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ABSTRACT
BACKGROUND: Decompressive craniectomy (DC) is performed in the management of intracranial hyper-tension after traumatic
brain injury (TBI). This study aims to investigate the effects of transcranial Dop-pler ultrasonography (TCD) measurements on the
indication of decompressive surgery.
METHODS: Sixteen TBI patients with a Glasgow Coma Score (GCS) <9 were included in this study. Intra-cranial pressure (ICP)
monitoring and transcranial Doppler ultrasonography (TCD) measurements were recorded continuously. DC was performed according to the records of ICP and TCD. Glasgow Outcome Scale (GOS) scores were evaluated after three months.
RESULTS: Mean age of the patients was 31.18±17.51; GCS ranged between three and 14 with a mean of 9.62±3.95. Mean GOS
was 3.12±1.85. Craniectomy was performed in two patients (12.5%) and cra-niectomy and lobectomy together were performed in 14
(87.5%) of them. The decline in ICP (22.12±10.41, 22.62±7.35, 15.50±6.64) and pulsatility index (PI) (1.96±1.10, 1.64±0.75, 1.91±2.48)
were strongly significant between days 3–5, and 1–5. The range of PI and Vmax values through five days did not present any significance.
CONCLUSION: TCD, as a real-time monitor, may help for an early decision of surgical approach in the management of TBI patients.
Keywords: Decompressive craniectomy; neurointensive care; transcranial Doppler ultrasonography; traumatic brain injury.

INTRODUCTION
Traumatic brain injury causes brain edema and intracranial
hypertension, which may lead to secondary brain insults. The
Brain Trauma Foundation guidelines state that DC must be
considered for the evacuation of a space-occupying lesion or
in cases with diffuse brain swelling and intracranial hypertension due to intensive medical management.[1–5]
DC is the removal of an area of the skull to augment the volume of the intracranial compartment. DC was first described
by Kocher in the treatment of post-traumatic brain oedema
in 1901. Even though the procedure is being performed in

rapidly relieving intracranial hypertension, there are no clear
guidelines for indications and optimal timing of the DC.[6]
Several retrospective and prospective studies suggested the
efficacy of DC in decreasing ICP and improve the outcome
in patients with refractory intracranial hypertension following
TBI. Massive oedema and brain swelling are the clinical conditions that lead the therapy to DC. Compression of the brain,
as well as the impairment in cerebral blood flow, are the adverse effects of intracranial hypertension.[3,5,6] ICP monitoring
is the gold standard in TBI patients and PI of TCD sonography
is correlated with ICP, the effects of ICP monitoring and TCD
sonography to guide the medical and surgical treatment protocols are investigated in this study.
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MATERIALS AND METHODS
After the institutional ethical committee approved and informed consents waived, 52 TBI patients treated aggressively
in the neurointensive care unit of Ministry of Health Goztepe
Training Hospital were prospectively reviewed. Of these 52
patients (post-resuscitation GCS <9 in the emergency department, unilateral or bilateral motor posturing and computed tomography (CT) scans defined according to Marshall
Classification and the patients who receded to lower GCS
in the following days), 16 patients with an intracranial mass
lesion on the admission CT, an abnormality of intracranial
hemodynamic or who needed DC despite the medical management protocol were included in this study.[7] Patients who
died within five days of admission, who had organ failure or
severe infection before admission were excluded from this
study. The neurological and hemodynamic status of the patients was assessed and the patients were intubated and
mechanical ventilation was performed consequently. The CT
scans of the patients were performed according to the cerebral and hemodynamic status of the patients on the following
days. The control of elevated ICP was considered according
to the guidelines of the Brain Trauma Foundation. Once admitted to the intensive care unit, mean arterial pressure of
90 mmHg, CPP 60–70 mmHg, ICP <20 mmHg, central venous pressure 5–10 mmHg, SaO2 >95% and PaCO2 of 30–35
mmHg were targeted. The head of the patients was routinely
elevated at 300 up to improve jugular venous return. Anticonvulsants were performed in case of seizures. Euvolemia,
normothermia and normoglycemia were considered. Antibiotic therapy for the intracranial process was performed with
vancomycin, according to the guidelines of the Local Committee of Infection. GOS of the patients were evaluated after
three months. GOS 1–3 was evaluated as unfavourable and
GOS 4–5 was evaluated as a favourable outcome.
The elevation of ICP was managed in three steps, moving
from one step to another if the ICP values remained constant.[8]
Step 1- If ICP >20 mmHg, slight hyperventilation and targeting a PCO2 of 35 mmHg.
Step 2- Mannitol 20% 0.5–1.0 g/kg performed with intermittent boluses watching for plasma osmolarity <320 mOsm/
kg. High doses of mannitol (1.4 g/kg) used when ICP >30–40
mmHg. CPP maintained at a minimum of 60 mmHg with fluid
administration, vasopressors like dopamine or norepinephrine in cases of low arterial pressure values.
Step 3- If ICP remained high, following CT scan, barbiturates
and early decision for decompressive craniectomy were considered.
Arterial blood pressure was monitored in all patients by radial artery catheter. A parenchymal catheter with a fiberoptic
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tip transducer into the frontal region or an intraventricular
catheter (Integra MPM-1) was placed. The ICP catheters
were inserted for five days and the catheters were changed if
a longer period was required. ICP was measured continuously
in software data. CPP was calculated from the difference between mean arterial pressure and ICP. Daily TCD mean flow
velocity measurements of MCA were made by bilaterally
and continuously. The TCD measurements were conducted
transtemporally using a traditional 2 MHz transducer (DWL).
The depth and angle of insonation, giving the highest mean
flow velocity were chosen. Pathological PI values were considered as PI >1.0. The PI was calculated according to the
Gosling index, from the difference between end-systolic and
diastolic MCA velocities divided by the mean MCA velocity.
For the statistical analysis, the first, third and fifth days measurements were considered. The statistical analysis was performed in SPSS 15.0 for Windows for data processing and
analysis. The definitive analysis was used for mean, standard
deviation, minimum and maximum variables. Pearson’s Correlation Analysis® for correlations, paired samples t-test for the
differences between days was used. Simple Linear Regression
analysis was used to achieve the effects of ICP upon PI. The
statistical significance of the correlation between the investigated quantitative variables was achieved by the p level and
the significance level was recorded as p<0.05.

