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Purpose: The haemodynamic effects of cq~talloid preload were evaluated in a randomised blind study in 20 
ASA status I-II, 50--80 yr-old patients, undergoing uni~eral spinal anaesthesia for leg surgery produced with low 
doses of hyperbaric bupivacaine. 
Methods: Baseline non-invasive blood pressure (osdllometry), heart rate, stroke volume and cardiac index 
(transthoradc electrical bioimpedance) were recorded. Then, patients were rd~clomly allocated to recede I0 
ml.kff ~ Ringer's Lactate solution over 20 rain (preload group, n=  I0) or no crystalloid infusion (no-preload group, 
n= I0). Spinal block was performed using 8 mg hyperbaric bupivacaine 0.596 injected slowly at the L2-L ~ interspace 
(0,02 ml'sec -~ through a 25-gauge VVhitacre needle) with patients lying on their operated side and with the needle 
opening directed towards the dependent side. Lateral decubitus posi~on was maintained for up to 15 min after 
anaesthetic injection to facilitate hyperbaric bupivacaine distribution towards dependent regions of the subarachnoid 
space, Haernodynamic variables were recorded 5, I0, I 5 and 30 rain after spinal injection, while sensory level and 
motor block were evaluated I 0, 15 and 30 rain ~e r  anaesthetic injection on both operated and unoperated side, 
Results: No differences of upper sensory level and motor block were observed between the two groups on 
the operated and non-operated sides. Diastolic blood pressure was decreased compared wlth baseline in the no- 
preload group only (P =.0001 ), Systolic arterial pressure and heart rate did not change in either group. Stroke 
volume and cardiac index were decreased in the no-preload group compared with both baseline (P =.02: 
P =.001) and the preload group (P =.04: P =.02). 
Conc lus ion :  CrystaJtoid preload influences cardiovascular function dunng spinal block, and may be useful when 
very low bupivacaine doses and lateral decubitus are used to achieve unilateral spinal block. 

Ob jec t i f  : Les effets hEmodynamiques de la prEcharge aux cristallo'ides ont EtE EvaluEs au cours d'une Etude 
alEatoire ~ double insu chez 20 patients de .50 ,~ 80 ans ASA Iet  II soumis ,~ une rachianesthEsie hyperbare avec 
de faibles doses de bupivacaine pour un chirurgie du membre infErieur. 
M~thodes  : Les valeurs initiales de la pression artErielle non invasive (oscillomEtrie), de la frEquence cardiaque, 
du volume d'Ejection et de I'index cardiaque (par bioimp~lance transthoracique Electrique) ont d'abord EtE 
enregistrEes. Les patients rEpartis en deux groupes ont re(ju 10 ml.kg ~ d'une solution de lactate de Ringer sur 
une pEnode de 20 min (groupe pr&:harge, n = 10) ou aucun cristalloide (groupe sans prEcharge, n = I 0). La rachi- 
anesthEsie a EtE rEalisEe avec 8 mg de bupivaca'fne hyperbare 0,596 injectc~e lentement ,~ L2-L3 (0,02 mlsec ~ 
travers une aiguille Whitacre 25 G) en position latErale sur le cStE o!~rE avec I'orifice de raiguille dirigE vers le 
bas. La position de dEcubitus lateral a &E maintenue pendant 15 min apr~s I'injectaon de t'anesthEsique pour 
favoriser la distribution hyperbare de la bupivaca'ine vers les regions dEdives de l'espace sous-arachno'idien. Les 
variables hEmodynamiques ont EtE enregistr~es 5, 10, 15 et 30 min aprEs I'injection et les niveaux sensitifs et 
moteurs EvaluEs dans les deux hEmicorps I O, 15 et 30 min apr~s I'injection de I'anesth@sique. 
l ~ s u l t a t s  : Aucune difference n'a EtE observEe en ce qui concerne le bloc sensitivomoteur entre les deux 
groupes que ce soit du cEtE de I'ol~ration ou de I'autre cEtE. La pression diastolique baissait comparativement 
la ligne de base dans le groupe sans prEcharge seulement (P < 0,0001). La pression artErielle systolique et la 
frEquence cardiaque sont demeurEes les mEmes dans les deux groupes. Le volume d'Ejection et I'index cardiaque 
diminuaient dans le groupe sans prEcharge comparativement aux valeurs de base (P=0,02 ; P=0,001 ) et au 
groupe prEcharge (P=0,04 ; P=0,02). 
Conc lus ion  : La prEcharge aux cristalloides influence la fonction cardiovasculaire pendant la rachianesthEsie et 
peut @tre utile quand de trEs faibles doses de bupivacai'ne sont administrEes en association avec le dEcubitus lateral 
pour produire une rachianesthEsie unilatErale. 
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H YPOTENSION and bradycardia are fre- 
quent side effects of spinal anaesthesia 
occurring in up to 30% of patients. 1 
Various techniques have been described 

to restrict the extent of  somatic and sympathetic spinal 
block to the operative site, and minimise the risk of 
hypotension. 2-4 Very stable arterial blood pressure has 
been reported during unilateral spinal anaesthesia, 
probably due to limited sympathectomy and efficient 
homeostatic vascular mechanisms in non blocked areas 
that compensate for vasodilatation in one leg. 3,4 Also, 
haemodynamic changes during hyperbaric bupivacaine 
spinal anaesthesia are related to total anaesthetic dose. s 

