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Examples - the real world

MS boy, 2y old

30/8 VED for hydrocephalus (newly diagnosed fossa
posterior tumor) - drainage 450 ml/d

3/9 readmission PICU for progressive somnolence,
bradypnea & apnea. VE drain OK, CT unchanged,
start steroids.

8/9 partial resection, plan chemotherapy
22/9 internalisation = VPD

29/9 surgical revision VPD due to dysfunction
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Example 2

HS boy, 8 mo old

- Congenital arachnoid cyst, in followup, progressive
macrocrania

- Elective surgery planned - marsupialisation
endoscopically, postop short PICU stay

- D5 postop readmission PICU with epilepsy
. Signs of high ICP, evacuating LPs
. BZD & valproate, need for mechanical ventilation
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Example 2

HS boy, 8 mo old

- Persistent signs of high ICP:
D 10 postop - subduroexternal drain

- D 15 postop - internalisation = subduroperitoneal

- D 18 postop - sepsis, sensitive & red drain trajectory
(= drain infection), revision & externalisation, AB

- Later second internalisation
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Example 3

AS girl, 14 y old
- VPD for hydrocephalus, pre-resection
- Astrocytoma resection

postop prolongued somnolence & PICU stay (known
residual tumor on CT, R/ steroids), Diabetes insipidus.

- D 6 postop readmission with convulsions
CT shows minimal postop blood. BZD, levetiracetam.
Transient phase of cerebral salt wasting.

- 2 months postop: extensive thrombosis intracranial,
jugular ans subclavian, with lung emboli & infarction.
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Example 3

AS girl, 14 y old

- 2years later — persistent headache complaints, and
adaptation of VPD resistance, to no avail.
No pump disconnection (Rx)

- Development of hydrocephalus
Revision with replacement of VPD.
Postop early restart of LMWH.

- 24h postop somnolence, intraparenchymatous bleed,
with surrounding edema

- Temporary VED extra.
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Example 4

JP girl, 2,5y old

- Progressive cerebellar syndrome

- Big fossa posterior tumor, complete resection
(macroscop), with purposeful left PICA ligation

- Postop persistent horizontal nystagmus and mutism

- CT postop edema, no bleeding, partial cerebellar
ischemia

- Planned for proton therapy
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Example 5
XX boy, 8 y old

- Tumor resection, postoperative irradiation, and
mental retardation

2 years postop VP drain dysfunction, revision, and
temporary VE drainage

- VE drain leakage due to biting the drain
- Local repair
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[.  Examples - the real world

I[I. The classical peri and post operative scenario
- the kids
- the surgery
- the postoperative followup

[1I. Complications
- Definitions and data sources

- Clinical presentation
- What ? When ? How often ? What todo ?
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The classical (post)operative course

The risk factor profile of these children, and the
conditions at the start of surgery:

- Age median 6 years (IQR 1,3- 12)
- ASA 2-3 dominant,

- 25 % are emergency (= emergency list, within working
day) or urgent (= out of hours), predominantly in the
shunt group - surgery in symptomatic kids.

- Risk factor profile reflects the child with neurological
comorbidity - totally different to adults.



TABLE 1. Demographic information by NSQIP-Peds neurosurgical procedure categories

Demographics Craniotomy/Craniectomy (%)  Defect Repairs (%) Laminectomy (%)  Shunts & Implants (%)

Total cases 3383 (100) 242 (100) 1811 (100) 4560 (100)
Male sex 1867 (55.2) 132 (54.5) 842 (46.5) 2588 (56.8)

Age
<29 days . . 19 (1) 280 (6.1)
29-364 days i 346 (19.1) 939 (20.6)
1-5yrs i : 598 (33) 1117 (24.5)
612 yrs i : 612 (33.8) 1242 (272)
(
(2.3

13-18 yrs . : 236 (13) 982 (21. 5}
Preterm birth* . . 306 (16.9) 24
ASA class
164 (9.1)
1042 (57.5)
592 (32.7)
12(0.7)

Case status
Elective . 101 (41.7) 1785 (98.6) 2432 (53.3)
Emergency . 79 (32.6) 10 (0.6) 1241 (27 2)
Urgent B 62 (25.6) 16 (0.9) 887 (19.5)

