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Abstract \\
Introduction: Burr-hole craniostomy (BHC) is a widely accepted treatment for chronic subdural hematomas (CSDHS). This study |
adopted siphon irrigation to evacuate CSDHs and investigated its efficacy and safety as compared with the traditional irrigation used
in BHC.

Methods: A retrospective cohort study was conducted at a center between January 2017 and December 2018. The data of 171
patients who underwent burr-hole craniostomy for CSDH were collected and analyzed. A total of 68 patients underwent siphon
irrigation (siphon group) and 103 patients were treated by a traditional method (control group). A follow-up was conducted 6 months
after the surgery.

Results: No significant difference was observed in the baseline characteristics and preoperative computed tomography (CT)
features of the 2 groups (P> .05). The postoperative CT features of the siphon group, which included the volume of hematoma
evacuation (P=.034), hematoma evacuation rate (P<.001), recovery rate of the midline shift (P=.017), and occurrence of
pneumocephalus (P=.037) were significantly different and better than those of the control group. The length of hospital stay after
surgery of the siphon group was significantly shorter than that of the control group (P=.015). The Markwalder score of the siphon
group was significantly superior to that of the control group on postoperative day 1 (P=.006). Although the recurrence rate in the
siphon group (2/68, 2.5%) was lower than that in the control group (11/103, 8.9%), no statistically significant difference was observed
between them (P=.069). Moreover, no significant differences were observed in terms of complications and mortality rate between
the 2 groups.

Conclusions: There was no significant difference in the recurrence rate between the groups that underwent siphon irrigation and
traditional irrigation. However, in comparison, siphon irrigation can better improve postoperative CT features, promote early recovery
of neurological dysfunction after surgery, and shorten the length of hospital stay. This indicates that siphon irrigation may be a better
therapeutic option in BHC for CSDH.

Abbreviations: BHC = burr-hole craniostomy, CSDH = chronic subdural hematoma, CT = computed tomography, IQR =

interquartile range.
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1. Introduction

Chronic subdural hematoma (CDSH) is a common disease
managed by neurosurgery and it frequently occurs in the
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elderly.!"! Scholars believe that with the progression of an aging
global population and with the increasing use of antiplatelet
drugs and anticoagulants, more people will suffer from
CDSHs.!?! Surgery is the current treatment for evacuating
hematomas, and it usually results in vastly improved neurological
function.”®! Three surgical techniques are most frequently used:
twist-drill craniostomy, burr-hole craniostomy (BHC), and
craniotomy./*! Among these options, BHC is generally the most
preferred technique used by neurosurgeons for the initial
treatment of CSDH patients.[*=¢!

BHC, a classic form of minimally invasive surgery, was
popularized by Markwalder and his colleagues in the 1980s as a
viable first-line alternative to craniotomy.l”! Over the years, to
further reduce the recurrence rate of CDSH and improve the
curative effect, neurosurgeons have devoted themselves to
improving the surgical method of BHC. They have focused on
various factors, which include the number of drills,'® whether to
perform irrigation,””! different types of irrigation fluid,!*‘!
different temperatures of irrigation fluid,!"" whether to perform
drainage,'! and the duration of drainage.!! Certain progress has
been achieved. However, only a limited number of studies have
focused on the irrigation methods. This retrospective study was
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conducted to compare the siphon irrigation method with the
traditional method to investigate their curative effects on the
burr-hole evacuation of CSDHs.

2. Materials and methods

2.1. Patients

We retrospectively reviewed the medical records of all patients
undergoing CSDH surgical treatment at the Department of
Neurosurgery of Fujian Medical University Union Hospital
between January 2017 and December 2018. The department
consists of multiple treatment groups, and these groups receive
patients at random according to the date of admission. One
treatment group used BHC with siphon irrigation to evacuate
CSDHs while the other treatment groups used a traditional method.
The inclusion criteria for the study were as follows:

a) initial unilateral or bilateral CSDH confirmed by computed
tomography (CT) and/or magnetic resonance imaging and
b) BHC treatment.

The exclusion criteria were as follows:

a) CSDH recurrence after BHC,

b) bilateral hematoma undergoing a two-stage operation,
¢) history of craniocerebral surgery,

d) statin intake before and after surgery, and

e) missing clinical data or patient lost for follow-up.