The usefulness of crystalloid preload to reduce the 
incidence and severity of hypotension has been widely 
discussed. 6-13 The aim of the present study was to 
investigate, in patients without a history of  heart dis- 
ease, global cardiac performance during unilateral 
lumbar spinal block. In addition, cardiovascular 
changes during restricted spinal block were measured 
both with and without crystalloid preload, to evaluate 
the influence of  volume loading. 

Methods 
Twenty 50-80 yr-old patients, ASA physical status I-II, 
requiting spinal anaesthesia for elective orthopaedic leg 
surgery were studied. Hospital Ethics Committee 
approval was obtained before commencing the study 
and informed consent was obtained from each patient. 
Patients with a past history of cardiac or pulmonary dis- 
ease, with tachyarrhythmias, ECG alterations (e.g., 
bundle branch block), or ASA physical status >II were 
excluded from the study. 

Patients were studied following an eight hour fast, 
as is routine in our hospital. No premedication or pro- 
phylactic vasoconstrictors were given. After entering 
the operating theatre, baseline haemodynamic vari- 
ables were recorded. 

Non-invasive systolic (SAP) and diastolic (DAP) arte- 
rial pressure were measured using an automated cuff 
(Dinamap 1846SX, Critikon, Florida, USA). Cardiac 
output was measured non-invasively by means of 
Transthoracic Electrical Bioimpedance (TEB) using four 
electrodes connected to an impedance cardiograph 
according to the manufacturer instructions (IPG 104 - 
Akern/RJL Systems R&D, Florence, Italy). Two dispos- 
able ECG electrodes were placed on patients' foreheads 
and gluteus muscles; two other disposable aluminized 
strip electrodes were attached to the neck posteriorly (7 a~ 
cervical vertebral spine) and 25 cm Caudally (about 11 ~ 
dorsal vertebral spine). The length of the two inner elec- 
trodes was measured for each patient. The TEB stroke 
volume (SV) was derived from the Nyboer formula using 
the backslope projection method) 4 

Cardiac output was calculated from the product of  
the mean SV over six to ten consecutive heart beats 
and the simultaneously measured heart rate, derived 
from continuously recorded ECG. Data were indexed 
to the patients' body surface area. Continuous ECG 
and thoracic impedance were recorded on a two-chan- 
nel heated pen chart recorder at 25 mm.sec -1. The 
method used to derive cardiac output has been pre- 
sented elsewhere. 14 

Using a randomization table patients were allocat- 
ed to receive 10 ml.kg -1 Ringer's lactate solution over 
20 min (Group A ; n=10) or no crystalloid infusion 
(Group B; n=10). 

Patients were then positioned in the lateral decubi- 
ms position with the side to be operated upon depen- 
dent and the vertebral column was kept as horizontal 
as possible by tilting the table or putting a cushion 
under the shoulder. Subarachnoid puncture was per- 
formed at the Le-L 3 interspace using the midline 
approach with a 25-gauge Whitacre spinal needle 
(Becton-Dickinson, New Jersey, USA) and the open- 
ing directed towards the dependent side of  the spinal 
canal. After free flow of  cerebrospinal fluid was 
observed, 8 mg hyperbaric bupivacaine 0.5% (heavy 
Marcaine - Astra, Sweden) was slowly injected without 
barbotage with an injection speed of  approximately 
0.02 ml.sec -1 (total anaesthetic dose was injected over 
80 sec). The lateral decubitus position was maintained 
for up to 15 min after bupivacaine spinal injection to 
facilitate anaesthetic solution distribution towards the 
dependent regions of the subarachnoid space. 3,4 Then, 
the patient was turned back to the supine position. 

Haemodynamic variables were recorded 5, 10, 15, 
and 30 min after local anaesthetic injection. At 10, 15, 
and 30 min after spinal puncture, motor blockade 
(modified Bromage scale), is and upper sensory level 
(ice test and pinprick test) 16 on both the operated and 
non-operated sides were also recorded. 

Clinically significant hypotension was defined as a 
systolic arterial blood pressure decrease of  30% or 
more below baseline values. Intravenous colloids 
(gelatin, 5 ml.kg -I) and/or  ephedrine (5 mg) admin- 
istration was predetermined as the treatment of  clini- 
cally significant hypotension. 

