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Abstract

Objective—Informal caregivers—i.e., close family and friends providing unpaid emotional or
instrumental care—of patients admitted to intensive care units (ICUs) are at risk for posttraumatic
stress disorder (PTSD). As a first step toward developing interventions to prevent PTSD in ICU
caregivers, we examined the predictive validity of psychosocial risk screening during admission
for caregiver PTSD at three and six months post-hospitalization.

Design—An observational, prospective study.

Participants—Ninety-nine caregivers were recruited as part of a longitudinal research program
of patient-caregiver dyads in a neuroscience intensive care unit (Neuro-1CU).

Intervention—None

Measurements and Main Results—Caregiver PTSD symptoms were assessed during
admission (baseline), three months, and six months post-hospitalization. We (1) characterized
prevalence of clinically significant symptoms at each time point; (2) calculated sensitivity and
specificity of baseline PTSD screening in predicting PTSD at three and six months; and (3) used
recursive partitioning to select potential baseline factors and examine the extent to which they
helped predict clinically significant PTSD symptoms at each time point. Rates of caregiver PTSD
remained relatively stable over time (16-22%). Screening for PTSD at baseline predicted PTSD at
three and six months with moderate sensitivity (75-80%) and high specificity (92-95%). Screening
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for PTSD at baseline was associated with caregiver anxiety, mindfulness (i.e., ability to be aware
of one’s thoughts and feelings in the moment), and bond with patient. Moreover, baseline PTSD
screening was the single most relevant predictor of PTSD at three and six months, such that other
baseline factors did not significantly improve predictive ability.

Conclusions—Screening Neuro-1CU caregivers for clinically significant PTSD symptoms
during admission is the single most important way to identify the majority of those likely to suffer
from chronic PTSD following discharge. Addressing early PTSD symptoms and their
psychosocial correlates during admission may help prevent chronic PTSD in these at-risk
caregivers.
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Introduction

Informal caregivers—i.e., close family members and friends providing unpaid emotional or
instrumental care—of patients admitted to intensive care units (ICUs) are at risk for
posttraumatic stress disorder (PTSD) due to the sudden onset of their loved ones’ medical
trauma, which may include risk of death or profound disability, uncertainty about patient
prognosis during hospitalization, and involvement in complex medical decision-making (1).
Following discharge, caregivers often continue to provide emotional and instrumental
support for their loved ones. Cross-sectional studies suggest one in five informal caregivers
exhibit clinically significant symptoms of PTSD during patient admission (2), with variable
rates observed post-hospitalization (3). Chronic PTSD in caregivers—defined as clinically
significant PTSD symptoms persisting for at least three months (4)—hinders patients’
recovery by interfering with caregivers’ ability to provide quality care (5,6) and also
increases caregivers’ own risks for morbidity (7,8) and mortality (9). As such, interventions
to prevent chronic PTSD in caregivers are imperative to optimize outcomes for both patients
and caregivers.

To date, our limited ability to identify caregivers at risk for PTSD is a significant barrier to
developing and implementing interventions to prevent chronic PTSD in ICU caregivers.
Early interventions are critical given that PTSD over time may become more difficult to treat
as maladaptive symptom networks are consolidated (10). Although many caregivers
experience acute symptoms of PTSD around the time of an ICU admission (11), the extent
to which these symptoms transition to chronic PTSD post-hospitalization has not been well
studied. Numerous prospective studies of PTSD in emergency settings have followed adult
patients themselves (12,13), but limited studies have focused on caregivers. Among existing
studies with ICU caregivers, several measured PTSD symptoms either during admission (2)
or several months later (3,14-18), but did not perform repeated assessments of these
symptoms across the hospitalization-recovery continuum. Of those with multiple
longitudinal measurements of caregiver PTSD, some assessed PTSD symptoms following
discharge but not during ICU admission (19), while others measured symptoms through
three months post-admission but not beyond (20-22). Longitudinal studies over a longer
period are needed to track how acute symptoms of PTSD observed during the ICU
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admission may persist following discharge, and which caregivers are most at risk for chronic
PTSD over time. From a health resources perspective, such information would allow
efficient and timely delivery of targeted interventions to those in greatest need. Examining
acute PTSD symptoms and other modifiable factors that predict chronic PTSD in these
caregivers could illuminate opportunities for early detection and subsequent intervention
(23).

