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ABSTRACT

Background: The main objective is to detect clinically significant conditions by transcranial ultrasound (TCS) in post-decompressive craniectomy
(DC) patients who come to the emergency department.

Materials and methods: This was a cross-sectional observational study. We studied 40 post-DC patients. After primary stabilization, TCS was
done. Computer tomography of head was done within 2 hours of performing TCS. The correlation between both modalities were assessed by
the measurement of lateral ventricle (LV) (Bland-Altman plot), Midline shift and mass lesion. Additionally, normal cerebral anatomy, 3rd and
4th ventricles and external ventricular drainage (EVD) catheter visualization were also done.

Results: About 14/40 patients came with non-neurosurgical complaints and 26/40 patients came with neurosurgical complaints. Patients with
non-neurosurgical complaints (4/14) had mass lesions and 1/14 had MLS. Patients with neurosurgical complaints (11/26) had mass lesions and
about 5 patients had MLS. A good correlation was found between TCS and CT of head in measuring LV right (CT head = 17.4 £ 13.8 mm and
TCS=17.1 + 14.8 mm.The mean difference (95% Cl) =[0.28 (-1.9 to 1.33), ICC 0.93 (0.88-0.96)], Left [CT head = 17.8 + 144 mm and TCS=17.1 +
14.2 mm, the mean difference (95% Cl) 0.63 (-1.8 t0 0.61), ICC 0.96 (0.93-0.98)], MLS [CT head =6.16 £ 3.59 (n =7) and TCS = 7.883 £ 4.17 (n = 6)]
and mass lesions (kappa 0.84 [0.72-0.89] [95% Cl] p-value < 0.001). The agreement between both modalities for detecting mass lesions is 93.75%.
Conclusion: Point of care ultrasound (POCUS) is a bedside, easily operable, non-radiation hazard and dynamic imaging tool that can be used
for TCS as a supplement to CT head in post-DC patients in emergency as well as in ICU. However, assessment of the ventricular system (pre/
post-EVD insertion), monitoring of regression/progression of mass lesion, etc. can be done with TCS. Repeated scans are possible in less time
which can decrease the frequency of CT head.
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HIGHLIGHTS

Transcranial ultrasound (TCS) in post-decompressive craniectomy
(DC) patients is dynamic, without any radiation hazard and bedside
tool as compared with CT head. With TCS, we can measure midline
shift, measure ventricle diameter, and identify and measure mass
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lesion.

INTRODUCTION

Decompressive craniectomy is one of the methods to decrease
intracranial pressure. Decompressive craniectomy describes the
temporary removal of a portion of the skull for the relief of high
intracranial pressure. This can be achieved by the removal of the
frontotemporoparietal bone over one or both side.! Hemorrhage
(hematoma expansion), external cerebral herniation, wound
complications, CSF leak/fistulae, postoperative infection, and
seizures/epilepsy are the early complications and late or delayed
are subdural hygroma, hydrocephalus, syndrome of the trephined.?
The overall rate of complications of decompressive craniectomy
ranges up to 53.9%.3

Point of care ultrasound (POCUS) is being used for the
identification of raised ICP.* Recently, it has been used by emergency
physicians for resuscitation, diagnosis, and procedural guidance
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including during CPR.>® Our group also has explored novel
techniques such as water bath for identifying extremity fractures’
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Correlation between Transcranial Ultrasound and CT Head
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Identification

Fig. 1: Scanning process

Table 1: Characteristics of structures in CT and TCS

CT head TCS
Hyperdense Hyperechoic
Hypodense Hypoechoic
Isodense Isoechoic

and cervical spine injuries.® CT scan is the gold standard for the
identification of complications after post-craniectomy, but it has
its drawbacks and limitations, such as radiation hazard, being
unavailable at the bedside, less repeatability, and being expensive.’

