
CSHP SEM
INAR 2020 

1

Clinical Conundrum
s in  

Critically Ill Pediatric 
Patients

Christy Sm
ith, Pharm

D, BCPPS
Pediatric Clinical Pharm

acist
Lom

a Linda U
niversity Children’s H

ospital
Lom

a Linda, CA



D
ISCLO

SU
RE

C
h

risty S
m

ith
 h

a
s n

o
 co

n
flicts o

f in
te

re
st to

 d
isclo

se
.

CSHP SEM
INAR 2020 

2



LEARN
IN
G

O
BJECTIVES

•
D

iscu
ss se

d
a

tio
n

 m
a

n
a

g
e

m
e

n
t in

 th
e

 p
e

d
ia

tric in
te

n
sive

 ca
re

 u
n

it 

(P
IC

U
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•
Explore pharm

acotherapy options for m
anagem

ent of pediatric 
sepsis beyond the guidelines.
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SESSIO
N

O
U
TLIN

E

Sedation in the PICU

IV fluid m
anagem

ent

Adjuvant therapies in sepsis
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SEDATIO
N
IN

TH
E

PICU
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Q
uestion

W
hat m

edications should be used for sedation in 
critically ill children?



CSHP SEM
INAR 2020 

7

ICU
 LIBERATIO

N
IN
ITIATIVE

w
w

w
.sccm

.org/ICULiberation

“The Society of Critical Care M
edicine’s ICU liberation initiative aim

s 
to liberate patients from

 the harm
ful effects of pain, 

agitation/sedation, delirium
, im

m
obility, and sleep disruption

in the 
intensive care unit.”
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ICU
 LIBERATIO

N
B
U
N
D
LE

•
A

ssess, prevent, and m
anage pain

A
•

Both spontaneous aw
akening trials and 

spontaneous breathing trials
B

•
Choice of analgesia and sedation

C
•

D
elirium

: assess, prevent, and m
anage

D
•

Early m
obility and exercise

E
•

Fam
ily engagem

ent and em
pow

erm
ent

F
w

w
w

.sccm
.org/ICULiberation
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C
H
O
ICE

O
F
AN

ALG
ESIA

AN
D
SED

ATIO
N

w
w

w
.sccm

.org/ICULiberation
Devlin JW

, et al. CritCare M
ed 2018.

•
Use an assessm

ent-driven, protocol-based, stepw
ise approach for 

pain and sedation m
anagem

ent
o

In
clu

d
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r p
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n
d

 se
d

a
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n
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ssm
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n
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a
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d

 to
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id

e
s cle

a
r g

u
id

a
n

ce
 o

n
 m

e
d

ica
tio

n
 ch

o
ice

 a
n

d
 d

o
sin

g

o
M

a
ke

s treating pain a priority o
ve

r p
ro

v
id

in
g

 se
d

a
tive

s

§
U

se of analgesia-first
or analgesia-based sedation

to reach sedative goal
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C
H
O
ICE

O
F
AN

ALG
ESIA

AN
D
SED

ATIO
N

w
w

w.sccm
.org/ICULiberation

Devlin JW
, et al. CritCare M

ed 2018.
Sessler CN, et al. Am

 J Respir CritCare M
ed 2002.

•
M

a
in

ta
in

 lig
h

t le
ve

ls 
o

f se
d

a
tio

n

o
RA

SS goal of -2 to +1

Score
Term

Description

+4
Com

bative
O

vertly com
bative

or violent; im
m

ediate danger to staff

+3 
Very agitated

Pulls on or rem
oves tube(s) or catheter(s) or has aggressive behavior tow

ard staff

+2
A

gitated 
Frequent non-purposefulm

ovem
ent or patient-ventilator dyssynchrony

+1
Restless

A
nxious or apprehensive but m

ovem
ents

not aggressive or vigorous

0
A

lert and calm

-1
D

row
sy

N
ot fully alert,but has sustained (m

ore than 10 seconds) aw
akening, w

ith eye 
contact, to voice

-2
Light sedation

Briefly (less than 10 seconds)aw
akens w

ith eye contact to voice 

-3
M

oderate sedation
A

ny m
ovem

ent (but no eye contact)to voice

-4
D

eep sedation
N

o response
to voice, but any m

ovem
ent to physical stim

ulation

-5
U

narousable
N

o response to voice or physical stim
ulation

Richm
ond Agitation-Sedation Scale (RASS)
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C
H
O
ICE

O
F
AN

ALG
ESIA

AN
D
SED

ATIO
N

w
w

w
.sccm

.org/ICULiberation
Devlin JW

, et al. CritCare M
ed 2018.

•
Use of nonbenzodiazepines over benzodiazepines for sedation



Benzodiazepine choice
86%

 m
idazolam

12%
 lorazepam

O
p

io
id

 +
 

b
e

n
z
o

d
ia

z
e

p
in

e

O
p

io
id

 

a
lo

n
e

Opioid + 
dexm

edetom
idine

O
th

e
r

SEDATIO
N REGIM

ENS USED
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SED
ATIO

N
U
SE

IN
TH

E
PICU

•
Survey of 341 pediatric intensivists w

orldw
ide

o
27%

 w
ritten sedation protocols in place

93%
 as continuous infusion

80%
 as continuous infusion

O
pioid choice

66%
 fentanyl

28%
 m

orphine

KudchadkarSR, et al. CritCare M
ed. 2014.
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B
EN

ZO
D
IAZEPIN

ES
AN

D
N
EU

RO
TO

XICITY -

Developm
ental neurotoxicity of sedatives and anesthetics: A 

concern for neonatal and pediatric critical care m
edicine?

