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What is a Clinical Pathway? e

An evidence-based guideline that decreases unnecessary variation and helps promote
safe, effective, and consistent patient care.



Objectives of Pathway

Early recognition and appropriate care for suspected shunt infection patients
Decrease unnecessary antibiotic usage

Ensure appropriate lab tests are ordered for suspected shunt infection
Ensure appropriate antibiotic initiation in the emergency department

Ensure timely surgical interventions

Ensure appropriate adjustment of antibiotics post operatively in consultation with
Infectious Disease physicians
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Why is Pathway Necessary? s

* The goal of this pathway is to standardize care, improve outcomes and reduce cost.
« Recognizes and initiates early intervention and care for patients improving outcomes



Background s

Effectiveness of a clinical pathway for patients with cerebrospinal fluid shunt
malfunction:

« Patients with CSF shunts often present to the emergency department (ED) with suspected
shunt malfunction. Timely assessment and treatment are important factors affecting patient
outcomes. A protocol was implemented at a tertiary children's hospital ED to expedite the care
of these patients. This study evaluated the effectiveness of this protocol. Effectiveness of a
clinical pathway for patients with cerebrospinal fluid shunt malfunction:.

« Clinically, more patients underwent surgery in the expedited pathway than the default pathway
(36% vs 17%), and patients in the expedited pathway had a shorter hospital stay (3.4 = 0.9
days vs 5.7 =+ 4.0 days; p = 0.02).An ED-based protocol helped identify patients at risk for
shunt failure early in the triage process and shortened the assessment process prior to
neurosurgical intervention. Improving the timeliness of care for patients with shunt failure is
important because morbidity and mortality associated with shunt failure are time dependent.
Effectiveness of a clinical pathway for patients with cerebrospinal fluid shunt malfunction:
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CLINICAL PATHWAY: St e
AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE GLINICAL
JUDGMENT.

IRisk Factors for
Shunt Infection
e Shunt

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of
>1 risk factors for shunt infection’
Exclusion Criteria: alternative source for fever identified

v surgery
Notify Neurosurgery (NSG) attending at first suspicion of shunt infection rge
TRIAGE: within
«  Vital signs q1hr then g2hr when more stable: temperature, BP, HR, RR, O2 sat, neuro check previous 6
«  Weight, head circumference (for <12 month old) months
N o . Clinical signs
. Place on continuous CR monitoring of infection
*Notify y attending i ion or depressed LOC is noted* o
Obtain detailed history/initial exam: See Appendix A. ;’;‘:”r‘;""g
INITIAL MANAGEMENT: hardware
bss including
e CBCw diff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture skin erosion,
«  Shunttap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture f:c"::::al
Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non-programmable drainage or
shunt (if not documented in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of Shunt Valves) abdominal
o If programmable shunt s present: prior to ordering MRI, please ensure a gery provider is able to the shunt pseudocyst
within 24 hours of imaging. Make MRI aware that patient has a programmable shunt. *  Clinical signs
©  If MRI not available: CT head without comrast of meningitis
o Ifsuspected i or limited of abdomen ¢ Noother
«  Iflarge or complex pseudocyst: CT of the abdomen with contrast obvious
ibiotics and Fluid: source of
«  Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ll-appearing/septic):
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND
6 Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; 252 shunt.
weeks PMA*/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div q6hr; 12 yrs old: 60 mg/kg/day div g8hr (max 3 infection
g/day)
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age + postnatal age

 Definition of

v
Pre-Op: Admi 1o PICU on Neurosurgery service (

*  OR case request for externalization (Neurosurgery to obtain consent for <1 year of age)

AKiis defined by having either:

This is the Suspected Shunt Infection
Clinical Pathway L et e s = S—

Post-Op: admit back to PICU . is unknown,  using the
*  EVD/externalized shunt parameters per surgeon; follow post-op care Schwartz Calculation (baseline creatinine= (0413  height cm)/
below 120 GFR). For patients with Chronic Kidney Disease (CKD), use
the CKiD U25 Calculator.

We will be reviewing each component in

Labs: If acute kidney injury’: Avoid NSAIDS or discuss with OT/PT: activity to
. . include OOB with
e Consult e CSFstudies: cell count and Nephrology for approval. e Maintenance IVF EVD clamped for
e O OWI S I e S Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose g6hr (max 30 mg/dose) | |e NS 1:1 replacement ampy
I l . ! > therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output St and
o Continue empiric| |s  IfCSF culture positive, repeat o 6hours after last toradol dose, start Medications: el
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max Ondansetron 0.1 Clomoin s
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is me/kg/dose aghr ||, ping
Ceftazidime) x24 | |s  If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF . Acetaminophen IV 15 mg/kg/dose qéhr ATC for 24 PRN nausea/ P!
" ) n boots for DVT
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
per ID recs blood, urine and respiratory After 24 hours of IV acetaminophen, switch |[¢  Polyethylene ":" per nosp!
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose q6hr glycol 17gdaiyor ||, Po %
based on culture Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
y o . = N P spirometer or
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation
recs ° ; ) ; " ) bubbles for
If>5 day antibiotics | |s  Vitals Lhr if unstable; g2hr in acetaminophen for infants. +  Docusate sodium telectasis/PNA
expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation
[ I I ]
If CSF clture i positive,discusstiming of shunt replacement and duration of antbiotcs with NS and ID based on cinica tatus, type of oganism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. Ifstil present, will consider alternate site if possible.
Post-0
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, [Telfa to i icular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
Discharge Instructions/Me: ol
o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi pain, PO: 15 mg/kg/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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and/or presence of 21 risk factors for shunt infection
Exclusion Criteria: alternative source for fever identified

CLINICAL PATHWAY:

Ciemmantasd Mativwansiwa [N

Indlusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment

unt infection"
source for fever identified

partment physician based on clinical §

LShunt Infection

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

v

Pl
oY YTNSGT =ttending at first suspicion of shunt infection

TRIAGE:

Notify Neurosurgery attending at first suspicion of shunt infection
TRIAGE:
° Vital signs glhr then q2hr when more stable: temperature, BP, HR, RR, O2 sat, neuro check
° Weight, head circumference (for <12 month old)
° Place on continuous CR monitoring

Obtain detailed history/initial exam: See Appendix A.

*Notify Neurosurgery attending immediately if bradycardia, hypertension or depressed LOC is noted *

), RR, 02 sat, neuro check

lexam: See Appendix A.
ENT:

he culture
ram stain, aerobic culture and

imaging modality if confirmati
endix B: Radiographic Appea
se ensure a Neurosurgery proj
a programmable shunt.

d ultrasound of abdomen

ne culture, and CSF culture, i

Inclusion criteria:
» Clinical suspicion of shunt infection and/or
» At least 1 risk factor for shunt infection
o See risk factors box
o New for 2024: “previous shunt infection” has been

added as a risk factor for current shunt infection

Neurosurgery attending should be notified as soon as
a shunt infection is suspected.

o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND
©  Vancomycin IV: <52 weeks PMA/about <3 mo old: 15 mg/kg g8hr or as determined by p}
weeks PMA/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div q6hr; 2

g/day)

NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)

*PMA (Post-Menstrual Age) = gestational age + postnatal age

v
Pre-Opz Admit to PICU on Neurosurgery service

OR)
Continuous CR

OR case request for externalization (Neurosurgery to obtain co

ing (close monitoring for

Continue NPO and IVF

Post-Op: admit back to PICU
EVD/externalized shunt parameters per surgeon; follow post-of

below
] 1
:

Labs:

Consult . CSF studies: cell count and
Infectious culture to lab per

Disease (ID)
Continue empiric | |o
antibiotics
(Vancomycin and
Ceftazidime) x24 | o
hours pending

Neurosurgery and/or ID

If CSF culture positive, repeat
in 24-36 hours to document
sterilization.

If persistently febrile or clinical
deterioration: repeat CSF
culture is warranted. Consider
blood, urine and respiratory
evaluation.

