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Objective: Intraoperative hypotension during hip fracture surgery is frequent in the elderly. No study has compared the haemodynamic 
effect of hypobaric unilateral spinal anaesthesia (HUSA) and standardised general anaesthesia (GA) in elderly patients undergoing hip 
fracture surgical repair.
Methods: We performed a prospective, randomised open study, including 40 patients aged over 75 years, comparing the haemodynamic 
effects of HUSA (5 mg isobaric bupivacaine with 5 μg sufentanil and 1 mL sterile water) and GA (induction with etomidate/remifentanil 
and maintenance with desflurane/remifentanil). An incidence of severe hypotension, defined by a decrease in systolic blood pressure of 
>40% from baseline, was the primary endpoint.
Results: The incidence of severe hypotension was lower in the HUSA group compared with that in the GA group (32% vs. 71%, respec-
tively, p=0.03). The median [IQR] ephedrine consumption was lower (p=0.001) in the HUSA group (6 mg, 0-17 mg) compared with 
that in the GA group (36 mg, 21-57 mg). Intraoperative muscle relaxation and patients’ and surgeons’ satisfaction were similar between 
groups. No difference was observed in 5-day complications or 30-day mortality.
Conclusion: This study shows that HUSA provides better haemodynamic stability than GA, with lower consumption of ephedrine and 
similar operating conditions. This new approach of spinal anaesthesia seems to be safe and effective in elderly patients undergoing hip 
fracture surgery.
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Introduction

Both general and spinal anaesthesia can be used for surgical repair of traumatic hip fracture in elderly patients; how-
ever, which of the two techniques is more optimal remains a matter of debate. Several studies and meta-analyses 
suggest that compared with general anaesthesia (GA), regional anaesthesia may reduce one-month mortality; how-

ever, no conclusions can be drawn for longer-term mortality (1-6). A recent retrospective study including 18,158 patients 
reported that regional anaesthesia was associated with a lower adjusted odds ratio of in-hospital mortality and pulmonary 
complications related to GA after hip surgery (7). However, another recent retrospective study including 73,284 patients 
found no difference in the mortality risk by anaesthesia type, suggesting that the beneficial effect of regional anaesthesia 
may be more modest than previously reported (8). This was also reported in a retrospective study including 56,729 pa-
tients, which showed no difference in 30-day mortality between regional and GA, although a modestly shorter length of 
stay was observed (9).
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Although research suggests that overall mortality may not 
be lowered by either general or regional anaesthesia, pa-
tients experiencing hypotension and tachycardia during 
surgery with increased perioperative troponin are at risk 
of  perioperative cardiovascular complications, in particular 
geriatric patients with existing coronary disease (1-7). Sev-
eral regional anaesthesia techniques aim to avoid deleterious 
decreases in arterial blood pressure and tachycardia in this 
specific population. Continuous spinal anaesthesia is a suit-
able technique for maintaining haemodynamic parameters 
during traumatic hip fracture surgical repair in elderly pa-
tients; however, its use is often limited by the frequent use 
of antiplatelet treatments in this population, such as clopi-
dogrel (10). Using lipophilic opioids as adjuncts to spinal 
and unilateral spinal anaesthesia allows for a smaller dose 
of intrathecal local anaesthetic with lower haemodynamic 
effects compared with bilateral spinal or GA (11-14). Hy-
pobaric unilateral spinal anaesthesia (HUSA) with a low 
dose (5mg bupivacaine) of a local anaesthetic combined 
with opioids (sufentanil 5 µg) has moderate haemodynamic 
effects (15). However, previous studies have not compared 
this technique with general anaesthesia. This study aimed 
to compare the haemodynamic effects of low-dose HUSA 
combined with opioids versus a conventional standardised 
GA in elderly patients aged over 75 years undergoing hip 
fracture surgical repair.

