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Cerebrospinal norepi- 
nephrine concentrations 
and the duration of 
epidural analgesia 

This study was performed to determine whether the addition of 

norepinephrine to local anaesthetics prolongs epidural analge- 

sia in man. In addition, cerebrospinal fluid norepinephrine ( NE ) 

concentrations were measured. In the first part of the study, 
epidural catheters were inserted in 14 patients before herniot- 

omy. Mepivacaine, 1.5 per cent (0.35 ml. kg-t ), was adminis- 

tered and norepinephrine (5 Ixg'ml -t)  was added in seven 

patients. The duration of anaesthesia was prolonged from 54 +_ 
I I min to 83 • 12 rain (P < 0.05) and CSF NE concentrations 

increased from 68 • 12 pg . ml-t to 336 • 85 pg . ml -I in the NE 

group (P < 0.01). In the second part, eight patients with 

herpetic neuralgia received epidural analgesia at the fourth to 

eighth thoracic interspace, using bupivacaine 0.25 per cent, with 
and without NE. The CSF NE concentrations in this group were 

greater than in the surgical patients before operation and 

increased from 254 +-. 58 to 406 +- 58 pg " ml -I 30 rain after 
administration of  bupivacaine with NE. The duration of pain 
relief was prolonged with NE. These results suggest that adding 

NE to local anaesthetics prolongs epidural analgesia. More- 

over, NE concentrations in surgical patients increased to levels 

similar to those found in patients suffering from herpetic 
analgesia. This suggests that the increase of CSF NE in chronic 

pain states has an antinociceptive effect. 

Cette Etude a Et~ faite afin de determiner si I'addition de la 

norEpinEphrine aux anesthEsiques Iocattr prolonge I'analgEsie 
~pidurale chez r homme. En plus, les concentrations de norEpi. 
nEphrine (NE) du liquide cEphalorachidien ont dt~ mesurEes. 

Dans la premiere partie de I' Etude, les catheters Epiduraux ont 

dtE insdrEs chez 14 patients avant herniorraphie. De la 

mEpivacaine 1,5 pour cent (0,35 ml. kg- t) a ErE administrEe et la 
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norEpin~phrine (5 tzg " ml- t ) a EtE ajoutEe chez sept patients. La 

durEe de l' anesthEsie s' est prolongEe de 54 +__ I I rain. +. 83 +-- 

12 rain. (P < 0,05) et les concentrations de NE du liquide 

cEphalorachidien augment~rent de 68 +- 12 pg.  ml" t ~i 336 +- 

85 pg ' ml -t dans le groupe norEpinEphrine (P < 0,01). Dans la 

deuxiEme partie, huit patients atteints de neuralgie herpEtique 
ont re~u de I'analgEsie Epidurale au niveau des quatridme au 

huitiOme espaces thoraciques, utilisant la bupivacaihe 0,25 pour 

cent avec et sans norEpinEphrine. Les concentrations de nord- 

pinEphrine du liquide cEphalorachidien clans ce groupe Etaient 

supErieures tl celles des patients chirurgicaux a vant I' operation 

et ont augmentE de 254 +-- 58 r 406 +-- 58 pg . ml- t 30 rain. apr~s 

administration de bupivacai'ne avec norepinEphrine. La durEe du 
soulagement de la douleur ~tait prolongd avecla  nor~pin~- 

phrine. Ces rEsultats suggErent que l' addition de norEpinEphrine 
aux anesth~siques Iocattr prolongent I'analgEsie Epidurale. De 

plus, les concentrations de nor~pinEphrine chez les patients 
chirurgica,oc augment~rent 6 un niveau similaire d cehd que 

r on trouve chez les patients souffrant de neuralgie herpEtique. 

Ceci suggErent que I'augmentation de la norEpinEphrine du 

liquide cEphalorachidien dans les Etats de douleur chronique 

amdne un effet antinociceptif. 

