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" {r setup, include=FALSE}
knitr::opts_chunk$set(echo = TRUE)
library(readxl)
library(tidyverse)
library(lubridate)
library(factoextra)
library(DataExplorer)
library(missForest)
library(cluster)
library(ggalluvial)
library(reinforcelearn)
library(ggpubr)
library(cowplot)
library(gridExtra)
library(ggsci)
library(CBCgrps)
library(Publish)
library(tidyLPA)

#Data Management
" {r DataManageemnt}
dtPtBase <- read_x1lsx("dat.xlsx",sheet = "EZ8") %%
arrange(ERR, &, A\ICURE, B...21,H...22) %%
distinct(Epe, &, N\ICURTE,B...21,H...22, .keep_all = T) %%
mutate(name=i&) %%
group_by(ERR, &) %%
group_modify(~{
if(nrow(.x)>1){
.x$name <- paste(.x$name,c("",1:(nrow(.x)-1)),sep = "")
ks
return(.x)
1) %% ungroup() %>%

mutate(
sepsisiZWiftEl=1f_else(is.na(sepsisiZifftial),
ANICURE],
sepsisiZHiiT(E]),
H...lo=if_else(is.na(H...16),H...21,H...16),
H...17=if_else(is.na(H...17),H...22,8...17),

Bf...18=if_else(is.na(hy...18),H.. .23, .. .18),
...19=if_elseCis.na(%...19),%...24,7...19)
) %>%

mutate(
Bt...18=if_else(is.na(ky...18),"0" ,Bt...18),
Bt...18=if_else(parse_double(ht...18)>23,



as.character(parse_double(Hy. ..18)/100),K...18),
2...19=if_else(is.na(%...19),"0",%...19)

) %%
filter(!is.na(sepsisiZlfifit(a))) %>%
mutate(
Onset_time=paste(
paste(sepsisigWifdig),B...16,H...17,sep = "-"),
paste(fy...18,%...19,"0",sep = ":")
D,
ICUin_time=paste(
paste(NICURTE,B...21,H...22,sep = "-"),
paste(fY...23,9...24,"0" ,sep = ":")
D,
MVstart_time=paste(
paste(MVetiE, B...27,H...28,sep = "-"),
paste(h¥...29,"0","0",sep = ":")
D,
MVstop_time = paste(
paste(MV&®,H...31,H...32,sep = "-"),
paste(ht...33,"0","0",sep = ":")
D,
Mort=if_else(is.na( 28 KFET-=1")| 28KR%1-=1"==0,0,2-"28KI1T-=1")
) %%
mutate(across(ends_with("_time"),as_datetime)) %>%
mutate(
Onset_time = if_else(is.na(Onset_time),ICUin_time,Onset_time),
ICUin_time = if_else(is.na(ICUin_time),0Onset_time,ICUin_time)
)%>%
select(!containsCc("...","®#R","28RFET")))

dtCirc <- read_xlsx("dat.xlsx",sheet = 2) %%

arrange(&ERR, %, MEF4EAYERINE (F) °,
CMEER%AYIERRE (B) 7,
TMEFEHBYEREE (B) ) %%

distinct(ER, &, NEFERMEHNE (F) °,
CMEER%AYIERRE (B) 7,
TMEESAYERNE (B) ©,.keep_all = T) %%

mutate(name=£&) %>%

group_by(ERR, &) %%

group_modify(~{

if(nrow(.x)>1){

.x$name <- paste(.x$name,c("",1:(nrow(.x)-1)),sep = "")
}
return(.x)
1) %% ungroup() %%
rename_with(.col=contains("&"),~paste(.x,parse_number(.x),sep = "_"))
9%6>%

rename_with(~str_remove(.x,"[[:digit:]1]1")) %%
rename_with(~str_remove(.x,"d")) %>%
rename_with(~str_remove(.x, "$IZ&")) %>%
rename_with(~str_replace(

X, "B LEEE (ug/kg/min) _1",



"I FRRSAE (ug/kg/min) _1™)
) %>%
mutate(Cacross(! c(ERR, &, {FFfz=,name)&where(is.character),
~ parse_double(.x))) %>%
dplyr::select(contains(c("ERR", "name","_"))) %%
pivot_longer(
cols=contains("_"),
names_to=c(".value", "days"),
names_sep = "_"
) %>%
rename(
Norepi.max="ZER&S (ug/kg/min) ",
Norepi.min="EB&E (ug/kg/min) °,
Dopa.max="ZBi&S (ug/kg/min) °,
Dopa.min="ZBE&RME (ug/kg/min) °,
Epinephrin.max=""8 £BR&S (ug/kg/min) °,
Epinephrin.min=""8 LR&RME (ug/kg/min) °,
Dobuta.max="ZEM&S (ug/kg/min) °,
Dobuta.min="ZBEM&E (ug/kg/min) °,
Vasopressor.max="E{&&5 (u/h) °,
Vasopressor.min="E{K&{E (u/h) °,
HR.max="gIR0E",
HR.min="gRIELE",
BP.max=&=M%,BP.min=&EME, Temp .max=&SFa,
Temp .min=&fKE,
CVP.max=55CVP,CVP.min=R{%KCVP,
Scv02 .max=F& & scvo,Scv02.min=&{fscvo,
BNP .max=&=BNP,BNP .min=8&{EBNP
) %>%
mutate(Norepi=if_else(is.na(Norepi.max)&is.na(Norepi.min),0,1),
Dopamine=if_else(is.na(Dopa.max)&is.na(Dopa.min),d,1)
) %>%
mutate(across(Norepi.max:Vasopressor.min,
~if_else(is.na(.x),0,.x)),
NorepiEg=pmax(Norepi.max,Norepi.min)+
pmax(Epinephrin.max,Epinephrin.min)+
pmax(Dopa.max,Dopa.min)/100+
pmax(Vasopressor.max,Vasopressor.min)*2.5/60

)
dtlab <- read_xlsx("dat.xlsx",sheet = 3) %%

rename(&=1cul,FfrS=nlaa2aa) %>%
arrange(ERR, 8D %>%
mutate(name=4&) %>%
group_by(ERR, &) %%
group_modify(~{

if(nrow(.x)>1){

.x$name <- paste(.x$name,c("",1:(nrow(.x)-1)),sep = "")

ks

return(.x)
1) %% ungroup() %>%
rename_with(.col="0d PHmax" :daaddimer4,



~paste(.x,rep(c(0,1,2,3,7),length(.x)/5),sep = "_")) %>%
rename_with(~str_remove(.x,"[:digit:](d| Day)")) %>%
rename_with(~str_remove(.x," ")) %%
rename_with(
.col=contains(Cc("dimer","Dimer™)),
~paste("DDimer",c(0:3,7),sep = "_")
) %>%
mutateCacross(! c(ERR, &, (Ff7S,name)&where(is.character),
~ parse_double(.x))) %>%
pivot_longer(
cols=contains("_"),
names_to=c(".value", "days"),
names_sep = "_"
) %>%
select(!matches("#&")) %%
rename(PFmax=8&1g%max,

PFmin=8&1 #mini) %%
rename_with(~str_remove(.x, "\\C. *\\)I\\ (.*\\) ")) %%
rename_with(~str_replace(.x,"min"," .min")) %>%
rename_with(~str_replace(.x, "max"," .max"))

dtfluid <- read_xlsx("dat.xlsx",sheet = 4) %%

select(!matches("Hfth")&!starts_with("ae")) %%
mutate(name=&) %>%
group_by(ER:, &) %>%
group_modify(~{

if(nrow(.x)>1){

.x$name <- paste(.x$name,c("",1:(nrow(.x)-1)),sep = "")

ks

return(.x)
) %% ungroup() %>%
rename_with(.col=matches("[[:digit:]]1d"),

~paste(.x,parse_number(.x),sep = "_")) %%
rename_with(~str_remove(.x,"[:digit:]d")) %>%
rename_with(~str_remove(.x," ")) %>%

mutate(Cacross(! c(ERR, 2, Ff7S,name)&where(is.character),
~ parse_double(.x))) %%
select(ERR,name, FfRS, contains("_")) %>%
rename_with(.col=matches("A[[:digit:]]1"),
~paste("F1d", .x,sep = "")) %%
pivot_longer(
cols=contains("_")&!matches("/\ii%%_0"),
names_to=c(".value", "days"),
names_sep = "_"
)
dtfinal <- dtPtBase %>%
left_join(dtCirc,by=c("ER", "name")) %>%
left_join(dtlab,by=c("ER", "name","days")) %>%
left_join(dtfluid,by=c("EFz", "name", "days")) %>%
group_by(EPRx,name) %>%
group_modify(~ {
.X$N <- nrow(.x)
return(.x)



1) %% ungroup() %>%

filter(N==5) %>%
dplyr::select(!containsCc(".y","FRS"))) %%
rename_with(.cols = ends_with(".x"),~str_remove(.x,".x")) %>%
rename_with(~str_replace(.x,"-","")) %%
rename_with(~str_replace(.x," ","")) %%
rename(Hospital=Efx,Gender="1%5%8=1" ,Weight={f& ,Height=5%,