Methods

Study design
The present study was a single-centre, prospective, ran-
domised, open control trial and was promoted by the Hos-
pices Civils de Lyon (HCL/P 2006.433/26), registered by 
the French authorities on 10th May, 2007 (AFSSAPS regis-
tration number 2007-A00461-52), authorised by the French 
Ministry of Health on 24th August, 2007 (DGS 2007-0435) 
and approved by the Institutional Review Board (Comité 
de Protection des Personnes Sud-Est IV, reference number 
A07-139). Written informed consent was obtained from all 
patients or their closest relative. The design and description 
of the current trial adhered to the guidelines of the Consol-
idated Standards of Reporting Clinical Trials (CONSORT) 
statement (16).

Study population
Consecutive patients aged over 75 years undergoing emer-
gent hip fracture surgical repair, between December 2006 
and December 2007, in the emergent surgery ward of a 
university teaching hospital and with the American Soci-
ety of Anaesthesiologists (ASA) physical status I–III, were 
enrolled. Exclusion criteria were consent refusal and contra-
indications to spinal anaesthesia (coagulation disorders, hy-
perthermia >38°C, local anaesthetic allergy and antiplatelet 
treatment using clopidogrel within 5 days).

Preoperative care
Preoperative care included providing hydration with 2 li-
tres of 5% glucose and electrolytes (NaCl=4 g L-1, KCl = 2 
g L-1) per day. When surgery was scheduled more than 12 
hours after admission, preoperative anticoagulant treatment 
was initiated twice a day using 7500 IU of subcutaneous 
calcium heparin. Patients treated with oral anticoagulant 
therapy received a slow intravenous dose of 5 mg vitamin 
K followed by subcutaneous calcium heparin injections 
thrice per day, adjusted to activate partial thromboplastin 
time (aPTT), which is the standard protocol used at our 
institution.

Study protocol
The cognitive function of all patients was assessed during the 
preoperative visit using the mini mental state examination 
(MMSE) test (17). Before admission to the operating room, 
the attending anaesthesiologist, randomly assigned patients 
in a 1:1 ratio for parallel arms using a sealed-envelope tech-
nique from a computer-generated random list to receive 
either HUSA or GA. Patients, surgeons and anaesthesiolo-
gists were not blinded to group assignment because of the 
study protocol. All patients received an infusion of 5 mL 
kg−1 hydroxyethyl starch (HES) 130/0.4 administered in 15 
min before spinal or GA to prevent hypotension (18-20). 
Standard monitoring during the procedure included con-
tinuous electrocardiography, pulse oximetry and non-inva-
sive blood pressure measurements, conducted every 3 min 
during 30 min then and 5 min thereafter.

Patients receiving spinal anaesthesia were carefully turned 
to the lateral position for performing lumbar puncture with 
the fracture side up using a 22/25 gauge Quincke point 
needle (Polymedic®, SAS, Carrières-sur-Seine, France), 
positioned midline at the L3-L4 interspace by an experi-
enced physician. To avoid any interference with cognitive 
function, no sedation was used during the procedure. The 
anaesthetic solution comprised 5 mg isobaric bupivacaine 
(rendered hypobaric by the addition of 1 mL sterile water) 
and 1 mL of 5 μg mL−1 sufentanil. The injection was made 
over 10-15 s, needle side opening up, without aspiration of 
the spinal fluid to avoid paddling, which may render the 
spinal anesthesia bilateral (21). Lateral position was main-
tained for 15 min and the patients were then positioned 
for surgery (reinstalled in dorsal decubitus or left in side 
decubitus according to the intervention) (15). The level of 
sensory blockade and intensity of motor blockade were bi-
laterally evaluated 15 min after spinal anaesthesia using the 
modified Bromage scale (0: able to lift extended leg at hip; 
1: able to flex knee, but unable to lift extended leg; 2: able 
to move foot only and 3: unable to move even foot) and the 
pinprick sensory test. The total duration of motor and sen-
sory block was measured. All patients received supplemental 
oxygen (3 L min−1) through an oxygen nasal cannula during 
the procedure.
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Patients undergoing general anaesthesia received intrave-
nous etomidate (0.3 mg kg−1) and remifentanil (0.5 µg kg−1 
in 1 min), administered using an infusion pump. Remifen-
tanil infusion was initiated at the same time as that of eto-
midate. The duration of etomidate injection was 30 s. The 
depth of anaesthesia was monitored using bispectral index 
(BIS) for careful titration of anaesthetic drugs (22). Trache-
al intubation was performed when the BIS value was <40. 
In case the 0.3 mg kg−1 etomidate bolus was insufficient to 
obtain a BIS value <40 after one minute, another bolus of 
0.1 mg kg−1 was administered every minute until a BIS value 
<40 was obtained. If the BIS value exceeded 60 during la-
ryngoscopy, remifentanil infusion was increased to 0.75 µg 
kg−1 min−1 and laryngoscopy was postponed for one minute. 
Cisatracurium (0.15 mg kg−1) was used to facilitate tracheal 
intubation. Anaesthesia was maintained using remifentanil 
at a rate of 0.05-0.20 µg−1 kg−1 min−1, at the discretion of the 
attending anaesthesiologist, according to haemodynamic 
parameters and with desflurane adapted to the elderly pop-
ulation with a BIS target value of 40-60 (23, 24).

