Accepted Manuscript P

Transition of a clinical practice to use of subdural drains after burr-hole evacuation of
chronic subdural haematomas: The Helsinki experience

Pihla Tommiska, Kimmo Lénnrot, Rahul Raj, Teemu Luostarinen, Riku Kivisaari

PII: S1878-8750(19)31507-4
DOI: https://doi.org/10.1016/j.wneu.2019.05.230
Reference: WNEU 12527

To appearin:  World Neurosurgery

Received Date: 21 April 2019
Revised Date: 26 May 2019
Accepted Date: 27 May 2019

Please cite this article as: Tommiska P, Lénnrot K, Raj R, Luostarinen T, Kivisaari R, Transition of a
clinical practice to use of subdural drains after burr-hole evacuation of chronic subdural haematomas:
The Helsinki experience, World Neurosurgery (2019), doi: https://doi.org/10.1016/j.wneu.2019.05.230.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.wneu.2019.05.230
https://doi.org/10.1016/j.wneu.2019.05.230

Transition of a clinical practice to use of subdura
drains after burr-hole evacuation of chronic

subdural haematomas: The Helsinki experience

Pihla Tommiska®, Kimmo Lonnrot 2, Rahul Raj?, Teemu Luostariner?, Riku Kivisaari 2

Affiliations:

a. Department of Neurosurgery, University of Hétsend Helsinki University Hospital,
Topeliuksenkatu 5, PB 266, 00029 HUS, Helsinki &

b. Division of Anesthesiology, Department of Anestinlogy, Intensive Care and Pain Medicine,
Helsinki University Hospital and University of Helki, Topeliuksenkatu 5, PB 266, 00029 HUS,
Helsinki, Finland

Corresponding author:
- Pihla Tommiska, BM (Bachelor of Medicine)
- E-mail: pihla.tommiska@helsinki.fi
- Address: Topeliuksenkatu 5, PB 266, 0002BHHelsinki, Finland
- Telephone: 00358405690294

Academic degrees and e-mail address of each author:
Pihla Tommiska, BM, pihla.tommiska@helsinki.fi
Kimmo Lonnrot, MD, PhD, kimmo.lonnrot@hus.fi

Rahul Raj, MD, PhD, rahul.raj@hus.fi

Teemu Luostarinen, MD, PhD, teemu.luostarinen@hus.f

Riku Kivisaari, MD, PhD, riku.kivisaari@hus.fi

Keywords burr-hole, chronic subdural haematoma, drain, @&ugery, subdural drain, surgery

Running title:

Transition to use of SDs after evacuation of CSDHs



Tommiska

Transition of a clinical practice to use of subdura
drains after burr-hole evacuation of chronic

subdural haematomas: The Helsinki experience

Abstract

Background A number of randomised controlled trials have shole benefit of drain in
operative treatment of chronic subdural haematd@&®Hs). However, few reports
describe real life result when adopting the drd@at@ment into clinical practice. We report
the results following a change in practice at Hé&dsUniversity Hospital from no drain to

subdural drain (SD) placement after burr-hole @stuimies for CSDHSs.

Methods We conducted a retrospective observational staclyding consecutive patients
undergoing burr-hole craniostomies for CSDHs. Wagared outcomes between a six-
month time period when the SD placement was argi{tauly to December 2015) and a time
period when SD placement for 48 h was routine (fmlpecember 2017). Our primary
outcome of interest was recurrences requiring netie® within six months. Furthermore,

patient outcome, infections and other complicatese assessed.

Results A total of 161 patients were included, of which(44%) were in the SD group and
90 (56%) in the non-drain group. There were noegéhces in age, comorbidities, history of
trauma or use of antithrombotic medication betwitengroups (p>0.05). Recurrences within
six months occurred in 18% of patients in the naairdgroup compared to 6% in the SD
group (p=0.028; OR 0.28; 95% CI1 0.09-0.87). Theeeeano differences in neurological
outcome (p=0.72), mortality rate (p=0.55), infentiate (p=0.96) or other complications
(p=0.20).

Conclusions The change in practice from no drain to SD afterdhole craniostomies for
CSDHs effectively reduced the six-month recurrenate without any effect on patient

outcome, infections or other complications.
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Introduction

The incidence of chronic subdural haematomas (C$diges from 1.7 to 18 per 100,000
people. In patients older than 65 years, thisirateeases to 58 per 100,000 people, making
CSDHs one of the most common neurosurgical conwifid Most physicians would agree
that nonsurgical treatment is recommendable wiyimasomatic patients who have small
CSDHs?® For symptomatic CSDHSs, burr-hole evacuation hasime the most preferred
treatment method® as it results in rapid resolution of the symptamd a short period of
hospitalisation. Other surgical options, such asgusvo burr-holes, twist drill craniostomy

or even craniotomy in selected patient populatiavebeen used to treat CSDHs.

