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Abstract

Purpose Transcranial Doppler (TCD) has been used for more than 30 years in clinical practice. Although adult intensive care is
relatively well covered, pediatric cases are still underrepresented. We intend to review a series of pediatric cases where TCD was
determinant in clinical decisions and a literature review on this topic.

Methods We describe cases with different pathologies where TCD had an important role in clinical management of the patients.
We discuss TCD utility and potential role both in the emergency department and the intensive care unit.

Results Five patients with different neurologic insults are presented. TCD was useful in the identification of intracranial hyperten-
sion in traumatic brain injury, hydrocephalus and central nervous system infection; identification of decreased cerebral perfusion
pressure in hypovolemic shock and the diagnosis of impending cerebral circulatory arrest in a child with meningococcal septicemia.
We discuss how TCD can be used in emergency and intensive care settings, reviewing relevant literature and our own experience.
Conclusions Non-invasive testing using TCD can aid clinical decisions. More widespread use of this technique will allow for

better care of children with neurologic insults.

Keywords Transcranial Doppler - Traumatic brain injury - Intracranial hypertension - Neuromonitoring

Introduction

Since its introduction in 1982, many authors have used trans-
cranial Doppler (TCD) to assess cerebral blood flow velocities
[1]. This technique is well established in cases of vasospasm
after subarachnoid hemorrhage, arterial stenosis or occlusion,
and for the diagnosis of brain death [2]. More recently, some
authors have used it as an indirect and noninvasive method to
estimate intracranial pressure (ICP). TCD-derived pulsatility
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index (PI) has been shown to have a decent correlation with
cerebral perfusion pressure (CPP), ICP, and outcome in pa-
tients with severe head injury [3—6], but other reports state that
these points are still controversial [7, 8]. Nevertheless, with
TCD, it is possible to estimate the severity of cerebral hemo-
dynamic disturbance after traumatic brain injury (TBI) at ad-
mission in order to establish prognosis and help deciding the
level of care to be provided. However, current guidelines for
treatment of these patients do not recommend its use in clin-
ical practice because of the lack of evidence. The Brain
Trauma Foundation 2012 guidelines for TBI in children states
that more studies are needed to determine the optimal moni-
toring of these patients. It specifically includes TCD as one of
the techniques that should be considered [9]. However, the
feasibility of this technique is limited in the pediatric popula-
tion because of the paucity of studies in children with TBI [8,
10-13].

With this case series and literature review, we intend to give
further support to the use of TCD in children with TBI and
other diseases where cerebral blood flow could be
compromised.

All images were acquired and recorded with RIMED®
Digi-Lite, using a 2 MHz pulsed wave probe.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-018-3877-8&domain=pdf
http://orcid.org/0000-0002-1883-050X
mailto:francisco@abecasis.name

1466

Childs Nerv Syst (2018) 34:1465-1470

Case reports
Case 1

A 17-year-old boy with known hydrocephalus and a
ventriculoperitoneal shunt presented to the emergency depart-
ment with headache. He had been diagnosed with migraine by
the pediatric neurologist, but the headache persisted despite
medical treatment. Ophthalmologic examination and CT scan
were inconclusive and the neurosurgeon asked for a TCD. PI
was increased (1.6), blood pressure was normal (123/
66 mmHg), and the TCD waveform suggested intracranial
hypertension. The decision to operate was based on this result
and after reviewing the ventriculoperitoneal shunt, the PI nor-
malized (Fig. 1; Table 1) and headache improved.

Case 2

A 17-year-old girl was transferred from a district hospital with
severe TBI after a road traffic accident. A computed tomog-
raphy (CT) scan at the referring hospital showed a subdural
hematoma on the left side. At admission in the emergency
department, she was sedated and ventilated (PaCO2 =
39.5 mmHg), with high arterial blood pressure (168/
96 mmHg) and an urgent TCD was performed revealing se-
verely compromised blood flow in the left middle cerebral
artery (Mean flow = 18 cm/s, diastolic flow =10 cm/s, PI=
3.6). The initial plan of monitoring ICP in the PICU was
changed and she was immediately transferred to the operating
room. After draining a large intracranial hematoma, TCD
showed normal velocities and PI (Fig. 2; Table 1).