For all study patients, ‘moderate’ hypotension was defined 
by a decrease of systolic blood pressure (SBP) of >20% from 
the baseline SBP measured just before the induction of GA 
or HUSA. ‘Deep’ hypotension was defined by a decrease 
of >30% from baseline. ‘Severe’ hypotension was defined 
by a decrease of >40% from baseline. Severe hypotension 
or a SBP <100 mmHg were treated with an intravenous 
injection of 6 mg ephedrine every 3 min until the SBP was 
restored. Bradycardia, defined as heart rate (HR) <45 bpm, 
was treated with 0.5 mg intravenous atropine. SBP, diastolic 
blood pressure, mean blood pressure (MBP), HR, BIS val-
ues, peripheral saturation in oxygen (SpO2) and ephedrine 
consumption were measured every 3 min from the moment 
of SA needle withdrawal or GA induction during the first 
30 min and every 5 min thereafter, until 120 min. In addi-
tion to the HES loading dose, patients received additional 
HES corresponding to the blood loss volume and lactated 
Ringer’s solution at a rate of 5 mL kg−1 h−1 for intraoperative 
volume expansion. The need for red blood cell transfusion 
was left at the discretion of the attending anaesthesiologist 
in case of estimated blood loss >500 mL.

Postoperative care
Postoperative analgesia was initiated one hour before the 
predictable end of surgery. It included intravenous admin-
istration of paracetamol (1 g) and nefopam (20 mg) in slow 
infusions of 30 min every 8 hrs. After arrival in the pos-
tanesthesia care unit (PACU), all patients received intra-
venous morphine titration if the pain estimated by a 0-10 
numerical rating scale was higher than 3 or in the case of be-
haviours associated with acute pain in cognitively impaired 
patients (flailing, screaming, groaning, grimacing, resistance 
to movement or rigid body posture) (25). Patient satisfac-
tion was estimated using the PACU as follows: excellent, 
good, fair or poor. Muscle relaxation during surgery and 

satisfaction with the provided anaesthesia were estimated by 
the surgeon at the end of the surgery as follows: excellent, 
good, fair or poor. All patients received deep vein thrombo-
sis prophylaxis with 2.5 mg subcutaneous fondaparinux per 
day administered at least 8 hours after the end of the surgery 
or with 7500 IU subcutaneous calcium heparin twice a day 
in case of contraindication to fondaparinux. The occurrence 
of postoperative complications (cardiovascular events, red 
blood cell transfusion and mortality) within the first 5 post-
operative days was recorded, and MMSE was repeated at 
day 5 for all patients.

