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Course Objectives

1. To define and discuss neurosonology applications in the intensive 
care unit setting

2. To define and discuss emerging clinical applications of neurological 
ultrasound. 
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The original point of care study



NeuroUltrasound



Ultrasound as a tool for CPP

Austere or resource limited  environments 

Patients on therapeutic anticoagulation or significant 
coagulopathy/thrombocytopenia 

Cerebral venous sinus thrombosis
Hepatic encephalopathy
Neurotoxicity related to chemotherapeutic agents

Difficult to transport patients 
High ventilator settings impairing use of transport 
ventilators
Systemic instability due to high need of vasopressors
ExtraCorporeal Membrane Oxygenation ( ECMO) 
High-Frequency Oscillator mechanical ventilation ( HFO)
Intra-Aortic Balloon Pump ( IABP) 
Continuous Renal Replacement Therapy 
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Multimodality assessment

• Electric 

• Plumbing 

• Chemicals

• Structure 



Brain-Monroe Kelly Hypothesis



Brain tissue-hemorrhage 



Brain tissue edema-Midline shift
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CSF -hydrocephalus



Optic disc bulge-Crescent sign 



Dilated Optic Nerve Sheath 





Blood- Resistance

Resistance of 

the cerebral vessels

Resistance of 

the distal vascular bed

Increased Intracranial stenosis, 

cerebral vasospasm

Vasoconstriction

Increased intracranial 

pressure

Distal atherosclerotic 

disease.

Decreased Arteriovenous 

shunting

Peripheral vasodilatation 

Hypercarbia, acidosis

Reperfusion of ischemic 

brain



Blood Resistance 

Low resistance circulation High resistance circulation 



Resistance focal increase



Value despite CTA, MRI in stroke 

• 25 of 198 acute stroke 
patients admitted in 2017 
underwent TCD and/or 
CUS after having CTA 
head and neck during 
their hospital admission



Value despite CTA, MRI in stroke 

• 86 patients 2012-2015- CTA, TCD, MRI

• Patients already studied with CTA, TCD 
during the acute period provide 

• additional useful information in 1 
out of 2 patients

• changes in management are 
indicated in 1 out of 6 cases.

• The most frequent additional information 
was

• collateral pathways
• information related to patency of 

vessels
• active microembolization

The Role of TCD in the Evaluation of Acute Stroke. J Neuroimaging 2016;26:420-425.



Emboli monitoring 

• Coronary artery bypass

• Carotid endarterectomy 

• Cerebral angiograms 

• ECMO 

• Infective endocarditis 



Resistance global increase



Case study 
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Resistance grades

• Hyperemia vs high resistance 

• Post arrest resuscitation 

• presence of a hyperemic TCD pattern is 
associated with evolution to 
intracranial hypertension- Med 
Intensiva 2010 

• higher PI resulting from reduced DFV 
predicted unfavorable outcome-
Resuscitation. 2019

• Pollock et al
• Cohan et al



Brain Compliance affecting blood 



Liver Transpl 14:1048-1057, 2008



Brain Blood Interactions

Serial assessment of resistance

Pulsatility index

PSV-EDV
-----------

Mean

Prognostic value 
explored in TBI and 

post arrest ROSC 



CPP estimation from TCD 

• nICP_Aaslid

• nICP_Schmidt

• nICP_Edouard

• nICP_ CrCP

J Neurol Neurosurg Psychiatry 70(2):198–204 Br J Anaesth. 2005;94(2):216–21.



Venous outflow 



Point of care coma evaluation



Case study 

L MCA 243 cm/s
R MCA 211 cm/s 



Case study 

Poor grade SAH monitored for vasospasm 



Case study 
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Case study



Impella decannulation



Case study  

• 68 male presented initially on 12/28 acute onset extremely slurred speech and profound 
left hemibody weakness. CTA/CTP demonstrated occlusion of right ICA distal to the 
bifurcation and distal reconstitution of MCA.

• 12/290 2:56 AM S/P mechanical thrombectomy for acute R ICA 
stroke.TICI 3 achieved.

• 12/29 5:12 AM MRI brain No acute intracranial abnormality.

