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Background
There are limited studies examining mortality associated with
electroconvulsive therapy (ECT), and many studies do not
include a control group or method to identify all patient deaths.

Aims
We aimed to evaluate the risk of death associated with ECT
treatments over 30 days and 1 year.

Method
We conducted a study analysing electronic medical record data
from the Department of Veterans Affairs healthcare system
between 2000 and 2017. We comparedmortality among patients
who received ECT with a matched group of patients created
through propensity score matching.

Results
Our sample included 123 479 individual ECT treatments provided
to 8720 patients (including 5157 initial index courses of ECT).
Mortality associated with individual ECT treatments was 3.08 per
10 000 treatments over the first 7 days after treatment. When
comparing patients who received ECT with a matched group of

mental health patients, those receiving ECT had a relative odds of
all-cause mortality in the year after their index course of 0.87
(95% CI 0.79–1.11; P = 0.10), and a relative risk of death from
causes other than suicide of 0.79 (95%CI 0.66–0.95; P < 0.01). The
similar relative odds of all-causemortality in the first 30 days after
ECT was 1.06 (95% CI 0.65–1.73) for all-cause mortality, and 1.02
(95%CI 0.58–1.8) for all-causemortality excluding suicide deaths.

Conclusions
There was no evidence of elevated or excess mortality after ECT.
There was some indication that mortality may be reduced in
patients receiving ECT compared with similar patients who do
not receive ECT.
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Research has consistently demonstrated the efficacy of electrocon-
vulsive therapy (ECT) for a variety of psychiatric conditions,
ranging from mood disorders such as depression and bipolar dis-
order, to psychotic disorders such as schizophrenia.1–3 Although
the benefits of ECT have been demonstrated in multiple studies,
understanding the risk associated with ECT has been more
elusive. Considerable controversy exists regarding the mortality
associated with ECT. Historically, estimates of the mortality rate
associated with ECT were derived from a review of the literature
that reflected ECT treatment during the 1980s and 1990s.4–6

However, substantial improvements in ECT practice have occurred
since that time, including enhanced anaesthesia practice and the
advent of brief-pulse ECT.7,8

ECT association with mortality

There have been few contemporary examinations of mortality asso-
ciated with ECT. Two studies used adverse event reports collected as
part of patient safety programmes in hospital systems or patient
safety organisations. Watts et al examined adverse event reports
associated with ECT in USA Department of Veterans Affairs
medical centres between 2000 and 2010, and estimated a mortality
rate of 1.4 deaths per 100 000 treatments.9 Dennis et al examined
adverse event reports associated with ECT in Texas, USA,
between 1998 and 2013, and estimated a 14-day mortality rate of
2.4 deaths per 100 000 treatments.10 A limitation of both of these
studies is that they relied on reports of death rather than a system-
atic collection of mortality data, and did not include a control group.
Two record linkage studies used comprehensive national or regional
healthcare and mortality data. Østergaard et al found that in
Denmark, between 2000 and 2007, six deaths occurred within 1
day of approximately 100 000 ECT treatments.11 However, a
detailed review of these cases found no likely association between
the ECT treatments and the deaths. Blumberger et al found that
in Ontario, Canada, between 2003 and 2011, there was a mortality