Statistical analysis
The incidence of severe hypotension (decrease in SBP by 
>40%) when using HUSA in comparison with GA was the 
primary outcome. For power analysis, we referred to the 
studies of Minville et al. (10) and Casati et al. (14). The 
first study compared the incidence of hypotension after SA 
performed in elderly patients undergoing either hip fracture 
surgery with 7.5 mg bupivacaine or continuous SA with a 
median dose of 5 mg (10). The authors observed a 68% 
incidence of hypotension (decrease in SBP by >20% from 
baseline) in the SA group vs. 31% in the continuous SA 
group, and a 51% incidence of severe hypotension (decrease 
in SBP by >30% from baseline) vs. 8% in the continuous 
SA group (p<0.05). The second study compared the inci-
dence of hypotension after SA using 7.5 mg of hyperbaric 
0.5% bupivacaine or sevoflurane-based GA in elderly pa-
tients (14). In this study, hypotension (decrease in SBP by 
>20% from baseline) occurred in 46% patients receiving SA 
and in 80% receiving GA (p=0.05), and phenylephrine was 
required in 21% SA patients and 26% GA patients (NS). 
We found no previous study evaluating the effects of small 
dose hypobaric bupivacaine with opioid on severe hypoten-
sion after HUSA. We hypothesised a 50% difference in the 
incidence of severe hypotension between our two groups 
(60% in the GA and 30% in the HUSA group). Using a 
two-sided test, a power calculation with a probability level 
of 0.05 and a power of 80% yielded a sample size of 42 
patients per group. An interim analysis on the incidence of 
severe hypotension was conducted by an independent data 
monitoring board after enrolment of the first 40 patients.

Quantitative data were expressed as mean±standard de-
viation (SD) or median [interquartile] according to the 
normality of their distribution assessed using the Shap-
iro-Wilk’s test. Student’s t-test was used for comparisons 
when the variables were normally distributed, whereas the 
Mann-Whitney U test was used otherwise. Hemodynam-
ic parameters (HR and SBP) were compared during 120 
min after the induction of GA or HUSA using analysis of 
variance (ANOVA) for repeated measures. Qualitative data 
were expressed as numbers (%) and were compared using 
χ² or Fisher’s exact tests. P<0.05 was considered statistically 
significant. Data were analysed using the Statistica software® 
8.0 (StatSoft Inc., Tulsa, OK, USA).
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Results

For ethical reasons, the independent monitoring board 
stopped the trial after interim analysis of the first 40 pa-
tients because a statistically significant lower incidence of 
severe hypotension and total dose of ephedrine were ob-
served in the HUSA group. Of the 54 patients initially 
enrolled, 2 refused to participate and 12 did not meet the 
inclusion criteria (Figure 1). Forty patients (32 women and 
8 men; 21 with GA and 19 with HUSA) were randomised 
and were included in the analysis (Figure 1).

Table 1 includes patient and surgery characteristics, which 
show no significant differences. The times between admis-
sion and surgery, anaesthetic induction and skin incision 
and the duration and type of surgery were comparable be-
tween the groups (Table 1). The incidence of severe hypo-
tension (primary endpoint) was lower in the HUSA group 
than that in the GA group (32% vs. 71%, respectively, 
p=0.03) (Table 2). The incidence of deep hypotension was 
also lower in the HUSA group; however, there was no dif-
ference in the incidence of moderate hypotension between 
the groups (Table 2). The median [IQR] number of epi-
sodes of deep hypotension (0 [0–1] vs. 4 [0–9], respectively, 
p<0.001) and the median [IQR] ephedrine dose (6 [0–17] 
vs. 36 [21–57], respectively, p<0.001) were lower in the 
HUSA group compared with that in the GA group (Table 
2). The intraoperative administration of fluids or transfu-
sion of red blood cells, incidence of postoperative nausea 
and vomiting and the total dose of morphine received in 
the PACU was similar between the groups (Table 2). There 
was a time-group interaction (p<0.01) for SBP (Figure 2) 
and HR (Figure 3) during the procedure in the HUSA and 
GA groups.

