
       MANAGING ANTIBIOTIC 

                   THERAPY
 

     ITS MORE THAN JUST ABOUT  

             THE ‘S’ AND THE ‘R’ 
             Larry M. Bush, MD, FACP 
        Affiliated Professor of Biomedical Science 

         Charles E. Schmidt College of Medicine 

                     Florida Atlantic University 

 

       Affiliated Associate Professor of Medicine 

     University of Miami-Miller School of Medicine 



“LETS FACE IT…… 
 

 WE ARE OBSESSED WITH PRESCRIBNG ANTIBIOTICS” 

                      IN FACT, THE CDC SAYS THAT APPROXIMATELY 50% 

          OF HOSPITALIZED PATIENTS RECEIVE ONE ANTIBIOTIC OR ANOTHER 

                                     SOMETIME DURING THEIR STAY 

 

 

AND.. EVEN THOUGH ABOUT 90% OF ALL RESPIRATORY OUTPATIENT  

INFECTIONS ARE CAUSED BY VIRUSES, ALMOST 70% OF PATIENTS  

ARE GIVEN AN ANTIBIOTIC, OFTEN BROAD SPECTRUM DRUGS  

i.e. fluoroquinolones  



HOWEVER..THE CDC ALSO SAYS THAT ABOUT 50% OF THESE ANTIBIOTICS USED 

      IN THE HOSPITAL ARE EITHER INCORRECTLY USED OR UNWARRANTED… 

                                                 

                                                and FURTHERMORE.. 

 

        The major instigating factors for the exponential rise in   

    antimicrobial RESISTANCE is OUR OVER PRESCRIBING of this 

       precious resource…along with their use in animal feeds… 

 

To the point that approximately 2 Million persons become ill 

                    every year with antibiotic-resistant infections,  

                            and about 23,000 die! 

 

 





SO THEN…. 

 HOW DID WE GET TO THIS POINT…. 

 

AND WHAT ARE WE (YOU) GOING TO DO  

 TO CORRECT IT? 



                       KEEP IN MIND…. 

 

               THE WORLD OF MEDICINE  

                     WAS CHANGED BY 

 

    SANITATION & IMMUNIZATION  



FIRST OFF…LETS ALL BE TALKING ‘APPLES to 

APPLES’ 
 

..does it fascinate you as it does me that when one considers that 

the human body is comprised of approx. 1012 cells, and that located 

either within and/or on the surface of a human exists an estimated  

1015 virions and 1013 bacteria (the indigenous microbiome). 

 

..it is astonishing yet comforting to realize that Clinical Infectious 

Disease is actually an INFREQUENT EVENT! 

..the question our patients should ask is..why have I not gotten more 

infections, rather than what we all hear..”HOW AND WHY did I get 

this” 



 ……LETS KEEP THE ‘APPLE’ TERMS STRAIGHT 

 

INFECTION (COLONIZATION) – A ‘BUG’ WTIHIN OR ON A HOST, PERSISTENT OR  

TRANSIENT AND CAUSES NO HARM. 

 

INFECTIOUS DISEASE – INTERACTION WITH THE ‘BUG’ CAUSES HARM TO THE HOST, 

ALTERS PHYSIOLOGY AND LEADS TO SIGNS AND SYMPTOMS 

 

PATHOGEN – A ‘BUG’ THAT HAS THE CAPACITY TO CAUSE DISEASE.  ALMOST 

ALWAYS FROM THE ENDOGENOUS MICRO-FLORA ..so why the common question, how, why, 

and where did I get this infection from? 

 

VIRULENCE – PROVIDES A QUANTITATIVE MEASURE OF A ‘BUG’S’ CAPACITY TO 

CAUSE DISEASE (i.e. Staph aureus, encapsulated Pneumococcus / Meningococcus, C dif 

toxins) 



                I CAN NOT STAND THE PHRASE… 

                            ”PERCEPTION IS REALITY”… 

 

 

REALITY IS REALITY…BUT WE ALL HAVE TO LIVE WITH OUR   

PATIENTS PERCEPTIONS EACH AND EVERY DAY  

 

…”JUST TELL ME I DON’T HAVE MRSA, THEY TOLD ME YOU CAN 

NEVER GET RID OF IT” 

 

…”OH NO, A POSITIVE TB SKIN TEST, I THOUGHT TUBERCULOSIS 

WAS ONLY IN  THEM” 