•
W

id
e

sp
re

a
d

 b
ra

in
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a
th
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se
rve
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m
, d
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p
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m
, ke
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m
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e

, p
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p
o
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h
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n
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b
a
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ita

l, p
e

n
to

b
a
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n

d
 ch
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ra

l 
h
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ra

te

•
B

e
n
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d
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p
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e
s a

n
d

 ke
ta

m
in

e
 fo

u
n

d
 to

 in
cre

a
se

 a
p

o
p

to
tic b

ra
in

 ce
ll d
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a

th
 

•
D

o
se

-re
sp

o
n

se
 a

n
d

 e
xp

o
su

re
 tim

e
 re

la
tio

n
sh

ip
 e

xists fo
r n

e
u

ro
lo

g
ic e

ve
n

ts

•
H

ig
h

 v
u

ln
e

ra
b

ility
 fro

m
 ~

2
0

 to
 4

0
 w

e
e

ks’ g
e

sta
tio

n
a

l a
g

e

Loepke AW
. PediatrCritCare M

ed 2010.
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Intravenous m
idazolam

 infusion for sedation in infants in 
the neonatal intensive care unit
•

N
o difference in m

ortality 
•

N
o difference in ventilator days, pneum

othorax, or supplem
ental 

oxygen use
•

Increased N
ICU

 LO
S w

ith m
idazolam

•
Higher incidence of adverse neurological events (death, grade III or IV 
intraventricular hem

orrhage, or periventricular leukom
alacia)

N
g E, et al. Cochrane Database Syst Rev 2017.

B
EN

ZO
D
IAZEPIN

ES
AN

D
N
EU

RO
LO

G
IC

EVEN
TS -
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Objective
To determ

ine and quantify risk factors for postoperative pediatric delirium

Study design
Single-center, prospective cohort study

Patient 
population

93 children adm
itted to the PICU after m

ajor elective surgery

Outcom
e

Association betw
een potential risk factors and delirium

 developm
ent

M
eyburg

J, et al. PediatrCritCare M
ed 2018.

R
isk

 fa
cto

rs fo
r th

e
 d

e
ve

lo
p

m
e

n
t o

f p
o

sto
p
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ra

tive
 d

e
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B
EN
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D
IAZEPIN

ES
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D
D
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M
-
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M

eyburg
J, et al. PediatrCritCare M

ed 2018.

R
isk

 fa
cto

rs fo
r th

e
 d

e
ve

lo
p

m
e

n
t o

f p
o

sto
p

e
ra

tive
 d

e
liriu

m
 in

 p
e

d
ia

tric 

in
te

n
sive

 ca
re

 p
a

tie
n

ts 

•
66%

 of patients experienced 
delirium

 (CA
PD

 >9)

•
33%

 of patients had delirium
 

that lasted several days

•
85%

 of patients <1 year of 
age had som

e degree of 
delirium

Drug (m
g/kg)

No Delirium
, 

M
ean ±

SD
M

ild Delirium
,

M
ean ±

SD
Severe Delirium

, 
M

ean ±
SD

p-Value
M

idazolam
2.1±3.4

6.7±11.4
21.5±28.5

< 0.001

Phenobarbital
1.1±3.3

4.7±8.7
20.4±27.7

< 0.001

Chloral hydrate
26±49

92±107
200±127

<
0.001

Fentanyl
0.012±0.016

0.025±0.022
0.043±0.032

<
0.001

Propofol
17±20

12±24
16±5

N
S

Ketam
ine

1.1±4.1
1.6±4.9

15.0±54.9
N

S

Etom
idate

0.10±0.45
0.06±0.10

0.20±0.48
N

S

M
orphine

0.08±0.20
0.30±0.56

0.68±1.62
N

S

Cum
ulative doses of select drugs in relation to delirium

 group
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M

eyburg
J, et al. PediatrCritCare M

ed 2018.

R
isk

 fa
cto

rs fo
r th

e
 d

e
ve

lo
p

m
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n
t o

f p
o

sto
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e
ra

tive
 d

e
liriu

m
 in

 p
e

d
ia

tric 

in
te

n
sive

 ca
re

 p
a

tie
n

ts 

Cum
ulative doses of selected drugs in relation to delirium

 group

0 5 10 15 20 25 30 35 40 45 50

M
idazolam

Fentanyl
Propofol

No Delirium
M

ild Delirium
Severe Delirium

P<0.001

p=0.013

mg/kg (midazolam & propofol); mcg/kg  (fentanyl)

p=0.05

P<0.001
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Objective
To determ

ine the tem
poral relationship of benzodiazepines and delirium

 developm
ent and 

to evaluate the association betw
een dosage of benzodiazepines and subsequent delirium

Study design
Retrospective observational study

Patient 
population

580 pediatric patients adm
itted to the PICU

Prim
ary 

outcom
e

D
evelopm

ent of delirium
 after benzodiazepine exposure, controlling 

for tim
e-varying covariates such as M

V
 and opioids

Secondary 
outcom

e
A

ssociation of benzodiazepine dose and delirium
 developm

ent

M
ody

K, et al. PediatrCritCare M
ed 2018.

B
e

n
zo

d
ia

ze
p

in
e

s a
n

d
 d

e
ve

lo
p

m
e

n
t o

f d
e

liriu
m

 in
 critica

lly
 ill ch

ild
re

n
: 

e
stim

a
tin

g
 th

e
 ca

u
sa

l e
ffe

ct
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M

ody
K, et al. PediatrCritCare M

ed 2018.

