulocytopenic patients receiving moxalactam had an elevated 
prothrombin time with therapy, requiring further administration of Vitamin K 
(12}; hence a repeat stucty is required at 4-5 days. Recently, the package 
insert for moxalactam was changed to recommend preventive treatment with Vitamin 
K of debilitated elderly persons receiving moxalactam. Case reports indicate it 
occurs also in young people, so I suggest all receive Vitamin K and have proti­
mes checked. I also recommend this be done for patients treated with cefopera­
zone and cefamandole (5, 13}. All patients on S -lactams with any drug having an 
effect on platelet function or with a disease with platelet abnormalities (renal 
failure, leukemia) should be observed closely for bleeding abnormalities. 
Dosing of drugs should be checked since it is with e xtremely high levels of s 
lactam antibiotics that bleeding diatheses occur, especially in patients with 
renal failure. Blood levels can be obtained within 6 hours by Dr. Bawdon. 
Administration of fresh frozen plasma with vitamin K may be required in patients 
with extensive bleeding as in our case. 

NEW S LACTAM ANTIBIOTICS 

A number of new S lactam penici 11 ins have been introduced to provide an 
impressive number of new penicillins. The amino, carboxy and acyl-ureido peni­
cillins provide a much wider spectrum against gram negative bacilli than do 
the benzyl penicillin derivatives. The acyl-ureidopenicillins include azlo­
cillin, mezlocillin, and piperacillin. These are generally more effective 
against klebsiella and other gram-negative rods than the carboxy-penicillins. 
In general, azlocillin is more potent than mezlocillin against Pseudomonas but 
less active against Enterbacteriaceae. These strains are bacterici da l for 
the organisms resistant to carboxy-penicillins but they are susceptible to inac­
tivation by chromosomal s lactamase of the organism, especially at large inocula 
in vitro (14}. Hence, it is unlikely that these antipseudomonal penicillins 
wll!De adequate as single agents for treatment of severe pseudomonas 
infections. J5:ipraicillin also has broader spectrum activity than carboxypeni­
cillins against gram negative bacilli (15). Although an occasional study has 
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been done using piperacillin as a single agent (vancomycin was added to provide 
more adequate gram positive coverage for staphylococcus) most studies have eva­
luated the combination of piperacillin with aminoglycosides or occasionally with 
a cephalosporin with antipseudomonal activity (16-17). Piperacil l in was either 

·only slightly more effective or was equally effective as the carboxypenicillins 
combined with aminoglycosides in treatment of the granulocytopenic patient. 
Superi n feet ion with resistant organisms has been noted more frequent 1 y with 
piperacillin than with azlocillin (17). The frequency of hypokalemia is low 
with azlocillin and mezlocillin but occurs in up to 20 percent in trials with 
piperacillin; in fact, the frequency is equivalent to that seen with either 
ticarcillin or carbenicillin (16). Hypersensitivity reactions, including 
skin rash, can occur with any of these agents but in one study was shown to be 
increased with azlocillin (18). Neutropenia, the most frequent hematologic 
manifestation with these new penicillins, was frequently noted (27%) in 
children given piperacillin (19). These agents also alter platelet function but 
less so than carbenicillin (20). In addition up to 30% of mezlocillin may be 
excreted via the biliary route so dosing must be tailored to liver function stu­
dies (21). These drugs are relatively safe agents for use in serious 
infections, particularly immunocompromised and/or granulocytopenic patients, but 
combination with ami noglycosi des is recoiTVTlended. Such combination wi 11 pro vi de 
either additive or synergistic bactericida1 effect and could delay the emergence 
of resistance to one or more of the components of the combination (14). 

Other miscellaneous 13 lactam antibiotics are being introduced which either 
can be combined with penicillins to make them more active or are distant 
relatives with broad activities. Clavulanic acid has low antimicrobial activity 
~ ~· but will inhibit 13 -lactamase, particularly those colll11on in gram nega­
tive bacilli (22). Clavulanic acid and amdinocill in consequently are for­
mu 1 a ted with ami no and ca rboxypen i c i 11 ins to extend the bac te ria 1 spectrum of 
these penicillins since these agents are highly susceptible to 13 -lactamase (23 ). 
Although the use of such combination for upper respiratory tract infections 
including sinusitis and otitis media, urinary tract infections and even for 
scattered reports of severe systemic bacteria 1 infections show efficacy, 
it has been difficult thus far to determine that the combination is mo re effec­
tive than the parent drug (23,24). These compounds then have great theoretical 
attraction, but 1 imited objective evidence for augmenting clinical efficacy is 
exact. Recently in vitro activity of a combination of clavulanic acid against 
M. tuber-culosis \whfcliproduces a 13- lactamase) was shown (25). Very little 
added side effects have been noted with the combination except for a slightly 
increased frequency of positive Coomb's test, without evidence of hemolysis. 
The role of the combination in adult infection is highly suspect, but the com­
bination may have use in pediatric practice, especially if 13 lactamase con­
taining strains continue to increase in frequency (26). 

The monobactam antibiotics have been introduced with great "hoopla" as an 
entirely new class of antibiotic. Aztreonam, the monobactam with greatest cli­
nical experience has been effective against a great proportion of gram negative 
bacilli, including pseudomonas, and has been shown clinically efficacious for 
susceptible organisms (27). The compound has no activity for gram positive 
organisms{ or anaerobes so that combination therapy must be resorted to prior to 
bacterial identification for most non-UTI infections. The principle use of this 
agent might be in recurrent urinary tract infections, since the drug appears to 
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be highly effective, even in upper tract infections in men (Mackowiak). It also 
may have a role in treating pneumonia due to gram-negative resistant organisms; 
however, it is not known if resistance will develop to this antibiotic since it 
has only been used in limited clinical trials. Side effects are similar to 
those of the penicillin derivatives, including allergic rections and mild to 
moderate 1 iver function abnormalities; however, there appears to be 1 imited 
cross reactivity with the penicillin derivatives (28). Pending further studies, 
its use in penicillin-allergic patients should be cautioned. 
Finally, thienamycin, a carbapenem, will soon be released for clinical use. N­
formimidoyl thienarycin (imipemide) has a very broad spectrum activity against 
gram positive, gram negative (including pseudomonas), and anaerobes, including 
Bacteroides fragilis {29). The antibiotic is resistant to e lactamase. 
Clinical trials have shown successful therapy alone with this agent although a 
dipeptidase inhibitor must be included with the antibiotic to prevent brea kdown 
of the antibiotic in the kidney. Although renal toxicity was an early feature, 
this is apparently no longer noted with presently marketed drugs. The drug may 
have clinical use, particularly as a single agent for abdominal infections, 
although an occasional failure has been noted in severe complicated infections 
with bowel perforation (30). 

