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Abstract

Introduction: Electroconvulsive therapy (ECT) is a critical procedure in psychiatric treatment,
but as typically delivered involves the use of bag-mask ventilation (BMV), which during the
COVID-19 pandemic exposes patients and treatment staff to potentially-infectious aerosols.

Objective: to demonstrate the utility of a modified anesthesia protocol for ECT utilizing
preoxygenation by facemask and withholding the use of BMV for only those patients who
desaturate during the apneic period.

Methods: This chart review study analyzes patients who were treated with ECT using both the
traditional and modified anesthesia protocols.

Results: 106 patients were analyzed, of whom 51 (48.1%) required BMV using the new
protocol. Of clinical factors, only patient BMI was significantly associated with the requirement
for BMV. Mean seizure duration reduced from 52.0+22.4s to 46.6+17.1s, but in all cases seizure
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duration was adequate. No acute physical, respiratory, or psychiatric complications occurred
during treatment.

Conclusions: A modified anesthesia protocol reduces the use of BMV by more than 50%, while
retaining adequate seizure duration.
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Introduction

Electroconvulsive therapy (ECT) is a critical treatment for psychiatric and neurologic
illnesses (1), and its use is associated with reduced rates of hospital readmission (2) and all-
cause mortality (3) among recipients. To decrease the physical risks of the therapeutic
seizure, ECT is performed under general anesthesia and neuromuscular blockade, with bag-
mask ventilation (BMV) for respiratory support during the resulting apneic period (4,5).
Patients may also be hyperventilated prior to ECT stimulation to induce hypocarbia and
increase seizure duration (6,7), albeit with increased risk of cerebral vasoconstriction (8).
These anesthesia protocols have essentially eliminated the risk of fractures during the
procedure (9), and are associated with an overall mortality rate during ECT that is less than
that of other procedures performed under general anesthesia (10). While safe in ordinary
clinical circumstances, BMV generates aerosols (11), which have the potential to carry
COVID-19 virus in the air and on surfaces for hours (12). During the COVID-19 pandemic,
with some patients asymptomatically carrying the virus (13), the use of BMV exposes staff
and patients to infectious risks. As a means of retaining access to this critical psychiatric
procedure while improving safety, we developed a modified clinical protocol for ECT
treatments, including an anesthesia protocol prioritizing rigorous preoxygenation to reduce
the requirement for BMV. This study analyzes the effectiveness of this procedure, and the
clinical characteristics of patients who were successfully treated without BMV.

Materials and Methods

The overarching goal was to retain access to ECT for any patients who required the
treatment, including inpatients and those who had not been treated with the procedure
before. For inpatients, screening was conducted in accordance with facility protocols, which
have changed over the course of the pandemic. All inpatients were clinically assessed on
admission for signs or symptoms of COVID-19 infection, and as the pandemic continued to
intensify procedures changed to require COVID-19 PCR testing for all patients being
admitted to psychiatry regardless of whether ECT was performed. Inpatient units had
isolation rooms for patients known or suspected to be COVID-19 positive, and due to the
risks of general anesthesia in these patients with diminished respiratory reserves ECT was
not offered to patients known or suspected to be positive for the virus.

For outpatients, all ECT patients were screened by telephone for COVID-19 exposures and
symptoms the day before their scheduled treatment and again on the morning prior to
treatment. Patients exhibiting any signs or symptoms concerning for COVID-19 infection, or
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who had exposure to known positive individuals, were referred for screening at a respiratory
clinic or with their primary care doctor, and treatments were held until patients were
confirmed negative. As with all patients undergoing general anesthesia, patients receiving
outpatient ECT require an escort to accompany them home from the hospital. To minimize
exposures from these accompanying individuals, each patient was only permitted one
support person in the hospital, and that person was not permitted to remain in the treatment
or waiting area until the patient was ready to leave the hospital. As our hospital protocols
evolved to require all persons within the facility to wear protective facemasks, this rule was
applied to all patients and family members as well as staff.

