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What is a Clinical Pathway? et

An evidence-based guideline that decreases unnecessary variation and helps promote
safe, effective, and consistent patient care.
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Objectives of Pathway Children's

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? Children'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
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Background Childrens

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:

1 Journal of Neurosurgery Pediatrics




CLINICAL PATHWAY: TS

AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLAE CLINIGAL

JUDGMENT.

IRisk Factors for
Shunt Infection
e Shunt

and/or presence of 1 risk factors for shunt infection®

Indlusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on dlinical judgment
Exclusion Criteria: alternative source for fever identified

Notify y gat icion of shunt infection :‘:ﬁ:‘/
TRIAGE: 3
o Vital signs glhr then q2hr when more stable: temperature, BP, HR, RR, 02 sat, neuro check Pm"";“ g
e Weight, head circumference (for <12 month old) % gion?:;alssigm
e Placeon continuous CR moritoring Clrica Sgn
*Notify Neurosurgery attending ir i if i ion or depressed LOC is noted* involing
Obtain detailed history/initial exam: See Appendix A. shunt
INITIAL MANAGEMENT: hardware
Labs: including
e CBC wdiff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture skin erosion,
o Shunttap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture cellulitis,
— incisional
o Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non- drainage or
prog hunt (if not in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of abdominal
Shunt Valves) pseudocyst
o Ifprogrammableshunt is present: prior to ordering MRI, please ensure a Neurosurgery provider is able to reprogram ¢ Clinical signs
the shunt within 24 hours of imaging. Make MRI aware that patient hasa programmable shunt. of meningitis
o IfMRInot available: CT head without contrast ¢ Noother
o Ifsuspected abdomi or i limited of abdomen dbiiads
e Iflarge or complex pseudacyst: CT of the abdomen with contrast saurcenf
Antibiotics and Fluids: fever
e Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible: s Frevious
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND shunt.
o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg aghr or as determined by pharmacy based on estimated infection
. . . AUG; 252 weeks PMA'/about 23 months old— 11 years old: 70 me/kg/day div q6hr; 212 yrs old: 60 mg/ke/day div ashr
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
This is the Suspected Shunt Infection it e
v

Pre-Op: Admit to PICU on Neurosurgery service IConsider Acute Kidney Injury (AKI) based on the
following criteria:

. .
*  ORcase request for externalization (Neurosurgery to obtain consent for OR) o Increase in serum creatinine by 1.5-1.9 times
. e Continuous CR monitoring (close monitoring for bradycardia) baseline within the prior seven days, or

e Continue NPO and IVF *  Increase in serum creatinine by 20.3 mg/dL from
. . I/L) within 48 hours, or
Post:Op: admit back to PICU + Forthoseithsmmoun pestine, amecih <50
o EVD/externalized shunt parameters per surgeon; follow post-op care below ml/min/1.73m’ |
. . . .
We will be reviewing each coponent N —— .

Ifacute kidney injury®: Avoid NSAIDs or discuss with IVF:

- - o Consult o CSFstudies: cell countand Nephrology for approval. o Maintenance VF  [|e  OT/PT:activity to
e O OWI n g S I e S . Infectious culture tolab per o Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) || NS 1:1 replacement include OOB with

Disease (ID) Neurosurgery and/or ID X6 doses with CSF output EVD clamped for
e Continue empiric (e If CSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesif stable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max [|e  Ondansetron 0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose g8hr clamping
and Ceftazidime) ||¢  If persistently febrile or clinical less) (max 4 mg/dose) *  SCD/compression
x24 hours or per deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ boots for DVT ppx
IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
e Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch . Polyethylene . Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs o Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants. . Docusate sodium prevention
expected, consider PICU if stable; ghr on MS e Morphine IV 0.05 - 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Transfer to MS floors and resume all pre-internalization care and start:
«  Bacitracin to scalp incision, [Telfato inal/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
Dischar; tions:
«  Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild ate 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
®  CallNSG 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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CLINICAL PATHWAY:

TTETOsTEevaaams. NUNt Infection

Inclusion Criteria: Clinical suspicion of shunt infection by Emergency Department phy5|C|an based on clinical judgment

and/or presence of 21 risk factors for shunt infection
Exclusion Criteria: alternative source for fever identified

Emergency Department physician

risk factors for shunt infection”
ternative source for fever identified

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

v

Notify’

IRIAGE:

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.

Inclusion criteria:
 Clinical suspicion of shunt infection and/or
» Atleast 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.

CONTAC

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

jture, BP, HR, RR, 02 sat, neuro ch

pradycardia, hypertension or dej
nitial exam: See Appendix A.

IANAGEMENT:

Jure, UA, urine culture
e, protein, gram stain, aerobic

preferred if imaging modality if
confirm via skull x-ray; Appel

ng MR|, please ensure a Neur
laware that patient has a prog}

toms: limited ultrasound of &
h contrast

AUC; 252 weeks PMA*/about 23 months old - 11 years old: 70 mg/kg/day di

Ani :
Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture,
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND
o Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as det
e NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum N;
PMA (Post- ual Age) = ional age + postnatal age

Pre-Op: Admit to PICU on Neurosurgery service
OR case request for externalization (Neurosurgery to obta|
«  Continuous CR monitoring (close monitoring for bradycard
*  Continue NPO and IVF
Post-Op: admit back to PICU
EVD/externalized shunt parameters per surgeon; follow p

e Consult
Infectious

antibiotics

IDrecs
Adjust
antibiotics

recs

Disease (ID)
Continue empiric [|®

(Vancomycin
and Ceftazidime) || o
x24 hours or per

on culture and ID

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

Labs:

e CSFstudies: cell count and
culture to lab per
Neurosurgery and/or ID

in 24-36 hours to document
sterilization.

deterioration: repeat CSF

blood, urine and respiratory
evaluation.

Mommrmg
Continuous CR monitoring

based

PICU if stable; g4hr on MS
floors

Ifacute kidney injury’: Avoid NSAIDs or di
Nephrology for approval.

If CSF culture positive, repeat

If persistently febrile or clinical
e Acetaminophen IV 15 mg/kg/dose g
culture is warranted. Consider

Vitals q1hr if unstable; g2hrin

Toradol IV 0.5 mg/kg/dose q6hr (m

x6 doses

o 6hoursafter last toradol dose,
ibuprofen PO 10 mg/kg/dose
40 mg/kg/day or 2,400 mg/day]}
less)

hours (max 1,000 mg/dose)

o After 24 hours of IV acetaminop
to PO acetaminophen: 15 mg/ki
PRN pain; (max 75 mg/kg/day o
day) for mild/moderate pain; md
acetaminophen for infants.

Morphine IV 0.05 - 0.1 mg/kg/dose 1V

severe pain (max 5 mg/dose)

T = |

|

Terminal sites dependent on clearance of end-organ space |nfect|cns If still preser

Intemalization Criteria
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosus
g

Transfer to MS floors and resume all pre-i |nternahzahon

Bacitracin to scalp incision,
replacement or daily cultures needed unless persistently febrile >36 h‘

[Telfato

|
ion of shunt infecti

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

Tbuprofen PO 10 me/kg/dose q6hr PRI (max 40 me/kg/day or 2,400 me/day, whichever isless

Follow Up: 2-3 weeks post discharge

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

v 1
Discharge Instructions/Medications:
)

q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild,

ate pain;

|

'Risk Factors for

Shunt Infection

Shunt
surgery
within
previous 6

months
Clinical signs |
of infection
involving

shunt

hardware
including

skin erosion, |
cellulitis,
incisional =
drainage or 1
abdominal |
pseudocyst
Clinical signs |
of meningitis

No other
obvious

source of

fever

Previous
shunt
infection

LAST UPDATED: 01.10.24
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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

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT

REPLACE CLINICAL
JUDGMENT.

