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1. INTRODUCTION 
 
 
The speciality of anaesthesia has seen major advances thanks to the 
development of safer anaesthetic agents and techniques, improved knowledge 
of pain physiology and pain management, and incorporation of a better 
understanding of perioperative pathophysiology into perioperative care. The 
last two to three decades have seen an increase in the use of regional 
anaesthesia techniques for both anaesthetic and analgesic indications in almost 
all surgical subspecialties. Primarily this has been the result of an increasing 
awareness of the benefits that those methods can bring to an aging population 
receiving many new forms of drug therapy for a wide range of intercurrent 
disease and undergoing a constantly evolving spread of surgical procedures. 
The most obvious of those benefits is a reduction of postoperative pain. 
Recently published outcome data have suggested that patients undergoing 
regional anaesthesia or regional anaesthesia combined with general anaesthesia 
may actually have decreased morbidity and mortality when compared with 
patients undergoing general anaesthesia alone (Rodgers et al., 2000; Rasmussen 
et al., 2003). 

There is increasing evidence that for hip arthroplasty techniques using 
regional anaesthesia do not only have a pronounced inhibitory effect on the 
stress response but also have beneficial effects on outcome variable such as 
blood loss and thromboembolic complications (Modig et al., 1983; Jørgensen et 
al. 1991; Kehlet, 1994; Kehlet and Wilmore, 2002). The metabolic effects of 
afferent blockade with local anaesthetics are further enhanced if the block is 
maintained postoperatively for pain treatment (Kehlet, 1998). 

One of the most often used techniques of regional anaesthesia is a spinal 
anaesthesia. Spinal anaesthesia is an old, simple and safe anaesthetic technique 
(Bier, 1899; Dripps, 1954). Spinal anaesthesia interrupts transmission of nerve 
impulses produced by the injection of the local anaesthetic into the 
subarachnoid space. Single shot and continuous applications are techniques for 
providing spinal anaesthesia. Continuous spinal anaesthesia (CSA) is the 
technique of producing and maintaining spinal anaesthesia with small doses of 
local anaesthetic, which are injected intermittently into the subarachnoid space 
via an indwelling catheter. A continuous technique with incremental injections 
of small and safe doses of local anaesthetic or with very low continuous 
infusion of local anaesthetic through a subarachnoid catheter produces an 
effective block compared to single shot spinal anaesthesia with greater 
haemodynamic stability (Klimscha et al., 1993; Favarel-Garrigues et al., 1996). 
CSA is now a proved effective technique for producing profound intra-
operative analgesia and motor blockade (Denny and Selander; 1998). The use 
of catheter technique also allows providing flexible pain therapy in the post-
operative period (Standl et al., 1995a). Among the development of modern 
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catheter techniques for spinal anaesthesia in major orthopaedic and vascular 
surgery recently new local anaesthetics e.g. levobupivacaine and ropivacaine 
have been introduced into clinical practice. Preliminary results have shown that 
these newer local anaesthetics may be significantly less carditoxic and 
neurotoxic than bupivacaine (Scott et al., 1989; Knudsen et al., 1997; Huang et 
al., 1998; Morrison et al., 2000; Malinovsky et al., 2002; Yamashita et al., 
2003). However, little is known about the required doses of various local 
anaesthetics in major orthopaedic surgery when CSA is applied. This series of 
studies was designed to assess local anaesthetic dose requirements and some 
factors affecting them in patients undergoing hip replacement surgery under 
CSA. 
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2. REVIEW OF THE LITERATURE 
 
 

2.1. History of CSA 
 
Spinal anaesthesia was introduced by Bier in 1899 (Bier, 1899). Within seven 
years after these initial experiences, the concept of CSA was described in 1906 
by Dean, a British surgeon, who wrote of placing a needle in the subarachnoid 
space and leaving it in situ so that repeated doses of local anaesthetic could be 
injected (Dean, 1906). In 1940, a malleable needle, which could be left in the 
subarachnoid space allowing intermittent injection of local anaesthetic via a 
rubber tube, was described (Lemmon, 1940). The catheter technique was first 
described in 1944 by Edward Tuohy who devised a technique of inserting a 
ureteral catheter 4–5 cm into the subarachnoid space via a 15-gauge Huber 
point needle and initiating spinal anaesthesia with incremental doses of local 
anaesthetic (Tuohy, 1944). He described CSA as a safe and versatile technique 
without significant problems of postdural puncture headache (PDPH) (Tuohy, 
1945). In the early 1950s, a high incidence of paraesthesia and low success 
rates with CSA was reported, and this led to a decline in the use of this 
technique (Dripps, 1950). Fears that CSA would result in a higher incidence of 
PDPH and neurological complications, together with the development of the 
continuous epidural anaesthetic technique, further discouraged the use of CSA 
(Curbello, 1949). In 1964, the use of 20- or 21-gauge needles with smaller 
catheters was advocated (Bizzari, 1964). 

When CSA was reintroduced in the mid 1980s, the advantages described 
were: excellent control of segmental spread and duration; effectiveness of small 
doses of local anaesthetic; and decreased risk of cardiovascular side effects. The 
incidence of PDPH also seemed low, especially in elderly patients (Denny et 
al., 1987). Later microcatheters, which make the CSA technique suitable for use 
in young patients without incurring an unacceptable risk of PDPH, were 
popularized (Hurley and Lambert, 1987). However, not only was it difficult to 
show a decreased frequency of PDPH, but also serious neurological adverse 
events were reported after the use of microcatheters with high concentration of 
hyperbaric local anaesthetics (Rigler et al., 1991; Schell et al., 1991). As a 
consequence, in 1992 the Food and Drug Administration (FDA) of the USA 
banned the use of spinal catheters thinner than 24-gauge (FDA Safety alert, 
1992). 
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2.2. Nervous system anatomy 
 
The spinal cord is approximately 45 cm long in the adult. It has an elongated 
cylindrical shape but is somewhat flattened antero-posteriorly. The cylinder is 
not uniform in diameter, but bears cervical and lumbar enlargements that 
correspond to the origins of the brachial and lumbo-sacral plexuses. It begins at 
the level of foramen magnum and below, the spinal cord narrows into the conus 
medullaris, from which the filum terminale continues down to become attached 
to the coccyx.  

The nerves below the conus medullaris form the cauda equina. The spinal 
cord has three covering meninges: the dura mater, arachnoid mater and pia 
mater (see Figure 1).  
 

 
 
Figure 1. The spinal cord with meninges. 
1) The spinal cord 
2) The arachnoid mater  
3) The dura mater  
 
Dura mater, the outermost membrane, is a tough, fibroelastic tube the fibers of 
which run longitudinally. Arachnoid mater is the middle of three coverings of 
the brain and spinal cord. It is delicate nonvascular membrane closely attached 
to the dura and, with it, ends at the lower border of S2. Pia mater is a delicate, 
highly vascular membrane closely surrounding the spinal cord and brain. The 
subarachnoid, subdural and epidural spaces are three compartments which are 
related to spinal meninges. The subarachnoid space contains the cerebrospinal 
fluid (CSF). This space communicates with the tissue spaces around the vessel 
in the pia mater. The subdural space is a potential one only; the arachnoid is in 
close contact with the dural sheath and is separated from it by a thin film of 
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serous fluid. The epidural space is the area outside the dura but within the 
vertebral canal. In extensive areas, the epidural space is empty, and constitutes 
a plane of contact between the dura with the pedicles and lamina of the vertebra 
and the ligamenta flava. Elsewhere it contains fat, nerve roots, blood vessels 
and lymphatics. The epidural contents are not uniformly distributed, but appear 
in compartments. At birth, spinal cord ends at the level of L3 but rises during 
growth to end in adult life at the lower border of L1. There are normally 31 
pairs of symmetrically arranged spinal nerves, which are attached to the spinal 
cord by two roots. Both the anterior and posterior roots arise from the cord as 
several filaments, or rootlets. Each nerve is formed by the fusion of an anterior 
(ventral) and posterior (dorsal) root (see Figure 2).  
 

 
 
Figure 2. Axial view of spinal cord.  
1) Posterior root  
2) Anterior root  
3) Spinal grey column 
 
 
The anterior roots are motor and emerge in series from the anterior grey column 
of the spinal cord. The posterior roots are sensory and enter the cord in series 
along a postero-lateral groove overlying the posterior grey column. Each 
posterior root carries a ganglion, immediately distal to which the anterior and 
posterior roots meet to form a spinal nerve.  

The spinal cord is supplied with blood from the spinal branches of the 
vertebral, deep cervical, intercostals and lumbar arteries. Those spinal branches 
divide into anterior and posterior radicular arteries which travel along the nerve 
roots to reach the cord, and divide to form a plexus of arteries in the pia mater. 
Although the major purpose of the branches is to serve as blood supply to the 
spinal nerve roots, only a few feed into the anterior spinal artery. There is also a 
direct supply from the aorta usually at the level of 11th thoracic intervertebral 
space. This artery is termed the artery of Adamkiewicz and may be a major 
source of blood to the lower half of the spinal cord in some patients. The 
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anterior spinal artery supplies the whole of the cord in front of the posterior 
grey columns. The posterior spinal arteries supply the posterior grey and white 
columns on either side. There are no arterial anastomoses within the cord, 
though there is some overlap in distribution. The venous drainage comprises a 
plexus of anterior and posterior spinal veins that drain along the nerve roots 
through the intervertebral foramina into the segmental veins. At the foramen 
magnum the segmental veins communicate with the medullary veins. 
(Bridenbaugh et al., 1998; Hogan, 1999; Ellis et al., 2004). 
 
 

2.3. Characteristics of the CSF 
 
Cerebrospinal fluid is formed by secretory cells of the chorioid plexus which 
project into the lateral, third and fourth ventricles. CSF then flows via the third 
ventricle through the aqueduct and fourth ventricle to escape by two lateral 
foramina of Luschka and the median foramen of Magendie into the 
subarachnoid space around the brain and spinal cord (see Figure 3). 
 

 
 
Figure 3. Ventricles of CNS.  
1) The lateral ventricle 
2) The third ventricle  
3) The fourth ventricle  
4) Foramen Magendi  
5) Foramen Luschka 
 
 
The total CSF volume in an average adult is about 150 ml, approximately half 
of which is intracranial. The remainder lies within the spinal subarachnoid 
space and represents the volume through which the injected solution can 
distribute. In adults, CSF is produced at a rate of 0.35–0.40 ml min–1 or 500–
600 ml per day. The turnover time for total CSF volume is about 5–7 hours 
(Hammock and Milhorat, 1983). Resorption of CSF is mainly into the venous 
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system via arachnoid villi, which are areas where the arachnoid invaginates into 
large venous sinuses. Some CSF is absorbed around spinal nerves into spinal 
veins and through the ependymal lining of the ventricles. CSF is an isotonic, 
aqueous medium with a constitution similar to interstitial fluid. The mean 
density of CSF at 37°C is 1.0003 g litre–1, with a range of 1.0000–1.0006  
(± 2SD) g litre–1. All the physiological variation is within the fourth place of 
decimals. Human CSF density is not uniform, however, and varies according to 
age, sex, pregnancy, and illness (Davis and King, 1954; Döbler and Nolte, 
1990; Richardson et al., 1996; Lui et al., 1998; Schiffer et al., 1999; Schiffer et 
al., 2002). 