 

…”ZIKA, EBOLA…WERE ALL DOOMED” 

 

…”GIVE ME (OR HERE, TAKE) THE ANTIBIOTIC, JUST TO BE SAFE.. 
 IT CAN’T HURT” 

 

 



BUT THIS IS THE ONE MOST MISUNDERSTOOD BY  

PATIENTS, ADMINISTRATORS, 

HEALTH-CARE AGENCIES AND REGULATORY 

BODIES…AND FRANKLY…  

BY MANY OF OUR COLLEAGUES 

‘SEPSIS’ 

 

…”THANK GOODNESS I DON’T HAVE ‘SEPSIS’, BUT JUST PNEUMONIA” 



‘SEPSIS’- WHAT REALLY IS THIS CONDITION ANYWAY? 
 

EARLY 1980’S – SEPSIS IS ‘ENDOTOXEMIA’, HOW DO YOU  

REALLY MEASURE THAT 

 

 

‘SEPTICEMIA’…THE ONGOING MISCONCEPTION OF 

BACTEREMIA 

 

And then in 1991, and for 25 years thereafter.. 

 

 

The almost ‘religious’ adoption that ‘sepsis’ was… 

  

 ‘THE SYSTEMIC INFLAMMATORY RESPONSE  

                        SYNDROME (SIRS) 

 
2 OR MORE OF: HR>90/MIN, RR>20/MIN, TEMP>100.4F or <96.8F, 

WBC>12,000 or <4,000 OR >10% Band forms 



…BUT FINALLY IN FEBRUARY, 2016 (JAMA) WE GOT… 

.an actual DEFINITION of what ‘SEPSIS’ actually is..no longer clinical criteria alone 

 

“LIFE THREATENING ORGAN DYSFUNCTION caused by a 

DYSREGULATED HOST RESPONSE to INFECTION (proven or 

suspected)..based on PATHOBIOLOGY 

 
Leads to prolonged ICU stays and a significant risk of dying,10% mortality 



‘SEPSIS’  WHAT’S IN  and   WHAT’S OUT 

OUT….SIRS and SEVERE SEPSIS…the reasons are 

 
1- all based on clinical signs/symptoms,no definition 

2- too sensitive, not specific enough 

3- 50% have appropriate adaptive response, not dying 

4- 1 in 8 missed organ failure and risk of death 

5 – all ‘sepsis’ is severe (10% mortality), why separate term 

 

…but lets remember that… 

 

1- since the incorporation of SIRS, less sepsis mortality 

                       ?????? denominator increase 

 



OUT……NO MORE, TOSSED UNDER THE BUS 



    ‘SEPSIS’….WHAT’S IN and WHAT’S OUT 

IN…NEW CLINICAL CRITERIA, INFECTION with ORGAN DYSFUNCTION 

 

Identified as an ACUTE CHANGE in total ‘SOFA’ SCORE >2 

CONSEQUENT TO INFECTION 

 
 

                 ‘SOFA’ 
  

 SEQUENTIAL (SEPSIS-RELATED) ORGAN FAILURE ASSESSMENT SCORE 
 

     RESPIRATION, COAGULATION, LIVER, CARDIOVASCULAR CNS, RENAL 

 

       ONLY validated for ICU PATIENTS and ALL BEGIN with SCORE = O 

                  unless known underlying abnormalities in parameters   



NEW… 



                            QUICK ‘SOFA’…..qSOFA 
 

       EMERGENCY DEPARTMENT and GENERAL WARD  

                          BEDSIDE EVALUATION  

‘HAT’………. 

 

1- HYPOTENSION – SYSTOLIC BP <100 mm/hg 

2- ALTERED MENTAL STATUS – GLASGOW COMA SCORE <15 

3- TACHYPNEA – RESP RATE >22 / min 

 

…>2 OF THE PARAMETERS SERVE AS QUALIFIERS AND ELIMINATE THE NEED 

FOR LABORATORY TESTING 



HERE IS THE NEW ROAD MAP…. 



….and now ‘SEPTIC SHOCK’ is…. 
 