CSF culture or
per ID recs
Adjust antibiotics

If acute kidney injury’: Avoid NSAIDS or
Nephrology for approval.
e Toradol IV 0.5 mg/kg/dose g6hr (r}
X6 doses
o 6hours after last toradol dos|
ibuprofen PO 10 mg/kg/dose}
40 mg/kg/day or 2,400 mg/d
less)
Acetaminophen IV 15 mg/kg/dose
hours (max 1,000 mg/dose)
o After 24 hours of IV acetamind
to PO acetaminophen: 15 mg/

lardia, hypertension or depressed|

based on culture | |Monitoring: PRN pain; (max 75 mg/kg/day
and ID recs Continuous CR monitoring day) for mild/moderate pain;
If >5 day antibiotics Vitals q1hr if unstable; g2hr in acetaminophen for infants.
expected, consider PICU if stable; g4hr on MS Morphine IV 0.05 - 0.1 mg/kg/dose
long term IV access. floors severe pain (max 5 mg/dose)
[ I [T
i |

If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID bal
Target site for distal drainage dependent on clearance of end-organ space infections. If stil

Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegadert
POD 3; no further CSF replacement or daily cultures needed unless persistently feb

Internalization Criteria:

Post-Op care:

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x2¢

Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less)
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycs

Follow Up: 2-3 weeks post discharge

Discharge Instructions/Medications:

Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepi;

L
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'Risk Factors for

Shunt Infection

Shunt
surgery
within
previous 6
months
Clinical signs
of infection
involving
shunt
hardware |
including ]
skin erosion,
cellulitis,
incisional ~
drainageor [
abdominal
pseudocyst
Clinical signs |
of meningitis
No other
obvious
source of
fever
Previous
shunt
infection
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CLINICAL PATHWAY:
Suspected Neurosurgical Shunt Infection

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment

and/or presence of >1 risk factors for shunt infection®
Exclusion Criteria: alternative source for fever identified

fection
for fever identified

“ent physician based on clinical judgment and/or presence of
f

] { *Risk Factors for {
]

L
fspicinn of shunt infection
7HR, RR, 02 sat, neuro check

v

| «  Weight, head circumference (for <12 month old)
e s

Dlaccon

TRIAGE:

° Weight, head circumference (for <12 month old)
° Place on continuous CR monitoring

Obtain detailed history/initial exam: See Appendix A.

Notify Neurosurgery attending at first suspicion of shunt infection

° Vital signs qlhr then q2hr when more stable: temperature, BP, HR, RR, 02 sat, neuro check

*Notify Neurosurgery attending immediately if bradycardia, hypertension or depressed LOC is noted *

: See Appendix A.

lture

ogrammable shunt.

asound of abdomen

Initial Triage:

 Vital signs and neuro score hourly
» Head circumference if less than 1 year
» Continuous cardio-respiratory monitoring

Neurosurgery attending should be notified
immediately if any bradycardia, hypertension, or
depressed Level of Consciousness is noted, as
these could be signs of impending herniation.

g/day)

TS

PO S OIS DT T T TS DT X S SOy,

NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age + postnatal age

| hypertension or depressed LOC is n

tain, aerobic culture and anaerobil
ing modality if confirmation patie

 B: Radiographic Appearance of
sure a Neurosurgery provider is

lture, and CSF culture, if possibl|

 or as determined by pharmacy]
div g6hr; 212 yrs of

v
Pre-Opz Admit to PICU on Neurosurgery service

OR)
Continuous CR

OR case request for externalization (Neurosurgery to obtain consent fol

ing (close monitoring for

Continue NPO and IVF

Post-Op: admit back to PICU
EVD/externalized shunt parameters per surgeon; follow post-op care

below
: T —
:

Consult
Infectious
Disease (ID)

antibiotics
(Vancomycin and

hours pending
CSF culture or
per D recs
Adjust antibiotics
based on culture
and D recs

If >5 day antibiotics

expected, consider

long term IV access.

Continue empiric | |

Ceftazidime) x24 | |o

Labs:
CSF studies: cell count and
culture to lab per
Neurosurgery and/or ID
If CSF culture positive, repeat
in 24-36 hours to document
sterilization.
If persistently febrile o clinical
deterioration: repeat CSF
culture is warranted. Consider
blood, urine and respiratory
evaluation.
Monitoring:
Continuous CR monitoring
Vitals qLhr if unstable; g2hr in
PICU if stable; g4hr on MS
floors

If acute kidney injury’: Avoid NSAIDs or discuss
Nephi
.

rology for approval.

Toradol IV 0.5 mg/kg/dose q6hr (max 30

x6 doses
o 6 hours after last toradol dose, start

ibuprofen PO 10 mg/kg/dose qhr PR

40 mg/kg/day or 2,400 mg/day, whicl
less)

Acetaminophen IV 15 mg/kg/dose g6hr AT

hours (max 1,000 mg/dose)
o

After 24 hours of IV acetaminophen, s\
to PO acetaminophen: 15 mg/kg/dose|
PRN pain; (max 75 mg/kg/day or 4,000
day) for mild/moderate pain; may use

acetaminophen for infants.

Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr

severe pain (max 5 mg/dose)

'Risk Factors for

[

I .

|

Internalization Criteria:

Post-Op care:

If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on
Target site for distal drainage dependent on clearance of end-organ space infections. Ifstil present| ~ @

Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa t

POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36

Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bo\\

Discharge Instructions/Medications:

Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild/

g6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation

Follow Up: 2-3 weeks post discharge

Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache

Shunt Infection

Shunt
surgery
within
previous 6
months
Clinical signs

of infection
involving

shunt
hardware
including

skin erosion,
cellulitis,
incisional E
drainageor |
abdominal [*
pseudocyst
Clinical signs
of meningitis
No other
obvious
source of
fever
Previous
shunt
infection

)

LAST UPDATED: 08.06.

©2019 Connecticut Children’s Medical Center. All rights reserved.

NEXT PAGE °

CONTACTS: JONATHAN MARTIN, MD | PETRONELLA STOLTZ, APRN

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT

REPLACE CLINICAL
JUDGMENT.

® ¢ ticut
'I.C?\?I'::Ie:elges



CLINICAL PATHWAY:
Suspected Meurosurgical Shunt Infection
Appendix A: Obtaining a Detailed History and Physical

= Shunt Type:
ventricular-airial shunt
wentricular-plural shunt
vantricular-peritonaal shunt
= Headache History:
lecation
quality
duration
traatmant
= Vomiting History:
timing
any preciplating events
. melugm-il symploms:
change in LOC
1 irritakility
waakness
SaiZUres
up/dawTeard gaze
1 lathargy
. hhdnminal Symplams:
significant | abdominal girth
pain
tendarness
Frass
& General:
trauma
fantaneals
hiead circurferance
| bieath sownds for pleural shunks

CONTACTE: JOMATHAN MA

Impartant factors to consider includa:

CLINICAL PATHWAY: THIS PATHWAY

SERVES AS A GUIDE

0 0 AND DOES NOT
Si1<snected Neailiraciiraical Shiint Infectinn

REPI ACE CLINICAL

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on dlinical judgment
and/or presence of >1 risk factors for shunt infection®
Exclusion Criteria: alternative source for fever identified

| * Notify Neurosurgery (NSG) attending at first suspicion of shunt infection | I

oY
TRIAG! wnh!n I

Notify Neurosurgery attending at first suspicion of shunt infection
TRIAGE:

Vital signs qlhr then g2hr when more stable: temperature, BP, HR, RR, O2sat, neuro check
Weight, head circumference (for <12 month old)
Place on continuous CR monitoring

*Notify Neurosurgery attending immediately if bradycardia, hypertension or depressed LOC is noted *
Obtain detailed hlstory/mltlal exam: See Appendix A.

