
OBSTETRICS

Influence of preoperative anxiety on hypotension after spinal
anaesthesia in women undergoing Caesarean delivery
S. Orbach-Zinger1*†, Y. Ginosar2†, J. Elliston1, C. Fadon1, M. Abu-Lil1, A. Raz1, Y. Goshen-Gottstein3 and
L. A. Eidelman1

1 Department of Anesthesiology, Rabin Medical Center—Beilinson Campus, Petach Tikvah, Israel
2 Department of Anesthesiology, Hadassah Hebrew University Medical Center, Jerusalem, Israel
3 Department of Psychology, School of Psychological Sciences, Tel-Aviv University, Tel Aviv, Israel

* Corresponding author. E-mail: sharonorbach@yahoo.com

Editor’s key points

† This study assessed the
effect of preoperative
anxiety on arterial
pressure changes after
spinal anaesthesia for
Caesarean delivery.

† Increased preoperative
anxiety was associated
with a greater reduction
in systolic arterial
pressure after spinal
anaesthesia.

† This finding might be
induced by
anxiety-mediated
increase in baseline
sympathetic activation.

Background. We designed a prospective observational study to assess the effect of
preoperative anxiety on hypotension after spinal anaesthesia.

Methods. After IRB approval and signed informed consent, 100 healthy term parturients
undergoing elective Caesarean delivery under spinal anaesthesia were enrolled. Direct
psychological assessments of preoperative anxiety were verbal analogue scale (VAS)
(0–10) anxiety score and State-Trait Anxiety Inventory questionnaire (STAI-s); salivary
amylase was measured as an indirect physical assessment of anxiety. Direct and indirect
anxiety data were transformed into ordinal groups for low, medium, and high anxiety
(VAS: low 0–3, medium 4–6, high 7–10; STAI-s: low ,40, medium 40–55, high .55;
log10 salivary amylase: low ,3, medium 3–4, high .4). Spinal anaesthesia was
performed using hyperbaric bupivacaine 10 mg and fentanyl 20 mg. All patients received
i.v. crystalloid 500 ml prehydration and 500 ml cohydration. Hypotension was treated by
standardized protocol (fluid bolus and ephedrine or phenylephrine depending on
maternal heart rate). Systolic arterial pressure (SAP) was measured at baseline and every
minute after spinal anaesthesia. The effect of low, medium, and high anxiety groups on
the maximum percentage change in SAP (%DSAP) was assessed (one-way analysis of
variance, Tukey’s honestly significant difference).

Results. Ninety-three patients were included in analysis. There was a significant effect of direct
psychological measures of anxiety on %DSAP (VAS P¼0.004; STAI-s P¼0.048). There was a
significant difference between low and high anxiety groups (VAS P¼0.003; STAI-s P¼0.038),
but not between other anxiety groups. Salivary amylase did not correlate with %DSAP.

Conclusions. Preoperative anxiety assessed by VAS had a significant effect on hypotension after
spinal anaesthesia.
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Spinal anaesthesia is the most popular form of regional an-
aesthesia used for Caesarean delivery.1 The most common
side-effect of spinal anaesthesia is maternal hypotension,2

occurring in up to 83% of cases,3 4 although its incidence
depends on how hypotension is defined.5 6 Maternal hypo-
tension after spinal anaesthesia depends on many factors,
including dose of local anaesthetic, patient positioning,
fluid preloading and co-loading, and the use of prophylactic
or therapeutic vasopressors.7 Neonates born by Caesarean

delivery under spinal anaesthesia are more acidaemic
when compared with those delivered after either epidural
or general anaesthesia;8 9 while this may be, in part, a
direct consequence of maternal hypotension, current evi-
dence suggests that this is largely a consequence of the
vasopressors used to treat or prevent it.8 9

The principal mechanism by which spinal anaesthesia
causes maternal hypotension is the blockade of sympathetic
efferent neurones. Patients with higher baseline sympathetic

† These authors contributed equally.