Kuo BJ et al. ] Neurosurg Pediatr 2017




TABLE 2. Patient risk factors and measures of system efficiency and procedure complexity by NSQIP-Peds
neurosurgical procedure categories

Craniotomy/ Defect Shunts &
Patient Risk Factors Craniectomy (%) Repairs (%) Laminectomy (%) Implants (%)

Total cases 3383 (100) 242 (100) 1811 (100) 4560 (100)
Cardiovascular conditions
Congenital cardiac RF

No cardiac RF s 1577 (871)

Minor cardiac RF . I 139 (8.8)

Maijor cardiac RF . : 66 (3.6)
Severe cardiac RF : I 9 (0.5)
Previous cardiac surgery . ! 73 (4)
Metabolic & nutritional conditions

Diabetes 3) 3(0.2)

Preop 10% weight loss 9) 37 (2)

Pulmonary conditions
Asthma : 115 (6.4)
Structural pulmonary abnormality } : 87 (4.8)
Preop oxygen support . 26 (14)
Preop ventilator dependence . : 13(0.7)

Neurorogicar conamons
CNS structural abnormality
Cerebral palsy
CNS tumor
Preop coma
Neuromuscular disease
Developmental delay

~TPreop seizure Mstory

IVH Grade 3 or 4

1427 (78.8)
48 (2.7)
88 (4.9)

0 (0)
205 (11.3)
399 (22)

T8 1.3)
13 (0.7)
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Fic. 1. Bar graph showing the distribution of comorbidities.

Patel AJ et al. ] Neurosurg Pediatr 2014
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The classical (post)operative course

Typical paediatric neurosurgery for :

Correction of congenital lesions: craniosynostosis,
cysts, meningomyelocoele, spinal deformities

Derivations — VED, VPD

- Tumours

- Trauma (decompression, other) and bleeds
- Endovascular procedures (AV malformations)

- Epilepsy surgery
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The classical (post)operative course

Surgery in general in big secondary and tertiary centres,
with a focused team (anaesthesia, surgery, intensive
care, pediatric neurology, radiology...)

Postoperative destination

- Recovery room, and later paeds ward

- Short/prolongued intensive care stay (NICU/PICU)

- Ambulant followup locally - home/school/institution

Who evaluates ?
nurses, surgeon, paediatrician, anaesthesiologists, GP....
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The classical (post)operative course

The postoperative (clinical) evaluation
- Early extubation if possible

- Age adapted, and in comparison with the preoperative
status

- General evaluation (ABC, etc.) and specific neuro -

GCS, pupils, strength, reflexes, cranial nerves....
but also diuresis, U & E !

- Imaging D1-2 postop if requested (bleed, edema,
residual lesions) — need for sedation ?
Quid irradiation in repetitive CTs ?
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/Conte nts

[.  Examples - the real world

II. The classical peri and post operative scenario
- the kids

- the surgery
- the postoperative followup

[1I. Complications
- Definitions and data sources

- Clinical presentation
- What ? When ? How often ? What to do ?
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I1l. Complications

Definitions & data sources

- Complications as adverse events.
Classical sequelae of the disease or the surgery are not
complications.

- Data sources are often local databases, data from
regular morbidity and mortality rounds, and national
multi institutional organisations.

Overlap with quality control data.
Many publications are retrospective
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~ IIl. Complications

Detection via clinical presentation and planned imaging

Changes in consciousness

Headache

Asymmetry, abnormal lack of movement, or epilepsy
Changes in other organ systems

Diuresis and changing natremia
Other lab parameters (lactate,...)

Signs of infection

CT or MRI shortly after extensive surgery



“1Il. Complications

What ? When ? How often ?
- 16-30 % complications depending on the study.

- Pediatric neurosurgery having the highest complication
rates of all pediatric surgical subspecialties.

Prospective surveillance of complications in a pediatric
neurosurgery unit

Clinical article

JaMmEes M. DRAKE, F.R.C.S.C.,! Jay R1iva-CaMBRIN, M.D., M.Sc.,?

