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Relationship between Clinical Outcomes and Superior Sagittal
Sinus to Bone Flap Distance during Unilateral Decompressive
Craniectomy in Patients with Traumatic Brain Injury:
Experience at a Single Trauma Center

Hyuk Ki Shim, Seung Han Yu, Byung Chul Kim, Jung Hwan Lee, and Hyuk Jin Choi

Department of Neurosurgery and Medical Research Institute, Pusan National University Hospital,

Pusan National University School of Medicine, Busan, Korea

Objective: This retrospective study was conducted to investigate the relationship between the superior sagittal sinus (SSS)
to bone flap distance and clinical outcome in patients with traumatic brain injury (TBI) who underwent decompressive
craniectomy (DC).

Methods: A retrospective review of medical records identified 255 adult patients who underwent DC with hematoma re-
moval to treat TBI at our hospital from 2016 through 2017; of these, 68 patients met the inclusion criteria and underwent
unilateral DC. The nearest SSS to bone flap distances were measured on postoperative brain computed tomography imag-
es, and patients were divided into groups A (distance >20 mm) and B (distance <20 mm). The estimated blood loss (EBL)
and operation time were evaluated using anesthesia records, and the time spent in an intensive care unit (ICU) was obtained
by chart review. The clinical outcome was rated using the extended Glasgow Outcome Scale (GOS-E) at 3 and 6 months
postoperatively.

Results: The male to female ratio was 15:2 and the mean subject age was 55.12 years (range, 1879 years). The mean EBL
and operation times were significantly different between groups A and B (EBL: 655.26 vs. 1803.33 mL, p<0.001; operation
time: 125.92 vs. 144.83 min, p<0.001). The time spent in the ICU and GOS-E scores did not differ significantly between
the groups.

Conclusion: We recommend that when DC is indicated due to TBI, an SSS to bone flap distance of at least 20 mm should be

maintained, considering the EBL, operation time, and other outcomes.

(Korean J Neurotrauma 2018;14(2):99-104)
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Introduction

Traumatic brain injury (TBI) is defined as an acute injury
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to the head caused by blunt or penetrating trauma or by ac-
celeration/deceleration forces, but not by degenerative, or
congenital problems."” The major principles involved in
managing severe TBI are control of intracranial pressure
(ICP) and ensuring adequate cerebral perfusion pressure
(CPP).”* In patients with severe TBI, cerebral autoregula-
tion ceases to function because of pathologic ICP increases
that may compromise CPP and lead to neurological deteri-
oration and fatal brain herniations.” Medical treatments
aimed at achieving ICP control include head elevation, in-
tubation for normocarbic ventilation, sedation, hyperosmo-
lar therapy mannitol or hypertonic saline, induced hypo-
capnia, hypothermia, and by barbiturate induced metabolic
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suppression.”*” Surgical treatments involving ventricular
cerebrospinal fluid drainage and decompressive craniecto-
my (DC) are also effective at achieving ICP control.”*”

DC, which is performed worldwide to treat severe TBI, in-
volves removing part of the skull to allow the brain to swell
for ICP control. However, the efficacy of the procedure in
terms of improving patient outcome remains controver-
sial.>>*” Nevertheless, DC is still widely used as a last re-
sort in patients with uncontrollable ICP. Several retrospec-
tive and prospective studies have suggested that DC effectively
reduces ICP and improves prognosis in patients with re-
fractory intracranial hypertension after TBL.>'*'"*** How-
ever, indications for DC remain difficult to define for surgeons
in emergency setting, as surgical techniques remain a con-
troversial issue in the literature.*"”

Classic technical recommendations for DC stress are
that bone cutting should be performed in the frontotempo-
roparietal region to reach the base of the frontal bone and
spare calvarium 20 mm from midline, to prevent injury to
bridging veins and additional bleeding.”**” Wagner et al.””
suggested that a diameter of greater than 12 cm is desirable,
after observing that doubling of the diameter from 6 to 12
cm resulted in an increase in decompressive volume from
9 to 86 cc. However, no definitive standard surgical tech-
nique is available for DC and surgeons use various meth-
ods to control ICP on a case by case basis. Thus, in view of
the above, we retrospectively investigated the relationship
between superior sagittal sinus (SSS) to bone flap distance
and clinical outcomes.