This present study, part of an ongoing longitudinal research program of patient-caregiver
dyads in a neuroscience intensive care unit (Neuro-1CU), aimed to determine whether
screening caregivers for clinically significant PTSD symptoms and other factors during ICU
admission could help identify those most likely to qualify for chronic PTSD following
hospitalization. Specifically, we sought to: (a) characterize prevalence of clinically
significant PTSD symptoms in Neuro-1CU informal caregivers during admission (baseline),
three months, and six months post-hospitalization; (b) determine sensitivity and specificity
of baseline PTSD screening in predicting PTSD at three and six months post-hospitalization;
and (c) use recursive partitioning to select potential baseline factors and examine the extent
to which they predict clinically significant PTSD symptoms at baseline and/or chronic
PTSD. Findings are expected to help identify Neuro-1CU caregivers at risk for chronic
PTSD and guide intervention development to prevent chronic PTSD in these individuals
who play a key role in patient care and recovery.

Materials and Methods

Sample and Procedures

Measures

This study drew on longitudinal data from a prospective study of adult patients admitted to
the Neuro-ICU and their informal caregivers. Initial recruitment of patient-caregiver dyads
occurred at a major medical center in Boston, MA, between June 2015 and July 2016. The
institutional review board at Massachusetts General Hospital in Boston, MA, approved all
study procedures, summarized elsewhere (2). Inclusion criteria for caregivers were: (1) 18 or
more years of age, (2) English fluency and literacy, and (3) self-identification as the patient’s
primary caregiver. Eligible caregivers were first approached by a research assistant based on
the medical team’s recommendation of patients who would also be suitable for participation,
excluding those with medical or cognitive barriers (e.g. critical condition with anticipated
death within the ICU, chronic aphasia, limited decision-making capacity). Most caregivers
were recruited within two days of patient admission, and all completed paper-based
measures prior to patient discharge. Caregivers were then contacted by email at three and six
months post-discharge to complete follow-up assessments via a free secure web-based data
collection system (REDCap) (24) hosted at Partners HealthCare in Boston, MA.

PTSD—PTSD symptoms were assessed at baseline and again at three and six months post-
hospitalization using the 17-item Post-Traumatic Checklist-Specific Stressor (PCL-S) (25).
Caregivers rated how bothered they were by each symptom in the past month using a 5-point
Likert scale (1=not at all, 5=extremely). The PCL-S yields a total score ranging from 17-85,
with higher scores indicating greater PTSD symptoms. For main analyses, a scoring
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algorithm consistent with the Diagnostic and Statistical Manual of Mental Disorders-1V-TR
(DSM-1V) (4) was used to identify individuals who screened in for PTSD (i.e., whose
symptoms met criteria for clinical significance) at each time point.

Caregiver demographic variables—At baseline, caregivers reported their age, gender,
race/ethnicity, education, employment status, and marital status.

Caregiver psychosocial variables—At baseline, caregivers also completed self-report
scales on anxiety and depression symptoms (26), history of anxiety and/or depression,
caregiving self-efficacy (27), satisfaction with health care (28), coping (29), mindfulness
(30), and bond with patient (31). Detailed information on these scales, including number of
items with scoring procedures, is provided in Supplementary Materials.

Patient medical variables—Patient medical and treatment characteristics were obtained
from patients’ electronic medical record, including patient diagnosis, status at discharge, and
whether the patient was intubated during hospitalization.