B
e

n
zo

d
ia

ze
p

in
e

s a
n

d
 d

e
ve

lo
p

m
e

n
t o

f d
e

liriu
m

 in
 critica

lly
 ill ch

ild
re

n
: 

e
stim

a
tin

g
 th

e
 ca

u
sa

l e
ffe

ct

•
D

elirium
 diagnosis w

as m
ade on 

21%
 of included days

•
H

ypoactive delirium
 m

ost 
com

m
on (52%

), follow
ed by 

m
ixed (39%

), and hyperactive 
(8%

)

Predictors of delirium
 in study cohort

Risk factor day
prior

M
ultivariable m

ixed effects m
odel

O
R (95%

 CI)
D

e
lirio

u
s

8
.1

6
(5

.6
7

, 1
1

.7
4

)

B
e

n
z
o

d
ia

z
e

p
in

e
2

.0
1

 (1
.3

9
,

2
.9

3
)

O
pioids

1.09 (0.75, 1.59)
M

e
c
h

a
n

ic
a

l
v

e
n

tila
tio

n
3

.9
2

 (2
.5

9
, 5

.9
2

)
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M

ody
K, et al. PediatrCritCare M

ed 2018.

B
e

n
zo

d
ia

ze
p

in
e

s a
n

d
 d

e
ve
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f d
e

liriu
m

 in
 critica

lly
 ill ch
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n
: 

e
stim

a
tin

g
 th

e
 ca

u
sa

l e
ffe

ct

A
fte

r co
n

tro
llin

g
 fo

r m
e

ch
a

n
ica

l 
ve

n
tila

tio
n

 a
n

d
 o

p
io

id
 e

xp
o

su
re

, 
b

e
n

zo
d

ia
ze

p
in

e
 e

xp
o

su
re

 
quadrupled

risk
 o

f su
b

se
q

u
e

n
t 

d
e

liriu
m

 d
e

ve
lo

p
m

e
n

t

W
ith

 e
ve

ry
 o

n
e

-lo
g

 in
cre

a
se

 in
 

b
e

n
zo

d
ia

ze
p

in
e

 d
o

sa
g

e
 

a
d

m
in

iste
re

d
, th

e
re

 w
a

s a
 43%

 
increase in

 risk
 fo

r d
e

liriu
m

 
d

e
ve

lo
p

m
e

n
t
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P
RO

PO
FO

L -

Is propofola friend or a foe of the pediatric intensivist? 
Description of propofoluse in a PICU
•

Average infusion rate: 45 m
cg/kg/hr(IQ

R 32 to 60 m
cg/kg/hr)

•
Average infusion duration: 10.3 hours (range 0.3 to 41.3 hours)

•
No incidence of propofol-related infusion syndrom

e (PRIS)
•

Lipem
ia: 4 patients (1.9%

); m
ild m

etabolic acidosis: 4 patients 
(1.9%

)

Koriyam
a H, et al. PediatrCritCare M

ed 2014.
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D
EXM

ED
ETO

M
ID
IN
E -

Dexm
edetom

idine for prolonged sedation in the PICU
: a system

atic 
review

 and m
eta-analysis

•
Dosing
•

M
in and m

ax infusion range: 0.1-0.5 m
cg to 0.3-2.5 m

cg/kg/hr
•

M
ean/m

edian infusion duration range: 25 to 540 hours
•

Use
•

Used w
ith opioids: 88%

, used w
ith benzodiazepines: 58%

,                   
m

onotherapy: 11%
                                                           

•
Safety
•

Bradycardia: 2.6%
, hypotension: 6.1%

•
W

ithdraw
al: 0-27%

, rebound effects: 0-24%

Daverio
M

, et al. PediatrCritCare M
ed 2020.

Adjuvant for 
drug sparing: 

39%

1
stline 

sedation: 
36%

2
ndline 

sedation: 
29%

Facilitation 
of 

extubation: 
21%

A
djuvant for 

analgesic &
 

sedation 
w

eaning: 
18%

A
djuvant for 
treatm

ent 
of 

w
ithdraw

al: 
7%

Indication for use:
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Objective
To evaluate dexm

edetom
idine

efficacy and safety w
hen used for 

prolonged sedation in critically ill patients

Study design
M

ulti-center, observational prospective study

Patient 
population

163 patients <18 years of age w
ho received dexm

edetom
idine

for ≥24 
hours in the PICU

Prim
ary outcom

e
Reduction of clinical score (CBS or W

AT-1) at 24 hours of dexm
edetom

idine
infusion

Secondary 
outcom

es
Reduction of CAPD at 24 hours of dexm

edetom
idine

infusion
Dose reduction of concom

itant analgosedation
drugs

Reduction in prevalence of w
ithdraw

al syndrom
e and delirium

Successful extubation

Safety outcom
es

Presence of bradycardia, hypotension, hypertension
Presence of w

ithdraw
al w

ithin 24 hours of discontinuation

Sperotto, et al. PediatrCritCare M
ed 2020.

