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We recommend the protocolized, quantitative resuscitation of 

patients with sepsis- induced tissue hypoperfusion. During the 

first 6 hours of resuscitation, the goals of initial resuscitation 

should include all of the following as a part of a treatment 

protocol:  

  a) CVP 8–12 mm Hg 

  b) MAP ≥ 65 mm Hg 

  c) Urine output ≥ 0.5 mL/kg/hr 

  d) Scvo2  ≥  70%.  

 

2012 Recommendation for Initial Resuscitation. 
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Rivers Protocol 

Potential for RBC 
and Inotropes 

Therapy 
titrated to CVP, 

MAP and 
ScvO2 

Early insertion of 
ScvO2 catheter 
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Intravenous Fluids 

EGDT 2.8 L 

Usual Care 2.3 L 

Intravenous Antibiotics 

EGDT 97.5% 

Usual Care 96.9% 
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Sepsis and septic shock are medical 

emergencies and we recommend that 

treatment and resuscitation begin 

immediately. 

 

Best Practice Statement 
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Source Control 

• We recommend that a specific anatomic diagnosis of infection 

requiring emergent source control be identified or excluded as 

rapidly as possible in patients with sepsis or septic shock, and 

that any required source control intervention be implemented 

as soon as medically and logistically practical after the 

diagnosis is made.  

 

(Best Practice Statement). 
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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). 
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Summary 

• Start resuscitation early with source control, 

intravenous fluids and antibiotics. 

• Frequent assessment of the patients’ volume status is 

crucial throughout the resuscitation period.  

• We suggest guiding resuscitation to normalize lactate 

in patients with elevated lactate levels as a marker of 

tissue hypoperfusion. 
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SCREENING FOR SEPSIS AND 

PERFORMANCE IMPROVEMENT 

1. We recommend that hospitals and hospital systems 

have a performance improvement program for sepsis 

including sepsis screening for acutely ill, high-risk 

patients. (BPS) 

 



2nd Critical Care Summit 2017 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 

 Diagnosis 

 • We recommend that appropriate routine microbiologic cultures 

(including blood) be obtained before starting antimicrobial 

therapy in patients with suspected sepsis and septic shock if 

doing so results in no substantial delay in the start of 

antimicrobials. (BPS) 

– Remarks: Appropriate routine microbiologic cultures always include at 

least two sets  of blood cultures (aerobic and anaerobic). 
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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)  
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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).  
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Antimicrobial Therapy 
Antibiotic Stewardship 

 We recommend that empiric antimicrobial therapy be narrowed once pathogen 

identification and sensitivities are established and/or adequate clinical improvement is 

noted. 

 (BPS)  

 We suggest that an antimicrobial treatment duration of 7-10 days is adequate for most 

serious infections associated with sepsis and septic shock.  

 (Weak recommendation; low quality of evidence)  

 We recommend daily assessment for de-escalation of antimicrobial therapy in patients 

with sepsis and septic shock. 

 (BPS) 

 We suggest that measurement of procalcitonin levels can be used to support shortening 

the duration of antimicrobial therapy in sepsis patients.  

 (Weak recommendation; low quality of evidence)  
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CHOOSING THE RIGHT 

ANTIBIOTIC 
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Guideline recommendations 

 Administration of effective IV antimicrobials within the 1st hour 
of recognition of septic shock (grade 1B) and severe sepsis 
without septic shock (grade 1C) 
 

 Initial empiric anti-infective therapy of one or more drugs that 
have activity against all likely pathogens and that penetrate in 
adequate concentrations into tissues presumed to be the 
source of sepsis (grade 1B) 

Crit Care Med 2013;41:580-637 
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Early, appropriate antibiotics 

 Early = within 1 hour after recognition of potential septic shock 

 

 Appropriate = in vitro activity against pathogen 

 Route of administration 

 Dose and frequency 

 Penetration 

 Cidality 

Crit Care Clin 2011;27:53-76 
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Effect of timing on survival 

Adapted with permission from: Crit Care Med 2006;34:1589-96 

Time from hypotension onset (hours) 

Fr
ac

ti
o

n
 o

f 
to

ta
l p

at
ie

n
ts

 



2nd Critical Care Summit 2017 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 

Effect of inappropriate antibiotics  
on survival 

Chest 2009;136:1237-48 

Appropriate 
(n=4579) 

Inappropriate 
(n=1136) 

OR (95% CI) 

Survived 52 10.3 9.45 (7.74 – 11.54) 

P value 

Immuno-
suppressed* 

15 19.8 < 0.05 

COPD 13.6 14.1 < 0.05 

Dialysis 7.3 10.7 < 0.05 

All numbers expressed as % unless otherwise specified 
* Immunosuppression = chemotherapy or chronic steroids (>10mg prednisone daily) 
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Risk Factors 
MDR/Health-care associated pathogens Fungemia 

• broad spectrum antibiotics within 90 d 

• hospitalization >5 d 

• local high antibiotic resistance rates 

• residence in LTCF 

• chronic dialysis within 30 d 

• home wound care 

• family member with MDR infection 

• mechanical ventilation ≥5 d 

• immunosuppression 

• structural lung disease 

• IV drug use 

• COPD (Pseudomonas spp.) 