As oxygen therapy by facemask does not generate aerosols (14), before anesthesia induction
patients were preoxygenated with a non-rebreather mask for 3-5 minutes; the mask was left
in place through induction, stimulus, and into recovery. Methohexital was used as the
induction agent for the majority of patients (typical dose 1 mg/kg, adjusted as needed to
maintain adequate anesthesia over the treatment course), with a minority receiving etomidate
or ketamine augmentation for inadequate seizures. Once unconsciousness was confirmed by
lack of response to stimuli, succinylcholine (initial dose 1 mg/kg, adjusted over the
treatment course as needed to maintain adequate paralysis) was then administered for
muscle relaxation. There was no modification to anesthesia induction agents or doses.
Routine BMV hyperventilation was not provided prior to ECT stimulus. Once muscle
relaxation was confirmed by monitoring time and muscle fasciculation, a bite block was
inserted, and the non-rebreather left in place. The stimulus was then administered, and the
seizure was monitored with by two lead bifrontal or fronto-mastoid EEG. Oxygen saturation
was monitored throughout the procedure with pulse oximetry, and BMV was only provided
if patients had a significant desaturation, as judged by the treating anesthesiologist. An exact
oxygen saturation cut-off was not prescribed given the differences in patient comorbidities
and tolerance for possible hypoxia, however, generally an O2 sat of < 85% triggered BMV
sufficient to maintain the oxygen saturation > 85% and until spontaneous ventilation
resumed (generally requiring only 1-3 breaths per patient). When BMV was performed a
HEPA filter (which was saved for use by the same patient on subsequent treatments) was
placed between the bag and mask. Ventilation was then performed with careful attention to
tight mask seal and with minimum effective tidal volumes and pressures. While induction
and ECT stimulus were provided by the full ECT team (anesthesiologist, psychiatrist, and
nurse) at one clinical site, if BMV was provided all clinical staff except the anesthesiologist
exited the room after stimulus and prior to ventilation. At the other clinical site, psychiatry
and nursing staff remained in the room during BMV but all personnel wore N95 respirators
and eye protection during all treatments. If a patient required BMV as a result of a
desaturation, then it was provided in all subsequent treatments according to the traditional
protocol. Under the traditional and modified protocols, all patients received low-dose
propofol at the end of the seizure to reduce postictal agitation. This procedure became
routine at our institutions in late-March 2020 as the COVID-19 pandemic intensified.

This chart review study analyzes a cohort of patients who received ECT using both the new
and traditional anesthesia protocols. The primary study outcomes are the requirement for
BMV and the duration of EEG seizure in the last treatment using the old protocol and the
first treatment using the new one. Patients were excluded from the study if they were under
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18 years of age or if they had not received ECT in the preceding 6 weeks using the
traditional ECT anesthesia protocol. No patients were categorially excluded from the new
protocol as a result of pulmonary or other medical complications. All treatments utilized a
Mecta Spectrum 5000Q (Tualatin, OR). Categorical variables are compared using Fischer’s
exact test and continuous variables are compared using two-sided #tests or Wilcoxon
signed-rank test using Prism (v 8.4.0, San Diego CA). This study was approved by the
Partners Institutional Review Board.

A total of 106 patients were treated with both the traditional and modified anesthesia
procedures; of these, only 51 (48.1%) required BMV using the new protocol. Those who
required BMV were similar to those who did not in age, gender, physical comorbidities, and
ECT treatment parameters, but those requiring BMV had significantly higher mean BMI
(Table 1). Mean seizure duration was shorter using the new protocol, reducing from
52.0+£22.4s to 46.6+17.1s following the protocol change (P = 0.025, Wilcoxon signed-rank
test; Figure 1). No acute physical, respiratory, or psychiatric complications occurred during
treatment.