British Journal of Anaesthesia 109 (6): 943–9 (2012)
Advance Access publication 10 September 2012 . doi:10.1093/bja/aes313

& The Author [2012]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

 by guest on A
pril 7, 2016

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

mailto:sharonorbach@yahoo.com
mailto:sharonorbach@yahoo.com
http://bja.oxfordjournals.org/


activation have been shown to have more marked hypoten-
sion after spinal anaesthesia.10 11 Anxiety causes generalized
sympathetic activation.12 Together, these findings provide a
rational basis for the hypothesis that patients with higher
preoperative anxiety would experience more marked hypo-
tension after the induction of spinal anaesthesia. However,
we were unable to find any published study that has
assessed the effect of markers of preoperative anxiety on
the development of hypotension after neuraxial anaesthesia.
As such, we designed a prospective observational study to
assess the effect of preoperative anxiety on arterial pressure
changes after spinal anaesthesia for Caesarean delivery.

Methods
After Institutional Review Board approval and signed
informed consent, healthy term parturients undergoing
elective Caesarean delivery under spinal anaesthesia were
enrolled. Exclusion criteria included active labour, chronic
hypertension or preeclampsia, other active medical or psy-
chiatric disorders requiring regular medication, any contra-
indication for spinal anaesthesia, and refusal of patient
consent.

Pre-anaesthesia anxiety

The primary independent variable was preoperative anxiety.
This was assessed in the preoperative ward on the day of
surgery using two previously validated direct psychological
measures of anxiety: verbal analogue scale (VAS) anxiety
score13 14 and State-Trait Anxiety Inventory questionnaire;15

and one indirect physical measure that has been reported to
be associated with anxiety: salivary amylase.16 VAS anxiety
score: parturients were asked to rank subjective anxiety on
a VAS where 0 was no anxiety at all and 10 the worst
anxiety imaginable. State-Trait Anxiety Inventory question-
naire: parturients were asked to fill out the State-Trait
Anxiety Inventory questionnaire, a two-part questionnaire
composed of self-reporting scales to measure situational
anxiety (STAI-s). Salivary amylase: saliva was collected and
analysed using a hand-held monitor (Cocorometer, Nipro,
Osaka, Japan); salivary amylase level above 60 KU litre21

(log10 value 4) has been reported to be associated with
anxiety.16 After examination for normal distribution, direct
and indirect anxiety data (VAS, STAI-s, and log10 salivary
amylase) were transformed into ordinal groups correspond-
ing to high, medium, and low anxiety. For VAS anxiety: low
0–3, medium 4–6, high 7–10; for STAI-s: low ,40,
medium 40–55, high .55; for log10 salivary amylase: low
,3, medium 3–4, high .4.

Hydration and spinal anaesthesia

An i.v. line was inserted and parturients received 500 ml of
Ringer’s lactate during the hour immediately before
surgery. Patients were brought to the operating theatre and
received a further bolus of 500 ml of Ringer’s lactate over
the next 30 min, during positioning and during and immedi-
ately after spinal anaesthesia administration. Spinal

anaesthesia was performed in the sitting position at the
L3–4 or L4–5 interspace using 10 mg hyperbaric bupivacaine
with 20 mg fentanyl. Immediately after spinal anaesthesia,
parturients were placed in the supine position with a
wedge placed under the right hip. Supplemental oxygen
was administered by a facemask. Surgery was allowed to
begin when the sensory level was confirmed by pinprick to
be at least T4 level bilaterally.

Maternal arterial pressure

Arterial pressure was measured in the operating theatre by
oscillometry (Datex Ohmeda, AS3, GE Healthcare, Madison,
WI, USA). All measurements were made in the supine pos-
ition with left uterine displacement. Arterial pressure was
measured at baseline, immediately before spinal anaesthe-
sia, and every minute after spinal anaesthesia until delivery.
Systolic arterial pressure (SAP) below 100 mm Hg was treated
by a 250–500 ml fluid bolus; SAP below 90 mm Hg was
treated by i.v. vasopressors depending on maternal heart
rate (.80 beats min21, phenylephrine 100 mg repeated as
needed; ,80 beats min21, ephedrine 5 mg repeated as
needed).

