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Model equations in the models used for design optimization
The models follow a bicompartmental structure, with either renal or hemofilter elimination:


, amount of drug in the central compartment; , amount of drug in the peripheral compartment; , infusion duration; , renal clearance; , hemofilter clearance; , intercompartmental clearance; , volume of distribution of the central compartment; , volume of distribution of the peripheral compartment;  is equal to the zero order infusion rate constant during  and equal to zero otherwise.

The plasma and prefilter concentrations are modeled conventionally, while postfilter () and effluent () concentrations are modeled as a function of prefilter concentrations () and hemofilter clearance () using these algebraic expressions:


, plasma flow; , total effluent flow.
Additionally, in the teicoplanin model some extra modifications were made taking into account the inflows and outflows around CKRT with the following expressions:



More details can be found in the original papers [1-3].




Calculation of the number of samples reduction
The mean number of samples in the original studies and in the optimize study designs are calculated and compared to obtain the percentage of reduction. In the case of blood-associated samples, only plasma, prefilter and postfilter samples are taken into consideration for the calculation.
Example for piperacillin:
· Total number of samples per patient:
Original retrospective study: 
429 concentration measurements / 32 patients = 13.4 samples/patient
Optimized design: 
(14 patients without CKRT × 4 samples/patient + 14 patients with CKRT × 9 samples/patient) / 28 patients = 6.5 samples/patient
Percentage of reduction: (13.4 – 6.5)/13.4 *100 = 51.5 %

· Blood associated samples per patient (plasma, prefilter and postfilter samples):
Original retrospective study: 
265 concentration measurements / 32 patients = 8.28 samples/patient
Optimized design: 
(14 patients without CKRT × 3 samples/patient + 14 patients with CKRT × 5 samples/patient) / 28 patients = 4 samples/patient
Percentage of reduction: (8.28 – 4)/8.28 *100 = 51.7 %




NONMEM 7.5 $DESIGN example
Teicoplanin design optimization control file
$PROBLEM

$INPUT ID FLAG TIME AMT RATE GROUP MDV DV WGT FILTINI BFLOW BCITRAT DIALFLOW HMT TEFLFLOW TSTRAT TMIN TMAX

$DATA teicoplanin_3samples.csv IGNORE=@
$SUBROUTINE  ADVAN3 TRANS3

$PK

  ;----------------------Filter type-----------------------------
 
 FILT=1
 IF(FILTINI.EQ.4) FILT=THETA(10) ; Large filter
 IF(FILTINI.EQ.6) FILT=THETA(9)  ; Medium filter

;-------------------------PK Parameters-------------------------
 CLR=0
 IF(GROUP.EQ.2) TVCLR=THETA(1)*(WGT/8)**0.75
 IF(GROUP.EQ.1) TVCLR=THETA(7)
 CLR=TVCLR*EXP(ETA(1))

 CLRRT=0
 TVCLRRT=THETA(2)*FILT
 IF(GROUP.EQ.1) CLRRT=TVCLRRT

 CL=CLR+CLRRT 
 TVV=THETA(3)*(WGT/8)
 V=TVV*EXP(ETA(2))
 Q=THETA(4)
 VT=THETA(5)
 VSS=V+VT

 S1=V
 BPR=THETA(6)
 ESTBCITRAT=THETA(8)

 $ERROR (OBSERVATION ONLY)
 PLFLOWCORR = (BFLOW/1000)*(1-HMT/100)

 IF(GROUP.EQ.1)                CPRECORR = F*PLFLOWCORR/(BCITRAT/1000+PLFLOWCORR)     
 IF(GROUP.EQ.2)                  CPRECORR = F

 ;--------------------------Hemofilter-------------------------
 ;---------------------Concentration Post-filtrate-------------
  CPOST = CPRECORR*(1-CLRRT/PLFLOWCORR)
  CPOSTCORR=CPOST*PLFLOWCORR/(PLFLOWCORR-(TEFLFLOW-DIALFLOW)/1000)    
  LCPOST = 0
  IF(GROUP.EQ.1) LCPOST=LOG(CPOST+0.001)

 ; ----------------Concentration in the Effluent----------------
 CEFFLU=CLRRT*CPRECORR/(TEFLFLOW/1000)       ;CEFFLUENT
 LCEFFLU=0
 IF(GROUP.EQ.1) LCEFFLU=LOG(CEFFLU+0.001)

 ;------------------------Observations-------------------------
 IF(FLAG.EQ.1) IPRED = LOG(CPRECORR+0.001)    ; CPREFILTER/CPLASMA
 IF(FLAG.EQ.2) IPRED = LCPOST             ; CPOSTFILTER
 IF(FLAG.EQ.3) IPRED = LCEFFLU            ; CEFLUENT

Y=IPRED+EPS(1)
IF(FLAG.EQ.2) Y=IPRED+EPS(2)
IF(FLAG.EQ.3) Y=IPRED+EPS(3)

$THETA
0.169  ;TH1_CLR (L/h)
0.119  ;TH2_CLRRT (L/h)
1.56   ;TH3_V (L)
0.292  ;TH4_Q (L/h)
3.03   ;TH5_VT (L)
0.66 FIX  ;TH6_BPR
0 FIX  ;TH7_CLR_Hemodialisis
0 FIX  ;TH8_BCITRAT
5.04 FIX  ;TH9_FILT(large filter)
3.58 FIX  ;TH10_FILT(medium filter)


$OMEGA 0.0884 ;IIV_CLR
$OMEGA 0.143  ;IIV_V

$SIGMA 0.0906  ;Residual error Plasma/Prefilter
$SIGMA 0.111   ;Residual error Postfilter
$SIGMA 0.137    ;Residual error Effluent

$DESIGN RS FIMDIAG=1 GROUPSIZE=14 DESEL=TIME DESELSTRAT=TSTRAT
        DESELMIN=TMIN DESELMAX=TMAX MAXEVAL=9999 NOABORT PRINT=100

$DESIGN NELDER FIMDIAG=1 GROUPSIZE=14 DESEL=TIME DESELSTRAT=TSTRAT
        DESELMIN=TMIN DESELMAX=TMAX MAXEVAL=1000 NOABORT PRINT=100
        
$DESIGN NELDER FIMDIAG=1 GROUPSIZE=14 DESEL=TIME DESELSTRAT=TSTRAT
        DESELMIN=TMIN DESELMAX=TMAX MAXEVAL=1000 NOABORT PRINT=100

$DESIGN NELDER FIMDIAG=1 GROUPSIZE=14 DESEL=TIME DESELSTRAT=TSTRAT
        DESELMIN=TMIN DESELMAX=TMAX MAXEVAL=1000 NOABORT PRINT=100

$TABLE  ID FLAG TIME AMT RATE GROUP MDV DV WGT FILTINI BFLOW BCITRAT DIALFLOW HMT TEFLFLOW TSTRAT TMIN TMAX NOPRINT FILE=teicoplanin_3samples.tab

Where:
· Group
· 1  Patient with CKRT
· 2  Patient without CKRT
· Flag
· 1  Plasma/Prefilter sample
· 2  Postfilter sample
· 3  Effluent sample
· Filtini
· 7 (reference)  Small (0.2 m2)
· 4  Medium (0.6 m2)
· 6  Large (1.2 m2)
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