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Purpose: A major depressive episode is a risk factor for venous thromboembolism (VTE) in
psychiatric inpatients. However, it is unclear whether the severity of depressive symptoms or
duration of the current depressive episode is associated with VTE. Further, the VTE
prevalence among hospitalized patients with a major depressive episode receiving electro-
convulsive therapy is unknown. This retrospective study examined factors associated with
VTE among hospitalized patients with a major depressive episode and estimated the pre-
valence of VTE in such patients who underwent electroconvulsive therapy.

Patients and Methods: Patients with a major depressive episode hospitalized in the
Department of Neuropsychiatry at Akita University Hospital between January 2018 and
December 2020 were included. Data from the first week of hospitalization were extracted from
medical records. VTE was diagnosed based on the findings of computed tomography. To evaluate
whether the severity of depressive symptoms or duration of the current depressive episode was
associated with VTE, logistic regression analysis was conducted after adjusting for covariates with
known VTE risk factors (antidepressants, antipsychotics, and physical comorbidities).

Results: We analyzed 133 patients; of these, 14 were diagnosed with asymptomatic VTE.
The severity of depressive symptoms (odds ratio: 1.220, 95% confidence interval: 1.081—
1.377, p = 0.001) was significantly associated with VTE. The prevalence of VTE among
those receiving electroconvulsive therapy was 35% (7/20).

Conclusion: The prevalence of VTE was 35% among patients receiving in-hospital electro-
convulsive therapy for a major depressive episode. VTE should be considered for hospita-
lized patients with severe depressive symptoms and patients receiving in-hospital
electroconvulsive therapy for a major depressive episode.

Keywords: bipolar depression, depressive symptoms, electroconvulsive therapy, unipolar

depression, venous thromboembolism

Introduction

Venous thromboembolism (VTE) is a disease that includes deep vein thrombosis
(DVT) and pulmonary embolism (PE). Numerous studies have reported that VTE is
associated with sudden death,' increased mortality,” hospital costs,™* and longer
hospital stays.”* In studies that examined causes of sudden death among patients
with psychiatric disorders, PE accounted for 4-11% of sudden deaths.>® Thus, identi-
fying patient groups at a high risk of VTE is essential for developing strategies for
prevention, early detection, and appropriate intervention. Psychiatric disorders, such as
major depressive disorder’® and bipolar disorder,” and therapeutic agents used for their
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treatment, such as antidepressants’ and antipsychotics,”'°
have been reported to be psychiatric risk factors for VTE.
A recent study reported that 4.9% (258/5268) of patients
hospitalized for psychiatric disorders had VTE, and that
major depressive episodes were a risk factor for VTE."
Therefore, more attention should be paid to VTE in patients
hospitalized for a major depressive episode. However, it is
unclear whether the severity of depressive symptoms and
duration of the current depressive episode is associated
with VTE because previous studies have not assessed these
relationships.'"

Electroconvulsive therapy (ECT) is the most effective
treatment for mood disorders,'? and often used for patients
with severe or drug-resistant mood disorders in clinical
practice.'” Given that hospitalized patients with a major
depressive episode receiving ECT generally have more
severe depressive symptoms or longer duration of current
depressive episodes than those not receiving ECT, patients
receiving ECT may be at a higher risk for VTE. Further,
a previous review concluded that ECT should be discon-
tinued until thrombus disappearance when proximal DVT
is diagnosed before or during an ECT session because of
safety concerns.'® Although VTE risk assessment is
recommended prior to ECT,'"* no systematic study has
examined the risk of VTE in patients with mood disorders
undergoing ECT.

Our research group has been investigating VTE in
patients hospitalized in psychiatric hospitals. Among the
patients admitted to the psychiatry department of our hos-
pital over an 8-year period, 2.3% were diagnosed with
VTE during their hospitalization, and about half of the
VTE patients had a major depressive episode.'”> We there-
fore focused on patients admitted for major depressive
episodes and found VTE in 8.5% of patients hospitalized
over 1.5 years from January 2018 to June 2019.'° We
hypothesized that more severe depressive symptoms and
longer depressive episodes would be associated with the
presence of VTE among patients hospitalized for a major
depressive episode, and we explored these associations in
previous studies, but failed to demonstrate an association.
However, our previous study lacked power due to its small
sample size and did not consider confounding factors. In
addition, we hypothesized that patients with a major
depressive episode receiving in-hospital ECT would have
a higher prevalence of VTE because they often have more
severe depressive symptoms or longer depressive episodes

due to treatment resistance.'> Therefore, we conducted

a retrospective chart review that doubled the duration of
our previous study to test these hypotheses.