Case 3

A 16-year-old girl suffered a TBI and extensive abrasion le-
sions after falling from a horse and being dragged for several

Fig. 1 TCD of a 17-year-old boy a
with hydrocephalus and incon-
clusive CT scan that was operated
based on an increased pulsatility
index (PI) of 1.61 (a). After
reviewing the ventricular shunt
the PI normalized (b)
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minutes. An ICP bolt was inserted and invasive monitoring
revealed an ICP of 8 mmHg. Nonetheless, a TCD was per-
formed and PI was increased (1.6) (Fig. 3; Table 1). Blood
pressure was low (85/44 mmHg) due to hypovolemic shock
and PI was reflecting decreased cerebral perfusion pressure.
Measured CPP (ABP-ICP) was 51 mmHg. In this case, TCD
results prompted treatment with fluid boluses in order to in-
crease blood pressure and optimize cerebral blood flow. After
restoring normovolemia, blood pressure normalized and so
did the flow velocities and PI that decreased to 0.9 (Table 1).

Case 4

An 1l-year-old boy was admitted to the pediatric intensive
care unit (PICU) with severe meningococcal septicemia.
After 48 h of intensive treatment with fluid boluses, inotropes,
steroids, blood transfusions, and extensive fasciotomies of the
lower limbs, he had a sudden neurologic deterioration with
dilated pupils, absence of spontaneous respiratory trigger,
and no reaction to external stimuli. An urgent TCD confirmed
very high PI (7.3) with arterial hypertension (154/
102 mmHg), compatible with severe intracranial hypertension
and severe compromise to cerebral blood flow with no dia-
stolic flow (Fig. 4). CT scan of the brain confirmed severe
cerebral edema and the patient eventually died.

Case 5

An infant was admitted to the infectious diseases ward with
pneumococcal meningitis and a subdural empyema. The neu-
rosurgeons were reluctant to operate on such a small child due
to lack of clear indications for drainage in this age group. The
child was awake and showed signs of irritability, but was
otherwise stable. As she was not improving, a TCD was per-
formed and the decision to drain the empyema was based on a
raised PI (1.9) with mild arterial hypertension (100/68 mmHg)
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Table 1 Numeric values of TCD parameters, arterial blood pressure
(ABP), and noninvasive cerebral perfusion pressure (nCPP). FVs flow
velocity systolic, FVm flow velocity mean, FVd flow velocity diastolic,

PI pulsatility index. FVd was calculated using the formula FVd = (3 x
Vm—Vs)/2). n"CPP = MAP x FVd/FVm + 14

Case FVs (cm/s) FVm (cm/s) FVd (cm/s) PI ABP (mmHg) nCPP (mmHg)
1 94 118 36 64 7 37 1.6 1.1 123/66 (85) 119/55 (76) 31 58
2 63 86 18 51 -4 34 3.6 1 168/96 (120) 63/51 (55) N/A 50
3 217 144 94 86 33 57 1.6 0.9 85/44 (59) 129/70 (90) 34 74
4 104 - 14 - =31 - 7.3 - 154/102 (119) - N/A -
5 82 118 36 65 13 39 1.9 1.2 100/68 (72) 95/55 (67) 40 54

and normocapnia, which was interpreted as a sign of raised
ICP. After drainage, TCD was repeated and the PI was normal
(Fig. 5; Table 1).