ANDREW JEA, ML.D.,* KURTIS AUGUSTE, M.D.,** MANDEEP TAMBER, F.R.C.S.C.,°
AND MARIA LAMBERTI-PascuLLl, R.N.!

Prospective review of a single center’s general pediatric
neurosurgical intraoperative and postoperative complication
rates

Clinical article

Erik J. vax Linpert, ML.D., Pu.D.,! Hans Derve, ML.D., Pu.D..! axp Jopy LEoNarpo, ML.D.?



“Mortality ?

Table 5 Literature review of published morbidity and mortality studies in paediatric neurosurgical patients

Study Ageof  Duration of  Type of surgery Number of patients Number of procedures Morbidity f Mortality (%) 30-day reoperation  Surgical site
patients observation (%) rate (%) infection rate (%)
(years) (days)

Albright [1] NS Varies Shunt insertion/shunt 200/72/100/91/100  200/72/100 /91/100 NS 1% for brain NS TI1/4/0/9.
revision/craniotomy for tumours Composite
brain tumour/craniotomy infection rate,
for sagittal 6.6
synostosis/tethered cord

Smith [14] 0-18 Inpatient stay  Cranial—tumours only 4712 NS NS 1.60 NS NS

Drake [5] NS 30 days All cranial and spinal surgery NS 1082 16.4 11 deaths 10.4 (estimated) 3.1 (estimated)

Neervoort [10]  0-18 NS Cranial—tumours only 121 137 68.6 0.8 NS NS

Moiyadi [8] 0-18 NS Cranial—tumours only 117 117 444 7.7 Reexploration, 8.5; 15.4

additional
procedure, 14.5.

Murkerji [9] NS 300 days All cranial and spinal surgery NS NS NS 2.7 17.3 NS

Solheim [15] 0-16 30 days Cranial—tumours only 1242 1242 NS 3.1 NS NS

Von Lehe [18]  0-16 30 days Cranial 641 769 20 NS NS 39

O'Kane [12] 0-14 30 days Cranial—tumours only 1280 NS NS 2.7 NS NS

Patel [13] NS 30 days All cranial and spinal surgery 1990 3195 15.0 1.6 NS NS

Van Lindert [19] 0-17 30 days All cranial and spinal surgery 581 1000 20.2 22 10.5 34

Desai [2] NS 30 days Emergency and urgent surgery 580 710 10.3 5.2 4.7 33

Van Lindert [20] 0-17 Intraoperative  All cranial and spinal surgery 1148 1807 35 02 NS NS

only

Current study 0-16 30 days All cranial and spinal surgery 287 549 20.2 2.1 14.8 5.5(4.2%

\ ) organism
identified)

NS not specified

Campbell E et al. Childs Nerv Syst 2017




TABLE 1: Data collection form used for cataloging and
enumerating complications*

Summary of Surgical and Medical Complications

Surgical Morbidity No. Medical Morbidity No.
neurological deficit cardiac
meningitis respiratory/pneumonia
seizures Gl/hepatic
wound infection renal/GU/UTI
CSF leak hematological/ TE
shunt blockage metabolic
shunt infection cognitive

postop hemorrhage,
managed medically

postop hemorrhage,
returned to OR

postop Infarction
other
total

miscellaneous

other

total
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TABLE 2: Number of procedures and complications by procedure

Procedure Type No. of Cases No. of Complications (%)
CSF diversion 416 04 (15.4)

brain tumor 190
epilepsy 80 11 (13.8)

spine 132 25 (18.9)

head trauma 69 10 (15.4)
craniofacial 59 4(7.3)
vascular surgery 12
miscellaneous 132 0 (3.8)

total 1082 177 (16.4)

Drake JM et al. ] Neurosurg Pediatr 2010



TABLE 3: Frequency of complications by complication category

Complication

No. of Cases (%)

CSF leak
new neurological deficit
early shunt or ETV blockage
shunt infection
postop hemorrhage, returned to OR
wound Infection
postop hemorrhage, managed medically
respiratory/pneumonia
other
total

31 (175)
27 (15.3)