A bilateral hematoma was defined as one patient with 2 cases
of a hematoma.

We collected the medical records of all patients who met the
criteria during the above period to avoid the occurrence of patient
selection bias. We confirm that any aspect of the work covered in
this paper that has involved human patients has been conducted
with the ethical approval of Fujian Medical University Union
Hospital.

2.2. Surgical procedures

The patients’ tolerance level and ability to remain cooperative
intraoperatively would be taken into considerations. Thus, the
decisions for local or general anesthesia would be made accordingly.
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The control group adopted the traditional BHC procedure. A
skin incision was made at the thickest layer of the hematoma and
was positioned at the highest plane of the head to prevent the
occurrence of pneumocephalus. The scalp was sliced through and
a 1.2 to 1.5cm burr hole was drilled. The dura mater was
coagulated using bipolar diathermy and opened with a cruciate
incision. During the spontaneous drainage of the hematoma, an 8
or 10 mm silastic catheter was placed inside the hematoma cavity
and the subdural hematoma was washed repeatedly with normal
saline. The position of the silastic catheter was adjusted until the
irrigation fluid became almost clear in all directions. Afterward, a
subdural drainage tube was indwelled and removed through
another scalp incision to avoid infection. A gelatin sponge was
placed to fill the bone hole. Finally, the galea aponeurotica and
skin were sutured, and the drainage tube was connected to a
collection bag.

The surgical treatment of the siphon group differed in the
manner of irrigation. When the hematoma spontaneously
drained after opening the dura, a saline infusion device was
placed at the edge of the incision, and normal saline was
continuously injected into the hematoma cavity through the bone
hole. Then, the same silastic catheter was inserted into the cavity,
and the tail end of the catheter was drooped to make it lower than
the hematoma plane. The hematoma was drained through the
catheter by the siphon effect. The position of the catheter was
adjusted until the fluid ran clear in all directions. Afterward, the
drainage tube was retained and the wound was sutured in the
same manner as in the control group (Fig. 1).

2.3. Postoperative management

A CT scan of each patient’s head was taken within 6 to 24 hours
after the operation. A subsequent CT scan was performed based on
the patient’s clinical symptoms and hematoma clearance status. All
the patients were in the supine position before the drainage tube
was removed. If the patient could assume such a pose, the
Trendelenburg position was used. In general, the drainage tube was
indwelled for no more than 3 days. If the drainage volume was less
than 20 ml in 24hours, the drainage device was removed in
advance. After removal of the drainage device, the patients were
encouraged to get out of bed as soon as possible. Conventional

Figure 1. Left: Traditional irrigation. Right: Siphon irrigation.
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Baseline patient characteristics.

Siphon Group n=68 Control Group n=103 All Patients n=171 P value
Age (yr) 66.0 (60.3-72.8) 67.0 (57.0-75.0) 66.0 (59.0-75.0) 834
Male sex 54 (79.4%) 83 (80.6%) 137 (80.1%) .851
Present complaints
Symptomless 3 (4.4%) 1 (1.0%) 4 (2.3%) 347
Headache 31 (45.6%) 58 (56.3%) 89 (52.0%) 170
Limb weakness 35 (51.5%) 48 (46.6%) 83 (48.5%) 533
Dizziness 20 (29.4%) 32 (31.1%) 52 (30.4%) 818
Drowsiness or coma 2 (2.9%) 5 (4.9%) 7 (4.1%) .823
\Vomiting 4 (5.9%) 2 (1.9%) 6 (3.5%) 344
Cognitive decline 0 4 (3.9%) 4 (2.3%) 152
Speech impairment 0 2 (1.9%) 2 (1.2%) 518
Limb numbness 0 2 (1.9%) 2 (1.2%) 518
Trauma history 36 (52.9%) 63 (61.2%) 99 (57.9%) .286
Medical history
Hypertension 30 (44.1%) 37 (35.9%) 67 (39.2%) 283
Diabetes 12 (17.6%) 10 (9.7%) 22 (12.9%) 129
Cerebral infarction 4 (5.9%) 8 (7.8%) 12 (7.0%) .868
Parkinson’s disease 2 (2.9%) 3 (2.9%) 5 (2.9%) 1
Atrial fibrillation 4 (5.9%) 1 (1.0%) 5 (2.9%) 161
Coronary heart disease 2 (2.9%) 8 (7.8%) 10 (5.8%) .325
Pulmonary tuberculosis 2 (2.9%) 2 (1.9%) 4 (2.3%) 1
Hyperthyroidism 0 2 (1.9%) 2 (1.2%) 518
Gout 1 (1.5%) 1 (1.0%) 2 (1.2%) 1
Drug history
Anticoagulant 2 (2.9%) 3 (2.9%) 5 (2.9%) 1
Antiplatelet 10 (14.7%) 7 (6.8%) 17 (9.9%) .091
Neurological score on Admission”
Glasgow Coma Scale 723
13-15 66 (98.5%) 101 (98.1%) 167 (98.2%)
9-12 1(1.5%) 2 (1.9%) 3 (1.8%)
3-8 0 0 0
Total 67 103 170
Markwalder Score .768
0 2 (3.0%) 1 (1.0%) 3 (1.8%)
1 28 (41.8%) 48 (46.6%) 76 (44.7%)
2 36 (53.7%) 52 (50.5%) 88 (51.8%)
3 1 (1.5%) 2 (1.9%) 3 (1.8%)
4 0 0 0
Total 67 103 170