rate of 2.4 per 10 000 treatments within 7 days of ECT and 4.8
deaths per 10 000 treatments within 30 days of ECT.12 That study
suggests that mortality risk increased with more treatments in a
sequence, in contrast to prior work suggesting that initial ECT treat-
ments carried increased mortality risk.13,14 Both record linkage
studies used systematically collected mortality data, but neither
included a control group. Therefore, it is difficult to fully assess
the contribution of ECT to the risk of death with data from these
studies. Jørgensen et al found a decreased all-cause mortality over
a 1-year period when comparing patients who received ECT with
patients with depression who did not receive ECT.15 That study,
conducted in Denmark, questioned whether the decrease was a
result of healthier patients receiving ECT. Finally, two studies com-
pared a pooled or population-level risk with a comparison group.
Tørring et al conducted a systematic review of 15 studies involving
766 180 treatments, and found a mortality rate of 2.1 deaths per
100 000 treatments.16 They noted that their estimated mortality
associated with ECT is lower than the reported mortality associated
with general anaesthesia. Most studies included in that review relied
on clinicians’ reports of deaths related to ECT. Liang et al examined
mortality associated with 828 899 ECT treatments provided in
Taiwan between 1998 and 2013.17 They found that the mortality
rate for psychiatric in-patients receiving ECT (1.27%) was lower
than that for psychiatric in-patients who did not receive ECT
(1.94%). However, that result must be interpreted cautiously, as
younger and healthier patients received ECT, and there were no
efforts to control for differences in the medical and psychiatric
illness between the groups.

Given inconsistencies in the literature, our objective was to use
the best methods possible to estimate the mortality associated with
ECT, both for all-cause mortality and all-cause mortality excluding
suicide deaths. Assessing these categories of mortality helps disag-
gregate questions of ECT’s safety from questions of its efficacy in
suicide prevention. Limitations of prior work inform the design of
our current study. First, the mortality rate associated with ECT
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has not been consistently reported over a standard time frame. We
believe the most relevant time frames are those closest to ECT treat-
ment. As such, we examine mortality within 7 days, 30 days and 1
year of ECT. Second, there are few recent studies of ECT-related
mortality, and older estimates may reflect a period of practice that
was less safe. Thus, we estimate mortality associated with ECT
from a contemporary sample. Third, many studies relied on
adverse event reports, which may result in a systematic undercount-
ing of death. Thus, we rely on centrally collected death records.
Fourth, most studies have not included a relevant comparison
group andmay confuse death from ECT with death naturally occur-
ring as a result of other causes in this high-risk population. Thus, we
include a relevant comparison group. Fifth, prior research has not
adequately explored mortality associated with ECT early in the
index course (first or second treatments) compared with other
ECT treatments later in the index course. With these considerations
in mind, we explored the relationship between ECT sequence and
mortality. Our hope is that a large, well-conducted study will
provide improved estimates for shared decision-making about the
risks and benefits of ECT.

Method

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human patients were approved by Veterans Intuitional
Review Board of Northern New England (VINNE) in White River
Junction, Vermont, USA (approval number 1506188-5). We were
granted a waiver of informed consent to conduct a large retrospect-
ive study.

Study population

The USA Department of Veterans Affairs provides comprehensive
medical services, including mental health services to USA military
veterans through a national network of hospitals and clinics
operated by the Department. The Department of Veterans Affairs
operates more than 1200 sites of care and clinics nationwide, includ-
ing 170 hospitals, that provide care to approximately 9 million
patients per year.

We identified Department of Veterans Affairs patients who
received ECT during 2000–2017 from electronic medical records
(EMR), using current procedural terminology (CPT) codes.
Because of the risk of miscoding, a prior study that used
Department of Veterans Affairs data excluded all patients receiving
only one ECT procedural code.18 Therefore, when individuals in our
sample had only one ECT procedure documented in their EMR
history, we sought confirmation for the purported procedure
through a review of clinical notes in the EMR. We applied the fol-
lowing confirmatory words to screen for true instances of ECT:

ʻECT’, ʻ(ECT)’ and ʻelectroconvulsive’. Our text search strategy
had a high level of agreement with the psychiatrist’s review of the
medical record. The procedure most commonly miscoded as a
single ECT treatment was electrocardioversion. Of 125 549 unique
ECT procedures identified between 1 January 2000 and 1 January
2017, 3316 were the only ECT procedure for that patient during
that time period. Of these, 2029 were removed because of a lack
of clinical notes (there was a single billing code for ECT but no clin-
ical notes indicating that ECT occurred). An additional 41 ECT pro-
cedures were dropped from the analysis because their dates were
after a purported date of death; this left an analysis sample of 123
479 ECT treatments (see Supplementary Appendix 1 available at
https://doi.org/10.1192/bjp.2021.63).

