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Questions under study: General and local uses
of anaesthesia are the preferred common methods
in the surgical treatment of chronic subdural
haematoma (CSDH). The literature provides no
information regarding monitored anaesthesia
care during surgery of CSDH. In this report we
evaluate the clinical results of surgical treatment
for CSDH under monitored anaesthesia care. 

Method: Between 2001 and 2006 twenty con-
secutive patients with 24 CSDHs were surgically
treated under monitored anaesthesia care at one
institution. The clinical success of the procedure
under monitored anaesthesia care, patient satis-
faction, length of hospitalisation, anaesthesia-re-
lated complications and neurological outcome
were analysed. 

Results: Mean age was 60.9 years, with 15 pa-
tients aged over 60. ASA physical condition score

was IV in 11 patients, III in 1, II in 4 and I in 4. In
all patients CSDH was successfully drained by
burr hole craniotomy under monitored anaes-
thesia care. There was no anaesthesia-related
morbidity or mortality. Mean hospital stay was
4.5 days. 

Conclusion: Preliminary results indicate that
surgery for CSDH under monitored anaesthesia
care is safe and effective. Conscious sedation
using monitored anaesthesia care, that is a middle
ground between general anaesthesia and local
anaesthesia, may facilitate patient comfort and
surgical competence during surgery for CSDH.
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Summary

Chronic subdural haematoma (CSDH) repre-
sents one of the most frequent clinical entities en-
countered in daily neurosurgical practice [8–10,
17]. CSDH is more common among elderly pa-
tients, many of whom present with associated se-
rious systemic problems. Coexisting systemic dis-
ease usually poses a problem for general anaesthe-
sia in this particular patient group. On the other
hand, as an alternative method to general anaes-
thesia, local anaesthesia for surgical treatment of
CSDH is not consistently comfortable for either
patient or surgeon. In recent years conscious se-
dation using monitored anaesthesia care has been
employed in particular for patients undergoing
surgical or diagnostic procedures for whom gen-

eral anaesthesia carries a high risk [2, 6, 14, 25,
27]. This form of anaesthesia is considered a mid-
dle ground between general anaesthesia and local
anaesthesia, and can facilitate patient comfort and
surgical competence during the procedure. Cur-
rently, monitored anaesthesia care is commonly
used in various surgical procedures, and its safety
and efficacy has been proven by numerous stud-
ies. However, there is no report in the literature
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concerning surgical treatment of CSDH under
monitored anaesthesia care. In this study we share

our preliminary experience with monitored
anaesthesia care in CSDH surgery. 

Methods

Between 2001 and 2006, 20 consecutive ASA physi-
cal condition score (table 1) I–IV patients (16 males and 
4 females) with 24 CSDHs were treated surgically under
monitored anaesthesia care at the Department of Neuro-
surgery, University of Dicle, Turkey. After institutional
Ethics Committee approval patients or their relatives
gave written informed consent to participation in this
prospective clinical trial. Mean age was 60.9 years with a
range from 18 to 93 years. In our patients the common

presenting symptom was headache (80%), followed by
hemiparesis (50%). Two patients were admitted with the
symptoms of Jacksonian type seizures. Haematomas were
unilateral in 16 patients and bilateral in 4. Neurological
examination of the patients demonstrated hemiparesis in
10 patients (50%), hemihypoesthesia in 3 patients
(16.6%), confusion in 4 patients (20%), paraparesis in 
1 patient (5%) and dysphasia in 1 patient (5%), while
 neurological examination was normal in 2 patients (1%).

Status Disease state

ASA class 1 No organic, physiological, biochemical, or psychiatric disturbance

ASA class 2 Mild to moderate systemic disturbance that may not be related to the reason for surgery

ASA class 3 Severe systemic disturbance that may or may not be related to the reason for surgery 

ASA class 4 Severe systemic disturbance that is life-threatening with or without surgery 

ASA class 5 Moribund patient who has little chance of survival but is submitted to surgery as a last resort (resuscitative effort)

Emergency Any patient in whom an emergency operation is required
operation (E)

Table 1

American Society 
of Anesthesiologists
(ASA) physical status
classification.

