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Conscious sedation for 
interventional neurora- 
diology: a comparison 
of miclazolam and 
propofol infusion 

Pirjo H. Manninen Mn FRCPC, Andrew SH Chan MSBS 
FRCA FRCPC, David Papworth MBBS FFARCS FRCPC 

P ~  The aim of this study was to compare two conscious sedation techniques, midazolam (M) and propo- 
fol (P), for interventional neuroradiology by assessment of the incidence of complications and satisfaction scores. 
Methods" Forty patients were randomized to receive 0.75 pg-kg -~ fentanyl and a M or P bolus followed by an 
infusion; (M 15/Jg.k~ t + 0.5 Aug'kg-~'min-'; P 0.5 mg'kE-' + 25/Ig'kg -I rain-'), The incidences of complications 
and untoward events requiring intervention were documented. These included respiratory depression, excessive 
pain, inappropriate movements and the inability to examine the patient. TI~ satisfaction of the anaesthetic tech- 
nique from the perspective of both the neuroradiolc~st and the patient was scored. 
][~b~ull~: The incidence and types of complications were not different between the two groups. Pain occurred in 
12 patients (6M, 6P), inappropriate movements in 17 (7M, lOP) and respiratory changes in I0 patients (2M, 8P). 
Conclusions, Both techniques were satisfa~.'-tory and the incidence of complications was similar for both groups. 

Object is Cette (~tude visait t~ comparer deux m&hodes de s~dation consciente, le midazolam (M) et le propo- 
fol (P) pour les interventions neuroradiologiques en ~valuant l'incidence des complications et le de~m~ de satis- 
faction. 
M~l :hod~ : Quarante patients ont 6t~ r~partis al~atoirement pour recevoir fentanyI 0,75/Jg'kg-' et un bolus 
de P ou de M suivi par une perfusion : (M 15 ilJg-kg -I + 0,5 ~g'kg -Imin-I; P 0,5 mg'k~ ~ + 25 pg'kg -I min-I). 
L'incidence des complications et des effets ind&irables r~cessitant une intervention a ~t~ e n r e g i ~ ,  La d~pres- 
sion respiratoire, la douleur exa~r~ae, les mouvements inappropri& et I'incapacit~ de subir rexamen ~taient con- 
sid&vas comme ind~irables. Un score &luivalent au degr~ de satisfaction i~ I'C~ard de la technique anesth~ique 
~tait attribu~ en tenant compte du point de rue de I'anesth&iste et de celui du radiologiste, 
P,~sultal~ �9 I'incidence et le type de complication ne diff&aient pas entre les deux groupes. La douleur a ~t~ 
rapportc~e par 12 patients (61'4, 6P), des mouvements inappropri~ chez 17 patients (7M, I 0P) et des aJt&ations 
de la respiration chez 10 patients (2M, 8P). 
C, o n c l ~ i o n  : Les deux techniques ont ~t~ satisfaisantes et I'incidence des complications ~atait la m~me darts les 
deux groupes. 
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M 
ANY patients with intracranial vascular 
lesions undergo investigational or ther- 
apeutic interventional neuroradiologi- 
cal (INR) procedures. These include 

embolization of  arterial venous malformations and 
vascular tumours, coiling of aneurysms, and balloon 
occlusion of the arterial supply of  these lesions t-s The 
procedures are not intrinsically painful but are often 
prolonged and require relative immobility through- 
out. Communication with the patient is usually main- 
tained in order to monitor cerebral function during 
critical periods. The anaesthetic management of these 
patients includes administration of sedative and/or  
analgesic agents. There is little information about the 
ideal anaesthetic agents for these procedures. The pur- 
pose of  this study was to compare tw9 techniques of  
conscious sedation, the infusion of  midazolam and 
propofol, to ascertain whether the newer agent, 
propofol, had any advantage over midazolam. We 
compared the incidence o f  complications related to 
anaesthesia and to the procedure, and the satisfaction 
of  the anaesthetic technique from the perspective of  
the neuroradiologist and the patient. 