Up to date, there is a lack of consensus regattiegnost optimal surgical technigti&ven
among Scandinavian centres, surgical techniquésr diThe recurrence rates vary from 3%
to 33% and may depend on both treatment- and pagéated factor§:** Many studies
indicate that the recurrence rate is most effelstikeduced by placing either a subdural or
subgaleal drain®*°In a randomised controlled trial (RCT) by Santaut alX° the

placement of a subdural drain (SD) after burr-teslacuation reduced the rate of recurrence
from 24% to 9%.

Although the use of a drain has been reporteddoa® recurrence rates, some studies still
dispute this>*” However, numerous questionnaire surveys inditatethere is an evidence-
practice gap in the usage of drains, as not allaseugeons place them regulatfy? 2

Despite reported evidence supporting the bendfitsaon placement, drain usage in
everyday practice within the neurosurgical depantnoé Helsinki University Hospital was
arbitrary until, on April 1, 2017, consistent maaagent of CSDHs with subdural drains was

established in our clinic.

Due to the stricter inclusion and exclusion crdaesf RCTs, the benefits of drain usage as
shown by such trials may not necessarily refleetréfal clinical setting® Still, there is a need
for real-life observational studies to confirm résdrom RCTs>* Thus, our aim was to assess
whether the change of clinical practice to stamgsubdural drains had translated into a
lower recurrence rate. Specifically, our primaryabeas to confirm if patients treated with

postoperative drains experienced lower recurreaiss compared to patients not receiving



Tommiska

drains. The secondary aim was to compare the ceandgeematoma size, complications and

patient outcome.

Material and methods

Ethical considerations

The ethics committee of Helsinki University Hospapproved the study and waived the
need for informed consent (HUS 1799/2018).

Study setting and data collection

On April 1, 2017, the use of subdural drain aftemrdhole craniostomy for CSDH evacuation
became routine at our clinic. Thus, to assessfteetef subdural drain usage on six-month
recurrence risk, we chose time periods to reprabenpre-drain era (July to December 2015)
and the drain era (July to December 2017). Dutirege time periods, we assessed all
patients who underwent operations for CSDHs aDiygartment of Neurosurgery at Helsinki
University Hospital. The non-drain group includeatipnts from the pre-drain era and from
this group, we excluded all patients that wereté@avith a drain. The subdural drain group
included patients from the drain era and from ¢in@up, we excluded those not treated with a
subdural drain and those treated with another ¢ylain than a subdural drain. We
excluded patients who had undergone previous ir@ng operations for any reason, as well
as those with shunts for cerebrospinal fluid dier®r subdural haematomas treated with
other methods (subgaleal drain or IRRAflow cathe{&igure 1)

All data concerning patients’ medical history, inmagand treatment is stored in Helsinki
University Hospital’s electronic health records (E$). We retrospectively reviewed and
analysed patients’ EHRs and their pre- and posétperhead computerised tomography
(CT) scans or brain magnetic resonance images (MRism EHRs, we obtained patients’
baseline and follow-up data concerning mobility amarbidity, history of head trauma
during the preceding 12 months, most prominent $gmgausing disability to the patient,
modified Rankin scale (MRS) scof@smedical history and existence of limb weakness or

dysphasia. To ensure coherency, a single investigasessed all clinical data.
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Two senior neurosurgeons analysed all the imagatg lom CT and MRI scans. We

defined the subdural collection as predominantlydudense, isodense or mixed by comparing
the density of the collection to the adjacent hfaWe also measured the maximum
transition of the anatomical midline structuresiirthe midline and determined the midline
shift. On bilaterally operated haematomas, we aEmbvhich side caused the midline shift.
Further, we measured the width, length and heifjtiteocollection and, using formula
ABC/2?" assessed the volume of the haematoma. The CSDirhealeduction was analysed
by comparing pre- and postoperative CT or MRI insad§fge also recorded the extent of basal

cistern effacement, patency of cortical sulci arespnce of contusions.

Burr-hole craniostomy procedure

As a routine, all burr-hole craniostomies at Heédsldniversity Hospital are performed under
local anaesthesia, often combined with intraversaaation with benzodiazepines and/or
opioids during the operation. Here, general anassihs used only if the neurosurgeon or the
anaesthesiologist considers it unsafe to perfomptbcedure under local anaesthesia
(applicable to only one patient in the current abhd ypically, the surgeon drills one 14-mm
burr-hole over the maximum convexity of the haemmatoln the case of an expansive
bilateral haematoma, the surgeon operates on gh. After opening the dura, the surgeon
washes the subdural collection with warm (body terapure) Ringer’s lactate saline until
rinsing appears clear. The operating surgeon deeuthether or not to insert a subdural drain.
The subdural drain used in this study was Spieggdentricular Catheter 10F (NeoNordic,
Odense, Denmark), made of radiopaque polyuretHangtfi 270 mm, inner diameter 1.9

mm and outer diameter 3.3 mm). The surgeon turtheldrain under subgaleal skin
approximately 5 cm from the incision, and it iskial to a ventricular drainage bag with a
connector. The drainage bag is positioned at besl &nd routinely removed after 48 h. We

do not use postoperative prophylactic antibiotmsinely.

