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Abstract

BACKGROUND

Severely elevated intracranial pressure due to various reasons, such as decreased
cerebral perfusion, can lead to devastating neurological outcomes, such as brain
herniation. Decompression craniectomy is a life-saving procedure that is commonly
performed for such a critical situation, but the changes in cerebral microvessels after
brain herniation and decompression are unclear. Ultrafast power Doppler imaging
(uPDI) is a new microvascular imaging technology that utilizes high frame rate
plane/diverging wave transmission and advanced clutter filters. uPDI significantly
improves Doppler sensitivity and can detect microvessels, which are usually invisible

using traditional ultrasound Doppler imaging.

CASE SUMMARY

In this report, uPDI was used for the first time to observe the brain blood flow of a
hypoperfusion area in a 4-year-old girl who underwent decompression craniectomy
due to refractory intracranial hypertension (ICP) after malignant brain tumor surgery.
B-mode imaging was used to verify the increased densities of the cerebral cortex and

basal ganglia that were observed by computed tomography.

CONCLUSION
uPDI showed the local blood supplies and anatomical structures of the patient after
decompressive craniectomy. uPDI is potentially a more intuitive and noninvasive

method for evaluating the effects of severe ICP on cerebral microvessels.
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Core Tip: Decompression craniectomy is a life-saving procedure for severe intracranial
hypertension (ICP), but its effects on cerebral microvessels are unclear. We used
ultrafast power Doppler imaging (uPDI), a new noninvasive and highly sensitive
microvascular imaging technology, to observe the brain blood flow of a 4-year-old girl
who underwent decompression craniectomy after malignant brain tumor surgery. uPDI
showed the local blood supplies and anatomical structures of the patient after
decompressive craniectomy. uPDI is potentially a more intuitive and noninvasive

method for evaluating the effects of severe ICP on cerebral microvessels.

INTRODUCTION

Refractory intracranial hypertension (ICP) is a potentially devastating complication that
can cause neurological damage followed by severe traumatic brain injury, intracranial
tumors, intracranial hemorrhage, and brain edema. Reduced cerebral perfusion,
cerebral ischemia and herniation from intractable elevated ICP can lead to a poor
prognosis in neurosurgical patients!l. Decompression craniectomy is a life-saving
procedure for such a critical situationl?l. Repeated computed tomography (CT) scans are
the most widely used anatomical imaging evaluation for such patients. However, there
are few fast and noninvasive imaging methods that can evaluate changes in cerebral
microvascular structure and hemodynamics.

Recently, thanks to the emergence of ultrahigh-frame-rate plane/diverging wave
transmission®! and advanced clutter filters [e.g., singular value decomposition (SVD)4],
ultrafast power Doppler imaging (uPDI) was proposed!5! and developed!®7 to visualize
microvessels that are invisible on conventional ultrasound Doppler images. Several
studies have been conducted to explore the relationship between the progression of
diseases and the changes in microvessels(®10l because it is well known that microvessels
experience morphological and hemodynamic changes as diseases progressi®!l. In this
study, uPDI was first used to visualize the microvessels in the brain of a patient after

decompression craniectomy.
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CASE PRESENTATION

Chief complaints
A 4-year-old girl was admitted to our hospital with a 5-d history of intermittent

headache and a 2-d history of both drowsiness and vomiting.

History of present illness

Five days ago, the patient experienced intermittent headaches without any apparent
cause. Two days later, she developed drowsiness and vomiting. While waiting for a
scheduled enhanced magnetic resonance imaging (MRI), she suffered a sudden onset of
epilepsy; then, she fell into a coma, showed bilateral pupil dilation and was in critical

condition.

History of past illness

The patient’s history of past illness was not significant.

Personal and family history

The patient’s personal and family history were not significant.

Physical examination
Physical examination showed that his body temperature was 36.5 °C, pulse rate was 100
beats per min, respiratory rate was 20 breaths per min and blood pressure was 95/48

mmHg, showing bilateral pupil dilation.

Laboratory examinations
Complete blood count: White blood cells 7.67 x 10°/L, red blood cells 4.36 x 1012/L,
hemoglobin 117.00 g/L, platelets 338.00 x 109/L.

Imaging examinations
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Nonenhanced MRI showed a large space-occupying lesion containing cystic and solid
components in her right frontotemporal lobe (Figure 1). A Verasonics Vantage 256
System (Verasonics Inc., Kirkland, WA, United States) equipped with a P4-2v
(Verasonics Inc., Kirkland, WA, United States) phased probe was used to acquire 200
frames of ultrasound radio-frequency (RF) data from the decompression window. The
center frequency of transmission for imaging of a deep region was 2.72 MHz. The
excitation voltage to guarantee safe image acquisition was 13 V. Coherent compounding
of diverging waves from 5 angles (-20°, -10°, 0°, 10° 20°) was used to improve the
imaging quality, and the effective frame rate was 1000 Hz. First, the RF channel data
were beamformed using the conventional delay-and-sum method. Then, the SVD
method was used to reject tissue clutter and extract blood flow signalsl®l. Afterward, a
Hessian-based vessel enhancement filter was applied to further decrease noise and
enhance the visualization of vessels/’l. Finally, the enhanced vessels were superimposed

on the B-mode image for a more comprehensive display.