• 12/29 10:31 AM  TCD done , Left hemiparesis 

• 12/29 15:49 PM TCD done,  Neurologically intact 
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B Mode Ultrasound Images Of Thoracic Spine: Case Report 

Introduction 
• Ultrasound provides the clinician an additional decision-

making tool when used at the point-of-care. In the hands 
of a skil led user, most bodily structures can be visualized 
distinctly with minimal risk to the patient.

• In patients with extensive hardware after laminectomy, 
MRI or CT may not help in appropriate visualization to 
help distinguish intra-spinal or paraspinal pathologies. 
Most of these patients may have acoustic windows to 
allow ultrasound visualization otherwise limited by bone 
landmarks. Exploration of ultrasound as ability to 
distinguish pathology in post-operative spine cases has 
not been explored.

• We present a unique case showing the ultrasound 
appearance of spine captured by imaging the spinal cord 
of a post thoracic laminectomy patient. In patients with an 
acoustic window created by lack of bone, US of the spine 
may be effective in delineating spinal and paraspinal 
anatomy and pathology

Case report 
• 84-year-old male with history of spinal stenosis with 

multiple prior surgeries and hardware in place (lumbar 
discectomy L3-L4 PLIF with posterior T10-S1 spinal fusion 
) presented with worsening back pain. He was found to 
have T10 Compression fracture with discitis/osteomyelitis 
T9-T10 with paraspinal and epidural abscess resulting in 
cord compression and edema. 

• T9-T10 laminectomy was done with extension of fusion to 
T5. Purulent drain was noted around hardware in place 
and recurrent epidural abscess at T9-10 t was drained. 

• Despite a complicated postop course further imaging was 
l imited due to presence of spinal hardware. 

Neuroimaging
• Preoperativ e MRI of thoracic spine concerning for discitis 

osteomyelitis at T9-T10 with paraspinous and epidural 
abscesses and pathologic fractures of T9 and T10, with 
adv anced canal stenosis and cord compression resulting in cord 
edema. (Figure 5, left)

• Preoperativ e MRI of thoracic spine spinal ultrasound showing 
(Figure 6) axial images of the thoracic spine

• Preoperativ e images of the CT T spine ( Figure 7)  showing T9-
10 compression fractures and bony anatomy with hardware.

• Postoperative spinal ultrasound showing (Figures 1-4) the 
thoracic spine in sagittal longitudinal view with no v isible fluid 
collections in paraspinal or epidural space

Discussion
• During the patient’s postoperative course, we attempted 

v isualization of the spinal with point of care ultrasound.  US 
rev ealed distinct, unobstructed views of the spinal cord due to 
the lack of  the vertebral lamina. 

• We present these unique images as proof of the concept to the 
possible f uture use of point-of-care ultrasound as a diagnostic 
tool to examine the epidural space for any residual fluid 
collections postoperatively. 

Figure 1-4 (above) Sagittal ( 1-3) and Parasagittal (4)  Images of  thoracic spine with a 

linear probe 6-13 MHz. *  Epidural Space        △ Subcutaneous Tissue      ❖ Spinal Cord

Figure 5 (below) Sagittal images on XR LS spine ( right) , thoracic spine ( center)  and 

MRI Thoracic spine T2 ( lef t).
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Figure 6 . Axial images on MRI Thoracic spine T2 showing 

limitations of  MRI in ev aluating spinal and paraspinal pathology  due 

to artif acts created by  spinal hardware. 
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Figure 7 . Sagittal images ( right three) and Coronal ( lef t) 

on CT Thoracic spine showing T10 compression f racture with 

hardware.



Neurologic Ultrasound in Future of Acute 
Neuromonitoring evaluation

Role in point of care evaluation during resuscitation and where alternate neuroimaging 
is inaccessible or not feasible  

Role in cerebral hemodynamic assessment to understand pathogenesis of acute bran 
injury in different diseases

Key component in MULTIMODALITY GUIDED GOAL DIRECTED THERAPY post arrest 
resuscitation, post TBI care, post stroke reperfusion for recanalized vessels, systemic 
hemodynamic goals in hemorrhage/ECMO 



@aartisarwal
asarwal@wakehealth.edu

The art of medicine consists of amusing the patient while 
nature cures the disease….

-

Voltaire