E
ffica

cy
 a

n
d

 sa
fe

ty
 o

f d
e

xm
e

d
e

to
m

id
in

e
fo

r p
ro

lo
n

g
e

d
 se

d
a

tio
n

 in
 th

e
 

P
IC

U
: a

 p
ro

sp
e

ctive
 m

u
ltice

n
te

r stu
d

y



Drug 
sparing 

adjuvant

W
ithdraw

al syndrom
e 

adjuvant 

Prim
ary 

sedation

W
ithdraw

al 
prophylaxis

Analgosedation 
failure

Facilitation of 
extubation

Delirium
 treatm

ent

Primary indication

CSHP SEM
INAR 2020 

Sperotto, et al. PediatrCritCare M
ed 2020.

E
ffica

cy
 a

n
d

 sa
fe

ty
 o

f d
e

xm
e

d
e

to
m

id
in

e
fo

r p
ro

lo
n

g
e

d
 se

d
a

tio
n

 in
 th

e
 

P
IC

U
: a

 p
ro

sp
e

ctive
 m

u
ltice

n
te

r stu
d

y

•
U

se
o

W
ith opioid: 80%

o
W

ith benzodiazepine: 61%
o

M
onotherapy: 14%

•
D

o
sin

g
o

M
edian m

in and m
ax dose: 0.4 

and 0.8 m
cg/kg/hr

o
M

edian duration: 108 hours
o

85%
 w

eaned off over a m
edian 

of 36 hours
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Sperotto, et al. PediatrCritCare M

ed 2020.

E
ffica

cy
 a

n
d

 sa
fe

ty
 o

f d
e

xm
e

d
e

to
m

id
in

e
fo

r p
ro

lo
n

g
e

d
 se

d
a

tio
n

 in
 th

e
 

P
IC

U
: a

 p
ro

sp
e

ctive
 m

u
ltice

n
te

r stu
d

y

M
e

d
ia

n
 p

o
in

t reduction
a

fte
r 2

4
 

h
o

u
rs o

f d
e

xm
e

d
e

to
m

id
in

e
-

CBS:
5

 p
o

in
ts (p

<
0

.0
0

1
)

W
AT-1:

2
 p

o
in

ts (p
<

0
.0

0
1

)

CAPD:
8

 p
o

in
ts (p

=
0

.0
2

7
)

Doses
o

f co
n

co
m

ita
n

t 

b
e

n
zo

d
ia

ze
p

in
e

s, o
p

io
id

s, 

p
ro

p
o

fo
l, a

n
d

 ke
ta

m
in

e
 

significantly decreased 

W
ith

d
ra

w
a

l sy
n

d
ro

m
e

 

decreased from
 19 to 2%

 a
fte

r 

d
e

xm
e

d
e

to
m

id
in

e
in

itia
tio

n
 

(p
<

0
.0

0
1

)
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Sperotto, et al. PediatrCritCare M

ed 2020.

E
ffica

cy
 a

n
d

 sa
fe

ty
 o

f d
e

xm
e

d
e

to
m

id
in

e
fo

r p
ro

lo
n

g
e

d
 se

d
a

tio
n

 in
 th

e
 

P
IC

U
: a

 p
ro

sp
e

ctive
 m

u
ltice

n
te

r stu
d

y

Before and after graph of CBS and W
AT-1 Values

A
d

v
e

rs
e

 E
v

e
n

ts

T
o

ta
l 

(n
=

 1
6

3
)

N
o

t R
e

q
u

irin
g

In
te

rv
e

n
tio

n
 

(n
 =

 4
7

)

R
e

q
u

irin
g

In
te

rv
e

n
tio

n
 

(n
 =

 1
4

)

Bradycardia, n (%
)

45 (27)
37 (23)

8 (5)
Hypotension

18 (11)
10 (6)

8 (5)
Hypertension

3 (2)
2 (1)

1
(1)

W
ithdraw

al
0

0
0

U
se of loading dose (O

R 4.8) 
and doses >1.2 m

cg/kg/hr
(O

R 5.4) increase odds of 
hem

odynam
ic changes
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C
LIN

ICAL E
FFECTS

O
F SED

ATIVE
A
G
EN

TS -

Joseph A. J Em
erg

CritCare M
ed 2018.

LongroisD, et al. M
ultidiscip

Resp M
ed 2014.

Sedation
A

nalgesia
A

nxiolysis
N

atural sleep 
prom

otion
D

elirium
 

reduction

O
pioids

+
+++

Dexm
edetom

idine
++

++
+

+
++

Benzodiazepines
+++

+

Propofol
+++
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A
D
VERSE

E
FFECTS

O
F SED

ATIVE
A
G
EN

TS -

w
w

w
.sccm

.org/iculiberation
Devlin JW

, et al. CritCare M
ed 2010.

Respiratory 
depression

H
ypotension

Bradycardia
O

ther

O
pioids

+
+

+

Dexm
edetom

idine
+

+

Benzodiazepines
+

+
Lorazepam

: propylene 
glycol toxicity

Propofol
+

+
+

↑
TG

→
 pancreatitis

PRIS >67 m
cg/kg/m

in, 
>48 hours



CSHP SEM
INAR 2020 

29

C
O
ST

O
F SED

ATIVE
A
G
EN

TS -

Dasta
JF, et al. Crit Care M

ed 2010.

