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Assessmentofia patient afterspitaltreated setharmor psychiatric hospitalisatiooften
includes as“risksassessment&sulting in a classification dfigh risk versuslow risk fora
future episode asel-harm Throughsystematic revievand a series of metnalyses
looking atinassisted clinician risélassification(8 studiesn=22,499)we found pooled
estimates fosensitivity 0.31 (95% CI: 0.18-0.5@pecificity 0.&% (0.75-0.92)Positive
Predictve Value (PPV) 22 (0.210.23) and Negative Predictive Value (NPV) 0.89 (0.86-
0.92). Qinician.classificatiorwas tooinaccurateao be clinically usefulAfter-care should

thereforebe allocateadn the basis of needs rathéhan riskassessment.

Hospitalireatedselfharm is very common in the general hospital Emergency Department.
Self-harm is.the‘commonly used term in the (Mational Institute for Health and Care
Excellencez201]1usually defined aself-poisoning or injuryjrrespective of the apparent
purpose ofthe act’especiallyin reference tdospitaltreated setharm, which is
predominately selpoisoning with a minority of self injur¢Carroll, Metcalfe, & Gunnell,
2014). Hospitatreated setharmis the strongest independent risk factor for subsequent
suicide(Carroll, Metcalfe, & Gunnell, 2014). However, repetition of $e&lfm is a much

more common outcome than suicide; with pooled estimates for 12 month prevalence in
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predominatelywvestern coumtes being 15k6% for repetition of selharm and 1-1.6% for
suicide(Owens, Horrocks, & House, 2002; Carroll, Metcalfe, & Gunnell, 208#¢r

discharge fronadult psychiatric hgstal inpatient cargfor any reason)more than 6%of
peopleareadmitted to the general hospifat an episode adel-harm within 12 months, with
one third*of'these episodes occurring in the month after discf@uymell, Hawton, Ho,

Evans, O'Connar et al, 2008).

Even in these two “high risk” clinical populations (hospttelated setharm and discharged
psychiatrieiinpatients)yuicideis uncommon irbsolute termsand it has been recognisknl
more than 60 years that loinequency disorders like suicide angpossible to predict with
clinically useful positive predictive valU®PV). This is because theery low prevalence of
suicide imposeseeiling on the PPV (Rosen, 1954nd this ceiling is independent of the
predictive method usg€arter, Milner, McGill, Pirkis, Kapur et al, 2017 the general
hospital and the psychiatric hospital setting, a typical goal is to distingetgleen pagéints

at “high” and “low” risk for suicidein orderto allocateaftercare although thisapproacthas
been criticised:...it is simply not possible to predict suicide in an individual patient, and any
attempt to subdivide patients into highk and lowrisk categoriess at best unhelpful and at
worst will prevent provision afseful and needed psychiatric caf®yan & Large, 2013)A
recent systematic review of 53 risk assessments from 37 studies demonstraedehis
precisely findingthe pooled estimatesifsensitivity (56%) and PPV (5.5%) for the
classificationof high—risk of future suicidgLarge, Kaneson, Myles, Myles uBaratne et al,
2016).A second systematic reviesstimated a pooled PPV (5.5%arter, Milner, McGill,
Pirkis, Kapur et al, 2017) and a third review reported a range of PPV (1.3 to 16.7%) (Chan,
Bhatti, Meader, Stockton, Evans et al, 201@)a“high risk” of suicide classificatiornlhere
have been seven recent systematic reviewsaheai considered collectively have
demonstratethat any individual risk factor, instrument or scale used to classify patients into
a high risk'group for later suicide may do so modestly better than chance, however around
half of all suicides come from the “low risk” classificatiavhilst very fewof the patients in

the “high risk=classification die by suicidgCarter, Page, Large, Hetrick, Milner et 2016;
Large, Kaneson, Myles, Myles, Gunaratne et al, 2016; Chan, Bhatti, Meader, Stockten, Eva
et al, 2016; Chapman, Mullin, Ryan, Kuffel, Nielssen et al, 2015; Hubers, Moaddine,
Peersmann, Stijnen, van Duijn et al, 2016; Franklin, Ribeiro, Fox, BeKiyan et al,

2017; Ribeiro, Franklin, Fox, Bentley, Kleiman et al, 2018pne of these systematic

reviews included studies of unassisted clinician prediction.
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However sinceself-harm in clinical populations is much more common thaicide, the
guestion arises: “@n clinicians predict future seffarm with sufficient accuracy toe

clinically useful?”

The state of clinicalisk assessmeint current practicéor hospitaltreated setharmis

difficult torkmow:"In the UK there have been standastsiblished for the assessment and
care of sedharm patients by the Royal College of Psychiatrists (Royal College of
Psychiatrists, 2010) and llinical practice guidelines published by tRational Institute for
Health and Care Excellen¢®ICE) (National Institute for Health and Care Excellence,
2011), which suggest that any form of risk assesstoeggtablish a “high risk” classification
of patientspy clinician or validated instrumenis, orderto allocate treatment is not useful
However, *Evidence also exists of widespread failure by NHS services to comply with the
NICE Guideliné on Self HarnfRoyal College of Psychiatrists, 2018)stratified sample of
32 UK hospitalsifound that risk classification was still being done; most commonty usi
“unvalidated locally developed proformas” (41% of emergency departments and 69% of
mental health services) in the predictiorfudfire selt-harm, with others using a variety of
standardised.st&s, clinician judgement or some combination of methods (Quinlivan,
Cooper, Steeg, Davies, Hawton et al, 2014nther parts of the world there may be greater
reliance on clinician judgement as the usual methodetermining risk of suicider self

harm.

