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Preface 
This study is conducted as a quality control after changing drainage technique on chronic 

subdural patients in march 2016. The study is largely based on the works of Sjåvik, Bartek et. 

al and their work comparing the different drainage techniques on patients with cSDH. There 
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Abstract 

Objective: 

Chronic subdural hematoma is one of the most common neurosurgical conditions affecting the elderly. 

In March 2016 there was a change in drainage technique at the neurosurgical department, UNN, 

Norway from a continuous irrigation system to an active drain. This was following a multi-center 

study conducted by Sjåvik, Bartek, et.al showing fewer complications, with the same recurrence rate 

as continuous irrigation with an active-drain system. The active drain system is also less resource 

demanding. The main objective of this study was to compare the rates of recurrences of chronic 

subdural hematomas after this conversion. Complications, 30-day- and 90-day mortality were 

secondary end-points. 

Methods:  

Patients suffering from cSDH treated with burr-hole evacuation between March 2016 and September 

2019 at UNN were included in this study. Patients were identified using the procedure code AAD10. 

149 patients were included in the study, making up group A. Patients operated between January 2005 

to December 2010 made up group B. These two groups were then compared in terms of baseline 

characteristics, and primary- and secondary outcomes.  

Results:  

Recurrence rate in group A was 16 (10.7%), and 18 in group B (10.8%) (p=0.976). In terms of 

secondary end-points group A had fewer complications (8.1%) than group B (14.5%) (p=0.074). 30-

day mortality were the same between the groups (p=0.862). There was no difference between the 

groups in 90-day mortality (p=0.151).  

Conclusions:  

We found no difference in rates of recurrence after conversion to an active-drain system in march 

2016. There was a clear tendency of fewer complications in group A, but no statistical significance. 

30-day and 90-day mortality was the same between the two groups. Even though the study found no 

significant difference in primary-, or secondary-end points, the active-drain system is a technique 

requiring considerably less resources, while also showing a tendency of less complications. 
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Glossary and abbreviations 

UNN: University Hospital of North Norway 

cSDH: Chronic Subdural Hematoma 

AD: Active drain 

PD: Passive Drain 

CID: Continous irrigation drain 

GCS: Glasgow Coma Scale 

CT: Computer tomography 

SPSS: Statistical Product Service Solution 

ICU: Intensive Care Unit 

REK: Regional Ethical Committee 
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Introduction 

Chronic subdural hematoma (cSDH) is a common neurosurgical condition primarily 

affecting the elderly. Yearly incidence have been reported to be ranging from 13.5 to 20.6 

per 100.000 per year, but reaching up to 58.1 in patients over 65 years of age and is 

expected to keep increasing (1-3). cSDH is a slow-growing hemorrhage occurring in the 

subdural space. Compared to the acute subdural bleeding, cSDH has a less acute picture 

developing over days and weeks, usually caused by a minor head trauma, often not recalled 

by the patient. The clinical presentation varies from almost no symptoms to hemiparesis, 

headache, aphasia, confusion, parkinsonism and more. Due to cSDH presenting in a 

heterogenic matter, it is an important diagnosis to keep in mind, especially with old 

patients, patients on anticoagulative treatment or patients with a history of alcohol abuse 

presenting with neurological, cognitive or psychological symptoms. Chronic subdural 

hematoma is a differential diagnosis to stroke, and importantly dementia (4-6). Radiology 

is the established way of diagnosing cSDH, with CT being the recommended modality. 

Chronic subdural hematoma will often present itself as a hypodense lesion, but isodense 

and hyperdense lesions also occur (6). 

 

Aging of the population and increased use of anti-platelet and anticoagulation are 

suggested to be the main drivers of the increasing incidence of cSDH, and it is expected to 

keep increasing in the future (4). While research has been conducted to evaluate the effect 

of medical treatment of cSDH, the established treatment is surgical evacuation of the 

hematoma (6). There are commonly three different ways to do this. Burr-hole evacuation, 

twist-drill craniostomy and craniotomy, of which burr-hole evacuation is the established 

method most often used in uncomplicated cases being less invasive than the craniotomy, 

while still being able to evacuate most hematomas effectively. There are different burr-hole 

techniques, most often applied with either one or two burr-holes. Twist-drill craniostomy is 

the least invasive technique, but requires the hematoma to be almost completely liquified in 

order to be effective. Craniotomy exposes the biggest part of the brain and is the most 

invasive method but is still often used in calcified and solid hematomas (5, 6). This is an 

area of continuing debate and research. 