20 kg patient

Agent
Rate

Daily Cost
M

orphine
0.1 m

g/kg/hr
$6

Fentanyl
1 m

cg/kg/hr
$3

H
ydrom

orphone
15 m

cg/kg/hr
$4

D
exm

edetom
idine

1 m
cg/kg/hr

$10

Propofol
50 m

cg/kg/hr
$2

M
idazolam

0.1 m
g/kg/hr

$8

Sedation w
ith 

dexm
edetom

dine
(vs. 

m
idazolam

) associated 
w

ith a m
edian total cost 

savings of $9679 due to 
decreased ICU stay and 

M
V costs

*Based on daily acquisition cost at Lom
a Linda U

niversity Children’s H
ospital as of June 15, 

2020
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IN
SU

M
M
ARY …

•
Benzodiazepines are associated w

ith neurotoxicity, poor neurologic outcom
es, and delirium

.
•

Dexm
edetom

idine im
proves sedation scores, spares the use of opioids and sedatives, and 

attenuates w
ithdraw

al and delirium
 sym

ptom
s, w

ith a sm
all risk of adverse events.

W
hat w

e know

•
Can propofolat higher doses, longer durations, and as repeated infusions be used safely for 
sedation?

•
Is the use of non-benzodiazepine sedation (i.e. dexm

edetom
idine) associated w

ith im
proved 

m
ortality, PICU &

 hospital LO
S, and long-term

 outcom
es in pediatric ICU patients?

•
W

hat is the ideal sedative for use in the general PICU population, as w
ell as other select 

patient populations (e.g. cardiac disease, neonates, etc.)?

W
hat w

e do not know
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IV FLU
ID

M
AN

AG
EM

EN
T
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Q
uestion

W
hat type of IV fluids should be provided for 

resuscitation and m
aintenance to critically ill children?
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P
H
ASES

O
F FLU

ID
T
H
ERAPY

Resuscitative 
Phase

Goal: re
sto

re
 

a
d

e
q

u
a

te
 

tissu
e

 
p

e
rfu

sio
n

 a
n

d
 

p
re

ve
n

t o
r 

m
itig

a
te

 e
n

d
-

o
rg

a
n

 in
ju

ry

Titration 
Phase

Goal: a
sse

ss 
flu

id
 lo

sse
s

M
aintenance 

Phase

Goal: a
ch

ie
ve

 
h

o
m

e
o

sta
tic 

b
a

la
n

ce
 

b
e

tw
e

e
n

 
n

e
e

d
s a

n
d

 
lo

sse
s

Convalescent 
Phase

Goal: 
m

a
in

ta
in

 
in

trin
sic flu

id
 

re
g

u
la

tio
n

Feld G
L, et al. Pediatrics

2018.    
H

oste
EA

, et al. Br J Anaesth. 2014.
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C
O
M
PO

SITIO
N
O
F C

O
M
M
ERCIALLY

A
VAILABLE

C
RYSTALLO

ID
SO

LU
TIO

N
S

Feld G
L, et al. Pediatrics

2018.    

Evidence quality: A
Strength: strong

Fluid
Glucose,

g/dL
Sodium

 
Chloride

Potassium
, 

m
Eq/L

Calcium
M

agnesium
Buffer

Osm
olarity,* 

m
Osm

/L

Hum
an Plasm

a
0.07-
0.11

135-145
95-105

3.5-5.3
4.4-5.2

1.6-2.4
23-30 

bicarbonate
275-295

Hypotonicsolutions

D
5 0.2%

 N
aCl

5
34

34
0

0
0

0
78

D
5 0.45%

 N
aCl

5
77

77
0

0
0

0
154

Isotonic and/or near-isotonic solutions

D
5 0.9%

 N
aCl

5
154

154
0

0
0

0
308

D
5 lactated

Ringer
5

130
109

4
3

0
28 lactate

273

Plasm
aLyte

0
140

98
5

0
3

27 acetate
23 gluconate

294

*O
sm

olarity
excludes the dextrose in the solution because dextrose is rapidly m

etabolized on infusion



increased risk of 
hyponatrem

ia w
hen hypotonic 

fluids are given     
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H
YPO

N
ATREM

IA
IN

A
CU

TE
ILLN

ESS

A
rginine vasopressin (AV

P) excess 
can im

pair free-w
ater excretion

Feld GL, et al. Pediatrics2018.  
M

oritz M
L, et al. N EnglJ M

ed. 2015.  

N
o

n
-o

s
m

o
tic

 s
ta

te
s
 o

f A
V

P
 e

x
c
e

s
s

Hemodynamic stimuli

Volum
e depletion

Hypotension
Congestive heart failure
Cirrhosis
Nephrotic syndrom

e
Adrenal insufficiency

Nonhemodynamic stimuli
Pain and stress
Nausea and vom

iting
Hypoxem

ia and 
hypercapnia
Hypoglycem

ia
M

edications
Perioperative state
Inflam

m
ation

Cancer
Pulm

onary disease
CNS disease



General 
W

ard = 
8

ICU = 6
Surgical 

= 7
M

edical 
= 4
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Feld G

L, et al. Pediatrics. 2018.

1
7

 R
C

Ts 

2
4

5
5

 p
a

tie
n

ts

Both = 3

Both = 4

A
M
ERICAN

A
CADEM

Y
O
F P

EDIATRICS C
LIN

ICAL P
RACTICE

G
U
IDELIN

E : M
AIN

TEN
AN

CE
IN
TRAVEN

O
U
S FLU

IDS
IN

C
H
ILDREN

Included patient populations-

Hypotonic vs. isotonic IV fluids
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Feld G

L, et al. Pediatrics
2018.    

Evidence quality: A
Strength: strong

Exclusions
Neurosurgical disorders

Congenital or acquired cardiac disease

Hepatic disease

Renal dysfunction

Cancer

Diabetes insipidus

Volum
inous w

atery diarrhea

Severe burns

NICU patients

<28 days or >18 years old
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Feld G

L, et al. Pediatrics
2018.    