Using SPSS Version 20 (IBM Corp, 2011), caregiver characteristics were summarized using
relevant descriptive statistics (e.g. proportion, mean). Then, summary statistics of caregivers
with clinically significant PTSD symptoms were tabulated for each time point using all
available data. Second, 2x2 contingency tables were used to compare proportions of
caregivers screening for PTSD at baseline with PTSD cases at three- and six-month follow-
ups. McNemar’s tests of correlated proportions using a binomial distribution were used to
further test whether these proportions differed significantly. Sensitivity was calculated as
percentage of caregivers who screened in at baseline, out of those meeting criteria for PTSD
at each follow-up. Specificity was calculated as percentage of caregivers who did not screen
in at baseline, out of those not meeting criteria for PTSD at each follow-up.

Third, recursive partitioning analyses were conducted using the rpart package (32) in R (33)
to derive a set of baseline predictors for PTSD at each time point. For clinically significant
PTSD symptoms at baseling, all caregiver demographic, psychosocial, and patient medical
variables were entered as potential predictors into a variable selection model. For PTSD at
three and six months, these variables were entered along with clinically significant PTSD
symptoms at baseline. Outcome PTSD variables were specified as dichotomous (“class”) in
order to generate a classification tree. Default settings were used to produce parsimonious
trees, though full tree generation followed by statistical pruning was also examined as an
alternative. Predictors identified for inclusion were then entered simultaneously into a
multivariate logistic regression to predict clinically significant PTSD symptoms at each time
point. Significance of individual predictors was evaluated using standard criteria (p<.05) and
Nagelkerke’s R? was used to evaluate variance in PTSD explained by the included set of
predictor(s). Positive predictive validity (i.e., percentage of PTSD cases at each time point
correctly predicted by the baseline variable(s)) was also calculated.
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Results

Characteristics of Caregivers

Of 151 eligible caregivers who were approached, 115 consented to participate (76%) and 99
(86%) completed the PCL-S at baseline (Table 1), while 79 (69%) caregivers (two without
baseline PCL-S data) completed the PCL-S at three- and six-month follow-ups. Overall,
caregivers were middle-aged, approximately two-thirds were female, and most were non-
Hispanic white, highly educated, and married. The most prevalent diagnoses causing
patients to be hospitalized were stroke/brain hemorrhage (35%) and brain tumor (25%).
Approximately three-quarters of patients were intubated during the course of treatment, and
approximately two-thirds of the patients were discharged home following hospitalization.
The majority (66%) of caregivers were the patients’ romantic partner.

PTSD among Caregivers at Baseline, Three, and Six Months

At baseline, 16% of caregivers screened in for clinically significant PTSD symptoms, while
18% met criteria for PTSD at three-month follow-up and 22% at six-month follow-up (Table
2). Table 3 provides contingency tables comparing those who screened for PTSD at baseline
with PTSD cases at three and six months. Over time, 12 caregivers stayed “stable” (i.e.,
screened in at baseline and through to six months); three “resolved” (i.e., screened in at
baseline but not by six months), while three “emerged” (i.e., did not screen in at baseline but
did by six months). Overall case proportions at three months or six months did not differ
significantly from those at baseline, indicating relative stability over time.

Of caregivers who met criteria for clinically significant PTSD symptoms at three months and
six months, 75% and 80% screened in at baseline (sensitivity), respectively. Among
caregivers not meeting criteria at three months and six months, 92% and 95% did not screen
in at baseline (specificity), respectively. Follow-up contingency table analyses indicated that
93% of caregivers who met criteria for PTSD at three months continued to meet criteria at
six months, and that case proportions did not significantly differ between three and six
months (0=.63).

Early Predictors of Baseline and/or Later Caregiver PTSD

For baseline PTSD screening, algorithm results for predictor selection are depicted in Figure
1. A three-split classification tree was identified as the most appropriate default solution.
Caregiver baseline anxiety was the initial most relevant correlate, such that those who had
higher anxiety scores (10 or higher) were more likely to screen for PTSD at baseline.
Among caregivers with higher baseline anxiety scores, bond with patient was the next most
relevant correlate, such that caregivers with lower bonds with the patient (scale score < 68)
were more likely to screen in for PTSD. Among caregivers with higher anxiety and lower
bonds with patient, mindfulness was the third and last relevant correlate, such that caregivers
with lower levels of mindfulness (scale score < 32) were more likely to screen in for PTSD.
When these selected variables were simultaneously entered into a multivariate logistic
regression predicting screen-in for baseline PTSD, caregiver anxiety (8=0.44, p=.004) and
bond with patient (B=-0.08, p=.03) were both significant correlates, accounting for unique
variance, while an insignificant but consistent trend emerged for mindfulness (8=-0.15, p=.
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07). Together, these variables accounted for 47% of variance in baseline PTSD screen-in,
and yielded a positive predictive validity of 71%.