Patient Age Gender Symptom Associated ASA-PS Initial Haematoma Operation Duration Postoperative Sat. sc. Follow-
No systemic disease MGS volume time of hospital MGS up

(mL) (min) stay (day) (mo)

1 63 M HA, dysphasia HT, Cardiac disease, 4 2 70 31 4 0 6 6
COPD

2* 77 M HA, paraparesis HT, COPD 4 2 75–30 58 5 0 5 9

3 18 M HA, hemiparesis – 1 2 100 35 4 0 6 5

4 71 M HA, hemiparesis – 1 2 125 32 6 0 5 8

5* 70 F HA, seizure HT 2 1 150–50 33 5 0 7 26

6 37 M HA, seizure – 1 1 70 40 3 0 6 28

7 57 M HA, hemiparesis Cirrhosis 4 2 100 36 5 0 3 28

8 66 M HA, hemiparesis DM, Cardiac disease 4 2 75 28 4 0 6 20

9 64 M HA, hemiparesis – 1 2 200 33 5 0 7 41

10 70 F Confusion Cirrhosis 4 2 75 31 3 0 5 63

11 73 M HA, HT, Cardiac disease 4 2 50 35 5 0 6 61
hemihipoesthesia

12 70 M HA, hemiparesis HT, Cardiac disease 4 2 100 27 6 0 6 39

13 30 M HA, hemiparesis Cardiac disease 2 2 50 31 7 0 7 64

14 62 M HA, Cardiac disease 2 2 75 33 5 0 7 39
hemihipoesthesia

15 55 M HA, Hepatitis C, Cirrhosis 4 2 100 41 4 0 7 7
hemihipoesthesia

16* 70 M Hemiparesis, Cirrhosis 4 2 80–50 63 6 1 5 9
confusion

17 65 F HA, hemiparesis HT, Cardiac disease 3 2 100 25 5 0 6 13

18*† 65 F Confusion AML, COPD 4 2 120–60 43 5 1 5 –

19 93 M Confusion HT, Cardiac disease 4 2 150 40 7 1 5 3

20 43 M HA, hemiparesis – 2 2 200 33 4 0 6 2

* Bilateral subdural haematoma presentation. † This patient died of a complication of primary systemic disease on 30th postoperative day. 
Abbreviations used in this table are: AML: acute myeloblastic leukaemia; ASA-PS: American Society of Anaesthesiologists physical status classification; 
COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; HA: headache; HT: hypertension; MGS: Markwalder’s neurological grading scale; 
Sat. sc: Likert-like satisfaction score (refer to fig 1).

Table 2

Patient characteristics. 
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Cardiac disease was the most frequent coexisting sys-
temic disorder (40%) among patients. Other associated
diseases in the patient group presented were hyperten-
sion, chronic obstructive pulmonary disease, cirrhosis, 
diabetes mellitus and acute myeloblastic leukaemia. Four
patients had no systemic disease. In confused patients,
any metabolic abnormality was ruled out to exclude the
underlying cause of the mental status which might be re-
lated to the coexisting systemic disease. ASA physical
condition score was IV in 11 patients (55.5%), III in one
patient (5%), II in four patients (11%), and I in 4 patients
(20%). The cases’ characteristics are shown in table 2. 

Patients’ pre- and postoperative neurological status
was evaluated by Markwalder’s Neurological Grading
Scale proposed for CSDH [15]: Grade 0: Patient neuro-
logically normal. Grade 1: Patient alert and oriented;
mild symptoms, such as headache; absent or mild symp-
toms or neurological deficit, such as reflex asymmetry.
Grade 2: Patient drowsy or disoriented with variable
neurological deficit, such as hemiparesis. Grade 3: Pa-
tient stuporous but responding appropriately to noxious
stimuli; severe focal. Grade 4: Patient comatose with ab-
sent motor response to painful stimuli; decerebrate or
decorticate posturing.