In 2015, drain usage was not mandatory in ourcliamd the use of subdural and subgaleal
drains was sporadic. At the beginning of 2017\ aédministrative guideline was enforced,
and usage of subdural drains became a requiremegpiein cases where the surgeon
believes drain usage would compromise the patisafsty. Subdural drains are routinely left

in place for 48 h. We allow patient mobilisatiorridg drain treatment.
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Follow-up and outcome measures

Approximately four to six weeks postoperativelyl]da-ups were completed with all
operated patients in the Helsinki Metropolitan Aata@n outpatient clinic. For patients living
outside of this area, a recommendation for follgpwaas made to their local hospitals. For
the follow-up, a routine head CT was recommendedtiel residual haematoma or the
patient’s symptoms required further assessmenpdtient was invited monthly for further

follow-ups until the collection or symptoms resalve

Our primary outcome was CSDH recurrence requirgggperation within six months. Since
no other institution performs intracranial operaion the catchment area of Helsinki
University Hospital, all patients requiring reop@sa are referred to this hospital. We
consider reoperation in the case of a new CT saifiad CSDH, with recurrent
neurological symptoms or with a recurrent haematohsamilar or larger size compared to
the primary CSDH.

Our secondary outcomes included neurological ouécathin seven days and at six months
after the primary operation (measured by the mB&)yay and six-month mortality, length
of stay in the neurosurgical ward, postoperativedtions and other complications. A
favourable postoperative neurological outcome wdmdd as mRS 0 to 3, and an
unfavourable outcome as mRS 4 to 6. We also redati@ostoperative complications and
determined whether they were related to the omerakurther, we obtained dates of deaths

through the Finnish Population Registry (availablall Finnish citizens).

Statistical analyses

We compared categorical variables by using a chasgtest, adjusting the Bonferroni
method when appropriate and using Fisher’'s exatitben appropriate. We tested
continuous variables for normality with the Shapivilk test and thereafter used the Mann-
Whitney U test to compare nonparametric data arigst to compare normally distributed
data. Testing was also completed to find any difiees in baseline characteristics between
patients in the subdural drain and non-drain grolipsdentify associations between
variables and the risk of recurrence within six thgnbinary logistic regression analysis was

employed, with adjustments made for differencdsaseline characteristics between the
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groups (reported as odds ratios [OR] and 95% centid intervals [CI]). We used Kaplan-
Meier curves to show differences in time to recaceewithin six months between patients
treated with a subdural drain and those treateld motdrain. We considered p-values under
0.05 to be statistically significant. We also penfied a post-hoc logistic regression analysis
assessing the association between drain and racervathin six months, adjusting for age,
sex, preoperative neurological deficit and usentitlrombotic medication. All analyses
were done using SPSS 25.0 for macOS (IBM Corp, AmbdlY, USA).

Results

Baseline characteristics

We included a total of 161 patients in our stuig(re 1). There were no significant
differences in baseline characteristics betweeiempiattreated with subdural drains and those
treated with no drainT(@ble 1). Similarly, no substantial differences could lbserved

between patients treated in 2017 with subdurahdrand those treated in 2017 without
drains Supplementary table 1). The only significant baseline finding was thatipnts in

the subdural drain group had thicker haematomadiéme€3 mm vs. 20 mm; p=0.007)
(Table2).

The reasons for not inserting a subdural drairDih7Z2vere immediate brain expansion
(N=11), membrane loculations (N=3), antithrombdteatment (N=2), infection (N=1), head
wound operation (N=1) and a surgeon’s statemehniriarting a drain would be unsafe
(N=1).

The main presenting symptoms are showhigure 2. Altogether, 53% of patients had a

motor deficit presented as gait disturbance or Melakness.

Recurrence rate of CSDHs

The six-month recurrence rate of CSDHs was 6% (REdih the subdural drain group and
18% (N=16/90) in the non-drain group (p=0.028).tAare were no differences in patient
baseline characteristics between the groups, vessesd the association between use of drain

and risk of recurrence within six months using aniable logistic regression analyses.
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Subdural drain usage was associated with an OR8f(95% CI 0.09-0.87) for recurrence
within six months compared to no drain. Among ueilal CSDHSs, the six-month recurrence
rate was reduced from 17% (N=12/72) in the nonrdgaoup to 5% (N=3/55) in the drain
group (p=0.06). Among bilateral CSDHSs, the six-ntorgcurrence rates were 22% in the
non-drain group (N=4/18) and 6% in the drain gréNp1/16) (p=0.22). All recurrences

were treated by burr-hole craniostomyable 3)

The results of our analysis of factors possibleassed with six-month recurrence of
CSDHs are displayed ihable 4. Apart from subdural drain usage, there were heratisk
factors significantly associated with recurrencethle post-hoc logistic regression analysis,
adjusting for age, sex, preoperative neurologieficd and use of antithrombotic medication,
the use of subdural drain still independently aisded with a reduced risk of six-month
recurrence (OR 0.27; 95% CI1 0.08-0.85; p=0.025).