Antibiotics and Fluids: sl
s Start both empiric antibiotics after obtaining blood culture, UA/urine culture, if possible (unless ill-appearing/septic): :"ef
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND ¢ Previous
o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg q8hr o mined by pharmacy based on estimated AUC; >52 shunt

infection

weeks PMA/about 23 months old - 11 years old (max 3 g/day); 70 div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3
g/day)

 Definition of

OR case reques( for externallzauon [Neurosurgery to obtain consent for <1year of age)
AKI s defined by having either:
Atleast a 50% increase in Scr above baseline* and new Scr 20.5

Continuous CR (close ing for mg/dLOR
Continue NPO and IVF Anincrease by 0.3 me/dL from baseline®, and new Scr 20.5 mg/dL

paseline creatinine is unknown, estimate baseline Cr using the
Calculation (baseline creatinine=(0.413  height cm)/
). For patients with Chronic Kidney Disease (CKD), use
the CKID U25 Calculator.

Appendix A includes important details that should

e OT/PT:activity to
. include 00B with
aintenance IVF
EVD clamped for
S 1:1 replacement ame
. . . > therapies if
ith CSF output
" stable and
ptions: tolerating
ndansetron 0.1 ‘
clamping
e sco/
X m compression
O boots for DVT
ppx per hospital
policy
Incentive
spirometer or
bubbles for
Docusate sodium h
50 mg/day PRN atelectasis/PNA
long term IV access. severe pain (max 5 mg/dose) constipation p

[ I I I ]
v

Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

I3
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
Discharge Instructions/Medications:
«  Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mil pain, i PO: 15 mg/kg/

q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge

Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache

NEXT PAGE °
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Initial Management:

Labs are directed to assess for
infection and includes studies
from CSF

New for 2024:

* Procalcitonin can assist in
determining if a bacterial
infection is present.

In addition to aerobic

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

CLINICAL PATHWAY:

Suspected Neurosurgical Shunt Infection

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of =
: N el _Risk Factors for
21 risk factors for shunt infection Shunt Infection

INITIAL MANAGEMENT:

CBC w diff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture
Shunt tap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture

. Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non-programmable
shunt (if not documented in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of Shunt Valves)
o  Ifprogrammable shunt is present: prior to ordering MRI, please ensure a Neurosurgery provider is able to reprogram the shunt
within 24 hours of imaging. Make MRI aware that patient has a programmable shunt.
o IfMRI not available: CT head without contrast
. If suspected abdominal pseudocyst or abdominal symptoms: limited ultrasound of abdomen
. If large or complex pseudocyst: CT of the abdomen with contrast
Antibiotics and Fluids:
° Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic):
o  Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND
o  Vancomycin IV: <52 weeks PM A*/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; >52
weeks PMA*/about >3 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div q8hr (max 3
g/day)
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age +postnatal age

cultures, anaerobic

cultures should be sent to
ensure proper organism
isolation if present.

= e ROy TTUTy T AVOT S AT DT TS TS AT ToFT PR
e Consult ®  CSFstudies: cell count and Nephrology for approval. *  Maintenance IVF EVD clamped for
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | |e NS 1:1replacement I
' ° therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output i
o Continue empiric| |s  IfCSF culture positive, repeat o 6hours after last toradol dose, start Medications: o)
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max [[e  Ondansetron 0.1 i
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose qshr || 77 /" s
Ceftazidime) x24 | |s  If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF o Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ P
" ) n boots for DVT
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
per ID recs blood, urine and respiratory o After 24 hours of IV acetaminophen, switch Polyethylene "5" per nosp!
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or :’nce“':’(ive
based on culture | |Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
y o . = N P spirometer or
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation
recs ° ; ) ; " ) bubbles for
If>5 day antibiotics | |s  Vitals Lhr if unstable; g2hr in acetaminophen for infants. +  Docusate sodium telectasis/PNA
expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation
[ I I I ]
Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. Ifstil present, will consider alternate site if possible.
Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO

Discharge Instructions/Medications:

o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi

q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache

pain,

PO: 15 mg/kg/

CONTACT:
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NEXT PAGE °

ONATHAN MARTIN, MD | PETRONELLA STOLTZ, APRN

@ C 2
> childrons



THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

CLINICAL PATHWAY:

Suspected Neurosurgical Shunt Infection

Initial Management:

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of
>1 risk factors for shunt infection’

INITIAL MANAGEMENT:

)

*Risk Factors for /
Shunt Infection

-

Imaging includes reduced shunt
protocol MRI brain without contrast.

CBC w diff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture
Shunt tap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture

. Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non-programmable
shunt (if not documented in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of Shunt Valves)

Befo re M RI ) cO nfl m that the patlent o  Ifprogrammable shunt is present: prior to ordering MR, please ensure a Neurosurgery provider is able to reprogram the shunt
within 24 hours of imaging. Make MRI aware that patient has a programmable shunt.
has a non-programmable shunt. 0

If MRI not available: CT head without contrast
. If suspected abdominal pseudocyst or abdominal symptoms: limited ultrasound of abdomen
. If large or complex pseudocyst: CT of the abdomen with contrast
Antibiotics and Fluids:
° Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic):
H o  Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND
present’ CheCk Wlth the o Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; >52

Neu rosu rgery team and ensure th ey ;v/zzl;s) PMA*/about >3 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3
are able to reprogram the shunt

If there is a programmable shunt

. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age +postnatal age

. . . .
= e ROy TTUTy T AVOT S AT DT TS TS AT ToFT - 7
within 24 hours of imaaina. S NP | 4t | T
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose g6hr (max 30 mg/dose) | |e NS 1:1 replacement . p
' ° therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output stable and
. Continue empiric . If CSF culture positive, repeat o 6 hours after last toradol dose, start Medications: toleratin,
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max |[s  Ondansetron 0.1 camain s
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose qshr || 77 /" s
Ceftazidime) x24 | o If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF o Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ P!
" ) n boots for DVT
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
per ID recs blood, urine and respiratory o After 24 hours of IV acetaminophen, switch Polyethylene "5" per nosp!
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or :’nce“':’(ive
based on culture | |Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
y o . = N P spirometer or
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation
recs ° ; ) ; " ) bubbles for
If>5 day antibiotics | |s  Vitals qLhr if unstable; g2hr in acetaminophen for infants. +  Docusate sodium telectasis/PNA
expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation
[ I I I ]
Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. Ifstil present, will consider alternate site if possible.
Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

«  Ibuprofen PO 10 mg/kg/dose g6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO

Discharge Instructions/Medications:

pain,

PO: 15 mg/kg/

q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache

CONTACT:
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CLIMICAL PATHWAY:

Suspected Neurosurgical Shunt Infection
Appendix B: Radiographic Appearance of Shunt Valves

When evaluating the radiographic markings of any implanted device, it is important 1o
recognize that the veracity of your interprelalion depends en the quality of the
radiegraphic images. For the besl resulis, x-rays should be taken crthogonally o the
plane of the shinl valve. The positioning of the vakhe relative to the skull base may also
obsoure he valve makings, as overapping radiodensities along the skull base can blur
vahe mall:hlgs. In more difficult cazes, ﬂ.ll':ll'n!tﬂp’f or 3D CT reconstruction may be

used lo propery |dentify the radio-opaque markings on & shunt vale,

It is impariant o realize that an exhaustive list of all shunt valve radiegraphic markings
is beyond the scope of this appendix. For additional inform &lion regarding commaen
shunt valve markings found In Morth American newrosurgical patients, you may alzo
reference the |SPM's websiie on e same fopic.