• Influenza infection (MRSA) 

• broad-spectrum antibiotics 

• central venous catheter 

• parenteral nutrition 

• renal replacement therapy in ICU 

• neutropenia 

• hematologic malignancy 

• implantable prosthetic devices 

• immunosuppression 

• chemotherapy 

 

Clin Infect Dis 2007;44:S27-72 

Am J Respir Crit Care Med 2005;171:388-416 

Clin Infect Dis 2009;49:1-45 

Clin Infect Dis 2009;48:503-35 
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Guideline recommendations 

 Combination empirical therapy for the following patients 

(grade 2B): 
• Neutropenic with severe sepsis and for patients with difficult-to-

treat, multidrug-resistant bacterial pathogens (Acinetobacter or 

Pseudomonas bacteremia) 

• Severe infections associated with respiratory failure and septic 

shock (Pseudomonas bacteremia) 

• Septic shock from bacteremic Streptococcus pneumoniae 

 

Crit Care Med 2013;41:580-637 
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Combination therapy vs. monotherapy for septic 
shock 

Crit Care Med 2010;38:1773-85 

Mortality rate * 

Monotherapy 

(n=1223) 

Combination Rx 

(n=1223) 
HR (95% CI) 

28-Day, % 36.3 29 0.77 (0.67 – 0.88) 

ICU, % 35.7 28.8 0.75 (0.63 – 0.88) 

Hospital, % 47.8 37.4 0.69 (0.59 – 0.81) 

* Propensity score adjusted 

# deaths 

All Gram + , % 39.9 30.7 0.73 (0.58 – 0.92) 

All Gram - , % 34.5 28.2 0.79 (0.67 – 0.94) 
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Antibiotic review: Sepsis from 
pulmonary source Infection  Example antibiotic regimens 

CAP β-lactam1 + azithromycin 
β-lactam1  + respiratory FQ2 

HCAP antipseudomonal β-lactam3 
+ aminoglycoside4 or antipseudomonal FQ5 
+ vancomycin or linezolid 

1 ceftriaxone, cefotaxime, ampicillin/sulbactam 

2 levofloxacin, moxifloxacin 
3 piperacillin/tazobactam, cefepime, meropenem, imipenem, doripenem 
4 gentamicin, tobramycin, amikacin 

5 levofloxacin, ciprofloxacin 

Clin Infect Dis 2007;44:S27-72 Am J Respir Crit Care Med 2005;171:388-416 
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Antibiotic review: Sepsis from catheter-related 
bloodstream infection (CRBSI) 

Infection  Example antibiotic regimens 

CRBSI vancomycin or daptomycin1  

+ antipseudomonal β-lactam2,3 

+/- aminoglycoside4  

Fungemia risk factors + fluconazole or echinocandin5 

1 if high rates of vancomycin MIC ≥ 2 µg/mL 
2 piperacillin/tazobactam, cefepime 
3 meropenem, imipenem, doripenem 
4 gentamicin, tobramycin, amikacin 

5 caspofungin, micafungin, anidulafungin 

Clin Infect Dis 2009;49:1-45 
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Antibiotic review: Sepsis from urinary source 

Infection  Example antibiotic regimens 

Urosepsis 3rd generation cephalosporin1 

+/- aminoglycoside2 or FQ3 

Urological interventions or MDR risk factors antipseudomonal β-lactam4,5 

 

1 ceftriaxone, cefotaxime 
2 gentamicin, tobramycin, amikacin 
3 levofloxacin, ciprofloxacin  
4 piperacillin/tazobactam, cefepime 
5 meropenem, imipenem, doripenem 

Int J Urol 2013; Epub ahead of print. 
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Antibiotic review: Sepsis from unknown source 

Infection  Example antibiotic regimens 

Unknown antipseudomonal β-lactam1,2 

+ aminoglycoside or antipseudomonal FQ3 

+ vancomycin 

Fungemia risk factors + fluconazole or echinocandin4 

1 piperacillin/tazobactam, cefepime 
2 meropenem, imipenem, doripenem 
3 levofloxacin, ciprofloxacin 
4 caspofungin, micafungin, anidulafungin 

Clin Infect Dis 2009;48:503-35 
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Barriers to timely antibiotics 