Anaesthesia procedure and operation

All surgical procedures were performed by one au-
thor (AG), and, similarly, monitored anaesthesia care was
carried out by one anaesthesiologist (SK). Patients were
excluded if they had a predicted difficult airway, a history
of allergy to midazolam, fentanyl or a local anaesthetic
drug, experienced memory or cognitive dysfunction, had
a history of drug or alcohol abuse, or were taking sedative
or analgesic drugs within two weeks prior to surgery. The
patients were interviewed the day before surgery by a
physician who explained the role of sedation and analge-
sia and the necessity of patient cooperation. No premed-
ication was given before the patient’s arrival in the oper-
ating theatre. On arriving in the operating theatre an in-
travenous (IV) canula was placed under local anaesthesia
in the non-dominant arm for administration of fluids and
IV medication. The CO2 output-line of the capnograph
was placed into one nostril to measure CO2 expired by
patient. Other standard monitors including electrocar-
diogram (ECG), noninvasive arterial pressure, peripheral 
arterial oxygen saturation (SpO2), and respiratory rate 
(RR) were also applied, and oxygen was administered at 
3 L/min with face masks. Baseline measurements of heart
rate, mean arterial pressure and SpO2 and RR were ob-
tained. The patients’ level of sedation was assessed by a

blind observer using the Ramsey Sedation Score [4, 23]:
Awake levels: Level 1) patient anxious and agitated or
restless or both; 2) patient cooperative, oriented and
tranquil; 3) patient responds to commands only. Asleep
levels are dependent on the patient’s response to a light
glabellar tap or loud auditory stimulus: Level 4) a brisk
response; 5) a sluggish response; and 6) no response. 

All patients received an IV bolus of midazolam 
0.03 mg/kg for induction [12]. Subsequently a continuous
infusion of midazolam was administered at an infusion
rate between 0.015–0.06 mg/kg/hr to generate level 2–3
of Ramsey sedation. 

Concomitantly, all patients were given a fentanyl 
0.5 mg/kg IV bolus followed by a continuous infusion
dose at a rate of 0.25 mg/kg/min. Pain during the proce-
dure was treated by a supplemental injection of fentanyl.
In the dysphasic patient, besides moaning, a 20% increase
in mean arterial pressure and a 10% increase in heart rate
compared to baselines were considered to be insufficient
analgesia, and 0.25 mg/kg supplemental fentanyl was 
administered five minutes before the surgeons began in-
filtrating the operative field with local anesthetics (2–3 ml
0.5% bupivacain).

The total dosages of the sedative and analgesic 
medications administered during the operation were
recorded. Surgical procedure was briefly as follows: de-
pending on the haematoma size, one burr-hole 2 cm 
in diameter for one side was made using a high-speed 
drill and a rongeur. Bilateral chronic haematomas were
drained from both sides at the same operation.
Haematoma evacuation was accomplished by dural and
haematoma membrane incisions and partial membrane
removal. Irrigation with saline was continued until the
haematoma liquid had a clear appearance. In all patients
haematoma evacuation was completed in a shorter period
with minimal or no discomfort. The midazolam and fen-
tanyl infusion was discontinued after placement of the
final skin suture. A closed drainage system was placed in
the subdural space and was left for 24–72 hours postoper-
atively. Mean operation time was 36.4 min (25–63 min-
utes). The patients were transferred directly to the recov-
ery room and were observed there for 1–2 hours until the
patients’ Ramsey sedation scale returned to level 1. 
Before recovery room discharge, patients were asked to
answer the question “How would you rate your experi-
ence with the sedation (or analgesia) you have received
during surgery?” using a 7-point Likert-like verbal rating
scale (fig. 1). In confused patients and in the dysphasic 
patient the test was deferred until their ability to express
themselves returned to normal level. 

Figure 1

A 7-point Likert-like
verbal rating scale 
for assessment of 
patients’ satisfaction
with intraoperative
sedation/analgesia.