Statistical analysis

The primary independent variables were the direct psycho-
logical assessments of anxiety (VAS anxiety score and
STAI-s); the indirect physical measure of anxiety (salivary
amylase, log10 value) was a secondary independent variable.
Data were transformed to ordinal groups corresponding to
low, medium, and high anxiety as described above.

The primary dependent variable was the maximum per-
centage change in SAP (%DSAP) after spinal anaesthesia
with respect to baseline. Secondary dependent variables
were the maximal absolute change from baseline (DSAP)
and the number of patients requiring vasopressors. Depend-
ent variables were analysed as continuous data; low,
medium, and high anxiety groups were compared using
one-way analysis of variance (one-way ANOVA) and differences
between the groups compared using Tukey’s honestly signifi-
cant difference post hoc test. Correlations, where appropri-
ate, were performed using Pearson’s correlation coefficient.
Statistical significance was assumed if P,0.05; as there
was a directional hypothesis (i.e. high measures of anxiety
associated with high levels of spinal hypotension), one-tailed
tests were used.

Sample size was calculated based on a pilot sample that
had a mean (SD) 25% (15) reduction in SAP after spinal anaes-
thesia for Caesarean delivery. We calculated that 82 subjects
would be required to identify a 10% difference between the
groups for the change of SAP with respect to baseline, with
a power of 86% and a P-value of 0.05.

Results
One hundred women were enrolled in this study. Seven sub-
jects were subsequently excluded for the following reasons:
in one case, the operation was cancelled because of
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successful external cephalic version; in two cases, surgery
was postponed to a later date when research personnel
were not available; in three cases, there was failure of
spinal anaesthesia and in one case, there was inadequate
data collection. Ninety-three women were included in the
final analysis.

The baseline data that correlate with anxiety (VAS, STAIs,
and log10 salivary amylase) are presented in Figure 1. All data
were normally distributed. Patient characteristic data are
presented in Table 1 based on the three groups of low,
medium, and high anxiety using VAS anxiety (0–10). There
were no statistically significant differences between the
groups except for gestational age which was significantly
higher in the medium anxiety group than in the low or
high anxiety group.

The effect of low, medium, and high baseline anxiety on
baseline SAP, lowest SAP, maximal %DSAP, and maximal abso-
lute DSAP are represented in Figures 2 (VAS) and 3 (STAI-s).
When comparing low, medium, and high anxiety based upon
the VAS score, there was a significant effect on the %DSAP
after spinal anaesthesia (one-way ANOVA, P¼0.004). There
was a significant difference between low and high anxiety
groups [P¼0.003; mean difference 213%; 95% confidence
interval (CI) 221 to 25], but the differences between low
and medium anxiety (P¼0.07) and the medium and high
anxiety groups (P¼0.61) were not significant. When compar-
ing low, medium, and high anxiety based upon the STAI-s,
there was a significant effect on the %DSAP after spinal anaes-
thesia (one-way ANOVA, P¼0.048). There was a significant differ-
ence between low and high anxiety groups (P¼0.038; mean
difference 211%; 95% CI 218 to 24), but the differences
between low and medium anxiety (P¼0.39) and the medium
and high anxiety groups (P¼0.23) were not significant.

The absolute DSAP after spinal anaesthesia was signifi-
cantly affected by anxiety assessed by VAS (one-way ANOVA,
P¼0.007). There was a significant difference between low

and high anxiety groups (P¼0.006; mean difference 219
mm Hg, 95% CI 230 to 27), but the differences between
low and medium anxiety (P¼0.057) and the medium and
high anxiety groups (P¼1.0) were not significant. The abso-
lute DSAP after spinal anaesthesia was not significantly
affected by anxiety assessed by STAI-s (one-way ANOVA,
P¼0.065).