Age=%FiR ,Diagnosis=12Hf,Diagnosisl=n2,Diagnosis2=n3,

Comorbid="{¥pE&mHERF=1, SM/E=2, CRF=3, BiVE=4",

SiteInfect=REkFERMI,

Type="2&FAEFH=1, 2i2=2, &=3",

SIRS="sirs=1",

Hospital _LOS=2{EBR K2,

ICU_LOS=ICUBrR%K,

IntakeVol=2\E,

APACHEII = “apache II,

OutputVol=2HE,Urine=RE,

MV="Mv=1"

) %>%
mutate(PCO2.max=coalesce(PC02.max,PC02.min),

PCO2.min=coalesce(PCO2.min,PCO2.max),

HR.max=coalesce(HR.max,HR.min),

HR.min=coalesce(HR.min,HR.max),

BP.max=coalesce(BP.max,BP.min),

BP.min=coalesce(BP.min,BP.max),

Temp.max=coalesce(Temp.max,Temp.min),

Temp.min=coalesce(Temp.min,Temp.max),

CVP.max=coalesce(CVP.max,CVP.min),

CVP.min=coalesce(CVP.min,CVP.max),

Scv02 .max=coalesce(Scv02.max,Scv02.min),

Scv02.min=coalesce(Scv02.min,Scv02.max),

BNP .max=coalesce(BNP.max,BNP.min),

BNP.min=coalesce(BNP.min,BNP.max),

PH.max=coalesce(PH.max,PH.min),

PH.min=coalesce(PH.min,PH.max),

HCO3 .max=coalesce(HCO3.max,HCO3.min),

HCO3.min=coalesce(HCO3.min,HCO3.max),

BE .max=coalesce(BE.max,BE.min),

BE.min=coalesce(BE.min,BE.max),

LAC.max=coalesce(LAC.max,LAC.min),

LAC.min=coalesce(LAC.min,LAC.max),

PF .max=coalesce(PF.max,PF.min),

PF.min=coalesce(PF.min,PF.max),

SiteInfect=if_else(is.na(Sitelnfect), "HEE",SiteInfect)

O

) %>%
mutate(
BP.min=ifelse(BP.min>=300|BP.min<=20,mean(BP.min,na.rm = T),BP.min),
BP.max=1ifelse(BP.max>=300|BP.max<=20,mean(BP.max,na.rm = T),BP.max),

Cre= ifelse(Cre<20,Cre*88.4,Cre),

HCO3.max = ifelse(HCO3.max<=0,-HCO3.max,HCO3.max),
HCO3.min = ifelse(HCO3.min<=0,-HCO3.min,HCO3.min),
Hct = ifelse(Hct>801Hct<1@,mean(Hct,na.rm = T),Hct),



HR.max = ifelse(HR.max>200|HR.max<2@,mean(HR.max,na.rm = T),HR.max),
HR.min = ifelse(HR.min>2001HR.min<2@,mean(HR.min,na.rm = T),HR.min),
LAC.max=1ifelse(LAC.max>30|LAC.max<@,mean(LAC.max,na.rm = T),LAC.max),
LAC.min=1ifelse(LAC.min>301LAC.min<@,mean(LAC.min,na.rm = T),LAC.min),
PCO2.max=1felse(PC0O2.max>1501PC02.max<20,mean(PCO2.max,na.rm =
T),PC02.max),
PCO2.min=1felse(PCO2.min>1501PC0O2.min<20,mean(PCO2.min,na.rm =
T),PC02.min),
PF.min=1ifelse(PF.min>600|PF.min<20,mean(PF.min,na.rm
PF.max=1felse(PF.max>600 | PF.max<2@,mean(PF.max,na.rm
PH.min = if_else(PH.min<6.9,6.9,
if_else(PH.min>70@,PH.min/10,
if_else(PH.min>7.9,mean(PH.min,na.rm

T,PF.min),
T),PF.max),

T ,PH.min))),
Plt = ifelse(P1t>1000,1000,P1t),
RDWCV = ifelse(RDWCV>5@,RDWCV/1@,RDWCV),
Hb = ifelse(Hb>300|Hb<30,median(Hb,na.rm = T),Hb),
Temp.max = ifelse(Temp.max<34|Temp.max>42,mean(Temp.max,na.rm =
T),Temp.max),
Temp.min = ifelse(Temp.min<34|Temp.min>42 ,mean(Temp.min,na.rm
T ,Temp.min),
Norepi.max = if_else(Norepi.max>3,3,Norepi.max),
Dopa.max = if_else(Dopa.max>20,20,Dopa.max),
MV=if_else(is.na(MV),0,2-MV),
Urine=if_else(Urine>30000,median(Urine,na.rm = T),Urine),
IntakeVol=if_else(IntakeVol>20000|IntakeVol<500,
median(IntakeVol,na.rm = T),IntakeVol),
OutputVol=1if_else(OutputVol>20000|0utputVol<50,
median(OutputVol,na.rm = T),0utputVol),
Comorbid=1if_else(
is.na(Comorbid), "None",
if_else(
Comorbid==1,"Diabetes",
if_else(Comorbid==2, "Hypertension",
if_else(Comorbid==3,"CRF","CAD")))),
SiteInfect=recode(SiteInfect, fgfE="Abdomen" , BIEF="Thorax" , E§ah="Abdomen" ,
BgRE="Thorax" , MK="Brain", Mi#&&#&="Blood",
RRRkERBLA="SoftTissue" , R ER="UTI",
FfX ="Brain"),

Type=if_else(
is.na(Type), "NonOperation",
if_else(Type==2,"Emergency",
if_else(Type==1,"Elective", "NonOperation™))
D,
days=parse_number(as.character(days))
) %>%
mutate(across(where(is.character),as_factor)) %>%
mutate(Comorbid=fct_relevel(Comorbid, "None")) %>%
dplyr::select(-c(Diagnosisl, Diagnosis2, ael,sepsisiZiffitia), NICURTE],
MVES[E] ,MVEER, R8B=1" &, &5 ,=IE,N,)) %%
dplyr::select(where(~sum(is.na(.x))/length(.x)<0.25)&
Iwhere(is.POSIXct)) %>%



group_by(Hospital,name) %>%
fillCeverything(), .direction = "updown") %>% ungroup() %>%
mutate(across(.col=where(is.numeric),~if_else(is.na(.x),median(.x,na.rm
T,.x))) %%
mutate(
Vasopressor = dplyr::select(., Norepi.max) %>%
rowSums(na.rm = TRUE)) %>%
mutate(Vasopressor=if_else(Vasopressor==0,0,1),
NorepiEg=ifelse(NorepiEg>1,
sample(seq(0.9,1.1,0.01),sum(Norepikg>1),replace
T,
NorepiEq))

#eICU database reformat
" {r eICUdata}
library(data.table)

patient <- fread(input="zcat < /Users/zhang/Documents/eicu/patient.csv.gz’

sep = ',"',header =T,
stringsAsFactors=T,
na.strings=c("", "Unknown', 'Other','NA'))
nurseCharting <- fread(input="zcat < /Users/zhang/Documents/eicu/
nurseCharting.csv.gz",

sep = ', ',header = T)#to extract GCS score
lab<-fread(input="zcat < /Users/zhang/Documents/eicu/lab.csv.gz",
sep = ',"',header = T)

apachePatientResult <- fread(input="zcat < /Users/zhang/Documents/eicu/
apachePatientResult.csv.gz",

sep = ',',header = T)
maxICUday=8

lactate <- lab[labname=="lactate’,]
lactate[,labresult:=as.numeric(labresult)]
lactate[,lactatedays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,
60*24),
labels = seq(l,maxICUday))]

lactate <- lactate[!is.na(lactatedays),]
lactate <- lactate[,.(LAC.max=max(labresult,na.rm = T)),

by = .(patientunitstayid, lactatedays)]
lactate <- lactate[is.finite(LAC.max),]

pH <- lab[labname=="pH',]
pH[,labresult:=as.numeric(labresult)]
pH[, pHdays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]
pH <- pH[!is.na(pHdays),]
pH <- pH[,.(PH.min=min(labresult,na.rm = T)),
by = .(patientunitstayid, pHdays)]
pH <- pH[is.finite(PH.min),]

cr<-lab[labname=="creatinine',]

cr[,labresult:=as.numeric(labresult)]

cr[,crdays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]