Unassistedor partly assistedjlinical judgements a form of risk assessment whereby
cliniciansstratify paterns into various risk groupings (most commonly high vs low risk); and
there are curremecommendationsom the USAthat favour theise of eclinician risk
assessmentto.classify patients into risk groups (hsglow) in order to allocate treatment.
“The main procedure used by clinicians to determine whether an individual may be at risk of
suicidalbehavias is the suicide risk assessment (SRAE purpose of the SRA is to identify
risk and protective factors that then provide the data for the fotionlaf suicide risk. The
suicide risk formulation (SRF) assigns a level of suicide risk that idealtisIto triage and
treatment deemed appropriate for that level of tigilverman & Berman, 2014pr “a
comprehensivsuicide risk assessment is used to collect detailed information about a
patient’s suicide risk (e.qg., risk and protective factors), to detect the possibility of imminent
risk, and to inform treatment decisionécommended by the Suicide Prevention Resourc
Center (SPRC)r step 4' Determine Risk Level/Intervention (Determine risk. Choose

appropriate intervention to address and reduce)fiskd step 5 Document (Assessment of
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risk, rationale, intervention, and follow-uppf the Suicide Assessment Fstep Evaluation
and Triage (SAFH), which was developed in the US by the Substance Abuse and Mental
Health Services Administration (SAMHSA) to assigirficians in conducting a suicide
assessment to identify risk factors and protective factors, condwatide inquiry,

determine risk-level and potential interventions, and document a treatment(Slaicide
Prevention Resource Center, 2Q15)

The aim of the currerdystematic review and megaalysis was to quantify the accuracy of
unstructured clinician assessments odife risk of seHharm,in hospitaltreated clinical
populations.with relatively high rates of subsequentis&ifn We calculated estimates the
key accuraey statistics for this tasspecially thgoositive and negative predictive values. An
understanding of the absolute degreaatfuracy (or inaccuracy) of clinician judgement to
determine risk Stratification, wilhform us about the usefulness of clinician prediction when
positive €.g.,for the allocation of clinical aftecare to prevent futurgelfharm events) and
when negative (e.gregarding thésafe to discharge home” decisjon

M ethodol ogy:

The study was prospectively registerediom PROSPERO database with registration number
2015:CRD4201501578Woodford, Carter, McGill, Milner, Pirkis et al, 2019)/e used the
Preferred”Reporting Items for Systematic Reviews and-sieddyses (PRISMA(Liberati,
Altman, Tetzlaff, Mulrow, Gotzsche et al, 20@8)report the identifiedtudies and thmeta
analyses; an@QUADAS ratingsystemto assesssk of bias in diagnostiaccuracystudies
(Whiting, Rutjes, Westwood, Mallett, Deeks et al, 2011).

Searches weresconducted of medical and scientific databases, including Medline, Psychinfo,
EMBASE,(CINHAL, Web of Science and Scopus, inclusive of all papers from database
inception untildanwary 2016 A secondary search of the papeentifiedin another

systematic reviewegarding the accuracy sfandardised and validatpdedictive

instruments was also undertakeridentify any incidental clinician predictio(Garter,

Milner, McGill, Rirkis, Kapur et al, 2017} urther papers were obtaineddsarching the
reference.lists of each paper retrieved; use of the ‘find similar’ functions for seminal papers
in PubMed and Web of Science; and screening the reference lists of books dealihg with t
topic of clinician judgemenf search othe grey literature was conducted in January 2016
with review of the first 100 sources identified by the search engines Google and Google

Scholar through combinations of the keywords.
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Key terms usetbr the search included “selffarm” OR “suicide*”, togdter with their
suggested synonyms, and “predict*” OR “forecast” AND *“clinician” OR “clinical

judgement” OR *“clinical decision making”.

I nclusion"and-exclusion criteria

Eligible studies included those with original data on clinician prediction of futurbaett,

or suicide ‘attempfThese were required to be cohort studies of at least 10 participants, and
include outcomes after ariollow-up period. Study populations could include aop
paediatricpopulation £12 years), with treatment settings includinggychiatric hospital
inpatients for any reason, anchEgency Cepartment presentations or general hospital
admissions*for selfiarm Any studies reporting subgroups of the above populations were
included, and data was pooled from studies that sepastiethten a basis of gender. Any
studies that usetiocally developed structured proformas’ validated instruments to
determine risk assessment were exclu@edy studies published in English were included.
Titles and‘abstracts recovered in the search were screened for study suitability ard full te
copies of papers were retrieved thassiblydealt with the review topic. Duplicated papers
were removed. at this pui