The volume of the cerebrospinal fluid has obvious relevance as a 
determinant of dilution of drugs in the subarachnoid space. It has been shown in 
the measurements of lumbosacral CSF volume that there is great inter-
individual variability in CSF volume. From the T11/T12 disc to the sacral 
terminus of the dural sac, measured by MRI the mean volume for all subjects 
was 49.9 ± 12.1 ml, with a range 28.0–81.1 ml. This volume was significantly 
less in relatively obese subjects (42.9 ± 9.5 ml) than in non-obese subjects  
(53.5 ± 12.9 ml). Abdominal compression decreased CSF volume by 3.6 ±  
3.2 ml by displacing tissue into vertebral canal through the intervertebral 
foramina rather than by changing the venous volume (Hogan et al., 1996). In 
another study, lumbosacral CSF volumes ranged from 42.7 to 81.1 ml 
calculated from MRI and those volumes of CSF correlated with pinprick 
assessments of peak sensory block height and duration of surgical anaesthesia 
(Carpenter et al., 1998). The lower the CSF volume is, the higher the peak 
sensory height will be during spinal anaesthesia. It was concluded that the 
variability in lumbosacral CSF volume is the most important factor identified 
that contributes to the variability in the spread of spinal sensory anaesthesia 
(Carpenter et al., 1998). Those findings may explain the unpredictability of 
spinal anaesthesia in clinical practice (Lacassie et al., 2005). However, these 
findings will probably not be helpful for guiding local anaesthetic dosing be-
cause CSF volume can not be measured before anaesthesia, is highly variable, 
and is not easily predicted by patient characteristics (Carpenter et al., 1998). 

MRI studies have shown that CSF is not static but vigorously oscillates 
with arterial pulsations (Enzmann and Pelc, 1991; Greitz et al., 1993; Henry-
Feugeas et al., 2000). Recently it has been indicated that CSF velocity 
influences the extent and duration of plain bupivacaine spinal anaesthesia 
(Higuchi et al., 2004).  
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2.4. Characteristics of local anaesthetics 
 

2.4.1. Mechanism of action 
 
A propagated nerve impulse involves a wave of depolarisation, followed by 
repolarisation, passing along the nerve fibre. In the resting mode, the nerve 
fibres are polarised. The electrical spike caused by depolarisation triggers the 
adjacent membrane, such that the sodium channels in that section of the fibre 
open in their turn, allowing the inward flow of sodium ions and depolarisation. 
Thus each depolarisation/repolarisation that occurs triggers a similar process in 
the adjacent membrane and this passes along the nerve from one end to other. 
Local anaesthetic solutions cause reversible blockade of impulse propagation 
along nerve fibres by preventing the inward movement the sodium ions through 
the cell membrane of the fibres. This inhibition occurs in a manner that is both 
time dependent and voltage dependent and results in an increased threshold for 
activating the action potential, resulting the spread of the electric impulse along 
the nerve fibres with complete block of their function (Berde and Strichartz, 
2000). 
  
 

2.4.2. Anaesthetic potency,  
speed of onset and duration of action 

  
The clinically important properties of the local anaesthetics are potency, speed 
of onset and duration of action. These are determined by the dissociation 
constant pKa, lipid solubility and degree of binding to protein.  Bupivacaine, 
levobupivacaine and ropivacaine are local anaesthetics of the amino amide 
group, which have rapid onset and long-lasting action. They have very similar 
characteristics of chemical and physical properties. A low pKa favours rapid 
onset of local anaesthetics. The duration of action of those three local 
anaesthetics is related to high degree of protein binding. The only difference is 
that ropivacaine is much less lipophylic than the two other molecules. 
Bupivacaine is a racemic mixture including both S (–) and R (+) enantiomer, 
while levobupivacaine is the S (–) enantiomer of bupivacaine. Ropivacaine is a 
pure S (–) enantiomer. Ropivacaine is slightly less potent than bupivacaine 
(Polley et al., 1999). Studies comparing bupivacaine and levobupivacaine have 
concluded that the racemate and its active S (–) enantiomer have similar 
anaesthetic potency (Lyons et al., 1998; Alley et al., 2002). Levobupivacaine 
has some inherent vasoconstrictor properties, causing longer duration of action 
compared with bupivacaine in epidural anaesthesia (Kopacz et al., 2000).  
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2.4.3. Toxicity of local anaesthetics 
 
Local anaesthetics show adverse effects both on the CNS and cardiovascular 
system if administered in high enough doses. The CNS is usually more 
sensitive to local anaesthetic toxicity than the cardiovascular system. Thus signs 
of CNS toxicity are usually evident before signs of cardiovascular toxicity. 
Spinal anaesthesia does not require large doses of a local anaesthetic, and the 
risk for systemic toxicity associated with the use of spinal local anaesthetics is 
not an issue.  Based on animal and volunteer studies, both ropivacaine and levo-
bupivacaine are consistently associated with a reduced potential for CNS and 
cardiovascular toxicity than bupivacaine (Scott et al., 1989; Knudsen et al., 
1997; Huang et al., 1998; Morrison et al., 2000; Malinovsky et al., 2002; Yama-
shita et al., 2003). The short acting local anaesthetic lidocaine was observed to 
be associated with cauda equine syndrome when used for CSA (Rigler et al., 
1991; Schell et al., 1991). Indeed, both experimental evidence and clinical 
reports show that particularly lidocaine has local neurotoxic effect when applied 
in high local concentrations (Ready et al., 1985; Rigler et al., 1991; Schell et al., 
1991; Malinovsky et al., 2002; Yamashita et al., 2003). Neurotoxicity after 
spinal injection of lidocaine is the greatest among bupivacaine, levobupivacaine 
and ropivacaine, and the least neurotoxic potential has been shown with 
ropivacaine (Malinovsky et al., 2002; Yamashita et al., 2003).  
 
 

2.4.4. Baricity of local anaesthetics 
 
Local anaesthetic solutions used for spinal anaesthesia are characterized accor-
ding to their baricity (hypobaric, isobaric or hyperbaric). The baricity of local 
anaesthetic solution is defined as the density of that solution relative to the 
density of CSF. The density of local anaesthetic is the mass of the substance 
relative to its volume. Solutions with baricity of less than 0.9990 are termed 
hypobaric and solutions with a baricity of more than 1.0015 are termed 
hyperbaric; solutions with baricity between 0.9990 and 1.0015 are isobaric 
(Greene, 1985). If sterile water is added to the local anaesthetic solution truly 
hypobaric solutions will be produced. Hypobaric intrathecal solutions have 
been defined as those with densities less than three standard deviations below 
mean human CSF density (Greene, 1985; Davis and King, 1954). If glucose is 
added the result will be a hyperbaric solution. The temperature of the CSF is the 
same as body core temperature (between 37°C and 38°C), whereas most spinal 
anaesthetic solutions are administered at operating room temperature (20–
24°C). Local anaesthetics and CSF exhibit a curvilinear decrease in density 
with increasing temperature. If solutions are administered at room temperature, 
they will undergo thermal equilibration to body temperature after injection. 
There will be some local decrease in CSF temperature immediately after 



 18

injection, but the temperature of CSF is restored within 2 minutes (Davis and 
King, 1952; Ernst, 1968). 
 
 

2.5. Factors affecting the spread of spinal anaesthesia 
 
Many factors affect the subarachnoid spread of local anaesthetic solutions 
(Greene, 1985; Hocking and Wildsmith, 2004) (Table 1).  
 
Table 1. Factors that may influence distribution of local anaesthetic solutions in 
cerebrospinal fluid. Modified from Greene (1985) and Hocking and Wildsmith (2004). 

Patient characteristics Clinical technique Characteristics of 
anaesthetic solutions 

Age Patient position Baricity  

Height Level of injection Volume/dose/ 
concentration 

Weight Needle type/alignment  Temperature of injectate 
Sex Direction of injection Viscosity 
Intra-abdominal pressure Intrathecal catheters Additives 
Spinal anatomy Fluid currents  
Lumbosacral CSF volume Epidural injection  
Pregnancy Speed of injection  

 
The major determinants affecting subarachnoid spread that may be used to 
control the level of sensory blockade are the dose, the baricity of the local 
anaesthetic and the posture of the patient (Greene, 1985; Stienstra and Greene, 
1991; Hocking and Wildsmith, 2004). Some factors play only a minor or 
controversial role.  
 
 

2.5.1. Characteristics of the injected solutions 
 

2.5.1.1. Dose, volume, and concentration of the local anaesthetic 
 
The dose, volume and the concentration of the local anaesthetic have an 
inseparable relation. The change in one of the variables causes changes in the 
others. In a study designed to resolve the dose-volume-concentration issue, it 
has been shown using plain bupivacaine that dosage, and not volume or 
concentration determines the level of sensory blockade (Sheskey et al., 1983). 
Those findings have been confirmed for plain, hypo-and hyperbaric bupi-
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vacaine, for hyperbaric tetracaine and hyperbaric lidocaine (McClure et al., 
1982; Bengtsson et al., 1984; Mukkada et al., 1986; Blomqvist et al., 1988; Van 
Zundert and De Wolf, 1988; Nielsen et al., 1989; Burgess et al., 1991; Gaggero 
et al., 1993; Manica et al., 1993; Ben-David et al., 1996; Van Zundert et al., 
1996; Kuusniemi et al., 1999). However, in a study determining the minimum 
effective anaesthetic concentration of hyperbaric bupivacaine for spinal anaes-
thesia it was found that the block completeness is influenced by both spinal 
anaesthetic concentration and the dose (Chan et al., 2000). One study has 
reported that the volume is an important factor of the spread of isobaric 
tetracaine (King and Wooten, 1995). This result has not been confirmed by 
others (Ben David et al., 1996; Van Zundert et al., 1996). The total dose of the 
local anaesthetic also determines the duration of the block (Wildsmith et al., 
1981; Labaille et al., 1992; Schnider et al., 1993; Tarkkila et al., 1997).  
 
 

2.5.1.2. Baricity 
 
One of the most important physical properties affecting the level of anaesthesia 
achieved after intrathecal administration of local anaesthetic is its baricity. 
Commercially available bupivacaine has a baricity of 0.9983–0.9990, which 
means that it is on the edge of being hypobaric, and is best referred as ‘plain’ 
(Greene, 1985; Horlocker and Wedel, 1993; Schiffer et al., 2002; Wildsmith, 
2005a; Wildsmith, 2005b). Commercially available hyperbaric bupivacaine has 
been widely used. It has been shown that the higher the CSF density, the higher 
the maximal level of the block was observed for plain bupivacaine solutions 
(Schiffer et al., 2002). It is important to note that this isobaric range is 
arbitrarily chosen and not based on clinical evidence. In the individual patient, 
isobaric solutions may, depending of the CSF density, behave as hypo- or 
hyperbaric. 

In CSA when equal volumes and doses of local anaesthetic are injected 
with patients in supine, segmental spread of block is greater and onset faster 
with hyperbaric than either isobaric or hypobaric solutions (Van Gessel et al., 
1991). 
 
 

2.5.2. Clinical technique 
 

2.5.2.1. Posture 
 
The difference between the densities of the local anaesthetics and CSF has a 
major effect on intrathecal drug spread. This is the result of the action of 
gravidity. The degree of caudad or cephalad spread will depend on the 
interaction between density and patient position (Hocking and Wildsmith, 2004; 
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Korhonen et al., 2005). When using hypo- or hyperbaric solutions, changes in 
posture once injection has been completed can affect the level of sensory 
blockade. Recently it has been demonstrated that when the spinal block was 
performed in the lateral position, baricity had no effect on the spread of the 
sensory level for bupivacaine, compared to the sitting position, where there was 
a statistically significant difference in spread with the hypobaric solution 
producing higher levels of anaesthesia than hyperbaric solution (Hallworth et 
al., 2005). However, it has been demonstrated that changes in posture even 
60 min after the intrathecal injection significantly increases the level of sensory 
blockade (Povey et al., 1989; Bodily et al., 1992). Using plain bupivacaine, a 
late posture change resulted in an increase in the level of sensory blockade 
(Niemi et al., 1993). 
 

2.5.2.2. Level of injection 
 
The level of injection of local anaesthetic into subarachnoid space plays an 
important role in the distribution of the anaesthetic solutions. Most studies with 
plain bupivacaine have shown that a higher level of injection results in 
significantly greater cephalad spread (Tuominen et al., 1989; Taivainen et al., 
1990; Sanderson et al., 1994). The results are less consistent with hyperbaric 
solutions (Sakura et al., 1998). There is wide variation in the configuration of 
the spinal column, and therefore, accurate identification of the vertebral 
interspace may be unpredictable. Previous studies have demonstrated inaccu-
racies in subjects when attempting to identify lumbar interspaces (Hogan, 1993; 
Van Gessel et al., 1993a; Broadbent et al., 2000). The vertebral interspace 
selected has been shown 1– 4 segments higher then the intended L 3 – 4 
interspace in 68% of the cases (Broadbent et al., 2000).  
 

