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Case Report

Using of transcranial Doppler sonography to guide
triple-H therapy in cerebral vasospasm associated
with subarachnoid hemorrhage
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Abstract: Prophylactic triple-H therapy (the combination of induced hypertension, hypervolemia, and hemodilution)
has been suggested to prevent cerebral vasospasm after subarachnoid hemorrhage (SAH) that would cause in-
creased cerebral blood flow (CBF) to the brain, and widely accepted in a number of institutions. It must be noted that
triple-H therapy is not completely safe, sometimes carries significant medical morbidity. The measurement of CBF
with transcranial Doppler sonography (TCD) has provided a way of early detecting vasospasm after SAH as soon as
possible and could guide the timing of triple-H therapy. Here, we present two patients who developed vasospasm
associated with Aneurysmal SAH. In both patients, TCD examinations were daily performed to detect vasospasm
before the onset of its clinical effects. One patient underwent mild vasospasm, resolved only by the treatment of
triple-H therapy. While the second, followed-up triple-H therapy, suffered from vasodilator administered by intra-
arterial injecting for its severe vasospasm. In conclusion, our cases suggest that TCD optimize the timing of triple-H

therapy in cerebral vasospasm associated with SAH.
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Introduction

Cerebral vasospasm is associated with a high
incidence of permanent disability and death fol-
lowing acute SAH) [1-4]. Because cerebral
vasospasm occurs in a delayed ischemic neu-
rological deficit and could predict, it is an oppor-
tunity to give aggressive preventative and ther-
apeutic strategies. In the intensive care unit
(ICU), patients after SAH often will be treated
with triple-H therapy to prevent and treat cere-
bral vasospasm that would cause increased
CBF to the brain [5, 6]. Prophylactic triple-H
therapy has been demonstrated to decrease
the frequency and severity of vasospasms and
subsequently reduce the incidence of clinical
deficits [5, 7, 8]. However, triple-H therapy has
serious side effects, such as cerebral hemor-
rhage, cerebral edema, pulmonary edema and
cardiac arrhythmias, especially elderly patients
with poor cardiac function may not tolerate
induced hypertension with vasopressor agents
or volume loading [9].

Although the gold standard for vasospasm diag-
nosis is cerebral angiography, carries added
risks of complications associated with the inva-
siveness of the procedure. In addition, the pro-
cedure requires that the patient be transported
(generally from the intensive care unit) to the
radiologic imaging department [10]. TCD is a
relatively accurate and sensitive, non-invasive
tool, allowing for bedside monitoring to deter-
mine flow velocities indicative of changes in
vascular caliber. In turn, assessment of these
velocities contributes valuable index regarding
the diagnosis of cerebral vasospasm and,
thereby, assists in decision-making regarding
the need for therapeutic interventions [11].

In this study we present two patients developed
vasospasm after SAH treated by triple-H thera-
py. TCD done in both patients by the perfor-
mance of daily studies correlated with clinical
examinations and physiologic data for the sur-
veillance and monitoring of vasospasm. We dis-
cussed TCD can guide the timing of triple-H
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Figure 1. The TCD velocity spectral waveforms obtained from the left MCA of
patient 1. A. Increased PSV (230 cm/s) indicated mild vasospasm. B. After the
treatment of tripe-H therapy, PSV changed to normal (154 cm/s).

therapy and the tailoring of aggressive treat-
ment regimens after SAH.

Case report
Patient 1

A 61-yr-old female was admitted to the hospital
on January 5", 2015, with no significant past
medical history, no medications. This study was
conducted in accordance with the declaration
of Helsinki. This study was conducted with
approval from the Ethics Committee of Anhui
Medical University. Written informed consent
was obtained from all participants. Patient
awoke with worst headache of life with R sided
weakness at 3:30 am on the morning of admis-
sion. According to EMS (Emergency Medical
Service System), patient had transient right
side facial droop, right side grip weakness, right
side arm drift, with abnormal speech, and then
were resolved on the Emergency Department.
Of note patient took aware this AM. Patient did
mention multiple small sharp headaches that
would last a few seconds and go away over the
past couple of weeks, denied any other history
of headaches. The CTA (computed tomography
angiography) on admission demonstrated dys-
plastic basilar tip aneurysm measuring 7 x 5
mm and two tiny nipple-like protrusions.
Noncontrast CT demonstrated diffuse SAH,
which completely fills the basal cisterns and
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extends through the fora-
men magnum into the upper
spinal canal. The ventricles
were mildly dilated suggest-
ing early developing hydro-
cephalus. Therefore, he was
admitted to the ICU for
observation.

A few hours into his admis-
sion, Patient was intubated
and EVD (external ventricu-
lar drainage) placed for
decreasing level of con-
sciousness likely related to
hydrocephalus. In addition,
she was treated with stan-
dard hemodynamic man-
agement (Goal euthermia,
euvolemia, normonatremia,
systolic blood pressure go-
al <140 mmHg), and com-
pletely coiled embolization
on the second day. Her neurological exam
improved significantly, then successfully extu-
bated to aerosol mask. Daily TCD assessment
was performed, no evidence of vasospasm in
anterior and posterior circulation on the first
couple days of her hospitalization. On the 6%
day, patient’s neurological condition deterio-
rated. She was lethargy and had a very mild
RUE (right upper extremity) pronator drift.
Meanwhile, the TCD result of the MCA (middle
cerebral artery) on the left side showed an
increased Lindegaard ratio and increased PSV
(peak systolic velocity) in the proximal left MCA
(Figure 1A). This was judged to be indicative of
mild vasospasm [10], and tripe-H therapy was
initiated. The gold of systolic blood pressure
changed to 160-200 mmHg, started gentle
pressor (noradrenaline). Simultaneously, the
patient was administrated extra sodium chlo-
ride for positive fluid balance. Twenty-four hours
after the intervention, TCD measurement was
repeated, and showed normal velocities in the
left MCA (Figure 1B). The patient was weaned
from the tripe-H therapy over 2 days and contin-
ued to do well. On the 10" day, he was trans-
ferred to gentle ward prior to returning home.