The quality of muscle relaxation was rated excellent or good 
by the surgeon for majority of patients, with no difference 
between the groups (Table 2). There were no significant 
differences in patient or surgeon satisfaction between the 
groups (Table 2), although patient satisfaction was not mea-
sured in 7 patients because of cognitive function impair-
ment. In the HUSA group, the mean±SD duration of mo-
tor and sensory blockade in the operated side were 100±13 
min and 135±24 min, respectively. The duration of surgery 
exceeded 2 hours in two patients from each group, with one 
patient in the HUSA group requiring additional analgesia 
by remifentanil. In the HUSA group, 2 patients presented 
intraoperative agitation requiring propofol administration 
(40 mg) and 1 patient presented an intraoperative pruritus. 
In the GA group, the mean±SD infusion rate of remifent-
anil was 0.13±0.07 µg kg−1 min−1. During surgery, BIS val-
ue was maintained between 40 and 60 with low end-tidal 
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Figure 1. Flow chart

Figure 3. Evolution of heart rate with time between the groups (analy-
sis of variance for repeated measures)
Open circles (○) represent unilateral spinal anaesthesia and filled circles (●) 
represent general anaesthesia. Error bars denote 95% confidence interval

Figure 2. Evolution of systolic blood pressure with time between the 
groups (analysis of variance for repeated measures)
Open circles (○) represent unilateral spinal anaesthesia and filled circles (●) 
represent general anaesthesia. Error bars denote 95% confidence interval



desflurane concentrations at 0.5-0.7 MAC, adapted to the 
elderly population (23, 24). One urinary tract infection oc-
curred at day 5 in the HUSA group. Cardiovascular compli-
cations are presented in Table 2, which show no difference 
between the groups. No mortality was observed at day 30 
in any patient.

Discussion

Our study is the first to demonstrate that haemodynamic 
stability, defined by numerous criteria of evaluation, partic-
ularly the consumption of vasopressors and the occurrence 
of severe hypotension episodes, is better with HUSA than 
with GA during hip fracture surgery in the elderly.

These results contradict the results of the meta-analysis 
conducted by Urwin et al., who showed more frequent 
intraoperative hypotension with SA (34%) compared 
with GA (26%) for hip fracture surgery (Peto OR=1.5; 
95% CI=1.1-2.0) (3). However, the anaesthetic agents 
used for SA and GA and the criteria defining hypoten-
sion were not clearly reported in this meta-analysis. Bi-
jker et al. (26) established a literature review and brought 
to light a wide disparity of definitions of intraoperative 
arterial hypotension. The authors reported that, depend-
ing on the used definition, the incidence of intraopera-
tive arterial hypotension varies from 5% to 99%. Besides, 
41% of the patients experienced at least one episode of 
arterial hypotension <80 mmHg and 93% experienced at 
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Table 1. Patient and surgery characteristics. Results are expressed as mean±SD, median [IQR] or n (%)

		  Hypobaric unilateral	  
		  spinal anaesthesia	 General anaesthesia 
		  (n=19)	 (n=21)	 p 

Age (years)	 83±6	 85±5	 0.47

Height (cm)	 158±7	 161±6	 0.22

Weight (kg)	 54±14	 59±12	 0.23

Gender

	 Male	 2 (11)	 6 (29)

	 Female	 17 (89)	 15 (71)	 0.15

ASA physical status

	 I	 2 (11)	 0 (0)

	 II	 8 (42)	 10 (48)

	 III	 9 (47)	 11 (52)	 0.31

Comorbidities

	 Hypertension	 10 (53)	 10 (47)	 0.75

	 Myocardial ischaemia 	 5 (26)	 4 (19)	 0.58

	 Chronic heart failure	 2 (11)	 3 (14)0.72

Delay to surgery (days)	 1 [1–3]	 1 [1–3]	 0.89

MMSE

	 Preoperative visit	 19 [12–26]	 21 [12–24]	 0.75

	 At day 5	 22 [14–26]	 20 [12–23]	 0.50

Time to incision* (min)	 43 [36–45]	 40 [35–46]	 0.96

Type of surgery	

	 Intramedullary nail	 14 (74)	 12 (57)