2.5.2.3. Needle type and alignment 
 
The conventional Quincke-type needle has its opening at the end of the needle, 
causing the injectate to flow out in a straight axial direction. The direction of 
the bevel of a standard spinal needle has no effect on the distribution of local 
anaesthetic solutions in CSF (Neigh et al., 1970). The direction of spinal needle 
lateral-facing openings has been shown to impact block height levels with 
isobaric local anaesthetics (Urmey et al., 1997). However, it has been 
demonstrated that a steep paramedian approach of the subarachnoid space with 
an angle of less than 50 degrees results in more extensive cephalad spread 
compared with the perpendicular position (Stienstra et al., 1989).  
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2.5.2.4. Speed of injection 
 
The speed of injection has been investigated extensively, but with conflicting 
results. Some studies have reported a greater spread with faster injection 
(Atchison et al., 1989; Janik et al., 1989; Horlocker et al., 1994) while others 
with slower injection (Stienstra and Van Poorten, 1990; Tuominen et al., 1992) 
and some studies have shown no difference (Bucx et al., 1993; Van Gessel et 
al., 1993b; Casati et al., 1998b; Anderson et al., 2001). In general, faster injec-
tions produce greater spread with plain solutions, but the effect is less marked 
with hyperbaric solutions (Hocking and Wildsmith, 2004).  
 

2.5.2.5. Epidural injection 
 
It has been observed that an epidural injection of saline can compress the theca 
and thus raise the cephalad spread of intrathecal local anaesthetics (Takiguchi et 
al., 1997). The ability to increase dermatomal spread by epidural volume 
appears to be time-dependent. Sensory block extension has been significant if 
epidural saline was injected 5–20 min after bupivacaine spinal anaesthesia 
(Mardirosoff et al. 1998; Stienstra et al., 1999).  
 

2.5.2.6. Intrathecal catheter position 
 
No correlation was found between the level of the tip of the 20-gauge catheter 
with three side ports and the achieved sensory level using hypobaric 
bupivacaine or tetracaine (Van Gessel et al., 1993a). However, it has been 
shown that caudally directed 28-gauge end-port catheters increased the onset 
time of analgesia and the dose of isobaric bupivacaine required to achieve a 
sufficient sensory anaesthesia level (Standl and Beck, 1994). In a study with  
19-gauge end port spinal catheters the correlation between the position of the 
spinal catheter and the spread of sensory blockade of isobaric and hyperbaric 
bupivacaine was found (Biboulet et al., 1998).  

The position of the patient while the catheter is inserted is unlikely to 
influence the position of the catheter (Standl et al., 1995; Sell et al., 1999). In 
contrast, in another study patients who had microcatheters inserted in a lateral 
position and introduced more than 4 cm into subarachnoid space had a higher 
incidence of being placed caudally compared with for those inserted less than 4 
cm (Standl and Beck, 1993). 
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2.5.3. Patients’ characteristics 
 

2.5.3.1. Age, height, weight and sex 
 
There are small increases in cephalad spread of anaesthesia at the advanced age 
probably due to the age-related changes in spinal anatomy (Cameron et al., 
1981; Pitkänen et al., 1984; Racle et al., 1988; Veering et al., 1988). A 
correlation has been found between body mass index and cephalad spread of 
analgesia. It is suggested that epidural fat compresses the dural sac, reduces 
CSF volume and results in the higher spread of anaesthesia in obese patients 
(Pitkänen, 1987; Taivainen et al., 1990). 

The patient’s gender has no direct effect on distribution of LA in the suba-
rachnoid space (Greene, 1985). Males tend to have broader shoulder than hips 
and for that reason the spinal column may have a ‘head up’ tilt in the lateral 
position.  
 

2.5.3.2. Spinal anatomy 
 
Scoliosis has no significant effect on the distribution of spinal anaesthetic solu-
tions (Greene, 1985). Reduction of the lumbar lordosis by hip flexion has been 
shown to flatten the lumbar lordosis which in turn has been revealed to increase 
cephalad spread (Hirabayashi et al., 2002). In contrast, exaggeration of the 
lordotic curve has been found to decrease the cephalad spread of hyperbaric 
solutions in supine position by causing pooling of local anaesthetics in the 
deepest part of the S-shaped curve (Greene, 1985). 
 

2.5.3.3. Pregnancy 
 
Pregnancy, can affect the spread of spinal anaesthetics (Van Bogaert, 2000). 
CSF density is lower in pregnant than in non-pregnant women and theoretically, 
this difference can lead to difference in the spread of local anaesthetic in 
various patient groups (Richardson and Wissler, 1996). 
 
 

2.6. Continuous spinal anaesthesia 
 
The use of spinal catheter technique and incremental dosing of local anaesthetic 
allows the use of small local anaesthetic doses without the risk of failure of the 
block in normal clinical practice. 
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2.6.1. Microcatheter (28–32-gauge) technique 
 
The spinal microcatheter was described first by Hurley and Lambert (Hurley 
and Lambert, 1987). They introduced 32-gauge microcatheters through a fine 
26-gauge spinal needle into the subarachnoid space in an effort to reduce the 
frequency of PDPH associated with CSA. Interest in clinical use of CSA started 
to grow again. The incidence of PDPH was only 4%, but the technique was 
associated with many technical problems (Hurley and Lambert, 1990). In 
subsequent studies, the use of microcatheters was found to be related to more 
frequent technical difficulties, catheter damage and failure rates when compared 
to macrocatheters (Silvanto et al., 1992; Pitkänen et al., 1992b; De Andres et 
al., 1994). The 32-gauge spinal microcatheter was difficult to handle, CSF 
could not be aspirated and it had a very high internal resistance, making 
injection of local anaesthetic very slow. In addition, serious neurological 
complications such as cauda equina syndrome were associated with the use of 
microcatheter CSA (Rigler et al. 1991; Schell et al., 1991). Increasing incidence 
of cauda equina syndrome after CSA in the early 1990’s prompted the Food and 
Drug Administration (FDA), the regulatory medicinal agency of the USA to 
announce a safety alert and in 1992 the FDA banned the use of spinal catheters 
thinner than 24-gauge (FDA Safety alert, 1992). The mechanism of 
neurotoxicity induced by local anaesthetics is not clearly understood. With a 
caudally positioned catheter and the use of hyperbaric, highly concentrated 
local anaesthetic, such a 5% lidocaine, there is a risk that a poorly diluted local 
anaesthetic may remain in the caudal part of the dural sac for long enough to 
cause toxic lesions to nerve roots (Rigler et al., 1991; Schell et al., 1991; 
Drasner, 1993). However, there is little if any evidence on the mechanisms of 
neurotoxicity in experimental models (Kanai et al., 2001). The neurotoxicity of 
local anaesthetics has been demonstrated in vitro by the collapse of growth 
cones and neurites in cultured neurons (Kasaba et al., 2003).  

Thin microcatheters have remained in use in Europe (Petros et al., 1993, 
Denny and Selander, 1998) and no significant or increased morbidity has been 
associated with the use of these. 
 
 

2.6.2. Macrocatheter (18–24-gauge) technique 
 
Tuohy was the first to use an intrathecal catheter, i.e. a No. 4 ureteral catheter 
inserted through a 15-gauge needle (Tuohy, 1944). After the introduction of 
microcatheters, the incidence of technical problems and the risk of severe 
neurological complications have been the major concern over the use of CSA. 
Presently standard epidural equipment may be used for CSA. In order to 
improve the technical performance and stability of the catheter, 20–24-gauge 
catheters are widely used for CSA (Horlocker et al., 1997; Denny and Selander, 
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1998). Such macrocatheters are expected to be easier to handle and having a 
lower risk of caudad positioning when compared to microcatheters (Van Gessel 
et al., 1993a; Denny and Selander, 1998). 

Because of a suspected high incidence of PDPH, the macrocatheter techni-
que is today often used only for elderly patients in whom the risk for PDPH is 
smaller (Mahisekar et al., 1991). In response to the practical limitations of 
microcatheters and restrictions on their use, the latest development in CSA has 
been the catheter-over-the-needle system that consists of either a 22-gauge 
catheter introduced over a 27-gauge spinal needle (Quincke type) or a 24-gauge 
catheter introduced over a 29-gauge spinal needle, with a tip of the needle 
protruding a few millimetres outside the catheter. A Crawford-type needle is 
placed in the epidural space, the ‘Spinocath’ is then pushed through the dura 
into the CSF and the needle is pulled out leaving the catheter in the CSF 
(Spinocath®, BBraun Melsungen, Germany) (Möllmann et al., 1996; Mura-
lidhar et al., 1999) (Figure 4) .  

 

 
 
Figure 4. Spinocath, the catheter-over-the-needle system in CSA. Modified from 
Muralidhar (Muralidhar et al., 1999). 
 

The theoretical advantage of this system is that the hole in the dura has the 
same size as the catheter, thus minimizing the CSF leak. The macrocatheter size 
and a tip hole with an additional side hole allows for a high flow rate providing 
a good mixture and dilution of the anaesthetic agent with CSF by easy 
barbotage, with consequent reduced risk of cauda equina syndrome (Holst et al., 
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1998). After removal of the catheter later in the postoperative period, a local 
inflammatory swelling of local tissue structures is thought to close the hole in 
the dura (Yaksh et al., 1986; Denny et al., 1987; Cohen et al., 1994). However, 
it has been shown that prolonged spinal catheterisation did not reduce the 
incidence of PDPH (Liu et al., 1993). Compared to microcatheter technique, no 
major differences regarding technical difficulties or success rate were have been 
reported (Holst et al., 1998; Muralidhar et al., 1999; De Andres et al., 1999). 
Scanning electron microscopic examination has been revealed that the 
Spinocath catheter causes less trauma to the dura mater compared to 
microcatheters (Holst et al., 1998). 
 

 
2.6.3. Adverse effects of CSA 

 
2.6.3.1. Haemodynamic effects 

 
One of the reasons to use small initial dosing of intrathecal local anaesthetics is 
to avoid hypotension. There is some evidence that spinal anaesthesia-induced 
hypotension increases the risk of myocardial ischaemia which in turn may be 
avoided using incremental dosing of local anaesthetics through a spinal catheter 
(Juelsgaard et al., 1998). Clinical studies have shown greater haemodynamic 
stability with CSA than with single shot spinal anaesthesia or epidural anaes-
thesia because of the possibility to titrate the level of anaesthesia with small 
incremental doses of local anaesthetic (Dripps, 1950; Denny et al., 1987; Sutter 
et al., 1989; Labaille et al., 1992; Klimscha et al., 1993; Robson et al., 1993; 
Schnider et al., 1993; Collard et al., 1995; Standl et al., 1995a; Favarel-
Garrigues et al., 1996; Wilhelm et al., 1997).  
 

2.6.3.2. Postdural puncture headache 
 
The occurrence of PDPH after CSA remains controversial because of wide 
differences in reported incidences. Some prospective studies have shown a low 
incidence (Denny et al., 1987; Hurley and Lambert, 1990; Liu et al., 1993; 
Mazze and Fujinaga, 1993; De Andres et al., 1994; Standl et al., 1995a; Van 
Gessel et al., 1995; Möllmann et al., 1996), while others found incidences up to 
78% (Horlocker et al., 1997; Gosch et al., 2005). The incidence of PDPH in 
CSA is probably proportionate with the age of the patient, size of the needle 
used and dural puncture technique (Denny and Selander, 1998; Gosch et al., 
2005). The incidence of PDPH following single shot spinal anaesthesia with 
modern noncutting pencil-point spinal needles has been reported to be 2% and 
less (Flaatten et al., 2000).  
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2.7. Spinal anaesthetic agents used for CSA 
 
Racemic bupivacaine is undoubtedly one of the most widely used agents for 
spinal anaesthesia. There is, however, little data on the minimum dose require-
ments of local anaesthetics administered intraspinally for orthopaedic, vascular, 
lower abdominal and or gynecological surgery. The previously reported dose of 
isobaric levobupivacaine for single shot spinal anaesthesia for hip replacement 
surgery is 17.5 mg and for isobaric ropivacaine doses 17.5–25 mg have been 
used (McNamee et al., 2001; McNamee et al., 2002). Levobupivacaine (Chiro-
caine, Abbott Laboratories, 2.5 mg/ml) and ropivacaine (Naropin, Astra 
Zeneca, 2 mg/ml) have densities of 0.9999 and of 0.9996 mg ml–1 at 37°C, 
respectively. Bupivacaine (Marcaine Spinal; AstraZeneca AB, Södertälje, 
Sweden; 5 mg/ml) has a density of 0.9994 mg ml–1 at 37°C. These three solu-
tions can be considered isobaric with the cerebrospinal fluid (Lui et al., 1998). 
 
