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Background: The aim of the present study was to explore the clinical effect and to predict the prognosis
of severe craniocerebral injury patients with decompressive craniectomy by combining transcranial Doppler
(TCD) and invasive intracranial pressure (ICP).

Methods: A total of 60 severe craniocerebral injury patients with decompressive craniectomy, who were
admitted to Shantou Central Hospital from June 2017 to March 2019, were enrolled in this retrospective
study. Of these, 25 patients who had a Glasgow Coma Scale (GCS) score no greater 8 and no less than 6
underwent transcranial Doppler (TCD) before decompressive craniectomy, as well as ICP, after removing
the skull and suturing the dura mater. The 60 patients were divided into 2 groups according to the following
standards: (I) GCS score >8 on the 7th day postoperatively; (I) ICP continuously lower than 25 mmHg for
the entire 7-day duration postoperatively; and (III) brain tissue consistently offset from the skull surface by
5 mm. The clinical outcome was determined based on the Glasgow Outcome Scale (GOS) 1, 3, and
6 months postoperatively. The TCD value, ICP, and prognosis were compared between the 2 groups.
Results: The average postoperative ICP <19 mmHg in the first 24 h, mean blood flow velocity >56.33 cm/s,
end-diastolic blood flow velocity >40.28 cm/s, and resistance index <0.57 were statistically significant
indicators to predict good prognosis .

Conclusions: The use of TCD can predict the prognosis of severe craniocerebral injury patients.
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Introduction remove the hematoma and reduce the ICP. Up until now,

. . decompressive craniectomy has been regarded as the most
As one of the most common serious problem in neurosurgery,

craniocerebral injury is associated with poor prognosis effective treatment for severe craniocerebral injuries (1).

and high rates of mortality and disability. One of the main Many neurosurgeons have found that the prognosis and life

reasons for this is due to the cerebral hernia caused by
high invasive intracranial pressure (ICP). Therefore, to
improve prognosis and overall survival, it is important to
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quality of craniocerebral injuries are significantly different;
therefore the indication of decompressive craniectomy is

controversial (2). There are some limitations of the Glasgow
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Table 1 Clinical data for both groups

4473

Clinical factor

Group A

Group B

Number of patients

Age (years)

23
26-70 (45+7.3)

Male 14

Female 9

ICP after removing the skull (mmHg) 22.00+5.00
ICP after dural tension suture (mmHg) 13.00+4.00
ICP 24 h postoperatively (mmHg) 19.00+3.00
ICP 72 h postoperatively (mmHg) 17.00+4.00
ICP 7 days postoperatively (mmHg) 16.00+3.00

37
22-61 (43+5.6)
22
15
35.00+7.00
25.00+7.00
28.0026.00
24.00+4.00
22.00+3.00

ICP, invasive intracranial pressure.

Coma Scale (GCS), such as subjective and lack of weight
in the three parts of the scale, thus, evaluation during the
perioperative period is not exactly accurate. Cranioplasty
with special material is a heavy financial burden for many
people in development country. Therefore, an indicator for
predicting the possibility to accept the real-time cranioplasty
with the original skull after removing the hematoma
could effectively improve patients’ quality of life (3).
To explorer how do some of the preoperative factors
influence the prognosis of decompressive craniectomy, we
retrospectively analyzed 60 craniocerebral cases between
June 2017 and March 2019 at the Shantou Central Hospital
using transcranial Doppler (T'CD) and ICP monitoring.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-504).

Methods
Clinical data

Between June 2017 and March 2019, 60 craniocerebral
patients at the Shantou Central Hospital (36 males and
24 female, age 21-70 years) without multiple trauma,
multiple organ failure, and moribund condition, who
were admitted to Shantou Central Hospital were included
in the present study. All patients were alive 6 months
postoperatively. The patients were divided into 2 groups
according to the following standards: (I) GCS score >8
on the 7th day postoperatively; (II) ICP continuously
lower than 25 mmHg for the entire 7-day duration
postoperatively; and (III) brain tissue consistently offset
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from the skull surface by 5 mm in the postoperative
computed tomography (CT) scan. The clinical outcome
was determined based on the Glasgow Outcome Scale
(GOS) 1, 3, and 6 months postoperatively. Group A
included patients who met all the standards, whereas
Group B included patients who did not (7able 1). The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by Shantou Central Hospital (No.[2017]Scientific
Research-001). Written informed consent was provided
by all participants.

