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Influence of acute haemodynamic changes on the
oxygen saturation during electro-convuisive therapy
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Abstract

Background: Electro-convulsive therapy (ECT) is a safe and effective treatment for various psychiatric disorders.Among
the various complications associated with ECT, acute haemodynamic responses and decrease in the oxygen saturation
are the most common.The current study is designed to evaluate the relationship between the haemodynamic response
and oxygen de-saturation occurring during ECT. Materials and Methods: Patients undergoing modified ECT for
their psychiatric illness over a one-year period were prospectively included in this observational study. The following
parameters were collected from each patient: Age, body mass index (BMI), doses of thiopentone and suxamethonium,
stimulus current, ECT session number, pre-and post-ECT heart rate, systolic, diastolic and mean arterial pressure, seizure
duration and pre- and post-ECT oxygen saturation. Results: The incidence of oxygen de-saturation was 27% (139/507
sessions). The change in the heart rate and systolic blood pressure caused by ECT and the BMI of the patient were
independently predictive of the change in the oxygen saturation. Conclusions: The current study identified ECT-induced
acute haemodynamic changes as independent predictors of severity of oxygen de-saturation.
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INTRODUCTION

Modified electro-convulsive therapy (ECT) is currently
used worldwide for the treatment for severe psychiatric
illnesses like depression, drug-resistant bipolar disorder
and schizophrenia. Among the various complications
associated with ECT, acute haemodynamic changes
including transient hypertension and tachycardia are
described most commonly.l'? A few studies have also
documented the occurrence of oxygen de-saturation
during ECT with the incidence varying from 2.5%-27.5%.54
Currently, it remains unexplored if an association exists
between the acute haemodynamic responses and the
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incidence and magnitude of oxygen de-saturation. We
hypothesised that patients who manifest a greater change
in haemodynamic parameters also have a greater degree
of oxygen de-saturation following ECT. The objective
of this study is to investigate the relationship between
acute systemic haemodynamic responses and oxygen
de-saturation during modified ECT.

MATERIALS AND METHODS

The study was approved by the institutional ethics
committee and a written informed consent was obtained
from the next of the kin of the patient. All patients
aged between 15 and 65 years who were scheduled
for a modified ECT for their psychiatric illness were
prospectively included in this observational study.
Patients with a history of hypertension, recent myocardial
infarction, pregnancy, intra-cranial haemorrhage and
patients with baseline oxygen saturation (SpO,) <92%
on pulse-oximetry were excluded from the study. The
clinical and demographic details like the psychiatric
diagnosis, duration of illness, body mass index (BMI),
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pharmacotherapy and laboratory investigations were
collected for each patient.

Electro-convulsive therapy protocol and
anaesthetic management

Patients undergoing ECT fasted for solids for 6-8 hours
and 2 hours for clear fluids. They were evaluated prior
to the ECT by the attending anaesthesiologist and
the psychiatrist. A standard monitoring consisting
of an electrocardiogram (ECG), non-invasive blood
pressure (BP) and pulse-oximetry was established
in all patients. The anaesthetic regimen consisted
of administration of atropine 0.6 mg, thiopentone
3 mg/kg and suxamethonium 0.5 mg/kg for rapid
muscle relaxation. During apnoea, oxygenation was
maintained by administering 8 L/min of O, through
a face mask using manual bag-mask ventilation till
spontaneous respiration returned except during
stimulus application. Passive oxygenation with 8
L/min of O, through a face mask was continued
during the seizures. The ECT stimulus was delivered
once the muscle fasciculations disappeared using a
NIVIQURE® (Technonivilak, Bangalore, India) ECT
machine. A brief-pulse stimulus was delivered using
a constant current at 800 mA, with a frequency of
125 pulses per second (62.5 Hz) and a pulse width of
1.5 ms; the duration of the train was altered to adjust
the dose. The stimulus charge varied from 30 mC to
a maximum of 540 mC and was delivered with either
bi-frontal or bi-temporal electrode placement. The need
for a repeat-stimulus was decided by the attending
psychiatrist depending on the adequacy of seizure
quality and duration. The duration of motor seizure was
documented. Once the patient regained spontaneous
respiration and consciousness, he was positioned in
the recovery position and an oral suction performed.
Later, he was shifted to the recovery room for further
monitoring and observation. The data collected
by an independent unbiased staff nurse included
pre-ECT (before administration of anaesthesia for ECT)
and post-ECT (immediately following termination of
ECT-induced seizure) heart rate, systolic, diastolic and
mean BP, SpO,, ECT details (charge delivered, electrode
placement [bi-frontal/bi-temporal], seizure duration,
repeat stimulation) and anaesthetic variables (doses
of thiopentone, suxamethonium and atropine and
anaesthetic complications) were also collected.