The effects of norepinephrine on the pain inhibitory 
system in the spinal cord have been studied. ~,2 It has been 
suggested that catecholamines added to the subarachnoid 
space not only prolong the duration of the action of local 
anaesthetics due to vasoconstriction, but also may have a 
direct effect on the spinal nociceptive system. 3 Therefore 
the significance of adding catecholamines to prolong 
spinal and epidural analgesia have been reconsidered both 
from clinical and basic aspects. 4,5 Recently, it has been 
shown that clonidine, an alpha-2 adrenergic agonist, 
produces an antinociceptive effect. 6-8 

However, there is a difference of opinion concerning 
the effects of adding catecholamines to prolong the 
duration of local anaesthetics. Caldwell et  a l .  9 reported 
that phenylephrine prolonged the duration of sensory 
anaesthesia to a greater extent than epinephrine. In 
contrast, Concepcion et  a l .  ~~ reported no difference 
between the prolongation caused by phenylephrine and 
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epinephrine. Some questions remain about its clinical 
value because of the possibility of side-effects caused by 
ischaemia. ~ An epinephrine concentration of I in 
200,000 is considered optimal to reduce toxic reactions 
and potentiate the quality and duration of blockade. 
However, Urquhart-Hay ~2 reported spinal cord infarction 
following lumbar epidural analgesia and this was attribut- 
ed to diminished perfusion pressure coupled with vaso- 
constriction due to epinephrine. 

The main endogenous catecholamine in cerebrospinal 
fluid (CSF) is norepinephrine which is a potent alpha 
agonist with little beta activity. Thus, we studied the 
effect of adding norepinephrine to dibucaine in spinal 
anaesthesia. 13 The data suggested that a small dose (2.5 
~g) of norepinephrine was sufficient to prolong the 
duration of spinal anaesthesia and was more effective than 
the same dose of epinephrine. But we could not determine 
the effect of norepinephrine in prolonging spinal anaes- 
thesia at endogenous norepinephrine concentrations in 
CSF because the free (unconjugated, active type) norepi- 
nephrine concentrations in CSF during spinal anaesthesia 
increased to about 10 ng. ml -I, which was more than 100 
times the preanaesthetic value (50- 110 pg. ml-~). This 
occurred even when a small amount of norepinephrine 
(less than 1/10 of the normal dose of 2.5 la, g) was added to 
local anaesthetics. Consequently, in this study, we have 
investigated the effects of adding norepinephrine to 
epidural anaesthesia on the duration of analgesia and the 
change of CSF norepinephrine concentrations. 

Methods 
Two groups of patients were studied. Those in Group I 
were to undergo herniotomy and those in Group 11 
received epidural analgesia for herpetic neuralgia. The 
study was approved by our Committee on Human 
Research. All patients were informed of the nature of the 
experiment and their written consent was obtained. 

In the first study, 14 adult patients (eight males and six 
females) without pain were studied during unilateral 
herniotomy. Lactated Ringer's solution was administered 
at 500 ml" hr-I during the procedure. Epidural catheters 
were inserted at the first lumbar vertebral space, and 0.35 
ml.kg -~ of mepivacaine (I.5 per cent) were injected. 
Half the patients, by random allocation, received local 
anaesthetic without norepinephrine (Gp-I-C) and half 
with norepinephrine, 5 ~g. ml -~ (Gp-I-NE). Two ml of 
CSF were withdrawn through a 23-gauge spinal needle 
that was inserted at the fourth lumbar vertebral space just 
before, 15 and 30 min after the administration of the local 
anaesthetics for epidural anaesthesia. The patients were 
maintained in a lateral position for 30 min during the CSF 
collection with the spinal needle still inserted. The 

duration of anaesthesia was evaluated every ten minutes 
with ice-cold stimuli. This was continued until the 
beginning of sensory regression which was defined as a 
decrease in the level of temperature sensation of two 
dermatomes. Patients who needed additional drugs for 
complete anaesthesia and/or for maintaining blood pres- 
sure in the operating room were excluded from the study. 

in the Group 1I study, eight patients (five males and 
three females) suffering from herpes zoster pain in the 
thoracic region were studied. CSF was withdrawn at the 
fourth lumbar vertebral space as in Group I. The patients 
received epidural analgesia with 0.12 ml. kg- ~ of 0.25 per 
cent bupivacaine at fourth to eighth thoracic region. Each 
patient received the analgesia twice with (Group II-NE) or 
without (Group iI-C) norepinephrine from two to four 
days apart. We measured the pain threshold at the sixth to 
eighth thoracic vertebral spaces using a heat pain meter 
(NYT-5, Kudo Electric Co., Ltd.)just before and after 
epidural analgesia for 30 min. 

The pain threshold was determined in an area not 
affected with herpes zoster. A black paper circle (2 cm in 
diameter) was placed on the part of the skin to be 
measured and heat was applied. When the patient felt pain 
(s)he pushed a button to stop the heating. The pain 
threshold was the period that the heat was continued. The 
area measured was gradually moved and assessed three 
times at each site. The degree of heating was kept at 200 
mcal" sec - I '  cm -I and the heating period was limited to 
12 sec. 