Novel TCS has been used to assess the normal anatomy and
technique in neonates through open fontanelles.'® Similarly,
images of the brain and intracranial structures can be obtained
after removal of a part of the cranial vault."" Previous studies
have demonstrated its feasibility and correlation with CT head.
Its utility in resource-limited settings where CT scans may not be
available makes TCS a key tool for identifying clinically significant
brain findings for making critical treatment decisions in triage and
resuscitation. We studied the correlation between TCS and CT head
to identify clinically significant brain conditions in postcraniotomy
patients.

MATERIALS AND METHODS

Study Design and Setting

This was a prospective, single-center, cross-sectional observational
study. It was conducted in the emergency department (ED), at a
tertiary care teaching institute in India. The study was divided
into two phases as training phase and the execution phase. In the
training phase, a single EM resident was trained in TCS technique
and identification of abnormal findings (mass lesions, collection,
midline shift [MLS], etc.) (Fig. 1) in 5 patients, and normal findings
(lateral, 3rd and 4th ventricles, and gray white differentiation) in 5
patients in TCS were performed under the supervision of faculty
of the department of emergency medicine. The standardization
of the technique was completed after comparing the images
and structure with gold standard imaging (CT head) (Table 1),
and the scanning technique was explained (Fig. 2; then cases were
recruited in the execution phase. The ethical approval was obtained
from the Institute Ethics Committee before the commencement
of the study (IECPG-753/30.01.2020, RT-19/27.02.2020).

Interventions and Measurements

Primary stabilization was done before the imaging (CT head/
transcranial ultrasound) then the whole procedure was explained to
alegally authorized representative of the patient, and consent was
taken on a preformed consent form in Hindi as well as in English.
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Scanning Technique

Transcranial ultrasound was done by using the large curvilinear
probe/echo probe (according to post-DC site) of 1-6 MHz of Sono-
site M-turbo USG machine. A probe placed at the orbitomeatal line
(in the case of FTP craniectomy) (Fig. 2A) or parallel to this if the DC
site is other than this, with the pointer facing anteriorly for the axial
scan. By fanning the probe from cranial to caudal, the whole brain
was scanned (Supplementary Video 1). The coronal section was
obtained by rotating the probe to 90° by facing the pointer toward
an upward direction (Fig. 2B) and the whole brain was scanned
by fanning the probe from anterior to posterior (Supplementary
Video 2). A sagittal section was taken if the DC site was at the frontal
or occipital area. Depth was adjusted to see the opposite skull
bone or scalp (bilateral DC) for adequate image. Images and videos
were periodically reviewed by emergency medicine consultants to
optimize image interpretation.

Theimage interpretation should not be interrupted during the
procedure and the machine was kept at the head end of the patient
and observer’s face in one line (Fig. 2C).

During scanning, we focused on three structures — midline
shift, bilateral lateral ventricle (LV) diameter and identification mass
lesion (if any) (Fig. 1). All the images and videos were saved with
measurement and later compared with CT head findings. The CT
was performed within 2 hours after TCS in most cases and in some
cases, it was done before TCS, then the radiologist who reported
the CT scan head was blinded for the TCS findings.

According to the British Medical Ultrasound Guideline 2009, the
thermal index of the given procedure is considered rather low."?
We kept the ALARA (as low as reasonably achievable) principle in
mind to minimize the thermal hazard by minimizing the contact
time as little as possible.

Selection of Participants

We screened 49 patients with a history of decompressive
craniectomy from the AIIMS emergency medicine department
and included 40 patients in the study. We excluded patients with
craniectomy site wound infection, craniectomy site laceration,
pregnant patients, and patients having sutures and bandages over
the scalp (If a clean probe application site was not achieved). Our
primary objective was the correlation between CT head and TCS to
detect clinically significant conditions and user-friendliness of the
technique on image acquisition, image optimization, and image
interpretation.

Definitions

Lateral Ventricle Diameter

The diameter of the LV at the level of the body of the LV (in mm) in
the axial section of the brain was noted. The image was captured
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Correlation between Transcranial Ultrasound and CT Head

(A BN

Figs 2A to C: (A) Probe position for axial scan; (B) Probe position for coronal scan; (C) Body ergonomics

Fig. 3: Axial scan of the brain

by fanning of the probe at the level of the body of the bilateral LV
and then at the same level, the diameter was measured for both
sides (Fig. 3).