Our overall sample for analysis was 123 479 ECT treatments.
These treatments were provided to 8720 unique patients. We con-
sidered 7-day mortality after ECT treatment in multiple ways
(Table 1). The broadest measure included all valid ECT procedures
across all years (123 479 ECT procedures). In this measure, each
ECT was considered a unique risk event, and thus patients contrib-
uted to the rate denominator each time they received ECT. We also
considered the 7-day mortality after a patient’s first-ever ECT. For
this assessment, patients contributed to the denominator only
once, at the time of their first ECT. This measure included 8720
patients. Given that patients who receive a first ECT may be different
from those who tolerate more than one procedure or seek additional
ECT treatment, we also assessed 7-day mortality after a second-ever
ECT and a randomly selected ECT. In both of these measures,
patients contributed to the denominator only once. The denominator
of patients receiving a second-ever ECT (n = 7862) is lower than that
of patients who received at least one ECT, because some patients did
not seek additional treatment after their first ECT. The same is true of
the patients with a randomly selected ECT (n = 7344), as a random
ECT was selected among those with three or more ECT procedures.
For each measure, risk of mortality was assessed starting on the day
of the ECT procedure and over the subsequent 7 days. For this ana-
lysis, deaths could be associated with a single ECT or several treat-
ments occurring in the 7 days before a death. In this way, deaths
were overcounted for this analysis.

In addition to considering ECT as an individual event, we also
grouped ECT treatments into index courses. This allowed us to
assess the risk of specific treatments as well as a course of ECT,
which is the typical use of ECT. As EMR did not contain complete
information about whether an ECT treatment was part of an index,
continuation or maintenance ECT, we operationally defined an
index course as receipt of at least five ECT treatments within 15 con-
secutive days. We considered additional ECT treatments part of the
index course until there was a gap of 8 or more days between treat-
ments.19 Applying this definition yielded 5157 unique initial index
courses of ECT across all patients and study years in our data. We
elected not to consider subsequent course of ECT to avoid issues
with survivor bias, and to avoid the issue of separating ECT
courses. We assessed mortality after these initial index courses
(n = 5157). In this group, 7-day mortality assessment began on

Table 1 Mortality in the 7 days after electroconvulsive therapy treatment

ECT description
Number of ECT
treatments

All-cause
deaths

All-cause mortality rate per 10
000 treatments (95% CI)

All-cause deaths
excluding suicide

deaths
All-cause mortality rate excluding suicide
deaths per 10 000 treatments (95% CI)

All ECT
treatments

123 479 38 3.08 (2.18–4.22) 31 2.51 (1.7–3.56)

First-ever ECT 8720 4 4.59 (1.25–11.74) 4 4.59 (1.25–11.74)
Second ECT 7862 5 6.36 (2.06–14.84) 4 5.09 (1.39–13.03)
Randomly

selected ECT
7344 5 6.81 (2.21–15.89) 3 4.08 (0.84–11.94)
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the day of first ECT treatment in the index course, and continued for
7 days after the final treatment in the course.

