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It’s not (just) brain surgery

• Epilepsy (laser, minimally disruptive, neurostimulation)

• Neuro-Oncology

• Neuromodulation & Movement Disorders

• Spine (tumor, trauma, congenital, Chiari)

• Craniofacial (craniosynostosis)

• Cerebrovascular (AVM, aneurysm, embolization)

• Brachial Plexus and peripheral nerve
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Agenda for today
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p(neurosurgery)
1.00 0.01

Today
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“A 1 month old with a sacral dimple …”

“A 3 month old with abnormal head shape …”

“A 9 month old with large head …” “A 4 year old with head trauma…”

“A 3 year old with ataxia …”

“An 8 year old with headaches …”

p(neurosurgery)
1.00 0.01
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Newborn with a sacral dimple

p(neurosurgery)1.00 0.01
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Clinical examination (looking for…)
MRI spine with and without contrast
Strongly consider sedation if > 1 month (dx early…)

91% of <1 yr need anaesthesia

Refer to neurosurgery (ok to refer prior to ordering imaging)

Newborn with a sacral dimple – what’s at stake?
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Newborn with a sacral dimple – what’s at stake?
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Which Sacral 
Dimples are 
Dangerous?
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ANY of these
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Tethering
Dural Attachment

Tract

Tract

Skin

Skin
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Many Spinal Malformations Follow These Ideas
Lipomatous Malformation

Split Cord Malformation
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Abnormality Head Size

20

Cranial Disorders of Infancy

Head Shape
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“A 3 month old with abnormal head shape …”

p(neurosurgery)1.00 0.01
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Lambdoid

Sagittal

Coronal

Metopic

Mendosal

Occipitomastoid

SquamosalSphenofrontal

Sphenosquamosal
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Craniosynostosis by Subtype and Frequency

5334

4659
3*

2*

1
0.5

0.1



(BACK TO THE) FUTURE OF PEDIATRICS 25



(BACK TO THE) FUTURE OF PEDIATRICS 26



(BACK TO THE) FUTURE OF PEDIATRICS 27



(BACK TO THE) FUTURE OF PEDIATRICS 28

Which would you prefer?
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Which 
Misshapen 
Heads are 
Dangerous?

29



(BACK TO THE) FUTURE OF PEDIATRICS 30

Most Common diagnosis: positional plagiocephaly, ~1 in 2 kids since 1992
Common diagnosis: single suture sagittal (up to 6%*) or metopic*
Rare diagnosis: coronal, lambdoid, syndromic
Age-Based diagnosis: 
Complex multisuture/syndrome Prior to discharge home (potentially lethal ICP)
Isolated sagittal, coronal, metopic ≤4 weeks to allow endoscopic treatment
Positional plagiocephaly 3-6 months to allow option of helmet threapy
Lambdoid or occult multisuture 1-3 years of age

Clinical diagnosis with imaging for surgical planning or uncertain cases

“Does this child have craniosynostosis?”
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“Does this child have craniosynostosis or PP?”

Present in parents/relatives
Present at birth
Progressively worsening
Not improved by positioning
Frontal bossing
Bitemporal or biparietal expansion
Ear deviation away from bulging
Parietal bulging worsens ≥6 months
Bulging in the mid forehead
Eye abnormalities
Occipital prominence/bulge
Sutural ridging and/or splaying

Present in siblings only
Normal at birth
Peaks at 4-6 months, regressive/stable
Slows but not improved by positioning
Unilateral frontal bulging
Uniparietal bulging with flattening
Ear deviation with bulging
Parietal bulging persists 6-18 months
Ridge in the mid-forehead
No hypotelorism or orbital flattening
Symmetrically flat across the occiput
Sutures not palpably deformed

Affected family
Present at birth
Early course
Repositioning results
Frontal abnormality
Parietal abnormality
Ear abnormality
Parietal bulge course
Forehead abnormality
Eye abnormality
Occipital abnormality
Sutural findings
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Let’s Review Each in Turn

5334

4659
3*

2*

1
0.5
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Metopic Craniosynostosis

Physiologic closure at ~6 months, but highly variable
Metopic ridge (1 in 3) normal development and ICP
Trigonocephaly rarely affects development ICP (8%)
Hypotelorism may affect ocular motions 
Treatment: 
Endoscopic sutureectomy at ≤6 months (ideally earlier, 
metopic bone becomes thickened and risk of blood 
transfusion ⬆)
Fronto-orbital advancement at ≥ 12 months