The introduction of new cephalosporins has led to an unprecedented array of 
clinically effective drugs whose place in modern chemotherapy remains to be 
established. For the clinician, these agents offer promise of more clini cally 
effective B lactams without the toxicities of the aminoglycosides (31). As the 
first case presented today indicates, clinically significant side effects have 
been detected with these agents; hence the molecular changes result in new phar­
macologic properties as well as microbiologic effectiveness. The new groups of 
compounds offer sequentially more activity against aerobi c gram negative rods 
and the most recently introduced agents offer varying activity against 
pseudomonas; in some cases, activity against anaerobic organisms is also 
demonstrated (Table 3). Whether these drugs can be us ed as single agents in 
therapy of infections due to these micro organisms remains uncertain, i n spite 
of their effectiveness against pathogens tested at DVAMC (Table 4), 
Cepalosporins are indicated as drugs of first choice only for treatment of 
enteric gram negative bacillary meningitis and infections likely to be due to 
Klebsiella pneumoniae, such as gram negative bacillary pneumonia. In s pite of 
in vitro susceptibility for Enterobacter, Serrati a and Pseudomonas sp., these 
antibiotics are not just drugs of choice but alternative agents requiring care­
ful clinical monitoring. In the granulocypenic, they probably should be com­
bined with an aminoglycoside. One report indicated that cefotaxime + ami no 
glycoside was less effective than azlocillin plus AG (32). For abdominal 
infections, these drugs may offer a single drug approach (as long as enterococcus 
is not an offending organism), although cost and efficacy may be equivalent with 
combinations of clindamycin with an aminoglycoside. Although each of t he new 
parenteral cephalosporins are effective in urinary tract infections, close 
follow-up of these patients is required. Clinical trials of urinary tract 
infections in either single dose or prolonged therapy showed lower efficacy for 
oral cephalosporins than for trimethoprim/sulfamethaxazole or with ampicillin or 
amoxicillin (33-35){Table 5). Recently, Cefamandole was shown to be less effec­
tive for men with UTI than Azreanam, (P. Mackowiak). Gram negative menin gi t is 
due to En terobacteriaceae can be success fu 11 y treated wi t h cefota x ime or moxo­
lactam with greater success rates (80-90% success) than with earlier use d an t i-
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TABLE 4 

TABLE 5 

TABLE 6 

ANTIMICROBIAL SUSCEPTIBILITY TESTING 
DVAMC SEPT. 83 

Blood Isolates of Gram 
Negative Bacilli 

% 

AMIKACIN g2 
MOXALACTAM 8g 
CEFOTAXIME 86 
GENT/TOBRA 81 
CEFOPERAZONE 7B 
TMP/SMX 76 
PIPERACILLIN 73 
CEFOXITIN 70 
CEFAMANDOLE 57 
CARBENICILLIN 51 
CEPHALOTHIN 41 
CHLORAMPHENICOL 30 
TETRACYCLINE 30 
AMPICILLIN 16 

SUCCESSFUL TREATMENT OF URINARY TRACT INFECTIONS {33-35) 

Women Dosage Response{%) 

TMP/SMX 160/800 g4-100 
Amoxicillin 3g 100 
Netelmicin 150mg g5 
Doxycycline 300mg 82 
Cefuroxime l.5g 79 
Pi v mecill inam 600mg 77 
Cefaclor 2g 43 
Cephaloridine 2g 35 

Summary of past and present efficacy data for treatment of experimental 
Pseudomonas pneumonia. {38) 

Drug Survival (%) 

Tobramycin 79 
Thienamycin 75 

e:: Moxalactam 47 
Cefoperazone 39 
Cefsulodin 39 
Ceftazidime 38 
Ticarcill in 35 



biotics including ampicillin or chloramphenicol (36). These agents are 
effective bvecause they achieve CSF levels tenfold above MBC (37). However, 
ampicillin may need to be added to these agents until it is proven that the 
infection is not due to Listeria (the most common agent in the immunocompromised 
patient with meningitis). Penicillin must be included in any patient given 
moxolactam since neither the pneumococcus nor group B strep respond to this 
agent. Treatment of pseudomonas meningitis is best done with the combination of 
an aminoglycoside given intravenously and intrathecally, combined with anti­
pseudomonus penicillin such as carboxypenicillin or piperacillin (36). All of 
the newly introduced cephalosporins have been evaluated as prophylactic agents 
for surgery. There is no evidence that these new cephalosporins offer any 
advantage over the less expensive cephalosporins particularly cefazol in. I am 
comfortable with the pol icy in force at the DVAMC in which a single parenteral 
cephalosporin, as cephapirin, is available for treatment of infection in the 
organisms susceptible to cephalothin and as an alternative for serious infec­
tions in a penicillin allergic patient (with very careful monitoring of patient 
since 10% of patients manifest cross reactivity). Expensive oral cephalosporins 
requires approval for patients who cannot tolerate less expensive agents such as 
semisynthetic antistaphylococcal drugs or erythromycin. Indications for paren­
teral cephalosporins include spontaneous bacterial peritonitis i.n the patient 
with ascites (cefamandole or moxalactam), and gram negative bacillary pneumonia 
(cefamandole), but toxicity (hypoprothrombinemia) has to be monitored carefully. 
New cephalosporins were less effective than aminoglycosides and thienamycin for 
experimental pneumonia (38) (Table 6). They also are not as effective for B. 
fragilis as with other agents (39)(Table 7). Otherwise, antimicrobial sus cep::­
tibility testing that indicates that a parenteral cephalosporin is effective, 
especially in a patient with renal failure, would be reason to substitute a 
cephalosporin for an aminoglycoside. Granulocytopenic patients with potential 
for pseudomous infection (Table 8) would best be treated either with a car­
boxypenicillin or acylpenicillin with an aminoglysocide (40). 

Infections in granulocytopenic patients: Facts vs ~1yths 

These patients are predisposed to such infections due to host factors and 
other human factors. There is an in verse re 1 at i onshi p between the number of 
circulating leukocytes in the frequency of infection with an increase of fre­
quency from 4% when the wbc exceeded 1,000fmm3 to 43% per 1,000 days when the 
count was less than 100/mm3 (Table 9)(41 ). Recent studies indicate that the 
inanimate environmental reservoirs such as air, sink drains and water are unli­
kely to be the primary source of organisms responsible for nosocomial infections 
(42). Since certain uncooked foods, particularly salads and nonprocessed dairy 
products containing specific pathogens, it is reasonable to decrease the risk of 
such acquisition in granulocytopenic patients by using a cooked food diet and 
the avoidance of salads, especially tomatoes (43). There is no justification 
for the previous common practice of placing patients in protective is olation 
(single room, gowns, masks, and gloves) nor is there any evidence that this 
reduces colonization or frequency of infection. A program which emphasizes 
handwashing by medical nursing personnel is presently recommende~. Studies show 
that fewer than 30% of physicians caring for seriously ill patients in intensive 
care unit consistently wash their hands (44). Reemphasis of handwashing to 

c? revent transmission of potential pathogens is to be emphasized. 
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TABLE 7 

Susceptibility of agents effective for Bacteroides fragilis (39) 

TABLE 8 

Metronidazole 
Chloramphernicol 
Clindamycin 
Cefoxiti n 
Piperacillin 
Moxalactam 
Cefotaxime 
Cefoperazone 
Tetracycline 

% Susceptible 
lOO 
100 

94 
92 
88 
78 
46 
43 
37 

Breakpoint 
8 
8 
4 

16 
64 
16 
16 
16 

4 

Susceptibility of Pseudomonas aeraginosa to Newer 
Beta-Lactam Antimicrobial Agents (40) 

Agent No. MIC MICso mc 90 Per Cent 
Testedl (,....g/ml) ().(.{]/ml) Susceptible2 

Azlocillin 525 1- 512 32 128 92 
Aztreonam 621 1- 64 4 64 60 
Cefoperazone 985 1- 64 8 64 89 
Cefotaxime 771 1- 64 32 64 58 
Cefsulodin 426 1- 128 4 32 93 
Ceftazidime 305 2- 64 8 64 88 
Mezlocillin 420 2- 512 64 256 80 
Moxalactam 1320 2- 128 32 64 51 
Pi peracill in 746 1- 512 16 256 87 
N-formimidoyl-

thienamycin 478 0.5 64 2 8 98 

lTotal number of isolates tested 1422. All isolates not tes t ed agai nst 
agent. 

2susceptible to clinically relevant serum levels. 

,. "7;;-·; 

each 



c. 