Eemy Department physician based on clinical judgment

ors for shunt infection’
Isource for fever identified

y = )
Aﬂhst suspicion of shunt infection
IAGE:

v

Notify Neurosurgery attending at first suspicion of shunt infection
TRIAGE:
Vital signs gqlhr then g2hr 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 *

Vital signs q1hr then g2hr when more stable: temperature, BP, HR, RR, O2 sat, neuro check

Weight, head circumference (for <12 month old

| exam: See Appendix A.

A, urine culture
ptein, gram stain, aerobic culture

rred if imaging modality if confil
firm via skull x-ray; Appendix B: R}

IR, please ensure a Neurosurgery

: limited ultrasound of abdomenf
itrast

iture, UA/urine culture, and CSi

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.

CONTAC

LAST UPDATED:

.
PMA (Post-

o Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as determined
AUC; 252 weeks PMA*/about =3 months old - 11 years old: 70 mg/kg/day div g6hr; 3
NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
i age + postnatal age

ol Age) =

Pre-Op: Admit to PICU on Neurosurgery service
OR case request for externalization (Neurosurgery to obtain conse}
e Continuous CR monitoring (close monitoring for bradycardia)
*  Continue NPO and IVF
Post-Op: admit back to PICU
EVD/externalized shunt parameters per surgeon; follow post-op ¢

o Consult
Infectious
Disease (D)

Continue empiric [|®

antibiotics
(Vancomycin

and Ceftazidime) || o

x24 hours or per
IDrecs
Adjust
antibiotics based

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

Ifacute kidney injury®: Avoid NSAIDs or discuss wi
rology for approval.

Neph,

e Acetaminophen IV 15 mg/kg/dose q6hr ATC

Toradol IV
x6 doses

o 6hoursafter last toradol dose, start
ibuprofen PO 10 mg/kg/dose g6hr PRN|
40 mg/kg/day or 2,400 mg/day, whiche}

less)

0.5 mg/kg/dose g6hr (max 30 mg}

jcardia, hypertension or depressed L

fe that patient hasa programmabj

hours (max 1,000 mg/dose)

o After 24 hours of IV acetaminophen, swil
to PO acetaminophen: 15 mg/kg/dose g

on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000
recs «  Continuous CR monitoring day) for mild/moderate pain; may use P}
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants.
expected, consider PICU if stable; g4hr on MS . Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRI
long term IV access. floors severe pain (max 5 mg/dose)
T T ==
i |

Transfer to MS floors and resume all pre-internalization care and
[Telfato i

Intemalization Criteria:

If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery ai
Terminal sites dependent on clearance of end-organ space infections. If still present, will col

Bacitracin to scalp incision,
replacement or daily cultures needed unless persistently febrile >36 hours, clir:\

1
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bw\

Discharge

'Risk Factors for

M&.

hest/clavicular/ne

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

o
h

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

ate pain,

024

©2019 Connecticut Children's Medical Center. Al rights reserved.
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CLINICAL PATHWAY:

Suspected Neurosurgical Shunt Infection
Appendix A: Obtaining a Detailed History and Physical

Important factors to consider include:

e Shunt Type:

o ventricular-atrial shunt

o ventricular-plural shunt

o ventricular-peritoneal shunt
e Headache History:

o location
o quality
o duration

o treatment
* Vomiting History:

o timing

o any precipitating events
¢ Neurological symptoms:

o change in LOC

o 1 irritability

o weakness

o seizures

o up/downward gaze
o 1 lethargy

¢ Abdominal symptoms:
o significant 1 abdominal girth

o pain
o tenderness
o mass
e General:
o trauma

o fontanels
o head circumference
o | breath sounds for pleural shunts

RETURNTO
THE BEGINNING

CONTACTS: JONATHAN MARTIN, MD | PETRONELLA STOLTZ, APRN

LAST UPDATED: 01.10.24

©2019 Connecticut Children's Medical Center. Al ights reserved

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

CLINICAL PATHWAY: THIS PATHWAY

SERVES AS A GUIDE
Siiehacted Neiiraciiraical Shiint Infection e

REPI ACFE I INIGAL

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

I [ * Notify y 3 Fshurt infection | ] surgery ’

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 history/initial exam: See Appendix A.

[ o Ifsuspected i or I asound of abdomen obvious
e Iflarge or complex pseudocyst: CT of the abdomen with coy sourceof
Antibiotics and Fluids: fever
e Start both empiric antibiotics listed after obtaining blood cult rine culture, and GSF culture, if possible: e Previaus
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/d shunt.
o Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 r or as determined by pharmacy based on estimated infection

g/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr|
n serum Na levels)

Pre-Op: Admit to PICU on Neurosurgery service “Consider Acute Kidney Injury (AKI) based on the
o ORcase request for externalization (Neurosurgery to obtain consent for OR) following aiteria:
e Continuous CR monitoring (close monitoring for bradycardia)
Continue NPO and IVF

Increase in serum creatinine by 1.5-1.9 times
baseline within the prior seven days, or

*  Increase in serum creatinine by 20.3 mg/dL from

baseline (226.5 mermol/L) within 48 hours, or

Forthose with unknown creatinne, an eGFR <90

mi/min/1.73m’

> <>

intenance IVF . OT/PT: activity to

Appendix A includes important details that should | .
be included as part of the History and Physical
exam.

clamping
SCD/compression
boots for DVT ppx
per hospital policy
Incentive
spirometer or
bubbles for
atelectasis/PNA
prevention

= 50 mg/day PRN
long term IV access. severe pain (max 5 mg/dose) constipation
T

T

Intemalization Criteria:
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
P "

Post-Op care:
Transfer to MS floors and resume all pre-internalization care and start:
. Bacitracin to scalp incision, [Telfato i

hest/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 | ions/Me: i
«  Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild ate 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
e Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive iritability or sleepiness, severe headache

NEXT PAGE o

CONTACTS: JONATHAN MARTIN, MD | PETRONELLA STOLTZ, APRN
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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
cultures, anaerobic
cultures should be sent to
ensure proper organism
isolation if present.

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 isableto 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 listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible:
o  Ceftazidime IV: 150 mg/kg/day divided q8hr (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; 252 weeks PMA*/about 23 months old — 11 years old: 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaC depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age +postnatal age

Labs: Ifacute kidney injury®: Avoid NSAIDs or discuss with
e Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF . OT/PT: activity to
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | [+ NS 1:1 replacement include OOB with
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output EVD clamped for
Continue empiric || If CSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesif stable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max | [  Ondansetron0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose g8hr clamping
and Ceftazidime) |[e  If persistently febrile or clinical less) (max 4 mg/dose) ®  SCD/compression
x24 hours or per deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/dose g6hr ATC for 24 PRN nausea/ boots for DVT ppx
IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch . Polyethylene . Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs o Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants. . Docusate sodium prevention
expected, consider PICU if stable; ghr on MS e Morphine IV 0.05 - 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

Intemalization Criteria:
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Transfer to MS floors and resume all pre-internalization care and start:
Bacitracin to scalp incision, [Telfato inal/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 | i tions:
Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild, ate 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

NEXT PAGE o
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Initial Management:

Imaging includes reduced shunt
protocol MRI brain without contrast.