 Delayed recognition of sepsis and septic shock 

• Infection 

• Hypotension 

 

 Inappropriate antimicrobial therapy 

• Failure to use stat order 

• Unrecognized risk factors for MDR pathogens 

• No specifications for order of administration 

• Logistical delays 

 

Crit Care Clin 2011;27:53-76 
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Crit Care Med 2010;38:367-74 

Achievement of bundle targets (n=15,022) 

1st Quarter Final Quarter P value 

Broad-spectrum antibiotics, % 60.4 69.7 0.0002 

Impact of sepsis bundle implementation 

Administration of broad spectrum antibiotics associated with lower hospital mortality 

 OR (95% CI) = 0.86 (0.79–0.93) 
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Standardized order sets 

Crit Care Med 2006;34:2707-13 

Before (n=60) After (n=60) P value 

Appropriate antibiotics, % 71.7  86.7 0.043 

28-day mortality, % 48.3 30 0.04 



2nd Critical Care Summit 2017 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 

Overcoming barriers 

 Education of healthcare professionals 
• Multidisciplinary approach 
• Medical Emergency Teams 

 
 Update policies to minimize delays 

• Administer antibiotics prior to transfer 
• Order all initial IV antibiotics as stat 
• Administer 1st dose of antibiotics as push 
• Standardized treatment approach 

• Symptom-based treatment pathway 
• Sepsis protocols and order sets 
 

 Crit Care Clin 2011;27:53-76; Crit Care Med 2007;35:2568-75 
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MAKE THE BEST CHOICE FOR YOUR SICK 

PATIENT 

 Evaluate risk factors for MDR/Health-care associated pathogens 
• Immunosuppression, COPD, hemodialysis, LTCF residence  
 

 Mortality reduction 
• Combination antibiotics 
• Sepsis bundles and protocols 
• Early, appropriate antibiotics 
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OPTIMIZING THE ANTIBIOTIC 

• Pharmacokinetic differences in septic patients 

• Antibiotic pharmacodynamic review 

• Specific patient examples 
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Pharmacokinetics 

• Absorption 

– Decreased gastric or subcutaneous absorption due to shock and vasopressors 

– Intravenous route preferred in severe sepsis / septic shock 

• Oseltamivir 

• Volume of distribution (Vd) 

– Hydrophilic medications generally stay in the plasma volume (Vd < 0.7 L/kg) 

• Influenced by fluid administration and capillary leak 

– Lipophilic medications distribute into intracellular and adipose tissue (Vd > 1 L/kg) 

• Not generally affected by fluid administration and  third spacing 

Crit Care Clin 2011;27:1-18; Crit Care Clin 2011;27:19-34; Crit Care Clin 2006;22:255-71; Chest 2012;141;1327-36 
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Pharmacokinetics 

• Metabolism 

– Hepatic metabolism consists of two phases 

• Phase 1: oxidation, reduction and hydrolysis 

– Cytochrome P450 

• Phase 2: glucuronidation, sulfation and acetylation 

– Drugs can be classified by extraction ratio 

• High (> 0.7): depends on hepatic drug flow 

• Intermediate (0.3-0.7) 

• Low (< 0.3): depends on hepatic (intrinsic) function 

• Excretion 

– Renal excretion is the primary excretory pathway for most parent drugs or their metabolites 

– Sepsis/shock patients frequently present with acute kidney injury 

– May also present with increased renal excretion 

• Augmented renal clearance 

Crit Care Clin 2011;27:1-18; Crit Care Clin 2011;27:19-34;  Crit Care Clin 2006;22:255-71; Chest 2012;141;1327-36 
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Pharmacodynamics 

Clin Inf Dis 1998;26:1-12; Crit Care Clin 2011;27:1-18; Crit Care Clin 2011;27:19-34; Crit Care Med 2009;37:840-51 
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Loading Doses 
• Goal is to achieve therapeutic concentrations rapidly so loading doses are usually recommended 

• Recommend giving high end of normal loading dose (or even higher dose) 

– Example: Vancomycin (normal patient Vd ~0.7 L/kg) 

• 100kg septic shock patient 

 

 

 

 

 

 

 

• Recommended loading dose for complicated infections in seriously ill patients is 25-30 

mg/kg based on actual body weight 

– Am J Health-Syst Pharm 2009;66:82-98 
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Patient Case 

• LL is a 45yo patient with a history of a renal transplant in 2007 who 

presents with respiratory distress and hypotension.  He is emergently 

intubated in the ER and fluid resuscitated with 3L of NS. 

