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Background. ECG changes, similar to those seen during myocardial ischaemia, together with

symptoms of chest pain, are common during Caesarean section (CS). We hypothesized that

oxytocin administration has cardiovascular effects leading to these symptoms and ECG changes.

Methods. Forty women undergoing elective CS under spinal anaesthesia were given an i.v.

bolus of either 10 IU of oxytocin (Group OXY-CS, n¼20) or 0.2 mg of methylergometrine

(Group MET-CS, n¼20), in a double-blind, randomized fashion after delivery. Ten healthy, non-

pregnant, non-anaesthetized women were used as normal controls (Group OXY-NC, n¼10)

and were given 10 IU of oxytocin i.v. Twelve-lead ECG, on-line, computerized vectorcardiogra-

phy (VCG), and invasive arterial pressure were recorded.

Results. Oxytocin produced a significant increase in heart rate, þ28 (SD 4) and þ52 (3) beats

min21 [mean (SEM); P,0.001], decreases in mean arterial pressure, 233 (2) and 230 (3) mm Hg

(P,0.001), and increases in the spatial ST-change vector magnitude (STC-VM), þ77 (12) and

þ114 (8) mV (P,0.001), in CS patients and controls, respectively. Symptoms of chest pain and

subjective discomfort were simultaneously present. Methylergometrine produced mild hyper-

tension and no significant ECG changes.

Conclusions. Oxytocin administered as an i.v. bolus of 10 IU induces chest pain, transient pro-

found tachycardia, hypotension, and concomitant signs of myocardial ischaemia according to

marked ECG and STC-VM changes. The effects are related to oxytocin administration and not

to pregnancy, surgical procedure, delivery, or sympathetic block from spinal anaesthesia.
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Transient ECG changes, such as ST-segment depression

and T-wave abnormalities, can be observed in healthy

women undergoing Caesarean section (CS) under regional

anaesthesia.1 – 3 The ECG changes appear to occur during

and immediately after delivery and have been associated

with systemic hypotension and tachycardia. Subjective

symptoms, such as chest discomfort or pain, headache, and

dyspnoea, are also described. Air emboli, pain from retro-

peritoneal traction, cardiac sympathetic block, and

hyperventilation are some of the suggested explanations.1 – 6

Case reports of myocardial infarction and cardiac compli-

cations in the parturient and reports of a significant

increase in serum levels of cardiospecific troponin T after

CS6 – 8 have increased our interest in evaluating this in

more detail.

I.V. oxytocin produces hypotension and tachycardia and

has been associated with ECG changes suggestive for

myocardial ischaemia.5 9 The present study was designed
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to determine whether or not the cardiovascular effects,

ECG changes, and subjective symptoms during CS are

related to oxytocin or whether they are associated with preg-

nancy, sympathetic block, surgery, or the profound physio-

logical changes during delivery. The aim was also to evaluate

the relevance of ECG changes as a sign of myocardial ischae-

mia using computerized vectorcardiography (VCG).

Methods

After approval by the ethics committee at the University

of Umeå, informed consent was obtained from all included

women.

Forty healthy women, pregnant at full term and under-

going elective CS with spinal anaesthesia, were random-

ised into two subgroups: Group OXY-CS (n¼20),

oxytocin (Syntocinonw, Novartis, Täby, Sweden) after

delivery and Group MET-CS (n¼20), methylergometrine

(Metherginw, Novartis, Täby, Sweden) after delivery.

Ten healthy, non-pregnant, non-anaesthetized women

received oxytocin in an open fashion, as normal controls:

Group OXY-NC.

Oxytocin and Caesarean section and

methylergometrine and Caesarean section

No premedication was given. Upon arrival at the operating

room, i.v. access was established and a catheter was

inserted into the right radial artery under local anaesthesia.