The retrieved papers were screened independently by two different reviewer6 (R,

and excluded.orincluded on the basis of the above criteria. Final papers included a quantifie
assessment of clinician risk (high/medium/low) or (highjlow

Study Characteristics

Key study characteristics were extracted from the selected papers and presented in tabular
form: author, year, clinical setting, country, clinician rater, gender of popukatidmisk
stratification

Data extraction for accuracy statistics

Data from/the.final studies was pooled into high vs low risk as judged by clinitigregpers
that compared-the rating accuracy of a number of clinician groups, additional sets of dat
were extraetedfor each clinician grolipa ‘medium omoderate’ risk judgement was made,
this wascombined with the ‘low’ assessment of risk to obtain two groups (high vs low risk)
in order to achieve the combination most consistent witprbgortions Kigh vs low risk)

used in studies that only reported el classification of risktratification. One study had
combined the ‘moderate’ with the ‘high’ risk group for reporting (Cooper, Kapur, &
MackwayJones, 2007)pne study had combined the ‘moderate’ with ‘low’ risk group for

reporting (Kapur, Cooper, Rodway, Kelly, Guthrie et al, 2086 one studjad &
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additional stratification of ‘high’ and ‘very high’(Phillips, Stargatt, & Brown, 2Q1@)ich

we combined into ‘high’ risk for all analysd3ata wereextractedrom the studies directly
into a 2 x2 table, and any missing values were calculated from the data available.
Statistical Analyses

Accuracysstatistics, Sensitivity, Specificity, PositRedictiveValue (PPV) Negative
PredictiveYalue (NPV)and clinicalutility as determined by Likelihood Ratio positive (LR+)
and Likelihood Ratio negati@R-) for selfharm outcomes for each individual stusgre
calculatedsfrom the 2 x 2 tables using an online calculator, Diagnostic andmériee
Statistics (DAGStat)http://www.biostats.com.au/DAG_Stat/#TjopA LR+ score in the
range of 5-10 was considered to be a moderate increase in the likelihood of thegredict

outcome, whilstia LR- score in the range of 0.2-was considered to be a moderate decrease
in the likelihood of the predicted outcome, and hence potentially clinically uBefubach
clinician prediction we also calculated the Clinical Utility of a positive (CUI+) (positive =
high risk) or negative (CU) (negative = low risk) decision (see www.clinicalutility.co.uk)
(Mitchell, 2011) CUI scores were considered in qualitative grades: excellestl, good
0.80-0.64, satisfactory 0.63-0.49 and poor utility < 0.49 (Mitchell, 2011).

We calculatel'pooled estimates of sensitiyjtspecificity, PPV and NPVThe general form of
our mode$ was-to estimate eitheéhe pooledsensitivity and specificity jointly (athe pooled
PPV andhe NPV jointly) using the binomial-normal modétijnen, Hamza, & Ozdemir,
2010) This is a random effects logistic regression model with an unstructured covariance
matrix to allow a correlation betwedine studyspecific estimates afensitivity and

specificity (or PRV and NPV)\e estimated the pooled parameters on the logit scale and
backtransformed them to proportions for presentation. Of the studies we exaalired,
one followed individuals over time. The remaining study counted epi¢Gdeper, Kapur,

& Mackway-Jones, 2007), n@ersons and agich, we conducted a secondary analysis
excluding thissstudyrom the pooled results.

Heterogeneity-was assessed through visual inspection of the forest plotstetie it
statistic, which provides an estimate of inconsistency across stiildeemetaanalyses of
diagnostic valuediffer from the meteanalyse of intervention studias several key ways.
First, heterogeneity is to be expectesdcond random effects models are useestimatethis
heterogeneityMacaskill, Gatsonis, Deek, Harbord, & Takwoingi, 2010); tmd, the P
statistic overestimates heterogeneity in ragtalyses of diagnostar predictivetests

(Bossuyt, Davenport, Deeks, Hyde, Leeflang et al, 20B8plication bias was assessed
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using a modified version of Egger’s test (Egger, Smith, Schneider, & Minder,, 1&8ch

uses linear regression but is based on the efficient score and its vérartoerd, Egger&
Sterne, 2006).

Risk of biasrating

Each clinician"evaluation was rated independently by two reviewers (RW, BLa3k of
biasusing @n adapted form of the QUADASQUality Assessment of Diagnostic Accuracy
Studies - version 2) rating instrument (Whiting, Rutjes, Westwood, Mallett, Deaks e

2011) Thisitoolassessed risk of bias in four domains: patient selection (2 items: participant
sdection (randem or consecutive) and exclusions less than 15% of population), ind&x test
items: blinding t0 outomeg), reference standard (2 items: classification of outcomes and
blindness of rating), and flow and timing (3 items: duration of follow-upyear or less,

same outcome"measurement for all, doop less than 15%). For each of these rating points,
the risk of bias was assessed as low, high or unclear. Any discrepancies in quality assessment
were discussed and resolved by the two reviewers.