Materials and Methods
Study Participants

This retrospective study included consecutive inpatients
diagnosed with major depressive disorder (MDD), bipolar
I disorder, or bipolar II disorder manifesting in
a depressive state who underwent VTE screening within
1 week of hospitalization at the Department of
Neuropsychiatry of Akita University Hospital over
1, 2018

December 31, 2020. Patients were diagnosed according

a 3-year period between January and
to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5). The Department of
Neuropsychiatry of Akita University Hospital is an acute
psychiatric unit with 36 beds. In 2020, the average length
of stay at the department was 28.2 days. Our hospital
recommends VTE screening with D-dimer early after
admission. In cases with a positive D-dimer result, our
hospital also recommends VTE diagnosis with contrast
computed tomography (CT), because very few doctors
and technicians can perform ultrasonography compared
to patients needing a VTE diagnosis. If there are no con-
traindications to contrast agents, contrast CT is performed
based on both the clinician’s harm-benefit analysis and the
patient’s written informed consent. Patients with a positive
D-dimer result but no contrast CT results were excluded.

Data Collection

The following data were extracted from medical records:
demographics (age and sex), type of treatment during
hospitalization (ECT or pharmacotherapy), known and
suspected risk factors for VTE, results of VTE screening
with D-dimer, whether contrast CT was performed in
patients with a positive D-dimer result, and presence or
absence of VTE within 1 week of hospitalization.

Psychiatric Risk Factors for VTE

The following psychiatric risk factors for VTE were extracted:
type of mood disorders based on the DSM-5 (MDD or bipolar
7811 catatonia based on DSM-5,'"
antidepressants,” and use of antipsychotics.”'® Suspected

disorder), use of
risk factors for VTE were also extracted: severity of depres-
sion (total score on the 17-item Structured Interview Guide for
the Hamilton Depression Rating Scale [HAM-D17])"'""'® and
duration of the current depressive episode (weeks). The
Japanese version of the 17-item Structured Interview Guide
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for the Hamilton Depression Rating Scale had sufficient relia-
bility (In the analysis of variance test, the intraclass correlation
coefficient of inter-rater reliability for the total score was 0.94
and internal consistency using Cronbach’s alpha was 0.84) and
concurrent validity (Kendall’s T B rank correlation between
SIGH-D and BDI was 0.57 (p=0.04)).'®

Non-Psychiatric Risk Factors for VTE

The following non-psychiatric risk factors for VTE were
extracted: obesity (body mass index [BMI] [kg/mz]),lg
trauma within 4 weeks,'” surgery within 4 weeks,'’
malignancy,'® hypertension,'® hyperlipidemia,'® diabetes
mellitus,'® pregnancy,'® oral contraceptive use,”’ hormone
replacement therapy,'® and history of VTE."

Other Factors Associated with VTE

The following data associated with VTE were extracted:
use of anticoagulants, D-dimer level (ng/mL), type of
VTE (DVT without PE, PE without DVT, or DVT with
PE), type of DVT (proximal or distal type), and sympto-
matic or asymptomatic VTE. Proximal DVT was defined
as a thrombus in the iliac, femoral, or popliteal veins;
distal DVT was defined as a thrombus in the anterior tibial
vein, posterior tibial vein, or peroneal vein.