The duration of the effects of epidural analgesia in the 
patients with herpes zoster was based on self-recorded 
reports using a visual analogue pain scale. The patients 
recorded the time and pain score when they began to feel 
slight pain following the analgesia and the time when their 
pain became as strong as it was before the analgesia. 
Patients and anaesthetists were unaware of who had 
received norepinephrine. 

The CSF was frozen immediately after withdrawal. 
Catecholamines were selectively isolated from the sam- 
ples by activated alumina. The final purification and 
analysis of the elute for catecholamines was carried out by 
reverse phase high-liquid chromatography (Waterse As- 
sociates, Model 701B) with electron capture detector 
(Bioanalytical System). 13 An internal standard dihydro- 
benzylamine (10 ng) was included in the sample to 
accommodate dilution of CSF and determination of 
norepinephrine recoveries. The recovery of norepineph- 
rine analysis was 87 +-- 5 per cent. Cross-reaction with 
epinephrine was less than five per cent. Only free 
norepinephrine was measured. 

All results are expressed as means --- SEM. The data 
were tested for statistical significance using one-way 
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TABLE I Patient's age, body weight, amount o1" local anaesthetic, and duration of epidural anaesthesia with 
(I-NE) and without (I-C) norepinephrine 
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Age W e i g h t  A m a u n t ~ c a l  Duration 
GroJ~ Number (yr) (kg) anaesthetic(ml) (min) 

I-C 7 47.5-+3.5 56 .8•  20 .0•  54• 
I-NEt 7 48 .3 •  58 .7•  21 .0•  8 3 •  

*P < 0.05; compared with the data of Group I-C. 
"['Norepinephrine used in concentration 5 ~g '  ml -~. 

analysis of variance and paired or unpaired Student's t 
test. Differences were assumed to be statistically signifi- 
cant when P < 0.05. 

Results 
There were no significant differences with regard to patient 
age, body weight, or amount of local anaesthetic used 
during surgery! between Groups I-C and I-NE (Table I). 

In Group I-NE, CSF norepinephrine concentrations 
were increased 15 rain after injection of the drugs, and 
were further elevated at 30 min (Table II). There were no 
changes in CSF norepinephrine levels in Group I-C. The 
duration ofepidural anaesthesia in Group I-NE was longer 
than that of Group l-C, P < 0.05 (Table I). 

Before epidural analgesia the CSF norepinephrine 
levels of Group I1 patients were higher than in Group 1 
surgical patients (P < 0.01). In Group II-NE, CSF 
norepinephrine concentrations increased 15 min after 
epidural analgesia (Table II1). Norepinephrine concentra- 
tions in CSF in Group II-NE increased more than in Group 

TABLE II CSF-norepinephrine(NE) concentrations in surgical 
patients after epidural analgesia wilh (I-NE) and without (I-C) 
norepinephrine 

During anaesthesia 

Group Pre-anaesthesia 15 rain 30 rain 

CSF-NE I-C 87•  9 0 -  + 17 70-+ 15 
(pg.ml -~) I-NE 68-'- 12 172-+37 * 336 • 85~ 

�9 P < 0.05, [P  < 0.01, compared with pre-anaesthesia data. 

TABLE Ill CSF-norepinephrine(NE) concentrations in patients with 
herpes zoster after epidural analgesia with (II-NE) and without (II-C) 
norepinephrine 

During analgesia 

Group Pre.analgesia 15 rain 30 rain 

CSF-NE II-C 300 - 89 270 • 108 215 • 105 
(pg.ml -I) II-NE 254•  3 5 8 -  + - 72* 406• 58* 

*P < 0.05, compared with pre-analgesia data. 

I-NE at both 15 min and 30 min levels after the 
administration of local anaesthetic with norepinephrine. 
The CSF norepinephrine concentrations decreased slight- 
ly following analgesia in Group II-C. 

The pain threshold increased five minutes after receiv- 
ing epidural analgesia in both Groups II-NE and II-C (P < 
0.01) (Table IV). There were no significant differences 
between the rate of increase of these two groups. The lime 
to return of pain in Group II-NE was longer than in Group 
II-C (P < 0.05) (Table V). In addition, the time until the 
return of severe pain was almost three times longer (P < 
0.01) in Group II-NE than in Group II-C. 