Before MRI, confirm that the patient
has a non-programmable shunt.

If there is a programmable shunt
present, check with the
Neurosurgery team and ensure they
are able to reprogram the shunt
within 24 hours of imaging.

CLINICAL PATHWAY: SERVES AS A GUIDE

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 IfMRInot 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 listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible:
o  Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND
o Vancomycin IV: <52 weeks PMAf/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: 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div g8hr
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaC depending on serum Na levels)
*PMA (Post-Menstrual Age) = gestational age +postnatal age

Labs: Ifacute kidney injury®: Avoid NSAIDs or discuss with
e Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF . OT/PT: activity to
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | [+ NS 1:1 replacement include OOB with
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output EVD clamped for
Continue empiric || If CSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesif stable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max | [  Ondansetron0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose g8hr clamping
and Ceftazidime) |[e  If persistently febrile or clinical less) (max 4 mg/dose) ®  SCD/compression
x24 hours or per deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/dose g6hr ATC for 24 PRN nausea/ boots for DVT ppx
IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch . Polyethylene . Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs o Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants. . Docusate sodium prevention
expected, consider PICU if stable; ghr on MS e Morphine IV 0.05 - 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

Intemalization Criteria:
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Transfer to MS floors and resume all pre-internalization care and start:
Bacitracin to scalp incision, [Telfato inal/chest/clavicular/neck incision; may shower POD 3; no further CSF
replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

Discharge | i
Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild, ate 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: ikl

SERW
Suspected Neurosurgical Shunt Infection =l
Appendix B: Radiographic Appearance of Shunt Valves JUDGMENT.

When evaluating the radiegraphic markings of any implanted device, it is impaortant to
recognize that the veracity of your interpretation depends on the quality of the
radicgraphic images. For the best results, x-rays should be taken arthogonally to the
plane of the shunt valve. The positioning of the valve relative to the skull base may also
abscure the valve markings. as averlapping radicdensities along the skull base can blur
valve markings. In more difficult cases, flucroscopy or 3D CT reconsiruction may be
used to properly identify the radic-opague markings on a shunt valve.

It is impaortant to realize that an exhaustive list of all shunt valve radiographic markings
is beyond the scope of this appendix. For additional information regarding comman
shunt valee markings found in Morth American neurosurgical patients, you may also
reference the |SPM's website on the same topic.

Please see the next several pages for examples of radiographic images of non-
programmable and programmable shunts. The sources of these images are:

= hitpcifeww kindemeurochirurgie-leipzig deftherapeuticfocusthydrocephalusiradiologic-
identification-of-vp-shunt-valves-and-adjustment!

»  hittpsaifenay ispn.quidel

»  hitpsaifenany. medtronic. comius-enindes. html

» hitpsiiradicpaedia orgl

Non-Programmable Valve Examples:

Medtronic Delta Fived Pressure Valve

RETwSE~ TO
< >
CONTAGT AN MARTIN, MO | F
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CLINICAL PATHWAY: SERVES AS A GUIDE
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

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 IfMRInot 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 listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible:

o  Ceftazidime IV: 150 mg/kg/day divided gq8hr (max 2 g/dose) AND
i . - # /ol [l aQh

determined by pharmacy based on estimated
div g6hr; 212 yrs old: 60 mg/kg/day div q8hr

Appendix B outlines radiographic Nalevels)

considerations when evaluating a shunt, with - =
imaging examples provided.

. Maintenance IVF . OT/PT: activity to
tose g6hr (max 30 mg/dose) || NS 1:1 replacement include OOB with

with CSF output EVD clamped for
ontinue empinc Culture positive, repeat O bhoursarter last toradol dose, start Medications: therapiesif stable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max [|e  Ondansetron 0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose q8hr clamping
and Ceftazidime) If persistently febrile or clinical less) (max 4 mg/dose) ®  SCD/compression
x24 hours or per deterioration: repeat CSF Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ boots for DVT ppx
IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
e Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch . Polyethylene . Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs e Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
If>5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants. ®  Docusate sodium prevention
expected, consider PICU if stable; g4hr on MS . Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

T T

Intemalization Criteria:
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
P "

Transfer to MS floors and resume all pre-internalization care and start:
«  Bacitracin to scalp incision, [Telfato inal/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 | ctions/Me tions:
«  Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild ate 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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NI INIC AT DATLUIA/IAV- THIS 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-
|n |t|a| Manaement: 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
P . the shunt within 24 hours of imaging. Make MRI aware that patient has a programmable shunt.
[ ]
Antl bIOtICS : o IfMRI not available: CT head without contrast

° Start Vancomycin and . If suspected abdominal pseudocyst or abdominal symptoms: limited ultrasound of abdomen

o . If large or complex pseudocyst: CT of the abdomen with contrast
ceftazidime for adequate Antibiotics and Fluids:

. . ° Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible:

Coverage after Obtalnlng o  Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND

I I o Vancomycin IV: <52 weeks PMAf/about <3 mo old: 15 mg/kg q8hr or as determined by pharmacy based on estimated
Cu ltu res, If pOSSI ble AUG; 252 weeks PMA'/about 23 months old — 11 years old: 70 mg/kg/day div g6hr; 212 yrs old: 60 mg/kg/day div q8hr
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
= u | d s *PMA (Post-Menstrual Age) = gestational age + postnatal age

» All patients are made .

Labs: Ifacute kidney injury®: Avoid NSAIDs or discuss with
. . e Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF . OT/PT: activity to
N P O a n d Ive n I V F I n Infectious culture to lab per e Toradol V0.5 mg/kg/dose g6hr (max 30 mg/dose) | [¢ NS 1:1 replacement include OOB with
Disease (ID) Neurosurgery and/or ID x6 doses with CSF output EVD clamped for
e Continue empiric (e If CSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesif stable
] antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose g6hr PRN (max ||e  Ondansetron0.1 and tolerating
re a ra tl O n fo r t h e (Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose gghr clamping
and Ceftazidime) ||¢  If persistently febrile or clinical less) (max 4 mg/dose) *  SCD/compression
x24 hours or per deterioration: repeat CSF o Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ boots for DVT ppx
. ID recs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
O e rat I n RO O m o Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch | |e  Polyethylene e Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs e Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
° AS k a b o ut th () | a St P O - If>5 doy antibiotics [+ Vitals qihr f unstable; g2hr in acetaminophen for infonts. « Docusate sodum prevention
expected, consider PICU if stable; q4hr on MS o Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

Intemalization Criteria:
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

last meal, snack, drink

Transfer to MS floors and resume all pre-internalization care and start:
Bacitracin to scalp incision, [Telfato inal/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 | i tions:
Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild, ate 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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THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

CLINICAL PATHWAY:

Suspected Neurosurgical Shunt Infection

( Indusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on dlinical judgment \ /