RESULTS
In 18 months, 16 TBI patients who had undergone decompressive craniectomy were investigated. The clinical data of
the patients are summarized in Table 1. The mean age of
the patients was 31.18±17.51, three of them (18.8%) were
woman. GCS ranged between 3 and 14 with a mean of
9.62±3.95. Mean GOS was 3.12±1.85 with a median value of
4. Craniectomy was performed to two patients (12.5%) and
craniectomy and lobectomy together were performed to 14
(87.5%) of them.
The intracranial hemodynamic parameters were followed
for five days, and 1st, 3rd, 5th days were evaluated. The deTable 1.

Clinical data of the total group and decompressive
surgery patients
Total
(n=52)

DC
(n=16)

Traumatic subarachnoid haematoma

19

3

Contusional haematoma

11

7

Diffuse oedema

7

2

Epidural haematoma

6

1

Diffuse axonal injury

5

1

Subdural haematoma

4

2

DC: Decompressive craniactomy.
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Table 2.

The mean ICP measurements on days 1, 3 and 5

Days

ICP		
Mean±SD

1

22.12±10.41

3

22.62±7.35

5

15.50±6.54

+p

Days 1–3

p

++

Days 1–5

p

Days 3–5

++

p

++

Median				
19

0.938

0.007**

0.024*

0.001**

22.5				
12				

Friedman’s Test; ++Wilcoxon sign test; *p<0.05; **p<0.01. ICP: Intracranial pressure; SD: Stardard deviation.

+

Table 3.

Table 4.

The correlation coefficients between ICP and PI
and Vmax on days 1, 3 and 5

Days

ICP-PI

DC

GOS		

ICP-Vmax

r

p

r

p

1

0.105

0.699

-0.202

0.454

3

0.164

0.545

0.083

0.759

5

0.004

0.987

-0.520

0.039*

Spearman’s rho correlation coefficient *p<0.05. ICP: Intracranial pressure; PI:
Pulsatility index; Vmax: Maximum flow velocity.

cline in ICP (22.12±10.41, 22.62±7.35, 15.50±6.64) and PI
(1.96±1.10, 1.64±0.75, 1.91±2.48) values were strongly significant between days 3–5, and 1–5 (p<0.001) (Table 2). The
range of PI and Vmax values through five days did not present
any significance (1.96±1.10, 1.64±0.75 and 1.91±0.48) and
(112.50±51.12, 99.93±40.15, 86.06±36.09), respectively.
In the means of correlation, it was estimated as significant
between ICP and Vmax on the fifth day (Table 3, Fig. 1).
A relationship was also observed between GCS and GOS
(Spearman’s correlation coefficient of 0.534, p<0.05) (Fig. 2).