Separate recursive partitioning models revealed that only caregiver screening for PTSD at
baseline was relevant for predicting PTSD at three and six months post-hospitalization, with
no other predictors selected for inclusion. In logistic regressions, this single baseline
predictor accounted for 47% of variance in three-month PTSD and 61% in six-month PTSD,
and including other baseline predictors in these models did not substantially account for
further unique variance. The positive predictive validity of baseline PTSD screen-in for
PTSD at three and six months was 64% and 80%, respectively.

Discussion

This study of patients and their informal caregivers in the Neuro-I1CU is the first to
prospectively track PTSD symptoms in ICU caregivers across the hospitalization-recovery
continuum. Literature from other trauma-exposed populations has suggested PTSD rates can
decrease over time (34), but this was not observed in our sample of Neuro-1CU caregivers.
Our observed rates of caregiver PTSD (16-22%) are slightly lower than in other ICU studies
where prior estimates ranged from 35% to 51% (18,20-22). This may be due to our
sampling of caregivers of ICU patients with relatively higher levels of functioning.
Moreover, we used a scoring algorithm for clinically significant PTSD that requires a
particular number of symptoms to be endorsed in each symptom cluster, which may be more
stringent than an approach based on absolute cut-offs. Indeed, most prior studies used a
version of the Impact of Event Scale (IES) whereas we used the PTSD Checklist (PCL),
which maps onto established diagnostic criteria. Our findings are more similar to another
study (16,17) that used the PCL and found rates of 14% at six months, though the latter did
not assess symptoms longitudinally.

Without intervention, rates of PTSD in Neuro-ICU caregivers increased slightly but
remained relatively stable over time, with the majority of those who initially screened in
continuing to show clinically significant PTSD symptoms six months later. Results suggest a
unique subset of Neuro-1CU caregivers are vulnerable to PTSD symptoms immediately after
a loved one’s medical trauma and do not subsequently recover post-hospitalization. PTSD
symptoms may persist in these caregivers because of ongoing physical sequelae in patients,
which could serve as reminders of the traumatic event, and/or own deficits in coping and
resiliency skills, which are important in the recovery process. Early intervention is needed to
interrupt an otherwise stable course of PTSD in these caregivers following hospitalization.

Screening for PTSD at baseline emerged as the single most relevant predictor for later
caregiver PTSD, demonstrating reasonable sensitivity and specificity for PTSD at three and
six months. This suggests that Neuro-ICU caregivers at greatest risk for chronic PTSD can
be identified with relative accuracy from their acute symptom presentation during patient
admission. Results align with evidence from military and motor vehicle accident populations
indicating that acute stress reactions are key to predicting later PTSD (35,36), but extends
findings to caregivers of medical ICU patients. Screening Neuro-1CU caregivers when
clinical follow-ups are available and providing targeted early intervention to those
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demonstrating clinically significant symptoms of PTSD may be an efficient way to prevent
long-term PTSD.

Further opportunities for early intervention involve targeting psychosocial correlates
identified in this study. Caregiver anxiety was most strongly associated with clinically
significant symptoms of PTSD at baseline, suggesting a fearful/anxious profile during
admission is an important marker. Additional psychosocial factors might increase precision
of baseline risk assessment and serve as potential treatment targets. Specifically, caregivers’
bonds with their loved one may uniquely influence subjective experiences of patient
hospitalization and related demands, such that a strong positive relationship may buffer early
PTSD symptoms for caregivers, while a negative one may exacerbate them. Furthermore,
caregiver mindfulness—ability to be aware of one’s thoughts and feelings in the present
moment—was marginally inversely associated with baseline PTSD symptoms, suggesting
that active resiliency skills employed by caregivers to respond to stressors during patient
hospitalization may protect against PTSD risk (2). Interventions to teach and/or bolster
mindfulness skills in acutely distressed caregivers, and to support use of these skills
following hospitalization, may be critical for preventing chronic PTSD and enhancing
caregiver resilience, i.e., adaptive functioning and/or absence of expected morbidities in the
face of traumatic medical events (37,38).