Results

The search.yielde(h=5) five peerreviewed publishep@apergErdman, Greist, Gustafson,
Taves, & Klein, 1987; Kapur, Cooper, Rodway, Kelly, Guthrie et al, 2005; Cooper, Kapur, &
MackwayJones, 2007; Murphy, Kapur, Webb, & Cooper, 2011; Phillips, Stargatt, & Brown,
2012) andif=X)yone thesis frm the grey literaturéNaydock, 2015), which can be seen in the
PRISMA diagranin Figure 1for a total of(k= 8) eightclinician evaluations, seen Trable

1. Five evaluations were conducted in the Emergency Department of a general hospital, one
in the Emergency Department of a veterans’ hospital, oaeadult psychiatric hospitahnd

one in an adolescent psychiatric hospital. Five evaluations were done in UK oy, iatio

in the US and one in Australia. A variety of clinicians condiithe assessmeritscluding

Mental Health and mBergency [@partmenstaff. Severevaluations predicted any individual
having oné.or.more future episodes with the unit of analysis as the individual; andione w
the unit ofranalysis being events not indiatki Fiveevaluations useseltharm as the

outcome onesused seliarm or suicide deatind twoused suicide attempt. Folleup

duration was 12 months for the general hospital populations, 24 months for the veterans’
hospital population, and one month and 3 months for the psychiatric hospital populations.
The range of the proportion of patients allocated to the high risk catiega@even

evaluations was (7-69.9%) and for one evaluation theted gentsrather than individuals

and combined medium and high to produce a high risk group (65.8%) (Cooper, Kapur, &
MackwayJones, 2007).
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PUTFIGURE 1 about HERE.
PUT TABLE 1 about HERE.
There were22,499 predictions made: true positives (1)6&&se positiveg5996, false
negatives 1556 and true negatived8,262). The prevalence of the outconrepéat self
harm orsuicide attempt) and the accuracy statistics for clinician prediction for each
individual evaluatiorcan be seen in TableahdLRs and CUI values seen in TaldeThe 12
month prevalence for general hospital populations ranged from 13% to 15% in the sfud
individualssand was 17% in the evaluation using events. The prevalence in the gsychiatr
hospital populations was higheespite shorter follovap, 21% (adult 3 month) and 17%
(adolescent. 1 montfand for the veterans’ hospitalwer despite longer followip, 7.1% (24
month).
PUT TABLE 2 ABOUT HERE.
PUT TABLE 3 ABOUT HERE.

PUT FIGURE 2a, 2b, 3a and 3b ABOUT HERE.

The metaanalysis yielded pooled estimates fensitivity of 0.31 (95% CI: 0.18.50) and
for specificityof 0.85 (0.75-0.92). W calculatec pooledPPVof 0.22(0.21-0.23 andNPV
of 0.89(0.86-0:92), which can be seen in Figg2a, 2b, 3a and 3c.
Secondary analyses
A secondary analysis using only those studié®re individuals (not events) were followed
over time k=7) showed calculated estimates of PP®2)0.20-0.2%and NPV (89 (0.85-
0.92.
Risk of bias
The QUADAS risk of bias ratings showed that only three of eight studies had a low risk of
bias for patient.selection, however there was a low risk of bias bfgrtie other three
ratings (indexttest, reference standard and flow and timing). Details of risk of bias ratings for
each studysecanbe seen in Table 4
PUT TABLE 4ABOUT HERE.

PUTFIGURE 4a and 4b ABOUT HERE
Theestimats of betweenstudy heterogeneitipr sensitivity and specificityerelarge (f =
98% andL00%, respectively)The between study heterogeneity for PPV was 16w 91%)
but for NPV it was largél? = 95%). As noted earlier, these values are somewhat misleading

This article is protected by copyright. All rights reserved



in the contexbf metaanalyse®valuating the diagnostar predictiveproperties of an

instrument.

Discussion

Main findings

The question “Can clinicians predict future seftfarm with sufficient accuracy to be

clinically valuable?” can be addresdedseveral results from our studirstly, sensitivity

and specificity are useful accuracy statistics to understand how well a predictive test
identifies cases and naaseswithin a clinical populationThe pooled estimates for
sensitivity (0.31) shows #t nearly 70% of all cases future self-harm would be
misclassifieday ¢liniciansas”low risk’, meaning that most future cases would not be
allocated to receive aft@are aimed at reducing futuself-harm based on this risk
classification The pooled estimates for specificity (0.86) show that although 86% of future
non-cases(i.e. no future self-harm event in the follow-up periadl) be accurately classified
as “low risk”, 14%of the noneases wouldherefore be misclassified as “high rigkélse
positived and.allocatedo aftercare ained at reducing future seffarm from which they

would not benefit. Mese statistics are of more use at the public health(leg] to allocate
resources needed for treatmanthe hospital levebutare not able to accurately estimate the
probability of futuresel-harm atthe individual level, which is required by the clinician in
order to make a binary judgement aballication ofaftercareand “safe to discharge home”

decisions.