Prior to the diagnosis of a CSDH, 66% of patieMs107/161) were on some type of
antithrombotic medication. Preoperative use oftardmbotic medication did not associate
with recurrent CSDHs. Postoperatively, antithrontbotedication was restarted prior to the
first control (four to six weeks after operation)28% of patients (N=29/102), 17% (N=5) of
which had a recurrent CSDH. Of the five patient® was treated with a subdural drain and

four were treated without one in the primary operat

Figure 3 shows a Kaplan-Meier curve of differences in timsix-month recurrence and risk
of six-month recurrence between patients in eachmrNotably, the risk of recurrence was
highest in the first 30 days following the procegluafter which it remained low throughout

the follow-up period.

Secondary outcomes

There were no significant differences between tioegs regarding immediate postoperative
MRS (p=0.85), six-month mRS (p=0.72), 30-day muyt#b=0.14), six-month mortality
(p=0.55), hospital length of stay (p=0.17), neadftiother care (p=0.56), infections within 30
days (p=0.85) or within six months (p=0.96) or etbemplications (p=0.20)T@ble 3) Of

all secondary outcomes, only volume reduction déffiesignificantly between the subdural
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and non-drain groups (mean volume reduction 70%®%; p=0.005). Postoperative
infections and other complications are shown iraidlét Supplementary table 2. All
complications were diagnosed within seven daysgpesttively. Noticeably, there were no

wound infections, meningitides or intracranial e@mys.

Discussion

In our study, we showed that the transition to et use of subdural drains after burr-hole
craniostomies for CSDHs in a real-life clinicalts®y (Helsinki University Hospital) reduced
the six-month recurrence rate from 18% to 6% withany increase in infections or
complications. Subdural drain usage did not affetient outcome, but did correspond with a
notable decrease in CSDH volume. Furthermore, we/stl that CSDH recurrence often
happens within the first 30 days after treatmeaitpving which the risk of recurrence is

low. Our findings are well in line with recurreniae reductions reported in numerous
RCTSELG'ZS_SO

Our findings indicating the predominance of agetigpés and those with a recent history of
head trauma (81%), as well as a sex ratio in fagbunale (68%), are in line with previous
reports***CSDHs are common in elderly patients and havejarrimapact on their
independence. Many authors have reported a higlofdtinctional dependency, even in
operated patient&:**%*In a report by Leroy et al., the age threshol@®fears was
associated with an unfavourable functional outcdte.our study, the patients’ median age
was 78 years in the subdural drain group and 7i@syadhe non-drain group. Prior to
diagnosis, 75% of our patients had been walkingpetidently, and 70% of the drain group
and 78% of the non-drain group were living indepanty. Six months after treatment, only
80% had recovered to walk independently. In outlystwe were unable to reproduce the
reduction of mortality rate by drain usage repotigdSantarius et af. Furthermore, in our
study only 64% of patients recovered to good mRScmpared to 84% reported by
Santarius et al. These differences may be dueetéattt that the patients in our study were
slightly older than in the report by Santariusletrerefore having more morbidity and a
higher need for assistance.

The use of antithrombotic medication is a presg@gege in patients with CSDHSs. In recent

meta-analysig® both anticoagulation and antiplatelet therapy lhigtier risks of recurrence.
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In our study, two-thirds of patients were on somme sf antithrombotic medication. We did
not find any association between preoperative @is@tithrombotic medication and
recurrence risk. Further, antithrombotic medicati@s restarted prior to the first follow-up
(four to six weeks postoperatively) in 28% of trsers, only 17% of which had a recurrent
CSDH requiring reoperation. The number of recuresrio the antithrombotic users was too
low to allow for any more detailed statistical gysd. Still, these low numbers suggest that
excessive caution regarding restarting of antithrotic medication after CSDH evacuation
may not be as warranted as previously thought. Hewenore studies are needed on this

topic.

Our results were derived from retrospective analyshich is prone to well-known

limitations. Therefore, caution is advised in ipteting them. As mentioned, in the Helsinki
catchment area, all patients in need of reoperatiersent to Helsinki University Hospital,
since it is the only institution in the region thperforms such operations. Therefore, we were
able to obtain complete data in terms of six-ma@atiurrence and mortality rates.
Furthermore, six months of follow-up data was aledifor 79% of patients in terms of mRS,

76% in terms of mobility and 75% in terms of infectrates.