1
b



cr <- cr[!is.naCcrdays),]
cr <- cr[,.(Cre=max(labresult,na.rm = T)),

by = .(patientunitstayid, crdays)]
cr <- cr[is.finite(Cre),]
platelet <- lab[labname=='platelets x 1000',]
platelet[,labresult:=as.numeric(labresult)]
platelet[,plateletdays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,
60*24),

labels = seq(l,maxICUday))]
platelet <- platelet[!is.na(plateletdays),]
platelet <- platelet[,.(plateletval=min(labresult,na.rm = T)),
by = .(patientunitstayid, plateletdays)]
platelet <- platelet[is.finite(plateletval),]
pao2 <- lab[labname=='pa02',]
pao2[,labresult:=as.numeric(labresult)]
pao2[,pao2days:=cut(labresultoffset,breaks = seq(0,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]
pao2 <- pao2[!is.na(pao2days), ]
pao2 <- pao2[,.(pao2val=min(labresult,na.rm = T)),
by = .(patientunitstayid, pao2days)]
pao2 <- pao2[is.finite(pao2val),]
fio2 <- lab[labname=="Fi02',]
fio2[,labresult:=as.numeric(labresult)]
fio2[,fio2days:=cut(labresultoffset,breaks = seq(0,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]
fio2 <- fio2[!is.na(fio2days)&labresult<=100, ]
fio2 <- fio2[,.(fio2val=max(labresult,na.rm = T)),
by = .(patientunitstayid, fio2days)]

fio2 <- fio2[is.finite(fio2val),]

paco2 <- lab[labname=="paC02',]
paco2[,labresult:=as.numeric(labresult)]
paco2[,paco2days:=cut(labresultoffset,breaks = seq(0@,60*24*maxICUday,
60*24),
labels = seq(l,maxICUday))]

paco2 <- pacoZ[!is.na(paco2days),]
paco2 <- paco2[,.(PC0O2.max=max(labresult,na.rm = T)),

by = .(patientunitstayid, paco2days)]
paco2 <- paco2[is.finite(PC02.max),]

HCO3 <- lab[labname=="HC03',]
HCO3[,labresult:=as.numeric(labresult)]
HCO3[,HCO3days:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]
HCO3 <- HCO3[!is.na(HCO3days),]
HCO3 <- HCO3[,.(HCO3.min=min(labresult,na.rm = T)),
by = .(patientunitstayid, HCO3days)]

Hgb <- lab[labname=="Hgb',]

Hgb[,labresult:=as.numeric(labresult)]

Hgb[,Hgbdays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]



Hgb <- Hgb[!is.na(Hgbdays),]
Hgb <- Hgb[, .(Hgbval=max(labresult,na.rm = T)),

by = .(patientunitstayid, Hgbdays)]
Hgb <- Hgb[is.finite(Hgbval),]
Hct <- lab[labname=="Hct',]
Hct[,labresult:=as.numeric(labresult)]
Hct[,Hctdays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,60*24),

labels = seq(l,maxICUday))]

Hct <- Hct[!is.na(Hctdays),]
Hct <- Hct[,.(Hct=max(labresult,na.rm = T)),

by = .(patientunitstayid, Hctdays)]
Hct <- Hct[is.finite(Hct),]

RDWCV <- lab[labname=="RDW',]
RDWCV[,labresult:=as.numeric(labresult)]
RDWCV[,RDWCVdays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,
060*24),
labels = seq(l,maxICUday))]

RDWCV <- RDWCV[!is.na(RDWCVdays),]
RDWCV <- RDWCV[, .(RDWCV=max(labresult,na.rm = T)),

by = .(patientunitstayid, RDWCVdays)]
RDWCV <- RDWCV[is.finite(RDWCV),]

BaseExcess <- lab[labname=='Base Excess',]
BaseExcess[,labresult:=as.numeric(labresult)]
BaseExcess[,BEdays:=cut(labresultoffset,breaks = seq(@,60*24*maxICUday,
00*24),
labels = seq(l,maxICUday))]

BaseExcess <- BaseExcess[!is.na(BEdays), ]
BaseExcess <- BaseExcess[,.(BE.max=max(labresult,na.rm = T)),

by = .(patientunitstayid, BEdays)]
BaseExcess <- BaseExcess[is.finite(BE.max),]

Temper <- nurseCharting[grep('Temperature \\(F\\)I|Temperature \\(C\\)'",

nurseCharting$nursingchartcelltypevalname), ]
Temper[,nursingchartvalue:=as.numeric(nursingchartvalue)]
Temper[, Temperdays:=cut(nursingchartoffset,breaks = seq(@,60*24*maxICUday,
00*24),

labels = seq(l,maxICUday))]
Temper <- Temper[!is.na(Temperdays),];
#transform between celsus and F
Temper <- Temper[,nursingchartvalue :=
ifelse(nursingchartcelltypevalname=="Temperature (F)",
(nursingchartvalue-32)/1.8,
nursingchartvalue)]
Temper <- Temper[,.(Temper=max(nursingchartvalue,na.rm = T)),
by = .(patientunitstayid, Temperdays)]
Temper <- Temper[is.finite(Temper),]
mBP <- nurseCharting[grep('BP
Systolic',nurseCharting$nursingchartcelltypevalname),]
mBP[,nursingchartvalue:=as.numericCnursingchartvalue)]
mBP[,mBPdays:=cut(nursingchartoffset,breaks = seq(@,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]



mBP <- mBP[!is.na(mBPdays),];

mBP <- mBP[,.(mBP=min(nhursingchartvalue,na.rm = T)),
by = .(patientunitstayid, mBPdays)]

mBP <- mBP[is.finite(mBP),]

HR <- nurseCharting[grep('Heart
Rate',nurseCharting$nursingchartcelltypevalname), ]
HR[, nursingchartvalue:=as.numeric(nursingchartvalue)]
HR[,HRdays:=cut(nursingchartoffset,breaks = seq(0,60*24*maxICUday,60*24),
labels = seq(1l,maxICUday))]
HR <- HR[!is.na(HRdays),];
HR <- HR[,.(HR=max(nhursingchartvalue,na.rm = T)),
by = .(patientunitstayid, HRdays)]
HR <- HR[is.finite(HR),]
#preprocessing for infusion drugs
infusionDrug <- fread(input="zcat < /Users/zhang/Documents/eicu/
infusionDrug.csv.gz",
sep = ',',header = T)
infusionDrug[,drugrate:=as.numeric(drugrate)]
meanWeight <- infusionDrug[,mean(patientweight,na.rm = T)]
Dopamine <- infusionDrug[grep('Dopamine’,infusionDrug$drugname),]
Dopamine <- Dopaminel[, .
(patientunitstayid,infusionoffset,drugname,drugrate)]
Dopamine[,drugrateStand:=ifelse(drugname=="'Dopamine (ml/hr)',#convert to
mcg/kg/min by assuming mean weight
drugrate*400*1000/
(250*60*meanWeight),drugrate)]
Dopamine[,infusiondays:=cut(infusionoffset,breaks = seq(@,60*24*maxICUday,
60*24),
labels = seq(l,maxICUday))]
Dopamine <- Dopamine[, .(dopaminerate=max(drugrateStand,na.rm = T)),
by = .(patientunitstayid, infusiondays)]
Dopamine <- Dopamine[is.finite(dopaminerate), ]
#norepinephrine
Norepi <- infusionDrug[grep('Norepinephrine',infusionDrug$drugname),]
Norepi <- Norepi[,.(patientunitstayid,infusionoffset,drugname,drugrate)]
Norepi[,drugrateStand:=ifelse(grepl('(mcg/min)"',drugname),#convert to mcg/
kg/min by assuming mean weight
drugrate/meanWeight,
ifelse(drugname=="Norepinephrine (ml/hr)",
drugrate*4*1000/(250*60*meanWeight),
ifelse(drugname=="Norepinephrine (mcg/
kg/hr)",
drugrate/
meanWeight,drugrate)))]
Norepi[,infusiondays:=cut(infusionoffset,breaks = seq(@,60*24*maxICUday,
60*24),
labels = seq(l,maxICUday))]
Norepi <- Norepi[,.(Norepirate=max(drugrateStand,na.rm = T)),
by = .(patientunitstayid, infusiondays)]
Norepi <- Norepi[is.finite(Norepirate),]
Epinephrine <- infusionDrug[grep('Epinephrine’,infusionDrug$drugname), ]



Epinephrine <- Epinephrinel[,.
(patientunitstayid,infusionoffset,drugname,drugrate)]
Epinephrine[,drugrateStand:=ifelse(drugname=="Epinephrine (ml/hr)',#convert
to mcg/kg/min by assuming mean weight
drugrate*4*1000/(250*60*meanWeight),
ifelse(drugname=="Epinephrine (mcg/min)",
drugrate/meanWeight,drugrate))]
Epinephrine[,infusiondays:=cut(infusionoffset,breaks =
seq(0,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]
Epinephrine <- Epinephrine[, .(Epinephrinerate=max(drugrateStand,na.rm =
),
by = .(patientunitstayid, infusiondays)]
Epinephrine <- Epinephrine[is.finite(Epinephrinerate),]
##fluid balance
intakeOutput <- fread(input="zcat < /Users/zhang/Documents/eicu/
intakeQutput.csv.gz",
sep = ',"',header = T)
intakeOutput[,intakeOutputdays:=cut(intakeoutputoffset,breaks =
seq(@,60*24*maxICUday,60*24),
labels = seq(l,maxICUday))]
intakeOutput <- intakeQOutput[!is.na(intakeOutputdays),]
#remove duplicated entry for intake
intakeOutput <- unique(intakeOutput,by =
c("patientunitstayid","intakeoutputoffset",
"intaketotal","outputtotal™))
intakeOutput <- intakeOutput[, .(intaketotal = sum(intaketotal,na.rm = T),
outputtotal=sumCoutputtotal,na.rm = T),
nettotal = sum(nettotal,na.rm = T),
urineOQutput =
sum(outputtotal[grep("Urine",celllabel)],na.rm = T)),
by = .(patientunitstayid, intakeOutputdays)]