Methods 
After approval from the institutional ethics review 
board, informed consent was obtained from 40 
patients scheduled for INR procedures. Patients were 
randomly allotted into two groups to receive either 
midazolam (group 1) or propofol (group 2). The neu- 
roradiologist and patient were unaware of the agent 
used. Postoperative evaluation was performed by an 
investigator not involved in the care of  the patient. 
Patients received no preoperative medication before 
coming to the radiology suite. On arrival, they were 
positioned comfortably on the radiology table and an 
infusion with normal saline was started. All patients 
were monitored with a noninvasive blood pressure 
cuff, ECG, pulse oximeter and end-tidal capnogram 
via nasal prongs or face mask which also supplied the 
patient with continuous supplemental oxygen. All 
patients received 15 )ag.kg -1 midazolam and 0.75 
}ag.kg -1 fentanyl iv before the access area was prepared 
and draped and scout films taken. Just before the infil- 
tration of the access area by the neuroradiologist with 
a long acting local anaesthetic agent (bupivacaine), 
conscious sedation was started. Group 1 patients 
received an additional dose of 7.5-15 )ag.kg -1 midazo- 
lam, if required, followed by an infusion at 0.5 
lag.kgq.min -1. Those in group 2 received a bolus of 
0.25-0.5 mg.kg q propofol followed by an infusion of 
propofol, 25 )ag.kg-l.min -1. Infusion rates were adjust- 
ed by increasing or decreasing the rate to maintain an 

objective conscious sedation level of mild sedation, 
which was defined as the patient resting comfortably, 
but easily arousable and alert to obey commands. The 
infusion was stopped during critical periods such as 
during the occlusion of  a major vessel or immediately 
following embolization to allow for precise neurolog- 
ical examination. Fentanyl 0.5 lag.kg -1 or 15 lag.kg -1 
droperidol was administered as needed for excessive 
pain or nausea and vomiting, respectively. 
Neurological assessment of  the level of  consciousness, 
(whether patient was fully awake and orientated, 
drowsy and/or  confused, or unresponsive) and of  
appropriate centres such as speech, memory, and 
motor and sensory function were tested intermittent- 
ly throughout the procedure and repeatedly during 
critical events. Cardiovascular (heart rate and blood 
pressure) and respiratory (SpO2, PETCO2 and respira- 
tory rate) variables were continuously monitored. All 
patients received heparin (100 units.kg -1) prior to 
embolization or occlusion of  an artery. At the end, the 
action of heparin was reversed with 0.5 mg.kg -~ prot- 
amine, unless the femoral catheters were left in  situ. 

The anxiety score of the patient was noted on 
arrival in the radiology suite. This was graded as "0" 
for none or minimal signs of anxiety such as agitation, 
sweating, tearing or verbal expression by the patient. 
A score of  "1" was moderate and "2" for severe anxi- 
ety. All complications or undesirable events requiring 
intervention, were documented. Respiratory variables 
included oxygen desaturation (SpO 2 < 90%), hypercar- 
bia (PETCO 2 > 45 mmHg), respiratory rate (< 8 bpm), 
airway obstruction, and snoring. Other events noted 
were excessive pain or distress, restlessness or inappro- 
priate movements, excessive sedation, loss of coopera- 
tion by the patient and the inability to perform 
neurological testing. Also noted were any "reruns" 
that were required due to patient inability to lie still 
during angiograms and especially during the super 
selective films. The other major complications noted 
were the cessation of  the procedure or the need for 
induction of general anaesthesia. All technical and 
procedure related complications were documented. 