Discussion/Conclusion

Given the potentially life-saving nature of ECT and the lack of therapeutic alternatives in
many cases, ECT is decidedly not an elective procedure (15,16), and patients must be able to
continue to access the technique despite the COVID-19 pandemic. Evidence from the 2003
SARS-CoV-1 pandemic indicates a substantial burden of trauma-spectrum and affective
disorders among survivors even a year out from treatment (17), and emerging evidence from
this pandemic likewise points to high rates of adverse mental health outcomes among
healthcare providers treating COVID-19 patients (18). These individuals will need continued
access to the full range of psychiatric treatments, including ECT, and so modifications to
clinical protocols that minimize the infectious risk of the procedure are critical. At our study
sites this involves a multidimensional approach, including rigorous screening of all patients
for infectious symptoms prior to treatment, minimization of contact from accompanying
family members, increased utilization of personal protective equipment, and modification to
anesthesia protocols.

Our modified anesthesia procedure using preoxygenation by non-rebreather mask is
associated with a 51.9% reduction in the requirement for BMV in patients undergoing ECT.
Those patients who did require BMV were similar clinically to those who did not except for
BMI, and this protocol was successfully used with patients 18-91 years old. While patients
with baseline respiratory compromise might be expected to be less tolerant of apnea, in our
study population the rate of baseline pulmonary disease was not different in the populations
that did and did not require BMV, and all patients with ASA 3 physical classification were
successfully treated without BMV. Nonetheless, there may be some patients, for example
those on baseline oxygen, who may be of such high risk of desaturation that they should be
provided ventilation throughout treatment as a matter of course. Our finding of elevated BMI
as significantly predictive of desaturation during apnea is consistent with modeling studies
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in which obesity reduces time to desaturation following succinylcholine administration from
8.7 min (for a 70kg adult) to 3.1 min (for a 127 kg adult) (19).

EEG seizure duration was reduced slightly using the new procedure, but in all cases was
above the recommended 15 second minimum duration (20). This protocol does not permit
therapeutic hyperventilation, but the evidence for this technique is weak and other factors,
including changes in ECT stimulus intensity, can be used to modify seizure duration (6).
Moreover, some of the decrease in seizure duration may result from the known
anticonvulsant effects of ECT itself (21,22), and not from changes in anesthesia. Separating
these effects would be better accomplished using a crossover study design, with some
patients receiving the modified anesthesia protocol before being switched to the traditional
one. As this crossover design would lead to increased exposure to BMV-generated aerosols
it was deemed too risky during the present COVID-19 pandemic.

Preoxygenation with 100% oxygen replaces nitrogen in the lungs and tissue and greatly
increases total body oxygen stores, which effectively creates a reservoir that can be drawn
down during the apneic period from anesthesia induction through paralysis and until
resumption of spontaneous ventilation (23). Preoxygenation is routinely used to prolong
time to hypoxemia in procedures such as rapid sequence intubation, with randomized trials
finding noninferiority for nonrebreather masks relative to bag-valve masks for this purpose
(24). Our results suggest that a similar preoxygenation protocol may be of use during ECT
and other short-duration procedures, thereby reducing exposure of clinicians, patients, and
the environment to potentially infectious aerosols. Of note, even with BMV throughout the
period of apnea rates of hypoxemia (defined as SPO5 < 90%) during ECT are up to 29%,
with obesity and increased seizure duration significantly increasing the probability of
desaturation (25).

Limitations of the study includes an absence of data on psychiatric outcomes and cognitive
side effects using the new protocol. As ECT involves multiple treatments administered
serially, these outcomes will require more time to become apparent, and longer-duration
study is ongoing. As decreased systemic oxygen saturation is correlated with decreased
cerebral oxygenation (26), this theoretically creates increased risk of adverse outcomes in
those patients who desaturate with this protocol. Additionally we did not systematically
record the number of BMV breaths delivered to those patients requiring them. Our
experience was that most patients only required 1-3 breaths, consistent with a prior study
where rates of desaturation were associated with small differences in the number of breaths
given during ECT (27), but we are unable to quantify the average number given. Moreover
we did not have a precise desaturation target before administering BMV, but rather allowed
for the discretion of the treating anesthesiologist while recommending a target SPO, > 85%.
As numerous patient factors affect the rate of desaturation and recovery (19) we felt
prescriptive targets would not accurately reflect individualized patient risk, although this
complicates extrapolation of this technique to other patient populations.