TABLE 4: Incidence of meningitis as function of complication
type

Meningitis
Complication No Yes %
shunt infection 10 14 58.3
CSF leak 21 4 12.9
wound infection 9 1 10.0

Drake JM et al. ] Neurosurg Pediatr 2010



TABLE 2: Intraoperative and postoperative complications occurring per procedure within each subgroup category

Subgroup No. of Cases Overall

CSF diversion 94 (20.3) 101 (21.8)
congenital 25 (15.0) 28 (16.8)

tumor 41 (26.3) 51 (32.7)
trauma 5(4.7) (8.9)
infection 3(12.5)

cerebrovascular 3(13.0)

miscellaneous 4 (6.6)
total 175 (17.5)

van Lindert et al. ] Neurosurg Pediatr 2014



TABLE 4: Postoperative complications

Complication No./1000 Ops Rate/1000 Ops
death 1 0.1%
hemorrhage 5 0.5%
early CSF diversion failure 53 9.3%
infection total 92 5.2%
shunt related 23 2.3%
wound related - 0.4%
meningitis related ! 0.7%
other infection 18 1.8%
neurological deficit 28 2.8%
CSF leak 13 1.3%
pseudomeningocele 17 1.7%

other 33 3.3%




TABLE 3: Intraoperative complications

Complication No./1000 Ops  Rate/1000 Ops
death 2 0.2%
hemorrhage 8 0.8%
premature abortion of procedure 5 0.9%
cardiopulmonary/anesthetic 3 0.3%
Inconclusive biopsy 3 0.3%
unintended structural damage 2 0.2%
CSF leak 1 0.1%
other 3 0.3%

van Lindert et al. ] Neurosurg Pediatr 2014




TABLE 2. Different types of complications

Type of Complication No. of Cases

| Neurosurgical | 47

Vascular/hemodynamic
CSF leak/dural tear
Drain/catheter related
Skull fracture
Neural injury
Miscellaneous
Anesthesiological
Cardiovascular/hemodynamic
Hypothermia
Hypoxemia
Respiratory
Allergic reaction
Miscellaneous
Intraoperative death
Total

(]
—

7
8
3
2
6
4
3
2
2
4
1
2
3

(@]
~

van Lindert et al. J Neurosurg Pediatr 2016




comprehensive analysis of early outcomes and complication
rates after 769 craniotomies in pediatric patients

Table 4 Incidence of systemic complications

Cardiopulmonary complications
(e.g., pneumonia, embolism)
Water—electrolytes imbalance (e.g., diabetes
insipidus, salt wasting syndrome)
Deep vein thrombosis

Coagulopathy

Sepsis
All

von Lehe et al. Childs Nerv Syst 2013




11 % Unplanned readmissions
within 30 days

TABLE 8. Logistic regression analysis of variables independently associated with unplanned readmission*
Variable Adjusted OR 95% Cl p Value

Deep incisional SSI 25.547 10.229-63.373 <0.001
Organ/space SS| 19156 11.618-31.585 <0.001
Wound disruption 17.582 10.750-28.756 <0.001
Superficial incisional SSI 12151 7.783-18.973 <0.001
Graft/prosthesis failure 11.074 2.882-42.548 <0.001
Postop pneumonia 4.294 2.045-9.017 <0.001
Postop UTI 4.262 2.598-6.992 <0.001
Postop sepsis 2.616 1.321-5181 0.006
Postop seizure 2.532 1.398-4.587 0.002
Native American racet 2.363 1.149-4 861 0.019
Shunt/ventricular catheter revision, removal, or irrigation procedure 2.283 1.679-3103 <0.001
Shunt/ventricular catheter placement proceduret 2128 1.542-2.937 <0.001
MMC proceduret 1.979 1.066-3.675 0.031
Presence of any comorbidit 1.943 1.086-3.478 0.025

Sherrod et al. ] Neurosurg Pediatr 2016




~Unplanned reopem
48h, within 30 days.