(BACK TO THE) FUTURE OF PEDIATRICS 34

Physiologic closure at ~6 months, but highly variable
Prominent suture ridge ipsilateral to harlequin eye
Nose and chin deviate toward harlequin eye (mid and 
lower face never affected in PP)
Fontanelle deviated away from the harlequin eye
Rarely affects development and ICP (8%)
Strabismus anisotropia and ophthalmologic pathology
Treatment: 
Endoscopic sutureectomy at ≤6 months with 
postoperative helmet therapy. (LOS 1 day, ≤25% 
transfusion)
Fronto-orbital advancement at ≥ 6 months if helmet 
therapy fails

Endoscopic Approach 
through a ½ inch incision

Forehead
Bulge

Harlequin
Eye

Synostotic
Suture Ridge

Unicoronal Craniosynostosis
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Bicoronal Craniosynostosis vs. Deformational Brachycephaly
Almost all syndromic 
craniosynostses, few non-
syndromic (1-3%).
Towering
Bilateral harlequin, orbital 
retrusion
Bicoronal ridges
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Sagittal Craniosynostosis

Physiologic closure at 15-20 years, but highly variable
May be closed in 3-5% normocephalic; almost all with 
neurodevelopmental disorders
Rarely affects development and ICP (although 
development may be abnormal esp. VIQ) 
Treatment: 
Endoscopic sutureectomy at 2-4 months with 
postoperative helmet therapy (LOS 1 day, ≤10% 
transfusion)
Pi procedure at 5-9 months (longer LOS, blood loss)

One or two 
1 ½ inch incisions
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Positional Plagiocephaly vs. Lambdoid Craniosynostosis
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Positional Plagiocephaly

1992 Guidelines become the 1994 “Back to Sleep” 
campaign
A package of interventions that reduced SIDS by 
0.9/1000 live births 
Now known as the “Safe to Sleep” campaign
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46.6% of infants develop positional plagiocephaly (male, right sided predominance)

37 FDA-approved devices to treat PP

2% of untreated teenagers remain clinically evident, 12% CT evident (none severe)

However …
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Level I evidence for treatment of PP
Van Vlimmeren 2008: 65 infants with side preference and PP 
randomized to PT vs no PT. 5 sessions starting at 9 weeks. Rate of 
PP improved with PT, RR 0.43, NNT ~3.

Van Wijk 2014: 84 infants age 5-6 months with mod-severe 
randomized to 6mo helmet vs. no tx. No difference in shape, 
eye, face scores. 77% parents subjectively difficult to hug their 
children when helmeted
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Current Guidelines on Helmet Tx

Mild-moderate plagiocephaly should be treated by 
repositioning and physical therapy

Helmet use results in a more rapid and greater degree of 
normalization of CVAI compared to non-helmet tx (despite 
the Van Wijk RCT)

Helmet application at an earlier age (<6 months, <9 months) 
is more likely to achieve benefit than later ages

In selected severe plagiocephaly cases, helmet use after 12 
months can benefit (!!!)
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Are we preventing deformity

or

monetizing parental stress?
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Isn’t there an app for that?
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Refer possible sagittal / coronal / metopic synostoses promptly to enable endoscopic surgery

How to catch your 1 lambdoid amidst 4659 plagiocephalics:
1. In positional plagiocephaly, the anterior ear and forehead are opposite the parietal bulge
2. The parietal bulge should not worsen once the child learns to sit up (~6 months)
3. Keep looking. Late referral >>> no referral. 

Interventions for Positional Plagiocephaly:
Repositioning early, tummy time, PT if side preference/torticollis
Helmets may achieve a greater degree of normalization at earlier ages
Without tx, deformity ≤1%. No benefit to brain health
Cost $1000-$3000, will be worn 23h/day for first year of life, often not covered by insurance

“Does this child have craniosynostosis?”
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Big head … which one is hydrocephalus?
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Primary CSF disorders in Infancy
Benign Enlargement of the Subarachnoid Spaces
Fontanelle flat or sunken, sutures opposed
Large head, more notably brachycephalic
≥50% famililal (measure the parents esp. dad)
Progressive, peaks from 4-12 months of age
Obtain HUS to confirm diagnosis, self limited
Subdural hematomas are common (5%) not
diagnostic of NAT
May have mild motor delays (macrocephaly) but 
should normalize in function and HC by age 2-3

Hydrocephalus
Fontanelle bulges, sutures splay (≥2mm)
Frontal bossing, scalp veins dilated
Usually sporadic (except X-linked)
Recognized at any age, often ≤6 months
Danger Signs: Send to ED
Bradycardia, vomiting, sundowning eyes 
(sclera persistently visible above iris), tense 
fontanelle, seizure, lethargy or extreme 
irritability
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Who should get a scan?