– LL has NKDA, weighs 91kg and his admit SCr=3.2 mg/dl 

• His SCr at a clinic visit one month prior = 1.3 mg/dl 

– Cefepime, ciprofloxacin and vancomycin are written for – What doses should be 

given? 
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Renal Function – Acute Kidney Injury 
• Lack of information in patients with sepsis/shock and acute kidney injury 

– Since SCr is not at steady state -> not a reliable estimate of CrCl 

– Concern for underdosing and treatment failure 

• Recommendations from “A clinical update from Kidney Disease: Improving Global Outcomes 
(KDIGO)” 
– Loading dose: Volume of distribution is usually significantly increased in acute kidney injury for 

hydrophilic medications 

• Recommend: Aggressive loading doses (25-50% greater than normal) 

– Maintenance dose: Need to estimate degree and rate of change in kidney status 

• Need to also take into account nonrenal clearance 

• Recommend: Initiate at normal or near-normal dosage regimens 

– Therapeutic drug monitoring: Most concern for drugs with narrow therapeutic window 

• Recommend: Check serum concentrations if possible 

• Recommend: If no serum concentrations: watch for excessive pharmacologic effect or 
toxicity 

– Concern with cefepime use in renal dysfunction (Hosp Pharm 2009;44:557-61) 

• What dose to give? 

Kidney International 2011;80:1122-37 
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Revised Patient Case 

• LL is a 45yo patient with a history of ESRD (IHD Mon/Wed/Fri) who presents with 

respiratory distress and hypotension.  He is emergently intubated in the ER and fluid 

resuscitated with 3L of NS. 

– LL has NKDA, weighs 91kg and his admit SCr=4.5 mg/dl 

• His SCr at a clinic visit one month prior = 4.1 mg/dl 

– Cefepime, ciprofloxacin and vancomycin are written for – What doses should be 

given? 
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Renal Function – Chronic Kidney Disease 

• Recommendations from “A clinical update from Kidney Disease: Improving Global 
Outcomes (KDIGO)” 

• Delayed attainment of steady state due to reduced clearance and prolonged half-life 

– Loading dose: Recommend since goal is to rapidly achieve the desired steady state 
concentration 

• Especially if antibiotic has a long half-life 

– Maintenance dose: 

• Time dependent antibiotics: decrease the dose, but maintain the same dosing 
regimen 

• Concentration dependent antibiotics: give the same dose, but prolong the dosing 
interval 

– Therapeutic drug monitoring:  

• Take into account there may be differences in unbound drug concentration 

• What dose to give? 

Kidney International 2011;80:1122-37 
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Patient Case Continued 

• The next day LL’s SCr=5.1 mg/dl and he is anuric and on norepinephrine.  The renal 

consult team recommends starting renal replacement therapy and either CRRT or 

SLEDD is started. 

• How do you adjust the antibiotic doses? 
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Renal Function - RRT 
• BIG issue with these modalities -> Lack of data 

• CRRT 
– Method 1: Dose as if the CrCl ~ 20-50 ml/min 

– Method 2: Divide hourly ultrafiltrate rate by 60 to get estimated CrCl 
•  3000 ml/hour divided by 60 = est CrCl of 50 ml/min) 

– Method 3: Use general table or literature values for specific medications 
• Trotman RL. CID 2005;41:1159-66 

• Pea F. Clin Pharmacokinet 2007;46:997-1038 

• Heintz BR. Pharmacotherapy 2009;29:562-77 

– Method 4: Use an estimation formula (Curr Opin Crit Care 13:645-51) 
• Total body clearance (TBC) = Clearance non-renal (CLNR) + Clearance CRRT (CLcrrt ) 

• SLEDD 
– Method 1: (Clin Inf Dis 2009;433-7) 

• If SLEDD lasts for 6-12 hours/day: dose for CRRT, namely an estimated CrCl ~10-50 ml/min 

• Antibiotics dosed every 24 hours: give after SLEDD daily 

• Antibiotics dosed every 12 hours: give after SLEDD and 12 hours later 

• Check serum levels immediately after SLEDD to determine need for supplemental dose 

– Method 2: (Crit Care Med 2011;39:560-70) 
• For blood flow rate 200 ml/min and dialysate flow rate 100 ml/min, dose antibiotics for estimated CrCl 60 ml/min while on SLEDD and 10 

ml/min while off SLEDD 
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Renal Function – Augmented Renal Clearance 

• Definition: CrCl value > 10% above the upper limit of normal 

• At risk for subtherapeutic dosing, treatment failure and development of resistant 

organisms 

• Patients at risk: younger patients (~<55 years), post trauma (especially head injuries), 

post-op, sepsis, burns and hematologic malignancies 

• Not a lot of data 

• Recommendations: 

– Use timed CrCl collections to determine renal function 

– May need to use continuous infusions for beta-lactams and vancomycin 

– Use therapeutic drug monitoring when available 

• What dose to give? 