Conventional 12-lead ECG and VCG were recorded in

each patient. Baseline measurements were made in the left

lateral tilt position and an i.v. infusion of 500 ml of

dextran 70 in Ringer’s acetate was given. Spinal anaesthe-

sia was then induced in the sitting position with 12.5–

13.75 mg of hyperbaric bupivacaine. The women were

placed in a supine position, with a left lateral tilt of the

operating table to avoid vena cava compression by the

uterus, and supplementary nasal oxygen (2 litre min21)

was administered. Five milligrammes of ephedrine were

given as an i.v. bolus when the systolic arterial pressure

(SAP) decreased below 95 mm Hg. Surgery began when

stable haemodynamic conditions and a sensory blockade

at Th 6 or above were achieved. Measurements ‘before

drug’ were made immediately after delivery and after the

tilted operating table had been returned to horizontal, but

before the administration of oxytocin or methylergome-

trine. After the umbilical cord had been clamped, either

10 IU of oxytocin (OXY-CS) or 0.2 mg of methylergome-

trine (MET-CS) was administered i.v. within 30 s. ECG,

VCG, arterial pressure, and heart rate (HR) were continu-

ously recorded for 15 min during and after the adminis-

tration of oxytocin or methylergometrine.

A nurse who was not involved in the study randomized

the patients by lot to either oxytocin or methylergometrine

and prepared a syringe with the drug, labelled it with the

trial number, and took it into the operating room. Drugs

were given in double-blind fashion, and the code was not

broken until all patients had completed the trial.

Oxytocin and non-pregnant controls

Measurements were performed in 10 healthy, non-

pregnant, non-anaesthetized women using the same proto-

col as that used for the OXY-CS and MET-CS groups.

After measurements ‘before drug’ at rest in the horizontal

position, 10 IU of oxytocin were injected as an i.v. bolus

within 30 s and the effects on STC-VM, ECG, arterial

pressure, and HR were recorded continuously for 15 min.

Subjective symptoms were systematically documented.

Measurements

Scalar 12-lead ECG signals, with an amplifier bandwidth

of 0.05–500 Hz, were recorded (Mingograph 7,

Siemens-Elema AB, Solna, Sweden). ST-segment

depressions in the ECG chest leads were measured at

60 ms after the J-point and were considered abnormal if

they were horizontal or sloped downwards and had a

change of more than 0.1 mV from baseline. The sum of

the ST changes for all chest leads was calculated at the

point of peak change. The ECGs were assessed by a car-

diologist blinded to the drug the subjects had been

given. The ECGs were classified according to changes in

voltage, increases in HR, ST-segment depression,

changes in T-waves, and the development of positive

U-waves.

Spatial ST-change vector magnitude (STC-VM) was

recorded with a computerized system for VCG (MIDA

1000, Ortivus Medical AB, Täby, Sweden) using a

measurement sensitivity of 1.0 mV for averaged com-

plexes, a sampling frequency of 500 Hz, and an amplifier

bandwidth of 0.03–500 Hz. Electrodes were placed in the

standardized fashion described by Frank10 and the signals

were sampled and averaged in periods of 15 s. Changes in

STC-VM were considered significant as a sign of ischae-

mia if the increase was more than 50 mV.11 12

Right radial SAP, diastolic arterial pressure (DAP), and

mean arterial pressure (MAP) were measured using a fluid-

filled catheter system (1.0 mm cannula, Ohmeda transdu-

cer DT-XX 992523A, Singapore) and was recorded on a

polygraph (Mingograph 7). HR was derived from the VCG

recordings.

Intervals of 15 s between measurements included for

analysis were chosen, based on previous reports of the

rapid onset and time course of oxytocin effects.9 Absolute

values for all variables were taken immediately before

drug administration and at the time of peak STC-VM for

each patient. Furthermore, the mean difference compared

with values before drug was calculated for each group.
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Statistics

Absolute values for variables were expressed as mean

values (SEM). Differences between the groups were tested

using one-way ANOVA. When a significant difference

between groups was found, post hoc tests for differences

were performed using Tukey’s HSD test.

Results

The three groups were similar in terms of age [OXY-CS:

31 (1.3); MET-CS: 31 (1.2); and OXY-NC: 33 (2.2) yr]

and height [OXY-CS: 166 (1.4); MET-CS: 163 (1.3); and

OXY-NC: 169 (1.7) cm]. The pregnant women were sig-

nificantly heavier than the women in the control group

[OXY-CS: 79.4 (3.2); MET-CS: 79.4 (2.7); and OXY-NC:

63.6 (1.8) kg]. The spinal blocks in the OXY-CS and

MET-CS groups had a sensory level of Th 4 or higher in

all but one woman in each group, who reached a level of

Th 6. All included patients and controls fulfilled the study

protocol and no one was lost to analysis.