Materials and Methods

Study population

This retrospective study investigated 68 patients treated
during a 24-month period from January 2016 to December
2017 at the trauma center of Pusan National University

Hospital. These 68 patients were selected from 255 TBI
patients that underwent DC with acute subdural hematoma
removal by either of two surgeons. Patients over 16 years
of age with mild to severe TBI, a high or mixed density le-
sion (<25 cc), and progressive deterioration of neurologi-
cal status (a Glasgow Coma Scale [GCS] motor score de-
crease of 2 points or blunt papillary response) within 24
hours of injury were included. However, we excluded those
with a serious extracranial comorbidity and an Abbreviat-
ed injury scale scores of >3, those taking antiplatelets or
anticoagulants with a bleeding tendency (low platelet count
<80,000, prolonged international normalized ratio >1.5,
activated prothrombin time >60 sec), those with intense
brain injuries, such as, multiple skull fractures, a bilateral
lesion, or penetrating brain injury, with bilateral mydriasis
of critically endangered status and a definite surgical con-
traindication, and those that received a unilateral large
frontotemporoparietal craniectomy of anteroposterior (AP)
with a maximum diameter of <12 cm.

Surgical procedure

Different DC methods have been applied for decompres-
sion of refractory intracranial hypertension in TBI patients.
Types of DC were as follows: 1) subtemporal decompres-
sion; 2) circular decompression; 3) fronto or temporopari-
etal DC; 4) large frontotemporoparietal DC; 5) hemispheric
craniectomy; and 6) bifrontal DC.” In this study, all patients
received unilateral large frontotemporoparietal craniecto-
my (Figure 1) of at least 12 cm AP maximum diameter in
accordance with the classic technical recommendations. Si-
multaneously, all patients received stellate type duraplasty
with artificial dura mater to maximize brain expansion af-
ter bone removal. Medical care was sustained and included
rehabilitation after surgery.

FIGURE 1. In the operative field view (A)
and illustration (B) showing unilateral
frontotemporoparietal craniectomy: fron-
tal area 2 cm in front of the coronal su-
ture and close to the skin incision (a),
parietal area just posterior to the parietal
bone and close to the skin incision (b),
temporal squama (c), key hole area be-
hide the zygomatic arch of the frontal
bone (d).
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Definitions of variables

We measured the nearest SSS margin to bone flap dis-
tances using postoperative brain computed tomography (CT)
images (Figure 2) rather than skull X-ray images for accu-
racy. Measuring the distance from sagittal suture to bone
flap by skull X-ray may result in an overestimation of dis-
tance. Therefore, patients were divided into two groups based
on SSS to bone flap distance using a 20 mm cut-off in ac-
cordance with classic technical recommendations for DC,
group A >20 mm and group B <20 mm. Estimated blood
loss (EBL) and operation times were obtained from anes-
thesia records. Anesthesiologists determined EBL by blood
soaked gauzes, suction bottles fluid volumes, and transfu-
sion volumes. Times spent in the intensive care unit (ICU)

were obtained by chart review, and clinical outcomes were

FIGURE 2. Measure of the nearest distance from superior sagit-
tal sinus (SSS) to decompressive bone flap using postoperative
coronal brain computed tomography for more accuracy. SSS
(white arrow head). D: distance from SSS margin to bone flap.
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rated using the extended Glasgow Outcome Scale (GOS-E,
8-point scale, ranging from death at 0 points to good recov-
ery at 7-8 points) at 3 and 6 months.

Statistical analysis

Statistical analyses were supported by the Department
of Biostatistics, Clinical Trial Center, Biomedical Research
Institute, Pusan National University Hospital. To compare
the characteristics of participants with respect to SSS to bone
flap distance, continuous variables were analyzed using
either the independent #-test and reported as means and
standard deviations. Categorical variables were analyzed
using Fisher’s exact test or ” test and reported as percent-
ages. All analyses was performed using SPSS version 22.0
(IBM Corp., Armonk, NY, USA), and p-values less than
0.05 were considered statistically significant.

Results

Relationship between patients and SSS to bone flap
distance

Baseline characteristics of the 68 (60 men and 8 women,
mean age of 54.57 years) study subjects and SSS to bone flap
distances are summarized in Table 1. The sample size of each
group was 38 in group A and 30 in group B. The male/fe-
male ratios were 18:1 and 4:1, and the means ages were 53.58
and 55.83 years, respectively. The mean SSS to bone flap
distances in groups A and B were 28.13+6.09 mm and
13.98+3.29 mm, respectively. The TBI severity in both
groups of patients, as determined using GCS scores, was
classified as mild to severe, and no significant intergroup
difference was evident.