“One patient in the siphon group was unable to evaluate neurological function due to sedation.

prevention of infection and thrombosis was not used after the

operation. Patients who had used anticoagulants and antiplatelet

drugs before the operation generally resumed their medication 3 to

4 weeks after surgery.

2.4. Outcome measures

We collected information regarding the patients’ age, sex, present

complaints, trauma history, medical history, drug history,

Preoperative CT features.

Siphon Group Control Group Total P Value

Side .382

Left 21/68 (30.9%) 40/103 (38.8%) 61/171 (35.7%)

Right 35/68 (51.5%) 42/103 (40.8%) 77171 (45.0%)

Bilateral 12/68 (17.6%) 21/103 (20.4%) 33/171 (19.3%)
Hematoma density 245

High-density 14/80 (17.5%) 32/124 (25.8% 46/204 (22.5%)

Hypodense 8/80 (10%) 14/124 (11.3% 22/204 (10.8%)

Isodense 20/80 (25%) 36/124 (29.0% 56/204 (27.5%)

Mixed 38/80 (47.5%) 42/124 (33.9%) 80/204 (39.2%)
Hematoma volume (mL) 105.11 (74.73-151.87) 102.04 (70.88-130.16) 103.01 (72.11-135.67) 259
The midline shift in unilateral hematomas (cm) 0.92 (0.68-1.27) 0.94 (0.59-1.29) 0.94 (0.59-1.28) 976
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Table 3
Anesthesia.
Siphon Group Control Group Total P Value
Total 902
Local anesthesia 35/68 (51.5%) 54/103 (52.4%) 89/171 (52.0%)
General anesthesia 33/68 (48.5%) 49/103 (47.6%) 82/171 (48.0%)
Unilateral A
Local anesthesia 31/56 (55.4%) 48/82 (58.5%) 79/138 (57.2%)
General anesthesia 25/56 (44.6%) 34/82 (41.5%) 59/138 (42.8%)
Bilateral 1.000

Local anesthesia
General anesthesia

4/12 (33.3%)
8/12 (66.7%)

15/21 (71.4%)

6/21 (28.6%) 10/33 (30.3%)

23/33 (69.7%)

neurological score on admission, coagulation status, anesthesia
care, and CT imaging results as baseline data.

The primary outcome measures were recurrence rate and
hematoma evacuation rate; the secondary outcome measures
included recovery rate of the midline shift, the occurrence of
pneumocephalus, drainage volume, duration of drainage, length
of postoperative hospitalization, and neurological function on
postoperative day 1, time of discharge, and 6 months after
surgery.

The recurrence rate was defined as the rate of reoperation to
treat a recurrent CSDH in patients who were previously treated
with BHC within 6 months. A reoperation was indicated if the
original neurological deficit increased, recurred, or did not
improve, or if a new neurological deficit arose that needed further
surgery—all of which was established by the admitting
consultant neurosurgeon.*

The hematoma evacuation rate was calculated as follows:

Hematoma evacuation rate = (preoperative hematoma volume
— postoperative hematoma volume)/preoperative hematoma
volume.