When comparing low, medium, and high anxiety based
upon the log10 amylase measurement, there were no signifi-
cant effects on the %DSAP after spinal anaesthesia (one-way
ANOVA, P¼0.090) or absolute DSAP (P¼0.074). There were no
significant differences between the groups in these second-
ary comparisons. There was a significant correlation

25

Low
0–3

Medium
4–6

High
7–10

20

15

10

5

0
0 3 6 9 12

VAS anxiety (0–10)

Fr
eq

ue
nc

y
25 20

15

10

5

0
1 2 3 4 5 6

Low
<40

Medium
40–55

High
>55

Low
<3

Medium
3–4

High
>4

20

15

10

5

0
20 40 60 80

State-Trait anxiety questionnaire Salivary amylase (log10 value)

Fr
eq

ue
nc

y

Fr
eq

ue
nc

y

Fig 1 Primary and secondary independent variables were normally distributed. Subjects were divided into low, medium, and high anxiety
groups. The primary independent variable was subjective anxiety rated using VAS (0–10), where low anxiety¼0–3, medium anxiety¼4–6,
and high anxiety¼7–10. Secondary independent variables were STAI-s (see text) where low anxiety ,40, medium anxiety 40–55, and
high anxiety ,55; and salivary amylase (log10) where low anxiety ,3, medium anxiety 3–4, and high anxiety ,4.

Table 1 Maternal patient characteristic data for low, medium,
and high anxiety groups, based on VAS anxiety (low anxiety 0–3,
medium anxiety 4–6, high anxiety 7–10). Data are mean (range)
for age, or mean (SD). *P,0.05 between high and medium groups

Low anxiety Medium
anxiety

High anxiety

Age (yr) 32.3 (27–35) 33.7 (23–50) 31.8 (20–41)

Weight (kg) 82.5 (12.8) 80.1 (15.5) 77.1 (16.8)

Height (cm) 163.7 (6.7) 164.8 (5.8) 164.3 (8.7)

Gestational age
(weeks+day)

38 (6) 39 (6)* 38 (6)*

Gravida 2.8 (1.5) 3.2 (1.2) 2.9 (1.7)

Parity 1.3 (1.1) 1.8 (1.0) 1.3 (0.9)

Baseline systolic
arterial pressure
(mm Hg)

126.9 (12.1) 134.3 (20.8) 132.9 (14.1)

Baseline pulse
pressure
(mm Hg)

52.4 (10.8) 53.3 (15.1) 50.7 (8.6)

Baseline
haematocrit

34.5 (2.2) 34.3 (2.8)* 35.9 (2.9)*
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between the VAS anxiety as a continuous variable with both
the %DSAP (P,0.0001; Pearson’s correlation 0.376) and the
absolute DSAP (P¼0.002; Pearson’s correlation 0.335).
STAI-s did not correlate with either %DSAP or absolute
DSAP (%DSAP P¼0.128, Pearson’s correlation 0.162; absolute
DSAP P¼0.259, Pearson’s correlation –0.120). The log10

amylase weakly correlated with the %DSAP (P¼0.042, Pear-
son’s correlation –0.215) and with the absolute DSAP
(P¼0.058, Pearson’s correlation 0.201).

VAS anxiety strongly correlated with STAI-s (P,0.001,
Pearson’s correlation¼0.629). There was no correlation
between VAS anxiety and log10 amylase (P¼0.931, Pearson’s
correlation¼20.01). The use of vasopressors (either ephe-
drine or phenylephrine) in low, medium, and high anxiety
groups is represented in Figure 4. Although there appeared
to be a trend to increased vasopressor use with increasing
anxiety, this was not significant in this sample (x2 test
P¼0.24; for ordinal series Spearman’s correlation P¼0.093).

Neonatal data are presented in Table 2. There are no dif-
ferences in neonatal outcomes except for Apgar score at 1
min which was lower in the medium anxiety vs high
anxiety group.

Discussion
In this study, we demonstrated that increased preoperative
anxiety was associated with a greater reduction in SAP
after spinal anaesthesia for Caesarean delivery. This change
in SAP was not due to a return to normal values of preopera-
tive hypertension associated with preoperative stress, as the
preoperative arterial pressures were not different in the low,
medium, and high anxiety patients. This difference was clin-
ically relevant and statistically significant for both relative
and absolute change from baseline. The greater hypotension
seen in the high anxiety group was observed, despite a ten-
dency to increased use of vasopressors in those patients. The
difference was not explicable by differences in preoperative
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hydration status; baseline heart rate and pulse pressure and
the baseline haematocrit were not significantly different
between high and low anxiety groups and all patients
received the same fluid management protocol.