 

A challenge with cSDH is the recurrence of the hematoma and several studies have been 

conducted to better understand and find ways of preventing this. Recurrence rates have 
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shown to be ranging from 0-76%, though in reality it is believed to be closer to the region 

of 10-20% (6). The pathophysiology behind the expansion and recurrence of cSDH is 

believed to be complex, involving local inflammatory factors in the hematoma, and 

angiogenesis of fragile vessels in the outer membrane of the hematoma among other factors 

(6, 7). The dural border cell layer is believed to have an important pathophysiological role 

in the formation of the cSDH. The dural border cell layer lies between the dura mater and 

the arachnoid mater. Splitting of this cell layer results in an inflammatory process aimed at 

repairing the injury which often will resorb the hematoma. In the elderly patient, atrophy of 

the brain causes this layer to easier split due to stretching of the bridging veins passing in 

this area. In some cases there will be a membrane formation with a thicker outer layer, and 

a thinner inner layer incapsulating the hematoma. Within these membranes 

neovascularization of fenestrated, fragile vessels lacking tight junctions occur. Exudate 

leakage from these vessels in turn reinforces the inflammatory process driving the same 

process forward and expanding the hematoma (6, 7). This is thought to be part of the 

explanation of why a considerable share of patients with cSDH experience a recurrence of 

the hematoma and relapse in symptoms after treatment often ending in re-surgery.  

 

A study by Santarius et. al (8) found significantly lower rates of recurrence when a 

passive drain (PD) was placed in the subdural space after surgical evacuation. In light of 

this study other drainage techniques have been applied (9 -13) including continuous 

irrigation drainage (CID) in the subdural-space (9). The rationale behind this is believed 

to be a better evacuation of the remaining blood products with a better brain re-expansion 

and less likelihood of hematoma recurrence. In the last few years a variation of this 

increasing in popularity is placing the drain in the subgaleal space. In a study by Gazzeri 

et. al (11), they showed the subgaleal drain to be an effective alternative, while being less 

invasive than the subdural drains. Zumofen et al (12) also conducted a study placing a 

passive drain in the subgaleal space with the argument that by placing the drain 

extracranially you avoid possible contact between the drain and intracranial structures, 

while at the same time being an easier, more cost-efficient procedure.  

 

Following this a study performed at the Universitety Hospital of North-Norway (UNN) 

together with St. Olavs Hospital in Trondheim and Karolinska Institute in Sweden three 

different drainage techniques were compared in a comparative parallel cohort study. The 

three different techniques were CID in the subdural space, AD in the subgaleal space and 
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PD in the subdural space. The AD group and the CID group yielded comparable lower 

recurrence rates than the PD group. AD had a significantly lower complication rate, while 

also being a less demanding drainage technique in terms of equipment, operation time and 

postoperative observation than the CID and was therefore implemented at UNN, replacing 

the CID in march of 2016 (13). 

 

The aim of this study was to evaluate results at UNN after changing to an active drain-

system from a continuous irrigation drainage-system in March 2016. The main objective of 

the study was to look at rates of recurrence demanding repeat-surgery, while secondary end-

points were complications, 30-day mortality and 90-day mortality. 

Method 

This was a comparative retrospective study, comparing the results of patients treated with 

CID and AD at UNN. We were looking to compare the patient population from between 

January 2005 to December 2010 (group B) against the patient population between March 

2016 to september 2019 (Group A). All of the patient data has been gathered from the 

patient administrative database (DIPS). Patients operated with the burr-hole technique 

followed by placement of an active drain in the period after March 2016 until September 

2019 at UNN were included in this study constituting group A. Group B data were used 

from an existing database in the Sjåvik study (13). In that study patients not treated 

according to policy were also included. Some patients were still treated with CID after 

March 2016, these were therefore included to make the two groups more comparable. 