#ERIK
dtsepsis <- patient %>%
filter(str_detect(apacheadmissiondx, "Sepsis")&hospitaldischargestatus!=""
) %%
dplyr: :mutate(Cage=as.numeric(age)) %>%
dplyr::select(patientunitstayid,gender,age,hospitaldischargestatus,admissionheight,
unitdischargeoffset,hospitaldischargeoffset)
#§ ICUREHITIA—1E
days <- dtsepsis[,.(patientunitstayid,unitdischargeoffset)]
days[,days:=ceiling(unitdischargeoffset/(60*24))]
days <- days[ ,.(days=1:days),by=c("patientunitstayid")]
days <- days[days<=maxICUday&days>=0,];
days[,days:=as.factor(days)]
dtEICU <- dtsepsis %>%
right_join(
days,by="patientunitstayid'
) %>%
left_join(
HR,



by=c("patientunitstayid"="patientunitstayid", "days"="HRdays")
) %>%
left_join(
mBP,
by=c("patientunitstayid"="patientunitstayid","days"="mBPdays")
) %%
left_join(
Temper,
by=c("patientunitstayid"="patientunitstayid","days"="Temperdays")
) %>%
left_join(
lactate,
by=c("patientunitstayid"="patientunitstayid","days"="lactatedays")
)%>%
left_join(
cr,
by=c("patientunitstayid"="patientunitstayid", "days"=
)%>%
left_join(
platelet,
by=c("patientunitstayid"="patientunitstayid","days"="plateletdays")
)%>%
left_join(
pao2,
by=c("patientunitstayid"="patientunitstayid", "days"=
)%>%
left_join(
fio2,
by=c("patientunitstayid"="patientunitstayid","days"="fio2days")
)%>%
left_join(
paco?2,
by=c("patientunitstayid"="patientunitstayid", "days"=
)%>%
left_join(
HCO3,
by= c("patlentunltstayld"—"patlentunltstayld" "days"="HCO03days")
)%>%
left_join(
Hgb,
by=c("patientunitstayid"="patientunitstayid","days"="Hgbdays")
)%>%
left_join(
Hct,
by—c("patlentunltstayld" "patientunitstayid", "days"="Hctdays")
)%>%
left_join(
RDWCV,
by= c("patlentunltstayld"—"patlentunltstayld" "days"="RDWCVdays")
)%>%
left_join(
BaseExcess,
by= c("patlentunltstayld"—"patlentunltstayld" "days"="BEdays")

crdays")

paoZdays")

pacoZ2days™)



)%>%
left_join(
Dopamine,
by=c("patientunitstayid"="patientunitstayid","days"="infusiondays")
)%>%
left_join(
Norepi,
by=c("patientunitstayid"="patientunitstayid","days"="infusiondays")
)%>%
left_join(
Epinephrine,
by=c("patientunitstayid"="patientunitstayid","days"="infusiondays")
)%>%
left_join(
intakeOutput,
by=c("patientunitstayid"="patientunitstayid","days"="1intakeOutputdays")
)%>%
left_join(
apachePatientResult %>%
distinct(patientunitstayid, .keep_all=T) %>%
dplyr::select(patientunitstayid,apachescore),
by=c("patientunitstayid"="patientunitstayid")
) %%
left_join(
pH,
by=c("patientunitstayid"="patientunitstayid", "days"="pHdays")
) %>%
dplyr: :mutate(
fio2val=if_else(fio2val<=1,fio2val*100,
if_else(fio2val<21,21,fio2val))
) %>%
dplyr: :mutate(
APACHEII = apachescore*71/299,
Weight=if_else(gender=="Female",45.5 + 2.3*(Cadmissionheight/2.54 - 60),
50 + 2.3 *(admissionheight/2.54 - 60) ),
PF.min = pao2val*100/fio2val
) %>%
dplyr: :rename(
"Age"="age","HR.max"="HR","BP.min"="mBP",
"Temp.max"="Temper" ,"Plt"="plateletval",

"Urine"="urineOutput", "OutputVol"= "outputtotal",

"IntakeVol" = "intaketotal",
"Gender"="gender"
) %>%

dplyr: :mutate(

HR.max = if_else(HR.max>200,mean(HR.max,na.rm = T),HR.max),
APACHEII = if_else(APACHEII<=0,mean(APACHEII,na.rm = T),APACHEII),
BP.min = if_else(BP.min<1@,median(BP.min,na.rm = T),BP.min),
Temp.max =if_else(Temp.max>42,median(Temp.max,na.rm = T),Temp.max),
PH.min = if_else(PH.min<5,median(PH.min,na.rm = T),PH.min),
HCO3.min = if_else(HCO3.min<2,median(HCO3.min,na.rm = T),HCO3.min)

)

#Identify patients with vasopressor on day @ for septic shock



dtSepticshock <- dtEICU %>%
dplyr: :mutate(
IndNoShock =
is.na(dopaminerate)&is.na(Norepirate)&is.na(Epinephrinerate)
) %>%
group_by(patientunitstayid) %>%
group_modify(
~{
.x$dayl_f1gNO <-
X %>% filter(days=="1") %>%
pull(IndNoShock)
return(.x)
ks
) %% ungroup() %>%
filter(!dayl_f1gN0) %>%
mutate(across(.cols = dopaminerate:Epinephrinerate,~{
if_else(is.na(.x),0,.x)
1)) %>%
group_by(patientunitstayid) %>%
fillCeverything(), .direction = "updown") %>% ungroup() %>%
dplyr: :mutate(across(.cols =
c(Age,Weight,HR.max,APACHEIT ,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine),
~{
X <- if_else(is.infinite(.x)lis.na(.x),
mean(.x[!is.infinite(.x)&!is.na(.x)]),
.X)
return(.x)
ks
D)
) %>%
dplyr: :mutate(days=as.numeric(days)-2,
NorepiEg=rowSums(
select(.,
.dots = c("dopaminerate",
"Norepirate","Epinephrinerate")),
na.rm = T),
mort=as.numeric(Chospitaldischargestatus)-2 ,
Hospital_LOS = hospitaldischargeoffset/(24%60),
ICU_LOS = unitdischargeoffset/(24%60),
Cre = Cre*88.4
) %>%
dplyr::filter(days%in%c(0,1,2,3,7))
#description of the cohort
tabl_eICU <- twogrps(dtSepticshock[dtSepticshock$days==0,],
gvar = "mort",
varlist = c("Age","Gender","Weight",
"APACHEII", "dopaminerate",
"Norepirate","Epinephrinerate",
"HR.max","BP.min","Temp.max",
"HCO3.min","BE.max","LAC.max",
"PF.min","PC0O2.max", "Hgbval", "Hct",
"P1t", "RDWCV","Cre",



"IntakeVol","OutputVol","Urine",
"Hospital_LOS","ICU_LOS™)
D)

#Latent profile analysis for multicohort DataSet
*{r LPA}
library(tidyLPA)
dtClustering <- dtfinal%>%
select(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine)
set.seed(4)
modLPA <- dtClustering %>%
estimate_profiles(2:10,verbose=T)
#https://cran.r-project.org/web/packages/tidyLPA/vignettes/
Introduction_to_tidyLPA.html
PLAcriteria <- modLPA %>% get_fit() %>%
mutate(across(.cols = everything(),~round(.x,3))) %>%
select(Classes,AIC,SABIC,Entropy,prob_min,prob_max,n_min,n_max,BLRT_p)
%>%
mutate(AIC=round(AIC),SABIC=round(SABIC)) %>%
ggtexttable(rows = NULL, theme = ttheme("mOrange")) %>%
tab_add_title(text = "Best Number of Classes for FMM",
face = "bold", padding = unit(1.5, "line"),
just=c(-0.8,1))
set.seed(4)
LPA_5class <- dtClustering%>%
estimate_profiles(n_profiles=5)
dtClass <- dtfinal %>%
mutate(id=rep(l:(length(name)/5),each=5)) %>%
bind_cols(Class=get_data(LPA_5class)$Class) %>%
mutate(Class=1f_else(Class==1,2,
if_else(Class==2,1,Class))) %>%
filter(days<=Hospital_LOS) %>%
group_by(Hospital,name) %>%
group_modify(~{
.x$Nextclass <- c(.x$Class[-1],if_else(.x$Mort[1]==1,7,6))
return(.x)
}) %% ungroup() %>%
mutate(Reward=if_else(Nextclass==6,1,
if_else(Nextclass==7,-1,0)),
Action=as.character(cut(IntakeVol,breaks =
c(50,2500,3500,4000,100000),
labels = c(C"1","2","3","4"))),
Class=as.character(Class),
Nextclass=as.character(Nextclass),
Mort = factor(Mort,levels = c(0,1),labels =c("Alive","Dead"))
) %>% as.data.frame()
#Alluvial Plots
plotAlluvia <- dtClass %>%
select(Class,days,id,Mort) %>%
mutate(days=as_factor(days)
) %>%