FINAL DIAGNOSIS

The pathological report showed mesenchymal chondrosarcoma, which is a rare

malignant tumor with a poor prognosis.

TREATMENT

The patient was taken to the operating room to undergo an emergency craniotomy with
tumor resection. Postoperatively, the patient remained critically ill and was admitted to
the surgical intensive care unit. Aggressive treatment for ICP was given, including

sedatives, antiepileptics, osmotherapy, and steroids.

OUTCOME AND FOLLOW-UP

On the third postoperative day, noncontrast CT showed diffuse brain swelling and low
perfusion, and she underwent decompressive craniectomy (Figures 2C and D).

Noncontrast CT scans were scheduled on the 6th, 9th, 12th and 15t postoperative days
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after decompressive craniectomy (Figures 2E-H). Repeated CT imaging showed a
gradual decrease in brain edema and a gradual development of hyperdensity in the
cerebral cortex, entire putamen, and caudate head. On the 15" postoperative day, we
used uPDI to detect the blood flow in the operative area through the decompression
window. The B-image showed that both the cerebral cortex and the basal ganglia were
hyperechoic, which was highly consistent with the CT images. There were microvessels
in the sulci and the subcortical white matter but not in the cortical gray matter or
subcortical nuclei, such as the putamen and caudate head (Figure 3). The patient

remained in a coma and died of complications 2 mo after the operation.

DISCUSSION

In this report, we present a case in which uPDI was first used to visualize the
microvessels involved in cortical laminar necrosis and luxury perfusion in a pediatric
patient who had severe hypoperfusion after brain herniation due to a giant intracranial
mesenchymal chondrosarcoma, which is a very rare cancer that mainly affects young
people aged 10 to 30 years old.

Nonenhanced repeated postoperative CT scans showed that the density of the cortical
gyrus and the bilateral basal ganglia (lenticular nucleus and caudate nucleus) gradually
and symmetrically started to increase on the 9" postoperative day, suggesting that it
was due to systemic and metabolic mechanisms. The CT imaging features were
consistent with cortical layer necrosis (CLN) and luxury perfusion syndrome.

CLN, a special type of cerebral infarction also known as pseudolayer necrosis, can be
easily confused with calcification or hemorrhage. Neuropathology defines CLN as focal
or diffuse necrosis of one or more cerebral cortex layers. CLN includes glial cells,
neurons and blood vessels, and its underlying white matter is relatively or absolutely
preserved. Its features on CT are increased cortical gyrus density and a relatively clear
boundary!2. This may be due to extensive anoxia of the cerebral cortex caused by

excessive intracranial pressure and protein degradation due to extensive necrosis. The
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causes that have been reported in the literature are hypoglycemic or hypoxic
encephalopathyl1314], seizures[1215], and migraine cerebral infarction[!617].

Luxury perfusion syndrome is defined as excessive blood flow that flushes into brain
tissue that has low perfusion and severely impaired autoregulation of reperfused
cerebral vessels, so the increased blood flow is nonnutritive and does not actually help
to repair damaged brain tissuel'®l. Luxury perfusion was observed in the second and
third weeks after stroke in both humans who suffered a subacute strokel!®l and in
experimental models used in ischemia research(20l.

In clinical practice, CT, MRI, and perfusion imaging are often used to evaluate
anatomical and perfusion changes. However, there are few fast and noninvasive
imaging methods to evaluate changes in cerebral microvascular structure and
hemodynamics. Recently, the uPDI technique was developed to visualize microvessels
that are undetectable using conventional ultrasound Doppler imaging in experimental
animal models. To our knowledge, there is no report on the application of uPDI to
detect the intracranial changes in microvessels following severe hypoperfusion after
brain herniation, as in this case.

Highly sensitive uPDI enables us to observe the blood supplies of cerebral
microvessels. Normally, the greatest density of microvessels is found in the cerebral
cortex and basal ganglial?'l. While there were very few blood flow signals detected in
the cortex and basal ganglia in this case, most of these vessels were located in the sulcus
and internal capsule, which is consistent with CLN and luxury perfusion.

Due to the strong attenuation and aberration effect of ultrasound caused by the skull,
the uPDI technique can only be used intraoperatively or for patients who have a
decompression window to image the cerebral microvessels, which is a nonnegligible
limitation. Notably, uPDI has the potential to be used for adult patients with malignant
middle cerebral artery infarction (a devastating type of ischemic stroke) intraoperatively

or with a decompression windowl21.

CONCLUSION
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uPDI images can accurately identify anatomical and hemodynamic characteristics. It
has the advantages of being noninvasive, real-time, convenient, safe, and radiation-free;
furthermore, microvessels can be observed clearly. It has the potential to serve as an
alternative to postoperative CT scans for such critically ill patients to minimize the
possible risks of repeated radiation exposure and patient transfer. It also has the
potential value to reveal the sequential changes and mechanisms of brain injury in

neurocritical patients in future clinical research.
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