The physician, who recorded haemodynamic vari- 
ables as well as sensory level and motor block pro- 
gression, was unaware whether the patient had 
received crystalloid preload. Surgery was started after 
the last measurement was recorded. 

Statistical analysis was performed using a statistical 
software package (Statview 2, Abacus Concepts, Inc., 
USA). Kruskall-Wallis, Mann-Whitney, and Chi- 
square tests were used when indicated. A P value 
< 0.05 was considered significant. Results are pre- 
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sented as mean • standard deviation (SD) or median 
(range) for ordinal data. 

The power of the study was assessed using the 
method described by Glantz. 17 We wished to detect 
changes of 0.5 L between cardiac output data: this 
value was used for the standardized difference in the 
power analysis. We used the coefficient of  variation of 
the measured variable, which is a measure of repeata- 
bility, for our estimate of standard deviation in the 
power analysis. For TEB measurements, the reported 
coefficient of  variation for stroke volume and cardiac 
output is of about 5%. ~8 Based on these figures the 
required study size was 8 to 11 patients per group. 

Results 
The two groups were similar with respect to age, 
weight, height, body surface area and male to female 
ratio (Table I). No differences of  sensory level or 
motor blockade on the operated or non-operated side 
were observed between the two groups. Two patients 
in Group A and one in Group B showed partial anaes- 
thesia on the non-operated leg after return to the 
supine position. The other patients showed unilateral 
distribution of  spinal anaesthesia without signs of  anal- 
gesia or motor block on the non-operated limb, even 
after being turned back to the supine position. 

The final upper sensory level on the operated side 
was not different in the two groups: respectively T10 
(T]2-Ts) in Group A and Tll (T12-Ts) in Group B 
(Table II). Quality and onset time of  motor blockade 
were not different between groups (Table II): in all 
patients complete motor blockade on the operated leg 
developed within 15 min of spinal puncture. The 
three patients showing signs of  bilateral block, devel- 
oped complete motor block on the operated side but 
only partial motor block (Bromage score 1-2) on the 
non-operated side, and had an upper sensory level on 
the non-operated side three to five dermatomes below 
that observed on the operated side. 

No clinically significant hypotension was observed 
during the study, and none of the patients required iv 

bolus administration of  colloids or ephedrine. Systolic 
and diastolic arterial pressure showed no changes dur- 
ing the study in group A compared with baseline 
(Figure 1). In Group B, diastolic arterial pressure was 
decreased 10, 15 and 30 min after spinal puncture 
compared with baseline values (P =.0001), with a 
mean reduction of about 15% from baseline values 
iFigure 1). No differences in arterial blood pressure, 
systolic and diastolic, were observed between the two 
groups (Figure 1). 

Heart rate showed no changes in the two groups 
during the study (P =.32) (Figure 2). A SVI reduction 
was found in Group B at 5, 10, and 15 min compared 
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FIGURE 1 Systolic (SAP), and diastolic (DAP) arterial pressure 
in patients with (Group A) and without (Group B) crystaUoid pre- 
load, measured before i.v. crystalloid infusion (Baseline), and then 
5, 10, 15, and 30 min after bupivacaine spinal injection. 

TABLE I Demographic data of studied patients 

Group A Group B 

(n= lo)  (n ~ lo) 
Age (yr) 62.6 + 6.8 60.6 • 5.4 
Weight (kg) 65.6 +3.1 67.7 + 4.7 
Height (cm) 164 • 3.1 164 + 2.0 
BSA 1 (m 2) 1.6 • 0.05 1.7 • 0.06 
Male/Female 3 /7  4 / 6  

(Group A = patients receiving crystalloid preload; 
Group B = patients without preload) 
IBSA = body surface area 

TABLE II Median (range) sensory level and median (range) 
motor blockade recorded on the operated and the non-operated 
sides 10, 15 and 30 min after spinal puncture in patients with 
(Group A) and without (Group B) crystalloid preload 

Group A Group B 

(n = lo)  (n = 1 0  
Sensory level 10 min T]2 (L]-T10) TI2 (LI-TI0) 
Sensory level 15 min T n (TI2-Ts) Tll (Tl2-T10) 
Sensory level 30 min T10 (TI2-Ts) T n (Tl2-Ts) 
Motor block 10 rain 2 (1-2) 2 (1-3) 
Motor block 15 min 3 (3-3) 3 (2-3) 
Motor block 30 min 3 (3-3) 3 (3-3) 
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FIGURE 2 Modifications of heart rate (HR) stroke volume 
index (SVI), and cardiac index (CI), in patients with (Group A) 
and without (Group B) crystalloid preload, measured before iv 
crystalloid infusion (Baseline), and then 5, 10, 15, and 30 min 
after bupivacaine spinal injection. 

with baseline (P =.02), and at 10, 15 and 30 min com- 
pared with group A (P =0.04) (Figure 2). Cardiac 
index was decreased in Group B during the study in 
respect of  baseline (P =0.001), with a reduction of  
about 15-20%; but there were no changes in Group 
A. A decrease in CI was found at 10 and 30 min after 
bupivacaine spinal injection in Group B compared 
with Group A (P =.02) (Figure 2). 