Statistical analysis

A Pearson’s correlation analysis was performed to
examine the association between pre-and post ECT SpO,
change with the haemodynamic change, age, seizure
duration, anaesthetic dose and ECT stimulus parameters.
A linear regression analysis was performed to test the
association between pre- and post-SpO, difference and
pre-and post-heart rate, systolic, diastolic and mean

BP differences, seizure duration and BMI. Analyses
were performed using Statistical package for social
sciences (SPSS) version 17. A P < 0.05 was considered
statistically significant.

RESULTS

A total number of 235 patients underwent 507 ECT
sessions. The overall incidence of de-saturation was 27 %
(139/507 sessions). The demographic, ECT parameters
and anaesthetic data are shown in Table 1. Pre-and
post-ECT haemodynamic and SpO, changes are shown
in Table 2. Correlations between the study variables and
the pre-and post-SpO, difference are shown in Table 3.
When factors that were significant on univariate analysis
were entered into the linear regression model, only
changes in heart rate and systolic BP and BMI remained
significant [Table 4].

DISCUSSION

In this study, we observed that haemodynamic
changes and BMI were the factors predictive of degree
of de-saturation in patients undergoing ECT. It is
through the acute haemodynamic changes that the
ECT-induced seizure seems to cause de-saturation
along with BMI. Independent of motor convulsions,
the concurrent autonomic stimulation, which occurs
during ECT-induced seizures, determines the degree
of de-saturation. The two factors that were significant
on linear regression analysis include haemodynamic

Table 1: Demographic characteristics (n=235)

Parameters Value
Age (years) (mean+SD) 32+11
BMI (kg/m?) (mean+SD) 2345

Thiopentone dose (mg) (mean+SD) 175434
Suxamethonium dose (mg) (mean+SD) 2949

Stimulus current (mC) (mean+SD) 20492
Seizure duration (s) (meantSD) 38+15
Gender (M:F) 126:109

SD = Standard deviation, BMI = Body mass index,

Table 2: Pre-post-changes in the haemodynamic
variables and oxygen saturation

Pre-ECT Post-ECT P value
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Heart rate (bpm) 94420 111+20 <0.001
Systolic BP (mmHg) 11549 147423 <0.001
Diastolic BP (mmHg) 76x8 97+16 <0.001
Mean BP (mmHg) 96+7 122418 <0.001
SpO, (%) 98.6+1.6 91£15.5 <0.001
ECT = Electro-convulsive therapy, BP = Blood pressure
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Table 3: Pearson correlation analysis of pre- and
post-SpO, change with continuous variables
during ECT

Variables Correlation (r) P value
Pre-post-heart rate -0.11 0.01
change (bpm)

Pre-post-SBP change (mmHg) -0.22 <0.001
Pre-post-DBP change (mmHg) -0.14 0.001
Pre-post-MAP change (mmHg) -0.20 <0.001
Seizure duration (s) -0.01 0.8
BMI (kg/m?) -0.42 <0.001

ECT = Electro-convulsive therapy, SBP = Systolic blood pressure,
DBP = Diastolic blood pressure, MAP = mean arterial pressure, BMI = Body
mass index

