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Abstract

Background: The surprise question is widely used to identify patients nearing the last phase of life. Potential differences in accuracy
between timeframe, patient subgroups and type of healthcare professionals answering the surprise question have been suggested.
Recent studies might give new insights.

Aim: To determine the accuracy of the surprise question in predicting death, differentiating by timeframe, patient subgroup and by
type of healthcare professional.

Design: Systematic review and meta-analysis.

Data sources: Electronic databases PubMed, Embase, Cochrane Library, Scopus, Web of Science and CINAHL were searched from
inception till 22nd January 2021. Studies were eligible if they used the surprise question prospectively and assessed mortality.
Sensitivity, specificity, negative predictive value, positive predictive value and c-statistic were calculated.

Results: Fifty-nine studies met the inclusion criteria, including 88.268 assessments. The meta-analysis resulted in an estimated
sensitivity of 71.4% (95% Cl [66.3—76.4]) and specificity of 74.0% (95% Cl [69.3—78.6]). The negative predictive value varied from
98.0% (95% Cl [97.7-98.3]) to 88.6% (95% Cl [87.1-90.0]) with a mortality rate of 5% and 25% respectively. The positive predictive
value varied from 12.6% (95% Cl [11.0-14.2]) with a mortality rate of 5% to 47.8% (95% Cl [44.2—-51.3]) with a mortality rate of 25%.
Seven studies provided detailed information on different healthcare professionals answering the surprise question.

Conclusion: We found overall reasonable test characteristics for the surprise question. Additionally, this study showed notable
differences in performance within patient subgroups. However, we did not find an indication of notable differences between
timeframe and healthcare professionals.
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What is already known about the topic?

e The surprise question (‘Would | be surprised if this patient were to die in the next 12 months?’) is widely used to identify
patients nearing the last phase of life. Earlier meta-analyses showed a sensitivity of 67.0% and a specificity of 80.2% and
a pooled accuracy of 74.8%.

e The surprise question seems to perform better in cancer patients compared to other patient subgroups.

e |tis suggested that doctors appear to be more accurate than nurses in recognising people in the last year of life.

What this paper adds?

e This study is based on 88.268 surprise question assessments and shows that the surprise question has an estimated
sensitivity of 71.4% (95% Cl [66.3—76.4]) and specificity of 74.0% (95% Cl [69.3—78.6]). The negative predictive value of
the surprise question remains high with varying mortality rates.
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Analysis of timeframe subgroups showed similar sensitivity for 6- and 12-month timeframe: 74.5% (95% Cl [67.6-81.4])
and 73.4% (95% ClI [68.2—78.6]) respectively. Specificity was lower for a 6-month timeframe 64.3% (95% Cl [56.8—71.8])
compared to a 12-month timeframe 72.9% (95% CI [67.6—78.1]).

A sensitivity of 83.8% (95% Cl [75.6—92.0]) was observed for patients with cancer and 82.5% (95% CI [60.1-100.0]) for
patients with pulmonary disease, whereas the sensitivity for the emergency department was 49.1 (95% Cl [35.7—62.5]).
Specificity showed less variation with values between 67.3% (95% Cl [53.2—-81.3]) for cancer patients and 80.0% (95% ClI
[60.0—99.9]) for primary care patients.

Seven studies provided detailed information on different healthcare professionals answering the surprise question.
Based on these studies we did not find an indication of notable differences between the accuracy of healthcare profes-

sionals answering the surprise question.

Implications for practice, theory or policy

could benefit from advance care planning.

e The surprise question has a reasonable accuracy and is therefore an appropriate screening tool to identify patients that

e The surprise question should not solely be seen as an indicator of prognostication of death but rather as an opportunity
for renewed attention for quality of care and shared decision making by timely initiating advance care planning.

Introduction

Palliative care aims to improve quality of life and end
of life care of patients with life-threatening illnesses
and to support their families. Improving end of life care is
challenging due to the unpredictable course of chronic
diseases. In order to benefit from palliative care, the defi-
nition of palliative care by the World Health Organisation
emphasises timely identification of patients.! The surprise
question was proposed by Lynn et al.2 as a screening
method to identify patients who might benefit from palli-
ative care. It requires the healthcare professional to
answer the question: “‘Would | be surprised if this patient
were to die in the next 12 months?’2 (or a different time-
frame other than 12 months).

Two earlier meta-analyses have been performed to
study the accuracy of the surprise question.3* Results
from Downar et al.3 showed a sensitivity of 67.0% and
specificity of 80.2%. White et al.* showed a pooled accu-
racy of 74.8%. Both meta-analyses included studies with
different timeframes, patient subgroups and healthcare
professionals. Downar et al. included studies with a 6, 12
and 18 months timeframe but did not differentiate
between timeframes in their results. White et al. included
studies with timeframes of 7 days, 30 days, 6 months,
6—12 months and 12 months and stated that an increase
in timeframe did not impact the diagnostic accuracy. Both
meta-analyses concluded that the surprise question per-
forms better in cancer patients compared to other sub-
groups. White et al. suggested that doctors appear to be
more accurate than nurses in recognising people in their
last year of life.* However, the accuracy of the surprise
question by type of healthcare professional is based on
one study and more research is needed.

Many studies on the surprise question have been pub-
lished in recent years, potentially giving new insights, not

only into the overall accuracy of the surprise question, but
also into potential differences between timeframes, patient
subgroups and healthcare professionals answering the sur-
prise question. Therefore, the aim of this systematic review
and meta-analysis is to determine the accuracy of the sur-
prise question in predicting death, investigating potential
differences by timeframe, patient subgroup and type of
healthcare professional answering the surprise question by
answering the following questions: 1. How accurate is the
surprise question in identifying patients in the last year of
life? 2. Are there differences in accuracy of the surprise
question between various timeframes? 3. Are there differ-
ences between patient subgroups to identify patients in the
last year of life when using the surprise question? 4. Are
there differences between healthcare professionals in iden-
tifying patients in the last year of life when using the sur-
prise question?