Midline Shift (mm)

In the axial section of the brain, the image was frozen at the body
of the LV where the septum pellucidum was visible. Then anterior
and posterior fax were identified and joined with a line with the
help of a caliper in ultrasound. The shift of the intraventricular line
(septum pellucidum) from the line joining anterior and posterior fax
was recorded (in mm). Midline shift was measured by the method
described by Caricato et al.” (Fig. 4).

Mass Lesion

Areas of focal localized altered echogenicity, such as anechoic,
hypo/hyperechoic areas were considered as mass lesions (Fig. 5).

Outcomes

The primary outcome measure was to determine the level of
agreement and correlation between TCS and CT scan. The
secondary outcome was to study image acquisition, image
optimization and image interpretation by TCS.

Indian Journal of Critical Care Medicine, Volume 28 Issue 3 (March 2024)

Fig. 4: Midline shift measurement: A, imaginary line joining anterior
and posterior fax; B, deviation of intraventricular septum from line A
(midline shift)

Analysis

Data were collected in beta-tested predesigned proforma.
Statistical analysis was done by SPSS 25.0.0.0. We expressed the
test data as frequencies for nominal variables and as mean + SD
or median with range for continuous variables. The associations
between TCS and CT scan for detecting and identification of mass
lesions were analyzed using Cohen'’s K-coefficient. To analyze
the agreement between both modalities in the measurement of
LV diameter, a Bland-Altman plot was done and correlation was
analyzed with an intraclass correlation coefficient (ICC of >0.90 was
interpreted as excellent intraclass correlation).

REesuLTs

We recruited a sample size of 40 patients with decompressive
craniectomy in this study based on previous studies. Of these 40
patients, 14 patients came with non-neurosurgical complaints
(fever, breathlessness as many patients were tracheostomized)
and 26 patients came with neurosurgical complaints. The patients
who came with non-neurosurgical complaints had a lower number
of patients with intracranial findings (mass lesion/MLS) (mass
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Figs 5A and B: (A) Arrow showing hyperechoic mass lesion in temporoparietal area; (B) Arrow showing anechoic area between fax cerebri and

frontal horn of lateral ventricle

Table 2: Correlation between presenting complaint and presence of
mass lesion and midline shift

Total =40

Complaint N Mass lesion Midline shift
Non-neurosurgical 14 4 1
Neurosurgical 26 11 5

lesion =4/midline shift = 1) rather than the patients who came with
neurosurgical complaints (seizures, altered sensorium, or worsening
sensorium) (mass lesion = 11/midline shift = 5) (Table 2). Good
correlation was noted between TCS and CT head in measuring LVs.
The measurements of the right LV noted were (17.4 £+ 13.8) mm by
CThead and (17.1 £ 14.8) mm by TCS. The mean difference observed
was 0.28 with 95% Cl (-1.9 to 1.33), a p-value of 0.720 which shows a
statistically nonsignificant difference with an ICC of 0.93 (0.88-0.96)
between the two methods.

The measurements of the left LV observed were (17.8 £ 14.4) mm
by CT head and (17.1 £ 14.2) mm by TCS. The mean difference
observed was 0.63 with 95% Cl (-1.8 to 0.61), a p-value of 0.308 which
shows a statistically nonsignificant difference with an ICC of 0.96
(0.93-0.98) between the two methods. The agreement between
these two modalities was done by the Bland-Altman plot (Fig. 6).
The measurements of the diameter of the LV and the correlation
between the two methods in measuring the ventricular diameter
have been depicted in Table 3.

The scattered diagram plotted between an average of LV
diameter by (CT head and TCS) and the difference between CT
head and TCS (Fig. 6) shows that most of the cases are clustered in
the central line. There are three cases in which the difference was
higher because of their extreme dilatation as the axial section of
ultrasound is not completely horizontal which explains the higher
difference in those three cases.

About 7 patients had MLS detected by CT head and TCS was
able to detect MLS in 6 patients. The mean + SD for NCCT head is
6.1 3.5 and for TCS it is 7.8 + 4.1 (p-value 0.05) (Table 3).