TABLE 9 

NEUTROPENIA AND SEVERE INFECTION (BODEY) 

TAB LE 10 

Neutrophil Count 

2000 
l 501-2000 
1001-1500 

501-1000 
101- 500 

100 

Days at Risk 

6409 
2231 
2725 
2034 
1663 

772 

Episodes of infection 
per 1000 days 

3.B 
3.9 
3.7 

10.5 
19 
43 

Response of febrile neutropenic patients to combination antibiotic therapy (45) 
(Ticarcillin + Moxalactam vs. Ticarcillin + Tobramycin) 

TABLE 11 

Microbiologically documented 
Bacteremia 
Pneumonia 
Wbc > 100 during therapy 
Wbc <. 100 on therapy 

% Response 

47 
45 
67 
71 
31 

Clinical results of antimicrobial combination with or without synergy (46) 

GNB Bacteremia 
GNB Bacteremia 
GNB Bacteremia 
GNB Bacteremia 

TABLE 12 

Pen + AG 
Cbn + Amik 
('1 l actam + AG 
Cbn +AG 

Without 
49 
41 
33 
43 

With 
!'iO 

75 
79 
82 

Response rate (%) with various combinations in granulocytopeni c patients (32) 

Cefotaxime Ticarci 11 in 
+ + 

Axlo + Amik Amikacin Amikacin 

Bacteremia 60 31 48 
GNB Bacteremia 56 30 33 
Proven Infection 76 72 64 
All infections 69 63 56 



Infections in granulocytopenic patients: efficacy of antimicrobial a gents. 

A number of antibiotic trials of emperic therapy in febrile granulocytopenic 
cancer patients show that the response relates to improvement in leukocyte count 
(Table 10) and correlates with achieving a bactericidal activity of serum 
exceeding 1:8 (Table 11) (45,46). Unfortunately many recent studies do not 
document the bactericidal activity of the regimens studies, thus hampering eva­
luation of new antibiotics in therapy. Most anti-microbial susceptibilities are 
given as minimum inhibitory concentrations (MICs) rather than mini mum bac­
tericidal concentrations (M8Cs), so it is difficult to make assumptions con­
cerning c.idal activity. With the availability to multiple cell wall active 
drugs which bind to different penicillin binding proteins (PBB), the possibility 
of obtaining synergisms with two 8 lactam agents has been attempted. 
Although multiple studies show that single agents may be moderately effective in 
clinical infections in cancer patients, most therapeutic trials in the granulo­
cytopenic patient have been with combinations of antibiotics. In some studies 
combinations of mezlocillin or moxalactam with either ticarcillin or pipera­
cillin have shown either equal or reduced activity against gram negative infec­
tions (12, 45, 47). In another study, cefotaxime and ticarcillin combined with 
amikacin were less successful than azlocillin combined with this am i noglycoside 
for neutropenic patients with bacteremia (32). The failures in ticarcillin 
group related to insufficient antimicrobial activity whereas cefota xime related 
to therapeutic failures with susceptible organisms. However when all infections 
ere included with microbiologic data, there was no significant difference 
in any of the three combinations (Table 12). Thus large groups of patients are 
required to indicate if differences occur with a therapy given regimen for severe 
infections in granulocytopenic patients. Another factor that needs to be con­
sidered when aminoglycosides are included in the combination is potential dif­
ference that occurs with different aminoglycosides. In vitro studies indicate 
greater synergy with combinations containing amikacin followed by netelmi c in 
and gentamicin (48). The lowest rate of synergy is seen with combinations 
containing tobramycin. Unfortunately inadequate data i s available in many of 
these studies to determine if bactericidal activity is present and might account 
for differences in response rates in bacteremic patients. 

A justification for combinations of two 8 -lactam antibiotics would be to 
diminish the frequency of side effects. Most studies of combinations including 
aminoglycosides indicate rates of nephrotoxicity in the 3% to 5% range in granu­
locytopenic patients (12,45). Hypersensitivity reactions may be more fre quen t 
(14%) when two 8 -lactam drugs were used and a signifi cant increase in 
prothrombin time was noted in 20% or more of patients given moxolactam, even in 
those pretreated with 10 mg of Vitamin K, (12,45). Hypokalemia also occurred in 
approximately 20% of patients rece1v1ng 8 -lactam antibiotics whether the 
antibiotics were ticarcillin or piperacillin (16,17). Hence, combination 
therapy with drugs 1 ike ly to 1 ead to synergy is recommended : the best cho i ce 
requires further study, but carboxy penicillins and aminoglycosides (ami kac in 
and gentamicin) appear to offer best efficacy (46,49). 

Persistence of Gram Negative Infection Due to Inducible s Lactamase : 
Spec1f1c but not ant1biot1c specific 

Spec ies 

One hazard of administering single S lactam antibiotics to granulocytopeni c 
patients or any patient with serious infection is the development of 
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resistance during therapy (50). This rarely happens when combinations are used. 
Such events re 1 ate to the presence in gram negative bac i 11 i of chromo soma 11 y 
mediated cephalosporinases which can be induced by the newer cephalosporins. 
These enzymes are species specific and are present in Enterobacter, Serratia and 
Pseudomonas sp.(51). These enzymes attracted little attention since the initially 
introduced cephalosporins were inactive against strains possessing them; 
however, these en -zymes have attained clinical importance recently. The per­
sistence of infections due to organisms which apparently alter resistance pat­
tern results from induction or derepression of the S lactamase, either 
through mutation to a derepressed state or reversible derepression of the wild 
type by an enzyme inducer (51). Once these S lactamases are derepressed or 
induced, the strain becomes resistant not only to the S lactam antibiotic being 
used in therapy but to multiple S lactam antibiotics, including many of the 
new compounds not hydrolyzed by the enzymes. In the derepressed state there is 
an increase in S lactamase molecules in the periplasmic space, so that the 
substrate antibiotic appears to be bound and then hydrolyzed to the inactive 
form before it can gain access to the target proteins. (Figure 3)(51 ). o"los t 
s -lactam antibiotics including the antipseudomonal penicillins, recently 
deve 1 oped cepha 1 ospori ns may be affected by these enzymes. (Tab 1 e 13 - case of 
Dr. Ed Goodman's). So far the only S lactams unaffected are those that bind 
primarily to penicillin binding protein 2 in gram-negative bacilli: mecillinam. 
This inducement of S lactamase leading to multiple S lactam resistance has 
been shown to be responsible for the emergence of resistance during therapy with 

.cefamandole, ceftriaxome and moxalactam. The patients at risk are those with 
serious infection, usually with bacteremia wi th an organism possessing an indu­
cible S lactamase. The resistance to these cephalosorins is not detectible 
by the susceptibility test routinely performed in hospital laboratories (either 
as Kirby-Bauer test or new rapid procedures). To detect this resistance, 
greater than 105 colony forming units (CFU) per ml have to be used; this is not 
routinely done in susceptibility testing but could be done with a tube dilution 
system. Close observation should be done on any patient given cephalosporins 
for enterobacter infections; if the patient fails to respond to the antibiotic, 
repeat cu 1 tu res shou 1 d be done and if the organism is rei so 1 a ted, then sus cep­
tibility testing will show the organism to be resistant to the antibiotic used. 
This induction has been frequently noted with cefoxitin in the therapy of 
serratia infections, but has also been noted with enterobacter with cefamandole 
and moxalactam (50, 51). Presumably, addition of aminoglycosides would prevent 
the appearance of these inducible organisms. 