Please see the next several pages for examples of radiegraphic images of non-
programmable and programmable shunis. The sources of hese images are:

»  hilp Dt kincdamsurochinarge-laipe ig di 1Ty oo s phaly sl ackal e
identification-of-vp- shuni-valvas- and-adiust

w  NEIES widis DN Giiscks'

w hElps Menens mac rone oo us-anhinde bilm

Medironic Deta Fied Pressure Walve

COMTACTS: JONATHAMN MARTIN, MD | PE
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THIS PATHWAY
SFRVES AS A GLIIDE

CLINICAL PATHWAY:
INITIAL MANAGEMENT:

. CBC w diff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture
. Shunt tap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture

. Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non-programmable
shunt (if not documented in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of Shunt Valves)
o  Ifprogrammable shunt is present: prior to ordering MR, please ensure a Neurosurgery provider is able to reprogram the shunt
within 24 hours of imaging. Make MRI aware that patient has a programmable shunt.
o IfMRInot available: CT head without contrast
. If suspected abdominal pseudocyst or abdominal symptoms: limited ultrasound of abdomen
. Iflarge or complex pseudocyst: CT of the abdomen with contrast
Antibiotics and Fluids:
. Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic):
o  Ceftazidime IV: 150 mg/kg/day divided g8hr (max 2 g/dose) AND
o  Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; >52
weeks PMA*/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3
g/day)
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age +postnatal age

<1 year of age)
AKIis defined by having either:
Atleast a 50% increase in Scr above baseline* and new Scr 20.5

to obtain consent for

adycardia) mg/dLOR
An increase by 0.3 mg/dL from baseline?, and new Scr 20.5 mg/dL

* is unknown, r using the

Schwartz Calculation (baseline creatinine=(0.413 + height cri)/

120 GFA). For patients with Chronic Kidney Disease (CKD), use
the CKID U25 Calculator.

Appendix B outlines radiographic
considerations when evaluating a shunt, with

ollow post-op care

. . .
imaging examples provided. T
Y aintenance IVF include 0OB with
g/dose g6hr (max 30 mg/dose) | [e NS 1:1 replacement EX::L?;:;;?d for
with CSF output St and
ontinue empiric ‘culture positive, repeal b hours after last toradol dose, start Medications: tolerating
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose g6hr PRN (max | |e Ondansetron 0.1 clamping
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is me/ig/dose aghr || (o
Ceftazidime) x24 | o If persistently febrile or clinical less) (max 4 mg/dose) )
hours pending deterioration: repeat CSF Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ ;’:)’:g'f:rs'[‘)’\',‘_r
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting i
per ID recs blood, urine and respiratory o After 24 hours of IV acetaminophen, switch |[e  Polyethylene prx per hospital
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or :’;';:(ive
based on culture | |Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN ¥
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation ZT;::: ii’{“'
If >5 day antibiotics o Vitals qLhr if unstable; g2hr in acetaminophen for infants. ¢  Docusate sodium ¢
expected, consider PICU if stable; qahr on MS e Morphine IV 0.05 - 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN atelectasis/PNA
long term IV access. floors severe pain (max 5 mg/dose) constipation prevention

[ I I I ]
v

Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
Discharge Instructions/Medications:
o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi pain, PO: 15 mg/kg/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

CLINICAL PATHWAY:

Suspected Neurosurgical Shunt Infection

INITIAL MANAGEMENT:

. CBC w diff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture
. Shunt tap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture

Initial Management:

. Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non-programmable
shunt (if not documented in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of Shunt Valves)
e . o  Ifprogrammable shunt is present: prior to ordering MRI, please ensure a Neurosurgery provider is able to reprogram the shunt
o Ant| b|0t|CS: within 24 hours of imaging. Make MRI aware that patient has a programmable shunt.
o IfMRI not available: CT head without contrast

O Sta rt van ComyC| n an d . If suspected abdominal pseudocyst or abdominal symptoms: limited ultrasound of abdomen
5 g . If large or complex pseudocyst: CT of the abdomen with contrast
ceftazidime for adequate

Antibiotics and Fluids:
cove rage after Obta|n | ng . Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic):
cultures, if possible °

o  Ceftazidime IV: 150 mg/kg/day divided gq8hr (max 2 g/dose) AND
Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; 252
weeks PMA*/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3

g/day)
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)

PMA (Post-Menstrual Age) = gestational age + postnatal age

Fluids:
« All patients are made

OT/PT: activity to

Labs: If acute kidney injury®: Avoid NSAIDs or discuss with ) .
) include OOB with
. . . Consult . CSF studies: cell count and Nephrology for approval. Maintenance IVF EVD clamped for
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose g6hr (max 30 mg/dose) | |e NS 1:1 replacement ampy
' > therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output i
o Continue empiric| |s  IfCSF culture positive, repeat o 6hours after last toradol dose, start Medications: o)
. antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max [[e  Ondansetron 0.1 Camaine.
re a ra tl O n O r t e (Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose qshr || 77 /" s
Ceftazidime) x24 | |s  If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF o Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ v
. CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
e r a t I n RO O m per ID recs blood, urine and respiratory o After 24 hours of IV acetaminophen, switch Polyethylene "5" per nosp!
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or :’nce“':’(ive
based on culture | |Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
V o . = N P spirometer or
and ID recs . Continuous CR monitoring day) for mild/moderate pain; may use PR constipation bubbles for
e Ask about the last PO - prsommmneis | |2 S e et i | I
expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation

[ I I I ]
v

Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

last meal, snack, drink

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
Discharge Instructions/Medications:
o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi pain, PO: 15 mg/kg/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache

NEXT PAGE °

CONTACTS: JONATHAN MARTIN, MD | PETRONELLA STOLTZ, APRN

@ C 2
> childrons

LAST UPDATED: 08.06.25

©2019 Connecticut Children’s Medical Center. All rights reserved.



CLINICAL PATHWAY: St e
AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE GLINICAL

JUDGMENT.

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of
>1 risk factors for shunt infection’
Exclusion Criteria: alternative source for fever identified

Pre-Op: Admit to PICU on Neurosurgery service
° OR case request for externalization (Neurosurgery to obtain consent for OR)
Continuous CR monitoring (close monitoring for bradycardia)
. Continue NPO and IVF
Post-Op: admit back to PICU
 Enter case req uest for the OR ) EVD/extemalized shunt parameters per surgeon; follow post-op care below

« Admit to PICU on Neurosurgery service

TV T VT e T T S T Ot COTTer ST,
i i I m I 1 *  Ifsuspected i limited of abdomen No other

C O n I n u O u S a r I O re S I ra O r 0 n I O rl n *  Iflarge or complex pseudocyst: CTofthe abdomen with contrast 0'JVI0usf
s and Fluid: ::\l::e of

«  Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic):
o Ceftazidime IV: 150 mg/kg/day divided g8hr (max 2 g/dose) AND

. Previous

[ ] B e a I e I | fo r b ra d ‘ a rd I a o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; 252 .Shf”":.
weeks PMA*/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3 infection

g/day)

«  NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age + postnatal age

‘ * Definition of
Pre-Op: Admit to PICU on Neurosurgery service is defint
e OR case request for externalization (Neurosurgery to obtain consent for <1 year of age)
OR) AKlis defined by having either:
. o o At least a 50% increase in Scr above baseline* and new Scr 20.5
«  Continuous CR (close for ‘me/dLOR
e  Continue NPO and IVF An increase by 0.3 mg/dL from baseline®, and new Scr 20.5 mg/dL.
Post-Op: admit back to PICU . is unknown,  using the
*  EVD/externalized shunt parameters per surgeon; follow post-op care Schwartz Calculation (4aseline creatinine = (0.413 « height cm)/
below 120 GFR). For patients with Chronic Kidney Disease (CKD), use
the CKiD U25 Calculator.

Labs: If acute kidney injury’: Avoid NSAIDS or discuss with OT/PT: activity to
include OOB with
. Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF EVD clamped for
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | |e NS 1:1replacement amp!
' > therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output stable and
o Continue empiric| |s  IfCSF culture positive, repeat o 6hours after last toradol dose, start Medications: o)
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose g6hr PRN (max Ondansetron 0.1 clampin; 8
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose qshr || 77 /" s
Ceftazidime) x24 | |s  If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF . Acetaminophen IV 15 mg/kg/dose qéhr ATC for 24 PRN nausea/ P!
" ) n boots for DVT
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
per ID recs blood, urine and respiratory After 24 hours of IV acetaminophen, switch |[¢  Polyethylene "5" per nosp!
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose q6hr glycol 17 g daily or e
based on culture Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
y o . = N P spirometer or
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation
recs ° ; ) ; " ) bubbles for
If>5 day antibiotics | |s  Vitals qLhr if unstable; g2hr in acetaminophen for infants. +  Docusate sodium telectasis/PNA
expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation
[ I I I ]
v
Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. Ifstil present, will consider alternate site if possible.
Post-Op c:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
harge Instructions/Medications:
o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi pain, i PO: 15 mg/kg/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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CLINICAL PATHWAY: St e
AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE GLINICAL

JUDGMENT.