TCD

All the patients were treated by decompressive craniectomy.
Twenty-five patients were randomly selected for TCD
after perform a craniotomy and open the skull. All patients
underwent T'CD examination, including evaluation by using
transcranial Doppler machine named TC 2020 Pioneer
(EME). Systolic peak flow velocity (Vs), end-diastolic flow
velocity (Vd), mean peak flow velocity (Vm), pulsatility
index [PI = (Vs—Vd)/Vm], and resistance index [RI = (Vs—
Vd)/Vs] was recorded. The ICP was detected after the dural
recession, and after the dural tension suture by the Codman
ICP Monitor (Codman, Miami, United States). The
postoperative CT scan was completed by Siemens 64 Slices
Single Source CT Scanner (GE, United States).

Parameters and statistical analysis methods

TCD and CT scan results; ICP value 24 h postoperatively;
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Table 2 Hemodynamic parameters after removing the skull (¥ = s)

Group n Vs (cm/s) Vm (cm/s) Vd (cm/s) RI Pl
A 11 125.06+22.11 72.31+£14.49 52.62+10.34 0.58+0.08 1.44+0.35
B 14 116.12+24.11 40.30+12.95 25.66+8.89 0.76+0.09 1.78+0.62

Vs, systolic peak flow velocity; Vm, mean peak flow velocity; Vd, end-diastolic flow velocity; Rl, resistance index; Pl, pulsatility index.

Table 3 Reported complications of 60 patients on the 7th
postoperative day

Complications Group A, n (%) Group B, n (%)

Shock 5(21.74) 13 (35.14)"
Delayed intracranial hematoma 3 (13.04) 8 (21.62)*
Subdural hygroma 0 (0.00) 6 (16.22)*
Intracranial infection 0 (0.00) 1(2.70)
Seizures 4 (17.40) 9 (24.33)"
Surgical wound healing delayed 0 (0.00) 0 (0.00)
hydrocephalus 0 (0.00) 0 (0.00)

*, (P<0.05) between the 2 groups.

GCS score; complications at day 7, 1 month, 3 months,
and 6 months postoperatively; and GOS were recoded.
SPSS version 22.0 (IBM, Armonk, NY, USA) was
used to analyze all parameters; #-test was used for the
measurement data, and y’-test was used for enumeration
data. P<0.05 indicated statistical significance. No missing
data in this study.

Results

Hemodynamic parameters of the 25 patients who
underwent TCD scan

Hemodynamic parameters were compared between both
groups. The Vm, Vd, RI, GCS score =8, ICP after dural
tension suture (mmHg), and ICP 24 h postoperatively
(mmHg) were statistically significant, whereas Vs and PI
were not (Table 2).

Complications of the 60 patients on the Tth
postoperative day

Shock, delayed intracranial hematoma, and subdural
hygroma were statistically different in the 2 groups, while
intracranial infection, seizures, surgical wound healing
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delay, and hydrocephalus were not (Zable 3).

Complications of 25 patients who underwent TCD on the
7th postoperative day

There was a statistically significant difference in shock
between the 2 groups, indicating that the parameters of this
group could be regarded as a contraindication of real-time

cranioplasty (Table 4).

Complications and the GOS score of the 60 patients in the
6th postoperative month

Shock, delayed intracranial hematoma, subdural hygroma,
seizures, hydrocephalus, total complications, GOS score
in the Ist month, GOS score in the 3rd month, and
GOS score in the 6th month were statistically different
between the groups (P<0.05), while intracranial infection
and surgical wound healing delayed were not (P>0.05),
indicating that our standards can effectively predict poor
prognosis. Therefore, patients with poor prognosis should
be given radical treatment (7able 5).