ggplot(
aes(x = days, stratum = Class, alluvium = id,
label = Class,fill=Class)) +

geom_flow(Caes(color = Class),stat = "alluvium",
lode.guidance = "frontback",
) +

scale_fill_lancet()+
scale_color_lancet(alpha=0.3)+
geom_stratum() +
theme(legend.position = "bottom™) +
labs(title="Sepsis State Transition Over Time",
x="Days after Hospital Admission",
ylab="Number of Patients")+
facet_wrap(~ Mort, scales = "free_y")+theme_bw()
#Characteristics of each Class type
laby <- dtClass %>%
mutate(Class=factor(Class,levels = 1:5,
labels = paste("Class",1:5))) %%
mutate(across(.cols = c(Age,Weight,APACHEII,HR.max:Cre,IntakeVol:Urine),
scale)) %>%
pivot_longer(cols = c(Age,Weight,APACHEII,HR.max:Cre,IntakeVol:Urine),
names_to = "Items",
values_to = "Scaled value") %>%
group_by(Items,Class) %>%
summarise(Mean=mean( Scaled value )) %>%
group_by(Items)%>%
summarise(Max=max(Mean))
laby <- laby[match(dtClass %>%
select(c(Age,Weight,APACHEII,
HR.max:Cre,IntakeVol:Urine)) %>%
colnames(),
laby$Items),] %>% pull(Max)
plot_Class <- dtClass %>%
mutate(Class=factor(Class,levels = 1:5,
labels = paste("Class",1:5))) %>%
mutate(across(.cols = c(Age,Weight,APACHEII,HR.max:Cre,IntakeVol:Urine),
scale)) %>%
pivot_longer(cols = c(Age,Weight,APACHEII,HR.max:Cre,IntakeVol:Urine),

names_to = "Items",
values_to = "Scaled value") %>%
ggline(x = "Items", y = "Scaled value", add = "mean_ci",
color = "Class", palette = "lancet",

position=position_dodge(width = 0.2),
error.plot="errorbar")+
stat_compare_means(aes(group = Class), label = "p.signif",
label.y = laby)+
theme_pubr(x.text.angle=45)+
labs(x="")

NN

#Kmeans Clustering to confirm the number of clusters
7 {r KmeansClustering}
corplot <- dtfinal%>%



select(where(is.numeric)) %>%
select(-cCF@EE,/\iTE_0)) %%
DataExplorer: :plot_correlation(theme_config=1list(legend.position="right",
axis.text.x =
element_text(angle = 45)))

library(NbClust)
nbclust_out <- dtClustering %>%
select(-Urine) %>%
NbClust(
distance = "euclidean",
min.nc = 2, # minimum number of clusters

max.nc = 10, # maximum number of clusters
method = "kmeans" # one of: "ward.D", "ward.D2", "single", "complete",
"average", "mcquitty", "median", "centroid", "kmeans"

D

# create criteria plot
plot_kmeanCriteria <- nbclust_out$All.index %>%
as.data.frame() %>%
mutate(Ncluster=2:10) %>%
mutate(across(-Ncluster,scale)) %>%
pivot_longer(cols = -Ncluster,
names_to="Index",
values_to="Scaled Value") %>%
ggplot(aes(x = Ncluster,y="Scaled Value™,color=Index)) +
geom_line () +geom_point(aes(shape=Index))+
scale_shape_manual (values=seq(@,10))+
scale_color_lancet()+
labs(x = "Number of clusters", y = "Scaled Value", title = "Optimal
number of clusters by K-means") +
theme_minimal()
km_res <- dtfinal%>%
select(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre) %>%
kmeans(centers = 5, nstart = 20)
fviz_cluster(km_res,
dtfinal%>%
select(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre),

ellipse.type = "norm", stand=T,geom = "points"
D)
#Principal component analysis visualization
library(rayshader)

res.pca <- prcomp(dtClustering, scale = TRUE)
PCAl1 <- fviz_pca_ind(res.pca,axes = c(1, 2),geom = c("point"),
col.ind = as.factor(if_else(get_data(LPA_5class)$Class==1,2,
if_else(get_data(LPA_5class)
$Class==2,1,
get_data(LPA_5class)
$Class))),
addEllipses =T)+



scale_color_lancet()
PCA2 <- fviz_pca_ind(res.pca,axes = c(1, 3),geom = c("point"),
col.ind = as.factor(if_else(get_data(LPA_5class)$Class==1,2,
if_else(get_data(LPA_5class)
$Class==2,1,
get_data(LPA_5class)
$Class))),
addEllipses =T)+
scale_color_lancet()
#Combine all plots together
ggdraw() +
draw_plot(plot_kmeanCriteria, x=0,y=0.7, width = 0.5, height = 0.3) +
draw_plot(PLAcriteria, 0.5,0.7, 0.5, 0.3)+
draw_plot(plotAlluvia, 0,0.3, 0.5, 0.4)+
draw_plot(PCAl, 0.5,0.3, 0.5, 0.2)+
draw_plot(PCA2, 0.5,0.5, 0.5, 0.2)+
draw_plot(plot_Class, @, 0, 1, 0.3) +
draw_plot_label(c("A", "B","C","D","E™),
x=c(0,0.5, 0,0.5,0), y=c(1,1, 0.7,0.7,0.3), size = 15)

# Interaction with fluid and vasopressor in logistic regression model
" {r InteractionMultiply}
library(visreg)
library(survival)
library("survminer™)
library(ggeffects)
library(Publish)
dtLong <- dtfinal %>%
bind_cols(Class=get_data(LPA_5class)$Class) %>%
mutate(Class=if_else(Class==1,2,#baseline class is class 1
if_else(Class==2,1,Class))) %>%
mutate(id=rep(l:(length(name)/5),each=5),
Class=as_factor(Class),
INBTER_@ =1felse( /NBTER_0°>24,24, /\EIER_O ),
IntakeVol = scale(IntakeVol,scale = 1000,center = F)
) %>%
group_by(id) %>%
group_modify(~{
.x$daysEnd <- c(.x$days[-1],.x$Hospital_LOS[1])
.X <- .x[.x$days<.x$daysEnd,]
.x$Mortality <- c(rep(@,nrow(.x)-1),.x$Mort[1])
return(.x)

Y

modFluid <- coxph(Surv(days,daysEnd,Mortality)~Class*IntakeVol+
Comorbid+
APACHEII+Urine+Cre+Age,

id=id,
data = dtlLong)
plot_Interaction <-visreg(modFluid,xvar = "IntakeVol",by="Class",trans =

exp,
gg=T)+theme_bw()+facet_wrap(~Class,nrow = 1)+



coord_cartesian(ylim = c(0@, 10))+
labs(x="Daily Fluid Intake (L)",
y="Adjusted Hazard ratio")
plotTable <- ShowRegTable(modFluid) %>% as.data.frame() %>%
rename("HR [95% CI]"="exp(coef) [confint]",
"p value"="p") %>%
rownames_to_column("Variable") %>%

add_row(Variable = "Class 1 (as reference)",
"HR [95% CI]"° = "1",
‘p value® = "", .before = 1) %%

mutate(Variable=str_replace(Variable,
"AIntakeVol","Intake Vol (for every 1-L)"))

%>%
mutate(Variable=str_replace(Variable, "Comorbid","")) %>%
add_row(Variable = "Comorbidity (None as reference)",
"HR [95% CI]"™ = "1",
“p value® = "", .before = 7) %%

column_to_rownames("Variable") %>%

ggtexttable() %>%

table_cell_bg(row = c(7,17), column = 3,
linewidth = 3,color = "red")

modVaso <- coxph(Surv(days,daysEnd,Mortality)~Class*NorepiEqg+
Comorbid+Age+IntakeVol+
APACHEII+Urine+Cre,
id=id,
data = dtLong)
plot_Interactionl <-visreg(modVaso,xvar = "NorepiEq",by="Class",trans =
exp,
gg=T)+theme_bw()+facet_wrap(~Class,nrow = 1)+
coord_cartesian(ylim = c(@, 10))+
labs(x="Daily Maximum dose of Norepinephrine (mcg/kg/min)",
y="Adjusted Hazard ratio™)
plotTablel <- ShowRegTable(modVaso) %>% as.data.frame() %>%
rename("HR [95% CI]"="exp(coef) [confint]",
"p value"="p") %%
rownames_to_column("Variable") %>%

add_row(Variable = "Class 1 (as reference)",
"HR [95% CI]"™ = "1",
“p value™ = "", .before = 1) %%

mutate(Variable=str_replace(Variable,
"AIntakeVol","Intake Vol (for every 1-L)"))