 
2.8. Determination of the minimum local anaesthetic dose 

 
Because minimum dose requirements are difficult to study minimum local 
analgesic concentration (MLAC) approach has been created (Columb and 
Lyons, 1995). MLAC is that local anaesthetic concentration which is effective 
in 50% of subjects. The MLAC model has been used to evaluate the concent-
ration-response-relationships of local anaesthetic drugs (Columb and Lyons, 
1995). This approach allows determination of the median effective concent-
ration (EC50) of local anaesthetic in clinical circumstances using the up-down 
sequence. The up-and-down sequence was originally introduced to reduce the 
number of experiments for estimation of a dicotonic variable (Dixon, 1965). 
Modifications of the MLAC methodology have been employed to study the 
pharmacodynamics for subarachnoid local anaesthetics and analgesics 
(D’Angelo et al., 1998; Peng et al., 1998; Arkoosh et al., 1999; Chan et al., 
2000; Danelli et al., 2001; Stocks et al., 2001; Saravanan et al., 2003, Frawley  
et al., 2004; Camorcia et al., 2005; Carvalho et al., 2005). Using somewhat 
similar study design than MLAC assessment allows estimation of the median 
effective dose (ED50) of intrathecal local anaesthetics. The ED50 is that dose of 
local anaesthetic which is effective in 50 % of subjects. It can also be defined as 
the minimum local anaesthetic dose (MLAD) which can be used as a measure 
of local anaesthetic potency. Still, if single shot spinal anaesthesia is used, even 
the MLAD concept has its limitations in clinical medicine as it would be 
inappropriate if only 50% of the patients would be sufficiently anaesthetized. 
When CSA is used, MLAD can be used to guide in assessing the initial dose, as 
top-up doses can easily be administered.  
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2.9. Estimating ED50 using the up-and-down method 
 
In some experiments it is not possible to make more than one observation on a 
given specimen. Once a test has been made the specimen is altered so that the 
result cannot be obtained from a second test. This situation arises in many fields 
of research e.g. a response to an incision in clinical medicine is such a sigle test. 
The technique for obtaining sensitivity data was developed and used in explo-
sive research in 1940’s. Because of the specific properties, the procedure is 
usually called the ‘up and down’ method and the concept of the up-and-down 
testing approach was first described by Dixon and Mood (Dixon and Mood, 
1948).  

The up and down method can be applied to variables that are dicotonic (e.g. 
either + or –) i.e. a stimulus either causes a response or not. It can be assumed 
that the probability of a positive response increases monotonically with 
stimulus level. The rule followed is that if the response at the current stimulus 
level is positive then the next observation is made at some fixed distance d 
below this level, otherwise it is made at d above. 

The up-and-down method is suggested for getting data in order to estimate 
the median of a latent response. An approximate maximum likelihood estimates 
for the parameters of the (normal) response curve, and approximate formulas 
have been given for determination of the standard errors of these estimates 
(Dixon, 1965). It has been pointed out, that using formula of the asymptotic 
variance, the up-and-down method was 30 to 40 percent more efficient for 
estimating the median of a latent response than the usual probit analysis method 
(Dixon, 1965). 
 

2.9.1. Getting data using the up-and-down method 
 
The up-and-down method can be applied to pharmacological assessments e.g. 
by supposing that the stimulus is a dose. In the up-and-down method the 
individuals either respond (have positive outcome) or not, depending on the 
level of the dose. A series of test levels has been chosen with equal spacing  
d between doses. The underlying shape in dose (or log dose) can be assumed 
normal (Dixon, 1965). The distribution is characterized by two parameters, 
mean (µ) and standard deviation (σ). The spacing d is equal to the initial 
estimate of σ (Dixon, 1965). A series of trials are carried out following the rule: 
depending on the outcome for the previous individual, the dose for the next is 
increased (in the case of negative outcome) or decreased (in the case of positive 
outcome) by d units. Testing continues until the desired sample size has 
reached. In case of a small sample, the result very much depends on the starting 
value, which usually requires some prior information (Dixon, 1965). The first 
test should be performed at the level as near as possible to the expected dose of 
50% positive response. 
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2.9.2. Estimates of ED50 
 
Several formulas for estimating of ED50 based on the maximum likelihood 
approach have been proposed (Dixon, 1965; Brownlee et al., 1953). It has been 
shown by using up-and-down procedure that maximum likelihood estimators 
are asymptotically unbiased and have an asymptotic normal distribution (Tsuta-
kawa, 1967). 

The estimator for a small sample tests is 

dkXED F1 50 ⋅+= , 

where XF is the final level used in testing and k is obtained from special table  
based on the maximum likelihood analysis for each possible configuration of 
responses assuming normal distribution. d is the spacing. The sample sizes for 
Dixon's k-table vary from 2 to 6 (Dixon, 1965). 

The following formula is recommended for sample sizes n>6:  
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where the mean of the test level is corrected by a factor, which depends on the 
constants A and C given in the special table and  assigned by test series and 
numbers of positive and negative response  in the final trial (Dixon, 1965). 

An alternative estimator has been suggested based only on the peaks and 
troughs of the response series (Wetherill et al., 1966; Choi, 1971). Then the 
estimator of ED50 based on m modified turning points is: 

∑
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where wi are the m turning points (Wetherill et al., 1966). 
Suggested standard error of  ED50 estimator is approximately equal to  

n/2σ  (Dixon, 1965). 

The difficulty of estimation of σ arises from the fact that observations from an 
up-and-down experiment are not independent. So, the variation within the test 
is related to the individual variation and a complex method for estimation is 
necessary. 

It is essential that the parameter σ is known within rough limits and assumed 
that estimates of the median (or the mean) of the response are not sensitive to 
errors in the guessed value of σ (Brownlee et al., 1953). There are different 
approaches to estimate standard deviation  (Choi, 1971; Williams, 1986). It has 
been shown on small sample properties of several estimators of ED50 that no 
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estimator seems to have particular advantages compared to others (Kershaw, 
1987). 
 

2.9.3. Logistic regression 
 
One of the methods for analyzing the data achieved by the up-and-down 
procedure is logistic regression or logit analysis. In this method, variable Y* 
(latent response) is unobservable continuous random variable such that binary 
random variable Y takes the value one if and only if Y* exceeds a certain 
threshold θ. In a clinical trial the latent variable Y* can be considerd as the 
influence of the dose and Y is the outcome (1/0 − Yes/No). The positive out-
come occurs only when the latent response (dose) exceeds the threshold. Thus, 
the probability P of a positive outcome is P= (Y=1)=P (Y*>θ). This depen-
dence can be written as Y*=α+β Dose+U, where α is slope, β is the regression 
coefficient and U is the error term. The distribution error can be considered 
normal. An alternative to the normal error distribution is the logistic distribution 
that has the advantage of a closed form expression, and the inverse trans-
formation of which is logit. According to logistic distributions, the probability 
of a positive response P is expressed in following way: 

[ ] 1)}(exp{1 −⋅+−+= DoseP βα . 

Once this relationship is modelled, the ED50 can be calculated when the 
probability P=0.5 which is called inverse prediction. Additional modifications 
based on logistic model have been proposed (Wetherill et al., 1966; Wu, 1985). 
In comparison of logistic and normal distribution approaches it has been 
indicated that the normal distribution provides smaller mean squared error of 
median response only for very small sample sizes and a relatively bad starting 
point. For relatively good starting points (close to the median), the logistic 
distribution provides slightly smaller mean squared error of median response. 
The up-and-down method allows getting relatively good estimates for median 
expected dose ED50 in the case of small and very small sample sizes (Little, 
1974). It is reasonable to prefer the logit model for estimating ED50 due to the 
existence of standard statistical software. The observations in up-and-down 
experiments can be handled as correlated observations, when the next level 
depends on the previous result. Such experimental plan reduces the dispersion 
of observations. 

Most estimators of ED50 require uniform spacing between stimulus levels. 
This may be an obstruction to get good estimates, especially when the starting 
point and estimated σ are not good. Changing the spacing during the 
experiment using currently the information from the obtained results can be 
done, but additional simulation studies are then needed (Paul and Fischer, 
2001). 
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3. AIMS OF THE STUDY 
 
 
The present series of studies was designed to assess the local anaesthetic 
requirements during CSA in patients undergoing hip replacement surgery. More 
specifically, the aims were:  
1. to review the use of spinal catheter in clinical anaesthesia, 
2. to evaluate the used up-and-down method as a technique in estimating 

ED50,  
3. to determine the MLAD for isobaric levobupivacaine and ropivacaine in 

CSA for hip replacement surgery, 
4. to determine the ED50 and ED95 of isobaric bupivacaine in CSA for hip 

replacement surgery, 
5. to assess the effect of catheter tip location on the ED50 and ED95 of isobaric 

bupivacaine. 
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4. PATIENTS AND METHODS 
 

4.1. Subjects 
 
This series of studies includes a review (study I), which was based on 
observations in two previous studies of 106 patients, published as abstracts, one 
methodological (statistical) study (II) and two clinical studies (III, IV). The 
protocols for the clinical studies were approved by the Ethics Committee of 
Tartu University, and were carried out during the years 2002–2004 in Tartu 
University Clinics. The written informed consent of all patients was obtained. 
In total, 99 ASA I–III orthopaedic patients undergoing total hip replacement 
were investigated (studies III and IV). Common exclusion criteria for CSA 
were followed in the clinical studies: pregnancy, morbid obesity (body mass 
index >35 kg m–2), diabetic and other neuropathies, skin infection at the site of 
injection and other common contraindications for spinal anaesthesia, and 
allergy to the study drugs. 
 
 

4.2. Study designs 
 
First paper of the thesis is a review, based on two observational studies by the 
same author, published previously as congress proceedings. In the first study 75 
patients were included where the technique and success were discussed (Sell et 
al., 1997). In the second study 31 patients were included and this study 
examined the subarachnoid position of spinal catheters (Sell et al., 1999). 

In the statistical study (II), the up-and-down method for estimating ED50 for 
levobupivacaine and ropivacaine was assessed by comparing the theoretical 
assumptions and acquired results of calculations by Dixon, Wetherill and logit 
analysis (Dixon and Mood, 1948; Dixon, 1965; Wetherill et al., 1966). The 
patient data from study III was used in the statistical assessments. 

Forty one patients scheduled for hip surgery under CSA were included in 
study III (Table 2). Using sealed envelopes indicating the study group, the 
patients were randomly allocated to receive either isobaric levobupivacaine 
(group L) or isobaric ropivacaine (group R) as the local anaesthetic. Dixon’s 
up-and-down method was used to predetermine the dose of the local anaesthetic 
for each patient (Dixon, 1965). The success of the block was assessed 20 min 
after the initial dose of the local anaesthetic. The author performed most of the 
blocks.  
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Table 2. Study designs of the clinical studies (III and IV). 

