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I.  Examples - the real world

MS  boy, 2 y 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







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





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





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.









Example 3

AS girl, 14 y old

- 2 years 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.







Example 4

JP girl, 2,5 y 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



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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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.



Kuo BJ et al. J Neurosurg Pediatr 2017





Patel AJ et al. J Neurosurg Pediatr 2014



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



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,…



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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III. 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



III. 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

- …..



III. Complications
What ?   When ?  How often ?

- 16-30 % complications depending on the study. 

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



Mortality ?

Campbell E et al.   Childs Nerv Syst 2017
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Drake JM et al.  J Neurosurg Pediatr 2010





Drake JM et al.  J Neurosurg Pediatr 2010



van Lindert et al.  J Neurosurg Pediatr 2014





van Lindert et al.  J Neurosurg Pediatr 2014



van Lindert et al.  J Neurosurg Pediatr 2016



von Lehe et al.  Childs Nerv Syst 2013



11 % Unplanned readmissions
within 30 days

Sherrod et al.  J Neurosurg Pediatr 2016



Unplanned reoperations within
48h, within 30 days.

Unplanned reoperations

- Within 48 h = 2 %

- Within 30 d = 10-17 %

Risk factors are identical

- Shunt revision need

- Initial surgery urgent
Roy AK et al.  J Neurosurg Pediatr 2017
Mukerji N et al.  J Neurosurg Pediatr 2012
van Lindert et al.  J Neurosurg Pediatr 2014



Roy AK et al.  J Neurosurg Pediatr 2017



Specific surgery types
- 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



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. 

Campbell E et al.   Childs Nerv Syst 2017



How improve
evaluation & outcome ?
Do standardisation in data collection, and validated
measuring tools.
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Drake JM et al.   J Neurosurg Pediatr 2012



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

Lepänluoma M et al.  J 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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