Cases were identified in DIPS using the procedure code for evacuation of cSDH (AAD 10), 

case assertment procedures and data collection was done by manual review of the patient 

journal. Patients operated with craniotomy were excluded in both groups. 

 

149 patients were identified and eligible for this study in group A, 166 patients in group 

B. Registered variables were demographics, level of independence, comorbidities, pre-

operative symptoms, antiplatelet and anticoagulative medications, operation method, 

reoperation and post-operative complications. We defined a recurrence as a radiological 

finding together with clinical symptoms on the same side as the original cSDH occurring 

within six months of the operation needing reoperation, this is the same definition used by 

Sjåvik et al (13). The reasoning for choosing these variables were to ensure matching of 

the groups as well as possible with the study population used in the Sjåvik study (13) 
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(group B).  

 

The primary end point was the rate of recurrence, and if this rate was statistically different 

from the rate before changing drainage method. In addition to recurrence of the cSDH, we 

also looked at secondary end-points in the form of complications such as intracranial 

infections, hemorrhages demanding the need to convert to craniotomy in the peri-

operative period, pneumocephalus, acquired epilepsy, medical complications and other 

forms of intracranial hemorrhage. The complications were graded using the Landriel 

Ibañez classification scale for neurosurgical complications graded between I-IV. Grade I 

indicating any deviation from a normal postoperative course not requiring intervention, 

grade II indicating complications in need of intervention, grade III complications 

requiring admission to an ICU and grade IV indicating postoperative complication ending 

in death (14). Lastly we analyzed 30-day mortality and 90-day mortality. 

 

Firstly we compared the baseline data to make sure the two groups were comparable. We 

then compared the primary and secondary end-points to see if there was a statistical 

significant difference between the two groups. Categorical data were compared using a 

Pearsons Chi-Square test. Numerical data were compared using an independent t-test. 

Significance level was set to p < 0.05 on all tests. All statistical analysis were performed in 

Statistical Product Service Solutions software (SPSS). 

 

As this was a study ensuring best treatment, approval from the regional ethical committee 

(REK) was not necessary. This thesis required no interventions, examinations or contact 

with patients after treatment ended and therefore placed no further stress on the patients. 

The study was approved by data protection officials.  

Results 

Baseline characteristics between the two groups had some differences in terms of age 

(p=0.013) and level of independence (p=0.035), showing a younger and more independent 

population in group B. Male percentage, antiplatelet therapy, GCS, anticoagulant therapy 

and presenting symptoms were fairly equal and did not represent a statistical difference 

between the two groups. Baseline characteristics are presented in table 1. 
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Table 1 – baseline characteristics with p-values 

 

Variable Group A Group B p Value 

No. of patients 149 166  

Age mean (SD) 76 years (10) 73 years (11) p=0.013 

Males 98 (65.8%) 111 (66.9%) p=0.837 

Antiplatelet therapy 62 (41.6%) 52 (31.5%) p=0.058 

Anticoagulant therapy 26 (17.4%) 39 (23.6%) p=0.186 

Presenting symptoms    

Paresis 70 (47.0%) 89 (53.6%) p=0.240 

Dysphasia 38 (25.5%) 52 (31.3%) p=0.253 

Headache 71 (47.7%) 80 (48.2%) p=0.923 

Vomiting 8 (5.4%) 12 (7.2%) p=0.499 

Glasgow Coma Scale    

13-15 129 (86.6%) 142 (85.5%) p=0.791 

9-12 13 (8.7%) 21 (12.7%) p=0.262 

3-8 6 (4.0%) 3 (1.8%)  p=0.238 

Missing 1 (0.7%) 0 (0%) p=0.290 

Level of independence    

Independent 100 (67.1%) 129 (77.7%) p=0.035 

Home w/care 27 (18.1%) 17 (10.2%) p=0.044 

Nursing home 12 (8.0%) 20 (12.0%) p=0.241 

Missing 10 (6.7%) 0 (0%) p=0.001 

Table 1 showing baseline characteristics of patients in group A (treated with an active drain) and group B 

(treated with a continuous irrigation drain). 