B
and/or presence of 21 risk factors for shunt infection” CRisk Factors for /

Shunt Infection

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
EVD/extemalized shunt parameters per surgeon; follow post-op care below

of meningitis
e Noother

« Admit to PICU on Neurosurgery service

» Enter case request for the OR .
* Continuous Cardiorespiratory monitoring

oY ” - v T
the shunt within 24 hours of imaging. Make MRI aware that patient has a programmable shunt.
o IfMRInot available: CT head without contrast

o Ifsuspected or limited of abdomen obvious
e Iflarge or complex pseudocyst: CT of the abdomen with contrast source of
H Antibiotics and Fluids: fever
C B e a I e rt fo r b ra d Ca rd I a e Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture, and GSF culture, if possible: ¢ Previous
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND shunt

o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg g8hr or as determined by phamacy based on estimated infection

AUC; 252 weeks PMA*/about 23 months old - 11 years old: 70 mg/kg/day div q6hr; 212 yrs old: 60 mg/kg/day div q8hr
e NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
PMA (Post- ual Age) = ional age + postnatal age

“Consider Acute Kidney Injury (AKI) based on the
following criteria:

Pre-Op: Admit to PICU on Neurosurgery service
*  ORcase request for externalization (Neurosurgery to obtain consent for OR) o Increase in serum creatinine by 1.5-1.9 times
e Continuous CR monitoring (close monitoring for bradycardia) baseline within the prior seven days, or
e Continue NPO and IVF + Increase in serum creatinine by 20.3 mg/dL from
Post-0p: admit back to PICU baseline (226.5 memol /L) within 48 hours, or

«  Forthose with unknown creatnne, an eGFR <90

e EVD/externalized shunt parameters per surgeon; follow post-op care below ml/min/L.73m’

[

Ifacute kidney injury®: Avoid NSAIDs or discuss with
e Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF . OT/PT: activity to
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | [+ NS 1:1 replacement include OOB with
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output EVD clamped for
e Continue empiric (e If CSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesif stable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max | [  Ondansetron0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose g8hr clamping
and Ceftazidime) |[e  If persistently febrile or clinical less) (max 4 mg/dose) ®  SCD/compression
x24 hours or per deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/dose g6hr ATC for 24 PRN nausea/ boots for DVT ppx
IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
e Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch . Polyethylene . Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs o Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants. . Docusate sodium prevention
expected, consider PICU if stable; ghr on MS e Morphine IV 0.05 - 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Transfer to MS floors and resume all pre-internalization care and start:
. Bacitracin to scalp incision, [Telfato i
replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

Intemalization Criteria:

hest/clavicular/neck incision; may shower POD 3; no further CSF

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds;
D N

harge I i ion:

brile x24 hrs; bowel movement; adequate PO

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

ate pain, PO: 15 mg/kg/

®  CallNSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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Post-Op
Patient will return to the PICU with an

externalized shunt
« Shunt parameters are set by the
surgeon

CLINICAL PATHWAY:

Suspected Neurosurgical Shunt Infection

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

Indusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on dinical judgment isk Factors for
and/or presence of 1 risk factors for shunt infection® “Shunt Infection
Exclusion Criteria: alternative source for fever identified AT
Notif ion of shunt infection SUER
[ d el | [ i

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

EVD/externalized shunt parameters per surgeon; follow post-op care below

e Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible:
o Ceftazidime IV: 150 mg/kg/day divided q8hr (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; 252 weeks PMA*/about 23 months old - 11 years old: 70 mg/kg/day div q6hr; 212 yrs old: 60 mg/kg/day div q8hr
e NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
'PMA (Post-| ual Age) = ional age + postnatal age

shunt
infection

Pre-Op: Admit to PICU on Neurosurgery service
*  ORcase request for externalization (Neurosurgery to obtain consent for OR)

e EVD/externalized shunt parameters per surgeon; follow post-op care below ml/min/L.73m’

“Consider Acute Kidney Injury (AKI) based on the
following criteria:

o L N N N . Increase in serum creatinine by 1.5-1.9 times.
o Continuous CR monitaring (close moritoring for bradycardia) Pifsorel b R
. Continue NPO and IVF . ::cn‘ﬂﬁ i:zs;r;m\ cmﬂltiln\ni‘;y Efxlhm/dlfmm
Post-Op: admit back to PICU Sl e dgion - O

Ifacute kidney injury®: Avoid NSAIDs or discuss with
e Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF . OT/PT: activity to
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | [+ NS 1:1 replacement include OOB with
Disease (ID) Neurosurgery and/or ID X6 doses with CSF output EVD clamped for
o Continueempiric||s  IfCSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesifstable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max | [  Ondansetron0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose g8hr clamping
and Ceftazidime) ||¢  If persistently febrile or clinical less) (max 4 mg/dose) *  SCD/compression
x24 hours or per deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/dose g6hr ATC for 24 PRN nausea/ boots for DVT ppx
IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
e Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch . Polyethylene . Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants. . Docusate sodium prevention
expected, consider PICU if stable; ghr on MS e Morphine IV 0.05 - 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

[

Intemalization Criteria:

Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.
Transfer to MS floors and resume all pre-internalization care and start:

. Bacitracin to scalp incision, [Telfato i

replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.

hest/clavicular/neck incision; may shower POD 3; no further CSF

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

brile x24 hrs; bowel movement; adequate PO
Discharge | ions, :

n
«  Ibuprofen PO 10 mg/kg/dose g6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever isless) for mild ate 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
®  CallNSG 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: TS

AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE CLINIGAL

JUDGMENT.

isk Factors for
Shunt Infection
e Shunt

and/or presence of 1 risk factors for shunt infection®

Indlusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on dlinical judgment
Exclusion Criteria: alternative source for fever identified

- - e surgery
Notify y #RT;‘\GE shunt infection within
RQ2hr Whenimore stable: temperature, BP, HR, RR, 02 sat, neuro check g S
Q<12 month old) P
o Clinical signs
if bradycordia, hypertension or depressed LOC is noted* ?:\fv';fjf:"
nitial exam: See Appendix A. shunt
hardware
including
skin erosion,
 send STAT CSF for cell count, glucose, protein, gram stain, aerobic cuture and anaerobic culture celt,
ferred if imaging modality if confirmation patient has non- :;:or‘;gi:;r
L g H firm via skull x-ray; Appendix B: Radiographic A f
Post-Op Managemen tibiotic B o—— Eiict o
IR, please ensure a Neurosurgery provider is able to reprogram N C: "'GI.S'g,n.S
re that patient has a programmable shunt. of meningitis
e Noother
PY C onsu It s: limited ultrasound of abdomen obvious
L. source of
fever
3 ) i Previous
. . . H bulture, UA/urine culture, and CSF culture, if possible: *
* Consult with Infectious Disease (ID Infectious o) 0 ot
|15 mg/kg q8hr or as determined by pharmacy based on estimated
. Jars old: 70 mg/kg/day div q6hr; 212 yrs old: 60 mg/kg/day div q8hr|
. = . g = . | depending on serum Na levels)
« Continue empiric antibiotics for 24hr or per ID Disease (ID) -