Mean±SD

Median

Yes (n=16)

3.18±1.90

4

No (n=36)

2.59±1.51

2

*

p

0.227

Mann-Whitney U test. GOS: Glasgow outcome score; DC: Decompressive
craniectomy.

*

The mean GOS of the 16 patients who had DC was higher
than the 36 patients who had medical therapy, but no statistical significance was observed (Table 4).

DISCUSSION
TBI is one of the most common causes of death. Marked elevation of ICP which causes cerebral ischemia and secondary
insults is sometimes difficult to treat with medical managements alone. The adverse effects of intracranial hypertension
are due to compression of the brain resulting with impairment in cerebral blood flow.[6] To prevent additional brain
damage due to elevated ICP, neurosurgeons perform DC
which improves clinical outcome.
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Figure 1. Plots demonstrating the correlation between ICP and
Vmax on day five. ICP: Intracranial pressure.
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Figure 2. The correlation graphics of GCS and GOS of 16 patients.
GCS: Glasgow Coma Score; GOS: Glasgow Outcome Scale.
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In taking the decision to operate, the risk of complications
should be weighed with the potential benefits of the procedure. Factors that should be considered in patient selection are failed conservative strategies, early intervention of
surgery (before 48 hours), before the development of features of brain herniation, GCS at least 8, age <50, no primary brain stem injury, abnormal pupillary findings, ICP <40
mmHg, midline shift <1 cm.[6]
DC is the temporary removal of a portion of the skull for
the relief of intractable intracranial hypertension.[9] High intracranial hypertension resulting from cerebral oedema, intracranial haemorrhage or space occupying hematoma may
lead to secondary brain damage, herniation or death.[9] DC
may minimize the ischemic damage by increasing the cerebral blood flow and tissue oxygenation. DC decreases the
mortality and improve outcome especially when performed
in the early phase. However, DC is still used as a salvage procedure after all options of ICP management are exhausted.
Cochrane database reveals that DC must be performed in
two completely different situations as follows: prophylactic
decompression or primary decompressive craniectomy and
therapeutic decompression or secondary decompressive
craniectomy. The former decision is taken during the surgery,
independent of ICP. The latter indication is to control high
ICP supported by monitoring systems.[10] Close monitoring is
the key in patients with TBI to make DC successful; however,
this review concluded that there is no evidence to support
the routine use of DC in TBI for refractory elevated ICP.
In contrast to this, the American Brain Trauma Foundation
guidelines mention bifrontal DC within 48 hours of injury as
a treatment option in patients with elevated ICP.[9]
The effects of the ICP and TCD measurements and their
trends on the decision of craniectomy as a treatment option
in individual cases are investigated in this study. As the presentation of ICP >20 mmHg was seen in TBI patients, and it
was managed firstly with conservative treatment strategies as
sedation, head up position, mannitol therapy, cerebrospinal
fluid drainage, barbiturate coma. DC was handled as the last
option for intractable intracranial hypertension except the
ones who had surgery immediately for mass lesions. Of the
52 patients, seven contusion haematoma, three traumatic
subarachnoid haematoma, one diffuse axonal injury and four
epidural and subdural haematomas had DC (Table 1, Fig. 3).
Elevated ICP is an important secondary insult in TBI patients.
When a direct measurement of ICP is not possible, Middle
cerebral artery (MCA) evaluation with TCD has been proposed as an alternative monitoring technique.[11–14] It has
been demonstrated that waveforms obtained with TCD are
affected by both increases of ICP or decreases of cerebral
perfusion pressure (CPP). When ICP increases due to resistance of cerebral blood flow, diastolic flow velocity decreases, but PI increases. Diastolic velocities decrease more
than systolic values which are directly correlated with PI, an
Ulus Travma Acil Cerrahi Derg, May 2020, Vol. 26, No. 3

Figure 3. Preoperative and postoperative CT scans of a TBI patient.