In TCS, 25 patients were found to have no mass lesion
(parenchymal lesion, CSF collection, etc.). About 8 patients were
found to have hypoechoiclesions and 7 patients were found to have
hyperechoic mass lesions. Similarly, in CT head, 22 patients did not
have any lesions, 9 patients were found to have hypodense lesions,
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and 9 patients were found to have hyperdense lesions. So, from
all the patients, TCS was able to detect mass lesions in 15 patients
and by the gold standard method, a total of 18 patients had mass
lesions. Cohan’s K-coefficient value was 0.84 [95% Cl (0.72-0.89)]
with a p-value of <0.001 in the identification of mass lesions by
both methods. The level of agreement between both modalities
was 93.75% (Table 4).

Most of the patients visited the ED within 3 months after
discharge from the hospital (Table 5).

Discussion

Transcranial ultrasound is a dynamic imaging modality that is
feasible, easily available, and without any radiation hazard. We
recruited patients with decompressive craniectomy. It was observed
that patients who were coming with neurosurgical complaints
had high chances of having an intracranial cause of their clinical
condition as 11 patients had mass lesions and 5 patients had MLS
out of 26 patients. Opposite to these, 14 patients came with non-
neurosurgical complaints, only 4 patients had mass lesions, and
MLS was noted in 1 patient.

We observed thatin the CT scan of the head, every structure in
the CTimages represents themselves according to their Hounsfield
unit but broadly, we can classify them as hypodense or hyperdense.
Similarly, TCS structures can be classified as hypo/hyperechoic
or anechoic. We are describing characteristics and key results
of ultrasound images in correlation with CT head, which were
observed during the image interpretation (Table 6). The major
difference between the observation by these two modalities is that
sulci of brain parenchyma look hypodense in CT head but in TCS, it
looks hyperechoic (Table 6).

We measured the diameter of the LV and compared it with CT
head. The mean difference was low between both the modalities
which was statically nonsignificant. A high standard deviation was
found because only 2 or 3 patients had grossly dilated bilateral
ventricles. We observed that the difference between the measured
diameter was high if the ventricles are dilated, as in CT, the axial
scan does not depend on the craniectomy site but in TCS, we have
to fan the probe for the proper visualization and if the ventricles
are dilated, the axial scan will not be able to take proper transverse
diameter, it will somewhat take diagonal diameter of the ventricle.

Indian Journal of Critical Care Medicine, Volume 28 Issue 3 (March 2024)
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Agreement between right LV (TCS) and right LV (CT head)
3/40 = 7.50% outside the limits of agreement
Mean difference 0.290
95% limits of agreement (—9.680, 10.260)
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Figs 6A and B: (A) Agreement between TCS and CT head for measurement of right lateral ventricle diameter; (B) Agreement between TCS and CT

head for measurement of left lateral ventricle diameter

Table 3: Correlation between CT head and TCS for measuring lateral ventricular diameter and midline shift

CT head TCS Difference ICC
(mean + SD) (mean + SD) (95% Cl) p-value (95% Cl)

Lateral ventricle

Right (mm) 174+13.8 17.1£14.8 0.28 (-1.9-1.33) 0.720 0.93 (0.88-0.96)

Left (mm) 178144 17.1£14.2 0.63 (-1.8-0.61) 0.308 0.96 (0.93-0.98)

Midline shift (mm) 6.16 + 3.59 7.88+4.17 — 0.05 —

(n=7) (n=6)
Table 4: Correlation between CT head and TCS for detection and identification of mass lesions

Mass lesion CT head Agreement Kappa (95% Cl) p-value

TCS Nil Hypodense Hyperdense
Nil 22 1 2 93.75% 0.84 (0.72-0.89) <0.001
Hypoechoic 0 8 0
Hyperechoic 0 0 7

Table 5: Demographic data was comparable with density in the CT head, which was not done in
— this study. As TCSis a new modality that is why more standardization

Characteristics . . o . .
is required for brain imaging. The most useful probe for this purpose

N 40 is curvilinear but small convex or cardiac also can be used if the

Age (years) 34.98 £16.29 decompressive craniectomy site is small.