In addition to unadjusted assessment of mortality after ECT, we
also sought to assess adjusted post-procedure mortality among the
population of patients who received a first-ever index course of
ECT, compared with a risk-matched population of other mental
health patients. For the purpose of a risk-matched analysis, we iden-
tified a control population from all acute mental health in-patient
discharges who did not receive an ECT during 2000–2017. We
selected in-patient mental health stays as a control population
because, like ECT, it allowed for a specific event, mental health dis-
charge, to begin the observation period. Although controls were
obtained from the in-patient setting only, to allow for an adequate
pool of cases, individuals with first-ever index ECT courses were
included regardless of clinical setting. We identified acute in-
patient controls from EMR treatment specialty data, and excluded
individuals whose acute stay occurred for a primary substance use
disorder diagnosis. If an individual had more than one in-patient
stay in the time period, we only retained their first discharge for
matched analysis. Our selection criteria yielded a pool of potential
controls of 486 214 individuals with first-ever acute in-patient dis-
charges, and no evidence of ECT receipt before or after in-patient
discharge. Mortality assessment began on the day of in-patient dis-
charge for the control population, and on day of the first ECT treat-
ment of an index course among the ECT population. Unlike the
crude mortality assessment (Table 1), this analysis assessed mortal-
ity at 30 days and 1 year. These time periods were selected because
they represented short-term risk periods, but were long enough to
allow for capture of a sufficient number of mortality events on
which to perform adjusted logistic analysis. In general, adjusted
logistic regression requires more than ten events for each covariate
included in the model.20 Thus, 7-daymortality analysis was prohibi-
tive for adjusted assessment. The longer observation periods also
lessened the effect of counting deaths both during and after the
ECT course, but only after in-patient discharge.

Measures

We obtained demographic, clinical, pharmacy and health service
use data from the EMR, and mortality data from the Department
of Veterans Affairs Mortality Data Repository, a comprehensive
database that includes death and cause of death information for
all Department of Veterans Affairs patients.21

For all matched individuals (ECT and controls), we extracted
demographic, clinical, pharmacological and service use variables
from the EMR. We assessed time-varying demographic factors, such
as region of residence and age, from the start of each calendar year.
We assessed gender and race based on the most common values
observed for each person across all years. We assessed all diagnostic
and pharmacological variables for the 1 year before the final day of
an index ECT course or, in the case of the control population, the
date of in-patient discharge. In addition to binary indicators identify-
ing the presence of a diagnosis, we calculated a Charlson comorbidity
index score to summarise severity of medical diagnoses in the year
before ECT course or in-patient discharge. 22 For all patients, we
assessed the number of medical in-patient discharges and the
number of emergency use visits for the 1 year before ECT index
course or in-patient discharge. For each type of service use, individuals
were characterised as having any use or high use (two or more visits).

Analysis

To provide a baseline assessment of ECT safety, we calculated all-cause
mortality and all-cause mortality excluding suicide deaths for the 7
days after a first-ever ECT, a second ECT in a course, a random
ECT selected from a course and any ECT treatment regardless of

sequence order. Assessment of mortality started on the day of the
ECT procedure and continued for the next 7 days. Because ECT is typ-
ically delivered in a series or index course, we also calculated the mor-
tality associated with an entire index course of ECT. Among
individuals with an index course, mortality assessment began on the
first day of ECT receipt during the course, and ended 7 days after
the last treatment in the course. All rates were expressed per 10 000
population.

After assessment of all-causemortality rates and all-causemortal-
ity rates excluding suicide deaths, we compared those mortality rates
among individuals with an index course of ECT with those of a risk-
matched population of individuals who did not receive ECT. We cal-
culated descriptive statistics to assess the baseline differences between
the case and control populations. We supplemented counts with per-
centages and means with s.d., with measures of relative risk and
Cohen’s d statistics to demonstrate the magnitude of differences
between cases and controls. To statistically compare between-group
differences, we conducted bivariate analyses, using a χ2-test for cat-
egorical measures and a Student’s t-test for continuous measures.

To account for between-group differences that would otherwise
confound assessment of mortality risk, we used propensity score
matching, a technique used to select a control population.23 For this
analysis, we matched cases and controls based on characteristics
that predicted that they would receive an index course of ECT. We
specified variables identified as the strongest predictors in both the
logistic and bivariate analysis as requiring an exact match in the pro-
pensity score model. Other variables identified as predictive of receipt
of an ECT course also contributed to the overall propensity score. The
result of this model was then used to match each case with up to two
controls based on the nearest neighbour technique. Once matched,
controls were not replaced (only one permitted match was allowed
per control). The maximum permitted propensity score difference
between matched individuals was specified as 0.25. Of 5157 possible
cases and 486 214 possible controls, 5097 cases and 10 097 controls
were able to match based on the specifications of our model; 98.1%
of matched cases resulted in two control matches.