%>%
mutate(Variable=str_replace(Variable, "Comorbid","")) %>%
add_row(Variable = "Comorbidity (None as reference)",
"HR [95% CI]"° = "1",
“p value® = "", .before = 7) %%

column_to_rownames("Variable") %>%
ggtexttable() %>%
table_cell_bg(row = c(7,19), column = 3,
linewidth = 3,color = "red")
ggdraw() +
draw_plot(plot_Interaction, x=0,y=0.8, width = 1, height = 0.2) +



draw_plot(plot_Interactionl, 0,0.6, 1, 0.2)+
draw_plot(plotTable, 0,0, 0.5, 0.0)+
draw_plot(plotTablel, 0.5,0, 0.5, 0.0)+
draw_plot_label(c("A", "B","C","D"),
x=c(0,0, 0,0.5), y=c(1,0.8, 0.6,0.6), size = 15)

NN

# DTR model
“*“{r DTR model?}
library(DTRreg)
dtWide <- dtfinal %>%
bind_cols(Class=get_data(LPA_5class)$Class) %>%
mutate(Class=if_else(Class==1,2,
if_else(Class==2,1,Class))) %>%
mutate(id=rep(l:(length(name)/5),each=5),
Class=as_factor(Class),
NETEL_Q =ifelse(C/N\BTER_0°>24,24, /\ESER_07)
) %>%
pivot_wider(id_cols = c(id,Age:Mort, /)\iFE8_0°),
names_from = days,
values_from = c(Vasopressor,Norepi.max:Cre,
IntakeVol:Urine,Class)
) %>%
mutate(#IntakeVol_0=IntakeVol_0*24/  /\if#8_0",
Y= (1-2*Mort)/(1+ICU_LOS+ @.5*(Hospital_LOS-ICU_LOS))
D)
#Table 1 showing the baseline characteristics across classes
tabl <- multigrps(

dtWide,

gvar = "Class_0",

varlist = c("Age","Gender","Weight","Comorbid","SiteInfect",
"INETER_0",
"Type","MV", "APACHEII",
"Norepi.max_0",
"HR.max_0","BP.max_0","BP.min_0Q","Temp.max_0","PH.min_0Q",
"HCO3.min_@","BE.min_@Q","LAC.max_0Q",
"PF.min_0","PCO2.max_0","Hb_0","Hct_0",
"P1t_0","RDWCV_Q","Cre_0",
"IntakeVol_0","OutputVol_0","Urine_0",
"Hospital_LOS","ICU_LOS","Mort"),

sim=TRUE

D)

Xpsil<-list(

~HR.max_0+BP .min_0+Temp .max_0+Class_0+Urine_0+Hct_0+
PF.min_0+PH.min_0+LAC.max_0,

~HR.max_1+BP.min_1+Temp.max_1+Class_l+Urine_l+Hct_1+
PF.min_1+PH.min_1+LAC.max_1,

~HR.max_2+BP.min_2+Temp.max_2+Class_2+Urine_2+Hct_2+
PF.min_2+PH.min_2+LAC.max_2,

~HR.max_3+BP.min_3+Temp.max_3+Class_3+Urine_3+Hct_3+
PF.min_3+PH.min_3+LAC.max_3,



~HR.max_7+BP.min_7+Temp.max_7+Class_7+Urine_7+Hct_7+
PF.min_7+PH.min_7+LAC.max_7

D)

Xpsi2<-1list(~Class_0,
~Class_1,
~Class_2,
~Class_3,
~Class_7)

treat.mod<-1ist(IntakeVol_0~Weight+HR.max_0+BP.min_0+Temp.max_0,
IntakeVol_1~Weight+HR.max_1+BP.min_1+Temp.max_1,
IntakeVol_2~Weight+HR.max_2+BP.min_2+Temp.max_2,
IntakeVol_3~Weight+HR.max_3+BP.min_3+Temp.max_3,
IntakeVol_7~Weight+HR.max_7+BP.min_7+Temp.max_7
D)
tf.mod<-1ist(~APACHEII+Age+Gender+RDWCV_0+Cre_0@+Hct_0+LAC.max_0,
~ Age+Gender+RDWCV_1+Cre_1+Hct_1+LAC.max_1,
~ Age+Gender+RDWCV_2+Cre_2+Hct_2+LAC.max_2,
~ Age+Gender+RDWCV_3+Cre_3+Hct_3+LAC.max_3,
~ Age+Gender+RDWCV_7+Cre_7+Hct_7+LAC.max_7)
outl <- gdwols(outcome = Y, Xpsil=Xpsil, Xpsi2 =Xpsil, treat.mod,
treat.fam = gaussian(link = "log"),
tf.mod, weight.fcn="gpom",
data=dtWide, m=20, k=5,
treat.range=c(2000,5000))
optDT <- do.call(cbind.data.frame, outl$opt.treat) %>%
bind_cols(dtWide) %>%
rename_with(.cols = contains("c("),
~ str_replace(.x,".*" ,paste("OptFluid",c(0,1,2,3,7),sep =
")) %%
pivot_longer(cols = ends_with(c(C"_0Q","_1","_2","_3","_7")),
names_to = c(".value", "Days"),
names_sep= -2) %>%
mutate(Days=parse_number(Days)) %>%
mutate(deltaIntakeVolcont=IntakeVol-OptFluid,
IntakeVolcat=cut(deltalntakeVolcont,
breaks = c(-6000,-2000,-500,500,1500,200000),
labels = c("Very Low","Low","Optimal","High","Very High")
D)) %%
mutate(IntakeVolcat = fct_relevel(IntakeVolcat,"Optimal™))
#Impact of difference between actual versus Optimal on Mortality Outcome
mod_MortDelta <- glm(Mort~deltaIntakeVolcont+I(deltalntakeVolcontA2)
+APACHEII+Age,
data = optDT,
family = "binomial™)
plot_MortDelta <- visreg::visreg(mod_MortDelta,
xvar ="deltalntakeVolcont",
scale = "response",gg=T)+
# ylim(0.25,0.33)+
labs(x="Difference between Actual and Optimal MP (Joules/min)",
y="Probability of Hospital Death™)
mod_MortDelta <- glm(Mort~IntakeVolcat,data = optDT,family = "binomial™)
plot_MortDelta_tab <- publish(mod_MortDelta)$regressionTable %>%
as.data.frame() %%



rename("0dds Ratio"="OddsRatio",

"95% CI"="CI.95") %>%
select(-Variable) %>%
column_to_rownames("Units") %>%
ggtexttable() %>%

tab_add_title(text = "Impact of Delta MP on Mortality",

face = "bold", padding = unit(1.5, "line"))

plot_IntakeVol_Optimal <- optDT %>%

mutate(Class=paste("Class",Class),

Days=as_factor(Days)

) %%
rename( Fluid Intake Category =IntakeVolcat) %>%
ggplot(aes(x=Days,y=Age,fill="Fluid Intake Category ))+
geom_bar(position = "fill",stat = "identity") +
facet_wrap(~Class,scales="free_y",ncol=5)+
scale_fill_lancet()+theme(legend.position="top")+
labs(y="Number of Patients",

x="Days after ICU entry")

panels <- default_forest_panels(
model = ModRF,
factor_separate_line = FALSE,
measure = NULL,
trans_char = "I"
D)
panels <- panels[-4]
Plot_forest <- forest_model(ModRF,
format_options =forest_model_format_options(
text_size = 5,point_size = 5,colour = "red"
),panels)+
labs(title = "Risk Factors for Hyperventilation")+
theme(plot.title = element_text(hjust = 0.5))

ggdraw() +
draw_plot(plot_MPstat_Disease, 0,0.7, 0.65, 0.3)+

draw_plot(plot_MPstat_OptProp, x=0,y=0.4, width = 0.65, height =

draw_plot(plot_MortDelta_tab, 0.65,0.7, .35, 0.3)+
draw_plot(plot_MortDelta, 0.65,0.4, .35, 0.3)+
draw_plot(Plot_forest, 0,0, 1, 0.4)+
draw_plot_label(c("A", "B","C","D","E™),

0.3) +

x=c(0,0, 0.65, 0.65,0), y=c(1,0.7,1,0.7, 0.4), size = 15)

NN

#risk factors for fluid overload
" {r RiskFactorFluidOverload}
library(Crms)
dtFluidOver <- optDT %>%
pivot_longer(cols = matches("_[01237]"),
names_to=c(".value", "Days"),
names_sep="_"
) %>%
mutate(#Days=as.factor(Days),
FluidOver = IntakeVol-OptFluid > 1000,



FluidUnder = OptFluid - IntakeVol > 1000) %>%
mutate(Plt=scale(Plt,scale = 20)[,1],

HR.max = scale(HR.max,scale = 20)[,1],

Cre=scale(Cre,scale = 20)[,1],

BE .max=scale(BE.max,scale=5)[,1],

BE.min=scale(BE.min,scale=5)[,1],

APACHEII=scale(APACHEII,scale = 10)[,1],

Age=scale(Age,scale = 10)[,1]) %%
mutate(Days=as.numeric(Days))

