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Abstract: Objective: This study aimed to explore the correlation of platelet parameter (PLT) and platelet-lymphocyte 
ratio (PLR) with traumatic cerebral hemorrhage (TCH) and analyze the clinical prognosis of patients with traumatic 
brain injury (TBI) after unilateral decompressive craniectomy. Methods: A total of 192 TBI patients treated with uni-
lateral decompressive craniectomy in our hospital were selected and divided into research group (RG) (n=66) and 
control group (CG) (n=126) according to the occurrence of cerebral hemorrhage (CH). The plasma levels of suPAR, 
D-dimer, admission GCS scores, prognosis GCS scores, cerebral hernia formation, fasting blood glucose (FBG), 
initial hematoma volume, PLT and PLR were measured within 24 h after admission. Results: The 6-month follow-
up showed lower good recovery for 10 TBI patients, upper/lower moderate disability for 21 patients, lower severe 
disability for 20 patients, and vegetative survival/death for 15 patients in RG, much lower than the corresponding 
cases of 58, 27, 19 and 22 in CG (P<0.05). According to single factor analysis, the two groups showed statistical dif-
ference in admission GCS scores, initial hematoma, positive Babinsiki sign, FBG, coma, cerebral hernia formation, 
PLT, PLR and other clinical data (P<0.05). There was no significant difference in plasma suPAR and D-dimer levels 
between the RG and the CG (P>0.05). Conclusion: The increase of TCH was positively correlated with FBG, coma, 
initial hematoma and positive Babinsiki sign, but was uncorrelated with clinical prognosis after the treatment of TBI 
through unilateral decompressive craniectomy. However, the clinical prognosis was closely related to admission GCS 
scores, PLT and PLR.
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Introduction 

Traumatic brain injury (TBI) refers to the brain 
tissue damage caused by severe trauma, which 
may lead to death or disability [1]. At present, 
decompressive craniectomy is the most effec-
tive treatment method for craniocerebral injury 
(CI). As a major operation for TBI, decompres-
sive craniectomy can inhibit the increase of 
intracranial pressure and avoid the post-crani-
otomy hematoma. However, CI patients may 
have an increase of traumatic cerebral hemor-
rhage (TCH) after decompressive craniectomy 
[1].

In recent years, decompressive craniectomy 
has been widely used in clinical treatment. In 
spite of risks, its postoperative survival rate is 
much higher than that with conservative treat-

ment [2]. TBI has higher death rate and disabil-
ity rate. In order to save lives and improve clini-
cal prognosis, decompressive craniectomy 
shall be performed in a timely manner to 
remove intracranial hematoma and avoid the 
increase of intracranial pressure [3].

As shown in studies, unilateral decompressive 
craniectomy shows a better effect in the treat-
ment of TBI compared with bilateral regulable 
decompressive craniectomy. However, this kind 
of operation is difficult, demanding, time-con-
suming and prone to problems. The brain will be 
damaged more seriously if bilateral bone flaps 
are excised. Severe craniocerebral loss may 
cause a variety of postoperative complications 
[4]. A study has shown that PLR and PLT can 
effectively predict the progression and progno-
sis of TBI, but this conclusion is not yet verified 
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clearly [5]. A total of 192 TBI patients treated 
with unilateral decompressive craniectomy in 
our hospital were included in this study to ana-
lyze the major risk factors of TCH and improve 
the clinical prognosis.

Materials and methods

Clinical data

This study included 192 TBI patients who re- 
ceived unilateral decompressive craniectomy 
in our hospital from November 2017 to No- 
vember 2019. Thereinto, there were 88 males 
and 104 females, aged 19-74 years old, with an 
average age of 58.1±6.6 years. Among them, 
66 participants (with cerebral hemorrhage, CH) 
were included in research group (RG) and 126 
ones (without CH) were included in control 
group (CG). Reasons for CI: RG included 24 
cases of high-altitude falling, 32 cases of traffic 
accident and 10 cases of other situations; and 
CG included 52 cases of high-altitude falling, 
48 cases of traffic accident and 26 cases of 
other situations. This study has been approved 
by the Ethics Committee of the First People’s 
Hospital of Wenling. All study participants pro-
vided written informed consent prior to partici-
pating in the study.

Methods 

The neurological scoring (GCS) was performed 
in all participants after admission [6], as shown 
in Table 1. Meanwhile, fasting blood glucose 
(FBG) was tested. After operation, CT was used 
to observe the maximum diameter of bone flap 
and the increase volume of TCH. Inclusion crite-
ria: (1) patients aged ≥18 years; (2) those with 
a clear history of head trauma; (3) those admit-
ted to hospital within 24 hours after injury and 
confirmed by CT. Exclusion criteria: (1) patients 
who died in ICU or discharged within 24 h; (2) 
those with coagulation dysfunction such as 
deep vein thrombosis or pulmonary embolism; 
and those who took anticoagulants in the past.