There are severguestions that can be used to guide decisions abousdifiginess of a
predictive test for the cliniciahe first question would be: “Can a “high risk” classification
be used toallocate afteare interventionfor those that need?t The pooledPPV (0.22

shows that.only.2% of patients classified “high risk” will experience the adverse outcome of
interest (i.eself=harm). Thusallocationof relatively expensive aftecare(psychosocial
interventions)vith demonstrated effectiveness feducing futuresel-harm(Hetrick,
RobinsonSpittal, & Carter, 2016ased on this classificatipwill allocate 77% of the “high
risk” grouptoraftercarethat will be oflimited or no benefit for the future self-harm outcome.
Another approach is to use the LR+ (3,6¥hich shows that there is very little change from
the pretest probability (14.8%) to the pet&st probability 23%). This would be considered
to be aminimalimprovement in prediction over the expected rateraictlinically useful A

third approach is to use the CUI+ (0) 14ensitivity x PPY, which would be considered to be
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poorutility for a diagnostic or predictive te@litchell, 2011). These two additional tests of
clinical utility reinforcethe interpretation of the PPV result and indicate that a classification
as “high risk” is not a useful basis for the allocation of psychosaftedcareinterventions
aimed at prevention of futuselfharm

Clinicians'caralso use the classification as “low risk” by a risk assessment to answer the
important ¢linical question: “Is it safe to discharge this patient home?” For this question the
clinician may referenc¢he pooledNPV (0.89), which indicatethatmore tharil in 10

patients classified as beinfpiv risk” will have a futureselfharm event, often soon after
discharggCarroll, Metcalfe, & Gunnell, 2014; Gunnell, Hawton, Ho, Evans, O'Connor et al,
2008).Hospital treated selfiarm is a very common phenomena at the whole of population
level and s this\10% misclassification asnIrisk” meanghat many thousands of patients,
at a national'leveljeclared as “safe for discharge” will repeat-$elfm without the benefit

of potentiallyeffective aftercare Indeed the LR- (0.70) indicatessamallimprovement frm

the pretestprobability (L4.8%) to the podiest probability {1%). Similarly,the CU} (0.62
(specificity:x NR/) wasconsidered to havenly satisfactory utilitypecause only 62% of non-
cases would.fallinto a low risk categorizatidespite this low risk judgement being a true
negative in\89% of all low risk estimatedthougha nearly90%accuracyin predicting

future selfharm based on a negative test resuiiht seem superficially reassuringistls

really only slightly differentto the known probability of future sdtarmin thesepopulations
before the clinician prediction is ma@eg. 86% with no repetition of hospitatated sel

harm after_12 months).

Confounding by Indication

There are/ammpartantset ofquesions to be considered when interpreting the PPV results
(and if we ignore for tis point the nearly 70%f repeaslefharmcasedhat were allocated

to the “lowrisk” classification).

Could the low.PPV estimates be adversely affected becagsafoluinding by indication (i.e.
patients allocated to a high risk category then receivedcdterthat was effective at
reducing thesrate of repetition in the high risk gndugf there was such confounding by
indicationwhat might be the magnitudesoich confounding? (i.&y how much would
interventions'reduce the subsequent repeatseth rate and would this substantially affect
theinterpretation of theutcomes of the studly

Firstly, all of the original studieseem to infer that risk assessment was part of usual clinical
practice and sawe must assume thtite possibility of confounding by indication is real.

Secondlytheallocationof aftercare and the compliance of hospital treated sz

This article is protected by copyright. All rights reserved



patients in attending at allocated aftare interventions is generally poor. In a study of all
Norwegian hospitals, which have a commitment to a codified high standard of care, 76% of
hospitals met the standard for allocation of aftare(to 90% or more of all suicide attempt
patienty (Mehlum, Mork, Reinholdt, Fadum, & Rossow, 2018listorically, Kreitman
reported-ithat’50% of hospitakated seltharm patients failed to attend any outpatient
appointment (Kreitman, 1979), whilst O’'Brien reported 60% ocompliance at one week

and 69% norattendance aftdour weeks for allocated outpatient treatm@Brien, Holton,
Hurren, Watt, & Hassanyeh, 1987). Evammore recent times amwdth assertive outreach to

a highly selected sampli®r those offered aftecare only 73% attended one or more sessions
(Murphy, Steeg; Cooper, Chang, Turpin et al, 2010). Thirdly, we need to consider the
potential effect size for those allocated to and compliant with an allocatedafer

intervention. A'recent systematic review estimated that the absolute risk reductiag for

repeat selfharm for all psychesocial interventions combinedas2.5% (18.0% v 20.5%)

Even when this estimate was restricted to the most effective intervention (five CBT studies)
the absolute risk reduction was 9.9% (31.2% v 41.1%). (Hetrick, Robinson, Spittal, & Carter,
2016). Even.a-10 %bsolute reductiom repetition for the 7.6%-19.9% of patients allocated

to the “highyrisk” group in our studies, would only increase the overall prevalence in
repetition of self-harm by 1-2%. We do not know of any randomised controlled trial that
could be usedsto assess the accuracy of these estimates. However a reardorarsed
multi-centre trial from eight EDs in the US compared a universal screeninmignsention
(secondary suicide risk screening by the ED physician, discharge resources, & post
telephone callsto treatment as usual, with one year follow-up, a combined endpoint of any
nonfatal suicide attempt or suicide death, with a reported prevalence rate for this endpoint of
20.9%(Miller, Camago, Jr, & Arias, 2017). Patients in the intervention phase showed a 5%
absolute reduction in suicide attempt (23% vs 18%), and about 8% (49% vs 41%) for a wider
combined suicidal behaviour endpoint; which was less than the pooled estimate of 10%
absolue reduction for the fiv€BT interventionsSo confounding by indication, evenith

full treatmentecompliance, and the highest proven treatment response, would not improve the
PPV sufficiently to be clinically useful.