 

Clin Pharmacokinet 2010;49:1-16 
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Revised Patient Case 

• LL is a 45yo patient with a history of a renal transplant in 2007 who presents with 
respiratory distress and hypotension.  He is emergently intubated in the ER and fluid 
resuscitated with 3L of NS. 

– LL has NKDA, weighs 91kg, his admit SCr=1.2 mg/dl and his AST=1245 U/l  

 (nl 0-50), ALT=2312 U/l (nl 12-78) and his tbili=1.5 mg/dl (nl 0-1.4) 

– Cefepime, ciprofloxacin and vancomycin are written for – What doses should be 
given? 

 



2nd Critical Care Summit 2017 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 

Revised Patient Case 

• LL is a 45yo patient with a history of a renal transplant in 2007 who presents 
with respiratory distress and hypotension.  He is emergently intubated in the ER 
and fluid resuscitated with 3L of NS. 
– LL has NKDA, weighs 91kg, his admit SCr=1.2 mg/dl and his AST=1245 U/l (nl 0-50), 

ALT=2312 U/l (nl 12-78) and his tbili=1.5 mg/dl (nl 0-1.4) 

– Cefepime, ciprofloxacin and vancomycin are written for – What doses should be given? 
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Hepatic Dysfunction 
• Not a lot of data, especially with acute dysfunction 

– No simple endogenous marker to predict function clinically used 
– No available dosing adjustment tables 

• Manufacturers, mostly for newer agents, have included dosing recommendations based on 
Child-Pugh scores 
– The FDA and European Medicines Agency (EMEA) recommend that a kinetic study be 

conducted in agents that are likely to be used/affected by hepatic dysfunction – use Child-
Pugh score 

• Phase 1 reactions are affected more than phase 2 reactions in mild-to-moderate liver 
dysfunction 
– Phase 2 reactions ARE affected by severe hepatic dysfunction  

• Recommended dosing adjustments 
– Depends on extraction ratio and protein binding 

• What dose to give? 
 

Eur J Clin Pharmacol 2008;64:1147-61 



2nd Critical Care Summit 2017 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 

Revised Patient Case 

• LL is a 45yo patient with a history of a renal transplant in 2007 who 
presents with respiratory distress and hypotension.  He is emergently 
intubated in the ER and fluid resuscitated with 6L of NS. 
– LL has NKDA, weighs 191kg and his admit SCr=1.4 mg/dl 

• His SCr at a clinic visit one month prior = 1.3 mg/dl 

– Cefepime, ciprofloxacin and vancomycin are written for – What doses should 
be given? 
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Obesity 
• Pharmacokinetic changes in obesity in general 

– Absorption 

• Little data exists on differences -> maybe delayed gastric emptying 

– Distribution 

• Lipophilic medications should be dosed on total body weight due to higher distribution volumes  

• Hydrophilic medications should be dosed on ideal body weight or adjusted body weight due to lower volumes of 

distribution  

– Metabolism 

• CYP3A4 has lower drug clearance; CYP2E1 and most phase 2 enzyme systems have higher clearance; CYP1A2, 

CYP2C9, CYP2C19 and CYP2D6 trend towards higher clearance 

– Excretion 

• Obesity results in an increase in baseline renal clearance, but has a higher incidence of renal dysfunction from 

hypertension or diabetes 

• Estimate CrCl:  

– Am J Health-Syst Pharm 2009;66:642-8: Cockcroft-Gault equation with fat-free weight (using bioelectrical 

impedence) or lean body weight provided unbiased estimates 

– Pharmacotherapy 2012;32:604-12: Obese patients (BMI 25 to >40 kg/m2), using the Cockcroft-Gault equation 

with an adjusted body weight using a factor of 0.4 was the most accurate 

– What dose to give? 

Curr Opin Infect Dis 2012;25:634-49; Clin Pharmacokinetic 2012;51:277-304 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 
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OPTIMIZING ANTIBIOTICS ACCDG TO PATIENT 

CHARACTERISTICS 

• Need to make antibiotic dosing recommendations fast without a lot of data 

• Give high normal to higher than recommended loading doses 

• In patients without organ dysfunction, give the highest recommended dose 

• In patients with organ dysfunction: 

– Acute kidney dysfunction without history -> give normal dose for 24-48 hours and 

monitor closely 

– Acute hepatic dysfunction without history -> give normal dose and monitor closely 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 
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Renal Function - CRRT 
• Big issue for pharmacists with these modalities -> Lack of data 

• Method 1: Dose as if the CrCl ~ 20-50 ml/min 

– Concern with medications highly cleared by CRRT (i.e. fluconazole & meropenem) 

• Method 2: Divide hourly ultrafiltrate rate by 60 to get estimated CrCl (i.e. 3000 ml/hour divided by 60 = est CrCl of 50 ml/min) 