In the operative management of CSDHSs, there diegtherous unsettled intra- and
postoperative factors that contribute to the outoft Helsinki University Hospital, we
routinely perform the procedures under local areessa, while some institutions favour
general anaesthesiaWe typically use one burr-hole, while some cenpreser two®’ We

use subdural drains rather than other drainageadsthe. active subdural drains, drains
with continuous irrigation and drainage or subdateains. No one method has been shown
to be superior to anothéf:*>We use intraoperative irrigation until fluid iser. Some
studies indicate that irrigation results in a hretigtcome’ while others show that there is no
disadvantage to placing a drain without irrigatidf>**We keep the drain in place for 48 h,
although elsewhere, the use of 12- to 18-h draifagebeen reportddiVe allow patient

mobilisation during drain treatment, while some faptbed rest!*°

Although we observed a reduction in recurrencebiwiix months after beginning to use
subdural drains, it is important to note that threee several factors related to perioperative

treatment that may affect the risk of recurrenced@&nce in favour of drain usage is ever

10
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more convincing; however, there is still a needftother research in the field of treatment of
CSDHs.

Conclusions

Subdural drain usage after burr-hole craniostoime€SDHs has been shown to
significantly reduce the risk of recurrence withatfecting patient outcome, infections or
complications. More research is required to idgrdgther treatment-related factors that might

further reduce this risk.
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Figure captions

Figure 1. Flow chart displaying the inclusion and exclusioitecia and the formation of
study groups

CSDH chronic subdural haematoma, SIH spontanedzcranial hypotension

Figure 2. Most prominent symptom causing disability to thégyd

Figure 3. Kaplan-Meier curve showing differences in timeiter®onth recurrence and risk
of six-month recurrence between patients in thelstdd drain and non-drain groups. Of
patients in the non-drain group, 18% had a receggemost often occurring within the first
30 days following treatment. Of patients in thedwral drain group, 6% had a recurrence.

Legendsfor supplementary material

Supplementary table 1

Baseline characteristics drain vs. non-drain in7201

Supplementary table 2

Postoperative infections and complications
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Table 1 Baseline characteristics

Variable Alll\lp:atlieesgts l\I?r:a|7nl N(l)\ln-:dgr)gin p-value
Age (years), median (range) 77 (46-95) 78 (57-93) B798) 0.77
Women 51 (32%) 21 (30%) 30 (33%) 0.61
History of trauma 131 (81%) 62 (87%) 69 (77%) 0.08
Pre-morbid mobility 0.40
Independent 119 (75%) 51 (74%) 68 (76%)
Stick 6 (4%) 3 (4%) 3 (3%)
Zimmer frame 24 (15%) 12 (17%) 12 (13%)
Wheelchair 5 (3%) 3 (4%) 2 (2%)
Bed-bound 4 (3%) 0 4 (4%)
Pre-morbid residence 0.52
Independent 119 (74%) 50 (70%) 69 (78%)
Carer 23 (14%) 13 (18%) 10 (11%)
Residential 15 (9%) 6 (8%) 9 (10%)
Nursing 3 (2%) 2 (3%) 1 (1%)
Medical history
Dementia 35 (22%) 16 (23%) 19 (21%) 0.83
Arrhythmia 57 (35%) 23 (32%) 34 (38%) 0.48
Cerebrovascular accident 40 (25%) 19 (27%) 23%) 0.62
Hypertension 110 (68%) 45 (63%) 65 (72%) 0.23
Ischaemic heart disease 40 (25%) 18 (25%) 2%§2 0.89
DVT or PE* 3 (2%) 0 3 (3%) 0.26
COPD 7 (4%) 5 (7%) 2 (2%) 0.24
Diabetes 38 (24%) 16 (23%) 22 (24%) 0.78
Heart valve prosthesis 4 (2%) 1 (1%) 3 (3%) 30.6
Antithrombotic drug historyt 107 (66%) 48 (68%) 59 (66%) 0.78
Anticoagulant 56 (35%) 26 (37%) 30 (33%) 0.66
Warfarin 35 (22%) 14 (20%) 21 (23%) 0.58
LMWH 12 (7%) 4 (6%) 8 (9%) 0.43
DOAC 12 (7%) 9 (13%) 3 (3%) 0.025
Antiplatelet 58 (36%) 25 (35%) 33 (37%) 0.85
Acetylsalicylic acid, dipyridamolg 52 (32%) 21 (30%) 31 (34%) 0.51
Clopidogrel, ticagrelor 12 (7%) 6 (8%) eqy 0.67
Admission mRS score, median 3 (2-4) 3 (2-4) 3 (2-4) 0.61
0 2 (1%) 1 (1%) 1 (1%) 0.98
1 7 (4%) 3 (4%) 4 (4%)
2 39 (24%) 15 (21%) 24 (27%)
3 39 (24%) 18 (25%) 21 (23%)
4 47 (29%) 22 (31%) 25 (28%)
5 27 (17%) 12 (17%) 15 (17%)




Preoper ative hemiparesis

78 (48%)

34 (48%)

44 (49%)

0.90

Preoper ative dysphasia

52 (33%)

26 (37%)

26 (29%)

0.32

Categorical data as n (%) and continuous as mgtpR), unless otherwise stated. Data regarding litpls

missing for three patients and regarding residamckdysphasia missing for one patient. *Medicatised within 12
months.tBefore detection of subdural haematoma.
DVT deep venous thrombosRE pulmonary embolisnTZOPD chronic obstructive pulmonary diseac®\WH low-
molecular-weight heparim)OAC direct oral anticoagulanthRS modified Rankin scale