Ultimately however, it is important tanderstand that low prevalence outcomes impose a
statistical ceiling on PPV (and a statistical limitation of LR+ values), which is independent of
how the risk classification was maf@earter, Milner, McGill, Pirkis, Kapur et al, 2017)

Prediction and prevalence
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The use of clinician prediction féuture clinical outcomes can be usefukome situations,
although this is highly dependent on the prevaléoceretest probability)of the outcome
being predicted.ow prevalence disorders impose a statistical ceiling on PPV B N
which means that prediction will not be accurate enough to be the basis onodlickcate

or not allecate'treatmetd an individual patienThe ideal situatiois for a pretest
probability'of 50%, which means that statistically PPV and NPV ntigtdlinically useful if
the predictior{posttest probability)s accurate enough. A recent successful example of this
approach has been in the clinician prediction of time to death in @digdsie ICU patients
(Brieva, Coleman, Lacey, Harrigan, Lewin et al, 2014).

However, prediction of future everike suicide cannot be adequately predicted because the
event is ofdow prevaleng&osen, 1954); and in this study we have shown that clinician
predictian of futureself-harm, which has a higher prevalence than suioidés still a low
prevalence behavious alsonot clinically useful for the allocation of afteare In essence
clinician risk classificatiorior future se¥harmoffersno meaningfuimprovementto the pre-
test probabilityfor any individual patientlassified as “high risk”.

In order to_ achieve what we would consider to bentiremalthreshold for a clinically useful
level of aceuracypased on likelihood ratios of LR+ 5.00 drd- 0.1, we have calculated that
for a pre-test probability of 14.4% and22,499patients classification of high versus low
risk wouldhavethe following properties: sensitivity 0.92, specificity 0.82, PPV 0.46, NPV
0.98, which would still result in the inappropriaiécation ofaftercare intervention to
3,537 patients who would not be at risk of futsed-harm and so could not benefit finchat
aspect of interventigrwhilst failing to allocate aftecare to264 patients who would have
future seltharm Should this hypothetical level of test accuracy déeachievedyon-
allocation of aftejcare could be done accurately for 15,722 patients, and this would represent
a substantialeduction in afteicarecoss compared ta system oéllocation of aftercare to

all patients;.with'the additional “hafmf 264 (8%)future cases being misclassified“&sv
risk” and sonot offered potentially beneficial aftare.However, ve would conclude that
the usual prealence ofuture selfharm (L6%) in hospitatreatedsletfharmpopulations and
(6%) in psychiatric inpatient populations simply too low to allow forclinically useful
predictionin‘these two importarfiospitaltreatedpopulations.

Changing current practice

TheNICE Clinical Guideline # 138 the UKrecommends that risk assessment tools and
scales to predict future suicide or repetition of-balfm should not be used the basis to

allocate afteicare(National Institute for Heéth and Care Excellence, 2014} does the
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Royal Australian and New Zealand CollegdPsiychiatrist§Carter, Page, Large, Hetrick,
Milner et al, 2016).Instead, recommendations are madeafoeeds basexpproach
combined with an assessment of modifiable risk fadtonsform possiblallocation of after
careon an individual patient bagisubject to agreement from the patiekt)e would endorse
this approach-for the allocatiah aftercare interventions. An excellent summary of the
evidence base and potentially useful interventions has been proposed by the Center for
Disease Control'inthe UStone, Holland, Bartholow, Crosby, Davis et al, 201Afer-care
interventions for those discharged home should be aimed at meeting peédsandby
working with relevant communitpasedserviceqe.g. safety plans, personal support,
resolution ‘ef interpersonal difficultiespcial function, occupational function, vocational
support, housing and financial needs); reducing exposure to modtiatabal risk factors

for selftharmand repeat selfiarm(e.g. mental iliness, substance misyszsonality

disorder) and specific psychosocial therapies for reducing repetition ehageth(Hetrick,
Robinson, Spittal, & Carter, 2016; National Health and Medical Research Council., 2012)
In a review,of UK general hospitals, guidelines for the assessment of needs were available for
patients whe.selharm in 7 of the 32 (21.7%) Emergencgdartmentsaind 29 of the 32
(90.6%) mental health servicas part of the patients/ider assessment procdguinlivan,
Cooper, Steeg, Davies, Hawton et al, 201#}his is a representative estimate of needs
assessmerdt the national level in the UKhere is still considerable scope for improvement
using this approacas the basis for allocation aftercare interventionsat least in the
general hospital.