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of IRisk Factors for
>1 risk factors for shunt infection’ ehurt Irfection
o ¢ — Shunt Infection

Exclusion Criteria: alternative source for fever identified o Shnt

= _V — — — surgery
Notify Neurosurgery (NSG) attending at first suspicion of shunt infection jES
TRIA within
JIRIAGES previous 6

Post-Op Pre-Op: Admit to PICU on Neurosurgery service
Patient will return to the PICU with an

° OR case request for externalization (Neurosurgery to obtain consent for OR)

t [ ° Continuous CR monitoring (close monitoring for bradycardia)
S ElLA=h] Sl e  Continue NPO and IVF

« Shunt parameters are set by the Post-Op: admit back to PICU
surgeon e  EVD/externalized shunt parameters per surgeon; follow post-op care below

©  Vancomycin IV: <52 weeks PMA*/abou! <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; 252 \ Infection §

weeks PMA'/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div q6hr; 212 yrs old: 60 mg/kg/day div q8hr (max 3
g/day)
«  NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age + postnatal age

‘ * Definition of
Pre-Op: Admit to PICU on Neurosurgery service is defint
e OR case request for externalization (Neurosurgery to obtain consent for <1 year of age)
OR) AKlis defined by having either:
. o . § Atleast a 50% increase in Scr above baseline* and new Scr 20.5
*  Continuous CR (close for mg/dLOR
e  Continue NPO and IVF An increase by 0.3 mg/dL from baseline®, and new Scr 20.5 mg/dL.
Post-Op: admit back to PICU . is unknown,  using the
*  EVD/externalized shunt parameters per surgeon; follow post-op care Schwartz Calculation (4aseline creatinine = (0.413 « height cm)/
below 120 GFR). For patients with Chronic Kidney Disease (CKD), use
the CKiD U25 Calculator.

Labs: If acute kidney injury’: Avoid NSAIDS or discuss with OT/PT: activity to
include OOB with
. Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF EVD clamped for
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | |e NS 1:1replacement amp!
' > therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output stable and
o Continue empiric| |s  IfCSF culture positive, repeat o 6hours after last toradol dose, start Medications: o)
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose g6hr PRN (max Ondansetron 0.1 clampin; 8
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose qshr || 77 /" s
Ceftazidime) x24 | |s  If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF . Acetaminophen IV 15 mg/kg/dose qéhr ATC for 24 PRN nausea/ P!
" ) n boots for DVT
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
per ID recs blood, urine and respiratory After 24 hours of IV acetaminophen, switch |[¢  Polyethylene "5" per nosp!
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose q6hr glycol 17 g daily or e
based on culture Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
y o . = N P spirometer or
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation
recs ° ; ) ; " ) bubbles for
If>5 day antibiotics | |s  Vitals qLhr if unstable; g2hr in acetaminophen for infants. +  Docusate sodium telectasis/PNA
expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation
[ I I I ]
v
Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. Ifstil present, will consider alternate site if possible.
Post-Op c:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
harge Instructions/Medications:
o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi pain, i PO: 15 mg/kg/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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CLINICAL PATHWAY:

Suspected Neurosurgical Shunt Infection

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

Inclusion Criteria: Clinical suspicion of shunt infectios

. Vital signs q1hr then g2hr wi
o Weight, head circumference (for <12
. Place on continuous CR monitoring

ction

epartment physician based on clinical judgment and/or presence of
. 1

IRisk Factors for

Shunt Infection
e Shunt

)

Antibiotics

*Notify Neurosurgery attending immedic

Obtain detailed hi¥gBry/initial exam: See Appendix A.

if bradycardia, hypertension or depressed LOC is noted*

surgery
within
previous 6
months

. Clinical signs
of infection
involving
shunt

. CBC w di
Shunt tag

Reduced
shunt (if
o Ifp
witi

o If

*  Ifsuspect]

. If large o

ibiotics and Flui
«  Startbotl

o Ceff

o Van

we

8/d

e NPOand

*PMA (Post-Menstrd

Consult with Infectious Disease (ID)

Continue empiric antibiotics for 24hr or per ID
direction
Adjust antibiotics based on culture results

. Consult
Infectious.
Disease (ID)

«  Continue empij
antibiotics
(Vancomycin 4
Ceftazidime) x|
hours pending|
CSF culture or
per ID recs

o Adjust antibiof
based on cultul
and ID recs.

If >5 day antibiotics

expected, consider

long term IV access.

[T

If CSF culture is pol
Tl

Transfer to MS flos

Consult
Infectious
Disease (ID)
Continue empiric
antibiotics
(Vancomycin and
Ceftazidime) x24
hours pending
CSF culture or
per ID recs
Adjust antibiotics
based on culture
and ID recs

If >5 day antibiotics
expected, consider
long term IV access.

hardware
including
skin erosion,
cellulitis,
incisional
drainage or
abdominal
pseudocyst
e Clinical signs
of meningitis
e Noother
obvious
source of
fever
e Previous
shunt
infection

robic culture

tient has non-programmable
of Shunt Valves)
is able to reprogram the shunt

bl (unless ill-appearing/septic):

y based on estimated AUC; 252
0ld: 60 mg/kg/day div q8hr (max 3

 Definition of Acute Kidney Injury

by <t year of age)
AKI is defined by having either:
At least a 50% increase in Scr above baseline* and new Scr 20.5
R

mg/dL OF
An increase by 0.3 mg/dL from baseline?, and new Scr 20.5 mg/dL

* is unknown, r using the
Schwartz Calculation (baseline creatinine=(0.413 + height cri)/
120 GFA). For patients with Chronic Kidney Disease (CKD), use
the CKID U25 Calculator.

=== <>

B OT/PT: activity to
. include 00B with
. Maintenance IVF
EVD clamped for
[mg/dose) | |e NS 1:1 replacement Lo
> therapies if
with CSF output
il stable and
Medications: Teratm
RN (max [|s  Ondansetron 0.1 Camaine.
chever is mg/kg/dose g8hr ping
e sco/
(max 4 mg/dose) compression
TC for 24 PRN nausea/ boots for VT
vomiting x per hospital
|, switch [|e  Polyethylene :Zu;
se q6hr glycol 17 g daily or e nive
00 mg/ BID PRN
B spirometer or
se PR constipation
" bubbles for
o Docusate sodium atelactasi/PNA
hr PRN 50 mg/day PRN )
. prevention
constipation
I ]
on clinical status, type of organism, and response to therapy.
esent, will consider alternate site if possible.
‘lfa to abdominal/chest/clavicular/neck incision; may shower
le >36 hours, clinically deteriorating

hrs; bowel movement; adequate PO

for pain, PO: 15 mg/kg/
Jol PO and/or Docusate to prevent constipation

ness, severe headache
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CLINICAL PATHWAY: ;EESVE’ET:;’VQEUIDE
Suspected Neurosurgical Shunt Infection REPLACE CinioAL

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Departmen tphy n based on clinical judgment and/or presence of
1 kf actors for h nt infect
Exclusi alternative ce fol fee identified
v —

Notify Neurosurgery (NSG) attendi

Post-Op Management: Labs/Monitorin

*  CBCwdiff, CI
«  Shunttapby

Ongoing CSF studies will be pulsed per the " e Labs :
Neurosurgery and/or ID teams.
New for 2024

» |If the CSF culture is positive, it should be

shunt (if not
o Ifprogr}

s , o CSF studies: cell countand
etn culture to lab per
Neurosurgery and/or ID

If CSF culture positive, repeat
repeated every 24-36 hours to document i1 24-36 hours to document

when it becomes negative. sterilization.
If the patient is persistently febrile, repeat
investigation should occur.

o If persistently febrile or clinical
deterioration: repeat CSF m:
culture is warranted. Consider =
blood, urine and respiratory
evaluation.