Table 4: Linear regression analysis of pre- and
post-oxygen saturation change during ECT

Parameters B SE Beta tvalue P value
HR change -0.06 0.03 -0.09 -2.2 0.03
SBP change -0.12 0.04 -0.18 -3.0 0.003
BMI -1.25 0.13 -0.40 -9.6 <0.001

BMI = Body mass index, SBP = Systolic blood pressure, HR = Heart rate

changes and BMI, of which only haemodynamic changes
are amenable for modification during ECT and thereby
probably reduce the incidence of de-saturation during
ECT.

Acute changes in heart rate and BP and arterial oxygen
de-saturation are potential risks to patients undergoing
ECT procedure. Further, occurrence of haemodynamic
changes and oxygen de-saturation may lead to extended
stay in the post-anaesthesia care unit with substantial
utilisation of manpower and material resources. These
autonomic changes may also increase the myocardial
oxygen demand.

The most probable mechanisms by which acute
haemodynamic changes produce oxygen de-saturation
during ECT are transient neurogenic pulmonary oedema
and intra-pulmonary shunting.

Neurogenic pulmonary oedema results from intense
pulmonary vasoconstriction and increased left atrial
pressure from systemic hypertension secondary to
the sympathetic response associated with seizure,
resulting in increased pulmonary hydrostatic pressure
and increased permeability of pulmonary capillaries.?
Devinsky et al., have shown that in status epilepticus
and repetitive seizures, pulmonary function remains
altered even up to 72 hours.l! Ventilation-perfusion
inequality may arise from intra-pulmonary right-to-left
shunting of blood. Exercise-induced arterio-venous
shunting has been demonstrated both in humans and
dogs.”8! ECT-induced seizure results in far greater

haemodynamic change and may result in induction
of these dormant shunts to produce transient
de-saturation.

About 40 cases of seizure-related pulmonary oedema
have been reported since the first description in
1908.P1 Tt is likely that the incidence of seizure-related
pulmonary capillary leak is higher than suggested
by the reported cases, as cases that are mild and
transient are less likely to be recognised. The alveolar
infiltrates of acute neurogenic pulmonary oedema
most often occur immediately after the seizure
and resolve rapidly.'”! Abdelhalim et al., reported
non-seizure-related pulmonary oedema from acute
hypertension following systemic absorption of topical
phenylephrine. The mechanism described included
increased systemic vascular resistance resulting in
increase in left ventricular ejection impedance and
end-diastolic volumes and pressures.!"!

ECT produces an acute dose-dependent increase in
plasma norepinephrine levels and BP.['# Studies in
acute subarachnoid haemorrhage-induced pulmonary
oedema have also shown a similar increase in plasma
catecholamine levels. In a study evaluating acute
hypertensive pulmonary oedema, the authors
observed increased afterload, reduced basal systolic
function and decreased diastolic filling time.!" These
factors might also be operational during ECT-induced
seizures and acute hypertension, causing transient
increase in the lung water content and contributing
to de-saturation.

BMI is another important variable that affected
de-saturation in our study, apart from the haemodynamic
response. Takagi et al., showed a correlation between BMI
and BP response to ECT.'™ In our linear regression model,
BP change was an independent predictor of de-saturation,
which means that haemodynamic change contributes to
the de-saturation, independent of other parameters.

Atropine was used as a pre-medicant in all our patients.
Mayur et al. have shown that atropine contributes
significantly to elevated haemodynamic response
during ECT." This could have also contributed to a
higher incidence and severity of de-saturation in our
patients.

CONCLUSION

In this prospective observational study, the incidence
of oxygen de-saturation during recovery from
anaesthesia for ECT was 27%. The study identified
acute haemodynamic changes as independent predictors
of this complication. This knowledge is likely to help
in planning further investigations that attempt to
decrease the incidence of de-saturation by obtunding
the haemodynamic responses.
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