. . . ot )
N rosurgery service Consider Acute Kidney Inury (AKI) based on the
di - ° Continue empiriC [l e oo [, i
I re C I O n hnonitoring for bradycardia) s RNt rors i da o
. b. . o Increase in serum creatinine by 20.3 mg/dL from
back to PICU baseline (226.5 mcmol /L) w\m.m 48 hours, or
ihi 1 an tl | Ot ICS s per surgeon; follow post-op care below |\ T mimeri et e
» Adjust antibiotics based on culture results (v .
y <> <ow >
d Ceftazidime)
a n e az I I m ury*: Avoid NSAIDs or discuss with IVF:
boroval. e Maintenance VF |[e  OT/PT: activity to
X 24 ho urs or pe r .5 mg/kg/dose q6hr (max 30 mg/dose) ||+ NS ﬁ:tlsr:placement lEn\;:[\;Adle OOde;Ith
with CSF output clamped for
s after last toradol dose, start Medications: therapiesif stable
bfen PO 10 mg/kg/dose g6hr PRN (max [[e  Ondansetron 0.1 and tolerating
I D r'e CS /kg/day or 2,400 mg/day, whichever is mg/kg/dose q8hr clamping
(max 4 mg/dose) e SCD/compression
. bhen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ boots for DVT ppx
PY Ad u St 1,000 mg/dose) vomiting per hospital policy
J b4 hours of IV acetaminophen, switch [ Polyethylene o Incentive
acetaminophen: 15 mg/kg/dose q6hr glycol 17 g daily or spirometer or
.o . fain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
a n tl bl Ot IC S ba Se d br mild/moderate pain; may use PR constipation atelectasis/PNA
Ininophen for infants. *  Docusate sodium prevention
IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN
O n Cu It ure a n d ID (max 5 mg/dose) constipation
T T
v
Jnalization Criteria:
recs of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.

[pace infections. If still present, will consider alternate site if possible.

of o . Post-Op care:
/ >5 da an tlbl Otlcs sume all pre-internalization care and start
ke Ifa to abdominal/chest/clavicular/neck incision; may shower POD 3; no further CSF

less persistently febrile >36 hours, clinically deteriorating

.
eX ec ted CO nsl de r rolled :n PO meds; afebrile x24 hrs; bowel movement; adequate PO

/7 A "
,400 mg/day, whichever is less) for mild, ate pain, PO: 15 mg/kg/

IO ng term l V a CC ess. boderate pain; Polyethylene glycol PO and/or Docusate to prevent constipation

od, excessive imitability or sleepiness, severe headache
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CLINICAL PATHWAY: sy
Suspected Neurosurgical Shunt Infection REPLAGE CLiNICAL

Post-Op Management: Labs/Monitorin

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

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

repeated every 24-36 hours to document
when it becomes negative.

« If the patient is persistently febrile, repeat
investigation should occur.

Monitoring is based on patients clinical status

Indusion Criteria: Clinical suspicio infection by Emergency Department physician based on dinical judgment Risk Factors fo
21 risk factors for shunt infection" 5
a nc_eof k jiectio Shunt Infectiol
Exclusion Criteria: alternative soyges™~gugr identified Shunt
Notify Neurosu - T~ surgery
s within
e« Vital signs glhr then g2hr fnrin”tifs
*  Weight, head circumference (for Clinical si
. Place on continuous CR monitoring ofinfozc\‘sl o
*Notify Neurosurgery attending immediately J depressed LOC is noted" involving
shunt
y hardware
Late) including
o= skin erosion,
i cellulitis,
| ) . incisional
mas | Labs
1 bdominal
] C d - . " d pseudocyst
{eo SF studies: cell countan
of meningitis
| No other
obvious
. culture to lab per
N fever
| N d I D Previous
c eurosurgery and/or
e If CSF culture posit peat
] culture positive, repea

in 24-36 hours to document
sterilization.
; o If persistently febrile or clinical |
deterioration: repeat CSF -
= culture is warranted. Consider [
o blood, urine and respiratory [~

d Ceftazidime) CD/compressiol
24 hours or pe . 00ts for DVT ppx
.o evaluation. e
e sl . . b ror
w " Mlonitorin g: ecesvere
If>5 day antibiotics prevention
expected, consider - . .
long term IV access. C t C R t
i ° ontinuous monitoring

wwd @  Vitals qlhrif unstable; g2hr in -
PICU if stable; g4hr on MS -

*  Ibuprof : 15 mg/kg/dose
q6hr

e Follow Up: 2-3 weeks post discharge

e Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive iritability or sleepiness, severe headache
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CLINICAL PATHWAY: THIS PATHWAY

SERVES AS A GUIDE
AND DOES NOT

Suspected Neurosuroizaaasiint Infection REPLACE CLINICAL

JUDGMENT.

Pain/Fever

( Indlusion Criteria: Clinical suspi;c:.rwl? s;n:;g::fz E%EE%EE ;cian based on clinical judgment ) :SR': ZE t:;: :: ‘;: ::‘ .
If acute kidney injury’: Avoid NSAIDs or discuss with s
Nephrology for approval. o
e Toradol IV 0.5 m dose g6hr (max 30 mg/dose) | e
Post-Op Management: /kg/ dose dbhr | g/dose) | iz
x6 doses )
o 6 hours after last toradol dose, start dw":w
Pain and fever: ibupro;fl} gO 10 mg/kg/do/sde qG\T/LPF:\N (max |7 i
. - : 40 m ay or 2,400 mg/day, whicheveris | o
« NSAIDS should be used as first line for pain sy oY B/aay. B
and fever management e  Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24

Narcotics are for use with severe pain only hours (max 1,000 mg/dose)

. ., o  After 24 hours of IV acetaminophen, switch ~ f=ies.
Note: the definition of AKI has been updated to PO acetaminophen: 15 mg/kg/dose qéhr |~~~
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 -
acetaminophen for infants. :v/*"‘:edw
° MorphinelV 0.05- 0.1 mg/kg/dose IV q3hr PRN heng”gbl
severe pain (max 5 mg/dose) b”/;mi‘“
i = — R R N
posupersions [+ Vetsgme b g e B e
/

2Consider Acute Kidney Injury (AKI) based on the

following criteria: i roree e
o Increase in serum creatinine by 1.5-1.9 times -
baseline within the prior seven days, or
° Increase in serum creatinine by 20.3 mg/dL from fe=e®
baseline (=26.5 mcmol/L) within 48 hours, or i
. Forthose with unknown creatinine, an eGFR <90

ml/min/1.73m?
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CLINICAL PATHWAY: THIS PATHWAY

SERVES AS A GUIDE

AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLAE CLINIGAL

JUDGMENT.