ECT protocols differ among regions, and optimal treatment delivery likely differs based on
factors including local COVID-19 incidence, availability of appropriate PPE, staff
experience, and characteristics of the typical patient population. At our centers our
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overarching goal was to minimize airway manipulation and aerosol generation. Others might
reasonably prioritize avoidance of hypoxemia, and so might prefer methods such as
endotracheal intubation, supraglottic airway placement, high flow nasal cannula, or non-
invasive ventilation, which provide more reliable oxygen delivery at the cost of additional
aerosol generation (28-30). As present evidence is uncertain about the relative aerosol risk of
BMV versus these interventions, any may be reasonable to use particularly for subsequent
treatments of patients who desaturate with the procedure described here. This is consistent
with Society for Neuroscience in Anesthesiology & Critical Care guidelines which
recomend minimization of BMV and consideration of alternative oxygenation strategies
(31). Likewise, a rapid sequence intubation (RSI) procedure in which anesthetic and muscle
relaxant are given simultaneously may reduce the duration of apnea and thus the need for
BMV. As RSI may come with increased risk of awareness during anesthesia (32), a
complication that may be especially problematic for ECT given the requirement for multiple
treatments, we elected to use a typical sequential procedure of anesthetic followed by muscle
relaxant.
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Fig. 1.

Plgt of seizure duration prior to and following the protocol change reducing the use of bag-
mask ventilation. Mean seizure duration reduces from 52.0+22.4s to 46.6+17.1s following
the protocol change (P = 0.025, Wilcoxon signed-rank test). Box and whiskers plots
encompass 95% of the data with remaining values shown as points.
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Table 1.

Demographics of the clinical cohort, overall and separated by requirement for bag-mask ventilation using the
new protocol. BMI is the body mass index, defined as the weight in kilograms divided by the square of the
height in meters. Pulmonary diseases are any noted on anesthesia exam, and in this sample include obstructive
sleep apnea (11), asthma (10), COPD (3), and bronchopulmonary dysplasia (1). ECT parameters are for the
treatment utilizing the preoxygenation protocol, with ultrabrief pulse defined as a pulse width < 0.5 ms and
brief pulse 0.5-2 ms. All Pvalues are for comparison between patients with no BMV vs. those requiring BMV.
Two-tailed unpaired #tests were used for continuous variables and Fischer’s exact test for dichotomous
variables.

Overall No BMV BMV P value
required

N 106 55 51
Men (%) 49 (46%) 22 (40%) 27 (53%) 0.24
Women (%) 57 (54%) 33 (60%) 24 (47%)
Age (yrs; mean (SD)) 475(18.8)  46.8(19.7)  48.3(18.0) 0.68
BMI (mean (SD)) 28.2 (6.7) 25.2 (4.8) 31.4(7.0)  <0.0001
ASA Physical Status

ASA 1 (%) 14 (13%) 9 (16%) 5 (10%)

ASA 2 (%) 88 (83%) 42 (76%) 46 (90%)

ASA 3 (%) 4 (4%) 4 (1%) 0 (0%)
Any Pulmonary disease (%) 25 (24%) 9 (16%) 16 (31%) 0.11
ECT Parameters (new protocol)
Right Unilateral (%) 66 (62%) 31 (56%) 35 (69%) 0.23

Bilateral (%) 40 (38%) 24 (44%) 16 (31%)

Ultrabrief pulse (%) 38 (36%) 15 (27%) 23 (45%) 0.069

Brief pulse (%) 68 (64%) 40 (73%) 28 (55%)
Charge (mC; mean (SD)) 4316 (157.6) 458.0(159.8) 4032 (151.8)  0.074
Anaesthetic

Methohexital 93 (88%) 46 (84%) 47 (92%)

Etomidate 6 (6%) 3 (5%) 3 (6%)

Ketamine and methohexital 7 (7%) 6 (11%) 1 (2%)
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