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• Patient related factors - Alteration in he PKPD 
complicates dosing 

•
• ICU harbours of MDR strains  

Dosing is a measure of drug, bug, & Patient (mug)

Management of infection in critically ill patients is an evolving 
challenge......



Whats’s an adequate antibiotic 
dose ? 
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Well tolerated 
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Mutant Prevention Concentration (MPC)

Achievable, safe level

MPC is the MIC of the most resistant mutant

Mutant selection window

TMSW should be less

For clinical success: conc of drug should be 4 times 
above MIC  - Good penetration into the site of 
infection 
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How are antibiotic doses decided?

• Animal in-vivo PKPD studies (dosing)
• Healthy human volunteers (safety & 

tolerability)
• Non critically ill patients 

• Same doses in critically ill patients – may lead 
to                         suboptimal exposure 
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4. Infusion – Continuous Vs Prolonged 
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Hydrophilic antibiotics 
(Eg: � - Lactams 
Aminoglycosides
Gycopepetides
(Vancomycin, Teicoplanin) 

Lipophilic antibiotics                 
(Eg: FQ, Tetracyclines (Mino,
Tige), Macrolides, Linezolid 
Rifampicin,

General PK Smaller Vd, lower Protein 
binding 

Low intracellular penetration/ 
deep seated infections (Higher 
doses are required to 

Predominantly renal clearance 

Larger Vd

High intracellular penetration 

Predominantly hepatic 
clearance  

Critically ill 
patient 
Altered PK 

•Increase Vd
•Clearance increased (N 
creat) or decreased  (AKI) 
based on renal function & 
Protein binding 

•Vd unchanged
•Clearance increased or 
decreased based on hepatic
function & Protein binding 



The critically ill patients clearly have consistently lower 
concentrations than healthy volunteers receiving the same dose, 
with mean concentrations below the MICs of several ICU 
pathogens



• Prospective, multinational pharmacokinetic point-
prevalence 
• Mid-dose &  trough � -lactam concentrations

“One Dose Fits All”- Seems Problematic 



PTA of colistin if dosed according to the 
Population kinetic model & producing a 

Cssavg of 2 
PTA of Cssavg 2 is  
80-90% with CrCL 
<80

& CrCL >110, then 
PTA is <18%

Profound 
neutropenia requires
1.5-2 X increase in 
PKPD index



“ We know everything about antibiotics except 
how much to give?”

- Maxwell Finland 

“ We know everything about antibiotics except 
how much to give in a critically ill patient ?”
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PK PD-MIC/Breakpoint

Cmax/MIC : AG 
(Cmax /MIC 8-10 Times, 
Daptomycin

f T> 4X

MIC 
� -
LactamsAUC/MIC:

FQ, Polymyxins , 
vancomycin, 
Tetracyclins
Fosfomycin 

Cephalosporin 
50%, 
Pen 40%, & 
carbapenem 
30% of the 
dosing interval
Critically ill : 
Maximum 
benefit 
f T> 4X MIC  is 
100%  

PKPD  Indices Implications on Dosing 

f T> 4X MIC  Loading Dose followed by Maintainence dose 

Cmax/MIC One large bolus dose

AUC/MIC Frequent  Dosing 
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Lodise TP et al. CID 2007

Antibiotic Therapy – Duration of Infusion ? 



50% T > MIC



PKPD

Prolonged Infusions

Every hour delay increases mortality 
Prolonged infusions - – delay in achieving conc above 
MIC

Hence, first dose- loading dose followed by prolonged 
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Time-course of accumulation of colistin in 
plasma

half lives
Colistin, AG, Tigecycline/Mino, vancomycin, 

Caspofungin 

Body Wt



Loading Dose (LD)
• LD = Vd X Css
• Irrespective of the renal function 

• In a critically ill patient- as Vd increases- higher 
Loading doses for hydrophilic antibiotics 

• Vancomycin – 25 mg/kg of actual body weight 

followed by 15 mg/kg (If MIC <1mg/L ,trough serum 

vanc conc of 15-20 mg/L recommended to achieve 

AUC/ MIC of >400 

• Amikacin – 25 mg/kg



Maintenance Dose
• CrCL 
• Colistin - Cr/10 +2 
• Vancomycin - Dose mg /day:  15.4 mg X 

CrCL

When to start the maintainence dose?







• KR 65 Y F     MM00903943
• Cholelithiasis 
• 9/6/2016: Cholecystectomy
• Septic thrombophlebitis

• Febrile – ceftriaxone+ EDTA + sulbactam & 
colistin

Case 

CRE
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1 
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I