Complications and the GOS score of 25 patients who
underwent TCD scan in the 6th postoperative month

There was a statistically significant difference in shock,
subdural hygroma, total complications, GOS score in the
1st month, GOS score in the 3rd month, and GOS score in
the 6th month between the 2 groups (Table 6).

Discussion

Severe craniocerebral injury is a disease with high mortality
and disability. Therefore, it is meaningful to come out
with a new protocol to deter the personal treatment. The
main reason account for the death is the exorbitant ICP,
therefore, as an effective was to reduce ICP, decompressive
craniectomy was widely used in lots of disease with high
ICP such as severe craniocerebral injury and massive
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Table 4 Reported complications of 25 patients who underwent transcranial Doppler scan on the 7th postoperative day
Group A, n (%) Group B, n (%)
Complications
Total n GCS score =8 Total n GCS score =8
Shock 2(18.18) 1(12.5) 5 (35.71) 1(25.00)
Delayed intracranial hematoma 1(9.09) 1(12.5) 3(21.43) 0 (0.00)
Subdural hygroma 0 (0.00) 0 (0.00) 3(21.43) 0 (0.00)
Intracranial infection 0 (0.00) 0 (0.00) 1(7.14) 0 (0.00)
Seizures 2(18.18) 0 (0.00) 4 (28.58) 1(25.00)
Surgical wound healing delayed 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
hydrocephalus 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Table 5 Reported complications and the Glasgow Outcome Scale (GOS) scores of the 60 patients 6 months postoperatively

Complications Group A Group B
Shock, n (%) 5(21.74) 14 (37.84)
Delayed intracranial hematoma, n (%) 2 (7.69) 5(13.51)
Subdural hygroma, n (%) 6 (26.09) 16 (43.24)*
Intracranial infection, n (%) 1(4.35) 1(2.70)
Seizures, n (%) 2 (8.70) 5(13.51)
Surgical wound healing delayed, n (%) 0 (0.00) 0 (0.00)
Hydrocephalus 4 (17.39) 13 (35.14)
GOS score in the 1st month 4.1+0.3 3.2+0.6
GOS score in the 3rd month 4.6+0.2 3.7+0.3
GOS score in the 6th month 4.9+0.3 4.1+0.4

*, (P<0.05) between the 2 groups.

stroke since 1901 (4). With a hundred years application,
neurosurgeons believe that patients can be benefit from the
ICP reducing and the improvement of blood supplement
in the peri-sylvian area, reducing the rate of mortality.
However, the operation can lead to seizures, trephination,
and paradoxical herniation, which reduce patients’
quality of life (2,5). Emergency cranioplasty, or real-time
cranioplasty, can be a solution for some patients to avoid
these complications (6). Moreover, because of the operation
gap, some doctors cannot do the standard large craniectomy
decompression correctly. In these cases, patients suffer
from the insufficient decompression and rebleeding partly
caused by the undersized bone flap and incomplete removal
of the spina ossis sphenoid (7). The ICP of some patients

can be reduced to 30% of preoperative or normal level after
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incising the dura mater. The postoperative CT scan at 24 h
showed that the brain tissue was lower than 5 mm above the
skull bone, indicating a low possibility of cerebral hernia.
This can be regarded as the physiological fundamental of
real-time cranioplasty (1). Patients can avoid complications,
as well as reduce the financial burden of elective cranioplasty
by real-time cranioplasty (8). Furthermore, one of the
potential reasons to explain that real-time cranioplasty can
lead to a better prognosis is that these patients have less
seizure-related factors course by the delay cranioplasty such
as syndrome of trephined (2).