..a SUBSET OF SEPSIS, in which UNDERLYING CIRCULATORY 

and CELLULAR / METABOLIC ABNORMALITIES are 

PROFOUND enough to  

SUBSTANTIALLY INCREASE MORTALITY (currently 42%)  

 

 

….in other words…’BAD SEPSIS’ 



                  ……..and for ‘SEPTIC SHOCK’ 

 
                Having ‘SEPSIS” ……and 2 THINGS 

 

        The Need for Vasopressor medications to 

Maintain a Mean Arterial Pressure(MAP) >65 mmHg 

 

                  Serum LACTATE level >2 mmol/L 



  THE ISSUES WITH SEPSIS-3 

1- MAY BE TOO SENSITIVE AND LEAD TO UNWWARRANTED ANTIBIOTICS 
    (or, so what else is new !!) 

 

2- HOW TO MEASURE A DYSREGULATED HOST REPSONSE 
    (or, when does this transition from regulated and helpful to dysregulated and 

     and harmful ??) 

 

3- THE WHOLE CONCEPT IS PREDICATED ON INFECTION BEING THE TRIGGER 
    (they could not define infection, but relied on any patient having cultures 

     sent and given antibiotics…how well has that worked out until now ??) 

 

4- REQUIRES CLINICAL PROMPTS FROM RNs, etc. 
     (here comes ‘code sepsis’ and more telephone random orders !) 



AND IT IS STILL DEFINED AND CODED DIFFERENTLY BY: 

 

CDC 

 

JOINT COMMISION 

 

CMS 

 

                     HOSPITAL QUALITY MEASURES 



Surviving Sepsis Campaign: International Guidelines 
for Management of Sepsis and Septic Shock: 2016 



Antibiotics 
•  We recommend that administration of IV 

antimicrobials be initiated as soon as possible 
after recognition and within 1 h for both sepsis 
and septic shock.  

(strong recommendation, moderate quality of 
evidence). 

• We recommend empiric broad-spectrum therapy 
with one or more antimicrobials to cover all likely 
pathogens. 

(strong recommendation, moderate quality of 
evidence). 



Antibiotics 

• We suggest empiric combination therapy 
(using at least two antibiotics of different 
antimicrobial classes) aimed at the most 
likely bacterial pathogen(s) for the initial 
management of septic shock.  

– (Weak recommendation; low quality of 
evidence)  

 



Antibiotics 
 
• We suggest that combination therapy not be 

routinely used for on-going treatment of 
most other serious infections, including 
bacteremia and sepsis without shock.  
– (Weak recommendation; low quality of 

evidence).  

   
•  We recommend against combination 

therapy for the routine treatment of 
neutropenic sepsis/bacteremia.  
– (Strong recommendation; moderate quality of 

evidence).  



..NOW TELL ME THIS IS NOT A COMMON EVERYDAY EVENT ! 



THE FACT IS……….. 

• THE ADMINISTRATION OF ADEQUATE 
ANTIBIOTICS HAS BEEN THE ONLY CLEARLY 
PROVEN BENEFICIAL INTERVENTION IN 
LOWERING MORTALITY IN ‘SEPSIS’AND 
‘SEPTIC SHOCK’. 

 

 



• SO THEN…… 

 

   HOW DO WE GET IT RIGHT? 



The Origins of Antimicrobial Drugs 

• Antibiotics  
       ~ metabolic products of aerobic bacteria and fungi 

       ~ reduce competition for nutrients and space 

 

– Bacteria:  Streptomyces ,Acromyces and 
Bacillus 

– Molds:  Penicillium and Cephalosporium 

–Antimicrobials 
• Chemists have created new drugs by altering the 

structure of naturally occurring antibiotics 

 



Flemming and Penicillin 



Plate of Staphylococcus aureus inhibited 

 by Penicillium notatum 



Antibiotics Revolutionized Medicine 

• Enable complicated surgery 

• Enable cancer chemotherapy 

• Enable critical care medicine 

• Enable care for premature babies 

• Enable organ transplantation 

• Changed medicine from a diagnostic 
profession to a treatment profession 









Antibiotics Are UNIQUE 

• They are the only drugs that: 

lose efficacy over time & must be 
continually replaced 

need to be used sparingly to prolong 
their efficacy 

we actively discourage use of when 
they are approved 

















NONINFERIORITY TRIALS 

• How do we claim the need for new 

antibiotics is based on the lack of 

efficacy of older agents in diseases, 

because of resistant pathogens, and 

then design the trial such as to show 

“how much less effective” a new drug 

might be compared with the older drug 

whose effectiveness is in doubt? 