Study Design N Drugs used 
Assessment of 
the success of 

the block 

Verification of 
catheter tip 

position 
III Clinical  

Prospective 
Randomized 
Double-blind 

41 Levobupivacaine 
2.5 mg/ml  
Ropivacaine 2 
mg/ml 

20 min NA 

IV Clinical 
Prospective 
Randomized 
Double-blind 

48 Bupivacaine 5 
mg/ml 

20 min Yes 

NA = not applicable 
 
Forty eight patients scheduled for hip surgery under CSA were included in 
study IV. Using sealed envelopes indicating the study group, the patients were 
randomly allocated to receive 6, 7, 8, 9, 10 or 12 mg isobaric bupivacaine. 
Eight patients were allocated to each dose group. The success of the block was 
assessed 20 min after the initial dose of the local anaesthetic. The author 
performed all blocks. In study IV, all catheters were injected after surgery with 
radiopaque dye and examined by radiography for verification of their tip 
position. The study designs are given in table 2. 
 
 

4.3. Premedication and monitoring 
 
The patients were not premedicated on the day of surgery. Standard monitoring 
(including at least electrocardiography, automatic oscillotonometry for blood 
pressure measurement, pulse oximetry for peripheral arterial oxygen saturation 
assessment) was used for all of the patients. Clinical end-points for hypotension 
or bradycardia during anaesthesia and surgery were not defined in the protocol. 
Nevertheless, the routine practice in the department of anaesthesia in Tartu 
University Clinics is to define clinically relevant hypotension as a decrease of 
20% or more in systolic blood pressure from the baseline values. Similarly, 
clinically relevant bradycardia is defined as a decrease in heart rate to a level of 
less than 40 beats per minute. The patients were treated accordingly using 
ephedrine for both hypotension and bradycardia. After surgery, the patients 
were monitored in the postanesthesia care unit according to routine procedures 
of the study site. 
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4.4. Drugs and equipment 
 
In study III, isobaric levobupivacaine (Chirocaine; Abbott Laboratories 
S.P.A., Latina, Italy; 2.5 mg/ml, with a density of 0.9999 mg ml–1 at 37oC) and 
isobaric ropivacaine (Naropin; AstraZeneca AB, Södertälje; Sweden;  
2 mg/ml, with a density of 0.9996 mg ml–1 at 37oC) was used. The study drug 
(3.2 –8.5 ml) was administered manually via the intraspinal catheter with an 
injection speed of 2 ml in 30 seconds. The dose of the study drug was 
determined by the up-and-down method of Dixon (Dixon, 1965). Based on the 
previous clinical experience of the investigators, the intraspinal levobupi-
vacaine dose for the first patient allocated to receive levobupivacaine was  
12 mg. Similarly, ropivacaine dose was 14 mg for the first patient in that group. 
If successful anaesthesia (i.e. sensory and motor block) was achieved within  
20 min from study drug injection, the dose of the study drug for the next patient 
was decreased by 1 mg in that group (levobupivacaine or ropivacaine). 
Conversely, if successful anaesthesia was not observed, the dose of the study 
drug for the next patient was increased by 1 mg in that group. If successful 
clinical anaesthesia was not achieved within 20 minutes, based on the clinical 
judgment of the attending anaesthetist, additional 2 to 6 mg doses of the study 
drug were administered for surgical anaesthesia. 

In study IV isobaric bupivacaine (Marcaine Spinal; AstraZeneca AB, 
Södertälje, Sweden; 5 mg/ml, with a density of 0.9994 mg ml–1 at 37°C) was 
used. Eight patients were randomly allocated to each of the six possible groups 
to receive 6, 7, 8, 9, 10 or 12 mg isobaric bupivacaine for CSA. The doses were 
chosen based on the previous clinical experience of the investigators. The 
volume of 1.2 ml (corresponding to 6 mg) to 2.4 ml (corresponding to 12 mg) 
of bupivacaine was manually administered via the intraspinal catheter with an 
injection speed of 1 ml in 15 seconds. Additional doses of 2–8 mg of bupiva-
caine, based on the clinical judgement of the attending anaesthetist, were 
administered for surgical anaesthesia via the catheter.  

In both studies, a spinal 22-gauge macrocatheter with a tip hole and an 
additional side hole at 7 mm from tip (Spinocath®; BBraun Melsungen, 
Germany) (Figure 4) was introduced 2–2,5 cm into the subarachnoid space at 
L3-4 interspace in the midline with the patient in the lateral position and the 
side to be operated up.  
 
 

4.5. Evaluation of the sensory and motor blocks 
 
In both clinical studies (III and IV) assessments of motor and sensory blocks 
were performed by an anaesthetist who was unaware of the allocated study 
group. Twenty minutes after study drug administration the following were 
assessed: (i) response to pinprick at T12 dermatome level on the side of 



 34

surgery; (ii) response to transcutaneous tetanic electric stimulation (50 Hz at 60 
mA) for five seconds at T12 level on the side of surgery; and (iii) motor 
function on the side of surgery assessed by modified Bromage scale (0 = no 
motor block, 1 = inability to rise extended legs, 2 = inability to flex knees,  
3 = inability to flex ankle joints) (Bromage, 1965). Anaesthesia was considered 
successful when there was loss of sensation to pinprick and to tetanic electric 
stimulation, and complete motor block. 
 
 

4.6. Verification of catheter tip position 
 
 In study IV, all catheters were injected after surgery with 0.4 ml of radiopaque 
dye and examined by radiography for verification of their tip position. Catheter 
tip location was considered cranial when the tip was over the lower margin of 
third lumbar vertebra and caudal when the tip was below the lower margin of 
third lumbar vertebra. 
 
 

4.7. Statistical analyses 
 
In study II, the methods by Dixon (Dixon, 1965), by Wetherill and coworkers 
(Wetherill et al., 1966) and logit analysis (Dixon and Mood, 1948) were used 
for calculation of the ED50 and comparison thereafter. 

In study III, the sample size was based on previous literature, which has 
demonstrated that at least six independent pairs of patients with sufficient 
anaesthesia/insufficient anaesthesia (response/no response-pairs) should pro-
vide reliable estimates of MLAD using the up-and-down method of Dixon 
(Dixon, 1965; Lu et al., 2003). In study IV, the sample size was selected based 
on previous similar studies (Ginosar et al., 2004). 

In study III, Dixon’s method was used to calculate the MLAD with 95% 
confidence intervals. In study IV, the normality of the distribution was first 
ensured using Kolmogorov-Smirnov test. In addition, the homogeneity of the 
groups was tested using the analysis of variance. Logistic regression analysis 
was then applied to estimate the values of ED50 and ED95 of bupivacaine and to 
evaluate the possible effect of the catheter tip location to success rate of 
anaesthesia and bupivacaine dose requirement.  

P-values less than 0.05 were considered statistically significant in all the 
studies.  

The data are presented as mean (SD) unless mentioned otherwise. 
Analyses were performed with use of statistical package SAS 8.2 for 

Windows.  
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5. RESULTS 
 
 

5.1. Review paper I 
 
In initial own observational studies described in the review, the success rate 
was 95% and 100% (Sell at.al 1997; Sell at al. 1999). No effect of the 
positioning of the patient (laying or sitting) was observed on intrathecal 
direction (cranial-caudal) (Sell et al. 1999)  
 
 

5.2. Study II 
 
In study II, the different methods estimating the ED50 yielded essentially similar 
results (Table 3).  
 
Table 3. Methods used to calculate ED50 

 ED50 by Dixon ED50 by Wetherill ED50 by logit analysis 
Group L 11.7 mg 11.7 mg 11.4 mg 
Group R 12.8 mg 13.0 mg 12.7 mg 

 
 

5.3. Studies III and IV 
 
The patient characteristics of studies III and IV are presented in Table 4. No 
differences between the study groups regarding age, weight, height and sex 
were found. All the patients underwent hip replacement surgery. All spinal 
catheters were introduced at L3-L4 interspace in the midline with the patient in 
the lateral recumbent position and the side to be operated up. This position was 
maintained also during the operation. 
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Table 4. Patient characteristics. Mean (range) or mean (SD) 

Study Group No of 
patients Age (yr) Height 

(cm) Weight (kg) Gender (male/
female) 

II Group L 
Group R 

21 
20 

66.2 (40–79) 
61.6 (37–76) 

165 (8) 
171 (8) 

78.2 (11.1) 
80.6 (11.7) 

6/15 
10/10 

IV 6 mg 
7 mg 
8 mg 
9 mg 
10 mg 
12 mg 

8 
8 
8 
8 
8 
8 

66.5 (56–75) 
64.0 (54–79) 
65.3 (60–75) 
62.1 (37–73) 
65.1 (44–78) 
67.5 (45–75) 

168 (8) 
163 (8) 

170 (12) 
164 (12) 
168 (8) 

169 (12) 

84.3 (11.6) 
75.5 (15.6) 
81.6 (22.2) 
76.3 (15.0) 
78.6 (12.2) 
84.3 (11.6) 

2/6 
1/7 
4/4 
1/7 
5/3 
4/4 

 
 

5.4. Sensory and motor block 
 
In study III, the sequences of patients with sufficient and insufficient 
anaesthesia are presented in Figure 5. Anaesthesia was successful by the 
predetermined criteria in 12 patients in each group after the first bolus dose; out 
of those patients, the number of patients needing additional local anaesthetic 
during the entire period of surgery was three in group L and one in group R. 
The mean (SD) total dose of levobupivacaine required during the entire period 
of surgery was 15.2 (4.0) mg in the 21 patients of group L and 15.5 mg (3.1) of 
ropivacaine in the 20 patients of group R. 

In study IV, anaesthesia was successful by the predetermined criteria in 32 
patients after the first bolus dose. Three out of these patients needed an 
additional dose of local anaesthetic during the entire period of surgery. Other 
patients required the top-up dose of local anaesthetic before start of surgery. 
The mean (SD) total dose of bupivacaine required during the entire period of 
surgery was 10 (3.6) mg in all 48 patients. The ED50 for bupivacaine was  
7.1 mg (95% CI 6.0 –8.4) and ED95 12.3 mg (8.9 –15.7) (Figure 6). 
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MLAD of levobupivacaine
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MLAD of ropivacaine
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Figure 5. Initial doses of local anaesthetic in individual patients 
The initial doses with sufficient (■) and insufficient (□) anaesthesia are shown. The 
MLAD (95% CI) for levobupivacaine was 11.7 mg (11.1 – 12.4) and for ropivacaine 
12.8 mg (12.2 – 13.4). 
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Figure 6. Logistic regression plot to determine ED50 (7.1 mg) and ED95 (12.3 mg) for 
isobaric bupivacaine using an intrathecal catheter. 
 
  
  

5.5. Intrathecal catheter tip position 
 
The postoperative roentgenograms revealed 30 catheter tip locations in cranial 
and 14 tip locations in caudal position by the predetermined definition (study 
IV). Estimated by the logistic model, which includes both the dose and the 
catheter tip position (up/down) factors, there was neither a statistically 
significant effect of catheter tip direction (p = 0.2) nor statistically significant 
interaction effect of dose and catheter tip direction (p = 0.6) to success.  

The puncture level of the spinal catheter was correctly identified in 25 cases 
(52.1%). In five cases (10.4%) the level of puncture was lower than that 
estimated by the anaesthetist. The puncture level was one or two spaces higher 
than thought by the anaesthetist on 18 occasions (37.5%). 
 
 

5.6. Haemodynamic changes 
 
In study III, nine patients in group L and 11 patients in group R required 
ephedrine for correction of hypotension during surgery as assessed by the 
attending anaesthetist. The mean (SD) cumulative dose of ephedrine in study III 
for those patients who required it was 8 (4) mg. In study IV, eight patients 
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required ephedrine after anaesthesia induction and a further 11 patients required 
ephedrine for correction of hypotension during surgery. The mean (SD) 
cumulative dose of ephedrine for those patients who required it was 18 (15) mg.  
 
 

5.7. Adverse effects 
 
No major adverse events occurred in any of the patients.  