Evidence quality: A
Strength: strong

A
N
ALYSIS

O
F A

LL IN
CLU

D
ED

RCTS -

E
stim

a
te

d
 relative risk o

f d
e

ve
lo

p
in

g
 

h
yp

o
n

a
tre

m
ia

 w
ith

 iso
to

n
ic flu

id
s 

= 0.46 (9
5

%
 C

I 0
.3

7
-0

.5
7

)
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A
M
ERICAN

A
CAD

EM
Y
O
F P

ED
IATRICS R

ECO
M
M
EN

D
ATIO

N

Feld G
L, et al. Pediatrics

2018.    

Patients 28 days to 18 years of age 
requiring m

aintenance IVFs should receive 
isotonic solution w

ith appropriate 
potassium

 chloride and dextrose because 
they significantly decrease the risk of 

developing hyponatrem
ia. 

Evidence quality: A
Strength: strong
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Feld G

L, et al. Pediatrics
2018.    

Evidence quality: A
Strength: strong

Benefits
•

M
ore physiologic fluid

•
Less hyponatrem

ia

Risks
•

H
ypernatrem

ia
•

Fluid overload
•

H
ypertension

•
H

yperchlorem
ic 

m
etabolic acidosis

•
A

cute kidney injury
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C
O
M
PO

SITIO
N
O
F C

O
M
M
ERCIALLY

A
VAILABLE

C
RYSTALLO

ID
SO

LU
TIO

N
S

Feld G
L, et al. Pediatrics

2018.    

Evidence quality: A
Strength: strong

Fluid
Glucose,

g/dL
Sodium

 
Chloride

Potassium
, 

m
Eq/L

Calcium
M

agnesium
Buffer

Osm
olarity,* 

m
Osm

/L

Hum
an Plasm

a
0.07-
0.11

135-145
95-105

3.5-5.3
4.4-5.2

1.6-2.4
23-30 

bicarbonate
275-295

Hypotonicsolutions

D
5 0.2%

 N
aCl

5
34

34
0

0
0

0
78

D
5 0.45%

 N
aCl

5
77

77
0

0
0

0
154

Isotonic and/or near-isotonic solutions

D
5 0.9%

 N
aCl

5
154

154
0

0
0

0
308

D
5 lactated

Ringer
5

130
109

4
3

0
28 lactate

273

Plasm
aLyte

0
140

98
5

0
3

27 acetate
23 gluconate

294

*O
sm

olarity
excludes the dextrose in the solution because dextrose is rapidly m

etabolized on infusion
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H
YPERCH

LO
REM

IA
O
U
TCO

M
ES

IN
TH

E
PICU

•
In patients w

ith septic shock-
o

M
inim

um
 Cl ≥110 m

m
ol/L 

associated w
ith ↑

 risk of 
com

plicated course and
m

ortality

o
M

ean Cl ≥110 m
m

ol/L associated 
w

ith ↑
 risk of m

ortality

•
In patients requiring RRT-
o

Patients w
ith hyperchlorem

ia
m

ore 
likely to be fluid overloaded 
(p=0.04)

o
M

ortality, days intubated, tim
e on 

RRT, and hospital LO
S all 

significantly higher in those w
ith 

hyperchlorem
ia

o
H

yperchlorem
ia associated w

ith 
10.9 tim

es greater odds of death

N
eyra

JA
, et al. CritCare M

ed. 2015.
Stenson

EK, et al. PediatrCritCare M
ed. 2018.

Yunos
N

M
, et al. Intensive Care M

ed. 2015.
Barhight

M
F, et al. PediatrNephrol. 2018.
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Sem

ler
M

W
, et al. Am

 J RespirCritCare M
ed. 2019.

Effect of Balanced Crystalloids vs. Saline on M
ortality A

m
ong Critically Ill A

dults

ISO
TO

N
IC

FLU
ID

C
H
O
ICE -

Study
Individuals, n

Balanced       Saline
Events, n (%

)
Balanced         Saline

O
R (95%

 CI)

SPLIT
1152

1110
78 (7.6)

95 (8.6)
0.88 (0.65-1.19)

SA
LT

520
454

72 (13.8)
68 (15.0)

0.91 (0.64-1.30)

SA
LT-ED

6708
6639

94 (1.4)
102 (1.5)

0.89 (0.67-1.18)

SM
A

RT
7942

7860
818 (10.3)

875 (11.1)
0.90 (0.80-1.01)

Results favor the use of balanced fluids (not statistically significant).
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Objective
To test the hypothesis that resuscitation w

ith balanced fluids is associated 
w

ith im
proved outcom

es com
pared w

ith norm
al saline in pediatric sepsis

Study design
M

atched m
ulticenter retrospective cohort study

Com
parison

NS vs. LR 

Patient 
population

12,529 pediatric patients w
ith 

severe sepsis or septic shock 
Only NS: 10,379 patients
Any LR: 2117 patients

Prim
ary outcom

e
All-cause 30-day hospital m

ortality

Secondary 
outcom

es
AKI, PICU LOS, hospital LOS

W
eiss SL, et al. J Pediatr. 2017.

C
rysta

llo
id

 flu
id

 ch
o

ice
 a

n
d

 clin
ica

l o
u

tco
m

e
s in

 p
e

d
ia

tric se
p

sis: a
 

m
a

tch
e

d
 re

tro
sp

e
ctive

 co
h

o
rt stu

d
y
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Prim
ary Outcom

e-

No difference in m
ortality 

b
e

tw
e

e
n

 th
e

 LR
-a

n
y a

n
d

 LR
-

o
n

ly vs. N
S

 g
ro

u
p

 (p
=

0
.2

0
)W
eiss SL, et al. J Pediatr. 2017.