Aminoglycoside Dosage Prediction 

Prediction of appropriate dosing of aminoglycosides has been attempted with 
nomograms. Variable dosage and variable frequency regimens have been compared 
(52). Recently, a computer-assisted aminoglycoside therapy plan has been used 
by clinical pharmacologists at DVAMC and PMH (M.E. Burton, D.C. Brater, and M.R. 
Vasko). They tested whether predictive dosing algorithm program incorporating 
Bayesian feedback program could more accurately predict drug dosages to achieve 
therapeutic serum levels than could individual physician judgement. Three 
groups were compared: control who had dosage determined by housestaff, a pre­
dictive group who had computer predicted dosage without serum level, and 

f: Bayesian group who had dosage altered after levels were obtained. Measurements 
of precision (bias and root mean squared prediction error) and correlation coef-
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TABLE l 3 

DEVELOPMENT OF RESISTANCE TO B-LACTAM ON THERAPY (GOODMAN) 

PBP 

IM 

PS 

OM 

MOXALACTAM 
CEFOPERAZONE 
PIPERACILLIN 
MEZLOCILLIN 
CARBENICILLIN 

PBP 

O=o O=o ()::0 IM 

Q) c:() <o. cO cO 
PS 

,..,-- r0 '"\ ../" '0 
c(l cO 
£::() -fu cD OM 

Q) cO cO 

PSEUDOMONAS OSTEOMYELITIS ON CEFOPERAZONE 
BEFORE (MIC) l MO LATER (MIC) 

64 
16 
16 
64 
64 

0 0 0 PBP 

~ ':'--\ '\_ ~~ -". IM 
.-/'-__.-..__ .-/'- _../':: 
~ __.-..__ _,.,__ .......,... 

/")-:_TlJ)~ PS 

r:o-~ ro-iO-; 
OM co cO cO 

> 64 
128 

64 
128 

64 

0 0 0 r r ----"'- ~_r. ~/------..../" 
~ ____...__ 

m~~(uJ 
~ m--"- --"- t:O 
co cO cO 

FIGURE 3. Development of resistance to multiple B-lactam antibiotics in gram­
negative bacteria possessing inducible B-lactamases. In the uninduced state 
(left), there are very few B-lactamase molecules (~) in the periplasmic space 
(PS), and B-lactam antibiotics (~)freely pass through and attach to their 
target penicillin-binding proteins (PBP). Following derepression, there are 
many more B-lactamase molecules in the periplasmic space. These either bind and 
hydrolyze substrate drugs (middle) or prevent access by nonsubstrate drugs 
(right) to their target PBPs via a nonhydrolytic barrier. OM = outer membrane; 
IM = inner membrane. 



ficient were made. Analysis of the bias for under predicting peak con­
centrations showed the housestaff predictions were low by 2.2 mg/dl, nomogram by 
1.3 and Bayesian was 0.1. Predictions of trough were over predicted by 
housestaff at 0.7, predicting method 0.0 and Bayesian by 0.2. The correlation 
coefficient for house staff was 0.69, predicting method 0.83 and Bayesian 0.90 
with the 1 atter having a s 1 ope of unity. Hence the Bayesian method was more 
precise than either predicting method or housestaff intuition in determining and 
varying the dose needed to achieve target peak and trough serum concentrations 
of aminoglycosides. Programs are available at DVAMC and PMH for predicting and 
monitoring dosages of all aminoglycosides and vancomycin after serum levels are 
obtained. Values for serum concentrations can be obtained at DVAMC within 2 
hours. Only one patient of 44 entered in the prospective trial developed a 
significant rise in creatinine on therapy. However nephrotoxicity and ototoxi­
city relate to multiple risk factors, including age, volume status, sex, liver 
disease but most importantly pre-existing renal disease (CF. Case #l) (53). 
Netilmicin and tobramycin are reputed to be less nephrotoxic than gentamicin, 
and netilmicin to be less ototoxic but the frequency of these side effects 
varies with the study (54). At least it is possible to follow patients care­
fully and alter dosage with precision, hopefully before nephrotoxicity or oto­
toxicity ensues! 

Drug Fever 

Many medications can result in fever which may prolong the patients hospital 
stay and result in extensive clinical evaluation before the drug is recognized 
as the cause of fever. Because of clinical problems seen at the Parkland and VA 
with drug fever, the subject was reviewed by Drs. Lemaistre and Mackowiak. 
Eighty-seven possible cases were reviewed of whom 43 patients were established 
to have had significant temperature elevation resulting from drug therapy. 
Fifty episodes of fever occurred in these 43 patients, of whom 29 episodes were 
due to an antimicrobial agent and 21 were due to other drugs. (Table 14) 
Although other series report increased risks for females, the patients were 
evenly distributed with 25 males (8 from the DVAMC) and 18 females. Elderly 
patients also are claimed to be at increased risks, but the age range was from 
19 to 76 with a mean age of 45 and median of 50. The most commonly associated 
drugs are perhaps the most commonly used antimicrobial agents: penicillin, 
methicillin and cephalosporins. The interval from treatment to fever could be 
quite short: three days or less in four of nine cases with penicillin and all 
five cases with fever due to cepha 1 ospori n were within 48 hours of treatment. 
In four of these cases, the patients had had a previous history of drug fever: 
three occasions with penicillin derivatives and once with lincomycin. The dura­
tion to fever was quite short also for the sulfonamides, vancomycin, 
sa 1 i cyl ates, IM ferrous dextran and with ha 1 othane. The 1 atter case had deve­
loped fever previously, 11 days after halothane and died secondary to the liver 
failure following the second halothane exposure. The duration to fever was 
quite prolonged for cases with diphenylhydantoin with six cases occurring bet­
ween thirty to sixty days after beginning therapy. However, fever developed 
within three days upon rechallenge with the drug in one case. The longest dura­
tion of therapy was with benztropine (cogentin) who had been on the drug an 
unknown duration, but at least exceeding a year. The temperature range was a 
mean of 39.60 C with the maximum of 41 .6oc. The fever was hectic (intermittent 
or remittent fever with a difference of more than 1 • 4 degrees between highest 
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and lowest values) in 24, remittent (variable but constantly elevated daily 
temperature) in 17 and intermittent (fever with temperature returning to normal 
daily) in six. Chills or rigors were present in 26, headache in 16, and 
myalgias in 16. A rash was detected on physical examination in 20 patients of 
whom 13 had a papular eruption and one was erythematous. Hypotension was noted 
in six patients and serositis in four. The white blood cell count was variable, 
ranging from 2,200 to 37,000 with a mean of 12,000. 

Elevated eosinophil count (exceeding 400/mm3) was detected in 18 patients, all 
of whom developed fever following a drug which causes fever by hypersensitivity 
or immunological mechanism. (55) The eosinophilia was more likely to occur in 
those receiving diphenylhydantoin (7 out of 9 cases). (56) Liver function 
abnormalities were noted in fifteen cases, particularly in those having fever 
due to dephenylhydantoin; the values returned to normal in all cases after the 
drug was discontinued. The patient with fever due to quinidine did not have 
liver function abnormalities, although drug fever with this drug is reported 
with a form of granulomat hepatitis. (57) Renal function abnormalities were 
reported in five, of whom three returned to normal. 

The drug fever increased the estimated length of hospital stay by nine days 
(mean). More than five blood cultures were drawn per episode and an average of 
2.85 x-rays were done as part of the workup for fever. Fifteen patient s had 
lumbar punctures and nine had biopsies (including two liver biopsies). A total 
of 23 were treated with antibiotics empirically, 37 received antipyretics and 
nine patients received steriods for fever. Two patients died, one following 
halothane reexposure and another developed acute renal failure following 
methicillin. 