Little is known about howlinicians decide a patient is not “safe for dischardéie decision
to transfer to a psychiatric hospital for continuing care after an episode of htrgaited
selfharm is associated with many factaossth higher level®f current suicidal ideatioand
suicidalplanning being the strongest independently associateables (Carter, Safranko,
Lewin, Whyte, & Bryant, 2006). However, thappropriatene$sof this decisiorto transfer

to and thenadmit to a psychiatric hospdahnot be determinednd the effectiveness of
psychiatricshespitalisation to reduce future suicide andheetih has never been tested in a
randomisescontrolled triallt is likely that changing theeliance by clinical services aisk
classification‘te,allocate afteare and to make the “safe to discharge” decisions will take

some time, whether the outcome of interest is subsequent suicide luarself

Strengths and Limitations
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This study was based on a systematic search and review using the PRISMA standard. Quality
ratings and risk of bias were conducted according to the QUADAS-2 standards, wheh is t
appropriate instrument for studies of diagnostic precision or predicting future @stcom
Meta-analysis using appropriate models was conducted to prquhaled estimates of

sensitivity, specificity PPV and NPV antb estimate betweestudy heterogeneity and

potential publication bialinical usefulness wasomprehensivelgssessed bgonsidering

the sensitivity, specificity, PPV, NPV, LR+, LREUI+ and CU! values for individual
evaluationsThis is the first metanalysis study of the accuracy of clinician prediction of

future suicidabehaviours.

It is possible that our search missed some studies and it is possible that there may be a non
publication’bias for studies that failed to produce adequate prediction. The rigk of tie
selected evaluations was modest and threber of ealuations was alsmodest (8

evaluations on2,4990ccasions) and so the specific estimatest be viewed with a degree

of caution. Future large-scale studies could potentially change the reported gxtoleates.

The prevalence rated future selfharmin the selected evaluations were similar, however
caution should.be used in applying these result in populations with markedly different
prevalenceyratesPopulations with lower prevalence rates will have even more dismal

accuracy.

Conclusions

Simply stated, for clinician classification of “high risk” for repeated-katim, the pooled
sensitivity (0.31) indicates about 70% of repeater cases will be missed and the poled P
(.22) indicates that a high risk classification for repeiibf seltharm will be incorrect

nearly 80% of the time. This level of inaccuracy is just too high for this approach to be
clinically useful to allocate or differentially allocate interventions to reduce the predicted
outcome, of repetition of self-har@linician prediction of future selfiarm is not adequately
accuratg¢ordeterminellocation of afteicareor safety to discharge. Given the low prevalence
of future selfharm as an outcome, even in clinically high risk populations, prediction by any
method will-not beclinically useful at the individual patient level. Instead we would
recommend‘three approaches to allocation of clinical aftez: an individual needs based
assessment aimed at reducing exposure to modifiable cisk$éRyan & Large, 2013;

Carter, Page, Large, Hetrick, Milner et al, 2QEdlpcation of proven interventions for
particular selected highsk sub-populations e.g. Borderline Persapdisorder(National

Health and Medical Research Council., 20524 allocation of proven interventions that can
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be delivered to unselected high risk clinical populations (Hetrick, Robinson,| SiGarter,
2016; Milner, Carter, Pirkis, Robinson, & Spittal, 2015). There is currently no sufficient
accurate way to determine which patient is “safe for discharge”, whethauttt@me of

interest is suicider self-harm.
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Table 1: Characteristics of evaluations of clinician prediction studies

Author -Year= Setting® Country Clinician® Gender Outcome® Method FU Intake Retain High v Low High (%) High/Med/Low
Erdman %1987 PIS USA MH M SA Clinician 3 mth 61 52 7v45 (13.5) NA
Kapur 2005 ED UK ED M/F SH Records 12 mth 4879 4879 971 v 3908 (19.9) 971/2284/1624
Kapur 2005 ED UK MH M/F SH Records 12 mth 3828 3828 464 v 3913 (10.6) 369/1738/1721
Cooper 2007 ED UK MH M/F SH/SD Records 6 mth *9086  *8722 5736 v 2986 (65.8) NA®
Murphy #2011 ED UK MH Nurse M/F SH Records 12 mth 2626 2626 227 v 1860 (10.9) NA
Murphy 2014 ED UK Trainee M/F SH Records 12 mth 865 865 48 v 581 (7.6) NA
Phillips 2012 PIS Australia B;y;;é;n;; M/F SH Records 1 mth 193 156 32v 161 (16.6) 32/124/37°
Naydock 2015 ED (VA) USA MH M/F SA Records 24 mth 1560 1560 196 v 1364 (12.6) NA'

? PIS= Psychiatric Inpatient service; ED= Emergency Department (general hospital); ED (VA)= Emergency Department (veterans administration hospital)