Our results suggest that a simple subjective preoperative
anxiety score may predict hypotension after spinal anaesthesia.
We speculate that this is associated with an anxiety-mediated
increase in baseline sympathetic activation. As hypotension
induced by spinal anaesthesia is mediated by sympatholysis,
it seems plausible that the higher the baseline sympathetic
activation, the more dramatic will be the haemodynamic
effect of spinal anaesthesia. This has been demonstrated
in a variety of studies using different endpoints measures
as surrogate indicators of sympathetic activation, including
maternal baseline heart rate,17 maternal heart rate
variability,10 11 entropy of the maternal R–R interval,18 skin
conductance,19 and maternal postural arterial pressure
changes.20 Anxiety has been objectively shown to increase

sympathetic activation in studies of heart variability20 – 23

and postural arterial pressure changes24 and also to reduce
vagal control.25 Although seemingly self-evident, the connec-
tion between objective measures of preoperative anxiety and
hypotension after spinal anaesthesia has not been demon-
strated in previous studies.

Although we assessed two direct psychological measures
of anxiety in this study (VAS and STAI-s), the latter is consid-
ered the more widely accepted measure. Although increases
in both measures were significantly associated with greater
hypotension after spinal anaesthesia, the results for VAS
were slightly stronger. However, the difference between the
effects of stress on VAS and on STAI-s was not significant.

Our study demonstrated a poor correlation between the
direct psychological assessments of anxiety (VAS and
STAI-s) and salivary amylase; not surprisingly, the salivary
amylase also correlated weakly with hypotension after
spinal anaesthesia. In previous studies, salivary amylase
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has been found to be an accurate marker of sympathetic ac-
tivation.16 26 – 29 Salivary amylase has been found to increase
in a wide range of stressful activities,16 cold pressure test,27

mental arithmetic tasks,16 and during examination stress.28

Likewise, salivary amylase has been found to be strongly cor-
related with STAI-s scores in patients exposed to similar
stressful situations.16 A recent study found that salivary
amylase increased in pregnant women waiting for Caesarean
delivery.29 A possible explanation for the poor correlation
found in our study is the reported attenuation of the salivary
amylase response to psychosocial stresses in pregnant
women.30 However, it is more likely that this indirect physical
measure of stress was not associated with spinal hypoten-
sion because of its questionable validity as a measure index-
ing psychological anxiety. In contrast, the two direct
psychological measures used in this study, STAI-s and VAS,

capture the essence of the subjective experience. Partici-
pants are questioned about their feelings regarding a stress-
ful situation and their responses (reported on a numeric
scale) are combined to create a measure of anxiety. As the
questions directly address subjective feelings, they usually
provide a good estimate of how anxious participants truly
are. By comparison, salivary amylase is, at best, only indirect-
ly related to anxiety. Even in stereotypically stressful situa-
tions, it is impossible to predict the individual level of
salivary amylase, which is affected by a range of physical
and psychological factors.

We were concerned that dehydration could be a potentially
confounding factor, since preoperative dehydration may
increase anxiety and other stress-related symptoms and
might also precipitate more marked hypotension after
spinal anaesthesia. However, the baseline heart rate and
pulse pressure and the baseline haematocrit were only mar-
ginally different between the groups and there was no differ-
ence in pulse pressures or fluid loading, so preoperative
dehydration is unlikely as an alternative explanation for our
findings.