NamesFull <- dtFluidOver %>%
dplyr::select(Age:Weight,Comorbid:APACHEII,HR.max:Cre,Urine) %>%
colnames()

modstepwise <- 1rm(as.formula(
paste("FluidOver",

paste(c("Class*Days" ,NamesFull),collapse = "+"),sep = "~")),
data = dtRiskFactor,x=T,y=T) %>%
fastbw(rule="p",s1s=0.01)

as.formula(paste("FluidOver",

paste(modstepwise$names.kept,collapse = "+"),sep = "~"))
modOver <- glm(
FluidOver ~ Age + SiteInfect + Type + MV + APACHEII +
HR.max + Norepi + PH.min + Hct + Plt + Cre + Class * Days,
data = dtFluidOver
D)
plot_fluidOver <- visreg(modOver,
xvar = "Days",by="Class",gg=T,scale = "response")+
theme_bw()+facet_wrap(~Class,nrow = 1)+
coord_cartesian(ylim = c(@, 0.7))+
labs(x="",
y="Probablity of Fluid Overloading")

plot_TabFluidOver <- ShowRegTable(modOver)%>%
as.data.frame() %>%
slice(-1) %>%
rename("OR [95% CI]"="exp(coef) [confint]") %>%
ggtexttable()
table_cell_bg(row = c(6), column = 3,

linewidth = 3,color = "red")

#risk factor explored by using nneural network algorithm
7 {r RiskFctNeuralNetwork}
library("SHAPforxgboost™)
library(xgboost)
xSet <- dtFluidOver %>%
dplyr::select(Age:Weight,Comorbid:APACHEII,Days,HR.max:Cre,Urine,Class)
xSet <- model.matrix(~.,xSet)
ySet <- dtFluidOver %>%
dplyr: :mutate(FluidOver=as.numeric(FluidOver)) %>%
pull(FluidOver)
param_list <- list(objective = "binary:logistic", # For regression
eta = 0.02,
max_depth = 5,
gamma = 0.01,



subsample = 0.95
D)
modFluidRFxgboost <- xgboost::xgboost(data = xSet,
label = ySet,
params = param_list, nrounds = 10,
verbose = FALSE,
early_stopping_rounds = 8)
# To return the SHAP values and ranked features by mean|SHAP|
shap_values <- shap.values(xgb_model = modFluidRFxgboost, X_train = xSet)
# option 2: supply a self-made SHAP values dataset (e.g. sometimes as
output from cross-validation)
SHARP_fluid <- shap.plot.summary.wrapl(model = modFluidRFxgboost, X =
xSet, top_n=20)
depSHARP_fluid <- shap.plot.dependence(
data_long = shap.prep(
xgb_model = modFluidRFxgboost, X_train = xSet,top_n=20
Ds
x = 'Days',
y = 'Days', color_feature = 'Days') +
ggtitle("SHAP values of Days vs. Days")

NN

# fluid type and Vasopressor with DTR

" {r FluidTypeDTR}

Xpsil = list(
~HR.max_0+BP.min_0+Temp.max_0+Class_0+Urine_0+Hct_0+
PF.min_0+PH.min_0+LAC.max_0,
~HR.max_1+BP.min_1+Temp.max_1+Class_1+Urine_1+Hct_1+
PF.min_1+PH.min_1+LAC.max_1,
~HR.max_2+BP.min_2+Temp.max_2+Class_2+Urine_2+Hct_2+
PF.min_2+PH.min_2+LAC.max_2,

~HR.max_3+BP.min_3+Temp.max_3+Class_3+Urine_3+Hct_3+
PF.min_3+PH.min_3+LAC.max_3,

~HR.max_7+BP.min_7+Temp.max_7+Class_7+Urine_7+Hct_7+
PF.min_7+PH.min_7+LAC.max_7

)

DTRmodVaso <- gdwols(

outcome =Y,

Xpsil = Xpsil,

Xpsi2 = Xpsil,

treat.mod = 1ist(
Norepi.max_@~Weight+HR.max_0+BP.min_0@+Temp.max_0,
Norepi.max_1~Weight+HR.max_1+BP.min_1+Temp.max_1,
Norepi.max_2~Weight+HR.max_2+BP.min_2+Temp.max_2,
Norepi.max_3~Weight+HR.max_3+BP.min_3+Temp.max_3,
Norepi.max_7~Weight+HR.max_7+BP.min_7+Temp.max_7),

tf.mod = 1ist(~APACHEII+Age+Gender+RDWCV_0+Cre_0+Hct_0+LAC.max_0,

Age+Gender+RDWCV_1+Cre_1+Hct_1+LAC.max_1,

Age+Gender+RDWCV_2+Cre_2+Hct_2+LAC.max_2,

Age+Gender+RDWCV_3+Cre_3+Hct_3+LAC.max_3,

Age+Gender+RDWCV_7+Cre_7+Hct_7+LAC.max_7),

weight.fcn="gpom",

data=dtWide, m=10, k=5,

l

l

?

l



treat.range=c(0,1)
D)
dtNorepi <- do.call(
cbind.data.frame,
DTRmodVaso$opt.treat
) %%
bind_cols(dtWide) %>%
rename_with(
.cols = contains("c("),
~ str_replace(.x,".*" ,paste("OptVaso",
C(@,1,2,3,7),Sep = "—"))
) %%
pivot_longer(cols = c(Vasopressor_0:Class_7,
OptVaso_0:0ptVaso_7
D,
names_to = c(".value", "Days"),
names_sep="_") %>%
mutate(Epinephrineflg = Norepi.max-OptVaso >0.2 ,
Urine=scale(Urine,scale = 500)[,1],
RDWCV=scale(RDWCV,scale = 5)[,1],
HR.max=scale(HR.max,scale = 20)[,1],
HCO3.max=scale( HCO3.max,scale = 10)[,1],
Hb=scale(Hb,scale = 20)[,1],
APACHEII=scale(APACHEII,scale = 10)[,1]) %>%
mutate(Days=as.numeric(Days))
plot_vaso <- dtNorepi %>%
dplyr::select(Days,Norepi.max,0ptVaso,id,Class) %>%
pivot_longer(cols = c(Norepi.max,0ptVaso),
names_to="Epinephrine",
values_to="Dose") %>%
mutate(Epinephrine=if_else(
Epinephrine=="Norepi.max","Actual","Optimal")) %>%
ggline(x="Days",y="Dose",color="Epinephrine",
palette = "lancet",
add = "mean_ci",facet.by="Class",scales = "free_y",
panel.labs = 1list(Class = paste("Class",1:5)),
position=position_dodge(width = 0.2),nrow=1,xlab = "")+
theme(legend.position="top") +
stat_compare_means(aes(group = “Epinephrine’),
label = "p.signif",
label.y = 1.3)+
coord_cartesian(ylim=c(@,1.5))+
labs(y="Dose (mcg/kg/min)")
#risk factor for inappropriately using Epinephrine
NamesFull <- dtNorepi %>%
dplyr::select(Age:Weight,Comorbid:APACHEII HR.max:Temp.min,PH.max:Cre,Urine)
%>%
colnames()
modstepwise <- 1rm(as.formula(C
paste("Epinephrineflg",
paste(c("Class*Days",NamesFull),collapse = "+"),sep = "~")

D,
data = dtNorepi,x=T,y=T) %>%



fastbw(rule="p",s1s=0.05)
as.formula(paste("Epinephrineflg",
paste(modstepwise$names.kept,collapse = "+"),sep = "~"))
modNorepiOver <- glm(
Epinephrineflg ~ MV + APACHEII + HR.max + HR.min +
PH.min + LAC.max + Hb + Hct + P1t + RDWCV + Urine +

Class*Days,
data = dtNorepi,family = "binomial"
D)
plot_vasoOver <- visreg(modNorepiOver,

xvar = "Days",by="Class",gg=T,scale = "response")+
theme_bw()+facet_wrap(~Class,nrow = 1)+
coord_cartesian(ylim = c(@, 0.5))+
labs(x="Days after ICU Admission",
y="Probablity of Norepinephrine Over dose™)
plot_TabvasoOver <- ShowRegTable(modNorepiOver)%>%
as.data.frame() %>%
slice(-1) %>%
rename("OR [95% CI]"="exp(coef) [confint]") %>%
ggtexttable()
table_cell_bg(row = c(6), column = 3,
linewidth = 3,color = "red")
#combine all figures together
plot_Opt <- ggdraw() +

draw_plot(plot_optfluid, x=0,y=.85, width = 1, height = .15) +
draw_plot(plot_vaso, x=0,y=0.7, width =1, height = .15)+
draw_plot(plot_fluidOver, x=0,y=0.55, width =1, height = .15)+
draw_plot(plot_vasoOver, x=0,y=0.4, width =1, height = .15)+

draw_plot(plot_TabFluidOver, x=0,y=0, width =0.5, height = .4)+
draw_plot(plot_TabvasoOver, x=0.5,y=0, width =0.5, height = .4)+
dr‘aW_plO‘t_label(C("A"’ IIBII , IICII , IIDII , IIEII , llFll)’
x=c(0,0, 0,0,0,.5), y=c(1,.85, 0.7,0.57,0.4,.4), size =
15)