• Method 3: Use general table or literature values for specific medications 

– Trotman RL. CID 2005;41:1159-66 

– Pea F. Clin Pharmacokinet 2007;46:997-1038 

– Heintz BR. Pharmacotherapy 2009;29:562-77 

• Method 4: Use an estimation formula (adapted from Curr Opin Crit Care 13:645-51) 

– Total body clearance (TBC) = Clearance non-renal (CLNR) + Clearance CRRT (CLcrrt )    

– CLcrrt = Sieving coefficient (S) x ultrafiltrate rate + dialysis flowrate 

• S = concentration drug in ultrafiltrate / concentration drug in blood  
– May be estimated by fraction of drug unbound 

– CLNR = Vd x elimination rate constant in HD patients (KHD) 

– Fraction removed by CRRT (frcrrt) = CLcrrt / TBC 

• If < 0.25: no need to supplement dose; If > 0.25: supplemental dose necessary 

– Maintenance dose multiplication factor= 1/1- frcrrt 

– CRRT dose = MDMF x anuric dose 

• If concentration dependent drug: Increase total dose, keep same interval 

• If time dependent drug: Keep same dose, change interval 

Kidney International 2011;80:1122-37 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 
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Renal Function - SLEDD 
• Sustained low efficient daily dialysis 

• Hybrid form of dialysis that has combined advantages of intermittent HD and CRRT 

– Uses intermittent HD equipment with reduced blood and dialysate flow rate 

• Usual duration is 8-12 hours/day to continuous 

• Medication removal is through diffusion  

• Lack of data on drug removal with this form of dialysis 

• Recommendations from CID 2009: 

– If SLEDD lasts for 6-12 hours/day: for renally cleared antibiotics, dose for CRRT, namely an estimated CrCl ~10-50 

ml/min 

– Antibiotics dosed every 24 hours: give after SLEDD daily 

– Antibiotics dosed every 12 hours: give after SLEDD and 12 hours later 

– Check serum levels immediately after SLEDD to determine need for supplemental dose 

• Recommendations from CCM 2011 (Nebraska Medical Center) 

– For blood flow rate 200 ml/min and dialysate flow rate 100 ml/min, dose antibiotics for estimated CrCl 60 ml/min 

while on SLEDD and 10 ml/min while off SLEDD 

» Individualize dosing based on residual renal function and whether the patient is receiving intermittent HD 

Crit Care Med 2011;39:560-70; Clin Inf Dis 2009;433-7 
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Hepatic Dysfunction 

• Recommended dosage adjustments 

– High extraction ratio 

• Oral bioavailability can be drastically increased 

• Clearance may be reduced if decreased hepatic blood flow 

– Low extraction ratio and high protein binding (> 90%) 

• Clearance may be reduced depending on enzyme system involved and degree of hepatic dysfunction 

• Follow unbound concentrations if available 

– May have high concentrations even if total concentrations are within normal limits  

– Low extraction ratio and low protein binding (< 90%) 

• Clearance may be reduced depending on enzyme system involved and degree of hepatic dysfunction 

• Usually only need to follow total concentrations 

Eur J Clin Pharmacol 2008;64:1147-61 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 



2nd Critical Care Summit 2017 

WHY SOME ANTIBIOTICS FAIL 

Drugs 2012; 72 
 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 



2nd Critical Care Summit 2017 

Maintain patient above the MIC 

Infection and Chemotherapy : Vol.40, No.3, 2008 
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ANTIBIOTICS 

1) Concentration dependent killing activity and moderate to prolonged persistent effects  
(Cmax/MIC, AUC/MIC) 

 Aminoglycosides 

 Fluoroquinolones 

 Metronidazole 

 Colistin 

 Rifampicin 

 Clindamycin  

2) Time dependent killing activity and minimal persistent effects (T>MIC) 

 Beta lactams 

 Linezolid 

3) Time dependent killing activity and moderate to prolonged persistent effects (AUC/MIC) 

 Tetracyclines 

 Vancomycin 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 
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DRUGS 2012 
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CONCENTRATION DEPENDENT ANTIBIOTICS 

• More rapid killing effect against micro organisms WHEN HIGH concentrations 

– Allows the administrations of high doses with widely separated frequencies of administration 

 

• Aminoglycosides 

– Doses of these antimicrobials administered to critically ill patients are frequently insufficient 

 

 Rea RS, et al. Suboptimal aminoglycoside dosing in critically ill patients. 