Observation targets

The clinical data of participants were investi-
gated, including gender, age, admission GCS 
scores, cerebral hernia formation, FBG, initial 
hematoma volume, platelet parameter (PLT) 
and platelet-lymphocyte ratio (PLR). Then, 
these data were analyzed through single factor 
and multi-factor regression analyses. Pro- 
gnosis: Participants were followed up 6 months 
after treatment and GOS scoring was per-
formed, as shown in Table 2. On the day of 
admission, plasma levels of suPAR and D-dimer 
were measured, and GCS (Glasgowcoma Scale) 
score was performed. Plasma suPAR level was 
detected by enzyme-linked immunosorbent 
assay (ELISA) (purchased from ADI Company in 
the United States). The specific detection meth-
od was carried out according to the kit instruc-
tions. Plasma D-dimer levels were measured by 
colloid gold immunofietration assay.

Statistical analysis

SPSS21.0 statistical software was used for 
data analysis. The measurement data were 

Table 1. GCS score sheet
Eye opening response Scores Verbal response Scores Body movement Scores
Spontaneous eye opening 4 Correct answers 5 Obeying commands 6
Eye opening by calling 3 Wrong answers 4 Positioning with pain 5
Eye opening with pain 2 Balderdash 3 Retracting with pain 4
Failure of eye opening due to pain 1 Unintelligible sounds 2 Bending with pain 3

None 1 Hyperextension with pain 2
No response to pain 1

15 scores for waking state; 9-14 scores for somnolent state and twilight state; and 8-3 scores for comatose state.

Table 2. GOS score sheet
Scores Recovery level
1 Dead
2 Vegetative state
3 Lower severe disability
4 Upper severe disability
5 Lower moderate disability
6 Upper moderate disability
7 Lower good recovery
8 Upper good recovery
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expressed as mean ± standard deviation (
_
x  ± 

sd) and analyzed through t test. The enumera-
tion data were expressed as % and analyzed 
through X2 test. Logistic regression analysis 
was used for multiple factors. P<0.05 meant 
that the difference had statistical significance.

Results 

Comparison of the general data between the 
two groups

There were no significant differences between 
RG and CG in terms of age and gender (P>0.05). 

Observation on clinical manifestation of the 
two groups 6 months after operation

The incidences of lower good recovery, upper/
lower moderate disability, lower severe dis- 
ability and vegetative survival/death in RG we- 
re much better than those in CG during the 
6-month follow-up period. The difference 
showed statistical significance (P<0.05), as 
shown in Table 3.

Single factor analysis on clinical data of par-
ticipants

According to single factor analysis, RG and CG 
showed significant differences in admission 
GCS scores, initial hematoma, positive Ba- 
binsiki sign, FBG, coma, cerebral hernia forma-
tion, PLT and PLR (P<0.05), as shown in Table 
4.

Observation on risk factors of TCH

It was observed that the independent risk fac-
tors for TCH included initial hematoma, positive 
Babinsiki sign, FBG, PLT, PLR, admission GCS 
scores and coma among TBI patients treated 
with unilateral decompressive craniectomy if 
initial hematoma, positive Babinsiki sign, FBG, 
PLT, PLR and coma were taken as independent 
variables, and TCH was taken as dependent 
variable, as shown in Figure 1.

groups of patients were treated with the same 
method, the above two levels were the main 
indicators affecting the clinical prognosis of 
patients, as shown in Figure 2.

Discussion 

Some studies have shown that age is an impor-
tant factor for severe bleeding during the oper-
ation of severe craniocerebral trauma (SCT), 
especially in the elderly who become weaker 
and weaker as they grow older. In addition to 
senile dementia, the elderly also gradually 
deteriorate in the functions of various body 
parts, in particular the brain that shrinks with 
age. Besides, their blood vessels become less 
elastic and more brittle [7-10]. It was found in 
studies that CI patients complicated with hyper-
tension might have cerebral arteriosclerosis, 
abnormal cerebrovascular blood flow, brittle 
blood vessels, diastolic dysfunction and blood 
coagulation disorder [11-13]. Studies have indi-
cated that the D-dimer level remained normal 
within 48 h after CI, which was a major cause 
for hematoma formation [14, 15].

Blood coagulation disorder is not entirely 
caused by the consumption and dilution of 
blood coagulation factors. It may be caused by 
trauma. The trauma of human body, especially 
tissue injury, is the main cause of blood coagu-
lation disorder [16, 17]. Studies have shown 
that hematoma enlargement and injury expan-
sion caused by CI aggravated the disease due 
to the brain damage caused by blood coagula-
tion disorder. Decompressive craniectomy can 
cause serious damages to human body and 
lead to massive bleeding. For example, the 
hematoma may be caused by imprudent and 
nonstandard operation, improper preoperative 
examination, incorrect postoperative treatment 
of veins and arteries, improper hemostasis, 
incomplete absorption of damaged brain tis-
sues, and delayed removal of hematoma and 
necrotic brain tissues [18-20]. The GOS scoring 
during 6-month follow-up period showed that 
the incidences for lower good recovery, upper/