At baseline ‘before spinal’ and interventions, the HR

was significantly higher in the pregnant women than in the

non-pregnant controls ‘before drug’. This was probably

due to the normal physiological increase in cardiac output

at full term. The higher SAP, MAP, and DAP in pregnant

women compared with controls may be an effect of

anxiety before spinal anaesthesia and surgery. The

STC-VM values did not differ between the groups

(Table 1).

Oxytocin and Caesarean section

After the spinal anaesthesia and delivery, the HR did not

change compared with baseline, although there was a

small yet significant decrease in arterial pressure to levels

similar to the controls and a small yet significant increase

in STC-VM to 37 (5) mV ‘before drug’ (Table 1). Within

a few seconds after the bolus of oxytocin, there was an

additional significant increase in STC-VM up to 114 (13)

mV, concomitant with a significant decrease in arterial

pressure and an increase in HR up to 117 (3) beats min21

(Table 1). The temporal relationship between the VCG

and haemodynamic changes is shown in Figure 1. The

peak values for all parameters were reached within 1 min

after oxytocin administration and returned to baseline

within 5 min.

An analysis of the scalar ECG revealed an increase in

HR of more than 25 beats min21 in 10/20 OXY-CS

women and more than 30 beats min21 in 7/20. Eleven of

20 women developed transient ST-segment depression and

7/20 had T-wave changes. The mean sum of ST

depressions (at the point of maximum change) in all chest

leads was 5.3 (0.6) mV (Fig. 2).

An example of the ECG and VCG response to oxytocin

in one woman undergoing a section is shown in Figure 3.

Methylergometrine and Caesarean section

Like the OXY-CS group, HR was unchanged, arterial

pressure decreased, and STC-VM increased significantly

to 43 (6) mV after ‘spinal’ and delivery ‘before drug’

(Table 1). After the injection of methylergometrine,

STC-VM and HR did not change, whereas arterial pressure

increased significantly (Fig. 1, Tables 1 and 2).

An analysis of the scalar ECG changes revealed no

increase in HR. Six of 20 women in the MET-CS group

developed a transient ST-segment depression and 3/20 had

T-wave changes. The mean sum of ST depressions (at the

point of maximum change) in all chest leads 60 m s after

the J-point was 1.8 (0.3) mV (Fig. 2).

Oxytocin and non-pregnant controls

HR and arterial pressure were normal at rest before drug

and lower compared with the pregnant women at baseline

before spinal. STC-VM was normal and similar to the

values before spinal in the women undergoing CS.

Oxytocin produced a significant reduction in arterial

pressure and an increase in HR up to 116 (5) beats min21

and STC-VM up to 120 (8) mV that was of the same mag-

nitude as that seen in the women receiving oxytocin

during CS. The peak changes occurred within 1 min after

oxytocin administration and returned to baseline within

5 min (Fig. 1 and Tables 1 and 2).

An analysis of the scalar ECG revealed a HR increase

of more than 30 beats min21 in all the control women.

Five of 10 developed a transient ST-segment depression

Table 1 Haemodynamic and vectorcardiographic data in the two groups of

Caesarean section (OXY-CS and MET-CS) and in non-pregnant controls

(OXY-NC). Measurements were performed before spinal (OXY-CS and

MET-CS), before drug (OXY-NC), and before drug but after spinal and

delivery (OXY-CS and MET-CS) and at the time of maximum ST changes.

Values are HR (beats min21), SAP, MAP, and DAP (mm Hg), and STC-VM

(mV). Data are presented as mean + SEM. One-way repeated measures ANOVA

was used to test for differences within groups. *P,0.05 vs before drug;
†P,0.05 vs before spinal

OXY-NC
(n510)

OXY-CS
(n520)

MET-CS
(n520)

HR (beats min21)

Before spinal 89 (3) 82 (3)

Before drug 64 (2) 89 (3) 83 (3)

At max. STC-VM 116 (5)* 117 (3)* 87 (3)

SAP (mm Hg)

Before spinal 146 (5) 143 (4)