IRisk Factors for
Shunt Infection
e Shunt

and/or presence of 1 risk factors for shunt infection®

Indlusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on dlinical judgment
Exclusion Criteria: alternative source for fever identified

Notify Y n of shunt infection i:;ii"'v
e Vital signs q1hr then g2hr when more stable: me;""(f:‘l;s 6
®  Weight, head circumference (for <; . Cincals
*  Placeon continuous CR moni ofinfchtSisrr\s
*Notify Neurosurgery attending is noted* volying
shunt
hardware
Labs: including
e CBCwdiff, CRP, iStat ct skin erosion,
®  Shunttap by NSG: send ture ;eclli:il:rl‘sa,l
Im: :
Reduced shunt protocoll IVF' bon- d;lnag_eolr
programmable shunt (if| . arance of : SES;’;':\;
Shunt Valves)
Clinical signs
o Ifprogrammables| M H t IVF . am . signs
theshuntwitting] @ aintenance of meningis
o IfMRInot availab . g;v c_::::r
o Ifsuspected abdominal N S 1 . 1 I
e Iflarge or complex pseuf [ ] . rep acel I |ent ?ourcaof
Antibiotics and Fluids: fever
o S a a e n ®  Start both empiric antibf . J P}:eVIous
o Coutime Vi with CSF output
o Vancomycin IV: <! lon estimated infection
AUG; 252 weeks P) . . n . ke/day div q8hr]
+  NPOandstart IVF atm M d t
PMA (Post-Menstrual Age) = gest e I Ca o s'

Fluids, Nutrition, and Bowel management: -|® 0"7;"/55"0"5# -
« Patients need both maintenance fluid and - ME/KE/C0SE QAN | Ememmiies

(max 4 mg/dose)
1:1 replacement of CSF output PRN nausea/ fie > <>

- - - Labs: oy .
- Anti-nausea medications should be ordered s el vomiting o || e
Infectious culture to lab pef :1 replacement include OOB with
Disease (ID) Neurosurgery ai CSF output EVD clamped for
o Or g = e Continue empiric (e If CSF culture pol . P I t h I ns: therapiesif stable
in addition to a bowel regimen olyethylene e ||
(Vancomycin sterilization. . g/dose g8hr clamping
and Ceftazidime) |[e  If persistently fe} I I 17 d I 4 mg/dose) *  SCD/compression
X24 hours or per deterioration: r¢ g yco g a I y O r nausea/ boots for DVT ppx
IDrecs culture is warrai iting per hospital policy
e Adjust blood, urine and B I D P R N ethylene * Incentive
antibiotics based evaluation. ol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN bubbles for
recs «  Continuous CR | . . Ltipation atelectasis/PNA
f>5 doyantibotics || Vitasqhr fun consti p ation sate sorfum prevention
expected, consider PICU if stable; g g/day PRN
long term IV access. floors Lipation

° Docusate sodium
If CSF culture s positive, discuss timing d 50 m g/da y PR N nical status and response to therapy.

Terminal sites depel e site if possible.

. o constipation - —

replacf ating

Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile 28 hrs; bowel movement; adequate PO
Dischar; i lions:
o Ibuprofen PO 10 mg/kg/dose qhr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild ate 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
®  CallNSG 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: THIS PATHWAY

SERVES AS A GUIDE

AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE CLINIGAL

JUDGMENT.

Indusion Criteria: Clinical suspicion of shunt infection by Emergency Department physician based on clinical judgment isk Factors for
and/or presence of 1 risk factors for shunt infection® “Shunt Infection’
Exclusion Criteria: alternative source for fever identified e Shunt
Notify’ Y gat icic f shunt infection i:;(?“e;y
TRIAGE: :
o Vital signs glhr then g2hr when more stable: temperature, BP, HR, RR, O2 sat, neuro check "mrz;"tz‘s‘s S
e Weight, head circumference (for <12 month old) o Clinical si
e Placeon continuous CR monitoring Dﬁm"chif:s
*Notify Neurosurgery attending ir i if i or depressed LOC is noted* e
Obtain detailed history/initial exam: See Appendix A. it 8
INITIAL MANAGEMENT: 2
Labs:
e CBC wdiff, CRP, iStat chem 7, procalcitonin, blood culture, UA, urine culture Ot h er
Shunt tap by NSG: send STAT CSF for cell count, glucose, protein, gram stain, aerobic culture
Imaging:
. Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confiration patient has EEICP
prog hunt (if not in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance abdominal
Shunt Valves) oot

o Ifprogrammable shunt is present: prior to ordering MRI, please ensurea Ney ¢ Clinical signs
the shunt within 24 hours of imaging. Make MRI aware that patient hasa pr|
o IfMRInot available: CT head without contrast
*  Ifsuspected i or i limited o
e Iflarge or complex pseudocyst: CT of the abdomen with contrast
Antibiotics and Fluids:

P o St 0 M a a e n t o Start both empiric antibictics listed after obtaining blood culture, UA/urine cultur ..

o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND OT/PT- t t t
% o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg q8hr or as def . . ac IVI y o
AUG; 252 weeks PMA'/about 23 months old— 11 years old: 70 me/kg/day o

o NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum H I d OO B 't h
PMA (Post- ual Age) = ional age + postnatal age In C U e WI

Pre-Op: Admit to PICU on Neurosurgery service

PT and OT should be involved once stable L oo e eon e EVD clamped for

' ' . therapiesif stable
and tolerating clamping oo B andtglerating

SCD boots and Incentive spirometry should be clamping

" . . . . Ifacute kidney injury®: Avoid NSAIDs or df
used when patients remain with limited C oo | G (S et m i
Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose g6hr (] S C D /
P Dieose 1) Nearmumgery aniorD e omes i compression
ann e Continue empiric |[® If CSF culture positive, repeat o 6hoursafter last toradol dos
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose b tS f D\ ,T
I I I O b I I It (Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/d OO O r p pX
and Ceftazidime) || e If persistently febrile or clinical less)
X24 hours or per deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/dose . .
oree e s worranes. Conscer ||| hoursman 1,000 mg/des) per hospital policy
e Adjust blood, urine and respiratory o After 24 hours of IV acetamin
antibiotics based evaluation. to PO acetaminophen: 15 mg .
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day I t
2" Contnuous R monioring G o mid/maneroe pan] @ ncenuve
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants.
expected, consider PICU if stable; ghr on MS e Morphine IV 0.05 - 0.1 mg/kg/dosg H
il I e sl spirometer or

e bubbles for

If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neu|
Terminal sites dependent on clearance of end-organ space infections. If still pf

Transfer to MS floors and mmtermlim at e | e Ct a Si S/PN A

«  Bacitracin to scalp incision, Tegaderm/Telfa to abdominal/ches

replacement or daily cultures needed unless pe;sistentlv febrile p re Ve nt io n

Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afel
Discharge i i
o Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whicheve|
q6hr PRN pain (max 75 mg/kg/day or 4,000 mg/day) for mild/moderate pain; Polyethyl
«  Follow Up: 2-3 weeks post discharge
e Call NSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive iritability|

NEXT PAGE

CONTACTS: JONATHAN MARTIN, MD | PETRONELLA STOLTZ, APRN

[ ] C q
> chidrens

LAST UPDATED: 01.10.24

R €701 Comnectcut Chiaren' Medlcal Center Al fofts reserved.



CLINICAL PATHWAY: THIS PATHWAY

SERVES AS A GUIDE

Suspected Neurosurgical Shunt Infection REPLACE CLINICAL

JUDGMENT.

Intemalization Criteria:
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites 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

Shunt Valves) ps.etlﬂoo{st
o Ifprogrammableshunt is present: prior to ordering MRI, please ensure a Neurosurgery provider is able to reprogram e Clinical signs
the shunt within 24 hours of imaging. Make MRI aware that patient has a programmable shunt. of meningitis
o IfMRI not available: CT head without contrast ¢ Noother
o Ifsuspected i or i limited of abdomen obvious
e Iflarge or complex pseudocyst: CT of the abdomen with contrast source of

Antibiotics and Fluids: ;e"e,’
«  Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible: * }:e"'°“5
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND Shunt

o Vancomycin IV: <52 weeks PMA'/about <3 mo old: 15 mg/kg g8hr or as determined by phamacy based on estimated infection
AUG; 252 weeks PMA'/about 23 months old— 11 years old: 70 me/kg/day div q6hr; 212 yrs old: 60 mg/ke/day div ashr
. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)

Pre-Op: Admit to PICU on Neurosurgery service IConsider Acute Kidney Injury (AKI) based on the

- ; g riteria:
* ORcase request for externalization (Neurosurgery to obtain consent for OR) v emssein 5:‘::;"‘;;::::‘; Ls10times
*  Continuous CR monitoring (close monitoring for bradycardia) baseline within the prior seven days, or
eW O r = e Continue NPO and IVF + Increase inserum creatining by 20.3 mg/dL from
.