Discussion

Evaluating cerebral blood flow is essential in many disease
processes. TCD is a noninvasive, bedside technique that al-
lows direct measurement of blood flow velocities in intracra-
nial arteries. Assuming the diameter of the insonated artery is
constant, changes in the Doppler acquired flow velocities re-
flect changes in cerebral blood flow through that artery.
Measuring blood flow velocities allows us to calculate in-
dices based on systolic, mean and diastolic flow velocities.
One of those is the Gosling PI that is calculated from the
relationship between systolic and diastolic flow velocities di-
vided by the mean flow velocity [14]. PI has been extensively
used as an estimate of ICP in adults, but its use in children is
still limited. A recent review study has only found three papers
between 2005 and 2015 addressing this particular interaction
in children [13]. Although it has been largely interpreted as a

Fig.2 TCD examinationsina 17- a
year-old girl with severe TBI re-
vealing severe compromise of
blood flow in the left middle ce-
rebral artery (a). After draining a
large subdural hematoma, TCD
showed normal velocities and PI

(b)

measure of cerebral vascular resistance (CVR), it has been
suggested that PI is a complex function of various hemody-
namic factors and not only of CVR [7]. First of all, it is an
inverse function of cerebral perfusion pressure (CPP), so, it
increases both with low MAP or raised ICP. It also increases
with low PaCO2, as hypocapnia raises CVR. As our case 3
shows, PI can be increased even in face of normal ICP. In this
case, it reflects CPP better than ICP and even if in most cases
ICP and CPP will be inversely related, we must take arterial
blood pressure into account in order to correctly interpret PI.
In our opinion, PI is a good measure of CPP and the higher the
PI, the lower the CPP. These have been previously demon-
strated by others [5, 8, 11]. Some authors use a formula to
estimate CPP based on mean arterial pressure and flow veloc-
ities. Czosnyka et al. have suggested the formula “MAP x
FVd/FVm +14” to estimate CPP [15]. This formula has since
been used and validated by others [16, 17]. In clinical practice,
being able to estimate CPP is extremely important because
ultimately what matters to the patient is assuring adequate
perfusion of the brain tissue.

In neurocritical care, TCD has been used in many different
settings including TBI, subarachnoid hemorrhage, stroke,
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Fig. 3 TCD of a 16-year-old girl
with severe TBI with normal ICP
and raised PI due to hypovolemic
shock and decreased cerebral
perfusion pressure (a). After fluid
boluses in order to optimize cere-
bral blood flow PI improved (b)

hydrocephalus, brain tumors, sickle cell disease, brain death,
cardiac shunts, carotid surgery, central nervous system infec-
tion, liver failure, preeclampsia, and sepsis [18].

In this paper, we focus on its use in the pediatric emergency
department and intensive care unit. It is a valuable tool to
assess cerebral blood flow in these settings. A qualified doctor
or technician can quickly evaluate the patient providing it has
a good acoustic window. Fortunately, most pediatric patients
do. This means that in a few minutes, with the proper equip-
ment and expertise, one can tell how compromised perfusion
is to the brain.

Ifused judiciously in the emergency department, it can help
to make quick decisions in cases where it is not obvious what
the best approach would be. It has been shown to effectively
predict which patients with no severe brain lesions on CT after
mild to moderate traumatic brain injury were at risk for sec-
ondary neurologic deterioration [19]. Others have demonstrat-
ed an association with poor outcome if the TCD performed in
children with moderate to severe head injury at admission in
the emergency department showed an end-diastolic velocity
less than 25 ¢cm/s and a PI more than 1.31 [20]. We have also
used it many times to decide if children with hydrocephalus
presenting to the emergency room with clinical symptoms of
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raised ICP need revision of their shunt or if they can be man-
aged conservatively. In every case where TCD was suggestive
of raised ICP, this was confirmed by the neurosurgeon during
surgery.