Discussion 
The most important finding of  the present study is that 
unilateral spinal anaesthesia performed with low doses 
of  hyperbaric bupivacaine led to decreases in DAP, SVI 
and CI in patients without crystalloid preload com- 
pared with patients receiving a small volume of iv crys- 
talloid (Figures 1 and 2). The rate of onset of  sensory 
and motor blockade, as well as the final sensory level 
on the operated side, was similar in the two groups. 

The clinical importance of  SVI and CI decrease 
found in patients without crystalloid preload might be 
questioned: none of  the patients developed clinically 
significant hypotension during the study (SAP reduc- 
tion > 30% of baseline values). This was not surprising 
because cardiovascular effects during hyperbaric bupi- 
vacaine spinal anaesthesia are related to total anaes- 
thetic dose. s Although we were unable to determine 
efficacy or cardiovascular safety of  unilateral spinal 
block, because of  the small study population, our 
results agree with previous reports, s,4 which demon- 
strated higher cardiovascular stability during unilater- 
al spinal block by low doses of  hyperbaric local 
anaesthetic than with standard spinal anaesthesia. 
Unilateral block probably produces less venous pool- 
ing and allows a greater part of  the body to compen- 
sate for blood pooling in blocked areas compared 
with standard spinal anaesthesia. 3,4 

Some observations should be also made on the 
technique of  cardiac output measurement. Each tech- 
nique has inherent advantages and disadvantages, and 
is subject to a margin of  error. 19 The accuracy of  car- 
diac output measurements provided by TEB has been 
widely discussed, ls-2s However, even if some consider 
TEB inaccurate, compared with thermodilution, the 
accuracy was of  limited importance in our study as rel- 
ative changes were analyzed. 

In agreement with others, the results of  the present 
study demonstrated that, even if minimal bupivacaine 
doses are used, a small volume of  crystalloid infusion, 
administered before the block, influences cardiovascu- 
lar performance. In an elegant study of  left ventricular 
global and regional function during bilateral epidural 
anaesthesia up to Tg, Baron et aL 23 demonstrated that 
left ventricular preload and end-systolic pressure were 
increased after volume loading both in normal 
patients and in patients suffering from stable mild 
effort-related angina. 

The importance of  crystalloid preload in the man- 
agement of  spinal anaesthesia has been widely dis- 
cussed. Many studies have concluded that volume 
loading is a satisfactory method of  preventing 
hypotension, s-I~ Crystalloids and colloids have been 
used to compensate for these changes, and arguments 
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have been advanced for the use o f  each. In general, the 
use o f  crystalloids requires a larger volume than do 
colloids. The latter may remain longer in the intravas- 
cular compartment,  but they are more expensive and 
may lead to anaphylaxis. 

On the contrary, some authors have suggested that 
crystalloid preload was o f  little use in the prevention 
o f  hypotension during central neural block. 7,11-13 
Jackson et al. n showed that there was no advantage in 
giving one litre o f  crystalloid preload compared with 
200 ml, to reduce the incidence and severity o f  
hypotension after spinal anaesthesia for elective cae- 
sarean section. Coe et al. 12 found that the incidence o f  
hypotension was not  different in elderly patients 
receiving 0.8 ml.kg -1 or 16 ml.kg -1 as volume loading 
before spinal anaesthesia for lower limb or  lower 
abdominal operations. It  must also be remarked that 
large volumes of  fluid may be dangerous, especially in 
elderly patients with the risk of  pulmonary oedema 
and cardiac failure. 
�9 As demonstrated by our results, unilateral spinal 

block, even if performed with minimal doses o f  hyper- 
baric bupivacaine, can lead to considerable reduction 
in stroke volume and cardiac index in patients who do 
not  receive crystalloid preload before spinal puncture. 
Stroke volume and cardiac index reduction in patients 
without preload is probably produced by a decrease o f  
venous return to the heart, which leads to a ventricu- 
lar leftwards shift on Starling's curve. 2s 

Patients in the present study were ASA physical sta- 
tus I and II, and our results may not  pertain to 
patients with cardiac disease. Further studies in elder- 
ly patients with co-existing cardiorespiratory disease 
should be performed. Nevertheless, mild crystalloid 
preload might provide a further protection against 
undesired cardiovascular side effects, even when a 
restricted spinal block is obtained by means o f  lateral 
decubitus and very low anaesthetic doses. We believe 
that our  results may have clinical importance for prac- 
titioners routinely faced with frail, old patients. 
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