RECENTLY APPROVED NEW ANITIBACTERIAL AGENTS 



ANTIBACTERIAL AGENTS IN CLINICAL DEVELOPMENT 



? 

SO WHY ALL THE 

RESISTANCE 



Inappropriate Antimicrobial Use 

• Prescription not taken correctly 

• Antibiotics for viral infections 

• Antibiotics sold without  

 medical supervision 

• Spread of resistant microbes  

 in hospitals due to lack of hygiene 











STRATEGIES TO REDUCE 

RESISTANCE (R) 

“BLAST THEM” 
     antibiotic combinations never been shown to reduce emergence 

of ‘R’ in routine bacteria 

 

“FOOL THEM” 
    cycling drugs only temporarily changes ‘R’ selection pressure 

 

“STOP IRRITATING THEM” 
     Best Idea    -    3 points 

      

 Before Rx begins – only treat true infection 

      

 During – avoid combos where single agents suffice 

     

 Tail end – only treat as long as needed to cure the infection 

      

      



TERMS 

 

Modern Day “Buzz Words” 
 

 

 

 

 

 

 

 

 

 

 

Evidence Based Medicine 
  

Recommendations graded (strong-very weak) 

 on Quality of Evidence (high-low) from studies 

 

Consensus of Expert Opinions 
 

Published Guidelines 
 

Experience, Anecdotal, Random 
 

What would seem to make Rational Scientific Sense 

 
 



“APPROPRIATE” ANTIBIOTIC 

THERAPY 

  THE USE OF ANTIBIOTICS WITH GOOD  

    

   OR SUSCEPTIBLE IN-VITRO ACTIVITY 

 

      AGAINST THE BACTERIA AT THE  

    

           TISSUE SITE OF INFECTION 

 

i.e.  just look for the ‘S, I or R’ on the micro sheet 

    



“ADEQUATE” ANTIMICROBIAL 

THERAPY 

                        INCLUDES APPROPRIATE PLUS  

    

                      DESCRIBES THE OPTIMAL THERAPY  

    

                    BASED UPON DOSAGE, PENETRATION  

 

                    TO THE SITE OF INFECTION, ROUTE OF  

 

                ADMINISTRATION , COMBINATION THERAPY  

 

                                      AND DURATION 

 

i.e.  you need to really understand the drug and the infection 



APPROPRIATE DOES NOT 

EQUAL ADEQUATE 









  SO THEN HOW DOES ONE 

 

                CHOOSE  

 

 AN ADEQUATE ANTIBIOTIC ? 



Many infections are self limited 

and lead to minimal morbidity 

and mortality in hosts with 

normal defense mechanisms 

 

I.E.  They get better in spite of 

our correct or incorrect 

antibiotic choice and usage  



In seriously ill patients, because of 

compromised immune function, 

anatomic abnormalities or 

infection with more virulent 

organisms, the outcome of the 

infection depends on early 

institution and correct use of 

 APPROPRAITE AND 

ADEQUATE antimicrobial therapy 



Empiric Antimicrobial  

Regimens are based on: 

• History and Physical 

• Likely site of infection 

• Knowledge of pathogens commonly 

causing infection at that site 

• Gram stain of appropriate specimen, 

modify regimen when pathogen(s) 

known 



 
The role of antibacterials  

is to eradicate  

the causative organisms 

from the site of  

infection 



The “New Science”: 

Pharmacokinetics and Pharmacodynamics 

• Is there an antibiotic level in blood that predicts bacterial 

eradication and clinical success? 

• If so, what is the optimal profile to maximize bacterial kill? 
– Peak level of Abx =  bacterial kill ? 

 

–  Length of Time that Abx level exceeds the MIC =  bacterial kill ? 