VTE Screening with D-Dimer

The plasma level of p-dimer was measured with the com-
mercially available NANOPIA® latex agglutination assay
kit (Sekisui Medical Company Limited, Tokyo, Japan),
based on the same method commonly used for D-dimer
assays such as the STA-Liatest D-dimer (Diagnostica
Stago, Asniéres, France), which contains latex microparti-
cles coated with a monoclonal antibody specific for frag-
ment D-D, in combination with an automated coagulation
analyzer, the COAPRESTA 2000 (Sekisui Medical Co.,
Ltd., Tokyo, Japan).?!*? Concentrations were expressed in
micrograms per milliliter (ug/mL), with a D-dimer level
>1.0 pg/mL representing a positive result. With a cut-off
value of 1.0 pug/mL, the sensitivity of the NANOPIA kit
for diagnosing VTE was 99.6%.%

CT Imaging
In cases with a positive D-dimer result (=1.0 pg/mL),
contrast CT was performed to reach a diagnosis within
12 h after measurement, if the patient had no contraindica-
tions to contrast agents; iodine or iodine contrast agent
sensitivity; severe thyroid disease; bronchial asthma;
severe renal dysfunction; severe liver dysfunction; severe
heart failure;

macroglobulinemia; multiple myeloma;

tetany; or pheochromocytoma. VTE (PE or DVT) was
detected using multidetector-row helical CT scanning on
two different devices (Discovery CT750HD and Discovery
CT750HD-A; GE Healthcare Japan, Tokyo, Japan), with
a slice thickness of 1.25 mm at 20 seconds (early phase)
for detecting pulmonary arterial embolization and at 210
seconds (delayed phase) for detecting DVT. Low-osmolar
iodinated contrast medium (Omnipaque 300; Daiichi
Sankyo Company Limited, Tokyo, Japan) was intrave-
nously injected at a rate of 4.0 mL/second using a power
injector, up to a total amount of body weight (kg) x 2 + 30
(mL) or a maximum of 150 mL. Diagnostic radiology
specialists of the Japan Radiological Society or doctors
with more than a decade’s experience in radiological diag-
nosis analyzed the CT scans. The physicians assessing the
CT scans were not blinded to the D-dimer results. Contrast
CT had comparable performance in the diagnosis and
exclusion of DVT with a 95% concordance compared to

ultrasound.?

Statistical Analysis

Statistical analyses were performed with SPSS Statistics
27.0 (IBM Corp., Armonk, NY, USA). Summary measure-
ments are presented as the median (25%—75% percentile).
The Mann—Whitney U-test was used to compare mean
values, and Fisher’s exact test was used to compare sex
ratio and other variables between the VTE-positive group
and the VTE-negative group. To evaluate whether the
severity of depressive symptoms and duration of the cur-
rent depressive episode were associated with VTE, binary
logistic regression analysis by the forced entry method was
conducted after adjusting for the following covariates: age,
sex, BMI, type of mood disorders (MDD or bipolar dis-
order), catatonia, use of antidepressants, use of antipsy-
chotics, total score on the HAM-D17, duration of the
current depressive episode, trauma within 4 weeks, sur-
gery within 4 weeks, malignancy, hypertension, hyperlipi-
demia, diabetes mellitus, pregnancy, oral contraceptive
use, hormone replacement therapy, history of VTE, and
use of anticoagulants. ECT was not included in the logistic
regression analysis as a covariate because ECT was sus-
pected to be multicollinear with the severity of depressive
symptoms or the duration of the current depressive epi-
sodes. If there was a nominal variable with no patients in
the VTE-positive or VTE-negative group, the variables
were not included in the logistic regression analysis.
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Ethical Procedures

This study was approved by the Ethical Committee for
Human Research of Akita University (no. 2596) and
adhered to the ethical guidelines of clinical and epidemiolo-
gical research. This retrospective study was exempt from the
requirement of informed consent, as it involved de-identified
data acquired during routine care of patients. This study was
conducted in accordance with the Declaration of Helsinki.

Results
Prevalence of VTE Among Hospitalized
Patients with Unipolar or Bipolar

Depression

During the study period, 154 adult Japanese patients were
hospitalized to undergo treatment for a major depressive
episode at our hospital. No patients were undergoing acute
treatment for VTE. After excluding duplicate cases and
one case undergoing acute treatment for arterial dissection,
141 patients were identified. Almost all patients (n = 139)
underwent VTE screening, but two patients did not
undergo the screening within the first week of hospitaliza-
tion. None of the patients had contraindications to iodi-
nated contrast medium, had used oral contraceptives, or
had received hormone replacement therapy or surgery