	 DHS plate	 3 (16)	 2 (10)

	 Hip arthroplasty	 2 (10)	 7 (33)	 0.22

Duration of surgery (min)	 35 [30–49]	 45 [34–53]	 0.33

*Time between induction of spinal or general anaesthesia and skin incision.
ASA: American Society of Anaesthesiologists; DHS: dynamic hip screw; MMSE: mini mental status examination (18)
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Table 2. Study data. Results are expressed as mean±SD, median [IQR] or n (%)

		  Hypobaric unilateral	  
		  spinal anaesthesia	 General anaesthesia 
		  (n=19)	 (n=21)	 p 

Incidence of hypotension			 

	 Moderatea	 17 (89)	 21 (100)	 0.22

	 Deepb	 11 (58)	 21 (100)	 <0.001

	 Severec	 6 (32)	 15 (71)	 0.03

Episodes of hypotension

	 Moderatea	 6 [1–9]	 3 [2–6]	 0.49

	 Deepb	 1 [0–7]	 5 [2–7]	 0.08

	 Severec	 0 [0–1]	 4 [0–9]	 <0.001

Ephedrine (mg)	 6 [0–17]	 36 [21–57]	 <0.001

Fluids (mL)

	 Crystalloids	 375 [282–483]	 435 [347–546]	 0.20

	 HES 130/0.4	 250 [231–311]	 300 [269–318]	 0.91

Intraoperative RBC transfusion	 3 (16)	 5 (24)	 0.81

PONV in PACU	 3 (16)	 1 (5)	 0.53

Morphine in PACU (mg)	 0 [0–2]	 0 [0–4]	 0.59

Muscle relaxation			   0.11

	 Excellent	 12 (63)	 19 (90)

	 Good	 6 (32)	 2 (10)

	 Fair	 1 (5)	 0 (0)

	 Poor	 0 (0)	 0 (0)	

Surgeon satisfaction			   0.19

	 Excellent	 13 (68)	 19 (90)

	 Good	 5 (26.5)	 2 (10)

	 Fair	 1 (5.5)	 0 (0)

	 Poor	 0 (0)	 0 (0)	

Patient satisfaction			   0.32

	 Excellent	 10 (53)	 5 (23)

	 Good	 7 (37)	 10 (50)

	 Fair	 0 (0)	 1 (4)

	 Poor	 0 (0)	 0 (0)

	 No answer	 2 (10)	 5 (23)	

Postoperative complications ≤5 days

	 Troponin elevation	 1 (5)	 2 (10)	 0.93

	 RBC transfusion	 1 (5)	 0 (0)	 0.96

	 IDDVT	 1 (5)	 1 (5)	 0.51

DHS: dynamic hip screw; HES: hydroxyethyl starch; IDDVT: isolated distal deep vein thrombosis, PACU: postanesthesia care unit; PONV: postoperative 
nausea and vomiting; RBC: red blood cell
aSystolic blood pressure decrease by >20% from baseline
bSystolic blood pressure decrease by >30% from baseline
cSystolic blood pressure decrease by >40% from baseline



least one arterial episode of hypotension of >20% from 
baseline.

More recently, a pilot study was performed in 20 patients 
assessing the haemodynamic changes associated with SA 
and GA for hip fracture surgery in a severe ASA III elder-
ly population using invasive monitoring (27). This study 
has shown that severe hypotension was common after 
both GA and SA for hip fracture surgery in the elderly 
population; it also showed that SA provides a more sta-
ble haemodynamic profile with less intervention required 
to maintain mean arterial pressure close to baseline levels. 
Although the anaesthetic protocol was different compared 
with that of the current study (GA combining propofol 
and remifentanil and SA combining levobupivacaine and 
sufentanil), the results were consistent with those of the 
current study.