After propensity score matching, we used bivariate analyses and
assessment of standardised differences of means to test for balance
between the characteristics of the treatment and control groups.
Additionally, we used the Student’s t-test for difference in means,
and a Kolmogorov–Smirnov two-sample test for difference in distri-
bution, to compare propensity scores between the ECT and control
groups in the final matched sample (see Supplementary Appendix 1
for details).

In the final matched population, we used a logistic regression to
assess the crude and adjusted odds of 30-day and 1-year all-cause
mortality and all-cause mortality excluding suicide deaths among
individuals who received an index ECT course, compared with the
matched sample of individuals. Adjusted analysis considered all diag-
nostic, pharmacological, service use and demographic variables pro-
vided in Table 2, except for the outcome variables (mortality) and
variables on which the cohort had been matched with the exact
method. We selected a final adjusted model with stepwise selection.
In crude and adjusted models, we exponentiated beta-estimates for
the ECT variable to produce odds ratios and corresponding 95% con-
fidence intervals of mortality risk among those who received an ECT
course, relative to the control group.We performed datamanagement
and statistical analyses with SAS Enterprise Guide version 7.1 for
Windows (SAS Institute, North Carolina, USA).

Results

Our sample included 123 479 individual ECT treatments provided
to 8720 patients (including 5157 initial index courses of ECT)
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delivered by the Department of Veterans Affairs health services
between 2000 and 2017. During the same time period, there were
486 214 in-patientmental health discharges, which served as potential
controls. The sample characteristics are described in Table 2. Overall,

the sample for both groups was predominantly middle-aged White
men with significant mental health comorbidities.

We first sought to determine the crude mortality rate after ECT
treatment. For this analysis, we considered the possibility that

Table 2 Demographic, clinical, prescription and service use characteristics among individuals with an index ECT course and mental health controls
during 2000–2017, before and after propensity score matching

Complete group comparison, N = 491 371 Matched sample comparison, n = 15 194

Mental health
discharge,
n = 486 214

ECT course,
n = 5157 Effect size

Mental health
discharge,
n = 10 097

ECT course,
n = 5097 Effect size

n (s.d.) % n (s.d.) % RR/CD P-valuea n (s.d.) % n (s.d.) % RR/CD P-valuea

Demographics
Age, years, mean (s.d.) 49.56 (17.72) 55.78 (15.55) 55.85 (14.56) 55.72 (13.50) 0.009 0.604
Female gender 41 307 8.50 647 12.55 1.48 <0.001 1231 12.19 632 12.40 1.02 0.71
Race
Asian 7272 1.50 72 1.40 0.93 0.56 148 1.47 72 1.41 0.96 0.80
Native American 5246 1.08 39 0.76 0.70 0.03 101 1.00 39 0.77 0.76 0.15
Black 119 037 24.48 406 7.87 0.32 <0.001 761 7.54 388 7.61 1.01 0.87
Unknown 5949 1.22 23 0.45 0.36 <0.001 82 0.81 23 0.45 0.56 0.01
White 319 639 65.74 4291 83.21 1.27 <0.001 8216 81.37 4250 83.38 1.02 <0.001
Hispanic 28 984 5.96 326 6.32 1.06 0.28 789 7.81 325 6.38 0.82 0.00