• Once PK/PD requirements are known, one can: 

–  Calculate appropriate doses of new or existing agents 

–  Compare antimicrobial activity of existing agents and utilize                    

  data in the development of guidelines 

–  Determine susceptibility of isolated pathogens 

 

Concept in Summary: 



Drug potency is measured by determining lowest concentration 

of an antimicrobial that results in the inhibition of visible growth of 

a microorganism after overnight exposure   

 

MIC = 4.0 

µg/mL 

0.25 

µg/mL 

0.5 

µg/mL 

1.0 

µg/mL 

2.0 

µg/mL 

4.0 

µg/mL 

8.0 

µg/mL 

16 

µg/mL 

Known bacterial inoculum placed into 
each tube 

Increasing 
Antibiotic 
Concentration 

MIC: MINIMAL INHIBITORY CONCENTRATION 









‘TIME DEPENDENT 

ANTIBIOTICS’ 

TIME > MIC CORRELATES WITH  

CLINICAL  ADEQUACY 
 

HOW MUCH TIME IS THAT ? 

MORE IS NOT BETTER, JUST MORE 



Pharmacokinetics and Pharmacodynamics: 

Required information 

0.12 0.25 0.5 1.0 2.0 4.0 4.0 

Pathogen 

broth 

Antibiotic conc. (ug/mL) 

  Step 1: Determine MIC:  

              How much antibiotic is required to inhibit further growth (stasis) in a test tube?    

•How high? (peak level vs MIC) 

•How long? (time above MIC) 

•How high for how long? (AUC vs MIC) 

ABX 

Conc. 

(ug/ml) 

MIC 

Step 2: Determine Dose: 

How much antibiotic is required in the blood to kill the 

pathogen at its site?  
(i.e. What is the correlation between the required serum level in the body 

and the MIC found in the lab?) 

Time 



MIC 

 Quinolones 

 Aminoglycosides 

 Azithromycin 

Time >MIC 
(time-dependent activity) 

MIC 

AUC24 /MIC 
(concentration-dependent activity) 

Predictors of Bacterial Eradication: 

Pharmacokinetic/Pharmacodynamic Profiles 

1. Craig WA. Clin Infect Dis. 1998;26:1-12. 

25-125 

Optimal profile: 

AUC/MIC ratio at least: 

25-30 (Strep., other gram-positive) 

125 (gram-negative bacilli) 

40-50% 

Optimal profile: 

Antibiotic level exceeds MIC for  

at least 40% of dosing interval 

 Penicillins 

 Cephalosporins 

 Erythromycin 

 Clarithromycin 



The relationship between ‘time above MIC90’and bacteriological cure in  
S. pneumoniae (red) and H. influenzae (blue) in otitis media and sinusitis 

‘Time Above MIC’ (% of dosing interval) 
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‘CONCENTRATION DEPENDENT 

ANTIBIOTICS’ 

 

• AUC / MIC CORRELATES WITH  

CLINICAL ADEQUACY 

 

MORE IS BETTER ! 



Time (hours) 
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AUC 

MIC 

Parameters of Interest: 

 

Pharmacokinetic/Pharmacodynamic 

Predictors of Efficacy 

Craig W. Pharmacokinetic/Pharmacodynamic Parameters: Rationale  

for Antibacterial Dosing of Mice and Men. Clin Infect Dis. 1998; 26:1-12. 

Cmax 

(Peak) 

MIC= “how much abx is 

required to inhibit growth 

in a test tube” 

• AUC/MIC ratio 
• 25: S. pneumoniae, Gram (+) 

•125: Gram (-) bacilli 

10 x 

Area  =“length x width” 

 = conc. X time 

 = mg/l x hr 

A+B+C+E+… = AUC 

A 

B 

C 

D E F 

G 

H 

I 
J 

K L M N O 



Concentration-dependent killing 

AUC24: MIC ratio 

25-30 = gm (+) 

125 = gm (-) 

AUC:MIC ratio (area under the curve:MIC ratio): 

 Quinolones, Aminoglycosides and Azithromycin 

0 

AUC 
Area Under  

the Curve 

MIC 



Relationship between Antibiotic concentration (24-Hr AUC/MIC) and 
Mortality in Immunocompetent Animals infected with S. pneumoniae 

using Fluoroquinolones 
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…this HAS BEEN TAKING PLACE FOR YEARS…………. 

“ asking physicians to do a better job at prescribing antibiotics has  

and does not work and will require a behavior change.” 
 

AREN’T WE REALLY TALKING KNOWLEDGE AND UNDERSTANDING ? 







…”the risks of action are far less  

serious than those posed by  

      comfortable status quo and inaction” 

JFK..circa 1962 



NOW, PERHAPS MORE THAN 

EVER… 
 
 

TIME TO GET IT 

RIGHT ! 

                       THANK YOU 