Adverse reactions are reported to occur in about 10% of hospitalized 
patients and 2.5% of outpatients receiving drugs. (58) Fever as a prominent 
manifestation occurs in approximately five percent of these reactions of . 5% of 
reactions occurring in hospitalized patients. (59) Although any drug can be 
responsible, certain medications are much more likely to result in fever. The 
common ones which result in a hypersensitivity reaction, include the principle 
ones reported in this series, such as penicillin derivatives, diphenylhydantoin, 
methaldopa and sulfonamide. Although cephalosporins are 1 isted as only occa­
sional causes of drug fever, due to the widespread use of these agents, they can 
he considered common causes based on another review of drug fever and this 
report. (60) The analysis of these cases indicates that few generalizations can ­
be made regarding the onset of fever in relation to administration of the drug 
or the type of fever pattern elicited. It is generally thought that fever typi­
cally appears on the seventh to tenth day of therapy, but this only occurred in 
20% of the episodes at PMH and DVAMC. (55) The clinical presentation with 
chills, headache, myalgia, hectic fever, and leukocytosis and hypotension may 
obviously mimic a septic process in the hospital, such as gram negat i ve sepsis. 
This was uppermost in the minds of house officers caring for these patients, 
since at least half received antimicrobial therapy for the persistent fever. 
Unfortunately other manifestations of drug hypersensitivity such as skin rash, 
serositis or eosinophilia are present in fewer than half of the cases. Removal 
of the drug with rechallenge is one of the recommended approaches to prove that 
the drug was responsible for the fever. The fact that four of the five patients 

~ receiving cephalosporin developed fever within two days in those with a history of 
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previous drug fever to a e-lactam indicates that drug f ever should be considered 
as a contra-indication to treatment with another e-lactam. Obviously no one 
would consider rechallenge with halothane or methicillin -in fact these deaths 
are partially responsible for these two no longer being recommended at our 
institution. A number of drugs, including some responsible for drug fever in 
this series, cause fever by unknown mechanisms not related to hypersensitivity, 
including barbiturates, salicylates and propylthiouracil. {TAble 15) Other 
drugs can be responsible for fever due to effects on thermal regulation, 
including mechanisms that work centrally, such as amphetamines, cocaine, and 
cimet i dine and those that work peripherally by decreasing sweating, such as 
atropine-like compounds (benztropine contains atropine). Other drugs result in 
fever due to a direct pyrogen effect including amphotericin-B. bleomycin and 
streptokinase. Finally, certain drugs may produce fever following inflammation 
at the site of delivery by creating a sterile abcess. This was noted par­
ticularly when Kanamycin was the popular amninoglycoside which was administered 
intramuscularly. In contrast, administration of streptomycin most likely 
results in fever due to hypersensitivity. Intravenous administration of drugs 
such as vancomycin may also be responsible for fever via phlebitis, a common 
cause of fever in hospitalized patients but only an indirect result of the drug 
they are receiving via the intravenous route. 

The mechanism for the development of drug fever, especially with those drugs 
which induce hypersensitivity remains unknown. It is considered by some to be 
an idiopathic reaction to penicillin since no specific immune mechanism has been 
identified. {6l){Table 16) Hence, these reactions cannot be predicted by 
pretreatment skin tests for Ig E antibody. If the fever were manifestation of 
serum sickness, in association with serositis and involvement of the skin and 
kidney, then the fever would represent a type III reaction due to the presence _ 
of IgG and IgM antibodies. {61) Drug fever could follow the formation of immune 
complexes which could be phagocytized by macrophages, resulting in the release 
of endogenous pyrogen. {60) However, the affinity constants for antigen-
antibody reactions has an inverse relationship to temperatures below 
370 centigrade; in fact generation of complexes results in manifestations more 
frequently brought on by cold rather than by elevated temperature; and with 
1 esions over external surfaces of the extremities. (62) Hence, the cause of 
drug fever remains a mysterious response of the host to the i nciting drug. 
Since the onset and manifestations of totally unpredictable, clinicians must be 
alert to a drug being responsible for patient's fever, in an outpatient or in 
hospitalized patients. Specifically antimicrobial agents given for febrile 
illnesses must be considered as potential candidates. 
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TABLE 16 

TABLE 1 7 

CLASSIFICATION OF REACTIONS TO PENICILLIN (61) 

Type of reaction 
and immune mechanism 

I. IgE antibody 

II. Cytotoxic antibody 
III. Antigen-antibody 

complexes 

Clinical Syndrome 

Anaphylaxis 
Laryngeal edema 
Early onset of urticaria( 72 hr) 
Hemolytic anemia 
Serum sickness 

IV. Delayed hypersensitivity 
Idiopathic 

Contact dermatitis 
Maculopapular drug eruptions 
Nephritis 
Late onset of urticaria 
Fever 
Eosinophilia 

Unusual reactions with antimicrobial agents 

Vancomycin 

Doxycycline 
Minocycline 
Tetracycline 

"Red Neck" Syndrome (63) 
Hypotension (64) 

Photo sensitivity (65) 
Slate gray discoloration (66) 
Renal failure enhancement (67,68) 
Pancreatitis (67) 



REFERENCES 

1. Klippel., A. P., PilihtgeJL, B. HypopJtO.thltomb-i.nem-i.a. <>ec.ondaJty .to a.ntib-i.otic. 

.theJLa.py and ma.n-i.6e<>.ted by ma.<><>-i.ve ga.<>.tlto-i.n.tutina,t hemoltltha.ge. M.c.h 

SWtg ~: 266, 7968 . 

2. Ha.m, J .M. HypopJtO.tivtomb-i.na.em-i.a. ht patien-t<> undeJL go-i.ng p!to.f.onged -i.rt.ten<>-i.ve 

c.aJte. M ed J AM.t 1 : 716, 1971. 

3. Bang, N.U., KammeJL, R.B. Hema..to.f.og-i.c. c.omp.e.-i.c.a..t-i.on<> M<>ac.-i.a..ted wdh 

8- La.c..ta.m a.ntib-i.otic.<>. Rev 1n6ec..t V.i.<> i: S380, 198 3. 

4. Pa.nwa.l.keJL, A. P., Ro<>en6el.d, J. Hemoltltha.ge, d-i.a/t~Lhea., a.nd <>upeJL-i.n6ec.tion 

M<>ac...<.a.ted w.Uh .the Me o6 moxa,ta.c..ta.m. J 1n6ec..t V.i.<> !..iJ.: 771, 1983. 

5. HoopeJL, C.A., Haney, B;B., S-tone, H.H. Ga.<>.tlto-i.n.tu.t-<.na,t b.f.eed-i.ng due .to 

6. 

V da.m-i.n K de6-i_c.-i.enc.y -i.rt pa..t-i.en.t<> on paJten.teJLa,(. c.e6a.ma.ndo.f.e. La.nc.e.t 1: 

39, 1980. 

Pa.IU:eJL, R. L., RM<>eti, T. R., M-i.el.ke, C. H., Wu.t, V. 

M<>ac...<.a.ted w.Uh .the Me o6 moxa,ta.ctam. JNAA 248: 

Coa.gul.opa..thy 

7700, 1982 . 

7. F Jt-i.c.k, P. G. , R-i.ed.e.eJL, G, B!togu, H. VOl.> e Jte<> po no e a.nd m-<.n-<.ma,t daily 

Jtequ-i.Jtemen.t 601t v.{;ta.m-i.n K -i.rt man. J App.f. Phy<> 1i_: 387, 196 7. 

8. Buen-i.ng, M.K., Wo.e.d, J.S. Uha.no.f.-moxa..f.a.c..ta.m -i.n.teJLa.c.tion<> -i.rt v-i.vo. 

Rev In6ec..t V.i.<> i= S555, 1982. 

9. B!town, III, C.H., Na..tel.<>on, E.A., B!ta.d<>ha.w, M.W., W~, JJt., T.W. 

A.e.6Jtey, C. P. The hem0.6-ta..t-i.c. de6 ec..t p!toduc.ed by c.aJtbe~. NEJM 

291: 265, 1974. 