Outcomes
Table 2 summarizes perioperative outcomes by SSS to
bone flap distance. Mean EBL and operation times were

TABLE 1. Characteristics according to distance from superior sagittal sinus

Variables Total (n=68) Group At (n=38) Group B* (n=30) p-value
Age (years) 54.57+16.83 53.58+19.08 55.83+13.66 0.587
Sex

Male 60 (88.2) 36 (94.7) 24 (80.0)

Female 8(11.8) 2(5.3) 6 (20.0) 0.126
Distance from SSS (mm) 21.89+8.68 28.13+£6.09 13.98+3.29 <0.001*
GCS, % (standard error) 8.97 (3.01) 9.34(2.95) 8.50 (3.06) 0.255
GCS 0.961

Mild (13-15) 10 (14.7) 6(15.8) 4(13.3)

Moderate (9-12) 29 (42.6) 16 (42.1) 13 (43.3)

Severe (3-8) 29 (42.6) 16 (42.1) 13 (43.3)

The data is presented as the mean + standard error or number (%). t =20 mm, *< 20 mm. SSS: superior sagittal sinus, GCS:

Glasgow Coma Scale
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TABLE 2. Perioperative outcomes according to distance from superior sagittal sinus

Variables Total (n=68) Group At (n=38) Group B* (n=30) p-value
Mean EBL (mL) 1161.76+928.33 655.26+208.85 1803.33+1083.25 <0.001*
Mean operative time (minutes) 134.26 +97.89 125.92+29.78 144.83+20.99 <0.001*
The data is presented as the mean =standard error. t>20 mm, +<20 mm. EBL: estimated blood loss
TABLE 3. Clinical outcomes according to distance from superior sagittal sinus

Variables Total (n=68) Group A* (n=38) Group Bt (n=30) p-value

ICU stay (days) 18.22+10.55 16.67+10.56 19.45+10.51 0.369
GOS-E at 3 months 4.76+1.89 4.82+1.93 4.70+1.86 0.804
GOS-E at 6 months 5.13+£1.97 5.18+1.99 5.07+£1.96 0.809

The data is presented as the mean +standard error. *>20 mm, <20 mm. ICU: intensive care unit, GOS-E: extended Glasgow

Outcome Scale

Group A
8 et
7 —
6 1
w5 1
0 4t ==
S
2= ] 3month B 6 month
=
T T T T T T 1
0% 5% 10% 15% 20% 25% 30% 35%
Group B
8 ———1
7 ]
I3 ]
D e
s 4 .
3 ]
2 — [J 3month [ é month
1=
T T T T T T 1
0% 5% 10% 15% 20% 25% 30% 35%

FIGURE 3. Distributions of extended Glasgow Outcome Scale
(GOS-E) scores at 3 and 6 months.

significantly lower in group A (mean EBL 655.26+208.85
mL in group A and 1803.33+1083.25 mL in group B, and
mean operation times 125.92+29.78 min in group A and
144.83£20.99 min in group B). Table 3 summarizes clini-
cal outcomes by SSS to bone flap distance. The mean ICU
stay was shorter for group A (16.67+£10.56 days vs. 19.45+
10.51 days), but not significantly. In addition, the mean GOS-
E scores at 3 and 6 month follow-up visits (Figure 3) were
not significantly different.

Discussion

DC is a neurosurgical technique in which a portion of the
skull is removed to reduce ICP. The rationale for this proce-
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dure is based on the Monro-Kellie theory that expanding
physical space to accommodate confined edematous brain
tissue after brain injury will reduce ICP.*'"¥ Many surgical
techniques to control ICP after TBI have been studied. DC
involves making a standard trauma flap skin incision with
the goal of exposing margins anteriorly to the superior bor-
der of the orbital roof while avoiding entry into the frontal
sinus, posteriorly to at least 2 cm posterior to the externa me-
atus, medially to a point 2 cm lateral to midline to main-
tain a SSS to bone flap distance of >20 mm, and inferiorly
to the floor of the middle cranial fossa."*” The temporalis
muscle is reflected anteriorly and can be resected if neces-
sary.”” Burr holes are placed in the keyhole, the zygoma
root and as preferred along the planned craniotomy route.
A high- speed drill is used for the craniotomy. The lesser
wing of the sphenoid is fractured and removed to the supe-
rior orbital fissure to provide sufficient decompression to
prevent uncal herniation. The bone flap can be stored in ab-
dominal subcutaneous fat or in situ using the hinge crani-
ectomy method or it can be cryopreserved."” Dural edges
can be tagged up to the skull to minimize epidural hema-
toma formation.”” Dura can be opened different ways, but
are typically is opened in a crescent or stellate fashion in
the present study. Dura closure is not mandatory at this point
and can either be left open, with mild approximation of du-
ral leaflets or replaced with dural substitute.™”