• Ceftriaxone+ 
EDTA + 
sulbactam  d/c

• Imipenem 1 gm 
6hrly
over 2 hrs 
infusion with 
colistin

SBP-
1 



Usual Dose Max Dose Renal dose modification 

Cefoperazone-
sulbactam

3 gm q12h over 4 hours 3 gm q6h CrCl< 15 ml/min

Piperacillin-
tazobactam

4.5 gm IV q6h  over 30 mins
Or 4.5 gm IV q8h  over 4 hrs  

4.5 gm IV q6h CrCl 20-40 mL/min: 2.25 g IV q6hr
CrCl <20 mL/min: 2.25 g IV q8hr

Ertapenem 1 gm q24h 1 gm/day CrCl <30 mL
HD – additonal 150 mg post HD

Meropenem 1-2 gm q8h over 3 hours 6 gm/day CrCl 50 mL/min: 1 -2g IV q12hr 

Imipenem 500 mg -1 gm IV q6h over 2 hours 4 gm/day CrCl < 70 mL/min

Doripenem 1 gm q8h 

Minocycline 200 mg loading followed by 100 mg q12h  400 mg/day No

Tigecycline 100 mg loading followed by 50 mg q12h 200 mg/day No

Colistin Colistin 5 mg/kg IV × 1 (loading dose) 
followed by 2.5 mg × (1.5 × CrCl + 30) IV 
q12h 9-12 mu loading dose 
12 hrs later- Maintenance dose

12 mu Yes

3 mu OD (Post HD) 
CRRT – 9- 12 mu daily

Polymyxin B 2.5–3.0 mg/kg/d divided in 2 daily IV doses No

Antibiotic Therapy- Dose  
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• TDM for AG, Vancomycin (MRSA, Meningitis)
• TDM of anti TB drugs 
• TDM for B lactams, colistin?
• TDM of the b-lactam antibiotics is probably not 

warranted with relatively mild infections and/or a low 
risk of less susceptible
pathogens

• Patients most likely to benefit include the critically ill, 
the obese, the elderly & those with cystic fibrosis

• Target  100% f T >MIC (/ f T > 4 X MIC) 
• Towards individualized antibiotic dose  to maximize the 

effectiveness 



Case 
• 56 Y, Gentleman  wt -65 

Kgs
• Post CABG 

Day 5: Sudden onset 
leucocytosis (WBCs 
29500), hypotension & 
cardiac arrest 

• CPR revived
• CVC changed: 

immediately
• On cefoperazone-sulbactam  

1.5 gm BD  

DTP >12 Hrs



What is the most appropriate antibiotic dose  
?

1. Colistin 9 mu with meropenem 2 gm q8h
2. Polymyxin B 7.5 lakh u q12h with meropenem 2 gm 

q8h
3. Colistin 4. 5 mu with Fosfomycin 8 gm q8h 
4. Polymyxin B 15 lakh u with meropenem 2 gm q8h 



Summary Points

• Significant pharmacokinetic variability observed in a 
critically ill patient 

• As adequate doing is needed to optimize survival 
rates & minimizes the evolution of such pathogens -
TDM of antibiotics is likely to be used more widely to 
improve patient & health system outcomes.

• A more Individualized approach to antibiotic dosing 
would need to be adopted to ensure that target drug 
exposures are assured





•Substantial inter-patient variability 20x of Css avg 
•Population kinetics 

•1mU = 80mg = 30 mg CBA                                  AUC/MIC

• MIC

•fAUC/MIC 12 or AUC/MIC 24 associated with stasis to 
1 log kill only - Target Css avg 2 mg/l generates AUC of 
48 &                          corresponds to   AUC/MIC of 24 
when the MIC is less than 2

Colistin
Loading dose: Wt/7.5 
Maintainence dose: CrCl/10 +2 



•Substantial inter-patient variability 20x of Css avg 
•Population kinetics 

•1mU = 80mg = 30 mg CBA

•AUC/MIC 60 associated with stasis to 1 log kill only
•Target Css avg 2.5 mg/l generates AUC 60

• Colistin penetration at the site of infection

• Colistin Penetration poor in CSF, bone, joint, pleura & 
bile
• Colistin therefore has to be used as a part of the 
effective combination



• Loading dose 
• CBA target (Css avg ) x body wt x 2, not > 300
• Maintenance dose 24 h later
• CBA target (Css avg )  x (creat cl x 1.5 + 30)
• in 2-3 divided doses

• As renal function declines 
more CMS is converted to 
Colistin on non HD days

• CRRT –
no renal dose modifications are required



CMS (Prodrug)

T1/2- 2.3h Long T 1/2 14.4 
h

20 fold 
variation

Polymyxin B 
(Active )  

Extensive 
renal 
absorption 
from tubular 
epithelial 
cells

Interpatient 
variability is 
3-4 fold 
across a wide 
range of 
renal 
functions  

•Differential Renal clearance 





Doxycycline Minocyline Tigecycline
Tissue 
Penetration

Excellent
Sinuses
Liver
Kidney
Good
Peritoneal fluid, 
Ovaries
Fallopian tubes, 
Gingival fluid, 
Bronchial secretions
Tears, Lung tissue
Moderate
Prostatic tissue, 
seminal fluid, bone , 
CNS
Aqueous humor
Poor
Pleural fluid, Skin, 
Saliva

Excellent
Bile  (76 � g/mL)
Liver
Skin
Gingival fluid

Good/moderate
Aqueous humor, 
Thyroid
Lung , Liver, Intestinal 
tract, Tears, Saliva, 
Sputum

Poor
CNS, Sinuses

Excellent
Bile
Gallbladder

Good/moderate
Skin
Colon

Poor
Synovial fluid
Bone†
CSF

Pharmacokinetics & 
Pharmacodynamics