HAM-D 17 (points)
[
s
©

within the previous 4 weeks. Eleven patients were taking
anticoagulants (8, atrial fibrillation; 2, prevention for
ischemic stroke; and 1, prevention for VTE). No patient
was pregnant. Thirty-six patients were screened positive
for VTE. Thirty patients then underwent contrast CT, but
six patients did not agree to the procedure. Finally, 133
patients were analyzed in this study (91 women, median
age: 64 [47, 75] years). The level of D-dimer of those six
patients ranged from 1.05 to 3.80 pug/mL, with an average
of 2.10 ug/mL. Among the 133 patients analyzed in this
study, 10.5% (14/133) were diagnosed with asymptomatic
VTE (7 with PE only, 4 with DVT only, and 3 with both
PE and DVT). All patients diagnosed with DVT had
proximal DVT. All patients with VTE improved on antic-
oagulant therapy without showing any side effects such as
bleeding. Figure 1 shows the scatter plot of the severity of
depressive symptoms and duration of the current depres-
sive episode among inpatients with depression with or
without VTE. The severity of depression, as measured by
the HAMD-17, ranged from 8 to 43 points in the VTE-
positive group and from 3 to 34 points in the VTE-
negative group. The duration of the current depressive
episode ranged from 2 to 350 weeks in the VTE-positive
group and from 7 to 40 weeks in the VTE-negative group.
Table 1 shows the demographic and clinical characteristics

VTE-postive e VTE-negative

Duration of the current depressive episode (weeks)

Figure | Scatter plot of the severity of depressive symptoms and duration of the current depressive episode among inpatients with depression with or without VTE.

Note: VTE-positive is indicated by a red circle and VTE-negative by a blue circle.

Abbreviations: HAM-D 17, 17-item Hamilton Depression Rating Scale; VTE, venous thromboembolism.
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Table | Clinical and Demographic Characteristics of VTE-Positive and VTE-Negative Patients

Characteristics VTE-Positive (n = 14) VTE-Negative (n = 119) P
Demographics

Age (years) 69 (60-79) 62 (46-75) 0.09*
Women 9 82 0.77°
BMI (kg/m?) 20.15 (18.15-24.05) 21.5 (19.5-24.6) 0.26*
Non-psychiatric risk factors for VTE

Trauma [ I 0.20°
Malignancy 3 7 0.07°
Hypertension 4 37 1®
Hyperlipidemia 0 19 0.22°
Diabetes mellitus 0 17 021°
Psychiatric risk factors for VTE

Bipolar depression 3 22 0.73°
Catatonia [ 0 0.11°
Use of antidepressants 9 90 0.35°
Use of antipsychotics 8 36 0.07°
Other factors associated with VTE

History of VTE | 4 0.43°
Use of anticoagulants | 10 1
D-dimer (ug/mL) 5.50 (2.83-7.96) 0.62 (0.51-0.87) <0.001**
Suspected psychiatric risk factors for VTE

Duration (weeks) 13.50 (9.00-27.25) 12 (6-24) 0.34°
HAM-DI7 24.00 (19.50-34.25) 19.00 (16-23) 0.003**

Notes: Values are presented as numbers or medians (25%—75% percentile); duration, duration of the current depressive episode. *Mann-Whitney U-test; °Fisher’s exact

test; *Significant p-values (p < 0.05).

Abbreviations: BMI, body mass index; HAM-D 17, |7-item Hamilton Depression Rating Scale; VTE, venous thromboembolism.

of the VTE-positive and VTE-negative groups. The VTE-
positive group had significantly worse severity of depres-
sive symptoms than the VTE-negative group, but there
were no significant differences between the two groups
in the other variables.

Prevalence of VTE Among ECT-Treated

Patients

During the study period, 20 patients received in-hospital
ECT. The mean age was 61.1 years. Among the 20
patients, nutritional intake was inadequate for 11 patients,
and five were administered intravenous fluids to compen-
sate for the inadequate nutritional intake. Seven patients
who received in-hospital ECT were diagnosed with
asymptomatic VTE (five with PE only, one with DVT
only, and one with both PE and DVT). All seven patients
diagnosed with VTE prior to ECT were treated with direct

oral anticoagulants. ECT was administered in two patients
after thrombus resolution on contrast-enhanced CT and in
five patients after normalization of D-dimer level.
Initiation of ECT was based on the clinical decision of
the cardiologist, anesthesiologist, and psychiatrist. ECT
initiation was delayed by an average of 11 days (range:
0-21 days) due to VTE treatment.