 Ther Drug Monit 2008; 30: 674-81 
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CONCENTRATION DEPENDENT ANTIBIOTICS 
 Fluoroquinolones 

 Cut off of 125 for the AUC/MIC ratio has been proposed 

 In critical ill patients, very complex given that pharmacokinetics of these and multiple variation related 
to changes in renal function and high inter-individual variability 

 

  Using a Monte Carlo dosing simulation, doses of 400mg every 8-12hrs givento 1-2 patients did not 
reach the necessary killing concentrations for P.aeruginosa, A.baumannii strains 

 

Khachman D, et al. Optimizing ciprofloxacin dosing in intensive care unit patients through the use of population 
pharmacokinetic-pharmacodynamic analysis and Monte Carlo simulations. J Antimicrob Chemother 2011; 66: 1798-

809 
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TIME DEPENDENT ANTIBIOTICS 
• Maintain blood concentrations above MIC for prolonged time periods 

 

• T>MIC ratio is the pK.pD predictor of efficacy of these antibacterials and to attain the 

best values of this parameter 

 

• These drugs should be given by continuous infusion 

 

• B- lactams 

– Constant controversy 

– Penicillin, monobactams, cephalosporins, carbapenems 

– No relation to the survival, continuous infusion vs extended infusion  

– Continous or extended infusion of β-lactam antibacterials leads to similar clinical results 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 
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TIME DEPENDENT ANTIBIOTICS 
 Linezolid 

 T>MIC and AUC/MIC are the pK/pD predictors of efficacy  

 

 With continuous infusion, AUC/MIC 80-120 more frequently than with intermittent infusion 

 

 According to pK/pD parameters, continuous infusion has theoretically advantages over intermittent 
infusion in this population 

Adembri C, et al. Linezolid pharmacokinetic/ pharmacodynamic profile in critically ill septic patients: intermittent versus 
continuous infusion. Int J Antimicrob Agents 2008; 31: 122-9 
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TIME DEPENDENT ANTIBIOTIC 
 Glycopeptides (Vancomycin, Teicoplanin) 

 Significant controversy in regarding the efficiency by which vancomycin kills GPB and the potential 
misuse of the drug 

 

 In humans, AUC/MIC value >350 was an independent factor associated with clinical success in patients 
with S.aureus proven lower respiratory tract infection 

 

 Difficulty in obtain multiple serum vancomycin concentration,  

 Cmin monitoring has been recommended as the most accurate and practical method  

 

 The duration of effect is longer and the possibility of regrowth of micro-organisms during the dosing 
interval is more limited 
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OPTIMIZING THE ANTIBIOTIC 

1) β-lactams 

– Active against most organisms recovered form ICU patients 

– Drug levels are insufficient in patients with severe infections  

CEFEPIME and CEFTAZIDIME (2g every 8hr)  

– Serum cefepime and ceftazidime levels below therapeutic levels after 

a few hours in most cases in septic patients with normal renal function 
   

Lipman J, Gomersall CD, Gin T, et al. Continuous infusion ceftazidime in intensive care: a randomized 

controlled trial. J Antimicrob Chemother. 1999;43:309–11. 
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OPTIMIZING ANTIBIOTICS 

2) Other β-lactam 

– PIPERACILLIN-TAZOBACTAM concentration, above therapeutic 

levels for most of the time interval in patients with sepsis 

– Administration of piperacillin by continuous infusion, with a loading 

dose, achieved superior pharmacodynamic targets compared with 

conventional bolus dosing in septic patients  
 

Roberts JA, et al. First-dose and steady-state population pharmacokinetics and pharmacodynamics of 

piperacillin by continuous or intermittent dosing in critically ill patients with sepsis. Int J Antimicrob Agents 

2010, 35:156–163. 

  

 

 

ANTIBIOTIC USE IN CRITICALLY ILL PATIENTS 



2nd Critical Care Summit 2017 

OPTIMIZING ANTIBIOTICS 
– MEROPENEM concentration, adequate in most of the studies in 

critically ill patients 

 

– in severe infection, mostly after cardiac surgery, meropenem had 

inadequate serum concentration for at least 50% of the time in patients 

with normal and impaired renal function  

 

Kitzes-Cohen R, Farin D, Piva G, et al. Pharmacokinetics and 

pharmacodynamics of meropenem in critically ill patients. Int J 

Antimicrob Agents. 2002;19:105–10. 
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OPTIMIZING ANTIBIOTICS 
– Monitoring of several antibiotics in a large cohort of ICU septic patients, showing that 

dose adjustments are necessary to optimize drug concentrations 

– Early phase of sepsis, broad-spectrum β-lactams should be administered more 

frequently or in doses larger than suggested in non septic patients 

– Continuous infusion or extended β-lactam infusion are recommended to optimize 

pathogen exposure to bactericidal concentrations of these drugs 

 

– Roberts JA, Lipman J: Pharmacokinetic issues for antibiotics in The critically ill patients. Crit Care Med 