Traumatic brain injury is definitely one of the major indi-
cations for using TCD in the PICU, but we have also used it
successfully in many other scenarios like hydrocephalus,
shock, brain death, central nervous system infections, and
stroke. In the case of an acute ischemic stroke, it is possible
to document the occlusion of the affected vessel and in select-
ed cases monitor reperfusion while treating with intravenous
thrombolysis [21]. We have done it successfully in a 14-year-
old boy with an acute ischemic stroke. The treatment was
performed under transcranial Doppler ultrasound monitoring,
and recanalization of the left middle cerebral artery was doc-
umented during the first 5 min of r-TPA perfusion [22]. We
have also used it in patients during extracorporeal membrane
oxygenation (ECMO). These patients are not easy to move
and a bedside test is of utmost importance. In these cases,
we have to take into consideration the nonpulsatile flow of
the ECMO system, particularly in patients with veno-arterial
ECMO. Nonetheless, it could be determinant in cases of
suspected stroke that unfortunately is one of the risks of the
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Fig.4 TCD ofan 11-year-old boy with meningococcal septicemia that had neurologic deterioration 48 h after admission, showing severe compromise to
cerebral blood flow with no diastolic flow. Computed tomography of the brain confirmed severe cerebral edema
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Fig. 5 TCD of an infant with
bacterial meningitis and subdural
empyema. Decision to drain the
empyema was based on a raised
PI on the TCD, which was
interpreted as a sign of raised ICP
(a). After surgery, PI was normal

(b)

patients submitted to this technique of extracorporeal circula-
tion. Others have also studied the role of TCD in ECMO
patients, although there are no studies in children [23, 24].

Another well-established role for TCD is diagnosis and
monitoring of vasospasm after subarachnoid hemorrhage
(SAH). The study from Lindegaard et al. showed that there
was a clear inverse relationship between the MCA diameter
and MCA flow velocity [25]. He also established the limit of a
mean flow velocity above 140 cm/s to define a significant
vasospasm. At this velocity, the diameter of the MCA reduces
to one half of its original diameter, decreasing from 3 to
1.5 mm. Many authors have validated these results and
assessing vasospasm after SAH is probably the most common
indication for TCD in neurocritical care [26-28]. Nonetheless,
results should be interpreted cautiously because intermediate
velocities—mean flow velocity in MCA 120-200 cm/s—may
not have a good correlation with angiographic findings [29].
In our unit, we monitor every child with SAH with alternate
day TCD and daily if there is vasospasm, although there are no
normative values for children with SAH. We use the reference
values for adults and the Lindegaard ratio to exclude hyper-
emia in selected cases.

In our study, we present paradigmatic cases where TCD
aided clinical management. We selected these cases because
they are examples of daily conditions that require an under-
standing of cerebral hemodynamics to guide therapy. These
cases include frequent causes of intracranial hypertension like
traumatic brain injury, hydrocephalus, and central nervous
system infection; we also describe a case of decreased cerebral
perfusion pressure in hypovolemic shock to draw attention to
the fact that PI can be increased with normal ICP if CPP is
compromised due to low arterial blood pressure; finally, we
also give an example of a common application of TCD in
diagnosing impending cerebral circulatory arrest or even com-
plete circulatory arrest where it can aid in the establishment of
brain death. This is particularly useful in cases where the
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clinical criteria of brainstem death cannot be applied on their
own, for example is sedative substances are in circulation.

TCD is not a replacement for other established techniques
of neuromonitoring, but should be included in the multimodal
monitoring as a useful tool to estimate cerebral blood flow.
TCD is inexpensive, noninvasive, real-time, harmless, easy to
perform with the correct training, and can be done in almost all
environments without having to move the patient. It can be
repeated as needed, but continuous monitoring for more than
30-60 min is still challenging. New technologies are currently
being developed and tested that will probably allow continu-
ous monitoring to be feasible in the near future.

Conclusions

This case series demonstrates how TCD, a noninvasive, bed-
side test, can be used in different settings and aid clinical
decisions. We believe that more widespread use of this inex-
pensive technique would allow a better care of children with
neurologic insults and that it truly represents a noninvasive
window to cerebral blood flow.
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