Many factors influence the postoperative outcomes of
TBI patients. The most powerful independent prognostic
variables identified to date are; age, GCS motor score, pupil
response, and CT characteristics, including the Marshall
CT classification and the presence of traumatic subarach-
noid hemorrhage. Other important prognostic factors in-
clude PT, hypotension, hypoxia, the eye and verbal com-
ponents of the GCS and glucose, platelet, and hemoglobin
level.'"” In the present study, we investigated the relationship
between SSS to bone flap distance and clinical outcomes,



as well as EBL, operation times, ICU stay and GOS-E scores
at 3 and 6 months postoperatively. We found that proximi-
ty between SSS and bone flap substantially increased EBL
and prolonged operation times because of bridging veins
compromise. Intraoperative bleeding obviously affects he-
modynamic stability, extends operation anesthesia times,
and increases the risk of wound infection, which indicates
surgical intervention closer to the SSS to bone flap distance
is associated with poorer clinical courses.”">"**” To achieve
better clinical outcomes in TBI, two requirements must be
met. First, accurate, delicate illustrations of the surgical
skin flap incision line and accurate patient positioning are
needed, and due consideration should be given to the ef-
fects of gravity and skin retraction, which cause the incision
line to be displaced toward the SSS. Second, anatomical
SSS variations and the fracture line should be determined
cautiously before surgery. In particular, a SSS that begins
posterior to the foramen cecum in the frontal bone and cours-
es backwards along the superior margin of falx cerebri,
then widens near the internal occipital protuberance is re-
ferred to as the confluence of the sinuses. Surgeons should
be aware that SSS variations sometimes occur during em-
bryonic development."”
craniectomy results in a significant decrease in ICP or the
increase in CPP and GOS-E.*"*"*” Obviously, it is likely that
decompressive effects depend on the volume gained by the

Many studies showed that a large

craniectomy. However, we advise operators not to deviate
from preoperative plans to create a larger bone flap and to
strive to maintain a SSS to a bone flap distance of at least 20
mm intraoperatively. Because, if the AP diameter of bone
flap is more than 12 cm, it is expected to be sufficient de-
compressed without closing to SSS. Also the possibility of
complication will be increased as craniotomy in close prox-
imity to SSS.

The current study has several limitations. First, it is inher-
ently limited by its retrospective, single center design, and
the relatively small number of patients included. Second, the
method of EBLs calculation used depended on anesthesiol-
ogist experience and was somewhat subjective. Third, there
was a lack of correlation between bone flap size and ICP/
CPP, which are important factors of clinical prognosis in TBI.
The study was also limited in not classifying acute brain
injuries such as underlying cerebral contusions or diffuse
axonal injury, which can significantly affect GOS-E. Nev-
ertheless, the study has several strengths. 1) It is the first
study to investigate relationships between SSS to bone flap
distance during unilateral DC and clinical outcomes; 2)
Since operations were performed by either of two neuro-
surgeons, operator-associated factors are unlikely to have
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affected outcomes; 3) It provides surgeons the opportunity
to reflect on the non-uniformity of SSS to bone flap dis-
tances.

We suggest further larger-scale investigations be conduct-
ed with a multicenter, a randomized study design and ex-
tended follow-up that includes adjustment for potential con-
founders.

Conclusion

The present study confirms that smaller SSS to bone flap
distances increase operation times and EBL because bridg-
ing veins are compromised. Although no significant differ-
ences were observed between the GOS-E scores of the two
study groups, ICU stays were slightly longer in the group
with a SSS to bone flap distance of <20 mm. We recom-
med that in cases of TBI, preoperative radiological images
be cautiously evaluated. Moreover, if decompression is in-
dicated a minimum SSS to bone flap distance of 20 mm
should be maintained for better outcomes.

m The authors have no financial conflicts of interest.
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