Several methodological limitations prompt caution in interpreting the results. First, because
of its longitudinal design, this study recruited a relatively modest sample of caregivers, some
of whom were lost to follow-up over time. This precludes more complex modeling and may
affect stability of our statistical findings, and thus should be replicated in a larger sample.
Second, given the dyadic nature of the parent study, ICU caregivers were excluded if loved
ones were medically contraindicated to participate or who had died. Thus, we likely
captured caregivers with relatively lower distress, whereas overall rates of PTSD may be
higher and/or less stable over time if we sampled a full range of caregivers. Results thus may
not automatically generalize to all caregivers within the Neuro-1CU, but highlight that even
caregivers of ICU patients with relatively good prognoses face notable risk for PTSD and
require attention. We also sampled caregivers from a Neuro-ICU; while we expect findings
may be relevant to other ICU caregiver populations, future studies should explore potential
differences based on types of medical trauma, and may also benefit from targeted
assessment of patient neurocognitive functioning, which may uniquely impact caregivers
within Neuro-ICUs. Third, we derived predictors for PTSD at three and six months post-
hospitalization with basic classification tree methods using a selection of potential factors.
Future research should more thoroughly test predictive models for chronic PTSD, applying
algorithm-based methods to larger datasets to derive and validate clinically relevant
predictors to guide sequential decision-making (39). Although we were able to predict
chronic PTSD relatively well from baseline symptoms at hospitalization, there were several
cases that resolved and others that developed between baseline and subsequent time points.
Future studies should also focus on identifying reliable prognostic markers that can
distinguish between chronic and transient PTSD and facilitate preventive interventions for
caregivers at greatest long-term risk. Finally, while we measured PTSD symptoms at
baseline and assessed those who showed clinically significant symptoms, these symptoms
reflect acute post-traumatic stress (10) rather than PTSD since full diagnostic criteria include
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a minimum of three months of such symptoms. Furthermore, these symptoms were self-
reported and are not equivalent to official diagnoses provided by a trained clinician.

Despite its limitations, this study holds promising clinical implications. Using prospective
data across the hospitalization-recovery continuum, we have examined potential predictors
for chronic PTSD among Neuro-ICU caregivers. Assessing acute post-traumatic reactions in
caregivers could help identify caregivers before they transition to chronic PTSD and while
they are still accessible for early intervention. Given that anxiety, interpersonal bonds, and
mindfulness were associated with early PTSD risk and are also modifiable, early
interventions could incorporate cognitive-behavioral therapy (CBT) to target caregivers’
vulnerability to anxiety symptoms (40) while also improving caregiver-patient
communication and teaching mindfulness-based stress management (41) to bolster
psychological and behavioral resiliency while reducing distress.

Conclusions

In conclusion, this study suggests it is possible to prospectively identify Neuro-ICU
caregivers who will exhibit PTSD at three and six months post-hospitalization, largely based
on their acute PTSD symptoms during hospitalization. Without intervention, caregivers who
exhibit clinically significant early PTSD symptoms will likely progress into chronic PTSD.
By further identifying early and modifiable factors associated with baseline PTSD risk, our
study provides preliminary yet tractable insights for preventing chronic PTSD in Neuro-ICU
caregivers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Recursive Partitioning Decision Tree for Baseline PTSD Screening
Anxiety was measured using the Hospital Anxiety and Depression Scale (HADS; possible

scores 0-21); bond with patient was measured using the Intimate Bond Measure (IBM;
possible scores 0-72); and mindfulness was measured using the Cognitive and Affective
Mindfulness Scale-Revised (CAMS-R; possible scores 12-48). Further details on these
measures and corresponding references are provided in Supplementary Materials. Cut-offs
shown for each variable were determined empirically through recursive partitioning for
optimal classification of baseline PTSD.
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Table 1