At the conclusion of  the procedure the ueuroradi- 
ologist was asked to give a visual analogue score (VAS) 
on a scale from 0 to 10, where "0" referred to cases 
where the procedure had to be abandoned or general 
anaesthesia induced due to inappropriate sedation, 
and "10" referred to cases where the patient was fully 
cooperative in all respects. One hour after arrival in 
the recovery room or in the neurointensive care unit, 
the patient was asked to state a VAS for overall saris- 
faction with their anaesthetic management. Their sat- 
isfaction was assessed by questioning the patients 
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about recall of  their comfort level, of  painful or 
unpleasant events during the procedure. They were 
then asked to grade the VAS from "0" being the worst 
experience they have ever had to "10" being a good 
experience and they would undergo it again if need 
be. Any complications including unexpected neuro- 
logical deficits were noted. Patients were assessed 
again the following day. 

Statistical analysis was performed by Student's T 
test and chi square testing, where appropriate. Results 
are given as mean • standard deviation. P < 0.05 was 
considered significant. 

Results 
Forty patients were studied, 20 in each group. There 
were no differences between the two groups with 
respect to demographics, and the types of  procedures 
performed (Table I). The anxiety scores prior to the 
procedure were not different (midazolam 1.2 • 0.8, 
propofol 0.9 • 0.7). The VAS scores for both neuro- 
radiologist (midazolam 8.9 • 1.1, propofol 9.0 • 1.2), 
and patients (midazolam 8.6 • 2.3, propofol 9.2 • 1.0) 
showed satisfaction with the anaesthetic techniques 
and were not different. The doses of  the anaesthetic 
agents required are shown in Table II. There was a 
tendency for patients in the midazolam group to 

TABLE I Demographics 

Midazolam Propofol 

Age (yr) 44 • 18 48 • 18 
Weight (kg) 70 • 13 71 • 13 
Sex (M:F) 12:8 9:11 
LESION 
AVM (n) 12 12 
Tumour (n) 5 7 
Aneurysm (n) 3 1 
PROCEDURE 
Duration (min) 108 • 46 129 • 63 
Embolized (n) 9 13 
Attempted embolization (n) 5 3 
Test occlusion (n) 6 4 

Values are mean • SD 
n= number o f  patients 

TABLE II Dosage of  Anaesthetic Agents 

Midazolam Propofol 

Total Study Agent 
mg 6.7 • 5.1 263 • 124 
mg.kg '-I 0.08 + 0.06 3.8 • 1.7 
Fentanyl 
lag 92 • 50 70 • 26 
lag.kg -1 1.3 • 0.74 1.0 • 0.42 

Values are mean • SD 

require more fentanyl but this was not statistically sig- 
nificant. Two patients in each group received droperi- 
dol at the beginning of the procedure in anticipation 
of nausea. 

The incidence and types of  complications that 
occurred were not different between the two groups 
(Table III). The percentage of patients in each group 
who had at least one complication was not different 
(midazolam 40%, propofol 62%). There was no differ- 
ence in the number of  different types of  complications 
per patient in each group (midazolam 0.6 • 0.8, propo- 
fol 0.9 • 0.9). Twelve patients complained of pain or 
moderate discomfort, requiting additional analgesia, 
five during the placement of the catheters and five 
patients complained of a hot sensation or headache 
during embolization. Two patients developed an 
uncomfortable flushing sensation from the protamine. 
One patient in the midazolam group developed severe 
headache and nausea after 30 min. of balloon occlusion 
of  the carotid artery in preparation for surgical treat- 
ment of her tumour. This pain continued for several 
hours despite release of the occlusion. One patient in 
the midazolam group became uncooperative two hours 
after the start of the procedure. Because his lesion was 
a very difficult AVM to embolize, the procedure was 
abandoned with the plan to repeat embolization with 
general anaesthesia at another time. No patient 
required induction of  general anaesthesia during the 
procedure. Inappropriate movements or episodes of 
restlessness during critical periods occurred in 17 
patients. In all patients, but three, this happened only 
once. These episodes interfered with the angiograms 
(requiring reruns) in three patients. Oversedation lead 
to respiratory changes in 10 patients. There was only 
one technical complication in this series, the loss of the 
tip of a catheter in the patient (midazolam group), but 
there were no clinical sequelae. 