Post-Op: admit back to PICU I g gk i
«_ EVD/externalized shunt parameters per surgeon; follow post-op care below ifmin/179m

» |If the CSF culture is positive, shunt replacement i "“'i | i““’ : :
and antibiotic duration will be determined on a '

Labs: Ifacute kidney injury®: Avoid NSAIDs or discuss with
e Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF . OT/PT: activity to
. Infectious culture to lab per e Toradol IV 0.5 mg/kg/dose q6hr (max 30 mg/dose) | |e NS 1:1replacement include OOB with
Ca S e - b y Ca S e b a S I S Disease (D) Neurosurgery and/or ID X6 doses with CSF output EVD clamped for
- e Continue empiric (e If CSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesif stable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose q6hr PRN (max | [  Ondansetron0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose g8hr clamping
and Ceftazidime) ||¢  If persistently febrile or clinical less) (max 4 mg/dose) *  SCD/compression
x24 hours or per deterioration: repeat CSF e Acetaminophen IV 15 mg/kg/dose g6hr ATC for 24 PRN nausea/ boots for DVT ppx
IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
e Adjust blood, urine and respiratory o After 24 hours of IV acetaminophen, switch . Polyethylene . Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
recs «  Continuous CR monitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
If >5 day antibiotics e Vitalsqlhrif unstable; g2hrin acetaminophen for infants. . Docusate sodium prevention
expected, consider PICU if stable; ghr on MS e Morphine IV 0.05 - 0.1 mg/kg/dose IV q3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation
T T T

Intemalization Criteria:
If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Transfer to MS floors and resume all pre-internalization care and start:
«  Bacitracin to scalp incision, [Telfato inal/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
ischarge I i tions:
«  Ibuprofen PO 10 mg/kg/dose q6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever is less) for mild ate 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
®  CallNSG if: fever >101.5°F, vomiting >3 times in a 12 hours period, excessive irritability or sleepiness, severe headache
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Intemalization Criteria:

Post-Op care:

CLINICAL PATHWAY:
Quienartad Nanirneciiraical Shiint Infactinn

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

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT

DCDI AAS ALINIAAL

If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Patient will transfer to a Med-Surg unit
Resume pre-internalization care EXCEPT:

* No further CSF replacements
* New for 2024: No further daily CSF cultures unless
persistently febrile or clinically deteriorating
Wound care and observation of all surgical incisions
Patient may shower on POD #3

(if not

Shunt Valves)

in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of

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 IfMRInot available: CT head without contrast

If suspected or

limited of abdomen

If large or complex pseudocyst: CT of the abdomen with contrast

Antibiotics and Fluids:

Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible:
o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND
o Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as determined by phammacy based on estimated
AUC; 252 weeks PMA*/about 23 months old — 11 years old: 70 mg/kg/day div g6hr; 212 yrs old: 60 me/kg/day div g8hr|
NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)

PMA (Post- ual Age) = ional age + postnatal age

abdominal
pseudocyst
Clinical signs
of meningitis
No other
obvious
source of
fever
Previous
shunt
infection

Pre-Op: Admit to PICU on Neurosurgery service
*  ORcase request for externalization (Neurosurgery to obtain consent for OR)
e Continuous CR monitoring (close monitoring for bradycardia)
*  Continue NPO and IVF

Post-Op: admit back to PICU

e EVD/externalized shunt parameters per surgeon; follow post-op care below

“Consider Acute Kidney Injury (AKI) based on the
following criteria:
Increase in serum creatinine by 1.5-1.9 times
baseline within the prior seven days, or
*  Increase in serum creatinine by 20.3 mg/dL from
baseline (226.5 mermol/L) within 48 hours, or
Forthose with unknown creatinne, an eGFR <90

mi/min/1.73m’

[

Consult
Infectious
Disease (ID)

Continue empiric

antibiotics
(Vancomycin

Labs:

e CSFstudies: cell count and
culture to lab per
Neurosurgery and/or ID

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

and Ceftazidime) || e If persistently febrile or clinical

X24 hours or per
IDrecs
Adjust

deterioration: repeat CSF
culture is warranted. Consider
blood, urine and respiratory

antibiotics based evaluation.
on culture and ID [| Monitoring:

recs

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

o Continuous CR monitoring

e Vitalsqlhrif unstable; g2hrin
PICU if stable; g4hr on MS
floors

Ifacute kidney injury®: Avoid NSAIDs or discuss with
Nephrology for approval.

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

x6 doses

o 6hoursafter last toradol dose, start
ibuprofen PO 10 mg/kg/dose g6hr PRN (max
40 mg/kg/day or 2,400 mg/day, whichever is
less)

Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24

hours (max 1,000 mg/dose)

o After 24 hours of IV acetaminophen, switch
to PO acetaminophen: 15 mg/kg/dose q6hr
PRN pain; (max 75 mg/kg/day or 4,000 mg/
day) for mild/moderate pain; may use PR
acetaminophen for infants.

Morphine IV 0.05 — 0.1 mg/kg/dose IV g3hr PRN

severe pain (max 5 mg/dose)

== ==

Medi
.

Maintenance IVF
NS 1:1 replacement
with CSF output
cations:
Ondansetron 0.1
mg/kg/dose q8hr
(max 4 mg/dose)
PRN nausea/
vomiting
Polyethylene
glycol 17 g daily or
BID PRN
constipation
Docusate sodium
50 mg/day PRN
constipation

OT/PT: activity to
include QOB with
EVD clamped for
therapiesifstable
and tolerating
clamping
SCD/compression
boots for DVT ppx
per hospital policy
Incentive
spirometer or
bubbles for
atelectasis/PNA
prevention

If CSF cultureis positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on clinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Transfer to MS floors and resume all pre-internalization care and start:
«  Bacitracin to scalp incision, [Telfato inal/chest/clavicular/neck incision; may shower POD 3; no further CSF

Intemalization Criteria:

replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating

v
Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afel

harge I i

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

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

brile x24 hrs; bowel movement; adequate PO
s

ate pain,

PO: 15 mg/kg/
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CLINICAL PATHWAY: TS

AND DOES NOT

Suspected Neurosurgical Shunt Infection REPLACE CLINICAL

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

CBC w aiﬂ, CRP, iStat chem 7, procalcitonin, Blood culture, UA, urine culture nnre il

g
o Shunttap by NSG: send STAT CSFfor cell count, glucose, protein, gram stain, aerobic culture and anaerobic culture cellulitis,
Imaging: incisional
e Reduced shunt protocol MRI brain without contrast is preferred if imaging modality if confirmation patient has non- dmlmgeor
prog hunt (if not in chart, may confirm via skull x-ray; Appendix B: Radiographic Appearance of abdominal
Shunt Valves) pseudocyst
o Ifprogrammable shunt is present: prior to ordering MRI, please ensure a Neurosurgery provider is able to reprogram «  Clocalsigs
the shunt within 24 hours of imaging. Make MRI aware that patient has a programmable shunt. of meningitis
o IfMRInot available: CT head without contrast ¢ Noother
o Ifsuspected i or i limited of abdomen obvious
e Iflarge or complex pseudocyst: CT of the abdomen with contrast ?:":effa of