 

Primary End Point: 

Of the 149 patients that qualified for this study in group A, 16 cases qualified as a recurrence 

(10.7%), compared to the CID cohort of 166 patients where 18 patients qualified as a 

recurrence (10.8%). When run through a chi-square test this gives us a p-value of over 0.05 
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and does not represent a statistical difference between the two groups (p=0.976). Results 

presented in table 2 and table 5. 

 

Table 2 – frequency of cSDH recurrence 

 

 
Recurrence 

Total Yes No 

Group A 16 (10.9%) 133 149 

B 18 (10.8%) 148 166 

Total 31 282 313 

Table 2 showing fequenzy of cSDH recurrence in group A (treated with an active drain) and group B (treated 

with a continous irrigation drain). 

Secondary End Points: 

12 patients in group A had complications (8.1%) compared to 24 (14.5%) in the CID cohort 

(group B). When put through a crosstabulation with Pearson chi square it does not represent a 

statistical significant difference between the two groups, giving us a significance of p=0.074, 

seen in table 3 and table 5. We also compared the difference between the two groups 

regarding complications graded two or worse on the Ibanez classification scale, indicating 

moderate to severe complications, showing no statistical differences between the groups 

p=0.420, presented in table 4 and 5. 30-day mortality was 4 (2.7%) in group A and 5 in group 

B (3.0%) (p=0.862). 90-day mortality was 4 (2.7%) in group A and 10 (6.0%) in group B 

(p=0.151). Primary-, and secondary end-points are summarized in table 5. 

Table 3 – frequency of complications 

 

 
Complication 

Total Yes No 

Group A 12 (8.1%) 137 149 

B 24 (14.5%) 142 166 

Total 35 278 313 

Table 3 showing frequency of complications in group A (patients tread with active drain) and group B (treated 

with a continous irrigation drain). 
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Table 4 – frequency of moderate to severe 

complications 

 

 
Ibanez II-IV 

Total Yes No 

Group A 6 (4.0%) 143 149 

B 10 (6.0%) 156 166 

Total 16 297 313 

Table 4 showing frequency of moderate to severe complications in group A (patients treated with active drain) 

and group B (treated with a continuous irrigation drain). 

Table 5 – primary –, and secondary end-points with p-values 

Variable Group A Group B p-value 

Recurrence 16 (10.7%) 18 (10.8%) 0.976 

Complications 12 (8.1%) 24 (14.5%) 0.074 

Ibanez II-IV 6 (4.0%) 10 (6.0%) 0.420 

30-day survival 4 (2.7%) 5 (3.0%) 0.862 

90-day survival 4 (2.7%) 10 (6.0%) 0.151 

Table 5 showing frequencies and p-values of primary- and secondary end-points when patients treated with an 

active drain (group A) were compared against patients treated with a continuous irrigation drain (group B) 

using Pearsons Chi-Square. 

Discussion 

This comparative study between group A (active drain) and group B (continuous irrigation 

drain) shows that there were no statistical difference between the rate of recurrence. The two 

groups were similar in baseline characteristics, other than age and level of independence 

indicating a younger and more independent patient population in group B. The presenting 

symptoms and level of consciousness were also similar. Indication for re-surgery were the 

same with both clinical symptoms and radiological findings before deciding to re-operate 

(department policy). Recurrences in the groups were the same, 16 in group A (10.7%) 

compared to 18 (10.8%) in the CID group, indicating that the active drain is not inferior to 

CID, even when placed extracranially.  
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There were fewer complications in group A than in group B, showing a tendency of better 

results in group A, although not statistically significant. Even though there were not 

statistically any difference between the groups, the relative small sample sizes means there 

would have to be a considerable difference to get a p-value <0.05. There still seems to be a 

clear tendency towards better results with an active drain, especially when looking at 

complications, which is reinforced when looking at other studies with similar end-points 