Sex For the MLS, TCS was able to detect MLS in 6 patients and a
Male 70% (28) total of 7 patients had MLS as shown by the gold standard CT head.
Female 30% (12) The mean difference between the two modalities was statically

Post-craniectomy duration nonsignificant. Transcranial ultrasound interpretation is subjective,
<3 months 45% (18) .smaII ML§ may.get missed.Theﬁrstattemptwastak.en forTCSin 19§9
3-6 months 32.5% (13) !nTokyo,.m which they suggested th.atultrasound ismore beneﬁqal

in detecting hydrocephalusirrespective of cause and the suboccipital
>6 months 22.5% (9)

Bendella et al. did the study with a sample size of 102 in which they
calculated the same variables."* They measured bilateral LVs, 3rd,
4th, and MLS. In our study, we did not include 3rd and 4th ventricles
but we detected mass lesions and described their echogenicity that

Indian Journal of Critical Care Medicine, Volume 28 Issue 3 (March 2024)

craniectomy window does not allow for good brainimages.'® In their
images also, they showed only ventricles. De Slegte et al. carried out
two studies, the 1stin 1984 and the 2nd in 1986. In their 1st study,
they only presented a preliminary report on 6 cases in which they
only focused on the posterior fossa because most of the patients had
suboccipital craniectomy with cerebellar cyst and 4th ventricle.'®
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Table 6: Identification characteristics of intracranial structures in CT head and TCS

CT scan TCS
Sulcus Hypodense Hyperechoic (echogenicity higher than gyrus)
Gyrus Isodense (density higher than sulcus) Isoechoic (echogenicity lower than sulcus)

CSF (Ventricles or CSF-filled spaces)
Acute hemorrhage
Ischemic area
Perilesional edema
Old hemorrhagic lesions
Foreign body
1 Metal

2 Nonmetal
EVD

Lateral ventricle (axial section)
3rd ventricle (axial section)
4th ventricle (axial section)
Possible sections

Lowest density (HU ~ 0)
Hyperdense

Hypodense

Hypodense

Hypodense
Hyperdense/hypodense
High density (HU ~ 3000)

Hyperdense/hypodense (depends on the
content)

Linear/round hyperdensity in lateral ventricle

Elongated curve-like shape [hypodense (CSF)]
Small round with hypodense (CSF) content
Semilunar-shaped hypodense (CSF)
Axial/coronal/sagittal

Anechoic

Hyperechoic

Hypoechoic

Hyperechoic

Hypoechoic
Hyperechoic/hypoechoic

Hyperechoic (with posterior acoustic shadow or
reverberation)

Hyperechoic/hypoechoic (depends on the
content)

Linear/round hyper-echogenicity with or
without reverberation

Elongated curve-like shape (anechoic content)
Small round with anechoic content
Semilunar-shaped (anechoic content)
Axial/coronal/sagittal (depends on

Imaging Static

post-craniectomy site)
Dynamic

They did not comment on the LV, 3rd ventricle, MLS, and normal
cerebral imaging was not addressed. In their 2nd study, they
addressed LVs. They mentioned that an ultrasound cannot be done
in the first 10 postoperative days.!” The reason for that is the bandage
over the post-op site. But we found that TCS can be done just after
the operation as the bandage usually only covers the area where
the incision was given, the rest of the area of the decompressive
craniectomy site is usually normal and there is no contraindication
for placing a probe there. Therefore, without giving any pressure
with probe and using liberal amount of jelly, we can do TCS. They
also suggested that the hemorrhagic lesion cannot be detected but
we found that the echogenicity of the hemorrhagic lesion is more
than the CSF. So, it appears hyperechoic and hyperechoic lesions
are easy to pick on ultrasound. In our study, TCS was able to detect
and identify mass lesions in terms of hyper/hypoechoic (hyper/
hypodense in CT scan). An excellent level of agreement (93.7%) was
found between TCS and CT scan for detecting and identifying mass
lesions. The visualization of the hyperechoic mass lesion was good
compared with hypoechoic as TCS was able to detect almost all the
hyperechoic lesions. We observed that the hypoechoic lesion in
TCS was hypodense in the CT scan and the hyperechoic lesion was
hyperdense in the CT scan (except sulci of the parenchyma which
was hyperechoicin TCS and hypodense in the CT scan). Martin F and
OchoaJ'” did a study with 5 patients; they did TCS 2 hours before CT
head and then they detected a hemorrhagic mass lesion and MLS.'®
Najjar et al. submitted a case report in which they monitored 3rd
ventricle diameter after the insertion of external ventricular drainage
(EVD) in a patient with a history of decompressive craniectomy
because of subarachnoid hemorrhage.'" In our study, the findings
showed a good correlation between previous studies on TCS in
post-decompressive craniectomy.