Patient 2
A 69-yr-old female was admitted to the hospital

on May 17", 2015, presented with headache
and sudden collapse when having dinner with
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Figure 2. The TCD velocity spectral waveforms obtained from bilateral MCAs of
patient 2. A and B: TCD showed bilateral MCAs vasospasm associated with CBF
velocities high to 300; C and D: After continued treatment of tripe-H therapy
and Verapamil intravascular administrating, both PSV dropped to normal (103
cm/s, 98.3 cm/s, respectively).

friends and presented to hospital. This study
was conducted in accordance with the declara-
tion of Helsinki. This study was conducted with
approval from the Ethics Committee of Anhui
Medical University. Written informed consent
was obtained from all participants. She subse-
quently deteriorated in the emergency depart-
ment. She was intubated and was transferred
to ICU for further management. CT demonstrat-
ed diffuse SAH. CTA Head found ruptured right
posterior communicating artery aneurysm.
When admitted to ICU, her Glasgow coma scale
(GCS) was 12. The patient underwent the place-
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ment of EVD and arterial
line due to significant hydro-
cephalus, then, was treated
with standard hemodynam-
ic management (Goal euth-
ermia, euvolemia, normona-
tremia, systolic blood pres-
sure goal <140 mmHg). TCD
assessment was also daily
performed for monitoring
cerebral vasospasm. On the
second hospital day, the
right posterior communicat-
ing artery aneurysm was su-
ccessfully coiled. Five days
later, the patient deteriorat-
ed neurologically to a GCS
score of 6, less withdrawing
to noxious on exam. At this
time, TCD showed bilateral
MCAs vasospasm associat-
ed with CBF velocities high
to 300 (Figure 2A, 2B).
Although the tripe-H thera-
py was initiated, the pati-
ent’s clinical state remained
poor in 48 hours. The re-
peated TCD demonstrated
no obviously improvement
in relation to prior values.
Patient was brought for CTA
(showed moderate vaso-
spasm of the bilateral A1,
M1, and M2 segments of
the anterior and middle
cerebral arteries), subse-
quently went to angio (mild
to moderate vasospasm in
right MCA; moderate to se-
vere vasospasm left MCA,
not amenable to angioplas-
ty; 20 mg Verapamil was
intravascular administrated both to right and
left MCA). Approximately 24 hours later, her
neurological status improved and TCD index
dropped to normal. (Figure 2C, 2D). Continued
tripe-H therapy, she recovered slowly. On the
17th day the patient was discharged and trans-
ferred to gentle ward.

Discussion

TCD was first reported by Aaslid and colleagues
in 1982 [12] as a non-invasive, rapid technique
for monitoring cerebral vasospasm, based on
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the principle that a decrease in vessel diameter
translates into an increase in blood flow veloci-
ty. As a non-invasive, bedside test with minimal
risk, TCD has become a standard screening
tool in Neurocritical Care Unit. The measure-
ment of CBF velocities with TCD has provided a
way of detecting developing vasospasm after
SAH [12]. The diagnosis of cerebral vasospasm
may be suspected on the basis of clinical exam-
ination and TCD results, and can be confirmed
with cerebral angiography. Meanwhile, the sen-
sitivity and specificity of TCD for the detection
of both angiographically and clinically defined
vasospasm are high. Therefore, TCD is an excel-
lent first-line examination to identify those
patients who may need urgent aggressive inter-
vention [13].

Our experience has evolved to use TCD in
patients with SAH by the performance of daily
studies correlated with clinical examinations
and physiologic results. Patients admitted with
SAH are tested as soon as possible after digital
subtraction angiography and securing of the
aneurysm. In the setting of clinical stability,
TCD are continued daily while patients are
maintained in a state of euvolemia and nor-
monatremia. When a patient with abnormal
clinical examination, if TCD velocities increase
to generally accepted levels for vasospasm for
that vessel, a trial of tripe-H therapy is institut-
ed. Fluid balance is shifted to maintaining a
positive fluid state, and patients are allowed to
autoregulate blood pressure up to systolic pres-
sures (SBP) of 200 mmHg or mean arterial
pressures (MAP) of 120 to 140 mmHg, depend-
ing on the clinical status of the patient and
other existing comorbidities. If unsuccessful,
the patient proceeds to angioplasty. If the phys-
ical examination is difficult or obscured, and
the TCD results indicate the presence of cere-
bral vasospasm, a CTA or angiogram is suggest-
ed. If vasospasm is confirmed, tripe-H therapy
is undertaken, and if unsuccessful, cerebral
angiography, as both a diagnostic and thera-
peutic intervention, may be performed at this
stage. TCD followed-up then may be important
in assessing the results of therapy and, along
with the clinical exam, will assist in the timing of
repeat angiography and will guide the hemody-
namic management.

In conclusion, TCD has become the most com-
mon screening tool for monitoring vasospasm
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preceded neurologic deficits, prompting the
timing of hemodynamic management, and
avoiding the blind treatment of prophylactic
tripe-H therapy after SAH.
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