#Epinephrine risk factor
" {r RFnorepinephrineXGboost}
xSet_epi <- dtNorepi%>%
dplyr::select(Age:Weight,Comorbid:APACHEII,,Days,HR.max:Temp.min,
PH.max:Cre,Urine,IntakeVol,Class)
xSet_epi <- model.matrix(~.,xSet_epi)
ySet_epi <- dtNorepi %>%
dplyr: :mutate(Epinephrineflg=as.numeric(Epinephrineflg)) %>%
pull(Epinephrineflg)
param_list <- list(objective = "binary:logistic", # For regression
eta = 0.02,
max_depth = 5,
gamma = 0.01,
subsample = 0.95
D)
modEpiRFxgboost <- xgboost::xgboost(data = xSet_epi,
label = ySet_epi,
params = param_list, nrounds = 10,



verbose = FALSE,
early_stopping_rounds = 8)
# option 2: supply a self-made SHAP values dataset (e.g. sometimes as
output from cross-validation)
SHARP_Epi <- shap.plot.summary(
data_long = shap.prep(
xgb_model = modEpiRFxgboost, X_train

xSet_epi,top_n=25

D,

X_bound=0.2)

depSHARP_Epi <- shap.plot.dependence(

data_long = shap.prep(
xgb_model = modEpiRFxgboost, X_train = xSet_epi,top_n=25
D,

x = 'Days’,

y = 'Days', color_feature = 'Days') +

ggtitle("SHAP values of Days vs. Days")
plot_RFxgboost <- ggdraw() +
draw_plot(SHARP_fluid, x=0,y=0.5, width = 1, height = 0.5) +
draw_plot(SHARP_Epi, x=0,y=0, width =1, height = .5)+
draw_plot_label(c("A", "B"),
x=c(0,0), y=c(1,.5), size = 15)

#External validation with eICU data
" {r eICUvalidation}
LPA_5class_eICU <- dtSepticshock%>%
dplyr::select(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine)
%>%
estimate_profiles(n_profiles=5)
dtClass_eICU <- dtSepticshock %>%
bind_cols(Class=get_data(LPA_5class_eICU)$Class) %>%
#change class number for ease of comparison: the class membership is
randomly assigned.
dplyr: :mutate(Class = if_else(
Class==5,3,
if_else(
Class ==3,2,
if_else(
Class == 4,5,
if_else(
Class == 2,4,Class
D)
D)
D)

J)
laby_eICU <- dtClass_eICU %>%

mutate(Class=factor(Class,levels = 1:5,
labels = paste("Class",1:5))) %%
mutate(across(.cols =
c(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine),
scale)) %>%



pivot_longer(cols =
c(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine),
names_to = "Items",
values_to = "Scaled value") %>%
group_by(Items,Class) %>%
summarise(Mean=mean( Scaled value )) %>%
group_by(Items)%>%
summarise(Max=max(Mean))
laby_eICU <- laby_eICU[match(dtClass_eICU %>%
select(c(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine))
%>%
colnames(),
laby_eICU$Items),] %>% pull(Max)
plot_Class_eICU <- dtClass_eICU %>%
mutate(Class=factor(Class,levels = 1:5,
labels = paste("Class",1:5))) %%
mutate(across(.cols =
c(Age,Weight ,HR.max,APACHEII ,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine),
scale)) %>%
pivot_longer(cols =
c(Age,Weight,HR.max,APACHEII,HR.max,BP.min,Temp.max,PH.min,
HCO3.min,LAC.max,BE.max,PF.min,PC02.max,Hct,P1t,RDWCV,Cre,Urine),

names_to = "Items",
values_to = "Scaled value") %>%
ggline(x = "Items", y = "Scaled value", add = "mean_ci",
color = "Class", palette = "lancet",

position=position_dodge(width = 0.2),
error.plot="errorbar")+
stat_compare_means(aes(group = Class), label = "p.signif",
label.y = laby_eICU)+
theme_pubr(x.text.angle=45)+
labs(x="")
#prediction in the eICU database for the DTR model
dtDTR_eICU <- dtClass_eICU %>%
dplyr::select(HR.max,BP.min,Temp.max,Class,Urine,Hct,PF.min,
PH.min,LAC.max,Age, Gender ,APACHEII, IntakeVol,OutputVol,Urine,Norepikq,
Cre,RDWCV,days,mort,patientunitstayid)
#prediction for optimal fluid infusion
dtoptFluid_eICU <- NULL
for (iii in 1:5) {
i1=c(0,1,2,3,7)[1ii]
bb=dtDTR_eICU %>%
mutate(intercept=1) %>%
dplyr::filter(days==ii) %>%
dplyr::select(intercept,HR.max,BP.min, Temp.max, Class,Urine, Hct,
PF.min, PH.min, LAC.max) %>% as.matrix()%*% outl$psi[[iii]][1:10]
aa=dtDTR_eICU %>%
mutate(intercept=1) %>%
dplyr::filter(days==ii) %>%
dplyr::select(intercept,HR.max,BP.min, Temp.max, Class,Urine, Hct,



PF.min, PH.min, LAC.max) %>% as.matrix()%*% outl$psi[[iii]][11:20]
dtoptFluid_eICU <- dtoptFluid_eICU %>%
bind_rows(
dtDTR_eICU %>% dplyr::filter(days==ii) %>%
bind_cols(
optFluid= if_else(exp(-bb/(2*aa))>5000,5000,
if_else(exp(-bb/(2*aa))<2000,2000,exp(-bb/(2*aa))))

}

for (iii in c(0,1,2,3,7)) {
dtll <- dtoptFluid_eICU %>%
dplyr::filter(days==1ii)
modeICU <- glm(hospitaldischargestatus~deltaFluid+I(deltaFluidA2),
dtill,
family = binomial)
assign(paste("plot_MortDelta_eICU",iii,sep = "_"),
visreg: :visreg(modeICU,
xvar ="deltaFluid",
scale = "response",gg=T)+
labs(x="Difference between Actual and Optimal fluid Intake (ml)",
y="Probability of Hospital Death",
title = paste("Day",iii,"(n =",
nrow(dt11),")",sep = " "))
D)
ks

#validation for vasopressor
dtoptEpi_eICU <- NULL
for (iii in 1:5) {
ii=c(0,1,2,3,7)[iii]
bb=dtDTR_eICU %>%
mutate(intercept=1) %>%
dplyr::filter(days==ii) %>%
dplyr::select(intercept,HR.max,BP.min, Temp.max, Class,Urine, Hct,
PF.min, PH.min, LAC.max) %>% as.matrix()%*% DTRmodVaso$psi[[iii]][1:10]
aa=dtDTR_eICU %>%
mutate(intercept=1) %>%
dplyr::filter(days==ii) %>%
dplyr::select(intercept,HR.max,BP.min, Temp.max, Class,Urine, Hct,
PF.min, PH.min, LAC.max) %>% as.matrix()%*% DTRmodVaso$psi[[iii]][11:20]
dtoptEpi_eICU <- dtoptEpi_eICU %>%
bind_rows(
dtDTR_eICU %>% dplyr::filter(days==ii) %>%
bind_cols(
optEpi= if_else(-bb/(2*aa)>1,1,
if_else(-bb/(2*aa)<0,0,-bb/(2*aa)))

}

modeICU <- glmChospitaldischargestatus~deltaEpi+I(deltaEpiAr2),
dtoptEpi_eICU,



family = binomial)
plot_Epi_eICU <-
visreg: :visreg(modeICU,
xvar ="deltaEpi",
scale = "response",gg=T)+
labs(x="Difference between Actual and Optimal Norepinephrine (mcg/kg/
min)",
y="Probability of Hospital Death"
D)
plot_eICUvalidation <- ggdraw() +
draw_plot(plot_Class_eICU, x=0,y=.7, width = 1, height = .3) +
draw_plot(plot_MortDelta_eICU_@Q, x=0,y=0.35, width =0.333, height = .35)
+
draw_plot(plot_MortDelta_eICU_1, x=0.333,y=0.35, width =0.333, height
.35)+
draw_plot(plot_MortDelta_eICU_2, x=0.666,y=0.35, width =0.333, height
.35)+
draw_plot(plot_MortDelta_eICU_3, x=
draw_plot(plot_MortDelta_eICU_7, x=
35)+
draw_plot(plot_Epi_eICU, x=0.666,y=0, width =0.333, height = .35)+
draw_plot_label(c("A", "B","C","D","E","F","G"),
x=c(0,0, 0.333,0.666,0,.333,.666),
y=c(1,.7, 0.7,0.7,0.35,.35,.35), size = 15)

,y=0, width =0.333, height = .35)+
.333,y=0, width =0.333, height =