Discussion 
The main finding of our study was that the addition of 
norepinephrine prolonged the duration of the analgesia of 
mepivacaine and bupivacaine in epidural analgesia. For 
many years, the usefulness and safety of adding vasocon- 
strictive drugs to epidural anaesthesia have been dis- 
cussed. The effects of catecholamines on the pain 
modulating system in the spinal cord have recently 
attracted attention. 5 It has been suggested that catechola- 
mines added to local anaesthetics prolong spinal anaesthe- 
sia, by a direct effect on the spinal analgesic system rather 

TABLE IV Changes of pain threshold in patients with herpetic pain 
after epidural analgesia with (II-NE) and without (II-C) norepinephrine 

5 m i n ~ e r ~ u g  
Gro W Pre-analgesia(sec) administration(sec) 

II-C 3 . 9 •  10.5•  
II-NE 4 . 8 z  1.5 8.9-+2.1" 

*P < 0.01, compared with pre-analgesia period. 

TABLE V Time until return of herpetic pain after epidural analgesia 
with (II-NE) and without (II-C) norepinephrine 

Group Slight pain (hr) Strong pain (hr) 

II-C 2.8 • 0.9 3.4 • 0.8 
II-NE 5.0 + 0.7* 102 • 0.8~ 

*P < 0.05, "I'P < 0.01, compared with the data of Group II-C. 
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than by reducing the spread of local anaesthetics due to 
their vasoconstriction. 6-8 

Animal studies have demonstrated that analgesia pro- 
duced by the intrathecal injection of alpha-receptor 
agonists may be comparable to opiate-induced analges- 
ia.~'2 Clonidine, a predominantly alpha-2 adrenoceptor 
agonist, has been shown to have a marked analgetic 
effect when administered intrathecally. 5-6 Theoretically 
the pharmacodynamic properties of clonidine would make 
it a useful adjunct to spinal and epidural analgesia. 5'7'14- i~ 

Takagi et al. 4 reported thai electrically induced pain 
accelerated norepinephrine metabolism. The antinocicep- 
tive action of norepinephrine added to the subdural space 
was confirmed in rats. These reports and the clinical study 
of Ohno et al. 16 support the suggestion that norepineph- 
fine affects the spinal analgesic system in man. But, the 
effect of added norepinephrine on spinal and epidural 
anaesthesia has not been assessed clinically as in animal 
experiments. Also, the action of norepinephrine injected 
into the epidural space has not been proved. We have 
confirmed that norepinephrine prolongs the duration of 
epidural analgesia and anaesthesia, and that it moves into 
the CSF from the epidural space. The CSF norepinephrine 
concentrations were higher in patients who suffered from 
chronic pain than in surgical patients before operation. 
However, plasma norepinephrine concentrations follow- 
ing the administration of norepinephrine with local 
anaesthetics were elevated to almost the same range in 
both groups. These data suggest that norepinephrine 
potentiates the analgesic action of local anaesthetics on 
the spinal cord at levels, 100-400 pg- ml -I, produced by 
endogenous secretion in man. 

Unfortunately, it is impossible to compare the analge- 
sic potency of norepinephrine with clonidine, because 
clonidine is not available for this use in Japan. We have 
studied the effects of the endogenous catecholamine in 
CSF, norepinephrine, on the duration of local anaesthet- 
ics in epidural anaesthesia. 

it is difficult to determine whether catecholamine 
injected into the epidural space penetrates the epidural 
membrane and passes into the subdural space. When 
norepinephrine was injected into the lumbar epidural 
space in Group i-NE, the drug might have spread into the 
subdural space via the hole made by the needle for CSF 
collection, but this is unlikely in Group II-NE patients 
with thoracic epidural analgesia. 

There was no significant difference between Group 
II-C and Group II-NE in the increase of pain threshold due 
to the addition of NE. The data suggest that the added NE 
did not alter the onset of local anaesthetic action. 

Our study indicated that adding norepinephrine to local 
anaesthetics prolonged the duration of the action of 

epidural analgesia. However, these clinical studies con- 
tain many problems in speculating upon the aetiology of 
analgesic methods. In the experiments of Group 11, we 
examined patients with the same kind of disease and 
further compared the results of patients receiving epidural 
analgesia with and without norepinephrine. The influ- 
ences of patients' conditions, such as age, sex, and disease, 
were neglected. The data confirmed that the addition of 
norepinephrine to local anaesthetics prolonged the dura- 
tion of epidural analgesia. This was achieved at CSF 
norepinephrine concentrations which were similar to the 
endogenous levels produced in the presence of pain, such 
as herpetic neuralgia. 
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