Intraoperative arterial hypotension is one of the main de-
terminers of the occurrence of myocardial infarction in 
the postoperative period when anaemia is concerned (28). 
The definition of intraoperative arterial hypotension is very 
variable (26). Considering the incidence of the hypotensive 
events over 20%, 30% and 40% from baseline with GA, the 
results of our study are 100%, 100% and 71%, respective-
ly. These results are superior to those found in the review 
by Bijker et al. (26) (93%, 77% and 52%), which can be 
attributed to the older population included in the current 
study. In a study concerning hip fracture surgery in patients 
aged over 65 years using sevoflurane GA, Casati et al. (14) 
observed an 80% incidence of arterial hypotension, which 
was superior to 20% from baseline.

Concerning spinal anaesthesia, 89% of our study patients 
presented hypotension superior to 20%. This result con-
tradicts the findings of Minville et al. (10), which bring 
to light an incidence of only 31% with a 5 mg dose of 
bupivacaine. The very low incidences found in this study 
can be attributed to the fact that the administration of the 
local anaesthetic was titrated through a spinal catheter and 
that the preoperative volume expansion of the patients was 
different (crystalloid: 8 mL kg−1). In the same study, 68% 
of the patients undergoing unilateral SA with 7.5 mg of 
isobaric bupivacaine presented a hypotensive episode over 
20% from baseline; however, the blood pressure measures 
were much more spaced out. With a protocol of identi-
cal anaesthesia for the same type of surgery, Casati et al. 
(14) found an incidence of 46% of hypotensive episodes 
superior to 20%. Even there, blood pressure monitoring 
was different. The closed monitoring in our study is one 
possible explanation for these differences. In another study 
by Ben-David et al. (11), spinal anaesthesia with 4 mg 
isobaric bupivacaine associated with 20 µg fentanyl was 
compared with spinal anaesthesia with 10 mg isobaric bu-
pivacaine; the incidence of hypotension superior to 25% 
of the MBP was 10% and 90%, respectively. Because the 

primary outcome (MBP) was different from that of our 
study, it was not possible to compare these percentages 
with those of our study. Nevertheless, SA using local an-
aesthetic at very low doses may provide better haemody-
namic stability.

The ephedrine dose used to maintain haemodynamic pa-
rameters in predefined values in our study was chosen as a 
surrogate marker of haemodynamic stability. The median 
[IQR] consumption of ephedrine with HUSA was 6 [0–17] 
mg vs. 36 [21–57] mg with GA (p<0.001). Minville et al. 
(10) found a mean±SD consumption of ephedrine of 11±2 
mg in a case of unilateral SA with 7.5 mg isobaric bupiva-
caine. Ben-David et al. (11) found a consumption similar to 
that reported in our study (5 mg) and much lower than that 
used during conventional SA (35 mg). Four patients in our 
study required a surgery exceeding two hours. In that case, 
continuous spinal anaesthesia may be used; however, this 
technique is contraindicated in the case of treatment with 
antiplatelet drugs.

Low doses (7.5 mg) and even very low doses (4 mg) of bu-
pivacaine, in association with an opiate are sufficient for 
femoral neck fracture surgery in the elderly (14, 15). Using 
doses superior or equal to 10 mg of bupivacaine entails hae-
modynamic instability and is no more recommended (29). 
Opiates such as sufentanil, added to local anaesthetics, pro-
long the duration of the sensory block without prolonging 
the duration of the motor block (30). Sufentanil doses usu-
ally recommended in this indication range from 2.5 to 10 
µg (30). Besides, the spinal addition of opiates allows the 
reduction of local anaesthetic doses and, consequently, bet-
ter haemodynamic stability (31, 32).

According to Minville et al. (10), 5 mg bupivacaine without 
opiate would be sufficient for hip fracture surgical repair 
in elderly patients. It is, nevertheless, necessary to specify 
that this dose was administered through a spinal catheter, 
with the possibility of intraoperative supplemental doses in 
the case of insufficient analgesia. Considering these obser-
vations, we opted for a very low dose of bupivacaine (5 mg) 
associated with 5 µg sufentanil. This association seemed rea-
sonable and safe for this type of surgery.