C
rysta

llo
id

 flu
id

 ch
o

ice
 a

n
d

 clin
ica

l o
u

tco
m

e
s in

 p
e

d
ia

tric se
p

sis: a
 

m
a

tch
e

d
 re

tro
sp

e
ctive

 co
h

o
rt stu

d
ySecondary Outcom

es-

N
o

 d
iffe

re
n

ce
 in

 A
K

I a
n

d
 P

IC
U

 LO
S

G
re

a
te

r h
o

sp
ita

l LO
S

 in
 LR

-a
n

y 

(p
<

0
.0

0
1

) a
n

d
 LR

-o
n

ly g
ro

u
p

s 

(p
=

0
.0

1
) vs. N

S
 g

ro
u

p
N

o difference w
hen m

atching stratified 
by volum

e and proportionate LR 
utilization
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Objective
To evaluate outcom

es in patients receiving balanced fluids (BF) for resuscitation 
in pediatric severe sepsis

Study design
M

atched m
ulticenter retrospective cohort study

Com
parison

NS vs. BF

Patient 
population

36,908 pediatric patients w
ith 

severe sepsis
24h-O

nly N
S: 30,166 pts; only BF: 2398 pts

72h-O
nly N

S: 27,973 pts; only BF: 1,641 pts

Prim
ary outcom

e
In-hospital m

ortality

Secondary 
outcom

es
AKI, use of CRRT, hospital LOS, PICU LOS, vasoactive infusion days

Em
rath

ET, et al. CritCare M
ed. 2017.

R
e

su
scita

tio
n

 w
ith

 b
a

la
n

ce
d

 flu
id

s is a
sso

cia
te

d
 w

ith
 im

p
ro

ve
d

 su
rv

iva
l in

 

p
e

d
ia

tric se
ve

re
 se

p
sis
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Em

rath
ET, et al. CritCare M

ed. 2017.

R
e

su
scita

tio
n

 w
ith

 b
a

la
n

ce
d

 flu
id

s is a
sso

cia
te

d
 w

ith
 im

p
ro

ve
d

 su
rv

iva
l in

 

p
e

d
ia

tric se
ve

re
 se

p
sis

Propensity-m
atched outcom

es for 24-hour fluid groups-

•
P

a
tie

n
ts w

h
o

 re
ce

ive
d

 o
n

ly
 b

a
la

n
ce

d
 flu

id
s h

a
d

o
Longer hospital and PICU LOS (2

2
 v

s. 1
8

.6
 d

a
ys; 8

.4
 v

s. 7
.5

 d
a

ys, 

p
<

0
.0

0
1

)

o
Low

er m
ortality (1

3
.4

 v
s. 1

5
.5

%
, p

 =
 0

.0
5

1
)

o
N

o
 sig

n
ifica

n
t d

iffe
re

n
ce

 in
 va

so
a

ctive
 in

fu
sio

n
 d

a
ys, A

K
I, o

r C
R

R
T
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Em

rath
ET, et al. CritCare M

ed. 2017.

R
e

su
scita

tio
n

 w
ith

 b
a

la
n

ce
d

 flu
id

s is a
sso

cia
te

d
 w

ith
 im

p
ro

ve
d

 su
rv

iva
l in

 

p
e

d
ia

tric se
ve

re
 se

p
sis

Propensity-m
atched outcom

es for 72-hour fluid groups-

•
P

a
tie

n
ts w

h
o

 re
ce

ive
d

 o
n

ly
 b

a
la

n
ce

d
 flu

id
s h

a
d

 

o
Longer hospital LOS (2

1
 v

s. 1
8

.1
 d

a
ys, p

<
0

.0
0

1
)

o
Few

er vasoactive infusion days (3
 v

s. 3
.3

 d
a

ys, p
 <

 0
.0

0
1

) 

o
Low

er incidence of AKI (1
6

 v
s. 1

9
.2

%
, p

 =
 0

.0
2

8
) 

o
Low

er m
ortality (1

2
.5

 v
s. 1

5
.9

%
, p

=
0

.0
0

7
)

o
N

o
 sig

n
ifica

n
t d

iffe
re

n
ce

 in
 P

IC
U

 LO
S

 o
r C

R
R

T
 u

se
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IN
SU

M
M
ARY …

•
Isotonic IVFs help decrease the risk of hyponatrem

ia. 
•

Hyperchlorem
ia is associated w

ith poor renal outcom
es, com

plicated course, and 
m

ortality.

W
hat w

e know

•
W

ill increased use of 0.9%
 NaCl for m

aintenance IVFs increase the incidence of 
hyperchlorem

ic m
etabolic acidosis?

•
Are isotonic-balanced fluids for resuscitation associated w

ith im
proved outcom

es in 
pediatric ICU patients?

•
W

hat is the ideal IVF for use in select populations (i.e. cardiac disease, neonates, 
post-operative, burns)?

W
hat w

e do not know
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A
DJU

VAN
T

T
H
ERAPIES

IN
SEPSIS

H
YD

RO
CO

RTISO
N
E

A
SCO

RBIC
A
CID

T
H
IAM

IN
E
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R
O
LE

O
F A

SCO
RBIC

ACID , T
H
IAM

IN
E , AN

D
H
YD

RO
CO

RTISO
N
E
IN

SEPSIS

M
arik

PE. Nutrients 2018.