Since there was little information regarding anaes- 
thetic techniques during INR, the initial analysis of  
sample size for this study was based on previous work 
which compared the effectiveness of  sedation with 

TABLE III  Complications (Number of  Patients) 

Midazolam Propofol 

Pain 6 6 
Nausea 1 1 
Uncooperative 2 0 
Inappropriate movements 7 10 
Reruns I 2 
Respiratory changes* 
Oversedation 2 8 
Neurological 0 0 

*Respiratory changes = snoring, obstruction, SpO 2 < 90%, respi- 
ratory rate < 8 bpm 
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midazolam and propofol. We were unable to detect 
any differences between midazolam and propofol, but 
the power of  our study was inadequate to prove that 
the groups did not differ in all areas. Power analysis 
calculated on the incidence of  complications, using ct 
of  0.05 showed that the power of  our study was only 
55%. To obtain a power of  80%, 48 patients would be 
required in each group. 

The immediate outcome of  the procedure was clas- 
sified as embo|ized if the intended procedure for that 
day was successful (Table I). Attempted procedures 
were the cases where the lesion was not  embolized 
due to the nature of  the lesion or anatomical reasons 
making it technically impossible to do. Ten patients 
underwent a trial occlusion of  the carotid artery with 
an inflated balloon for 30 min. In three patients the 
balloons were left in place for permanent treatment of  
the aneurysm. We were unable to perform follow up 
assessments on most patients the next day as they were 
transferred to other hospitals, sent home, or to 
surgery the same or the next morning. Also, many 
patients underwent definitive treatment of  their lesion 
(surgery, radiotherapy) at other institutions. 

D i s c u s s i o n  
Many INR procedures in adults do not require gener- 
al anaesthesia and the usual approach has been to pro- 
vide light intravenous sedation with careful 
monitoring. 6-9 The goals of  conscious sedation anaes- 
thesia are alleviation of  pain, discomfort, anxiolysis, 
and provision of  patient immobility. The procedures 
generally are not painful but discomfort and pain may 
occur at certain times such as the insertion of  the 
catheters during embolization or the "hot  flush" that 
occurs during the injection of  contrast media into the 
cerebral arteries. Also, the patient will experience dis- 
comfort from lying still on an uncomfortable table. 
Patient immobility is extremely important particularly 
during the finer angiography, and embolization. 
Aalxiolysis is required as the procedure may be very 
stressful to the patient with the knowledge that there 
is a risk of  stroke, or even death. On the other hand, 
the patient's cooperation is frequently required for 
neurological assessment, especially during periods of  
critical events such as balloon occlusion of  a major ves- 
sel, or immediately after the embolization of  an elo- 
quent area. 

Conscious sedation may be defined as a minimally 
depressed level of  consciousness, where the patient is 
able to maintain their airway and respond appropri- 
ately to commands. In our study, we did not measure 
levels of  sedation but rather counted untoward events 
(respiratory changes, excessive pain, restlessness, or 