Unplanned reoperations
- Within 48 h =2 %
- Within3o0d =10-17 %

Risk factors are identical
- Shunt revision need

- Initial surgery urgent

Roy AK et al. ] Neurosurg Pediatr 2017
Mukerji N et al. ] Neurosurg Pediatr 2012
van Lindert et al. ] Neurosurg Pediatr 2014



of index surgery, stratified by surgical category

Category No. of Unplanned Reops (%) TABLE 5. Multivariate analysis of clinical and demographic

Shunt procedures factors associated with unplanned reoperations within 48 hours
VP shunt insertion 1(1.3) -
VP shunt revision 449 Y Unplanned Reops w/in 48 Hrs
VA shunt insertion 6(5.2) (n= 159)
VA shunt revision 7(4.4) —
LP shunt insertion 0 Independent Variable OR (95% CI) p Value
LP shunt revision 0
SP/CP shunt insertion 0 Age <1yr 0.92 (0.59-1.44) 0.714
SP/CP shunt revision 0 )
Other shunt insertion 1 148) Jﬁlfter'hr Surger’:,"* 2.01 |.'1 .43_2.83) ‘:{].001
Other shunt revision _ 0 Urgent surgery 1.40 (0.90-2.16) 0.135
Shunt externalization/removal 8(3.9) :

Cranial procedures Admission from ED 1.97 I:132—295} 0.001
Craniotomy for tumor resection 5(0.9) . ,
Craniotomy for rauma 5(17) NICU admission after surgery 0.44 (0.16-1.20) 0.107
Craniotomy for craniosynostosis 0 Inde:-: SUI“QEF’:," Eategory
Chiari decompression 0 -
Craniotomy for epilepsy 1(0.7) Shunt 5.74 12?3—1206} <0.001
Sanopesy . > Craniotomy 2.02 (0.92-4.45) 0.082

raniotomy for vascular lesions 0

Transsphenoidal surgery 0 Other Reference
Other craniotomies 0
Endoscopic third ventriculostomy 2(1.4)
Stereotactic brain biopsy 1(1.5)
VAD/EVD placement 7(3.3)

Spinal procedures
Laminectomy for detethering

Spinal fusion
Other procedures
Wound revision or washout 5(1.9)
VNS insertion & revision 0
Baclofen pump insertion & revision 0 RO)’ AI< et al. ] Neurosurg Pediatr 2017
Brachial plexus & peripheral nerve 0
Myelomeningocele repair 0

Minor 5(1.9)
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- Specific surgery ty\/pes

Endoscopic endonasal resections :
infections, need for hormonal substitution (=sequelae)

Endovascular procedures :
device problems/misplacement, puncture site bleed

Craniosynostosis :
hemorrhage, hyperchloremic metabolic acidosis

(late) Shunt displacement or migration :
endoluminal site (bladder, pulmonary artery, bowel),
pleural effusions, etc. Fracture. Growth (sequela).

Decompressive craniectomy
hygroma, hydrocephalus, poor wound healing
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- Specific measures

Steroids in supratentorial tumor surgery

Anti epileptic drugs:
maintenance yes, prophylactic no

Screening for sodium disorders:
DI, SIADH, but also CSW

Deep venous thrombosis
relatively rare
prophylaxis only in postpubertal adolescents



~How improve

evaluation & outcome ?

Use identical measures in quality control.

Three key indicators were identified to permit monitoring
of quality of care delivered:

Significant adverse event rate—the proportion of opera-
tions to which at least one significant adverse event was
linked to.

Unscheduled return to theatre rate—the proportion of op-
erations which subsequently required an unplanned return
to theatre due to a recorded significant adverse event.
Surgical site infection rate—the proportion of operations
that were linked to any adverse event affecting the surgi-
cal site (wound, shunt or drain infections).

Campbell E et al. Childs Nerv Syst 2017
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~How improve

evaluation & outcome ?

Do standardisation in data collection, and validated
measuring tools.