1 2 3 4 5 6 7

Extremely Dissatisfied Somewhat Undecided Somewhat Satisfied Extremely
dissatisfied dissatisfied satisfied satisfied

Results

Majority of the patients (19 out of 20) were
completely satisfied with the anaesthetic manage-
ment; one patient expressed an unusual feeling
about the drilling procedure, which, in the pa-
tient’s words, continued only for a few seconds.
The mean satisfaction score among patients was
assessed as 5.8 (ranging from 3 to 7 points). Like-

wise, the surgeon was asked to rate his satisfaction
with patient sedation, using the same method and
scale at the end of surgery. The surgeon was com-
pletely satisfied with the anaesthesia procedure in
terms of patient cooperation, acceptable opera-
tion time and absence of intraoperative complica-
tions. 
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Mean hospital stay was 4.5 days (ranging
from 3 to 7 days). No medical or surgical and
anaesthesia related complications occurred. No
patient exhibited intraoperative respiratory de-
pression. One patient died of a complication 
of the primary disease (Patient no 18) on the 
30th postoperative day. All patients resumed their

prehaematoma level of function at the time of dis-
charge from hospital. Patients were followed-up
for 4–64 months (mean 24.9); in two patients
non-symptomatic residual subdural effusion per-
sisted. The rest did well during the follow-up 
period. 

Discussion

In our preliminary study we found that the
use of monitored anaesthesia care enhanced pa-
tient comfort and surgical competence during the
surgical procedure for CSDH. The majority of
our patients (19 out of 20) and also the surgeon
were satisfied with the anaesthesia procedure.
During the surgical procedure no agitation or dis-
comfort in any patient was observed. In the event
of cardiac problems and/or significant worsening
of hypertension, an additional dose of fentanyl or
midazolam was given to ensure surgeon comfort. 

At present institutions usually employ general
or local anaesthesia for the surgical treatment of
CSDH, depending on the medical condition of
their patient population and their surgeons’
needs. The literature includes reports of large sur-
gically treated CSDH series in which both anaes-
thesia methods were performed with minor com-
plications [7, 16, 13, 24]. In general, for patients
who have coexisting complex systemic disease
local anaesthesia is a more favoured method dur-
ing surgery for CSDH [5, 24]. Other factor in de-
termining the approach to  anaesthesia among in-
stitutions is the surgical procedure employed. The
surgical techniques used for subdural haematoma
evacuation vary from twist drill craniostomy to
large craniotomy procedures [7, 6]. In our institu-
tion we prefer extended burr hole craniotomy for
evacuation of subdural haematoma. Local anaes-
thesia for major procedures for bone removal may
sometimes be uncomfortable either for patient or
surgeon. General anaesthesia is therefore chosen
as the alternative method in these cases, which
may occasionally be harmful for patients with as-
sociated complex systemic disease. Moreover,
general anaesthesia may cause a delay in return to
normal levels of consciousness after a procedure
that does not permit rapid postoperative neuro-
logical examination and often necessitates an ur-
gent radiological evaluation to rule out the need
for immediate surgical evaluation. 

It is well known that awakening anaesthesia
for various neurosurgical procedures is widely
used [14]. As a further type of awakening anaes-
thesia monitored anaesthesia care can be consid-
ered the intermediate stage between general and
local anaesthesia, and it is also safely employed in
neurosurgery practice. Monitored anaesthesia
care has the potential for a deeper level of seda-
tion than that provided by sedation/analgesia, and
is always administered by an anesthesiologist. The

anesthesiologist’s continuous attention is directed
at optimising patient comfort and safety. Concep-
tually, monitored anaesthesia care is attractive be-
cause it involves less physiological disturbance
and allows more rapid recovery than general
anaesthesia [11]. 

Conscious sedation using monitored anaes-
thesia care can provide a clinical spectrum from
relaxation to moderate anaesthesia [11]. The stan-
dards for preoperative evaluation, intraoperative
monitoring and the continuous presence of a
member of the anaesthesia care team are no dif-
ferent from those for general or regional anaes-
thesia [11, 26]. A significant advantage of this care
is easy modification of the procedure from seda-
tion to general anaesthesia when needed [26].
During the procedure frequent changes in the
depth of sedation/anaesthesia are needed to pre-
vent complications such as excessive pain or respi-
ratory depression. An alert and cooperative pa-
tient is essential for adequate functional testing. 
A comprehensive preanesthetic evaluation is a
critical component of any monitored anaesthesia
care procedure. This is especially important be-
cause the patient population that presents for moni-
tored anaesthesia care has increasingly complex
coexisting disease. There is significant inter -
patient variability in response to sedative drug 
administration. The safe provision of monitored
anaesthesia care therefore demands the immedi-
ate possibility of securing and maintaining a
 patient airway and performing advanced life sup-
port techniques. The degree of noxious stimula-
tion varies during surgical procedure, requiring
frequent adjustments in the depth of sedation and
analgesia. Thus, sedation techniques should be
modified to account for interpatient differences in
age, general medical condition and particular
 requirements of the procedure. In general it is
preferable to use drugs with a shorter duration of
action to facilitate titration, earlier awakening and
a rapid return to normal life.