70. Sha..tti.e., S.J., Benne-t-t, J.S., Mc.Vonough, M., TU!tnbu.f..e., J. Ca.Jtben-i.c..<..U.ht 

and pe~ G -i.nh-i.bd p.f.a..tel.e.t 6unc.tion -i.rt vd!to by -i.mpa.-i.Jt-i.ng the 

(,- -i.n.teJta.c..t-i.on o 6 a.gon-i.-6-t<> wdh .the p.f.a..tel.e.t <>Wt6a.c.e. Am Soc. CUn I nve<>.t 

65: 329, 7980. 

-72-



77. WU:te.k.amp, M.R., AbeJL, R.C. P1t0tonge.d bte.e.ci&tg .timu, a.nd bte.e.ci&tg cUa..thu,.U, 

M.OOu.a.te.d wah moxai.a.ctam a.~bta.:Uon. JAMA 249: 69, 7983. 

72. W~~on, V.J., Ba.Ane6, R.C., G~de.n, J., Ho, W.G., Young, L.S., ~ a.t. 

Compal!.a.tive. e.66-(.c.a.c.y and ~oUc.Uy o6 moxai.a.ctam/p.<.pVtac.il.Un veMU6 

moxa.ta.ctam/a.m-i.ka.cm .<.rt 6e.bJU.e.e. gJta.nuloc.ywpe.Mc. pa.Ue.nt6. P!toc.eeci&tg.6 

73~h I~eJLna.tiona.t Conglte6.6 o6 Che.mo~he/utpy SE 8.2: 25, 7983. 

1 3. Ca.lttbeJLg, H. , AtU>tig, K, No ltd, C. E. , T 1toU6 oM, B: Irt-t:U>~a.t .6-<.de. 

e.66ec.U o6 c.e6opVtazMe.. Jltt Art.tim.<.c.ltOb.<.a.t Che.mo~hVtapy !...!!_: 483, 7982. 

74. Sa.rtdeM, C.C., Sa.rtdeM, l!t., W.E., Goe.Jt.<.rtg, R.V. A c.omp~on o6 ~he. 

Mtip.6e.udomona.t a.c.tivUy o6 ~h!te.e ne.w pert.<.~ wah :tha-t o6 otdeJL 

c.a.Jtboxyp~. P1t0c.ee.ci&tg.6 7 3~ I~eJLrta.tiona.t Conglte61.> o6 

Che.mo~hVUlpy SE 4. 7: 7, 7983. 

75. Bode.y, G.P., F~e..<.tt, V., BoUv~, R., ~, J., ~ a.t. Uu o6 

ne.w B ta.ctam a.rttib.<.otic.-6 .<.rt ~he. ~~~ o6 the. 6e.b!tile. ne.t.Wtope.rt.<.c. 

pa.Ue.~. P1toc.e.e.ci&tg.6 7 3~h I~eJLna.tiona.t Conglte6.6 o6 ChemothVtapy 

SY 47: 39, 7983. 

76. KohteJL, R.B., FoeM~eJL, L.A., Whe.a.t, L.J., ~ a.t. P.<.pe~ta.~ a.nd 

ge.~ ~ c.a.Jtbe.rUc.ilLi.n a.nd ge.~n 6olt ~~e~ o6 ~.>eJL.<.oU6 

gJta.m-ne.ga.Uve. .<.rt6ec.tiol1.6. Altc.h I~ Me.d 742: 1335, 7982. 

17. BltOwn, A. E., QuU>a.da., 0., MttltlteJL, J.A., ~ a.t. Emp.<.Jt.<.c. c.omb.<.rta.Uon 

Mtibwtic. ~heJLa.ptj On 6e.bJtile., ne.u..tJr.ope.Mc. pa.tiertU wah ne.optMtiC. 

d.<.!.> eM e.: lte6ul.U o6 a. Jta.ndom.<.ze.d ~. Pltoc.e.e.ci&tgl.> 7 3~h I~eJLrta.­

tiona.t Conglte6.6 a 6 Chemo~heJLa.py SE 8. 2: 46, 7 98 3. 

78. Kuba.ne.k., B., P6Ue.geJL, H., KU!tltte, E., u a.t. Compal!.a.tive. .6~udy o6 

cCr a.zto~ a.rtd tic.a.Jt~ .<.rt c.omb.<.rta.Uon wah ge.~yc..<.rt .<.rt gJta.nulo­

c.y~ope.Mc. pa.tie.l'lU. P!toc.ee.d.<.rtg.6 73~h I~e.~ttta.tiona.t Conglte61.> o6 Chemo­

~eJLa.py SE 4. 7/2: 48, 7983. 

-73-



19. Tlwwmoo.tt:thi.., M.C., MmaJt, 8.1., Buc.Uey, J.A., e.t a.L Pha.Junac.o!Une..t<.CJ.> 

Md c..U.rUc.a.t a.pp.UC.a.b.U.Uy o6 pipeJta.c)ll_,{n .&t pecLUWr.-<..c. .&l6ec.tioYL6. 

P/Wc.eeci&tg<> .13:th IYL:te.JtYta.tiona.t Congtte<><> o6 Chemo:thetta.py SE 4.1/2: 35 , 1983. 

20. Gen:ttty, L.O., Jem<>ek, J.G., Na.:tet<>on, E.A. E66ec.:t<> o6 <>odium pipetta.~ 

on p.ta.:tete.t 6unc.tion .&t nottma.t vo.tunteett<>. An:t.i.m.<.c.Jtobia.t Agent<> a.nd 

Chemo:thetta.py ii: 532, 1981. 

21. Mangione, A., Boud.&to:t, F.V., Sc.hu.e.:tz, R.M., e.t a..e.. Vo<>e-depende.P.:t 

phattma.c.o!Un~ o6 mez.f.oc)ll_,{n .&t ttela.tion :to ttena.t impa.ittment. Anti­

mic.Jtobia.t Agent<> Md Chemo:thetta.py _Q: 428, 1982. 

22. W-ULi.am<>, J.V. Antimic.Jtobia.t a.c.:tiv-Uy o6 new be:ta.-.tactam6. Pttoc.eed.&lg<> 

13:th 1nte.Jt¥ta.tiorta.t Congtte<><> o6 Chemo:thetta.py SY 41 : 1, 1983. 

23 . Moet.e.ettirtg , Jtt., R.C., Net<>on, J.V., Neu, H.C. In:tttoduc.:tiort: Art intett­

na.tiona.t ttevie.w o6 a.md.&toc.iU.&t: A rte.w be:ta.-.e.a.c.:ta.m a.nilbiotic.. Am Jtt£. 

Med: 1 (Aug 29), 1983. 

24. W-ULi.am<>, M.E., Ma.ndet.e., G.L., Sc.hetd, M., e.t a.t . A c.on:tttoUed 6:tudy o6 

tic.aJt~-c..ta.vu.tanic. aud (BRL 28500) :thetta.py 6ott .&l6ec.:tioYL6 irt immUrte­

<>upptte<>6ed patient<>. Pttoc.eed.&lg6 13:th IYL:te.JtYta.tiorta.t Congtte<><> o6 Chemo­

:thetta.py SE 4.1/6: 63, 1983. 

25. Cyna.mon, M .H., Pa..f.mett, G.S. In vi:ttto a.c.:tivily o6 a.mouc.iU.&t in c.ombina.tion 

wah c..tavu.f.a.nic. a.Ud a.ga..&t6;t M yc.o ba.c.:tettium :tubettc.u.f.o.t>-<.6. Antimic.tto bia..e. 

Agent<> Md Chemo:thetta.py ~: 429, 1981. 

26. ,IJet<>on, J.V., KU6mie<>z, H., She.e.:ton, S. Ra.rtdomized :tJtia.t o6 c.e6a.mando£.e 

p£.U6 a.md.&toc.iU.&t vett<>M c.e6a.ma.ndo£.e in 6ettWU6 pedia.:t!tic. in6ec.tion<>. 