Antibiotics and Fluids: r
. Previous

H H H 0 o Start both empiric antibiotics listed after obtaining blood culture, UA/urine culture, and CSF culture, if possible: N
s c a r e rl e r a o Ceftazidime IV: 150 mg/kg/day divided q8hr (max 2 g/dose) AND s f“”‘_
o Vancomycin IV: <52 weeks PMA*/about <3 mo old: 15 mg/kg q8hr or as determined by phammacy based on estimated infection

AUC; 252 weeks PMA*/about 23 months old - 11 years old: 70 mg/kg/day div q6hr; 212 yrs old: 60 mg/kg/day div q8hr

. NPO and start IVF at maintenance (with 0.45 or 0.9% NaCl depending on serum Na levels)
able neuro exam e
v

Pre-Op: Admit to PICU on Neurosurgery service IConsider Acute Kidney Injury (AKI) based on the
following criteria:

I 1 1 *  ORcase request for externalization (Neurosurgery to obtain consent for OR) (a5 I serum Greatinine by 1,5-LOHiReS
alin well controlied on enteral medications 2 Coninos Chrmononng s mowrig o o)
. Continue NPO and IVF . Increase in serum creatinine by 0.3 mg/dL from
Boxt0p: dit bck 0 PICU . DemmSm e

Afe b ri Ie fo r OVG r 24 h O u I"S EVD/externalized shunt parameters per surgeon; follow post-op care below mlfmin/1.73m"

[
Adequate oral intake .

Ifacute kidney injury®: Avoid NSAIDs or discuss with

e Consult . CSF studies: cell count and Nephrology for approval. . Maintenance IVF . OT/PT: activity to
Owe I ' I Ove ' ' I e n t a S o CC u rre Infectious culture to lab per o Toradol IV 0.5 mg/kg/dose qbhr (max 30 mg/dose) | | NS 1:1 replacement include OOB with
Disease (ID) Neurosurgery and/or ID %6 doses with CSF output EVD clamped for
e Continue empiric (e If CSF culture positive, repeat o 6hoursafter last toradol dose, start Medications: therapiesif stable
antibiotics in 24-36 hours to document ibuprofen PO 10 mg/kg/dose g6hr PRN (max | |s  Ondansetron 0.1 and tolerating
(Vancomycin sterilization. 40 mg/kg/day or 2,400 mg/day, whichever is mg/kg/dose g8hr clamping
and Ceftazidime) ||¢  If persistently febrile or clinical less) (max 4 mg/dose) *  SCD/compression
24 hours or per deterioration: repeat CSF o Acetaminophen IV 15 mg/kg/dose q6hr ATC for 24 PRN nausea/ boots for DVT ppx
] . IDrecs culture is warranted. Consider hours (max 1,000 mg/dose) vomiting per hospital policy
D I s c h a r e I n ru tl o n o Adjust blood, urine and respiratory o After 24 hoursof IV acetaminophen, switch |[¢  Polyethylene e Incentive
antibiotics based evaluation. to PO acetaminophen: 15 mg/kg/dose g6hr glycol 17 g daily or spirometer or
on culture and ID || Monitoring: PRN pain; (max 75 mg/kg/day or 4,000 mg/ BID PRN bubbles for
I . . . recs «  Continuous CRmonitoring day) for mild/moderate pain; may use PR constipation atelectasis/PNA
N CI u d e provisions fo r o5 doyartiiotis |+ Vhalagihe finstablesa2iri e i oo s Doamesmann || e
. expected, consider PICU if stable; qahr on MS «  Morphine IV 0.05 - 0.1 mg/kg/dose IV g3hr PRN 50 mg/day PRN
long term IV access. floors severe pain (max 5 mg/dose) constipation

IfCSF culture is positive, discuss timing of shunt replacement and duration of antibiotics with Neurosurgery and ID based on dlinical status and response to therapy.
Terminal sites dependent on clearance of end-organ space infections. If still present, will consider alternate site if possible.

Transfer to MS floors and resume all pre-internalization care and start:

.
« Pain control
C t [ t . t.
p p «  Bacitracin to scalp incision, [Telfato inal/chest/clavicular/neck incision; may shower POD 3; no further CSF
I | replacement or daily cultures needed unless persistently febrile >36 hours, clinically deteriorating
F - v
O OW u p Discharge Criteria: stable neuro exam; pain well controlled on PO meds; afebrile x24 hrs; bowel movement; adequate PO
Di o/ Med o

harge | i
«  Ibuprofen PO 10 mg/kg/dose g6hr PRN (max 40 mg/kg/day or 2,400 mg/day, whichever isless) for mild ate pain, PO: 15 mg/kg/

W h e n to Ca | I N e u rOS u e r 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

®  CallNSG 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



.:.Connecticut

Quality Metrics Childrens

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)
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Pathway Contacts Childrens

 Jonathan Martin, MD

o Pediatric Neurosurgery

* Petronella Stoltz, DNP, APRN

o Pediatric Neurosurgery



. °
.-.Connechcut

References Childrenss

« Simon TD, Hall M, Riva-Cambrin J, Albert JE, Jeffries HE, LaFleur B, Dean MJ, Kestle JRW,
and in collaboration with the Hydrocephalus Clinical Research Network. Infection rates

following initial cerebrospinal fluid shunt placement across pediatric hospitals in the United
States. J Neurosurg Pediatr. 2009 Aug;4(2):156 -65.

« Simon TD, Hall M, Dean JM, Kestle JR, Riva-Cambrin J. Reinfection following initial
cerebrospinal fluid shunt infection. J Neurosurg Pediatr. 2010 Sept;6(3):277-85.

« Duhaime AC. Evaluation and management of shunt infections in children with hydrocephalus.
Clin Pediat. 2006 Oct; 45(8):705-13.

« Sarmey N, Kshettry VR, Shiver MF, Habboub G, Machado AG, Well RJ. Evidence-based
interventions to reduce shunt infections: a systematic review. Childs Nerv Syst. 2015
Apr;31(4):541-49.

« Kestle JR, Riva-Cambrin J, Wellons JC 3rd, Kulkarni AV, Whitehead WE, Walker ML, Oakes
WJ, Drake JM, Luerssen TG, Simon TD, Holubkov R, and in collaboration with the
Hydrocephalus Clinical Research Network. A standardized protocol to reduce cerebrospinal

fluid shunt infection: The Hydrocephalus Clinical Research Network Quality Improvement
Initiative. J Neurosurg Pediatr. 2011 Jul;8(1):22-9.



® i
Thank You! P rens

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.



	Suspected Shunt Infection 
	What is a Clinical Pathway?	
	Objectives of Pathway
	Why is Pathway Necessary?
	Background
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Review of Key Points
	Quality Metrics
	Pathway Contacts
	References
	Thank You!