indicator of disturbed cerebral perfusion.[15–21] Several studies
have focused on the changes in MCA flow velocity measurements after head injuries and they reinforce the use of TCD
together with multimodality monitoring to understand the
patterns of perfusion, oxygenation and auto regulation.[15,22–24]
In the observational study of Bellner et al.,[17] 81 patients
with various diagnoses, including aneurismal subarachnoid
haemorrhage, head injury and encephalitis, have had intraventricular catheter for ICP monitoring and multiple TCD measurements have been performed parallel to ICP recordings.
Independent of the intracranial pathology, a significant correlation between PI and ICP and between flow velocity and ICP
has been found. As a result of this study, PI measurements
have given a good estimation of ICP in unconscious patients.
Homburg et al.[11] have investigated 10 TBI patients and also
found a positive correlation of PI and epidural pressures
(r=0.82) and suggested that TCD may be a useful marker of
ICP (9). Splavski et al.,[25] also, have concluded that measuring
the MCA blood velocity after TBI has been proven a worthy
tool to estimate ICP, as well as to evaluate early post-traumatic cerebral hemodynamic.
Voulgaris et al. have inspected 37 patients with TBI. ICP monitoring and TCD examinations have been carried on subsequently during the first 48 hours. They have found that PI
correlated significantly with CPP and ICP. When ICP values
were below 20 mmHg, the correlation was not significant.
When CPP has approached the lower auto regulatory limit,
PI has started to increase rapidly. As CPP has decreased from
70 mmHg, an inverse correlation between CPP and PI has
been obtained. PI has had a high predictive value for detecting
low CPP and it has been a sensitive indicator for the need to
monitor ICP.[26]
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Martin et al. studied on 14 TBI patients investigating the TCD
measurement changes through the treatment period. Distal
vascular vasospasm was diagnosed with increases of mean velocities of middle cerebral artery and PI in the early period.[27]
The similar changes are also observed in our patients. CT
and TCD parameters guided the treatment protocol. In 62.5
% of the patients, surgery is performed in the first six hours.
These patients had higher CPP and lower ICP values. There
was no correlation observed between ICP and PI. The mean
PI and ICP values were increased in the first day and declined
in the following days (Table II) Vmax of MCA was correlated
well with ICP in the fifth day, that is as ICP decreased with
DC, MCA flow velocities improved (Table 3, Fig. 1).
Early intervention of DC for TBI has resulted with good outcome in recently published case series. However, the term
‘early’ has not been defined. The ‘late’ group is defined as
unmanageable ICP despite maximum medical treatment. It
is concluded that patients presenting brain stem dysfunction upon their first neurological exam must be excluded as
the procedure holds little hop effort improvement from this
stage.[9]
Guerra et al. have recommended DC to be moved to the first
step in case of intractable intracranial hypertension. They
have compared DC to hyperventilation, barbiturate coma
and hypothermia and have concluded that surgery was safer
with lower mortality and fewer complications.[28]
Akyuz et al. also state that to obtain favourable outcomes in
TBI, early decision making and patient selection are important. In a group of 36 TBI patients who had early intervention of bilateral DC, declined ICP values presented a reduced
mortality rate and improved outcome, especially in GCS 6–8
patients.[29]
In properly selected patients, a systematic approach for DC
instituted within the first hours of trauma, had beneficial effects in the patient population of Rubiano et al. Early application of the DC protocol within less than 12 hours from injury,
GCS less than nine, Marshall CT finding between III and IV
and isolated TBI resulted with significantly less mortality than
the conventional approach.[30]
Eberle et al. performed DC to 106 patients and 43 of them
had DC for decompression of intracranial hypertension as a
rescue therapy in cases where herniation was expected. They
concluded that DC had the potential to improve both survival and functional outcome in a selected group of patients
who might have a chance of an improved outcome.[31]
Munch et al. retrospectively analyzed 49 patients with GCS
≤8 and age >50 and who had early decompression within
4.5 hours. Rapid surgical decompression was performed to
63.3% of the patients, craniectomy had significantly decreased
422