1 Monitoring:

Monitoring is based on patients clinical status

long term IV access. ) 1 i 1 "'e i t
Continuous CR monitoring -

— Vitals qlhr if unstable; g2br in oo

Targ

PICU if stable; g4hr on MS

+  Ibuprof 15 mg/kg/dose
q6hr P! n

o Follow by ” =

o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or i severe headache

NEXT PAGE °

CONTACTS: JONATHAN MARTIN, MD | PETRONELLA STOLTZ, APRN

Connecticut

?Chuldrens

6.25
D V. 7019 Gomectout Cnidrens Medical Cente, Al ghts reserved.



CLINICAL PATHWAY: ;EESVE’ET:;’V:EUIDE
Suspected Neurosuroizaaasiint Infection REPLAGE CLINICAL
Pain/Fever

JUDGMENT.
un - rlnint ;l)hylsician based on clinical judgment and/or presence of Rtk Factors for
= (o i 1] ] Shunt Infection
Exclusion Criteri\@ifernative source for fever identified T
= unt

If acute kidney injury”: Avoid NSAIDs or discuss with L

Nephrology for approval.

shunt

e Toradol V 0.5 mg/kg/dose g6hr (max 30 mg/dose) | =

skin erosion,

( Inclusion Criteria: Clinical suspicion of sh

Post-Op Management:

cellulitis,

x6 doses

drainage or
abdominal

o 6 hours after last toradol dose, start | oo

Clinical signs

Pain and fever: ibuprofen PO 10 mg/kg/dose g6hr PRN (max |- i

« NSAIDS should be used as first line for pain less)
and fever management e  Acetaminophen IV 15 mg/kg/dose g6hr ATC for 24
Narcotics are for use with severe pain only hours A(fTaleéthOO mg/ffvse) - - -

. .y o er ours of IV acetaminophen, switch e
Note: the definition of AKI has been updated to PO acetaminophen: 15 mg/kg/dose q6hr [
and is available as a key. PRN pain; (max 75 mg/kg/day or 4,000 mg/

day) for mild/moderate pain; may use PR o s

pine = (0.413 « height cm)/
include OOB with

source of

40 mg/kg/day or 2,400 mg/day, whicheveris | @«

Previous

idney Disease (CKD), use
fator.

. . EVD clamped for
acetaminophen for infants.
stable an
. tolerating
e  MorphinelV 0.05-0.1 mg/kg/dose IV q3hr PRN poees
. compression
severe pain (max 5 mg/dose) bt T
ppx per hospital
policy
based on culture | | Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN Jcentive
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation Z":g::::;irrm
If >5 day antibiotics o Vitals q1hr if unstable; g2hr in acetaminophen for infants. «  Docusate sodium atolectasiafPNA
ted, A " PRN A
orgil8 ? Definition of Acute Kidney Injury ftion prevention
(It should be noted that thisdefinition does not apply to children [/

. . . e of organism, and response to therapy.
AKI is defined by having either: ternate site if possible.
o ¢ . -
Atleasta 50% increase in Scrabove baseline* and new Scr20.5 [/ .yicutar/neck incision; may shower
mg/dL OR lly deteriorating

An increase by 0.3 mg/dL from baseline*, and new Scr>0.5 mg/dL |

<1 year of age) [é
I

pnt; adequate PO

in, Acetaminophen PO: 15 mg/kg/dose
*If a bas eline creatinine is unknown, estimate baseline Cr using the \tt°prevent constipation
Schwartz Cakculation (baseline creatinine = (0.413 x height cm)/
120 GFA). Forpatients with Chronic Kidney Disease (CKD), use
the CKiD U25Calculator.
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CLINICAL PATHWAY: St e

AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE GLINICAL

JUDGMENT.

IRisk Factors for
Shunt Infection

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of
>1 risk factors for shunt infection’
e  Shunt

Exclusion Criteria: alternative source for fever identified

- v o — surgery
Notify Neurosurgery (NSG) attending at first suspicion of shunt infection within
TRIAG !
Vital signs qLhr then g2hr when more stable: temperature, BP, H e 6
«  Weight, head circumference (for <12 month old) v Gl sians
«  Place on continuous CR monitoring e e
*Notify Neurosurgery attendint vt
Obtain detail T
hardware
Labs: including
. CBC w diff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture SkIIT $r95|cn,
o Shunttap by NSG: send STAT CSF fof ?:ci:i::a'l
Reduced shunt protocol MRI brain mmable “{;‘"a?e o
shunt (if not documented in chart, IVF . a °;“'"a
o If programmable shunt is prest . the shunt gf_e‘_‘ ‘;‘YS‘
within 24 hours of imaging. M; . * of"r""‘?ni:ggi't‘iss
o If MRI not available: CT head M t IV F
«  If suspected abdominal pseudocyst L4 alntenance * N;’ other
«  Iflarge or complex pseudocyst: CT o :’D::‘c"e‘snf
s and Fluid N S 1 .1 I t
o Start both empiric antbiotics after @ dr ep acemen ing/septic): . :f"ef
t-Op Management Vit L L
6 Vancomycin IV: <52 weeks P B d AUC; 252 shunt.
Fost-Up Mianagement. ek, A oot 3 month with CSF output ot tmass
g/day)
*  NPO and start IVF at maintenance (; H °
enrastensrun e -senmione e Ml@ Alic@tions:

Definition of Acute Kidney Injury
noted that this definition does not apply to children
)

Fluids, Nutrition, and Bowel management: N Onjzn;:tron g-hl
. . . e  Con m ose r aafng/dLvmmbasaline‘,-ndn,wsc.ausmwl
 Patients need both maintenance fluid and - &/%6 d e

(max 4 mg/dose)
1:1 replacement of CSF output PRN nausen/

o O O Labs: . . OT/PT: activity to
- Anti-nausea medications should be ordered s ww  |[Fewed  vomiting
Infectious culture to lab. O 1:1 replacement f:;:laiemsﬁfed for
Disease (ID) Neurosurgery h CSF output P
. ign . + Ccontnueempirc| |+ iiCSFautured @ Polvethviene fons: stable and
. . i tolerating
antibiotics in 24-36 hours| y y fdansetron 0.1 '
in addition to a bowel regimen , sy || S
Ceftazidime) x24 | |o  If persistently § I I 17 d I ax 4 mg/dose) )
glycol 17 g daily or [ [ snesen
CSF culture or culture is warr. miting  er hospital
per D recs blood, urine a BID PRN fyethylene e
o Adjust antibiotics evaluation. ool 17g daiyor ([, POl
based on culture | |Monitoring: b PRN arometer or
and 1D recs. . Continuous CRJ . . nstipation
1f>5 doyantivioics | |+ vials i constipation cusatesodim (| Bebblesfor
expected, consider PICU if stable; mg/day PRN ereentii;
long term IV access. floors Instipation L

° Docusate sodium
If CSF culture is positive, discuss timing of shi 50 m g / da y PR N be of organism, and response to therapy.

Target site for distal drainag Iternate site if possible.

Transfer to MS floors and resume all pre-intef con Stl p ati on hest/clavicular/neck incision; may shower

POD 3; no further y deteriorating

Discharge Criteria: t; adequate PO

Discharge Instructions/Medications:
o Ibuprofen PO 10 mg/kg/dose g6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mil pain, i PO: 15 mg/ke/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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CLINICAL PATHWAY: St e
AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE GLINICAL

JUDGMENT.