In the observational paper of the review three patients out of 75 developed 
PDPH. Two patients of study III (one in each group) and one patient of study 
IV had PDPH of mild severity, which was treated successfully with fluids and 
NSAIDs. The overall incidence of PDPH was 3.4% (three patients).  
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6. DISCUSSION 
 

6.1. Methodological aspects 
 
A catheter-over-needle was used in studies I, III and IV. This type of 
macrocatheter had a tip hole and an additional side hole at 7 mm from the tip 
providing potentially a more homogeneous distribution of the local anaesthetic 
in the cerebrospinal fluid (Holst et al. 1998). The catheter was inserted 2.0–2.5 
cm into the intrathecal space, which might potentially result in a difference of 5 
cm (i.e. approximately one interspace) in the catheter tip position from one 
patient to another. For the recognition of L3-4 interspace, the Tuffier’s line (i.e., 
an imaginary line drawn between the uppermost iliac crests and believed to 
mark the L4-5 interspace) has been a guide for lumbar puncture (Vandam, 
1989). There is inter-individual variability in predicting the vertebral level of 
needle and catheter insertion due to anatomic variability of the palpable 
landmarks (Hogan, 1993). Indeed, evaluation of the intended L3-4 interspace is 
difficult as indicated by the success rate of only approximately 50% in study 
IV. Most often the puncture site was higher than expected. The present findings 
are in accordance with previous studies which have demonstrated inaccuracies 
in subjects when attempting to identify lumbar interspaces (Broadbent et al. 
2000; Hogan, 1993; Van Gessel et al. 1993a). 

Surgical anaesthesia was evaluated using pinprick assessment with short-
bevel needle and response to transcutaneous tetanic electric stimulation (50 Hz 
at 60 mA) for five seconds at T12 level on the side of surgery. Pinprick 
assessment has the advantages of being simple, repeatable and reproducible and 
can be applied without patient awareness (Lynn and Perl, 1977). Generally, loss 
of sensation to cold occurs before pinprick, and both of these before touch, each 
stage correlating with inhibition of C, Aδ and Aβ fibres, respectively (Liu et al. 
1995). Transcutaneous electrical stimulation has been shown to provide a 
stimulus equivalent to surgical incision in studies of minimum alveolar 
concentration of isoflurane and in studies of spinal anaesthesia with tetracaine 
(Peterson-Felix et al. 1993; Sakura et al. 2000). 

The motor block was assessed by using a modified Bromage scale, where 
the numerical order is reversed in comparison with the original Bromage scale. 
This scale is a subjective and qualitative measurement of both spread and the 
intensity of block in the lower limbs (Bromage, 1965). Grading by the Bromage 
scale is a rapid and simple method which does not require any special 
equipment. The Bromage scale concerns the entire leg, which is important in 
clinical practice. Nevertheless, the Bromage grading gives the location of the 
motor block unproportional significance, as it emphasizes movements of the 
foot and toe joints, which require only small amounts of muscle strength. Being 
simple to perform and easy for the patient, without special equipment, the 
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modified Bromage scale method offers a reliable method to test the onset and 
quality of motor block for the surgical procedure. 

We defined sufficient anaesthesia for hip replacement surgery as loss of 
pinprick at T12 dermatome (Schnider et al., 1993). Although anaesthesia level 
at T10 dermatome has been suggested for hip surgery it might be logic that 
lower sensory level at T12 dermatome has advantages in respect of haemo-
dynamic stability (Biboulet et al. 1993). The assessment of sensory level at T12 
proved appropriate although four patients of twelve in whom anaesthesia was 
initially sufficient required an additional dose of local anaesthetic to complete 
surgery in study III. In study IV, the corresponding figure was one of 32.  

In study III, there was a difference in the mean MLAD volumes of 
levobupivacaine (4.68 ml) and ropivacaine (6.4 ml), because of both the dose 
requirement in milligrams and also the slightly different concentrations of the 
available commercial formulations. However, previous studies indicate that the 
total dose of local anaesthetic in milligrams rather than the volume seems to be 
more important in determining the extent of spinal anaesthesia (Ben-David et 
al. 1996; Kuusniemi et al. 1999). The total dose also determines the duration of 
the block (Tarkkila et al. 1997). Thus, the difference in the volume of the study 
drugs in the present study probably has little or no effect on the extent of the 
block and the MLADs. 

The 20 min assessment time for the block extension possibly did not allow 
enough time for the maximal effect of the initial dose to be achieved. The 
clinical time frame did not allow us to assess the local anaesthetic requirements 
after the first 20 min post drug injection more closely (i.e. in small 
supplemental local anaesthetic increments). The supplemental doses were 
administered based on the clinical assessment by the attending anaesthetist who 
considered the extent of the initial block, patient characteristics as well as the 
tight time limitations determined by the specific circumstances such as the 
surgeon and his needs. 

Study designs involving dose-varying regimes such as predetermined 
multiple dose testing and up-and-down sequential allocation have found more 
informative than fixed recipe designs and allow quantification of effect (Dixon 
1965; Lu et al. 2003; Paul and Fisher, 2001). In the studies III and IV, the up-
and-down and multiple dose testing method was used, respectively. It is 
appropriate to concentrate on the MLAD and ED50 region, as that dose can 
guide as initially in using as small doses as possible to patients susceptible to 
such adverse effects as hypotension and in whom supplemental doses can easily 
be given utilizing the spinal catheter. 
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6.2. Clinical aspects 
 
The number of older people over 65 years in Estonia is steadily growing from 
11.6% in year 1990 to 16.1% in year 2004 (http://pub.stat.ee). Various factors, 
such as age, health status, disease process, type and extent of operative 
procedure, provide differing circumstances, which an anaesthesiologist is 
obliged to cope with. Therefore the type of anaesthesia may play important role 
in this context. CSA provides greater haemodynamic stability, control of the 
duration of anaesthesia and motor block, the possibility of increasing the extent 
of anaesthesia, and good postoperative analgesia (Sutter et al. 1989; Niemi et al. 
1994; Wilhelm et al. 1997; Möllmann et al. 1999). 

Haemodynamic stability during perioperative period plays a crucial role in 
the management of the patient. Various prophylactic and rescue regimens have 
been advocated for haemodynamic disturbances with emphasis on prevention of 
hypotension. Prophylactic measures include prehydratation with crystalloid or 
colloid or administration vasoactive agents (Critchley and Conway, 1996; 
Sharma et al. 1997; Arndt et al. 1998). A potential means for prophylaxis of 
hypotension is by manipulation of spinal anaesthesia with unilateral block or 
with the use small doses of local anaesthetics with or without additives 
(Klimscha et al 1993; Favarel-Garrigues et al. 1996; Casati et al. 1998a; Ben-
David et al. 2000; Kuusniemi et al. 2000). The ability to titrate small doses of 
local anaesthetics is beneficial in the hemodynamically compromised patient, 
such as in the elderly or in those with cardiovascular diseases (Klimscha et al 
1993; Schnider et al. 1993; Favarel-Garrigues et al. 1996). 

The previously reported dose of isobaric levobupivacaine for single-shot 
spinal anaesthesia for hip replacement surgery is 17.5 mg, and for isobaric 
ropivacaine doses 17.5–25 mg have been used (McNamee et al. 2001; Glaser et 
al. 2002; McNamee et al. 2002). In study III, the MLAD for levobupivacaine 
was 11.7 mg and that of ropivacaine 12.8 mg. The mean total doses of LA 
required to complete surgery in our study are somewhat lower, though in the 
range of those reported earlier and higher than the calculated MLAD. However, 
the small numerical difference (1.1 mg) in the MLADs does not allow us to 
make the interpretation that levobupivacaine would be more potent than 
ropivacaine, as the 95% confidence intervals overlap. 

Doses of 5–30 mg of isobaric bupivacaine have been reported to be required 
for hip replacement surgery (Pitkänen et al. 1992a; Biboulet et al. 1993). In the 
study IV, the ED50 and ED95 for isobaric bupivacaine were 7.1 mg and 12.3 mg. 
The mean total dose of bupivacaine (10 mg) required to complete surgery in our 
study is lower than the calculated ED95. These small doses can guide us in the 
assessment of combined doses when small doses would be of importance. Use 
of small doses of local anaesthetic allows also better control of the duration of 
spinal anaesthesia (Tarkkila et al. 1997). Although supplementation was 
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sometimes required it was always easy to administer via the spinal catheter 
indicating the feasibility of this method. 

We were not interested to determine the ED100 of local anaesthetic in CSA. 
We assume that the local anaesthetic dose requirements more or less follow the 
normal distribution. Thus, determining ED100 and letting that guide us in 
administering local anaesthetics to patients in whom all e.g. haemodynamic 
adverse effects are to be avoided, would lead to significant over-shooting in 
dosing. This can easily be demonstrated if normal distribution and a dose-
response curve are drawn on a single figure (Sonner, 2002). On the other hand, 
determination of ED100 would be important when single shot spinal anaesthetic 
technique is used.  

Also the direction, which the catheter tip takes upon insertion, may have 
affected the results of study III as we were not able to define the catheter tip 
position in that study. It has been shown that in patients with cranially running 
microcathers or catheters with the tip at the level of the puncture site, the onset 
of analgesia was faster and the required doses of local anaesthetics were smaller 
than in patients with caudally running catheters (Standl and Beck, 1994). This 
finding is in contrast to those of a previous study with hypobaric bupivacaine or 
tetracaine, where no correlation was found between the level of the tip of the 
20-gauge catheter with three side ports and the achieved sensory level (Van 
Gessel et al. 1993a). It seems that the longer the catheter is advanced in to the 
intrathecal space the likelihood of caudal direction increases: microcatheters 
inserted in patients in a lateral position and introduced more than 4 cm into 
subarachnoid space had a higher incidence of being placed caudally compared 
with for those inserted less than 4 cm, although such relationship was not 
observed in our earlier study (Standl and Beck, 1994; Sell et al. 1999). In 
addition, if directional needle for microcatheter insertion was used, a high 
proportion of catheters will take a cranial direction (Standl et al. 1995). In the 
present study IV, we used the postoperative roentgenograms to reveal catheter 
tip locations in the subarachnoid space. Still, only in 68% of patients the 
catheter tip was in cranial position per our definition (over the lower margin of 
third lumbar vertebra). However, based on our result, the catheter tip position 
may not play a significant role after all in determining the extent of the block. 

We did not see any major haemodynamic adverse effects. 39 patients out of 
89 patients needed vasopressors in our series while 15 patients out of 89 
patients required ephedrine for correction of hypotension during induction of 
anaesthesia by the attending anaesthetist. Further doses of ephedrine were 
required in some patients to treat hypotension occurring in association with 
blood loss.  

In studies III and IV, the over-all incidence of PDPH was 3.4%. A similar 
incidence (4%) was found in our previous study (Sell et al. 1997). The 
relatively low incidence of PDPH in our series might be partly explained with 
the fact that this new type of catheter causes less trauma to the dura mater 



 44

compared to microcatheter use (Holst et al. 1998). This is in accordance with 
earlier studies with a spinal macrocatheter (Denny et al. 1987; Hurley and 
Lambert 1990; Liu et al. 1993; Mazze and Fujinaga 1993; De Andres et al. 
1994; Standl et al. 1995a; Van Gessel et al. 1995; Möllmann et al. 1996). The 
theoretical advantage of this system is that the hole in the dura has the same 
size as the catheter, thus minimizing the CSF leak and the rate of postdural 
puncture headache (Möllmann et al. 1996). However, in elderly patients the risk 
for PDPH is small and therefore CSA can be used routinely for major 
orthopaedic surgery.  

Recently, the frequency of PDPH with use of catheter through-needle 
technique and the catheter over-needle technique has been studied in young 

healthy volunteers. In spite of high overall incidence of PDPH (78%) the over-
needle group has shown a significantly shorter duration of PDPH and lower 
maximum pain intensity than the through-needle group (Gosch et al. 2005).  