Table 2 Preoperative imaging characteristics

Variable Alll\lp:atliggts I\I?r:a|7nl N(l)\ln-:dsr)gi : p-value
Side 0.39
Left 70 (44%) 34 (48%) 36 (40%)
Right 57 (35%) 21 (30%) 36 (40%)
Bilateral 34 (21%) 15 (22%) 18 (20%)
Total haematoma volume, cm® 137 (93-175) 149 (99-170) 131 (92-178) 0.54
Unilateral N =127 N =55 N=72
Haematoma density 0.90
Hypodense 32 (25%) 13 (24%) 19 (26%)
Isodense 10 (15%) 9 (16%) 10 (14%)
Mixed 43 (60%) 33 (60%) 43 (60%)
Midline shift, mm 7 (4-10) 7 (3-10) 7 (4-10) 0.92
Haematoma thickness, mm 22 (17-25) 23(19-27) 20 (15-24) 0.007
Haematoma volume, cm® 126 (88-155) 131 (86-157) 116 (88-151) 0.32
Cortical sulci 0.07
Open 10 (8%) 3 (6%) 7 (10%)
Compressed 24 (19%) 6 (10%) 18 (25%)
Closed 93 (73%) 46 (84%) 47 (65%)
Bilateral N=34 N = 16* N =18
Midline shift, mm 2 (0-4) 0 (0-4) 3(2-9) 0.08
Side causing midline shift 0.13
Left 13 (38%) 4 (25%) 8 (45%)
Right 9 (27%) 3 (19%) 6 (33%)
No midline shift 12 (35%) 9 (56%) 4 (22%)
Total haematoma volume, cm® 206 (159-254) 186 (151-241) 239 (184-261) 0.10
Both sides separ ately N = 68 N =27 N=41
Haematoma density 0.74
Hypodense 12 (18%) 5 (19%) 7 (17%)
Isodense 22 (32%) 10 (37%) 12 (29%)
Mixed 34 (50%) 12 (44%) 22 (54%)
Haematoma thickness, mm 18 (15-21) 19 (16-22) 17 (14-21) 0.33
Haematoma volume, cm® 108 (71-130) 100 (76-123) 108 (67-145) 0.74
Cortical sulci 0.91
Open 6 (9%) 2 (7%) 4 (10%)
Compressed 21 (31%) 9 (33%) 12 (29%)
Closed 41 (60%) 16 (60%) 25 (61%)

Data are n (%) or median (IQR). Neither basal cistern effacement nor contusion were observed in any of the patients.
*Patients treated with subdural drain unilaterally or bilaterally.




Table 3 Univariable logistic regression analysis for prisnand secondary outcomes in drain and non-drain
groups

Drain Non-drain

Outcome

Recurrence within six months

All 4/71 (6%) | 16/90 (18%) 0.28 (0.09-0.8J7) 0.028

Unilateral CSDHs 3/55 (5%)| 12/72 (17%) 0.29831.08) 0.07

Bilateral CSDHs 1/16 (6%) 4/18 (22%) 0.23 (6D35) 0.22
Postoperative mRS 0-3

At seven days 40/71 (56%) 52/90 (58%6) 0.9404.57) 0.85

At six months 35/55 (64%) 48/72 (67%) 0.88 P91483) 0.72
Mortality

At 30 days 1/71 (1%) 6/90 (7% 0.20 (0.02-1.70) 0.14

At six months 8/71 (11%) 13/90 (14%) 0.75 (01293) 0.55
Hospital stay in neurosurgical unit, days 3 (2-5) 2 (1-4) NA 0.1%
Further care needed 45/71 (63%)| 53/90 (59%) 1.21 (0.64-2.29) 0.56

Postoper ative complications* within seven days 8/71 (11%) 5/90 (6%) | 2.16 (0.67-6.91) 0.20

Postoper ative infectionst

Within 30 days 8/71 (11%) 11/90 (12%) 0.91832340)| 0.85
Within six months 16/56 (29%)) 20/71 (28%) 1(0247-2.22)]  0.96
W or se mobility at six monthst 10/48 (21%)| 14/59 (24%) 0.85 (0.34-2.1j2) 0.72
Haematoma volume reduction, cntg 103 (56) 72 (60) NA 0.005
Per centual volume reduction (%)8§ 70 (31) 50 (39) NA 0.085

Data are n/N (%), median (IQR) or mean (SD). Oditi®s are calculated for binary outcomes usingshigi
regression. An odds ratio under one indicatesghiatiural drain is associated with a lower probghidr the
specific outcome and vice versa. *Postoperativeptmations included cerebral infarction, intraceadb
haemorrhage, wound bleeding, epileptic seizuretanded drain removal, cardiac failure, pulmonampelism
and epidural haematomsPostoperative infections included urinary traceation, pneumonia, soft tissue
infection, shingles, upper respiratory infectiorysgpelas, gastroenteritis and non-specific infactiExcluding
patients dying before six months. §Missing for £4/127%) patients. fCalculated using a non-paraenetr
Mann-Whitney U test.