52
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What is the role of head circumference screening?

N=75,412 in an integrated HCN

BESS: 233

Hydrocephalus: 24

CSDH: 15

Cyst/tumor: 17

Assoc. Conditions: 29

BESS 34:10,000
BESS:everything else is 4:1
HC measurements are not sensitive
Large relative (≥ 4 major %ile)
and absolute (>95-97 %ile) increases in HC 
are ≥90% specific 
Most patients with an intracranial process are not 
detected by screening using HC 
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What is the trajectory of head circumference in 
acquired hydrocephalus?
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When is a “normal” head circumference not normal?
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Ex-30 weeker with bl Gr IV IVH and progressive 
macrocephaly

56



(BACK TO THE) FUTURE OF PEDIATRICS

Head US is the image of choice in infants
Beware early macrocephaly before 4 months
Measure the parents (esp. dad) and siblings
Finding BESS is worthwhile (SDH vs. NAT)
MRI is used for surgical planning or unusual cases (can 
do limited MRI without sedation)
Watchful of clinical signs and symptoms (danger signs)
Imaging:
Absolute HC ≥ 2 SD or ≥ 95 %ile
Relative HC ≥ 2 SD
Disproportionate HC ≥ 2 SD

57

“Does this child have hydrocephalus?”
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Hydrocephalus
Treatment

Hydrocephalus is a surgical disease
Two options: 
shunt placement 
endoscopic third ventriculostomy 
One is not better than the other 
(ESTHI trial, ongoing).
Almost any child with hydrocephalus 
can receive a shunt; some children 
have unfavorable anatomy or 
pathology for ETV.

58



(BACK TO THE) FUTURE OF PEDIATRICS 59

Ventricular Shunts

Shunts are a CSF diversion system with at 
least one proximal catheter, reservoir +/-
valve, and distal catheter.
The proximal catheter can have an 
anterior or posterior entry site
Valves can be fixed or programmable
Programmable valves that are not MR-
resistant require reprogramming after 
MRI (don’t get an MRI in outpatient 
radiology)
The distal catheter commonly ends in 
the peritoneum, but right atrial, pleural, 
other termini are also used.
50% of shunts fail within two years of 
placement
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There is no shunt like no shunt
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Endoscopic Third 
Ventriculostomy

An intraventricular 
neuroendoscope guides 
fenestration of third ventricular 
floor into the prepontine cistern

Success depends upon flow 
through the ostomy maintaining 
its patency

Patients with inflammation, 
infection or radiation are less 
favorable

≥6 months old and obstructive 
etiologies are more favorable

Equivalent failure rate to shunt 
but failures occur predictably 
(usually within 6 months) not 
stochastically (throughout life)

May be performed with or 
without choroid plexus 
cauterization (≤12 months)

61
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“An 8 year old with headaches … ”

p(neurosurgery)1.00 0.01
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Intracranial Mass Lesion Warning Signs
Isolated headaches are almost never intracranial pressure/mass lesion
(41-62% of brain tumor patients, infratentorial>supratentorial)
Patients ≤4 rarely present with headache
Danger Signs
Worsening, unremitting headache (4 weeks)
Headache with straining / exertion / valsalva
Morning awakening / wake from sleep (66% of brain tumor patients) 
Lethargy or profound irritability
Vomiting (51-67%), especially projectile
Neuro deficit (88%): papilledema, motor/sensory, CN, cerebellar, DTR, LOC
Visual Disturbance (nonmigrainous)
Seizure (supratentorial: 22% young, 68% teens, 6% infratentorial)
Fontanelle (when available…)
Imaging Strategy
Observe for 4 weeks in low risk, CT then MRI if CT findings in medium risk, MRI in 
high risk (neurologic deficit or danger signs)
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Summary – 30 words or less

Sacral Dimple – lumbosacral (neurosurgery), coccygeal (no surgery)
Headshape – craniosynostosis appearance, deformity in the first two months or 
worsening after 6 months
Headsize – cranial US if relative, disproportionate or absolute ≥ 2 SDS or danger signs
Chiari Malformation – gait > other developmental milestones
Brain Tumor – warning signs, new onset severe morning or awakening headaches
Arachnoid Cyst – rarely progress after 3 (but can be symptomatic or hemorrhage)

“If there’s a doubt, there is no doubt” – call us!



(BACK TO THE) FUTURE OF PEDIATRICS 68

Thank you!

Daniel A. Donoho, MD

ddonoho@childrensnational.org

ddonoho

(202) 476 3020

mailto:ddonoho@childrensnational.org
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