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of
>1 risk factors for shunt infection’
Exclusion Criteria: alternative source for fever identified

IRisk Factors for
Shunt Infection

o Shunt
- - — — surgery
Notify Neurosurgery (NSG) attending at first suspicion of shunt infection rge
TRIAGE: bl
«  Vital signs q1hr then g2hr when more stable: temperature, BP, HR, RR, O2 sat, neuro check :;‘:':::5 6
«  Weight, head circumference (for <12 month old) onths
N o . Clinical signs
«  Place on continuous CR monitoring of mfoction
*Notify y attending i p or depressed LOC is noted* =
Obtain detailed history/initial exam: See Appendix A. e 8

INITIAL MANAGEMENT: hardw_are

«  CBCw diff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture
«  Shunttap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and ana

Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has nom

shunt (if not documented in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of Shunt Valves)

o If programmable shunt is present: prior to ordering MRI, please ensure a gery provider s able to rep the shunt
within 24 hours of imaging. Make MRI aware that patient has a programmable shunt.

pseudocyst
o Clinical signs

o If MRI not available: CT head without contrast ofimeningitis
o Ifsuspected i or i limited of abdomen
«  Iflarge or complex pseudocyst: CT of the abdomen with contrast

s and Fluid:
«  Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture
o Ceftazidime IV: 150 mg/kg/day divided g8hr (max 2 g/dose) AND

P o St O M a a e n t o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg g8hr or as determined by « .
weeks PMA'/about 23 months old ~ 11 years old (max 3 g/day); 70 mg/kg/day div qéhr;| @ OT/P T' t t t
Fost-Up Management. b - activity to

«  NPOand start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)

*PMA (Post-Menstrual Age) = gestational age + postnatal age in c I u d e OO B w it h

v
Pre-Op: Admit to PICU on NEUrosurgery service
. OR case request for externalization (Neurosurgery to obtain ¢

PT and OT should be involved once stable L v ee— EVD clamped for

e Continue NPO and IVF

i i v e therapiesifstable
and tolerating clamping e S il p

) : ‘ J and tolerating
SCD boots and Incentive spirometry should be clamping
used when patients remain with limited D | S el @ SCD/compression

Labs: If acute kidney injury’: Avoid NSAIDS o

Disease (ID) Neurosurgery and/or D %6 doses
a s . Continue empiric | e If CSF culture positive, repeat o 6 hours after last toradol dd
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dog
mobil Ity vmptnond| | o Lo, boots for DVT ppx

Ceftazidime) x24 | [s  If persistently febrile or clinical less)
hours pending deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/do9 . .
e cutore e warantea. Considr || hours (mow 1,000 m/dose) per hospital policy
per ID recs blood, urine and respiratory o After 24 hours of IV acetam

+  Adjust antibiotics evaluation. to PO acetaminophen: 15 n .
based on culture | | Monitoring: PRN pain; (max 75 mg/kg/d | t
and 1D recs. . Continuous CR monitoring day) for mild/moderate pai . nc en I Ve

If>5 day antibiotics | [ Vitals q1hr if unstable; g2hr in acetaminophen for infants.

expected, consider PICU if stable; g4hr on MS e Morphine IV 0.05 - 0.1 mg/kg/dd H
long term 1V access. floors severe pain (max 5 mg/dose) spiron eter or
[ | I

+or\ Criteria: b Ub bI eS fo r

Internaliz
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and

Target site for distal drainage dependent on clearance of end-organ space infections. .
PostOpcare atelectasis/PNA

Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegi
POD 3; no further CSF replacement or daily cultures needed unless persisten}

Discharge Criteria: stable neuro exam; pain well controlled :n PO meds; afeb) p re Ve nt IO n

harge Instructions/Medicatior]

*  lbuprofen PO 10 mg/kg/dose g6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethyld

. Follow Up: 2-3 weeks post discharge

o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability
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THIS PATHWAY

CLINICAL PATHWAY: SERVES AS A GUIDE
AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE GLINICAL

JUDGMENT.

IRisk Factors for
Shunt Infection
e Shunt

21 risk factors for shunt infection
Exclusion Criteria: alternative source for fever identified

C Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of )
f

Intemalization Criteria: i
. oy . . . . . . . . . . . . previous
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy. Lo
Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible. nvling "
shunt
Post-Op care: harduare
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal /chest/clavicular/neck incision; may shower P
. . . . . . . incisional
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, cI|n|caIIy deteriorating LA draage or
e e T e e e hunt pseudocyst
within 24 hours of imaging. Make MRI aware that patient has a programmable shunt. *  Clinical signs
o If MRI not available: CT head without comrast of meningitis
o Ifsuspected i limited of abdomen * 2‘;\/‘]’;:5'
. Icslﬁ:‘:rﬁu«ln complex pseudocyst: CT of the abdomen with contrast e of
. * Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic): . Le"ef
o Ceftazidime IV: 150 mg/kg/day divided qghr (max 2 g/dose) AND ) ) sr’:""‘fus
o Vancomyclr: IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as dezerml_ned by pharmacy based on esumaze_d AUC; 252 Infection
weeks PMA*/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3
. NPO agr{:?gn IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age + postnatal age
Internalization criteria: i
n e OR case request for externalization (Neurosurgery to obtain consent for <1 year of age)
o) e o s 203
. Continuous CR itoring (close itoring for It iLOR

me/dl
. Post-Op: admit back to PICU . s unknown, + using the

*  EVD/externalized shunt parameters per surgeon; follow post-op care Schwartz Calculation (baseline creatinine= (0413  height cm)/
below 120 GFR). For patients with Chronic Kidney Disease (CKD), use
the CKiD U25 Calculator.

» |If the CSF culture is positive, shunt replacement

g e . . . .
and antibiotic duration will be determined on a
include 0OB with
. Consult . CSF studies: cell count and Nephrology for appmval . Maintenance IVF EVD clamped for
" Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | |e NS 1:1replacement amp!
' therapies if
- - Disease (ID) Neurosurgery and/or ID X6 doses with CSF output St and
- o Continue empiric| |s  IfCSF culture positive, repeat o 6hours after last toradol dose, start Medications: o)
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max Ondansetron 0.1 Clomoin s
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose qshr || 77 /" s
Ceftazidime) x24 | |s  If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF . Acetaminophen IV 15 mg/kg/dose qéhr ATC for 24 PRN nausea/ P!
" ) n boots for DVT
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
per ID recs blood, urine and respiratory o After 24 hours of IV acetaminophen, switch |[e  Polyethylene "5" per nosp!
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or :’nce“':’(ive
based on culture Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
y o . = N P spirometer or
and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation
recs ° ; ) ; " ) bubbles for
If>5 day antibiotics | |s  Vitals Lhr if unstable; g2hr in acetaminophen for infants. +  Docusate sodium telectasis/PNA
expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation
[ I I I ]
v
Internalization Criteria:

If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
Discharge Instructions/Medica 3
o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mi pain, i PO: 15 mg/kg/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
-3 weeks post discharge
o Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT

CLINICAL PATHWAY:
Suspected Neurosurgical Shunt Infection

REPLACE CLINICAL
JUDGMENT.

IRisk Factors for
Shunt Infection
e Shunt

21 risk factors for shunt infection

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment and/or presence of
f
Exclusion Criteria: alternative source for fever identified

v
| Notify Neurosurgery (NSG) attending at first suspicion of shunt infection x:ﬁf:’
" N n " previous 6
Intemalization Criteria: | ot
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy. it
. . . . . . . . . . . shun
Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider altemate site if possible. pazaiare
incuding
Post-Op care: sinrasion,
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower g or
abdominal
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deterloratl ng . et
o If MRl not avar!able CI’ head W|(hou( contrast of meningitis
o Ifsuspected limited of abdomen . ”;’ other
o Iflarge or complex pseudocyst: CT of the abdomen with contrast zo::::;f
. cs;t:?t‘:‘:t:sempiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic): Le"ef
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND * sr’:""'fus
o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; 252 Infection
weeks PMA*/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3
. NPO agr{:?gn IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age + postnatal age

‘ * Definition of
Pre-Opz Admit to PICU on Neurosurgery service ( p

P o st o E in te rna I iz atl (o) o ORcaseramen forextermalization (Neuroautgery 1o aptan consent for
OR)
. Continuous CR itoring (close itoring for It

e Continue NPO and IVF

<1 year of age)
AKiis defined by having either:
Atleast a 50% increase in Scr above baseline* and new Scr 20.5
ILOR

me/d
An increase by 0.3 mg/dL from baseline?, and new Scr 20.5 mg/dL

Post-Op: admit back to PICU . is unknown,  using the
*  EVD/externalized shunt parameters per surgeon; follow post-op care Schwartz Calculation (baseline creatinine= (0413  height cm)/
below 120 GFR). For patients with Chronic Kidney Disease (CKD), use
the CKiD U25 Calculator.