Region
New England 25 441 5.23 506 9.81 1.88 <0.001 930 9.21 497 9.75 1.06 0.28
Southern Atlantic 99 205 20.40 1018 19.74 0.97 0.24 1801 17.84 1006 19.74 1.11 <0.001
Middle Atlantic 48 006 9.87 307 5.95 0.60 <0.001 953 9.44 305 5.98 0.63 <0.001
East North Central 65 859 13.55 873 16.93 1.25 <0.001 1267 12.55 860 16.87 1.34 <0.001
Mountain West 36 559 7.52 408 7.91 1.05 0.29 794 7.86 404 7.93 1.01 0.89
Outside the USA 7507 1.54 153 2.97 1.93 <0.001 297 2.94 152 2.98 1.01 0.89
Pacific 52 398 10.78 617 11.96 1.11 0.01 1180 11.69 613 12.03 1.03 0.54
East South Central 42 969 8.84 202 3.92 0.44 <0.001 700 6.93 200 3.92 0.57 <0.001
West North Central 39 689 8.16 579 11.23 1.38 <0.001 879 8.71 574 11.26 1.29 <0.001
West South Central 68 550 14.10 494 9.58 0.68 <0.001 1296 12.84 486 9.54 0.74 <0.001

Service use
Any emergency department use 307 203 63.18 3416 66.24 1.05 <0.001 6797 67.32 3364 66.00 0.98 0.10
High emergency department use 83 748 17.22 1546 29.98 1.74 <0.001 2876 28.48 1500 29.43 1.03 0.22
Any in-patient use 72 197 14.85 1382 26.80 1.80 <0.001 2600 25.75 1352 26.53 1.03 0.30
High in-patient use 26 133 5.37 588 11.40 2.12 <0.001 1100 10.89 567 11.12 1.02 0.67

Diagnoses
Chronic pain 27 062 5.57 465 9.02 1.62 <0.001 706 6.99 457 8.97 1.28 <0.001
Any mental health disorder
(excluding dementia)

482 460 99.23 5156 99.98 1.01 <0.001 10 094 99.97 5096 99.98 1.00 0.72

Any substance use disorder 304 784 62.69 2371 45.98 0.73 <0.001 4545 45.01 2343 45.97 1.02 0.26
Anxiety disorder 133 483 27.45 2313 44.85 1.63 <0.001 4554 45.10 2274 44.61 0.99 0.57
Bipolar disorder 95 554 19.65 2117 41.05 2.09 <0.001 4103 40.64 2079 40.79 1.00 0.86
Dementia 39 029 8.03 560 10.86 1.35 <0.001 1221 12.09 551 10.81 0.89 0.02
Depression 35 3271 72.66 4843 93.91 1.29 <0.001 9472 93.81 4784 93.86 1.00 0.91
Major depressive disorder 199 496 41.03 4461 86.50 2.11 <0.001 8728 86.44 4410 86.52 1.00 0.89
Personality disorder 69 205 14.23 1230 23.85 1.68 <0.001 2330 23.08 1196 23.46 1.02 0.59
PTSD 168 012 34.56 1995 38.69 1.12 <0.001 4162 41.22 1974 38.73 0.94 <0.001
Other psychosis 72 837 14.98 957 18.56 1.24 <0.001 1817 18.00 939 18.42 1.02 0.52
Schizophrenia 82 126 16.89 1253 24.30 1.44 <0.001 2342 23.20 1229 24.11 1.04 0.21
Suicide attempt 25 615 5.27 574 11.13 2.11 <0.001 1038 10.28 543 10.65 1.04 0.48

Charlson comorbidity index score
Low 319 008 65.61 3033 58.81 0.90 <0.001 5557 55.04 3011 59.07 1.07 <0.001
Medium 64 024 13.17 883 17.12 1.30 <0.001 1717 17.01 871 17.09 1.00 0.90
High 103 182 21.22 1241 24.06 1.13 <0.001 2823 27.96 1215 23.84 0.85 <0.001