® MH= Mental.Health Professional; ED= Emergency Department staff

° SA: suicide attempt. SH: self-harm, SD: suicide death

4 Authors combined ‘medium’ with ‘high’ risk

¢ Authorg.originally used a ‘high’ risk and ‘very high’ risk stratification

" Authors'eembined ‘moderate’ with ‘low’ risk

* unit of analysis is events not individuals

Table 2: Prevalence of repeat self-harm and accuracy statisticsfor clinician classification for future self-harm
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Sensitivity Specificity PPV NPV
Author Year Prevalence n (%)
(95% CI) (95% CI) (95% CI) (95% CI)
Erdman 1987 1(21.2) 0.36(0.11-0.69) 0.93 (0.80-0.98) 0.57 (0.18-0.90) 0.84 (0.71-0.94)
Kapur 2005 646 (13.2) 0.32(0.28-0.36) 0.82(0.81-0.83) 0.21 (0.19-0.24) 0.89 (0.88-0.90)
Kapur 2005 549 (13.0) 0.17 (0.14-0.21) 0.90 (0.89-0.91) 0.20 (0.17-0.24) 0.88 (0.87-0.89)
Cooper 2007 * 1481 (17.0) 0.85(0.83-0.87) 0.38(0.37-0.39) 0.22 (0.21-0.23) 0.92 (0.91-0.93)
Murphy 2011 320 (15.3) 0.17(0.13-0.22) 0.90(0.89-0.92) 0.25(0.19-0.31) 0.86 (0.84-0.87)
Murphy 2011 (14 8) 0.12(0.06-0.20) 0.93 (0.91-0.95) 0.23 (0.12-0.37) 0.86 (0.83-0.89)
Phillips 2012 1(16.6) 0.26 (0.12-0.45) 0.85(0.79-0.90) 0.25(0.11-0.43) 0.86 (0.79-0.91)
Naydock 2015 110 (7.1) 0.45(0.35-0.54) 0.90 (0.88-0.91) 0.25(0.19-0.32) 0.96 (0.94-0.97)

* unit of analysis is events not individuals
PPV = Positive_Predictive Value
NPV = Negative Predictive Value

(95% Clje=

Confidence Interval 95%

Table 3: Other measures of clinical utility for clinician classification for future self-harm

Author Year Prevalence n (%) LR+ (95%CI) LR- (95%CI) CUI+ (95%Cl) CUI- (95%CI)
Erdman 1987 1(21.2) 4.97 (1.30-19.00) 0.69 (0.44-1.08) 0.21 (0.00-0.61) 0.78 (0.70-0.86)
Kapur 2005 646 (13.2) 1.78 (1.56-2.02) 0.83 (0.79-0.88) 0.07 (0.03-0.11) 0.73 (0.72-0.74)
Kapur 2005 549 (13.0) 1.80 (1.46-2.21) 0.92 (0.88-0.95) 0.04 (0.00-0.08) 0.80 (0.79-0.81)
Cooper 2007 *1481 (17.0) 1.37 (1.33-1.41) 0.40 (0.35-0.45) 0.19 (0.17-0.21) 0.35 (0.34-0.36)
Murphy 2011 320 (15.3) 1.81 (1.37-2.39) 0.91 (0.87-0.96) 0.04 (0.00-0.10) 0.78 (0.76-0.79)
Murphy 2011 3 (14.8) 1.71 (0.91-3.24) 0.95 (0.88-1.02) 0.03 (0.00-0.13) 0.80 (0.78-0.82)
Phillips 2012 1(16.1) 1.74 (0.86-3.51) 0.87 (0.70-1.08) 0.06 (0.00-0.25) 0.73 (0.68-0.78)
Naydock 2015 10 (7.1) 4.39 (3.39-5.69) 0.62 (0.52-0.73) 0.11 (0.02-0.20) 0.86 (0.85-0.87)
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Pooled (unweighted) 3241 (14.4) 1.67 (1.61-1.74)  0.70 (0.67-0.72)

0.11 (0.10-0.13)

0.62 (0.61-0.62)

* unit of analysis is events not individuals
LR+ Likelihood'Ratio for a positive test

LR- Likelihood Ratio for a negative test
CUI+ Clinical Utility Index for a positive test
CUI- Clinical.Utility Index for a negative test
(95% CI) £ Confidence Interval 95%

Table 4: QUADAS ratings of risk of bias

Study Year RISK OF BIAS
PATIENT INDEX REFERENCE FLOW AND
SELECTION TEST STANDARD TIMING
Erdman 1987 ® ? ? ®
Kapur 2005% © © © ©
Kapur 2005° © © © ©
Cooper 2007 ® © © ©
Murphy 20112 ® © © ©
Murphy 2011° ® © © ©
Phillips 2012 © ® ? ©
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Naydock 2015 ® ©

isk ®High Risk ? Unclear Risk

Author Manuscript
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Figure 1. PRISMA diagram
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Figure 2a: Forest plotsfor pooled estimates of Sensitivity
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Figure 2b: Forest plotsfor pooled estimates of Specificity
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Figure3a: Forest plotsfor estimatesfor Positive Predictive Values
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Figure 3b: Forest plotsfor estimatesfor Negative Predictive Values
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Figure 4a: Funnel Plotsfor Sensitivity and Specificity
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