Similarly, the recovery rate of the midline shift was calculated
as follows:

Recovery rate of the midline shift=(preoperative midline shift
— postoperative midline shift)/preoperative midline shift

The hematoma volume and pneumocephalus volume of the
CSDH were calculated using the method of XYZ/2.'*! The
postoperative hematoma volume, midline shift, and pneumo-
cephalus volume were all obtained from the first CT scan after
surgery. To avoid the interference of bilateral surgery, we only
analyzed the midline shifts of unilateral hematomas.

An independent neurosurgeon obtained the imaging data from
the CT scans, and another neurosurgeon conducted a telephone
follow-up 6 months after the surgery to record information
regarding neurological function, recurrence, and any patient
deaths. The Glasgow Coma Scale and the Markwalder scorel”!
were used to evaluate the neurological function of patients.

2.5. Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences, version 25.0 (Chicago, IL).
Continuous variables were described by mean (+standard
deviation) or median (interquartile range (IQR)), and differences
between variables were compared using the independent samples
t test or Mann—Whitney U test. Categorical variables were
described by number (%), and differences between variables were
evaluated using the chi-square test or Fisher exact test. The level
of significance was set at P <.05, and all tests were two-tailed.

3. Results

This study included 171 patients with 204 cases of CSDH. The
siphon group consisted of 68 patients (54 males, 14 females) and
80 cases, whereas the control group consisted of 103 patients (83
males, 20 females) and 124 cases. There were no significant
differences between the two groups in terms of baseline
characteristics, preoperative CT features, and anesthesia care
(Tables 1-3). A coagulation disorder was absent in both groups.
Limb weakness was the most common symptom, followed by
headache. The siphon group used more antiplatelet drugs than
the control group, but no significant difference was noted
between them. No significant difference was observed regarding
the type of anesthesia used.

Table 4 lists the primary and secondary outcome measures.
Compared with the control group, the siphon group presented
with significantly better postoperative CT features, which
included postoperative hematoma volume, hematoma evacua-
tion rate, recovery rate of the midline shift, and the occurrence of
pneumocephalus. In the siphon group, the length of hospital stay
after the operation was 7 days (IQR: 6-9 days), which was
significantly shorter than that of the control group (9 days; IQR:
6-11 days; P=.015). Although the recurrence rate in the
siphon group (2/68, 2.5%) was lower than that in the control
group (11/103, 8.9%), no statistically significant difference was
observed between them (P=.069).

There was no significant difference between the two groups
regarding mortality rate. One patient with a pulmonary
infection in the siphon group had been sedated and intubated
at the time he was transferred to our hospital; therefore,
neurological function could not be evaluated. This patient died
after surgery in the intensive care unit of our hospital due to
complications from the pulmonary infection. Two patients in
the control group died after discharge from a subdural
hematoma recurrence that was not treated. One patient in
the siphon group and two patients in the control group died
after discharge, and the family members could not accurately
describe the cause of death. We were, therefore, unable to
conduct a six-month follow-up on the neurological function of
the six patients who had died. Meanwhile, in the siphon group,
two patients exhibited aggravated Parkinson’s disease, which
affected the neurological function score. In the control group,
one patient with aggravated Parkinson’s disease and another
patient with a brain tumor could not be evaluated for
neurological function. According to the comparison results,
the Markwalder score of the siphon group was significantly
superior to that of the control group on postoperative day 1, but
not at discharge or 6 months after discharge.
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Primary and secondary outcome measures.

Siphon Group Control Group Total P Value

Recurrence rate 2/80 (2.5%) 11/124 (8.9%) 13/204 (6.4%) .069
CT

Postoperative hematoma volume (mL) 0 (0-3.30) 1.41 (0-16.95) 0 (0-11.87) .001

The volume of hematoma evacuation (mL) 93.03 (68.27—138.56) 86.39 (56.74-111.29) 88.23 (60.42—124.30) .034

Hematoma evacuation rate 100% (95.4%—100%) 99.0% (79.9%—100%) 100% (85.8%—100%) <.001

Postoperative midline shift in unilateral hematomas (cm) 0.50 (0-0.69) 0.55 (0.25-0.87) 0.52 (0.24-0.78) 77

Recovery rate of the midline shift in unilateral hematomas 46.1% (35.1%—68.8%) 38.9% (26.9%-50.9%) 42.4% (30.8%—-55.9%) .017