Prescription receipt
Mirtazapine 40 810 9.74 1373 27.92 2.87 <0.001 2609 25.84 1334 26.17 1.01 0.66
Benzodiazepine 98 961 23.61 2303 46.83 1.98 <0.001 4487 44.44 2279 44.71 1.01 0.75
Zolpidem 31 361 7.48 915 18.61 2.49 <0.001 1730 17.13 887 17.40 1.02 0.68
Analgesic 235 925 56.29 2869 58.34 1.04 <0.001 5939 58.82 2831 55.54 0.94 0.00
Anticonvulsant mood stabiliser 163 315 33.59 3151 61.10 1.82 <0.001 6172 61.13 3106 60.94 1.00 0.82
Antidepressant 296 367 70.72 4451 90.50 1.28 <0.001 8673 85.90 4393 86.19 1.00 0.63
Antipsychotic 170 739 40.74 3735 75.95 1.86 <0.001 7198 71.29 3677 72.14 1.01 0.27
Statin 96 655 23.06 1879 38.21 1.66 <0.001 3222 31.91 1850 36.30 1.14 0.00
Opioid 147 541 30.34 1672 32.42 1.07 <0.001 3210 31.79 1655 32.47 1.02 0.40
Sedative anxiolytic 158 021 37.71 3128 63.60 1.69 <0.001 6050 59.92 3084 60.51 1.01 0.49
Stimulant 6955 1.66 439 8.93 5.38 <0.001 789 7.81 409 8.02 1.03 0.65

High in-patient or emergency department use is defined as two or more visits in a calendar year. A Charlson comorbidity index score of ≤2 is low, 3 or 4 is moderate and ≥5 is high. ECT,
electroconvulsive therapy; RR/CD, Relative Risk/Cohen’s D; PTSD, post-traumatic stress disorder.
a. P-values are derived from χ2-test for categorical variables, and Student’s t-test for continuous variables.
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particular ECT treatments in a sequence could be associated with a
differing risk of mortality. We considered mortality after the first
treatment, second treatment and randomly selected treatment in a
sequence, and all treatments pooled.

Overall, the variation in rate of death for various ECTs in a
course was minimal (Table 1), and was estimated at 3.08 deaths
per 10 000 ECT treatments. We saw no indication that a particular
ECT in a sequence or course carried an increased risk of death. We
also calculated a raw mortality rate for deaths associated with each
index course of ECT. For this analysis, only the patient’s first index
course was included and as such, each death was only associated
with one index course. For the 5157 index ECT courses, there
were ten deaths from any cause, including six deaths from any
cause excluding suicide within 7 days of completing an ECT
course. No deaths occurred on the day of ECT.

Tocontrol for thebase rateof death in apopulation,we compared
patients who received a course of ECT with patients who were dis-
charged from a mental health unit and did not receive ECT
(Table 2, Complete group comparison). Before matching, the two
populations differed significantly in virtually every characteristic
that we examined. This is consistent with prior research that demon-
strates that Department of Veterans Affairs patients receiving ECT
are quite different than other patients receiving mental health treat-
ment.24,25 After matching based on propensity to receive ECT, the
two samples were much more comparable (Table 2, Matched
sample comparison).Althoughwehoped to evaluate7-daymortality,
thenumber of deathswithin7days of anECTcoursewas too low, and
so we examined 30-day and 1-year mortality.

As our primary goal was to understand themedical risk associated
with ECT, we considered both all-cause and non-suicidemortality. In
the regressionmodel, therewere nodifference in all-causemortality at
30 days or 1 year. TheECT group had a lower risk of non-suicidemor-
tality at 1 year (odds ratio 0.79, 95% CI 0.66–0.95), but not at 30 days
(Table 3). For the ECT group, the most common causes of death were
cardiovascular (31%), cancer or malignancy (29%), suicide (19%),
infection (12%), accident (6%) and other causes (4%).

Discussion

We evaluated the risk of death in the period after ECT treatment.
Our estimates suggest a 7-day all-cause mortality of about 3.08
per 10 000 treatments, which is consistent with widely cited rates
in the literature. We found no evidence that particular treatments
in a sequence were at greater risk for death. Rather than attempting
to link specific deaths with an ECT treatment, we included all
deaths, including those that were not plausibly linked to ECT.
Instead, we attempted to understand the possible contribution of
ECT to the mortality through comparing the mortality in a
matched group of mental health patients who never received ECT
with a group who received an index ECT course. In this comparison,
patients who received ECT tended to have a lower risk of all-cause
mortality and, when considering non-suicide deaths, the difference
was relatively large and statistically significant, with a 20% decrease
in relative risk of death. This suggests that patients receiving ECT
face no greater risk of death than if they had elected not to have

ECT, and the risk of death from causes other than suicide may be
reduced by as much as 20%.