In conclusion, preoperative anxiety, assessed by a simple
subjective VAS score, had a significant effect on the reduction
in SAP after the onset of spinal anaesthesia for Caesarean
delivery. These data should remind anaesthetists of the im-
portance of alleviating anxiety in our patients before oper-
ation. Although it may be speculated that prophylactic
phenylephrine infusions might confer additional benefit in
highly anxious patients, this hypothesis should be assessed
by a future prospective study.
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5 Klöhr S, Roth R, Hofmann T, Rossaint R, Heesen M. Definitions of
hypotension after spinal anaesthesia for caesarean section: lit-
erature search and application to parturients. Acta Anaesthesiol
Scand 2010; 54: 909–21

70

60

50

40

30

20

10

0
Low anxiety

VAS 0–3
Medium anxiety

VAS 4–6
High anxiety
VAS 7–10

P
at

ie
nt

s 
re

qu
iri

ng
 v

as
op

re
ss

or
s 

po
st

 s
pi

na
l (

%
)

Fig 4 The use of vasopressors (either ephedrine or phenyleph-
rine) in low, medium, and high anxiety groups (based on VAS),
after the administration of spinal anaesthesia. See text for proto-
col for vasopressor use. Although there appeared to be a trend to
increased vasopressor use with increasing anxiety, this was not
significant (x2 test P¼0.24; for ordinal series Spearman’s correl-
ation P¼0.093).

Table 2 Neonatal patient characteristic and outcome data for
low, medium, and high maternal anxiety groups, based on VAS
anxiety (low anxiety 0–3, medium anxiety 4–6, high anxiety 7–
10). *P,0.05 between high and medium groups

Low anxiety Medium anxiety High anxiety

Weight (kg) 3.1 (0.5) 3.2 (0.4) 3.1 (0.4)

Apgar (1 min) 9.0 (0.0) 8.7 (0.9)* 9.0 (0.0)*

Apgar (5 min) 9.9 (0.3) 9.8 (0.5) 9.9 (0.2)

pH 7.3 (0.03) 7.3 (0.05) 7.3 (0.05)

BJA Orbach-Zinger et al.

948

 by guest on A
pril 7, 2016

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

http://bja.oxfordjournals.org/


6 Bijker JB, van Klei WA, Kappen TH, van Wolfswinkel L, Moons KG,
Kalkman CJ. Incidence of intraoperative hypotension as a func-
tion of the chosen definition: literature definitions applied to a
retrospective cohort using automated data collection. Anesthesi-
ology 2007; 107: 213–20

7 Cyna AM, Andrew M, Emmett RS, Middleton P, Simmons SW. Tech-
niques for preventing hypotension during spinal anaesthesia for
caesarean section. Cochrane Database Syst Rev 2006; 18: CD002251

8 Reynolds F, Seed PT. Anaesthesia for Caesarean section and neo-
natal acid–base status: a meta-analysis. Anaesthesia 2005; 60:
636–53

9 Tonni G, Ferrari B, De Felice C, Ventura A. Fetal acid–base and neo-
natal status after general and neuraxial anesthesia for elective
Caesarean section. Int J Gynaecol Obstet 2007; 97: 143–6

10 Hanss R, Bein B, Ledowski T, et al. Heart rate variability predicts
severe hypotension after spinal anesthesia for elective Caesarean
delivery. Anesthesiology 2005; 102: 1086–93

11 Hanss R, Ohnesorge H, Kaufmann M, et al. Changes in heart rate
variability may reflect sympatholysis during spinal anaesthesia.
Acta Anaesthesiol Scand 2007; 51: 1297–304

12 Roth W, Dobrenz S, Dietal A, et al. Sympathetic activation in
broadly defined generalized activation anxiety disorder.
J Psychiatr Res 2008; 42: 205–12

13 Vogelsang J. The Visual Analog Scale: an accurate and sensitive
method for self-reporting preoperative anxiety. J Post Anesth
Nurs 1988; 3: 235–9

14 Kindler CH, Harms C, Amsler F, Ihde-Scholl T, Scheidegger D. The
visual analog scale allows effective measurement of preoperative
anxiety and detection of patients’ anesthetic concerns. Anesth
Analg 2000; 90: 706–12

15 Spielberger CD, Gorsuch RL, Lushene RE. Manual for State–Trait
Anxiety Inventory (Self Evaluation Questionnare). Palo Alto, CA:
Consulting Psychologist Press, 1970

16 Noto Y, Sato T, Kudo M, Kurata K, Hirota K. The relationship
between salivary biomarkers and State-Trait Anxiety Inventory
Score under mental arithmetic stress: a pilot study. Anesth
Analg 2005; 101: 1873–6
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