Am Jtt£. Med: 126 (Aug 29), 1983. 

- 14-



27. Ne.u, H.C. An ovvr.v.{.e.w o6 .the. ¢.ta.tu6 o6 az.tJte.onam, .the. 6i.A.6.t monobactam. 

PMc.e.e.dhtg¢ 7 3.th 1n.tvr..na..ti.ona.t CongJtU¢ o 6 Che.mo.thvr.apy SY 6 7 : 4 5, 7 9 8 3. 

28. Saxon, A., Ha¢¢neJr., A., SWQbb, E.A., e..t a.t. Lac.R o6 1gE e!t.O¢¢ Jte.ac..t.{.v.{..ty 

betwe.e.n .the. monobactam az.tJte.onam and pe.rU.c.il..Un. PJtoc.e.e.dhtgJ.> 7 3.th 1ntvr.-

nationa.t CongJtU¢ o6 Che.mo.thvr.apy SY 67: 27, 7982. 

29. Shannon, K., Phillip¢, 1. The. bt-v.{..t/W ac..t.{.v.{..ty o6 .{m,{_pe.m.{.de. (N-

6ol!.mi.rrWioyt .th1.e.namyc.bt) • PJtoc.e.e.dbtg¢ 7 3.th 1n.tvr.nationa.t Conglt.U¢ o 6 

Che.mo.thvr.apy SY 53 : 7, 7983. 

30. Tatty, F.P., Ho, L. J., GoJtbac.h, S.L. Th1.e.namyc.bt bt .the. .tlte.a.tme.n.t o6 

mae.d bt6e.c.tion¢. PJtoc.e.e.dbtg¢ 7 3.th 1n.te.Jtl1atiol'l.ai. CongltU¢ o 6 Che.mo.thvr.apy 

SY 53: 30, 7983. 

37. Ne.u, H.C. The. ne.w be..ta.-!actama¢e.-¢W.bte. c.e.pha.e.OJ.>po~. Ann 1nt Me.d 97: 

408, 7982. 

32. Gaya, H. Rationa.t ba¢~ 6oJt .the. c.hoJ..c.e. o6 Jte.ghne.M 6oJt e.mp-Utic.a.t .thvr.apy 

o6 ¢e.p¢~ bt gJt.anutoc.y.tope.nJ..c. patient¢ - A Jte.v1.eJ.Il o 6 .the. e.xpe.Jt..{.e.nc.e. 

7973-7983 o6 .the. e.oJt.tc. an;t.£m{_eJt.ob.{.a.t .thvr.apy pJtoje.c..t giWup. PJtoc.e.e.dbtg,~ 

7 3.th 1 n.te.Jt11ationa.t Cong!t.M¢ o 6 Che.mo.thvr.apy SY 44: 2 2, 7 9 8 3. 

33. BJtum6Ut, W., PUMe.il, R. Voubte.-btbtd .tJt.{.a£. .to c.ompMe. amp.{.~, 

c.e.pha.te.xbt, c.o-.tlt.<moxazote. and .tlt.<me..thop!t.<m bt .tlte.a.tme.n.t o6 UltbtMy 

bt6e.c.tion. Bit Me.d J 2: 673, 7972. 

34. Soune.y, P., Po!R, B. F. Sbtgte.-do¢e. an;t.£m{_eJt.ob.{.a.t .thvr.apy 6oJt UltbtaJty 

.tltac..t bt6e.c.tion¢ bt wome.n. Re.v 1n6e.c..t V~ i: 29, 7 982. 

35. Bailey, R. R. , Pe.dd1.e., B.A. Sbtgte. do¢ e. .thvr.apy o 6 UltbtMy .tJtac..t 

bt6e.c.tion.¢. PJt.Oc.e.e.dbtg, 1n.te.Jtl1ationa.t Conglt.U¢ 6oJt 1n6e.c..t.{.oM V~e.a¢U, 

96, 7983. 

-75-



..... 

36. Rahal, J. J. , S.bnbeJLk.o 6 6, M . S. Ho~.t de.6 e.n.6 e. a.n.d an..tUn.i.cJz.o b.<.al. .thvr.apy 

in adult g4am-ne.g~ve. bacittaAy me.ning~. Ann In.tMe.d 96: 468, 1982. 

37 . Mc.CJta.c.k.e.n, JJt., G.H., Nwon, J.V., G!Wnm, L. Phaltmac.o!Wte.ti~ and 

bac..t~log~c.al e.66~ac.y o6 c.e.6ope.Jta.zone., c.e.6uJto~e., c.e.6~xone., and 

moxae.a.c..t.am in e.xpeJI.-Une.n.-ta.e. Stlte.p.toc.oc.c.LU> pne.umo~e. and Hae.moph.ilUA 

in6lue.nzae. me.ning~. ArtUm.<.c.Jtob Age.nU Che.mo.theJL .!!_: 262, 1982. 

38. Pe.nning.ton, J.E., Joh~on, C.E. T~e.namyc.in ~ e.xpe.Jt-Une.n.-ta.e. p~e.udomonM 

aeJLuginoM pne.umo~ - A c.omp~ve. ~.tudy w.Uh o.theJL antib~U~. 

PJtOc.e.e.ding~ 13.th In.t~nat CongltU~ o6 Che.mo.the.Jta.py SY 53: 34, 1983. 

39. Tally, F. P., Cuc.hU!tal, G.J., Jac.obUA, N. V., e..t at. SUAc.e.ptibilUy o 6 .the. 

Bac..tvr.o~u 6Jta.g~ gltoup in .the. UM.te.d S.ta.tu in 1981. A~c.Jtob 

Age.nU Che.mo.theJL J_i: 536, 7983. 

40. Sou.the.Jtn, J1t., P.M., Lu.t.tlte.ll, B. SUAc.e.ptibilUy o6 P~e.udomonM 

avr.ug~oM .to ne.weJL be..ta-£.a.c..tam a.n.timoc.JtobW age.nU. PJtOc.e.e.ding~ 1 3.th 

In.t~nat CongltU~ o6 Che.mo.the.Jta.py PS 4.1/3: 13, 1983. 

41. Bode.y, G. P. Fac..toM plte.fupM~g c.a.n.c.vr. p~e.nU .to in6e.~n. PJto ­

c.e.e.ding~ 13.th In.te.Jtnationat Congltu~ o6 Che.mo.the.Jta.py SY 44: 3, 1983. 

42 . Ma~, V.G., MvaJta.do, C.J., HM~e.mvr., C.A., e..t at. Re.l~on o6 .the. 

inan-Una.te. ho~p~ e.nv~oYl171e.n.t .to e.nd~c. noMc.om.<.al. in0e.c.Uon. NEJM 

307: 1562, 7982. 

43. R~g.ton, J.S., Sc.h.unp66, S.C. Pie.Me. don'.t e.a.t .the. ~alaM. NEJI;! 

304 : 433, 7987. 

44. Conly, J., H~, S., Ro~~ J., e..t at. Handwa..6hing pJta.c.tic.u and ~6e.c.tion 

lta.tu ~ a.n. ICU. Pltoc.e.e.ding~ 1~.t In.te.~tn~onat CongltU~ 6olt In6e.c.tioUA 

(;- V~e.Mu: 729, 7983. 

-16-



45. Ma.nde.e..e., L.A., Fe.e.d, R. Lot.Ue, T, et a.e.. A plto<>pec.tive Jta.ndomi.zed .tJUa.e. 

o6 Uc.aJtc.ilL&t and moxa!ac.tam veMU-6 tic.aJtc.ilL&t and tobJta.myc.in -i.n -the 

tlteatment of 6eb!W'.e neutltope.n.-i.c. patient-6. P1t0c.eecU.ngt> 13th Int~nationa.e. 