(13,15). When looking at the severity of complications; group A had 6 (4.0%) patients with an 

Ibanez-score of 2-4, while group B had 10 (6.0%) possibly indicating more serious 

complications regarding CID. Based on the baseline characteristics we would expect group B 

to have less complications if the two treatments were equal. This study shows a tendency of 

fewer complications in the older and less independent group A. In group A one patient had an 

Ibanez-score of 4, meaning complication resulting in death. This patient was first treated with 

an active drain, but due to an acute recurrence of the cSDH he was operated again the same 

day, this time with CID. Post-operatively the patient falls to a GCS of 3 along with the 

outgoing drain stopping to produce blood and the ingoing drain was shut. CT caput showed 

fresh blood products around the drainage-system and an increase in the hygroma which was 

then attempted evacuated at the ward unsuccessfully. Due to the patients age and sick history 

treatment was stopped and the patient dies a week later. This particular case could be 

attributed to multiple explanations, one being that CID is a procedure associated with higher 

complication-rates in other studies (13, 15), but also the fact that when implementing another 

procedure, the replaced procedure gets done less, and it becomes harder to keep this skill at an 

adequate level.  

Of particular concern is the fact that CID is based on infusion of fluid into the subdural space. 

This is done through an active drain, with a passive outgoing drain removing the irrigation 

fluid, blood products and improving brain re-expansion. A possible complication in a faulty 

outgoing drain will therefore potentially cause the treatment to acutely increase the 

intracerebral pressure of the patient, in worst case causing herniation. This is not an issue with 

the active drain, as there is no infusion of fluid into the patients intracranial space, making it 

in theory a safer alternative for draining the hematoma. Another complication of cSDH 

evacuation in general is an acute hemorrhage; the more invasive nature of the CID being 

placed into the subdural space could explain in part the higher frequency of complications 

reported in other studies (13, 15). By placing the drain in the subdural cavity you run the risk 

of an artificial object coming into contact with the subdural membrane or brain parenchyma 
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possibly causing irritation, infection, hemorrhage or direct damage to the brain (11-13). 

Although one earlier study done at UNN showed no increase in complications using CID 

versus passive drain (PD) or no drain (9). The active drain applied in this study on the other 

hand was placed between the skull and the scalp, in the subgaleal space (referred to as 

subperiosteal in some studies), thus making the active drain a less invasive technique, never 

coming into contact with intracranial structures and decreasing the chances of causing 

hemorrhage or deep brain infections, while at the same time being a technically easier method 

of applying a drain (12). 

Even though we were not able to produce a statistical significant results, this study did show a 

tendency of better results with the active drain, especially in terms of complications, while not 

being inferior to CID in terms of recurrences. The use of an active drain is a less resource-

demanding technique than CID. This includes a shorter operation time, less equipment needed 

and shorter observation time post-operatively, it is also as mentioned earlier a technically 

easier procedure than placement of a CID in the subdural cavity. We therefore believe that the 

use of an active drain is still preferable for the reasons above. 

Limitations of this study include retrospective limitations and a small study sample. Due to a 

relative short time frame and a low population number the total number of operating cases 

were fairly low, making it harder to produce significant results. Because of minor differences 

in variable registration, comparison of raw data in SPSS became technically problematic. 

Summarized data from group B were therefore used in the statistical analysis.  

Strengths of the study were that both study populations were treated and followed up at the 

same center. Operating theaters, indications for operating, operation teams and peri-operative 

routines were considered to be the same. Because of regional reference patterns in the 

Norwegian Health Care system, referral bias became a non-issue. 

Conclusion 

There were no differences between group A (treated with active drain) and group B (treated 

with continuous irrigation) in terms of rates of recurrence. There is a tendency of fewer 

complications in group A, than in group B, but there were no statistical significant difference 

between the two groups. 30-day mortality and 90-day mortality was the same between the two 

groups. In conclusion we did not find any significant difference between the two groups after 

converting to an active drain system in March 2016, but due to active drain requiring less 
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resources and being relatively less invasive it is still the preferred drainage method to treat 

cSDH. 
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