the inability to respond to commands) as complica- 
tions. To achieve appropriate levels of  conscious seda- 
tion a variety of  anaesthetic agents and regimens is 
possible and has been used. 6-s We chose to study an 
infusion technique using two commonly used drugs, 
midazolam and propofol, and supplemental fentanyl. 
We aimed our dosages to obtain a level of  mild seda- 
tion which we defined as a state where the patient is 
calm and tranquil, but easily aroused. Midazolam was 
chosen because of  its widespread use as a sedative 
agent in  many areas of  anaesthesia, surgery and the 
intensive care unit and propofol was selected because 
of  its increasing use for similar purposes. Midazolam 
has amnesic, anxiolytic, sedative and anticonvulsive 
properties3 ~ Because of  its rapid elimination midazo- 
lam can be easily administered by continuous iv infu- 
sion at a rate of  0.5 to 1.0 lag-kg-~.min-~. H-is We 
chose the lower value as we wanted our patients to be 
relatively alert. Propofol is a newer agent that has sim- 
ilar properties and uses to midazolam. 14,1s The poten- 
tial benefits of  propofol for sedation when compared 
with midazolam include more rapid titration of  a level 
of  sedation and faster return of  clear-headed- 
ness. 11,12,16,17 The rapid recovery is important in INR 
as the patients need to interact for neurological assess- 
ment at many points during the procedure. The rec- 
ommended dose for sedation with propofol is 25 to 
75 lag-kg-~.min -~ following a loading dose of  
0.5mg.kg-1. is The dosage levels of  both agents that 
we used have been shown to produce similar levels of  
conscious sedation, l l,~3,16 An analgesic was added to 
provide pain relief from the more painful parts of  the 
procedure and also to decrease the discomfort from 
lying on a hard table. Fentanyl was chosen as the anal- 
gesic because of  its effectiveness, general acceptance 
and short duration of  action. An antiemetic, droperi- 
dol, was available for nausea, but was not required in 
any of  these patients during the procedure. Both 
groups were given similar basal sedation ofmidazolam 
and fentanyl in the radiology suite to help with the ini- 
tial anxiety and discomfort from positioning. It "was 
not possible to standardize a premedication routine 
before arrival in the radiology suite as our patients 
came through many different routes such as same day 
admission or from other hospitals. There was no dif- 
ference in the amount of  fentanyl required between 
the two groups. 

Complications may occur from the chosen anaes- 
thetic agents and techniques, such as oversedation or 
excessive pain. Patients may also become uncoopera- 
tive or disinhibited due to the agents used. In our 
series, 17 patients had episodes of  restlessness or inap- 
propriate movement at critical times. These episodes 
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mostly happened only once in each patient and reruns 
were only required three times. These events may 
result from inadequate analgesia or anxiolysis or may 
also occur when a patient is oversedated and falls to 
follow commands. The incidence o f  the anaesthetic 
related complications was not  great and there was no 
difference between the two groups. 

There are a number o f  complications that may 
result from the technical aspects o f  INR procedures, 
the two most serious are cerebral infarction and haem- 
orrhage. Infarction may occur from thrombosis, or 
misplacement or occlusion o f  a vessel by a catheter, 
balloon or embolic material. Haemorrhage may occur 
from the rupture o f  a vessel or of  the lesion itself. 
Careful neurological testing may give the first clue to 
the development ofischaemia. This will allow for rapid 
cessation o f  the procedure a n d / o r  treatment o f  the 
patient. The incidence o f  serious complications, such 
as permanent neurological deficits, in these proce- 
dures varies from 4 to 27%. 3-s,Is In this series there 
were no major complications. 

The tolerance of  occlusion o f  a major artery such as 
the internal carotid for occlusion during surgery and 
occasionally for the permanent  t reatment  o f  an 
aneurysm is tested usually for 20-30 min. In one 
patient in our series this was performed in preparation 
for the intraoperative trapping o f  a giant aneurysm. 
With this patient we used induced hypotension with 
sodium uitroprusside and esmolol to achieve a mean 
pressure o f  50-60 mmHg,  which the patient tolerated. 

The satisfaction o f  the anaesthetic techniques, as 
evaluated by the neuroradiologist, showed no differ- 
ence between propofol and midazolam. In the patient 
satisfaction scores there was again no difference 
between propofol or midazolam. However, we were 
only able to evaluate the immediate score, and did not  
perform follow-up assessments. 

In conclusion, we found that both techniques o f  
conscious sedation, midazolam and propofol with fen- 
tanyl were satisfactory for INK procedures where 
patient cooperation is required. 
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