Logistic Regression Analysis

To evaluate whether the severity of depressive symp-
toms was associated with VTE, a logistic regression
analysis was performed after adjusting for the covariates
other than catatonia because no patients with catatonia
were present in the VTE-negative group. Table 2 shows
the results of logistic regression analysis. Severity of
depressive symptoms (odds ratio: 1.220, 95% confidence
interval: 1.081-1.377, p = 0.001) was significantly asso-
ciated with VTE.
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Table 2 Logistic Regression Analysis of Factors Associated with VTE

Variables B (SE) Wald Odds Ratio 95% CI p-value
Age 0.044 (0.031) 1.977 1.045 0.983 to I.111 0.160
Sex —0.257 (0.781) 0.109 0.773 0.167 to 3.571 0.742
BMI —0.025 (0.094) 0.074 0.975 0.812 to 1.171 0.785
Trauma 2.799 (1.797) 2.427 16.432 0.485 to 556.138 0.119
Malignancy 1.267 (1.023) 1.534 3.550 0.478 to 26.348 0.215
Hypertension 0.278 (0.869) 0.102 1.320 0.241 to 7.244 0.749
Bipolar depression —0.032 (1.187) 0.001 0.969 0.095 to 9.926 0.979
Antidepressants —0.474 (0.875) 0.294 0.622 0.112 to 3.457 0.588
Antipsychotics 1.656 (0.886) 3492 5.237 0.922 to 29.739 0.062
History of VTE 1.008 (1.432) 0.495 2.741 0.165 to 45.410 0.482
Anticoagulants 0.213 (1.418) 0.023 1.238 0.077 to 19.926 0.880
Duration —0.002 (0.011) 0.024 0.998 0.977 to 1.020 0.878
HAM-DI7 0.199 (0.062) 10316 1.220 1.081 to 1.377 0.001*

Note: *Significant p-value (p < 0.05).

Abbreviations: BMI, body mass index; Cl, confidence interval; HAM-D17, 17-item Hamilton Depression Rating Scale; SE, standard error; VTE, venous thromboembolism.

Discussion

This study had two main findings. First, severity of depres-
sive symptoms, but not duration of the current depressive
episode, was associated with VTE in hospitalized patients
with a major depressive episode. Second, the prevalence of
VTE in patients with a major depressive episode receiving
in-hospital ECT was as high as 35%. These results support
our hypothesis that more severe depressive symptoms are
associated with the presence of VTE among patients hos-
pitalized for a major depressive episode, and patients with
a major depressive episode receiving in-hospital ECT have
a higher prevalence of VTE, while refuting the hypothesis
that longer depressive episodes would be associated with
the presence of VTE among patients hospitalized for
a major depressive episode.

To our knowledge, this is the first study to examine
the association between VTE and severity of depressive
symptoms among inpatients with a major depressive epi-
sode considering confounding factors. This study could
not conclude whether the severity of depressive symp-
toms is a risk factor for VTE because the study observed
cross-sectional findings rather than causal relationships.
However, asymptomatic VTE is generally unlikely to
cause depressive symptoms; therefore, the severity of
depressive symptoms, or some factor related to depres-
sive symptoms, may cause VTE among inpatients with
a major depressive episode. In fact, a previous large,
prospective, population-based study has reported that
patients who feel depressed often are 1.59-fold more
likely to develop VTE than those who do not.**

Another longitudinal study has reported that patients
with VTE who have higher levels of depressive symp-
toms have a greater risk of recurrent VTE.?® Therefore,
depressive symptoms may be associated with VTE.
However, when interpreting the results of this study, the
followings should be considered. First, there was
a significant superposition in the percentile intervals for
the VTE-positive and negative groups regarding depres-
sion severity. In addition, when this association was
analyzed in the logistic regression, the confidence interval
for the odds ratio was 1.081 to 1.377, suggesting that
available data are compatible with both very large and
very small effects. This uncertainty in the effect esti-
mates, combined with the known volatility of effect size
estimates based on the small samples (and there were
very few VTE-positive patients) highlights the level of
caution required when interpreting these results, com-
pared to p-values alone. Further, since the sample size
of this study was not sufficient, we did not investigate
which sub-items of the HAM-D17 were associated with
VTE. Further research is warranted to investigate the risk
factors for VTE in patients with major depressive epi-
sode. Second, “the severity of depressive symptoms”
might indirectly be a positive predictor due to “an
increased dose of antidepressants and antipsychotics” in
patients with a major depressive episode. In this study,
the presence or absence of antidepressant or antipsychotic
medication was considered as a covariate, but the dose
was not. Hence, the dosage of antidepressants and anti-