Before drug 139 (3) 131 (3)† 136 (6)

At max. STC-VM 104 (7)* 85 (4)* 150 (6)*

DAP (mm Hg)

Before spinal 79 (2) 76 (2)

Before drug 73 (2) 70 (2)† 69 (3)†

At max. STC-VM 45 (3)* 43 (2)* 78 (2)*

MAP (mm Hg)

Before spinal 101 (3) 98 (3)

Before drug 95 (2) 91 (2)† 91 (4)†

At max. STC-VM 65 (4)* 57 (2)* 102 (3)*

STC-VM (mV)

Before spinal 10 (1) 10 (1)

Before drug 6 (1) 37 (5)† 43 (6)†

At max. STC-VM 120 (8)* 114 (13)* 54 (5)
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and 6/10 had T-wave changes. The mean sum of ST

depressions (at the point of maximum STC-VM change)

in all chest leads was 3.73 (0.44) mV, which did not differ

from the women given oxytocin during CS but was signifi-

cantly higher than the women receiving methylergome-

trine during CS (Fig. 2).

Subjective symptoms in the 10 control women included

headache (n¼9), flushing (n¼8), palpitations (n¼6), chest

pressure (n¼3), and hyperventilation with dyspnoea and

nausea (n¼1). These symptoms were reported during the

minutes after the injection of oxytocin and were concur-

rent with the ECG, VCG, and peak haemodynamic

changes. The symptoms ceased in parallel with the resol-

ution of the ECG changes.

Heart rate and vectorcardiography

The controls (OXY-NC) displayed a greater increase in

HR and STC-VM after oxytocin administration than the

women undergoing a section (OXY-CS) (Table 2). Paired

observations for HR and STC-VM showed increases in

STC-VM, with increasing HR in both groups receiving

oxytocin (Fig. 4). The linear regression of HR and

STC-VM in the control group immediately after oxytocin

injection until the maximum STC-VM level showed a 4.6

(3.1) mV per beat increase in STC-VM.

Discussion

An i.v. bolus of 10 IU of oxytocin produced a transient

hypotension, tachycardia, ECG ST-T depression, and

the elevation of STC-VM in women during CS under

spinal anaesthesia and in healthy non-pregnant, non-

anaesthetized controls. Methylergometrine produced a

significant increase in arterial pressure but had no effect

on HR and STC-VM. The results demonstrate that the

cardiovascular and ECG changes often observed during

CS are related to the administration of oxytocin and not

to pregnancy, spinal anaesthesia, surgical procedure, or

delivery. Oxytocin induced striking ECG changes and

subjective symptoms that were typical of myocardial

ischaemia. The symptoms of flush, chest pain, and

dyspnoea were closely related to the injection of oxytocin

and the cardiovascular effects. They were typical of the

complaints commonly described in women undergoing CS

under spinal anaesthesia.

Fig 2 Mean sum of ST-changes in the scalar ECG chest leads mV (SEM).
#P,0.05 vs OXY-CS and OXY-NC.

Fig 1 Time-related mean values of changes in (A) HR, (B) MAP, and (C)

STC-VM after the injection of 10 IU of oxytocin in Caesarean section

and normal controls and after the injection of 0.2 mg of

methylergometrine in Caesarean section.
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In spite of many investigations, there is still a question

of whether or not the ECG changes and subjective symp-

toms observed during CS are important and relevant as

signs of myocardial ischaemia.4 Most previous studies of

this topic have used Holter ECG with averaging periods of

30–60 s and intermittent non-invasive arterial pressure

measurements.13 With continuous monitoring and short

averaging periods of 15 s, we could demonstrate that the

short-lasting cardiovascular and ECG-changes were related

to the injection of oxytocin and could easily have been

missed with intermittent monitoring.