Patient will transfer to a Med-Surg unit

e 2 -

:

Resume pre-internalization care EXCEPT:
. o Consult «  CSFstudies: cell countand || Nephrology for approval. o Maintenance IVF include 0B with
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose g6hr (max 30 mg/dose) | |e NS 1:1 replacement EvD da,m?e'j for
! > therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output St and
° N o) f u rt h er C S F re | acemen tS + Continueompirc | |+ IFCSF culture positive,repeat || o6 hoursafter las toradol dose, start Medications: sablean
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose g6hr PRN (max Ondansetron 0.1 clamping
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is me/ke/doseaghr (|
0 Ceftazidime) x24 | |o  If persistently febrile or clinical less) (max 4 mg/dose) )
° N ew fo r 2 O 2 4 . N (o) f u rth er d al Iy C S F Ccu |tu res un Iess hours pending deterioration: repeat CSF ||+ Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ compression
. CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting i
per ID recs blood, urine and respiratory o After 24 hours of IV acetaminophen, switch ||s  Polyethylene prx per hospital
0 . - n u . o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or :"’ oy
e rS Ste n tl fe b r | e O r CI n C a I | d ete r O rat n based on culture | |Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN ncentive
p I y I I I y I I g and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation ;"'g‘;}"e‘f’ or
If >5 day antibiotics o Vitals qLhr if unstable; g2hr in acetaminophen for infants. ¢  Docusate sodium a:’ele;;i‘;;m A
0 0 0 0 0 expected, consider PICU if stable; g4hr on MS e Morphine IV 0.05 — 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN N
Wound care and observation of all surgical incisions
g [ I . I I ]
- Internalization Criteria:
P atl e nt m a S h Owe r O n P O D #3 If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO

«  Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for

Discharge Instructions/Medications:

pain,

PO: 15 mg/kg/

q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation

. Follow Up: 2-3 weeks post discharge

«  Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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CLINICAL PATHWAY: St e
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Suspected Neurosurgical Shunt Infection B
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
Discharge Instructions/Medications:
o Ibuprofen PO 10 mg/kg/dose qbhr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild/moderate pain, Acetaminophen PO: 15 mg/kg/dose
g6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation
. Follow Up: 2-3 weeks post discharge
° Call NSG if: fever >101.5°F, vomiting >3 timesin a 12 hours period, excessive irritability or sleepiness, severe headache

Shunt tap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture RIS
g incisional
«  Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non-programmable drainage or
shunt (if not documented in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of Shunt Valves) abdominal
o If programmable shunt is present: prior to ordering MRI, please ensure a gery provider s able to the shunt pseudocyst
within 24 hours of imaging. Make MRI aware that patient has a programmable shunt. *  Clinical signs
o If MRI not available: CT head wilhout comrast of meningitis
o Ifsuspected i limited of abdomen ¢ Noother
«  Iflarge or complex pseudocyst: CT ofthe sbxomen wih rontrast obvious
s and Fluids: source of
o Start both empiric antibiotics after obtaining blood culture, UA/urine culture, and CSF culture, if possible (unless ill-appearing/septic): Le"ef
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND ¢ Previous
o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated AUC; 252 shunt
s c a ! I e rl e rl a weeks PMA*/about 23 months old — 11 years old (max 3 g/day); 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr (max 3 infection
g/day)
«  NPOand start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)

E ; a b | e n e r O e X a m *PMA (Post-Menstrual Age) = gestational age + postnatal age
l l ‘ * Definition of
Pre-Op: Admit to PICU on Neurosurgery service ot e

*  OR case request for externalization (Neurosurgery to obtain consent for <1 year of age)
AKI s defined by having either:

Pain well controlled on enteral medications ¢ G s s e v R s

. Post-Op: admit back to PICU . is unknown,  using the
*  EVD/externalized shunt parameters per surgeon; follow post-op care Schwartz Calculation (baseline creatinine= (0413  height cm)/
e r'l e O r O V e r O u r S below 120 GF#) For patients with Chronic Kidey Disease (CKD), use
the CKiD U25 Calculator.

Adequate oral intake

Labs: If acute kidney injury’: Avoid NSAIDS or discuss with OT/PT: activity to
include OOB with
«  Consult s CSFstudies: cell count and Nephrology for approval. e Maintenance IVF EVD clamped for
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose g6hr (max 30 mg/dose) | |e NS 1:1 replacement ampy
' > therapies if
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output stable and
o Continue empiric| |s  IfCSF culture positive, repeat o 6hours after last toradol dose, start Medications: o)
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max Ondansetron 0.1 Clomoin s
(Vancomycin and sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose qshr || 77 /" s
Ceftazidime) x24 | |s  If persistently febrile or clinical less) (max 4 mg/dose) o ression
hours pending deterioration: repeat CSF o Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ P!
" ) n boots for DVT
CSF culture or culture is warranted. Consider hours (max 1,000 mg/dose) vomiting o e hoantal
s c a r e n r u o n per ID recs blood, urine and respiratory After 24 hours of IV acetaminophen, switch ||+ Polyethylene Py per hosp
o Adjust antibiotics evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17g daily or ||, :’nce“':’(ive
based on culture | |Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN
y o . = N P spirometer or
= . and ID recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation
. recs ° ; ) ; " ) bubbles for
r ] C u e rov I S I o n S O r If >5 day antibiotics o Vitals glhr if unstable; g2hr in acetaminophen for infants. e Docusate sodium atelactasi/PNA
. expected, consider PICU if stable; g4hr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN rvention
long term IV access. floors severe pain (max 5 mg/dose) constipation
.
|
« Pain control \ -~ : J
Internalization Criteria:
If CSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with NSG and ID based on clinical status, type of organism, and response to therapy.
H M : Target site for distal drainage dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
onstpation prevention st Docare:
Transfer to MS floors and resume all pre-internalization care and start: Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/chest/clavicular/neck incision; may shower
POD 3; no further CSF replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

F v
O | | OW u Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
harge Instructions/Medications:

«  Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mil pain, i PO: 15 mg/kg/
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation

When to call Neurosurger o oo wespo e
«  Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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Review of Key Points s

* Neurosurgery attending should be notified immediately upon
suspicion of a shunt infection

 Patients should have continuous Cardio-respiratory monitoring and
every 1 -2 hr vital sign and neuro checks
o Watch closely for bradycardia, hypertension, or decreased LOC

« Empiric antibiotics are Vancomycin AND Ceftazidime
o Adjust antibiotics based on culture and ID recommendations



Quality Metrics o

Percentage of patients with pathway order set usage

Percentage of patients with correct empiric antibiotic choice per pathway

Percentage of patients with antibiotics adjusted based on culture results and Infectious
Disease recommendations

Length of stay in ED (hours)



Pathway Contacts e

« Jonathan Martin, MD

o Pediatric Neurosurgery

* Petronella Stoltz, DNP, APRN

o Pediatric Neurosurgery
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About Connecticut Children’s Pathways Program

Clinical pathways guide the management of patients to optimize consistent use of evidence-based
practice. Clinical pathways have been shown to improve guideline adherence and quality outcomes, while
decreasing length of stay and cost. Here at Connecticut Children’s, our Clinical Pathways Program aims to
deliver evidence-based, high value care to the greatest number of children in a diversity of patient settings.

These pathways serve as a guide for providers and do not replace clinical judgment.
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