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behind the cotton wool of papilledema
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TBI LESIONS and 
RELATED RISK



IMAGING



NEUROMONITORING



MONITORING

 per se

DOESN’T 

AFFECT

 OUTCOME

MULTIPLE-MONITORNIG approach
 to 

DIRECT TREATMENT



CURRENT MANAGMENT OF INTRACRANIAL 
HYPERTENSION

Lancet Neurol 2017; 16: 452–64 



IMPORTANCE OF ICP-monitoring in SEVERE TBI
• ICP monitoring-guided managment of severe TBI is RECOMMENDED (LEV. IIB) to reduce 

in-hospital and 2-week mortality 

Recomendations from the Prior 3° edition are reported even if not supported by 
latest evidence

• Threshold suggested: 22mmHg

• CONSIDER inter-individual variability in critical ICP thresholds  



Intracranial Hypertension and invasive ICP-monitoring   

INTRAPARENCHIMAL 
MONITORING

INTRAVENTRICULAR 
CATHETER

allows CSF drainage 
SUBARACHNOID, 

SUBDURAL, EPIDURAL
less reliable



Intracranial Hypertension and non invasive 
Neuromonitoring   

TANSCRANIAL DOPPLER 
ULTRASONOGRAFY

ULTRASONIC OPTIC NERVE 
SHEATH DIAMETER



HOW TO ASSESS SONOGRAFIC ONSD 

• High fraquency linear probe 
(7,5 mHz)

• Temporal side-superior eyelid

• 2 measurements:
       - sagittal
       - transverse plan

• Measure ONSD 3mm behind 
globe

 

• Vaiman et al.:
 
1. the most stable results 

10mm from the globe

1. ONSD\EYEBALL 
DIAMETER-RATIO 
indicates ICP: n.v.: 0,19

2.  EYEBALL: moving object

3. Moving eyeball might
      change the ONSD close to 

the globe



PATHOGENETIC PATHWAYS:
Increased ICP - Papilledema - ONS

• Effects of opening the ons on 
the edema of the optic disc

• Role of LATERALITY in fundus
 changes

 ONSD VARIABILITY
OPTIC DISC EDEMA<mechanical 

phenomenon: CSFP RISES IN ONS

²        ONS BEHIND THE EYEBALL: 
BULBOUS APPEARANCE 

 
²       DURAL LAYER OF THE ONS:
          NOT AN ELASTIC TISSUE BUT

 A THICK FIBROUS ONE

? ²        Optic canal region:
 narrow area



INVESTIGATING the RELATIONSHIP BETWEEN 
ICP and ONSD

J Neurosurg 87:34–40, 1997

Laura A. Ilie DVMAJVR •Vol 76 • No.8 •August 2015 

The human ONS has sufficient 
elasticity to ALLOW A 

DETECTABLE DILATION in 
response to INTRACRANIAL 

HYPERTENSION

Optom Vis Sci 2017; Vol 94(12)

ONSD differentiates 
papilledema from 

pseudopapilledema

ONSD truly resembles 
ICP VARIATIONS



RELIABILITY of ONSD MEASUREMENTS
• US: OPERATOR DEPENDENT TECHNIQUE

•  OPERATOR EXPERIENCE may affect RELIABILITY OF MEASUREMENTS

• ARTIFACTS vs REAL IMAGES:  
artifacual us-image : lamina cribrosa’s acoustic shadow

3 DIFFERENT OPERATORS

ONSD: READILY 
LEARNED 

REPRODUCIBLE 
TECHNIQUE

LOW
INTRA\INTER-

OBSERVER 
VARIATION

ULTRASOUND FELLOWSHIP 
TRAINED 

VS
RESIDENT EMERGENCY MEDICINE  
PHYSYCIANS

 NO DIFFERENCE 
OF STATISTICAL 
IMPORTANCE



Literature discordance in defining NORMAL CUT-OFF 
VALUES

• ONSD in healthy volunteers: 4.11mm

• ONSD\ETD: more reliable than ONSD itself

 CUT-OFF VALUE OF 5 MM 

v Furthermore: Thotakura et al. (2017)
 Suggest measuring the
 ONSD values in each institute
 TO DEFINE THE NORMAL RANGE as it is 
variable from one study to another

BEST CUT OFF: 5,7MM 

ONSD among healthy: 
A REVIEW:

•  WIDE RANGE:
       2,2->5,9mm

• Different ethnicities

• Errors

• Quality of device used



literature and ONSD serial monitoring

• ONSD monitoring :
       to early identify

      malignant intracranial 
hypertension

• 21 patients 
     who developed Brain death

• ONSD measure were performed 
daily pre- and post-BD

ONSD daily monitoring:
 

MAY help in ICU when invasive ICP         
 is not available

BioMed Research 
International,2017



literature and ONSD serial monitoring

• significance of serial ONSD 
monitoring in 40 TBI PATIENTS

• ON ADMISSION
      GCS Rotterdam and Marshall              

ONSD performed

• ONSD every 24 h to 48 h

ONSD:
useful when  invasive ICP 

monitoring is not available

SERIAL RECORDINGS:
provides 

Valuable information for 
decision making

Neurochirurgie 63 (2017) 444–448



STUDY PROTOCOL

OBSERVATIONAL STUDY 

 
    

      

 ONSD-7-DAYS
 serial monitoring

 in patients with a positive 
brain CT-scan. 

Patients with 
ischemic lesions are also 

included

   compare ONSD             
measurements

     with:

- P peak PEEP (PCV)

- Rotterdam and Marsall 
    - invasive ICP and sedation 

monitoring if available

     - osmotic therapies and sedation

OBJECTIVES
-   GCS and GOS

  -  clinical findings
     suggesting ICH 



STUDY PROTOCOL

METHODS

EXCLUSION CRITERIA
 - age < 18 y
 - glaucoma
 - inflammatory, traumatic,
   tumoral pathology 
   of the optic nerve
 - cerebral neoplasia

ONSD daily monitoring :
  2:00 pm
- linear probe 7,5 Hz
- sagittal and transverse plan
- dx VS sx ONSD acquired

All patients undegoing  sedation 
and Pressure Controlled Ventilation
during the 7 days-serial measurement



ONSD-7days-TREND
ONSD DX

² MAX 8,3 mm 
² MIN 5 mm
² MEDIA [4,98;5,78] mm

ONSD SX

² MIN 3,5 mm
² MAX 7,4 mm
² MEDIA [5;5,9] mm



Pupillar diameter variation



Case patient 6: TBI



ADMISSION
²MALE 21Y
²CT-scan: EIP EPID (EVACUATED)       

EDEMA  ESA
²GCS ADMISSION: 8 
²SHIFT: 0 MM

DISCHARGE
Ø GCS 15
Ø NCH 

DECOMPRESSIVE
CRANIECTOMY



Conclusions

² ONSD: AS POCT can be helpful in severe TBI management and 
decision making in icu

²  measure ONSD values among icu non-TBI population in order 
to define the normal threshold

² Readly learned reproducible technique: training is necessary 
to avoid artifacts and errors in measurements



Grazie per la cortese attenzione