In our study, the grouping system based on postoperative
ICP combining with GCS score and CT scans can be used
to predict long-term complications in severe craniocerebral
injury patients. The TCD and preoperative GCS score can

Ann Palliat Med 2021;10(4):4472-4478 | http://dx.doi.org/10.21037/apm-21-504



4476 Jin et al. Invasive ICP monitoring and TCD in decompressive craniectomy

Table 6 Reported complications and the Glasgow Outcome Scale (GOS) scores of the 25 patients who underwent transcranial Doppler scan 6

months postoperatively

Group A

Group B

Complications

Total (n) Pre-op GCS score =8 Total n Pre-op GCS score =8
Shock, n (%) 2(18.18) 1(12.5) 5(35.71) 1 (25.00)
Delayed intracranial hematoma, n (%) 1(9.09) 1(12.5) 3(21.43) 0 (0.00)
Subdural hygroma, n (%) 0 (0.00) 0 (0.00) 3(21.43) 0 (0.00)
Intracranial infection, n (%) 0 (0.00) 0 (0.00) 1(7.14) 0 (0.00)
Seizures, n (%) 2(18.18) 0 (0.00) 4 (28.58) 1(25.00)
Surgical wound healing delayed, n (%) 0 (0.00) 0 (0.00) 1(7.14) 0 (0.00)
Hydrocephalus, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
GOS score in the 1st month 4.1£0.2 4.2+0.2 3.1£0.5 3.4+£0.3
GOS score in the 3rd month 4.5+0.2 4.7+0.2 3.8+0.2 4.0+0.3
GOS score in the 6th month 4.9+0.3 5.0+0.2 4.1+0.4 4.2+0.3

Pre-op, pre-operation.

be used as short- and long-term complication indicators,
as well as potential indicators, to diagnose real-time
cranioplasty patients.

ICP monitoring is highly recommended for brain traumatic
treatment and has been confirmed in several randomized
controlled trials and guidelines (9,10). However, controversy
still exists regarding the duration of ICP monitoring. The
findings of the present indicated that the first 24 h of ICP
monitoring are particularly important for evaluating the
prognosis and can be used as a short-term complication
indicator. There is a significant different outcome of mean
ICP in 19.00+3.00 mmHg (groups A and B). In the previous
hypothesis, there is a threshold ICP in the early stage of
brain trauma (11,12). The damage of neurons and glia cells
is different above or below the threshold. There are many
adjustment factors that are used to control postoperative
ICP such as mannitol, hypertonic saline, and albumin (13).
However, the inappropriate use of mannitol will lead to a
poor prognosis like renal failure. Therefore, it is important
to downregulate the postoperative ICP according to ICP
monitoring during treatment (14).

TCD is a convenient and non-invasive test. It is an
exploratory job to choose the operation method based
on the TCD (15). In the present study, we found that
patients with Vm >56.33 cm/s, Vd >40.28 cm/s, RI <0.57,
preoperative GCS score =8, and ICP 24 h after operation
<19 mmHg had a good prognosis. The findings indicated
that there should be some optimization in the indications
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of decompressive craniectomy. Notably, there was no
statistical difference in the PI between the 2 groups. The
PI is an objective factor in reflecting the situation of
blood supplement. Therefore, observation of the brain
pulse before dural tension suture should no longer be the
prognosis indicator. Brain pulse disappearance was once
regarded as the predictor of cerebral infarction.

Recently, some neurosurgeons believe that patients
can be benefit from some invasive operation like internal
decompression in downregulating the ICP because the
complications of decompressive craniectomy (16). But these
operations is lack of evidence in brain trauma; therefore,
standard large craniectomy decompression is the most
useful strategy. Because of the sample limitations and the
limitations of prognosis factors which cannot shows the
outcome comprehensively, our study can be regarded
as an observation in discussing the possibility of some
patients who may be benefit from normal craniectomy
decompression and real-time cranioplasty rather than
challenge the importance of standard large craniectomy
decompression in the therapeutic protocol of severe
craniocerebral injury.

Conclusions

Decompressive craniectomy was once regarded the most
useful treatment for severe craniocerebral injury. However,
the findings of our study indicate that with the use of ICP
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monitoring and T'CD, some patients could be potentially
treated in a less invasive way, furthermore, the accurately
indicators of real-time cranioplasty can be further discussed.
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