None of the patients reported signs of neurotoxicity such as cauda equina 
syndrome. Potential neurotoxicity related to the use of intrathecal catheters has 
recently become a concern because of reports of cauda equina syndrome. Most 
published cases have been associated with the use of 5% lidocaine in hyperbaric 
(7.5%) dextrose (Ilias et al., 1998). Unfortunately, only a few prospective 
studies have investigated the real incidence of neurological complications 
(Horlocker et al. 1997) The sample size in the present studies is too small to 
allow us to state that isobaric levobupivacaine, ropivacaine and bupivacaine via 
CSA would be safer than lidocaine in this respect. Thus, neurological 
symptoms have to be surveyed carefully in all patients in whom the CSA 
technique is used until further evidence is available. 
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7. CONCLUSIONS 
 
 
1. The clinical characteristics, based on our previous observational studies, of 

the used catheter-over-needle technique were reviewed.  
2. Of the available methods the up-and-down method yields relatively good 

estimates of ED50 in the case of small and very small sample sizes. This 
method is simple to implement but it can cause problems with bias of ED50 
estimator, depending on the starting level of dosage and assumed value of δ, 
which reflects the variability of response across doses. The logit model for 
estimating ED50 may be preferred because of existence standard statistical 
software. 

3. The determined MLAD of isobaric levobupivacaine was 11.7 mg and that of 
ropivacaine 12.8 mg in CSA for hip replacement surgery. 

4. The determined ED50 and ED95 of isobaric bupivacaine were 7.1 mg and 12.3 
mg in CSA for hip replacement surgery. 

5. The location of the tip of the intrathecal catheter had no effect of isobaric 
bupivacaine requirements. 
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9. SUMMARY IN ESTONIAN 
 

 
Lokaalanesteetikumi dooside määramine  

puusaliigese endoproteesimise operatsioonidel  
kasutades kateeterspinaalanesteesiat  

 
Anestesioloogia areng viimaste dekaadide jooksul on tingitud uutest arusaama-
dest perioperatiivselt haige käsitlemisel, valu patofüsioloogia paremast tundmi-
sest, uute ja ohutute anesteetikumide ning anesteesiameetodite juurutamisest. 
Regionaalanesteesia meetodite kasutamise sagedus kirurgiliste operatsioonide 
valutustamisel on tõusnud, sest nende kasutamise tulemusel esineb oluliselt 
vähem eluohtlikke tüsistusi nagu kopsuarteri trombemboolia. Samuti väheneb 
perioperatiivne verekaotus ning suremus. Sagedamini kasutatakse spinaalanes-
teesiat, mis on lihtne ja ohutu ning pikka aega kasutusel olnud anesteesia-
meetod. Spinaalanesteesia erivormiks on kateeterspinaalanesteesia. Selle 
meetodi puhul on võimalik manustada ravimit spinaalruumi asetatud kateetri 
abil fraktsioneeritult väikeste doosidena, mille tulemusena säilub stabiilne 
hemodünaamika. Operatsiooni pikenemisel on võimalik kateetri kaudu 
manustada ravimi lisaannuseid ning postoperatiivselt jätkata efektiivset valuravi 
lokaalanesteetikumide ja opioididega. Kliinilisse praktikasse on juurdumas uus 
spinaalkateetri süsteem ”Spinocath” (nn. kateeter nõela peal), milles spinaal-
kateeter on suure diameetriga ning mis võimaldab ravimi paremat segunemist 
spinaaruumis. Spinaalkateetrite kasutamise puhul on võimalik neuroloogiliste 
kõrvaltoimete (n. punktsioonijärgne peavalu) esinemine, mille esinemissagedus 
on väike. Kasutuselolevate (bupivakaiin) ja uute lokaalanesteetikumide (levo-
bupivakaiin, ropivakaiin) annuste kohta kateeterspinaalanesteesias on kirjan-
duses andmed vasturääkivad või puuduvad. Kirjanduse andmetel on sagedamini 
kasutatud minimaalse lokaalanesteetikumi doosi ja kontsentratsiooni määramist 
ravimi efektiivse doosi hindamisel. Vastuolulised on ka andmed spinaalkateetri 
tipu asendi toimest spinaalanesteesia levikule. 
 
Uurimistöö eesmärgid 
Uurimistöös seati eesmärgiks anda ülevaade spinaalkateetri kasutamisest 
anestesioloogias, hinnata tänapäeval kasutatavate lokaalanesteekumide mini-
maalset efektiivset doosi ning spinaalkateetri otsa asendi toimet anesteesia levi-
kule. Täpsustatult oli eesmärk leida vastused järgmistele küsimustele: 
1. anda ülevaade spinaalkateetri kasutamisest kliinilises praktikas; 
2. hinnata nn. üles- ja -alla statistilist meetodit lokaalanesteetilise efektiivse 

doosi määramisel; 
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3. määrata isobaarse levobupivakaiini ja ropivakaiini minimaalne lokaal-
anesteetiline doos kateeterspinaalanesteesia puhul puusaliigese proteesimise 
operatsioonidel; 

4. määrata isobaarse bupivakaiini efektiivne lokaalanesteetiline doos kateeter-
spinaalanesteesia puhul puusaliigese proteesimise operatsioonidel; 

5. hinnata spinaalkateetri tipu asendi toimet ibobaarse bupivakaiini efektiivsele 
lokaalanesteetilisele doosile. 

 
Patsiendid ja metoodika 
Kogu uurimustöö põhineb kolme eraldioleva patsiendirühma andmetel. Ka-
teeter-spinaalanesteesia teostati ”Spinocath” kateetriga.  

Esimeses artiklis on antud ülevaade spinaalkateetrite kasutamise võimalusest 
kliinilises töös, tuginedes 106 haigele. Hinnati anesteesiametodi efektiivsust, 
anesteesia levikut, haige asendi toimet spinaalkateetri tipu asendile spinaal-
ruumis ning esinevaid probleeme. 

Teises artiklis analüüsiti Dixoni, Wetherhilli ja logitanalüüsi statistilisi 
meetodeid, mida kasutatakse minimaalse efektiivse ravimdoosi määramisel. 
Analüüs viidi läbi 41 haige näitel kolmanda artikli haigetest. Täpsemalt hinnati 
meetodite täpsust ja kasutatavust ravimi efektiivse doosi määramisel.  

Kolmandas artiklis uuriti 41 haiget puusaliigeste endoproteesimise operat-
sioonidel kateeterspinaalanesteesias. Määrati lokaalanesteetikumide- isobaarse 
levobupivakaiini ja ropivakaiini minimaalne lokaalanesteetiline doos kasutades 
nn. üles- ja -alla meetoodit. Hinnati isobaarse levobupivakaiini ja ropivakaiini 
doosi toimet anesteesia levikule ning hemodünaamika näitajatele, kirjeldati pea-
valu esinemissagedust.  

Neljandas artiklis uuriti 48 haiget, kellel kateeterspinaalanesteesia viidi läbi 
isobaarse bupivakaiiniga puusaliigese endoproteesimise operatsioonidel. Mää-
rati ravimi efektiivne lokaalanesteetiline doos. Hinnati röntgenograafiliselt 
kateetri tipu asendit subarahnoidaalruumis ning analüüsiti kateetri tipu asendi 
toimet lokaalanesteetikumi efektiivsele doosile. 
 
Uurimistööst tulenevad järeldused 
1. Spinaalanesteesia makrokateetriga on efektiivne regionaalanesteesia meetod, 

mis on kasutatav operatsioonidel alajäsemetel ning kõrvaltoimete esinemis-
sagedus on väike;  

2. üles- ja -alla meetod on sobilik väikeste ja väga väikeste uuringugruppide 
puhul. Oluline on algdoosi valik ja sammu δ suurus doosi muutmisel. Logit-
analüüsi meetod on eelistatud standardse statistilise tarkvara olemasolu 
tõttu; 

3. määratud isobaarse levobupivakaiini ja ropivakaiini minimaalne lokaal-
anesteetiline doos kateeterspinaalanesteesia puhul puusaliigese proteesimise 
operatsioonidel on vastavalt 11,7 mg ja 12,8 mg;  



 

 59

4. määratud isobaarse bupivakaiini efektiivne lokaalanesteetiline doos (ED50 ja 
ED95) kateeterspinaalanesteesia puhul puusaliigese proteesimise operat-
sioonidel on 7,1 mg ja 12,3 mg; 

5. kateetri tipu asend subarahnoidaalruumis ei avalda toimet isobaarse 
bupivakaiini efektiivse doosi suurusele.  
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Background: Continuous spinal anaesthesia with spinal catheters allows 
incremental dosing of the local anaesthetic and, consequently, less haemodyna-
mic change. However, little is known about the required doses. Therefore, we 
designed a study to assess those local anaesthetic doses of isobaric bupivacaine 
which were effective in 50 % (ED50) and 95 % (ED95) of the patients under-
going hip replacement surgery.  

Methods: Forty-eight patients undergoing hip replacement surgery were 
randomly allocated to one of six possible groups of eight patients to receive 6, 
7, 8, 9, 10 or 12 mg isobaric bupivacaine in a double-blind manner. The ED50 
and ED95 values were calculated by logistic regression model. The position of 
the spinal catheter tip was confirmed by x-rays. 

Results: The ED50 and ED95 values were 7.1 mg (95% CI, 6.0–8.4) and 12.3 mg 
(95% CI, 8.9–15.7). The location of the tip of the intrathecal catheter had no 
effect on local anaesthetic requirements. Eight patients required ephedrine after 
anaesthesia induction and a further 11 patients required ephedrine for correction 
of hypotension during surgery. 
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Conclusion: The observed ED50 and ED95 values may guide us to use small 
doses of isobaric bupivacaine for hip replacement surgery. Hypotension is still 
possible even though low doses of isobaric bupivacaine were used. 

Keywords: Anaesthetic techniques; spinal; bupivacaine; surgery; orthopaedic. 
 
 
 
The use of a spinal catheter technique and incremental dosing of local 
anaesthetic allows the use of small local anaesthetic doses without the risk of 
failure of the block in normal clinical practice. Previous clinical studies have 
compared continuous spinal anaesthesia (CSA) with conventional spinal 
anaesthesia, demonstrating fewer episodes of hypotension and lesser need for 
vasopressors (1, 2). Titration of local anaesthetic dose may thus be beneficial in 
the haemodynamically-compromised patient. Titrability of the extent of the 
block is also evident with CSA (3). One factor that may affect the local 
anaesthetic dose requirements, is the direction, which the catheter tip takes upon 
insertion. Indeed, a cranially running microcatheter has been shown to result in 
faster onset of analgesia and smaller dose requirements of local anaesthetic than 
a caudally running catheter (4). A macrocatheter system, which provides more 
homogenous distribution of local anaesthetic, has been commercially available 
for clinical practice for some time (5). We designed the present study to assess 
those local anaesthetic doses of isobaric bupivacaine administered via a spinal 
catheter which were effective in 50 % (ED50) and 95 % (ED95) of the patients 
undergoing hip replacement surgery. The study design allowed us also to eva-
luate the effect of macrocatheter tip position on these variables. 
 