OR odds ratioCl confidence intervalCSDH chronic subdural haematommaikS modified Rankin scaléJA not
applicable




Table 4 Factors associated withcurrence of chronic subdural haematomas requigageration within six months

Variable No(lr\lezuiﬁg‘ce R?ﬁ“:;g)ce OR (95% Cl) | p-value
Age (years), median (range) 78 (46-95 77 (56-90) 00e%4-1.02) 0.33
Neurological deficit (hemiparesis or dysphasia) 60% 45% 0.54 (0.21}1.38 0.20
History of trauma 84% 65% 0.36 (0.13-1.01) 0.051
Antithrombotic drug history* 65% 75% 1.60 (0.55-4.664) 0.39
Anticoagulant* 33% 50% 2.07 (0.80-5.31) 0.13
Antiplatelet* 38% 25% 0.55(0.19-1.61) 0.28
Preoper ative mRS 0-3 53% 60% 1.32 (0.51-3.43) 0.57
Preoperative mRS 4-5 47% 40% 0.76 (0.29-1.97) 0.57
Unilateral haematoma 79% 75% 0.78 (0.26-2.31) 0.65
Bilateral haematoma 21% 25% 1.29 (0.43-3.83) 0.65
Midline shift, mmt 7 (3-10) 9 (4-11) 1.06 (0.95-1.19) 0.30
Mixed-density clot 61% 42% 0.47 (0.18-1.25) 0.13
Subdural drain 48% 20% 0.28 (0.09-0.87) 0.028

Data are percentage of patients in the subgroumpealian (IQR), unless otherwise stated. Odds rattm=ulated using
univariable logistic regression. An odds ratio owee indicates that the specific variable is asgediwith a higher

probability for recurrence and vice versa. *Befdetection of subdural haematoni&xcluding bilateral haematomas.
OR odds ratioCl confidence intervainRS modified Rankin scale




July-Dec 2015:
115 patients assessed
for eligibility

July-Dec 2017:
117 patients assessed
for eligibility

Excluded if,
- recent history of acute
intracranial bleeding, n=5

- previous CSDH treatment, n=4
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Supplementary table 1

Baseline characteristics drain vs. non-drain in7201

Variable Drain Non-drain p-value
N=71 N =26
Age (years), median (ranc 78 (57-93) 78 (42-102) 0.67
Women 21/71 (30%) 9/26 (35%) 0.63
History of trauma 62/71 (87%) 18/26 (69%) 0.07
Pre-morbid mobility 0.58
Independent 51/69 (74%) 17/26 (65%)
Stick 3/69 (4%) 1/26 (4%)
Zimmer frame 12/69 (17%) 5/26 (19%)
Wheelchair 3/69 (4%) 3/26 (12%)
Pre-morbid residence 0.92
Independent 50/71 (70%) 20/26 (77%)
Carer 13/71 (18%) 5/26 (19%)
Residential 6/71 (8%) 1/26 (4%)
Nursing 2/71 (3%) 0/26
Medical history
Dementia 16/71 (23%) 2/26 (8%) 0.14
Arrhythmia 23/71 (32%) 7126 (27%) 0.61
Cerebrovascular accident 19/71 (27%) 9/26 (35%) 45 0.
Hypertension 45/71 (63%) 18/26 (69%) 0.59
Ischaemic heart disease 18/71 (25%) 7126 (27%) 8 0.8
DVT or PE* 0/71 1/26 (4%) 0.27
COPD 5/71 (7%) 1/26 (4%) 0.99
Diabetes 16/71 (23%) 8/26 (31%) 0.41
Heart valve prosthesis 1/71 (1%) 1/26 (4%) 0.47
Antithrombotic drug historyt 48/71 (68%) 15/26 (58%) 0.36
Anticoagulantt 26/71 (37%) 7126 (27%) 0.37
Warfarin 14/71 (20%) 6/26 (23%) 0.72
LMWH 4/71 (6%) 1/26 (4%) 0.99
DOAC 9/71 (13%) 0/26 0.11
Antiplatelett 25/71 (35%) 9/26 (35%) 0.96
Acetylsalicylic acid, dipyridamole 21/71 (3%  9/26 (35%) 0.63