Caregiver Demographic and Psychosocial Variables and Patient Medical Characteristics of Neuro-1CU
Informal Caregivers (A= 99)

Baseline Variables N (%) M (SD)
Demographic Variables
Age — 53.34 (13.99)
Gender (male) 37 (37.8%) —
Race/Ethnicity (non-Hispanic white) 85 (87.6%) —
Education (some college or more) 79 (80.6%) —
Employed (full time) 56 (57.7%) —

Marital status (married/cohabitating) 80 (82.5%) —

Relationship to patient

Spouse/partner 65 (65.7%) —
Parent 15 (15.2%) —
Child 15 (15.2%) —
Sibling 4 (4.0%) —
Psychosocial Variables
Depressive symptoms — 5.37 (2.84)
Anxiety symptoms —_ 9.07 (4.15)
History of depression diagnosis 7 (7.1%) —
History of anxiety diagnosis 3(3.0%) —
Caregiving self-efficacy — 84.10 (15.17)
Satisfaction with healthcare — 3.86 (0.28)
Life stress — 453 (3.28)
Coping — 32.89 (9.04)
Mindfulness — 33.96 (5.08)
Bond with patient — 58.44 (11.79)

Patient Medical Variables
Patients’ Diagnosis

Cerebrovascular

Stroke/Hemorrhage 35 (35.4%) —
Brain aneurysm 3 (3.0%) —
Other
Tumor 25 (25.3%) —
Lesion/Brain mass 10 (10.1%) —
Traumatic brain injury 8 (8.1%) —
Seizures 5 (5.1%) —
Other/More than 1 diagnosis 6 (6.1%) —

Discharge status
Discharge to home 64 (64.6%) —
Discharge to rehabilitation facility 32 (32.3%) —
Patient died during hospitalization 3 (3.0%) —
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Baseline Variables N (%) M (SD)
Intubated (yes) 74 (74.7%) —

Note. Depressive symptoms = HADS-D; Anxiety symptoms = HADS-A, Caregiving self-efficacy = CSES; Satisfaction with healthcare = CPQ;
Coping = MOCS-A; Mindfulness = CAMS-R; Bond with patient = IBM. Further details on these measures and corresponding references are
provided in Supplementary Materials.
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Table 2
Prevalence of PTSD Diagnoses and Symptom Severity by Time Point

Assessment Time Points Meeting Clinical Significance N (%) Symptom Severity M (SD)
Baseline (N=99) 16 (16.2%) 28.52 (12.11)
3-Month Post-Hospitalization (N=79) 14 (17.7%) 30.41 (12.11)
6-Month Post-Hospitalization (N=79) 17 (21.5%) 30.03 (14.59)

Note. Clinical significance for PTSD as determined on the Post-Traumatic Checklist-Specific Stressor (PCL-S) by symptoms rated “moderately” or

above for at least: one B cluster item (questions 1-5); three C cluster items (questions 6-12); and two D cluster items (questions 13-17).
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Table 3

Contingency Tables of Baseline PTSD Screening with PTSD at 3- and 6-Month Post-Hospitalization

Assessment Time Points ~ 3-Month Post-Hospitalization ~ 6-Month Post-Hospitalization

PTSD No PTSD PTSD No PTSD
PTSD at Baseline (1) 9 5 12 3
No PTSD at Baseline (7)) 3 60 3 59
McNemar’s X2 0.13 (p=n.s.) 0.17 (p=n.s.)

Note. Clinical significance for PTSD as determined on the Post-Traumatic Checklist-Specific Stressor (PCL-S) by symptoms rated “moderately” or
above for at least: one B cluster item (questions 1-5); three C cluster items (questions 6-12); and two D cluster items (questions 13-17). McNemar’s

X2 was calculated with Yate’s continuity correction.
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