2009, 37:840–851 
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OPTIMIZING ANTIBIOTICS 

2) Vancomycin 
– Higher than recommended doses of vancomycin were necessary to optimize drug 

concentrations and rescue patients from septic shock  

– Administration of the conventional dose of vancomycin(15mg/kg of BW every 12hr) would 

probably fail to achieve therapeutic drug concentraions in the majority of critically ill patients 

 Continuous infusion with 30mg/kg daily dosage has been proposed to optimize PD vancomycin  

Pea F, Viale P. Should the currently recommended twice-daily dosing still be considered the most appropriate regimen for 

treating MRSA ventilator-associated pneumonia with vancomycin? Clin Pharmacokinet. 2008;47:147–52. 

 

– Continuous infusion, faster time to achieve target drug concentrations, lower daily dose, 

reduced therapy costs than intermittent dose 
Wysocki M, et al. Continuous versus intermittent infusion of vancomycin in severe Staphylococcal infections: prospective 

multicenter randomized study. Antimicrob Agents Chemother. 2001;45:2460–7. 
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OPTIMIZING ANTIBIOTICS 
– Clinical superiority of continuous infusion of vancomycin in a subgroup 

of patients with VAP with MRSA 
– Rello J, Sole-Violan J, Sa-Borges M, et al. Pneumonia caused by methicillin-resistant Staphylococcus 

aureus treated with glycopeptides. Crit Care Med. 2005;33:1983–7. 

 

– Continuous infusion with a 30mg/kg daily dosage has been proposed to optimize PD 

vancomycin 

• Pea F, Viale P. Should the currently recommended twice-daily dosing still be considered the most 

appropriate regimen for treating MRSA ventilator-associated pneumonia with vancomycin? Clin 

Pharmacokinet. 2008;47:147–52. 

 

– Slower onset of nephrotoxicity  

– Ingram PR, Lye DC, Fisher DA, et al. Nephrotoxicity of continuous versus intermittent infusion of 

vancomycin in outpatient parenteral antimicrobial therapy. Int J Antimicrob Agents. 2009;34:570–4. 
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LOCALIZING THE ANTIBIOTIC CHOICE 

• MDR pathogens : resistant to > 3 classes of drugs 

• ESBL 

• Amp- C lactamase 

• Carbapenamase 
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The Problem: ANTIMICROBIAL RESISTANCE (AMR) 
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What is AMR? 
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“ In the 21st century,  

we face the problem of escalating 

antibiotic resistance,   

difficult-to-treat infections and 

slowed new drug development”   
 

“ Increasing recognition of  

Antimicrobial stewardship 
among healthcare practitioners…” 
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A baumanii: THREAT IS VERY SERIOUS  

CDC. Threat Report 2013. http://www.cdc.gov/drugresistance/threat-report-2013/ 

http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
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ESBLs: THREAT IS SERIOUS 

CDC. Threat Report 2013. http://www.cdc.gov/drugresistance/threat-report-2013/  

 

http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
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P aeruginosa: THREAT IS SERIOUS 

CDC. Threat Report 2013. http://www.cdc.gov/drugresistance/threat-report-2013/  

http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
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MRSA: THREAT IS SERIOUS 

CDC. Threat Report 2013. http://www.cdc.gov/drugresistance/threat-report-2013/  

http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
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CRE or CARBAPENEM-Resistant 

Enterobacteriaceae: 

THREAT IS EXTREMELY WORRISOME 
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GRIM FORECAST:  

If we do not act now, by 2050…. 
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Lost of life because there are no more drugs…  

2050 is only 33 years away 
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KNOW THE 
PHILIPPINE 
Antibiotic 

Resistance DATA 
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A baumanni 2016 Philippines 
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P aeruginosa 2016 Philippines 
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S aureus 2016 Philippines 
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MRSA 2016 Philippines 
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Ecoli 2016 Philippines 



2nd Critical Care Summit 2017 

Klebsiella pneumoniae 2016 Philippines 
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ESBL K pneumoniae 2016 Philippines 
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Location of 
infection 

Likely 
pathogens in 

infection 

Unique 
country 

resistance 

Institutional 
differences 

If the patient has recent hospitalization, EVEN BETTER 
IS TO KNOW YOUR INSTITUTION’s ANTIBIOGRAMS 
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PGH 
MDROs 



2nd Critical Care Summit 2017 

KEY POINTS TO 
REMEMBER FROM 

THIS LECTURE 

SEPTIC PATIENT 

GET CULTURES 
FIRST  

BEST EMPIRIC 
ANTIBIOTIC 

CHOICE  

OPTIMIZE 
DOSING 

LOCALIZE 
CHOICE 

SUPPORTIVE 
MEASURES 