Hemorrhage/Stroke/Deficit
new neurological deficit - expected
new neurological deficit — unexpected - transie
TABLE 2: Surgical morbidity data collection form* new neurological deficit — unexpected — permanent -
(PSOM__)
CSF Circulation cerebellar mutism (score _ )
Shunt mechanical failure <30 days unexpected intraop hemorrhage
Shunt infection postop hemorrhage
ETV failure <30 days intraventricular
CSF leak subdural
minor exfradural

major
pseudomeningocele
minor arterial

major VEenous
i venous sinus thrombosis

postop brain edema
Other Infection unexpected seizure
wound infection intraop death
meningitis unexpected postop death <30 days
septic other
aseptic Total

Drake JM et al. ] Neurosurg Pediatr 2012



Appendix 3: Pediatric Stroke Outcome Measure
Summary of Impressions

After completing the PSOM-NE or equivalent detailed neurclogic
exammation, summarize and grade your impressions about deficit
severity m the followimng categones:

A Sensonmotor Defieit (ANY motor or sensory abnormality
mecluding Cramial Nerve Deficits, Visnal, and Hearing deficits)
Rside L side
0

None 0
Mild but no impact on function 05 05
Moderate with some fimetional hmitations 1 1
Severe or Profound with missing function 2 2

Select the Sensorimotor Deficits You Observed (select all that appl'rfl
o Global developmental delay

0 Global hypotonia or h}@ertouia o Hemiparesis
o Hemufacial weakmess
0 Hemiataxia o Dysarthria o Other Motor deficit

0 Hemisensory deficit
o Difficulty with vision
o Difficulty with dronking, chewing or swallowing

0 Other Sensory deficit

01 Other, describe:

B. Langunage Deficit — Production (exciuding dwsqrﬂlna-
None
Mild but no impact on function 0.3

Moderate with some fimctional hmutations 1
Severe or Profound with missing function 2
Describe the I anguage Production Deficits You Observed Here:

C. Langnage Deficit - Comprehension
None
Mild but no impact on function
Mederate with some fimetional limitations
Severe or Profound with nussimg function
Describe The Langnage Comprehension You Observed Here:

B == ]
n

D. Cognitive or Behavioural Deficit (specify which)
0 Cognitive o1 Behavioural
None 0
Mild but no mpact on function 05
Mederate with some fimetional limitations 1
Severe or Profound with nussmmg function 2
Describe the Cognitive or Behavioural Deficits You Observed Here:

TOTAL SCORING: /10 — Are all the newrologic defi-
cits completely attributable to stroke? o Yes o No
If no, please specify which deficits are not and state responsible
diagnosis
E. Was the event an ATS/CSVT/Pomary hemorrhagie stroke?
1. Defimitely yes o 2. Probably yes o 3. Unclear o
4. Probably not o 5. Definitely not o

TABLE 1: Cerebellar mutism syndrome survey*

cerebellar mutism syndrome (1 = yes; 2 =no; 9 = unknown)
if yes, code below:

time of onset
1 = immediately postop
2=Days 1-2
3 =Days 2-4
4=>Day 4
mutism
1 = mild (mutism <1 wk)
2 = moderate (mutism 1-4 wks)
3 = severe (mutism >4 wks)
ataxia
1 =mild (persists <1 wk)
2 = moderate (persists 1-4 wks)
3 = severe (persists >4 wks)
hypotonia (quadriparesis)
1 =mild (can sit or stand by <1 wk)
2 = moderate (can sit or stand, 1-4 wks)
3 = severe (can't sit or stand, >4 wks)
irritability
1 = mild (persists <1 wk)
2 = moderate (persists 1-4 wks)
3 = severe (persists >4 wks)

*

(6 Suppl):444—451, 2006,

Drake JM et al. ] Neurosurg Pediatr 2012

Reprinted with permission from Robertson et al: J Neurosurg 105
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~How improve

evaluation & outcome ?

Checklists ?

Finnish study

Use of the WHO surgical checklist, with before-after
evaluation of outcome after adult neurosurgery.
70-80 % checklist adherence.

- reduced incidence of infection

- reduced incidence of infection and other preventable
complication related reoperations

Lepdnluoma M et al. ] Neurosurg 2015



- Conclusions & approach

- High incidence of complications after pediatric
neurosurgery :
highest after tumor and shunt surgery, cave infections
important reoperation need

- Comorbidities are different to adults.

- Clinical evaluation is crucial. Use a dedicated team.
Frequent repeat imaging (?!).
Multisciplinary decision making.

- Watch out for late complications.

- Invest in a good database for quality controll.
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