The combination of midazolam and fentanyl
is frequently used as part of monitored anaesthesia
care [2]. Some authors note that this combination
could cause intraoperative respiratory depression
[23], which we did not encounter in our patient
population. To prevent this complication low-
dose ketamine is suggested in combination with
midazolam instead of fentanyl [6]. 

In our initial experience, we have found
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shorter operative times compared with our previ-
ous cases, in which surgery was performed under
general anaesthesia. However, due to insufficient
retrospective data and also the small number of
the cases, we could not obtain statistical analysis.
It is obvious that shorter operative times are ben-
eficial to patients, decreasing the risks of throm-
boembolism, hypothermia, and intraoperative
 adverse events. Moreover, we have also found 
that less total bupivacain infusion is needed in
conjunction with monitored anaesthesia care. Al-
though it is more rarely encountered, high doses
of local anaesthetic may cause adverse systemic
effects in elderly patients. By using monitored
anaesthesia care these side effects may be dimin-
ished or prevented. One limitation of the present
study is the lack of any comparative group with a
different anaesthesia (local or general) method.
Another potential criticism is the low number of
patients.

The greater part of older CSDH patients
usually present with systemic disorders. Patients
over 60 years of age are prone to diseases such as
diabetes mellitus and cardiopulmonary co-mor-
bidities with several associated complications 
[6–8, 16, 20, 21]. In large CSDH surgery series
the incidence of morbidity and mortality was
 reported as 20–38% and 1–8.3% respectively, in
 patients with existing systemic disease who had
been operated on under local or general anaesthe-
sia [6, 7, 11, 13, 14, 16, 18]. 

No report can be found in the literature con-
cerning the surgical treatment of CSDH under
MAC. On the other hand, MAC has been used for
several surgical procedures such as cataract,
colonoscopy and liposuction with almost no com-
plications arising from the anaesthesia procedure
[1, 2, 26]. Although most of our patients (15 out of
20) had systemic diseases such as hypertension,
chronic obstructive pulmonary disease or diabetes
mellitus, we did not encounter any problems re-
lated to accompanying disease or possibly arising
from the anaesthesia method in the intra- and
early postoperative period. Given the limited

number of patients who were admitted to our
hospital with CSDH, we did not have the chance
to compare our MAC results with other anaesthe-
sia methods. Even so, when comparing ours with
the series in the literature that were performed
under other anaesthesia methods, MAC seems
safer in elderly CSDH patients. 

Airway control may be a major problem in
MAC, as intraoperative switchover to general
anaesthesia includes a time-consuming intubation
and interruption of surgery during a critical
phase. In our study, in the event of an airway
problem the use of naloxane as an antagonist of
fentanyl and flumazenil to reverse midazolam was
planned as the initial step [3, 10, 22, 19, 28]. Air-
way complications did not occur in our series and
we encountered no other anaesthesia-related
problems. 

In conclusion, our preliminary experience
suggests that monitored anaesthesia care with the
combination of small dose midazolam and fen-
tanyl provides adequate sedation and analgesia,
plus a high degree of patient comfort in CSDH
surgery procedures. In individuals who present
with CSDH and also coexisting complex systemic
diseases, monitored anaesthesia care can be safely
employed and the patients’ perceived risks of gen-
eral anaesthesia are avoided. Nonetheless, further
studies with large series are needed to confirm the
safety and also suitability of MAC in CSDH pa-
tients and to compare the results of this method
with those of other anaesthesia procedures.
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