McLintic and colleagues2 and Mathew and colleagues3

were unable to demonstrate myocardial ventricular wall

motion abnormalities as a sign of myocardial ischaemia

using echocardiography during CS. The method is,

however, difficult to perform during this procedure. Moran

and colleagues demonstrated frequent episodes of

ST-segment depression by continuous Holter monitoring

both perioperatively and up to 12 h after delivery. They

also found a release of cardiospecific troponin T as a bio-

chemical marker of myocardial ischaemia in two of the

patients with ST-T depression.7

We used both continuous 12-lead ECG and computer-

ized VCG that has the advantage to provide both a magni-

tude and direction of a spatial vector reflecting changes in

myocardial electrical activity in three dimensions

(STC-VM). An increase in STC-VM of more than 50 mV

is considered to be a more sensitive and specific sign of

myocardial ischaemia than conventional ECG.11 12

The spatial vector is sensitive to postural changes of the

heart. The first small increase in STC-VM from the zero

point to the value ‘before drug’ in both pregnant groups

was probably due to change in position of the operation

table and reduction of abdominal content at delivery. The

second large increase in STC-VM from the level ‘before

drug’ to levels far above the limit for myocardial ischae-

mia after oxytocin injection was not biased by postural

Fig 3 Recordings of scalar ECG and VCG in one OXY-CS woman after 10 IU of oxytocin i.v. Note the pronounced peak in STC-VM in the VCG

trend curve and the ST-segment depression in the scalar ECG.

Fig 4 Paired observations of STC-VM and HR in women receiving

oxytocin during Caesarean section and controls.

Table 2 Haemodynamic and VCG changes from controls before the injection

of the drug to the peak STC-VM. The data are expressed as mean values of

peak differences in HR, SAP, MAP, DAP, and STC-VM. Data are presented

as mean (SEM). One-way ANOVA was used to compare groups. When significant

ANOVA was found, post hoc tests were conducted using Tukey’s HSD test.

*P,0.05 vs MET-CS; †P,0.05 vs OXY-CS

OXY-NC OXY-CS MET-CS

Time from drug adm. to max.

ST changes (s)

91 (18) 58 (5) 70 (8)

DHR (beats min21) 52 (3)*,† 28 (4)* þ4 (3)

DSAP (mm Hg) 235 (6)* 246 (3)* þ15 (2)

DDAP (mm Hg) 228 (2)* 227 (2)* þ9 (2)

DMAP (mm Hg) 230 (3)* 233 (2)* þ11 (2)

DSTC-VM (mV) 114 (8)*,† 77 (12)* þ11 (4)
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changes and reflect true changes in cardiac electrical

activity.

One of the limitations of ECG methods when it comes

to detecting myocardial ischaemia is the influence of

tachycardia on ST changes. Recently, Häggmark and col-

leagues14 demonstrated that STC-VM increased by

approximately 2 mV per paced heart beat over 100 beats

min21 without metabolic signs of myocardial ischaemia in

patients without cardiac disease and suggested a correction

factor for the ischaemic threshold at HR above 100 beats

min21. Patients with coronary artery disease had a more

prominent increase of STC-VM at similar paced HR along

with lactate-verified myocardial ischaemia.15 In our

women, the STC-VM increased with 4.6 mV per beat

along with subjective symptoms, a pattern that was similar

to the patients with coronary disease.

Oxytocin is an ‘old’ vasoactive peptide with a complex

hormonal activity. Specific receptors for oxytocin have

been described in all kinds of tissue such as the myocar-

dium, vessels, central nervous system, lactating glands,

and the myometrium.16 Oxytocin has a direct relaxing

effect on vascular smooth muscle leading to a decreased

systemic vascular resistance, hypotension, and tachycar-

dia.9 Tachycardia can also be induced by a direct effect on

specific oxytocic receptors in the myocardium, affecting

atrioventricular conduction and myocardial repolarization

and not only as a reflex response to hypotension.17 – 19

Oxytocin has a mild vasoconstrictive effect in renal,

splanchnic, and skeletal muscle arteries and a powerful

vasoconstrictive effect in umbilical arteries and veins and

in coronary vessels.20 21 A combination of profound hypo-

tension, tachycardia, and coronary vasoconstriction can

cause a mismatch between myocardial oxygen demand

and supply, leading to myocardial ischaemia even without

co-existing coronary disease. Local vasomotor tone and

arterial pressure regulation might have been over-ridden

during the rapid HR increase and profound hypotension

in our subjects leading to relative hypoperfusion and

ischaemia.