Ascorbic acid and thiam
ine 

are antioxidants that 
scavenge free radicals and 

protect from
 oxidative stress

Ascorbic acid and 
hydrocortisone decrease 

the release of 
proinflam

m
atory

m
ediators

Ascorbic acid and 
hydrocortisone 

increase adrenergic 
receptor function

Ascorbic acid and 
thiam

ine restore and 
im

prove cellular ATP 
production

Ascorbic acid and 
hydrocortisone 

restore endothelial 
tight junctions
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Hydrocortisone, vitam
in C, and thiam

ine for the treatm
ent of 

severe sepsis and septic shock

•
H

ospital m
ortality = 8.5%

 in treatm
ent group vs. 40.4%

 in control group (p < 0.001)
•

Propensity adjusted odds of m
ortality w

ith H
AT therapy w

as 0.13 (p = 0.002)
•

SO
FA

 scores decreased in all treated 
•

Vasopressors w
ere w

eaned off a m
ean of 18.3 hours after starting treatm

ent 
com

pared to 54.9 in the control group (p < 0.001)

M
arik

PE, et al. Chest 2017.

H
AT T

H
ERAPY

IN
SEPSIS -
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Hypothesis
Children receiving HAT therapy w

ould have decreased m
ortality w

hen 
com

pared w
ith sim

ilar patients not receiving the treatm
ent

Study design
Retrospective, propensity score-m

atched cohort study

Com
parison

HAT therapy vs. no treatm
ent

HAT therapy vs. hydrocortisone only
Patient 
population

557 pediatric patients w
ith septic 

shock
33 control patients
181 hydrocortisone-only
43 HAT therapy

Prim
ary outcom

e
30-day m

ortality

Secondary 
outcom

es
Vasoactive inotrope-free days, hospital free days, 90-day m

ortality

W
ad EL, et al. Am

 J RespirCritCare M
ed. 2020.

H
yd

ro
co

rtiso
n

e
-a

sco
rb

ic a
cid

-th
ia

m
in

e
 u

se
 a

sso
cia

te
d

 w
ith

 lo
w

e
r 

m
o

rta
lity

 in
 p

e
d

ia
tric se

p
tic sh

o
ck
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W

ad EL, et al. Am
 J RespirCritCare M

ed. 2020.

H
yd

ro
co

rtiso
n

e
-a

sco
rb

ic a
cid

-th
ia

m
in

e
 u

se
 a

sso
cia

te
d

 w
ith

 lo
w

e
r 

m
o

rta
lity

 in
 p

e
d

ia
tric se

p
tic sh

o
ck

M
atched patientoutcom

es
Controls
(n=33)

Hydrocortisone-only 
therapy (n = 181)

HAT Therapy
(n= 43)

Vasoactive inotrope-free
days at 30 

d, m
edian (IQ

R)
25 (2-28)

27 (11-28)
26 (22-28)

H
ospital-free

days at 30 d, m
edian 

(IQ
R)

2 (0-15)
0 (0-16)

0 (0-11)

M
ortality at 30 d,n (%

)
12 (28)

13 (30)
4 (9)*

M
ortality at 90 d, n (%

)
15 (35)

16 (37)
6 (14)*

*p < 0.05
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3
0

-d
a

y
 su

rv
iva

l:

78 %
 untreated controls 

70%
  hydrocortisone-only 

91%
  HAT therapy 

U
se

 o
f H

A
T

 th
e

ra
p

y
 in

d
e

p
e

n
d

e
n

tly
 

a
sso

cia
te

d
 w

ith
 a

 30%
 decrease in 

risk of m
ortality (H

R
 0

.3
, C

I 0
.1

-0
.9

)

W
ad EL, et al. Am

 J RespirCritCare M
ed. 2020.

H
yd

ro
co

rtiso
n

e
-a

sco
rb

ic a
cid

-th
ia

m
in

e
 u

se
 a

sso
cia

te
d

 w
ith

 lo
w

e
r 

m
o

rta
lity

 in
 p

e
d

ia
tric se

p
tic sh

o
ck
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W
e suggest against using IV hydrocortisone to treat children w

ith septic shock if 
adequate fluid resuscitation and vasopressor therapy are used to restore hem

odynam
ic 

stability.

W
e suggest that either IV hydrocortisone or no hydrocortisone m

ay be used if adequate 
fluid resuscitation and vasopressor therapy are not able to restore hem

odynam
ic 

stability. 
W

e suggest against the use of ascorbic acid in the treatm
ent of children w

ith septic 
shock or other sepsis-associated organ dysfunction.

W
e suggest against the use of thiam

ine to treat children w
ith sepsis-associated organ 

dysfunction.

W
eiss, et al. PediatrCritCare M

ed 2020.



CSHP SEM
INAR 2020 

57

IN
SU

M
M
ARY …

•
Corticosteroids increase shock reversal and decrease organ dysfunction in 
sepsis, but also increase the risk of hypernatrem

ia and hyperglycem
ia.

W
hat w

e know

•
Are hydrocortisone, ascorbic acid, and thiam

ine, adm
inistered alone or 

together, associated w
ith im

proved outcom
es in pediatric patients w

ith sepsis 
and septic shock?

•
W

hat is the optim
al dose and duration of these m

edications, w
hen used in 

patients w
ith sepsis?

W
hat w

e do not know
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