Cong~U-6 o6 Chemothe4apy SE 8.2/1: 19, 1983. 

46. K£.a-6.teMky, J., Z-i.nn~, S.H. Syn~g-i.<>Uc. c.omb-i.na.t-i.on6 o6 antib-i.otic.l> -i.n 

glta.m-negative bac.-i..e..e.aJty -i.n6ec.tion6. Rev In6ec.t V-i.-6 i: 294, 1982. 

47. Bodey, G.P., Fa-i.Mte-i.n, V., Bo£.-i.vaJt, R., et a.e.. Ut>e o6 n~ B .e.ac.tam 

antib-i.otic.6 -i.n the tlteatment o6 the 6eb!W'.e neutltopen-i.c. patient. P~o ­

c.eecU.rtgt> 13th Int~ationa£. Congltut> o6 Chemothe4aplf SY 41: 39, 1983. 

48. Hoo-ton, T.M., CoUI'Lt6, G.W., Ze£.ezn-i.k, V., TWtc.k, .1A. Syn~g-i.<>m a-t 

c.£.-i.n-i.c.aily ~e.e.evant c.onc.entlta.tionl> o6 cun.Utog.e.yc.ot>-i.de and be.ta-.e.ac.tam 

antib-i.otic.6. PltOc.eecU.rtgt> 13th I nt~nationa.e. CongltUt> o 6 Chemothe4apy 

SE 8. 2/1: 8, 1983. 

49. MWt-i.Uo, J., S.tan-i.6Md, H.C., Sc.h-i.mp66, S.C., Tatem, B. A. Compalt-i.6on o6 

M.ltwn bact~ ac.tivily among fuee ant-i.mi.c.~tob-i.a.e. c.omb-i.nationl>. 

Ant-i.mi.c.ltob Agen.U Chemoth~ .!l_: 992, 1978. 

50. MWtJta.y, P.R., GJta.n-i.c.h, G. G., ~ogt>.tad, V .J., Nile;.,, A. C. In v-i.vo t>e.f.ec.tion 

o6 ~u-i.<>ta.nc.e -to muLt..<.p.e.e c.epha.e.ot>polt-i.n6 by Ent~obac.t~ c..e.oac.ae. Jlt£. 

In6ec.t V-i.l> Iii: 590, 1983. 

51. Sa.ndeM, C. C. Nove£. ~u-i.<>.tanc.e t>e.f.ec.ted by the n~ expanded-t>pec.tltwn 

c.epha.e.ot>pM-i.nf>: A c.onc.~n. )It£. In6ec.t V-i.-6 J3.2: 585, 1983. 

52. Goodman, E.L., Ge£.d~, J.V., Ho.e.mu, R., et a.e.. P~ot>pec.tive c.ompaJtative 

t>tu.dy o 6 valt-i.ab.e.e dot> age and valt-i.ab.e.e Mequ.enc.y lteg-i.men<> 6o1t adm-i.n-i.<>tltation 

o6 g~. Ant-i.mi.c.~tob Agen.U Chemothelt i: 434, 1975. 

'B3. SmUh, C.R. Neph!totox..i.c.ily o6 cun.Utog.e.yc.o<>.i..du. 

Int~ationa£. Cong~U-6 o6 Chemothe4apy SS 4.3/2: 

-17-

P~oc.eecU.rtg<> 13-th 

18, 1983. 



54. LeJtnvr., A.M., Co11e., L.A., lan.¢e.l1, W., u a.t. Ra11dom.We.d, c.on.:tll.oU.e.d .tJUa..e. 

o6 ~he. c.omp~ve. e.66icac.y, audlto~y ~o~city, a11d 11e.p~o~o~y o6 

WbMmyc.in a.nd 11~. La.nc.u ..!_: 7723, 1983. 

55. L~~ky, B.A., H~c.hman11, l.V. VkUg 6e.vvr.. lAMA 245: 851, 1981. 

56. SpMbvr.g, M. V.W.g110~~aUy c.o116!L6htg c.omp.t.i.c.ation.¢ o6 cii.phe.ny.f..hyda~oht 

~e.Mpy. A1111 1~ Me.d 59: 914, 7963. 

57. Bltam.e.u, V.A., PMa.t.a.ky, Z., O.f..M11, R. GJt.a.nu£om~o!L6 he.pa..t..LtW M a 

nurU.6u~atiol1 o6 q~e. hype.Me.n.¢);Uv.Uy. Mc.h 1~eJtn Me.d 140 : 

395, 1980. 

58. KMc.h FE, L~agM L. Adve.Me. dkUg ~e.au,um~: A ~a.t ~e.v-<.w. lAMA 

234: 1236, 1975 . 

59. 8Wt11um 1, F. P~e.ve.Mabil-Uy o6 adve.Me. Mu.g ~e.ctU-<-oM. AM I~vr.11 Me.d 

85: 80, 1976. 

60. You.11g, E.l., F~~e.-<.1'!, V., M!L6hvr., V.M. V~u.g--<.l'ldu.c.e.d 6e.vvr.: C~u <1e.e.n 

ht ~he. e.valu.atio11 o6 u.11e.x.p~e.d 6e.vvr. ht a ge.nvr.a.t ho<1p-Ua.t popu..f..ation. 

Rev 1n6e.d V-U. i : 69, 1982. 

61. Saxon, A. 1mme.~e. hype.Me.n.¢);Uv.Uy ~eaU-<-oM ~o 8-.f..ac-tam antib.i.otiC-6. 

Rev I116e.c-t V-U. 2: S368, 1983. 

62. RodbMd, V. The. M.f..e. o6 ~e.g-i.ol'la.t body ~e.mp~Wte. -<.11 ~he. p~hoge.nu-<-<1 

o6 d-U.~e.. NElM 305: 808, 1981. 

63. Sc.haad, U.B . , Mc.C~ke.n, 1~., G. H., Ne..f..<lon, l.V. C~c.a.t phMmac.o.f..ogy 

Md e.66icac.y o6 vanc.omyc..Ut -<.11 pe.~ patie.nU. J~ Pe.~C-6 96: 

119' 1980. 

64. Nw6-<_e.R..d, P., Ro-<.ze.n, M.F. HazMd<l o6 Mp-<.d a~~n o6 vMc.omyc..Ut. 

Ami!Jl-<.c.M College. o 6 Phy<I-<.C..W.n.¢ 581, 1979. 

65. FM~~. P., W~~e.ht, G.V., Gomez, E.C. Pho~o~o~c. po~e.~ o6 mino­

c.yc.Une. Md dox.yc.y~e.. Mc.h V~o.e. 105 : 681, 7972. 

-18-



.... 

66 . Fe.n.6k.e., N.A., MI..U.n6, J.L., Glte.e!t, IC.E. M.i.noc.ycU.ne.-.i.nduc.e.d 

pigme.rt-ta..t<.on a.t ~ileA o6 c.u.tan.e.oM .i.n6.i.amma.tion. JIVAA 244: 1103, 1980. 

6 7. Wh.a.Ue.y, P. J: , Adam6 , R. H. , Combu, B. T etltac.ycU.ne. .to x.ic.Uy .i.n p!te.gna.nc.y. 

Uve!t a.nd pa.nc.Jte.a.tic. dy~6unc..tion. JAMA 789: 357, 1964. 

68. PhUUp~, M.E., E~U.twood, J.B., C~, J.R., e..t a.t. Te..tltac.ycU.ne. 

pMioning .i.n lte.na.t 6aUUJte.. Bit Me.d ]Jt.t 2: 149, 1974. 

-79-