Coronary artery disease in pregnant women is extremely

uncommon.7 22 A summary by Kulka and colleagues in

2001 reported 136 cases of myocardial infarction during

pregnancy. Half of them had normal coronary vessels,23

which suggests that a mechanism of coronary spasm or

thrombosis could have been involved. Several case reports

of myocardial infarction and even cardiac death in

mothers24 show that cardiac complication is a risk that has

to be considered in some parturients.

Oxytocin has been considered to be a safe, harmless

drug and it is used on a daily basis in obstetric practice to

induce labour, stimulate uterine contractions, and limit

postpartum bleeding.25 Our women were given 10 IU of

oxytocin i.v. according to the Swedish national healthcare

recommendations. However, the CEMACH report of

1997–9,24 where the death of two mothers with cardiovas-

cular instability was related to cardiac arrest after oxytocin,

has changed practice to 5 IU at most anaesthesia depart-

ments.6 Recently, it was demonstrated that 5 IU also leads

to hypotension and tachycardia when given as a rapid i.v.

bolus, compared with more modest cardiovascular disturb-

ances during slow infusion.26 According to Cochrane

reports, prophylactic oxytocin produces benefits in terms

of postpartum haemorrhage, when compared with no

uterotonic agent use, but there is still insufficient infor-

mation about other outcomes and side-effects. Further

studies are needed to find the optimal drug, dose, and

administration rate to prevent bleeding without cardiovas-

cular side-effects.24 27 28

Methylergometrine is a powerful vasoconstrictor that

also induces sustained uterine contraction. The drug can

induce a significant increase in arterial pressure, which

was also confirmed in our study. Because of the risk of

hypertensive cardiovascular complications, its use is

limited and the drug is not recommended as the first

choice in routine obstetric practice.13

In conclusion, oxytocin is a potent vasoactive drug that

should be used with caution and, if indicated, preferably

given in a low dose, and administered very slowly as a

bolus or controlled infusion. Rapid bolus injections should

be avoided, especially when myocardial perfusion might

be compromised, in hypovolaemia, in coronary or

significant heart valve disease or when hypotension or

tachycardia should be avoided for other reasons.29

Methylergometrine, with its peripheral vasoconstrictive

action, might be an alternative for increasing uterine tone

under these circumstances.

The oxytocic cardiovascular effects appear to be tran-

sient and persistent myocardial damage seems to be

unusual.
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References
1 Palmer CM, Norris MC, Giudici MC, et al. Incidence of electro-

cardiographic changes during caesarean delivery under regional
anesthesia. Anesth Analg 1990; 70: 36–43

2 McLintic AJ, Pringle SD, Lilley S, et al. Electrocardiographic

changes during caesarean section under regional anesthesia.
Anesth Analg 1992; 74: 51–6

3 Mathew JP, Fleisher LA, Rinehouse JA, et al. ST segment
depression during labour and delivery. Anesthesiology 1992; 77:
635–41

4 Zakowski MI, Ramanathan S, Baratta JB, et al.
Electrocardiographic changes during caesarean section: a cause
for concern? Anesth Analg 1993; 76: 162–7

5 Spence A. Oxytocin during caesarean section. Anaesthesia 2002;
57: 722–3

6 Bolton TJ, Randall K, Yentis SM. Effect on the confidential
enquires into maternal deaths on the use of syntocinon at caesar-
ean section in the UK. Anaesthesia 2003; 58: 277–9

Svanström et al.

Page 6 of 7



7 Moran C, Ni Bhuinneain M, Geary M, et al. Myocardial ischaemia
in normal patients undergoing elective caesarean section: a peri-
partum assessment. Anaesthesia 2001; 56: 1051–8

8 Chilvers JP, Cooper G, Wilson M. Myocardial ischaemia compli-

cating an elective caesarean section. Anaesthesia 2003; 58: 822–3
9 Johnstone M. The cardiovascular effects of oxytocic drugs. Br J

Anaesth 1972; 44: 826–33
10 Frank E. Accurate, clinically practical system for spatial vectorcar-

diography. Circulation 1956; 13: 737–44
11 Jensen SM, Johansson G, Osterman G, et al. On-line computer-

ized vectorcardiography monitoring of myocardial ischemia
during coronary angioplasty: comparison with 12-lead electrocar-
diography. Coron Artery Dis 1994; 5: 507–14
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