This study presents several limitations because it compares 
two radically different anaesthetic techniques. It was not 
thus possible to perform a double-blind study. Besides, our 
choice of the anaesthesia protocol, particularly the GA pro-
tocol, is not the only choice for an old and fragile popu-
lation. The clinical equipoise between regional and GA is 
unlikely, potentially introducing recording and reporting 
bias (33). We chose etomidate and desflurane because these 
agents allow rapid anaesthetic induction, excellent intraop-
erative control of anaesthesia and rapid emergence and re-
covery from anaesthesia in geriatric patients (34). However, 
hypotension following induction of GA using etomidate is 
very frequent, with a reported mean decrease in mean arte-
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rial pressure of 35%, which is similar to that found in the 
current study (35).

Intraoperative BIS monitoring was systematically used to 
optimise the administration of hypnotic drugs in these frail 
elderly patients, although no evidence-based data are yet 
available to support it (22). Indeed, there is no evidence that 
BIS monitoring, in particular avoidance of BIS values <45, 
decreases intermediate-term mortality in patients undergo-
ing non-cardiac surgery (36). We also used remifentanil as 
an opioid, considering its handiness and pharmacokinetic 
reversibility (37). Its administration was made in weight-ad-
justed infusion and not in target-controlled infusion (TCI) 
because of its feasibility in the department (availability of 
the material). It has been shown that using TCI remifentan-
il may improve the haemodynamics and decrease remifen-
tanil requirement in vascular patients undergoing carotid 
surgery (38). However, the benefit of TCI, compared with 
manually controlled infusion of remifentanil, remains to 
be determined in elderly patients undergoing hip fracture 
surgery.

Concerning HUSA, despite it being clearly demonstrated 
that obtaining strict unilateral spinal anaesthesia is more 
frequent when using hyperbaric solutions, we used a hy-
pobaric solution to improve patient comfort (39, 40). Side 
decubitus with the broken limb in the superior position 
reduces the patient’s pain and discomfort during spinal an-
aesthesia. However, to ensure that spinal anaesthesia was 
unilateral, the anaesthetic solution was injected through a 
22/25 gauge Quincke point needle without aspiration of 
the spinal fluid to avoid paddling, which is responsible for 
a bilateral extension of the block (21, 31). Another use of 
a hypobaric solution is it allows slower installation of the 
sympathetic block as compared with a hyperbaric solution 
(32, 41).

Although our study showed better intraoperative haemo-
dynamics using HUSA, we did not observe a lower rate of 
postoperative complications or 30-day mortality in com-
parison with GA. This may be because of the trial design, 
wherein 30-day mortality was not the primary outcome. The 
problems in determining which primary and secondary out-
comes should be measured in studies concerning the type 
of anaesthesia for hip fracture surgery have been recently 
reported (33). Indeed, although having 30-day mortality as 
the primary outcome would be interesting, it would require 
a very large sample size to detect any significant difference 
between HUSA and GA (33).

Hip fracture surgery in the elderly is frequent in clinical 
practise and concerns a growing population with numerous 
comorbidities. It is a major global public health issue, with 
1.6 million patients suffering from hip fracture every year 
along with a 25% increase every decade (22). The optimisa-
tion of intraoperative haemodynamics is a constant concern 
for the anaesthetist. Intraoperative hypotension, the main 

complication of the anaesthesia, is frequent in this fragile 
population. The debate concerning the type of anaesthesia 
(regional or general) is not closed. Our results show better 
haemodynamic stability as well as reduced consumption of 
vasopressors in patients undergoing HUSA. Furthermore, 
the operating conditions and the satisfaction of the surgeon 
and patients in the HUSA group are comparable with those 
of the GA group.

Conclusion

The present study shows that HUSA is a safe and effective 
technique for the care of hip fracture in the elderly. In our 
study population, HUSA with bupivacaine and sufentanil 
provided better haemodynamic stability than GA with eto-
midate, desflurane, remifentanil and reduced consumption 
of vasopressors with similar operating conditions. Further 
studies with different anaesthetic protocols are however re-
quired to confirm our results.
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