Table 3. Comparison on postoperative treatment effects of the two 
groups (n, %)

Group n Lower good 
recovery

Upper/lower  
moderate disability

Lower severe 
disability

Vegetative  
survival/death

RG 66 10 (15.15) 21 (31.82) 20 (30.30) 15 (22.73)
CG 126 58 (46.03) 27 (21.43) 19 (15.07) 22 (17.46)

Observation on levels of 
suPAR and D-dimer

It was found that suPAR 
and D-dimer levels had 
significant difference be- 
tween the two groups 
(P<0.05). Since the two 
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Table 4. Comparison on basic clinical indicators of the two groups after admission (n, %)
Risk factor RG (n=66) CG (n=126) X2/t P
Age (years)
    ≥50 34 (51.51) 67 (53.17) 0.05 0.829
    <50 32 (48.48) 59 (46.82)
Gender
    Male 46 (69.69) 74 (58.73) 2.22 0.136
    Female 20 (43.47) 52 (41.26)
Admission GCS scores
    ≥5 27 (40.90) 89 (70.63) 16.00 0.000
    <5 39 (59.09) 37 (29.36)
Coma
    Yes 44 (66.66) 62 (49.20) 4.43 0.035
    No 22 (33.33) 64 (50.79)
Positive Babinsiki sign
    Yes 29 (43.93) 25 (19.84) 12.44 0.000
    No 37 (56.06) 101 (80.15)
FBG (mmol/L)
    ≥110 38 (57.57) 41 (32.53) 14.10 0.000
    <110 24 (36.36) 85 (67.46)
Cerebral hernia formation (cm)
    Yes 23 (34.84) 24 (19.04) 5.82 0.015
    No 43 (65.15) 102 (80.95)
Initial hematoma volume
    ≥50 41 (62.12) 56 (44.44) 5.41 0.020
    <50 25 (37.87) 70 (55.55)
PLT (×109/L) 192.16±58.615 173.29±42.144 2.528 0.009
PLR 181.108±83.026 251.179±132.664 4.599 0.000

Figure 1. Unconditional multi-factor logistic analysis. The independent risk 
factors for TCH included coma, FBG, initial hematoma volume, admission 
GCS scores, PLT and PLR after unilateral decompressive craniectomy, but 
the clinical prognosis was not significantly correlated with coma, FBG and 
initial hematoma volume. Regression equation showed that the clinical prog-
nosis was significantly correlated with admission GCS scores, PLT and PLR 
among TCH patients treated with unilateral decompressive craniectomy.

lower moderate disability, lower severe disabil-
ity and vegetative survival/death were res- 

pectively 15.15%, 31.82%, 
30.30% and 22.73% in RG, 
much better than 46.03%, 
21.43%, 15.07% and 17.46% 
in CG, with statistical signifi-
cant difference (P<0.05). It 
was found that the major risk 
factors for TCH included initial 
hematoma, PLT, PLR, positive 
Babinsiki sign, FBG and coma, 
which were taken as the multi-
factor independent variables 
in single factor analysis.

The mean arterial pressure 
(MAP) and cerebral perfusion 
pressure (CPP) of TBI patients 
will become unstable after 
operation. Therefore, vasoac-
tive drugs are used in strict 

accordance with requirements to ensure the 
life safety and postoperative blood pressure 
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[21, 22]. TBI patients need to supplement col-
loidal solution in time to maintain an average 
and reasonable arterial blood pressure, and 
they shall also properly control the blood glu-
cose concentration. In addition, the sugary liq-
uid should not be used to avoid postoperative 
PLT and PLR abnormalities. Studies have indi-
cated that 80% of TBI patients died within 1 
week after decompressive craniectomy due  
to the intracranial hypertension after CI. 
Decompressive craniectomy can remove intra-
cerebral hematoma, avoid intracranial hyper-
tension and inhibit recurrent hematoma [23, 
24]. It is mainly applied to SCT patients who 
have failed to respond to conservative medica-
tion so as to reduce the incidence of recurrent 
hematoma and enhance the survival rate. TBI 
may cause a “tamponade effect” because 
intracranial hypertension will lead to hemor-
rhage due to the difference in pressure bet- 
ween small vessels and capillaries. How- 
ever, after decompressive craniectomy, the in- 
tracranial pressure is reduced and the previ-
ously ruptured blood vessels and diploid veins 
start to bleed rapidly, leading to the recurrence 
of the hematoma. The patients with these 
symptoms should be monitored closely and 
treated timely.

In conclusion, PLT and PLR could not complete-
ly reflect the inflammatory state and the 
immune response to TBI, but these two indica-
tors could effectively indicate the inflammatory 
indicators of hemorrhage and affect the coagu-
lation function after TBI. This study showed that 
the clinical prognosis of TBI was significantly 
correlated with admission GCS scores, PLR and 
PLT, and the major risk factors for CH included 
coma, FBG, initial hematoma volume and posi-
tive Babinsiki sign.
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