Pneumocephalus 55/80 (68.8%) 101/124 (81.5%) 156/204 (76.5%) .037

Pneumocephalus volume (mL) 3.82 (0-11.87) 7.77 (1.30-21.60) 5.58 (0.68—17.53) .019
The duration of drainage (days) 2 (1.25-2) 2 (1-2) 2 (1-2) 377
The volume of drainage (mL) 112.50 (47.50-198.88) 95.00 (30.63-170.00) 102.50 (33.13-178.75) 199
The duration of postoperative hospital stay (days) 7 (6-9) 9 (6-11) 8 (6-10) .015
Neurological score

GCS of 15 on postoperative day 1 66/67 (98.5%) 100/103 (97.1%) 166/170 (98.2%) 1

Markwalder Score (0)

On postoperative day 1 51/67 (76.1%) 56/103 (54.4%) 107/170 (62.9%) .006

At discharge 60/67 (89.6%) 86/103 (83.5%) 145/170 (85.3%) 268

At 6 months 62/64 (96.9%) 92/97 (94.8%) 154/161 (95.7%) 823
Mortality at 6 months 2/68 (2.9%) 4/103 (3.9%) 6/171 (3.5%) 743

No significant difference in complications was observed
between the 2 groups (Table 5).

4. Discussion

An international survey showed that among the various surgical
treatments for the evacuation of CSDHs, BHC with a closed-
system drainage is the preferred method.'3! Intraoperative
irrigation is an important part of this procedure, but multiple
meta-analyses have shown that irrigation may be unnecessary as
it may or may not affect the recurrence rate and the occurrence of
complications.”>'*15] However, several studies have suggested
that irrigation may lead to a better outcome, as it was assumed to
reduce the number of coagulation factors (plasminogen activator)
and inflammatory factors (interleukin-6 and vascular endothelial
growth factor) in the hematoma fluid, which are associated with
recurrence.['®!”! To bring better outcomes for CDSH patients
undergoing BHC, we tried to improve the effectiveness of
irrigation by modifying the method. In this study, the siphon
irrigation method demonstrated remarkable advantages in
evacuating hematomas, recovering a midline shift, reducing the
occurrence of pneumocephalus, improving neurological func-
tion, and reducing postoperative hospitalization.

Postoperative complications.

Siphon Control
Group n=68 Group n=103 P Value
Pneumonia 4 8 .868
Epidural hematomas 1 1 1
Cerebral contusion 2 3 1
Intracerebral hematoma 0 2 518
Contralateral subdural hematoma 0 1 1
Seizure 0 1 1
Urinary tract infection 0 1 1

4.1. Hematoma evacuation

The traditional method of irrigation involves pouring the irrigation
fluid (usually normal saline) into the hematoma cavity through a
catheter, and the liquefied hematoma is then evacuated from the
cranial hole. The fluid discharged by intraoperative irrigation is a
mixture of liquefied hematoma and irrigation fluid—also known as
a diluted liquefied hematoma. The irrigation efficiency is low,
especially in the later stage of the operation. After removing most of
the hematoma, the dilution degree increases and the irrigation
efficiency is further reduced. However, the siphon method, which
uses the siphon principle to extract the hematoma, can evacuate a
liquefied hematoma as a whole with higher efficiency and without
being affected by the procedure.

On the other hand, to reduce the occurrence of pneumocephalus
during the operation, the bone hole is positioned at the highest
plane of the head; thus with the traditional method, the liquefied
hematoma must be pushed out from the low position to the high
position. The siphon method avoids the above situation by utilizing
the siphon principle, which improves the irrigation efficiency.

To effectively irrigate the hematoma cavity, several neuro-
surgeons have adopted the used of 2 burr holes during the
operation.[*13! Although the hematoma can be evacuated
completely, these procedures significantly increase the trauma
to patients. By positioning the catheter in multiple directions, the
siphon method is able to easily suction those deep hematomas
and even non-liquefied hematoma fragments that are in the
margin or far from the incision spot (Fig. 2). Therefore, to
surgically manage a single hematoma without septa, one burr
hole is required for adequate evacuation by siphon irrigation.