 
METHODS 
 
After local ethical committee approval and written informed consent, 48 
patients (ASA physical status I-III, aged 37–79 yr, 17 male and 31 female) 
scheduled for hip replacement surgery under CSA were included in this 
prospective, randomised, double-blinded study. Exclusion criteria included 
pregnancy, morbid obesity (body mass index > 35 kg m–2), diabetic and other 
neuropathies, skin infection at the site of injection, allergy to bupivacaine and 
other common contraindications for spinal anaesthesia. The patients were 
randomly allocated to one of six possible groups to receive 6, 7, 8, 9, 10 or 12 
mg isobaric bupivacaine (Marcaine Spinal; AstraZeneca AB, Södertälje, Swe-
den; 5 mg/ml, with a density of 0.9994 mg ml–1 at 37oC) for CSA, using sealed 
envelopes indicating the study group the patient. The used bupivacaine solution 
can be considered isobaric with the cerebrospinal fluid (6). Eight patients were 
allocated to each dose group. The sample size was based on previous similar 
studies (7) and the doses were chosen based on our previous clinical experience. 
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To ensure that the procedure could be correctly blinded, one anaesthetist was 
responsible for patient randomisation and performing the spinal block, and a 
second anaesthetist, unaware of patient group allocation, was responsible for 
intraoperative and postoperative assessments and data collection. All patients 
were unaware of the group allotment. All blocks were performed by the same 
anaesthetist (AS). We used a catheter-over-needle technique for CSA. The set 
includes a 27-gauge Quincke type spinal needle with 22-gauge spinal catheter 
with a tip hole and an additional side hole at 7 mm from tip (Spinocath®; B. 
Braun Melsungen, Germany). First, a Crawford-type 18-gauge needle was 
placed in the midline at L3-4 interspace (identified by the iliac crest joining 
line) as cephalad as possible in the epidural space with the patient in the lateral 
position and the side to be operated up. Then the spinal needle with the spinal 
catheter over it was pushed through the epidural needle into the subarachnoid 
space. The catheter was inserted forward 2–2,5 cm and needles were withdrawn. 
The volume of 1.2 to 2.4 ml of bupivacaine was manually administered via the 
intraspinal catheter with an injection speed of 1 ml in 15 seconds. Twenty 
minutes after bupivacaine administration the following were assessed: (i) res-
ponse to pinprick at T12 dermatome level on the side of surgery; (ii) response to 
transcutaneous tetanic electric stimulation (50 Hz at 60 mA) for five seconds at 
T12 level on the side of surgery; and (iii) motor function on the side of surgery 
assessed by modified Bromage scale (0 = no motor block, 1 = inability to raise 
extended legs, 2 = inability to flex knees, 3 = inability to flex ankle joints) (8). 
Anaesthesia was considered successful when there was loss of sensation to 
pinprick and to tetanic electric stimulation, and complete motor block. The 
study ended at the time when these criteria were assessed, but all drugs and 
adverse effects were recorded until the patient had recovered from anaesthesia. 
If successful clinical anaesthesia was not achieved within 20 minutes additional 
doses of 2–8 mg of bupivacaine, based on the extent of block and other clinical 
factors, were administered for surgical anaesthesia via the catheter. The sizes of 
the supplemental doses were not dictated by the protocol and were thus not used 
in ED50 and ED95 value calculations. Patient monitoring included ECG, non-
invasive measurement of blood pressure at 3-min intervals and recording of 
peripheral oxygen saturation. Any decrease in systolic blood pressure below 90 
mmHg and more than 25 % of the preoperative value was treated by attending 
anaesthetist with 5 mg ephedrine bolus, which was repeated until hypotension 
was corrected. All catheters were injected after surgery with 0.4 ml of 
radiopaque dye and examined by radiography for verification of their tip 
position. Catheter tip location was considered cranial when the tip was over the 
lower margin of the third lumbar vertebra and caudal when the tip was below 
the lower margin of the third lumbar vertebra. All patients were clinically 
assessed daily during the three postoperative days to determine signs of neuro-
toxicity and postdural puncture headache. 
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STATISTICS 
 
Results are expressed as mean (SD) unless mentioned otherwise. The normality 
of distribution was assessed using Kolmogorov-Smirnov test. We used analysis 
of variance to test homogeneity of groups. Logistic regression analysis was used 
to estimate the ED50 and ED95 values of bupivacaine and to evaluate the possible 
effect of the catheter tip location to success rate of anaesthesia and bupivacaine 
dose requirement. Analysis was performed with use of statistical package SAS 
8.2 for Windows.  
 
 
RESULTS 
 
The patient characteristics are presented in Table 1. There were no differences 
between the groups in terms of age, weight, height and gender. No major 
adverse events occurred in any of the patients. One patient had postdural 
puncture headache of mild severity, which was treated successfully with fluids 
and NSAIDs. The ED50 value for bupivacaine was 7.1 mg (95% CI 6.0–8.4) and 
ED95 value 12.3 mg (8.9–15.7) (Fig 1). 

Anaesthesia was successful by the predetermined criteria in 32 patients. 
Three out of these patients needed additional local anaesthetic to complete 
surgery. The mean (SD) total dose of bupivacaine required to complete surgery 
was 10 (3.6) mg in all 48 patients. The mean duration of surgery was 118 (13) 
min. 

The postoperative roentgenograms revealed 30 catheter tip locations in 
cranial and 14 tip locations in caudal position by our definition. The catheter tip 
position could not be visualized in four patients. Estimated by the logistic 
model, which includes both the dose and the catheter tip position (cranial/ 
caudal) factors, there was neither a statistically significant effect of catheter tip 
position (p = 0.2) nor statistically significant interaction effect of dose and 
catheter tip position (p = 0.6) to success.  

The puncture level of the spinal catheter was correctly identified in 25 cases 
(52.1%). In five cases (10.4%) the level of puncture was lower than that 
estimated by the anaesthetist. The puncture level was one or two spaces higher 
than thought by the anaesthetist on 18 occasions (37.5%).  

Eight patients required ephedrine during the first 20 min and a further 11 
patients required ephedrine for correction of hypotension during surgery 
(cumulative dose 18 (15) mg). 
 
 
DISCUSSION 
 
This study was designed to obtain the ED50 and ED95 values of isobaric bupi-
vacaine in an aim to find out the smallest appropriate initial local anaesthetic 
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dose for hip replacement surgery. The use of spinal catheter allowed 
supplemental dosing of the local anaesthetic in case of a failed initial block. The 
calculated ED50 and ED95 values of isobaric bupivacaine were 7.1 mg and 12.3 
mg, respectively. We defined sufficient anaesthesia for hip replacement surgery 
as loss of pinprick at T12 dermatome. This definition proved suitable in this set-
up with isobaric bupivacaine as only three patients out of 32 patients with 
initially sufficient anaesthesia required additional local anaesthetic to complete 
surgery. Even so, supplemental dosing of the local anaesthetic was feasible 
before and during surgery using the intraspinal catheter. As the supplemental 
doses were given according to clinical instead of protocol-defined criteria, we 
considered them given in too random fashion to be included in the logistic 
regression analysis. Nevertheless, we also calculated the mean total dose (10 
mg) of bupivacaine required to complete surgery in all 48 patients. Previously, 
doses of 5–30 mg of isobaric bupivacaine have been reported to be required for 
similar surgery (9, 10).  

Studies comparing fixed doses of bupivacaine in different volumes and 
concentrations have demonstrated that the total dose of local anaesthetic in 
milligrams determines the level of sensory blockade, more so than the volume 
or concentration (11, 12). Therefore we made no effort to make the total volu-
mes of all doses equal, as the volume likely has no significant influence on the 
mean spread of the local anaesthetic in the cerebrospinal fluid. The densities of 
these mixtures would have also changed by diluting the local anaesthetics with 
different amounts of saline to obtain the same injection volume.  

In addition to dose, the major determinants that affect subarachnoid spread 
of injected local anaesthetics and that may be used to control the level of 
sensory and motor blockade are baricity of the local anaesthetic and the posture 
of the patient (13). The effect of the site of drug injection using spinal catheters 
is more complex. Most anaesthetists aim to place a spinal catheter in a cephalad 
direction hoping to facilitate cranial spread of local anaesthetic and increase the 
extent of sensory blockade. A cranially directed 28-gauge end-port catheter has 
been shown to decrease the onset time of analgesia and the dose of isobaric 
bupivacaine required to achieve a sufficient sensory anaesthesia level compared 
to a caudally running catheter (4). Similarly, there was a correlation between the 
position of the catheter and the spread of sensory block using a 19-gauge end-
port spinal catheter with isobaric and hyperbaric bupivacaine (14). In contrast, 
no correlation was found between the level of the tip and the achieved sensory 
level with hypobaric bupivacaine or tetracaine using a 20-gauge catheter with 
three side ports (15). Spinal catheters with several holes might thus allow better 
mixing of local anaesthetic in the cerebrospinal fluid (5). In line with these 
studies, we could not show any effect of the spinal catheter tip location on 
isobaric bupivacaine dose requirements using a 22-gauge catheter with a tip 
hole and an additional side hole. However, the number of patients in each dose 
group is may be too small to draw a definite conclusion regarding the catheter 
tip position effect.  
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It seems that the likelihood of caudal positioning of the catheter increases 
the longer the catheter is advanced into the intrathecal space: microcatheters 
inserted in patients in a lateral position and introduced more than 4 cm into 
subarachnoid space had a higher incidence of being placed caudally compared 
with for those inserted less than 4 cm (16). In addition, if directional needle for 
microcatheter insertion was used, a high proportion of catheters will take a 
cranial direction (17). The Spinocath® catheter that was used in the present 
study is a catheter-over-the needle system and the catheter should be advanced 
no more than 2–3 cm in the subarachnoid space according to the manufacturer's 
instructions. As most anaesthetists, we tried to insert the spinal catheter in 
cranial direction. In order to facilitate this, the catheter was introduced only 2–
2,5 cm into the intrathecal space with the patient in the lateral position. Still, 
only in 68% of patients the catheter tip was in cranial position per our definition 
(over the lower margin of third lumbar vertebra). However, based on our result, 
the catheter tip position may not play a significant role after all in determining 
the extent of the block. We also identified the puncture level of catheter 
insertion using roentgenograms. The clinical judgement was correct in only 
approximately half of the cases, most often the puncture site was higher than 
expected. Previous studies have demonstrated similar success rates when 
attempting to identify lumbar interspaces (18). 

One of the reasons to use small initial dosing of intrathecal local anaesthe-
tics is to avoid hypotension. There is some evidence that spinal anaesthesia -
induced hypotension increases the risk of myocardial ischaemia which in turn 
may be avoided using incremental dosing of local anaesthetics through a spinal 
catheter (19). We did not see any major haemodynamic adverse effects and only 
eight patients required ephedrine for correction of hypotension during induction 
of anaesthesia (i.e. the first 20 min after injection bupivacaine) as judged by the 
attending anaesthetist. Further doses of ephedrine were required in some 
patients to treat hypotension occurring in association with blood loss. We did 
not monitor myocardial ischaemia in a way that would allow us to discuss the 
relationship of ischaemia and hypotension in our patients. Nevertheless, CSA 
allowed us to use low doses of isobaric bupivacaine with little haemodynamic 
effects. Similar low incidences of hypotension have previously been reported in 
association with the use of low doses of bupivacaine (19, 20, 21). 

Postdural puncture headache and neurotoxicity have been described 
following CSA with various incidences (22, 23). In the present study only one 
out of 48 patients experienced post dural puncture headache. None of the 
patients reported signs of neurotoxicity such as transient neurologic symptoms 
or cauda equina syndrome. Most published cases of cauda equina syndrome 
have been related to hyperbaric 5% lidocaine (24). The sample size of 48 
patients in the present study is too small to allow us to state that isobaric 
bupivacaine via CSA would not be neurotoxic, either. Thus, neurological symp-
toms have to be examined carefully in all patients in whom CSA technique is 
applied until further available evidence.  
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In conclusion, we have shown that the observed ED50 and ED95 values may 
guide us to use small doses of isobaric bupivacaine for hip replacement surgery. 
Hypotension is still possible even though low doses of isobaric bupivacaine 
were used. 
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Table 1. Patient characteristics. 

       6 mg (n = 8) 7 mg (n = 8) 8 mg (n = 8) 9 mg (n = 8) 10 mg (n = 8) 12 mg (n = 8) 
Age (yr) 66.5 (56–75) 64.0 (54–79) 65.3 (60–75) 62.1 (37–73) 65.1 (44–78) 67.5 (45–75) 
Weight (kg) 84.3 ± 11.6 75.5 ± 15.6 81.6 ± 22.2 76.3 ± 15.0 78.6 ± 12,2 84.3 ± 11.6 
Height (cm) 168.4 ± 8.0 162.8 ± 8.3 169.7 ± 12.0 164.1 ± 11.9 168.4 ± 8.0 169.3 ± 11.8 
Gender (male/female) 2/6 1/7 4/4 1/7 5/3 4/4 

Values are mean (range) or mean ± SD. Data were assessed for normal distribution using Kolmogorov-Smirnov test (p > 0.1). There 
were no differences between the groups in terms of age, weight, height and gender (one-way ANOVA, p > 0.6). 
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Figure 1. Logistic regression plot to determine ED50 (7.1 mg) and ED95 (12.3 mg) for 
isobaric bupivacaine using an intraspinal catheter. 
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