Clopidogrel, ticagrelor 6/71 (8%) 2/26 (8%) 99.
Admission mRS score, median 3 (2-4) 4 (2-4) 0.99
0 1/71 (1%) 0/26 0.94
1 3/71 (4%) 2/26 (8%)
2 15/71 (21%) 6/26 (23%)
3 18/71 (25%) 5/26 (19%)
4 22/71 (31%) 8/26 (31%)
5 12/71 (17%) 5/26 (19%)
Preoperative hemiparesis 34/71 (48%) 5/25 (20%) 0.015
Preoperative dysphasia 26/71 (37%) 6/26 (23%) 0.21
Imaging characteristics Bilateral Drain Non-drain p-value
Side 0.038 N =16% N=3
Left 21/71 (30%) 15/26 (58%) Midline shift, mm 0 (0-4) 3 (NA) 0.63
Right 34/71 (48%) 8/26 (31%) Side causing midline shift 0.54
Bilateral 16/71 (23%) 3/26 (12%) efL 4/16 (25%) 2/3 (67%)
Total haematoma volumeem” 149 (99-170) 84 (62-120) <0.001 Right 3(18%) 0/3
Basal cisterns open 71/71 (100%) 26/26 (100%) NA No midline shif 9/16 (56%) 1/3 (33%)
Total haematoma volumegm’ 186 (151-241) 178 (NA) 0.71
Unilateral N =55 N =23
Haematoma density 0.09 Both sides separately N =27 N=11
Hypodense 13/55 (24%) 11/23 (48%) Haematoma density 0.59
Isodense 9/55 (16%) 1/23 (4%) Hypodense 5/27 (19%) 3/11 (27%)
Mixed 33/55 (60%) 11/23 (48%) Isodense 10/27 (37%) 2/11 (18%)
Midline shift, mm 7 (3-10) 5 (2-7) 0.11 Mixed 12/27 (44%) 6(55%)
Haematoma thicknessmm 23 (19-27) 15 (12-17) <0.001 Haematoma thicknessmm 19 (16-22) 15 (11-18) 0.049
Haematoma volumegm® 131 (86-157) 75 (62-116) <0.001 Haematoma volumegm’ 100 (76-123) 65 (51-84) 0.010
Cortical sulci 0.038 Cortical sulci 0.41
Open 3/55 (5%) 3/23 (13%) Open 27211%) 1/11 (9%)
Compressed 6/55 (11%) 7123 (30%) Compressed 9/27 (33%) 6/11 (55%)
Closed 46/55 (84%) 13/23 (57%) Closed 16/27 (59%) 4/11 (36%)
Brain contusion 0/55 1/23 (4%) 0.29 Brain contusion 0/27 0/11 NA
Operation Operation
Subdural fluid 0.59 Subdural fluid 0.002
Clear 0/37 1/20 (5%) Clear 0/21 1/6 (17%)



Straw
Engine oil
Fresh blood
Mixture

Subdural fluid pressure

Low

Medium

High

6/37 (16%)
13/37 (35%)

8/37 (22%)
10/37 (27%)

6/53 (11%)
31/53 (58%)
16/53 (30%)

5/20 (25%)
7/20 (35%)
4120 (20%)
3/20 (15%)

9/23 (39%)
8/23 (35%)
6/23 (26%)

0.022

rafit
Engine oil
Fresh blood
Mixture

Subdural fluid pressure

Low
Medium
High

0/21

12/21 (57%)

2/21 (10%)
7/21 (33%)

126 (24%)
12/25 (48%)
7/25 (28%)

3/6 (50%)

2/6 (33%)

0/6
0/6
0.90

3/11 (27%)

6/11 (55%)
2/11 (18%)

Data are n/N (%) or median (IQR), unless otherwisedtdMedication used within 12 months. tBefore diédecof subdural haematoma. fPatients treated wibklsral drain

unilaterally or bilaterally.

DVT deep venous thrombosRE pulmonary embolismCOPD chronic obstructive pulmonary diseas®WH low-molecular-weight hepari@OAC direct oral anticoagulant,
mRS modified Rankin scaldyA not applicable
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Supplementary table 2
Postoperative infections and complications

Drain N Non-drain All patients

=71 N =90 N =161
I nfections within one month
Urinary tract infection 4 2 6
Pneumonia 1 5 6
Non-specific infection 1 2 3
Pyelonephritis 1 1 2
Shingles 1 1
Soft tissue infection 1 1
All 8 11 19
I nfections within six months*
Urinary tract infection 6 6 12
Pneumonia 3 7 10
Non-specific infection 2 4 6
Upper respiratory infection 1 4 5
Pyelonephritis 2 2 4
Soft tissue infection 1 2 3
Erysipelas 2 2
Shingles 1 1
Gastroenteritis 1 1
All 18 26 44
Complications within seven days
Cerebral infarction 2 2
Wound bleeding 2 2
Unintended drain removal 2 2
Intracerebral haemorrhage 1 1 2
Epileptic seizure 1 1 2
Pulmonary embolism 1 1
Epidural haematoma 1 1
Cardiac failure 1 1
All 8 5 13

*Missing for 34/161 (21%) patients.
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Abbreviations and acronyms

Cl confidence interval

COPD chronic obstructive pulmonary disease
CSDH chronic subdural haematoma
CT computerised tomography

DOAC direct ora anticoagulant

DVT deep venous thrombosis

EHR electronic health record

LMWH low-molecular-weight heparin
MRI magnetic resonance imaging
MRS modified Rankin scale

OR oddsratio

PE pulmonary embolism

RCT randomised controlled trial

SD subdural drain
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