psychotics should be considered in future studies that
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investigate factors associated with VTE among patients
with a major depressive episode.

We also hypothesized that the longer the duration of
the depressive episodes, the higher the prevalence of VTE.
However, our hypothesis was not supported by the data,
suggesting that even a short depressive episode could lead
to VTE.

Approximately one-third of the patients with a major
depressive episode undergoing ECT had asymptomatic
VTE (5 with PE only, 1 with DVT only, and 1 with both
PE and DVT). A previous study that examined DVT using
ultrasonography reported that 25.3% of hospitalized cata-
tonia patients had DVT,?® and a previous study that exam-
ined VTE using contrast-enhanced CT reported that 61.1%
had VTE."” These results suggested that hospitalized
patients with a major depressive episode undergoing
ECT should be paid as much attention for VTE as patients
with catatonia. Although previous case studies reported
symptomatic PE early after ECT administration,>”-*®
whether screening for VTE should be mandatory in all
patients undergoing ECT is controversial because it is
unclear whether ECT increases the incidence of serious
adverse events including symptomatic PE during and after
ECT in patients with asymptomatic VTE. Given the insuf-
ficient evidence, the decision to screen for VTE should be
based on an individual patient’s VTE risk and physical
problems. When VTE is diagnosed before or during an
ECT session, clinicians should carefully decide whether to
perform or wait for ECT after comprehensively consider-
ing the severity of psychiatric symptoms, physical condi-
tion, clot size, bleeding risk, etc. because there is no
consensus on whether ECT should be administered after
the blood clots have completely disappeared by anticoa-
gulant therapy or early after the start of anticoagulant
therapy. A recent review on patients with schizophrenia
and catatonia has concluded that ECT can be safely admi-
nistered in patients with anticoagulant-treated distal DVT,
but not in patients with proximal DVT (not until the
thrombus disappears).'> Although no serious adverse
events have been reported in patients receiving ECT
under anticoagulant therapy in previous studies, the safety
of anticoagulant therapy for patients undergoing ECT has
not been established because all previous studies were
small case series.”’>° Further well-designed studies are
warranted to examine the safety of anticoagulants for
patients undergoing ECT and the benefits of early initia-
tion of ECT.

Limitations

This study has several limitations. First, the sample size
is too small to generate true positive significant predic-
tors for logistic regression analysis. Considering that the
event of interest was only 14/133 and the study had 14
predict variables, a sample size of 133 was too small and
would lead to false positive results and overfitting.
Moreover, a lack of statistical significance on the pre-
sence of malignancy or past history of VTE as a risk
factor for VTE is likely to represent a type II error
resulting from the small sample size in this study.
Further studies with a larger sample size are warranted
to confirm the results of this study. Second, this study
may have a selection bias because VTE was not investi-
gated in all patients, even upon positive D-dimer test
results during VTE screening. Third, the study partici-
pants were patients hospitalized with a major depressive
episode, not outpatients. Therefore, it is unclear whether
the severity of depressive symptoms is associated with
VTE in outpatients. Fourth, unequivocal risk factors for
developing VTE such as hypercoagulable status, immo-
bility, and dehydration were not considered in this
study.'’

Special attention should be paid to VTE in hospitalized
patients with severe depressive symptoms, regardless of
whether they receive ECT. Nevertheless, VTE should be
considered in patients receiving in-hospital electroconvul-
sive therapy for a major depressive episode.

Conclusion

The prevalence of VTE was high (35%) among patients
receiving in-hospital electroconvulsive therapy for a major
depressive episode. The severity of depressive symptoms,
but not the duration of depressive episodes, was associated
with VTE in hospitalized patients with a major depressive
episode.
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