Our findings involving the all-cause mortality rate shortly after
ECT of 3.08 deaths per 10 000 treatments was similar to the rate
found by Blumberger et al, who employed similar methods in a
Canadian sample.12 The estimates from both our study and the
Canadian sample are approximately ten times higher than most
other published rates. It is important to put these estimates in
context. The all-cause mortality method reported in our study,
using national death index data, results in the highest estimate of
deaths as it associates all deaths indirectly with ECT. The reality is
that none of these deaths may have been related to ECT. Most
other methods attempt to link specific deaths with the ECT treat-
ment. These methods undoubtably underreport deaths. Therefore,
it is likely that the true rate falls somewhere in between these two
methods of estimating ECT-related mortality. The critical question,
however, is how does the risk of death after ECT compare with the
risk of death in similar patients who do not receive ECT? We think
that our study yields an important and somewhat surprising
finding: namely, that fewer patients who received ECT died when
compared with similar patients who did not receive ECT. This sug-
gests that ECT may decrease the risk of death, especially from
medical causes, in the year after treatment. This is consistent with
a similar finding by Liang et al,17 who hypothesised that the
decreased mortality was a result of ECT being used in medically
healthier patients. In our study, we matched patients on medical
and psychiatric severity, and therefore it is unlikely that the result
occurred as a result of ECT being used only in medically healthy
patients. This is also consistent with two prior studies in
Denmark that examined ECT treatments delivered in Denmark
between 1976 and 2000, and between 2005 and 2015.5,15 Those
studies found a 20% reduction in deaths from medical causes, as
we found in our study. These studies combined suggest that patients
considering ECT may have a substantially lower risk of death in the
year after ECT than if they elect not to receive ECT.

The mechanism of the decreased risk of death is largely beyond
the scope of this study. The most obvious link is the strong effect of
ECT on depression, and the well-established relationship between
depression and death. 26–28 Although the relationship between
depression and increased mortality is strongly supported by the lit-
erature, there has been little clear evidence that treatment of depres-
sion decreases that risk.29 Notably, research has long suggested that
ECT can decrease the mortality associated with depression even
when other depression treatments have not.6,30 Emerging research
has found potential effects of ECT on endothelial growth factors
that could also plausibly explain the decrease in mortality.31

Our work comes with limitations. The population was largely
male and was exclusively military veterans. This limitation reflects
the broader issues regarding whether the population is representa-
tive of other populations who receive ECT. We also lacked detailed
information regarding the specific of the ECT treatments. It is pos-
sible these factors could change our interpretation. We also cannot
rule out the possibility that our matching process was not fully
effective. Although our propensity score matching process was
robust, it is challenging to match patients, especially when consider-
ing short-term risk. Furthermore, we did not match geographically,

Table 3 Results of logistics regression of odd ratios of mortality, comparing index electroconvulsive therapy (ECT) courses and a matched group of
patients discharged from mental health units

30-Day mortality 1-Year mortality

ECT Controls Odds ratio 95% CI P-value ECT Controls Odds ratio 95% CI P-value

All-cause mortality 25 49 1.06 (0.65−1.73) 0.13 211 478 0.87 (0.79−1.11) 0.10
All-cause mortality excluding suicide 18 35 1.02 (0.58−1.8) .94 170 421 0.79 (0.66−0.95) 0.01
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and so patients receiving ECT and their control patient matches
may not have received treatment at the same hospitals. It is therefore
possible that ECT was a marker of better hospitals, rather than a
cause of decreased mortality.

This study supports the idea that ECT is a safe procedure
overall. Our results suggest that patients who receive ECT may
have a lower risk of death from causes other than suicide than if
they choose not to receive ECT.
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