4.2. Midline shift

Deficient re-expansion of the brain and insufficient recovery of
the midline shift are considered to be two important factors that
lead to hematoma recurrence.!'®'”! The traditional method of
irrigation requires the injection of fluid into the hematoma cavity
through the catheter. To achieve the effect of irrigation, a certain
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Figure 2. The orange arrow shows the non-liquefied hematoma fragments.

level of pressure must be applied, which inevitably affects the
brain tissue; this is not conducive to brain tissue re-expansion.
The siphon method utilizes pressure in the opposite direction. The
suction effect does not affect the brain tissue, and may instead
promote its re-expansion and the circulation of cerebrospinal
fluid to a certain extent. We observed the expansion of the
subarachnoid space in the postoperative CT scans of the siphon
group (Fig. 3), but it was rarely observed in the control group.

Nevertheless, a more thorough removal of the hematoma
results in better recovery of the midline shift.

4.3. Pneumocephalus

The space in the hematoma cavity changes constantly during the
operation as a result of brain pulsation. Fluids are discharged when
the tide rises and air will enter if it is not replenished when the tide
falls; this contributes to the occurrence of pneumocephalus. In the
siphon group, irrigation fluid was continuously injected into the
hematoma cavity, which maintained the full volume of hematoma
cavity and prevented gas entry while discharging the hematoma
fluid. The traditional method intends to inject irrigation fluid into
the hematoma cavity intermittently. During the interval of
irrigating, the air is easily led into the hematoma cavity which
would cause the pneumocephalus getting worse. Therefore, in this
study, the siphon group was superior to the control group in the
occurrence of pneumocephalus and pneumocephalus volume.

4.4. Neurological score and length of postoperative
hospitalization

In this study, the neurological function score of the siphon group
on the first day after surgery was significantly better than that of

the control group. We believe that this result is attributed to a
more efficient hematoma evacuation, better midline return, and
lower pneumocephalus volume. Meanwhile, we were inclined to
discharge the patients after recovery from serious neurological
dysfunction; therefore, no statistically significant difference was
observed in the neurological function scores at discharge, but the
postoperative hospital stay of the siphon group was shorter and
exhibited statistical significance. There was no significant
difference in the neurological function score between the two
groups at 6 months after surgery, suggesting that different
irrigation methods had little effect on long-term neurological
function recovery.

4.5. Recurrence rate

A considerable amount of literature has shown that the extent of
hematoma evacuation,*2!! postoperative midline shift,’”*! and
the occurrence of pneumocephalus®*?* are independent risk
factors for the recurrence and reoperation of CSDHs. The siphon
group performed better in these aspects, yet there was no
significant statistical difference in the recurrence rate between the
2 groups.

4.6. Complications and safety

In the siphon group, the complications—particularly intracranial
hemorrhage—were similar to those in the control group, and no
statistical difference in mortality rate was noted between the 2
groups at 6 months after surgery. This finding suggests that
siphon irrigation is a safe surgical method and is unlikely to cause
new intracranial hemorrhage due to suction. The siphon effect is
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Figure 3. Upper: Preoperative CT. Lower: Postoperative CT. The orange arrow shows the fully expanded subarachnoid space, and the drainage tube inside the

hematoma cavity is pushed against the skull.

gentle, though it is inadequate when suctioning thick hematoma
fluid, which should be diluted with a small amount of irrigation
fluid for smooth evacuation in the early stage of the operation.
The siphon function is stable, and the suction force can be easily
adjusted by changing the tail height of the catheter. However, in
any case, an extremely low drainage position and highly rapid
drainage speed should be avoided during the procedure.

4.7. Limitations

This study features several limitations. First, some important
indicators, such as operation duration, were not recorded.
Second, given the limitation of conditions, BHC without
irrigation was excluded from comparison. Most importantly,
this research is a retrospective study. Randomized controlled
studies based on large populations may be needed to further
confirm these results in the future.

5. Conclusions

When compared with the traditional irrigation method in BHC,
the siphon irrigation technique cannot significantly reduce the
recurrence rate of CSDHs. However, the siphon irrigation
technique is more effective in evacuating hematomas, improving
the midline shift, and preventing the occurrence of pneumo-
cephalus. Additionally, it is found to facilitate early recovery of

neurological dysfunction after surgery and reduce the length of
hospital stay. These findings suggest that siphon irrigation may be
a better therapeutic option in BHC for CSDH.
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