Most of the patients had neurosurgical presents like seizure/
worsening of the baseline sensorium. In terms of post-craniectomy
duration, most of the patients came within 3 months after
decompressive craniectomy as this is the critical period, and
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understanding and handling the patient by their family members
is difficult. This is the time when the patient starts antiepileptic
medications and giving the proper dose at the proper time is
essential but in the initial period there are high chances of missing
the doses and to understand the precautions to prevent seizures as
even sleep deprivation, missed doses of antiepileptic, hypoglycemia
or other minor iliness can provoke the seizures'? (Table 3). During
the study, a patient presented to emergency who underwent
craniectomy because of a gunshot injury. While performing TCS
(Fig. 7A), a hyperechoic lesion with posterior acoustic shadow
(small arrow)?® suggested that it may be a foreign body, later, it was
confirmed with the official report that this patient had a history of
gunshot injury so he had a remnant of bullet or bony fragment
which showed as a hyperdense lesion in CT head (Fig. 7B) and the
density of the lesion is equal to the density of the bone. This is how
a mass lesion because of an IC bleeds and a mass lesion because
of a foreign body can be differentiated with the help of TCS. Point
of care ultrasound is a good bedside noninvasive technique of
neuromonitoring with reliable and reproducible assessment of MLS
if the examiner has a sound knowledge of brain anatomy.?' A study
done in ICU setting in India included 17 postoperative patients of
moderate-to-severe TBI, showed TCS to detect MLS in patients with
traumatic brain injury with reasonable accuracy.

In a separate supplementary figure section, we have compared
some TCSimages (B) with their CT head images (A) (Supplementary
Figs 1-13). Apart from the detection of mass lesion, LV diameter
and MLS, we also mentioned normal brain anatomy in ultrasound
images (Supplementary Figs 21A to D).

Limitations

- Images and video interpretation are subjective.

«  There are not many previous studies on TCS in decompressive
craniectomy, which leads to a lack of standardization ofimaging.

+ The definition of hydrocephalus was not addressed.

- Samples of convenience were taken.

Indian Journal of Critical Care Medicine, Volume 28 Issue 3 (March 2024)



Correlation between Transcranial Ultrasound and CT Head

Figs 7A and B: Axial scan of TCS. (A) Bold arrow showing hyperechoic area with posterior acoustic shadowing (leftward white arrows); (B) Axial

scan of CT head: arrow showing beam hardening artifact

CONCLUSION

There was excellent agreement between TCS and CT scans in
identifying clinically significant conditions among postcraniotomy
patients. It can be used as an adjunct to clinical examination to
monitor post-decompressive craniectomy patients in resource-
limited settings where a CT scan is not available. Transcranial
ultrasound can help to make critical bedside decisions such as Burr-
hole, EVD insertion, abscess drainage, etc. in correlation with clinical
examination. Emergency physicians can make early treatment
decisions, such as triaging the patients, ordering further imaging
and involving neurosurgeons as soon as possible in crowded and
busy emergencies with the help of TCS. Point of care ultrasound is
also helpful to see the progress or regress in size of the hematoma or
development of new onset lesions in postoperative patients in ICU.

SUPPLEMENTARY MATERIALS

All the supplementary materials are available online on the website
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