midline shift and improved visibility of mesencephalic cisterns.
Alterations in ICP and CPP were not significant and no beneficial effect on patient outcome was reported.[1,32]
In the study of Howard et al. DC was performed to 152 patients and the surgery resulted with decreases in ICP and increases in CPP values. They propose that DC must be considered as early as possible to prevent secondary brain insults.[33]
Bilateral DC was performed to 37 patients who had malign
diffuse brain swelling after TBI. The ICP values significantly
decreased after bone removal and a larger decrease were
recorded after opening of the Dura mater. However, ICP was
elevated after surgery but remained lower than the initial values and could be controlled with medical treatment. Of these
37 patients, 54.1% had a favourable outcome.[34]
Patients with lower GCS have had low GOS. If a chance is
used, it must be given immediately. Even though there is no
significance observed, the patients who had DC had higher
GOS. If it is foreseen that surgery might be performed with
the algorithmic approach in the following hours or days, then
it must be done early. Craniectomy is performed to 62.5% of
the patients in the first six hours. The other 37.5% had higher
GCS and CT findings did not demonstrate a necessity for
emergent surgery (Table 4, Fig. 2).
Complications of DC develop from path physiological
changes in ICP, cerebrospinal fluid circulation and cerebral
blood flow following the removal of skull. Contusion expansion, new intracranial hematoma may develop early after DC
and subdural effusion, infectious problems and posttraumatic
hydrocephalus are the delayed ones.[35,36]
Although it has been shown that higher the decompression,
higher the reduction in ICP, delayed complications, such as
intracranial hematoma, contra lateral subdural effusion, infection and hydrocephalus, can be observed. DC reduces mortality, improves recovery, and reduces the duration in ICU.
Outcome is also correlated with the timing of DC, age >50
and GCS <8 patients.[6]
Cerebrospinal fluid fistula in four patients, infection in two
patients and osteomyelitis observed in late period in one patient were the complications seen in our study group. These
complications did not affect the GOS scores. Cranioplasty is
performed in 8–12 weeks to 14 patients and two of them had
cranioplasty late because of infection.
In this study, TCD is used as a real-time monitor and the
three steps therapy protocol was introduced step by step
according to the measurements obtained. As van Santbrink et
al. says, we have also concluded that an early insight in posttraumatic cerebral hemodynamic using TCD sonography is
important to guide the management protocol and improve
outcome.[37] According to the results of this study, PI may
Ulus Travma Acil Cerrahi Derg, May 2020, Vol. 26, No. 3
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offer an insight about the post-traumatic cerebral hemodynamic, low cerebral blood flow resulting in low MCA flow
velocity and high PI values.

Conclusion
Transcranial Doppler ultrasonography is a noninvasive and
reliable method to determine the intracranial pressure. If
the TCD demonstrates an increased intracranial pressure,
decompressive craniectomy must be performed as early as
possible. The need for additional medications due to elevated
ICP is lesser when decompressive craniotomy is performed.
Lastly, early re-implantation of the bone flap will decrease the
morbidity.
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Travmatik beyin hasarında dekompresif kraniektomi: Transkraniyal Doppler
ultrasonografi yol gösterici olabilir mi?
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AMAÇ: Dekompresif kraniektomi (DC), travmatik beyin hasarı (TBH) sonrası intrakraniyal hipertansiyon tedavisinde kullanılan etkin bir yöntemdir.
Transkraniyal Doppler ultrasonografi (TCD) ölçümlerinin dekompresif cerrahi endikasyonundaki etkisini göstermektir.
GEREÇ VE YÖNTEM: Çalışmaya Glasgow Koma Skoru (GCS) <9 olan 16 TBH hastası alındı. İntrakraniyal basınç (ICP) izleme ve TCD ölçümleri
sürekli olarak kaydedildi. DC, ICP ve TCD kayıtlarına göre yapıldı. Glasgow Sonuç Ölçeği (GOS) skorları 3 ay sonra değerlendirildi.
BULGULAR: Hastaların yaş ortalaması 31.18±17.51, GCS 3 ile 14 arasında değişmekte olup, ortalama 9.62±3.95 idi. Ortalama GOS 3.12±1.85
idi. İki hastaya (%12.5) kraniektomi, 14 hastaya (%87.5) kraniektomi ve lobektomi birlikte yapıldı. ICP’deki düşüş (22.12±10.41, 22.62±7.35,
15.50±6.64) ve pulsatilite indeksi (PI) (1.96±1.10, 1.64±0.75, 1.91±2.48) 3–5 ve 1–5 günleri arasında belirgin olarak anlamlıydı. Beş güne kadar
olan PI ve Vmax değerleri arasında anlamlı bir fark bulunmamıştır.
TARTIŞMA: TCD, gerçek zamanlı bir monitör olarak, TBH hastalarının tedavisinde cerrahi yaklaşımın erken kararına yardımcı olabilir.
Anahtar sözcükler: Dekompresif kraniektomi; nöroyoğun bakım; transkraniyal Doppler ultrasonografi; travmatik beyin hasarı.
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