Methods
Study design

This study entails a systematic review and meta-analysis
of articles studying the accuracy of the surprise question.
This study followed the reporting guideline of the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA).>6

Data sources and search strategy

A systematic search was performed in six databases from
inception till January 22nd 2021: PubMed, Embase,
Cochrane Library, Scopus, Web of Science and Cumulative
Index to Nursing and Allied Health Literature (CINAHL).
The search terms ‘surprise question’, ‘Gold Standards
Framework’ and ‘NECPAL were combined using the
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Boolean operator OR. The latter two are more elaborate
tools to predict the need for end of life care that also use
the surprise question’® and were added after an initial
pilot search. No filters or limits were applied in the search.
Details of the search strategy can be found in Appendix 1.
Cross-referencing of included studies was performed.

Eligibility criteria
Inclusion criteria. Studies were included if they met
the following criteria:

1. Prospective studies of any design, including non-
peer reviewed publications.

2. Using the surprise question as a prognostic
indicator.

3. Death as outcome.

Exclusion criteria. Studies were excluded if they met
the following criteria:

1. Text was not in English.

Design was retrospective.

3. Reversed surprise question (“‘Would | be surprised
if this patient were still alive in 12 months?’) was
used.

4. The results were not obtainable from the text or
after contact with the corresponding authors.

5. Timeframe of surprise question and follow-up did
not match (e.g. a surprise question timeframe of
6 months and follow-up ‘this admission’).

N

Study selection

Two reviewers (EvL and LI) independently screened all
studies by title and abstract to identify potentially rele-
vant studies. Subsequently full texts of the remaining
studies were assessed by the same two reviewers.
Screening of the studies was performed using Rayyan.?
Disagreements were resolved by discussion until consen-
sus was reached. In case of doubt a third reviewer was
consulted (JvD). In case of non-peer reviewed publica-
tions, databases were searched for full text versions and
requested by contacting the corresponding author. In case
of incomplete data or if interpretation of data was unclear,
the corresponding author of (potentially) relevant studies
was contacted to obtain additional data or information.

Quality of studies assessment

The Quality in Prognosis Studies (QUIPS) tool' was used
for risk of bias assessment. Studies were considered of
high quality if (1) the size of the eligible population and
baseline characteristics were available (2) loss to follow-
up was less than mortality rate and reasons for loss to

follow-up were described (3) the setting and person ask-
ing the surprise question was described (4) outcome
measurement was described and (5) if the risk of con-
founding was considered low. Studies were considered to
have high confounding if decisions on limiting treatment,
potentially leading to death, took place in the study set-
ting (e.g. at the Intensive Care or dialysis unit) or when an
intervention (consultation of palliative care team or
advance care planning conversation) was planned based
on surprise question outcome. Articles were critically
appraised by two reviewers (EvL and LI). Disagreements
were discussed until consensus was reached. Quality
assessment did not affect the inclusion of studies.

Data extraction and statistical analysis

Two reviewers (EvL and LI) independently extracted the follow-
ing data: study population, type of healthcare professional
answering the surprise question, study setting, total subjects,
total surprise question assessments, surprise question time-
frame, mean age, gender and mortality. A ‘no’ answer to the
surprise question will be referred to as a positive answer to the
surprise question, whereas a ‘yes’ answer will be referred to as
negative answer to the surprise question. In studies where mul-
tiple healthcare professionals answered the surprise question,
the study’s definition was used to determine whether the
answer was positive (this could require consensus in case of a
multidisciplinary team or require at least one healthcare profes-
sional answering ‘no’). If multiple healthcare professionals
answered the surprise question and the study provided data
separately, the physician’s response was used for the meta-anal-
ysis when possible. In studies where a third option for answer-
ing the surprise question besides ‘yes’ and ‘no’ was possible
(e.g. ‘unsure’) data extraction was performed conform the
study’s definition of a positive surprise question answer (e.g.
‘unsure’ was regarded as ‘No, | would not be surprised’).

Studies were divided in subgroups based on timeframe
and patient group (cancer, cardiac disease, emergency
department, kidney disease, primary care and pulmonary
disease). The patient groups consisting of too few studies
for analysis were combined as various. If a study cohort
could potentially be classified into two groups (e.g. car-
diac and emergency department), the cohort was classi-
fied into the underlying organ specific disease (e.g. cardiac
disease). A ‘6 to 12’ month timeframe was considered
equivalent to a ‘12-month’ timeframe. In case a study
contained a derivation and a validation cohort, these
were counted as separate cohorts. When a study investi-
gated two different timeframes of the surprise question,
both timeframes were included in the analysis.

The accuracy of the surprise question was analysed by
constructing 2 X 2 tables of the surprise question response
and mortality for each study. A true positive was considered
as ‘No, | would not be surprised’ and deceased within the
predetermined timeframe and a true negative was
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considered as ‘Yes, | would be surprised’ and alive. Sensitivity,
specificity, negative predictive value (NPV), positive predic-
tive value (PPV) and confidence intervals (Cl's) were calcu-
lated for each study. ClI's were calculated with Wilson’s
method.!! We considered for sensitivity a correct outcome
corresponding to a positive surprise question answer (‘No, |
would not be surprised’) patients that died during the speci-
fied timeframe, and for specificity a correct outcome corre-
sponding to patients with a negative surprise question
answer (‘Yes, | would be surprised’) that did not die during
the specified timeframe. NPV represents the percentage of
patients surviving when the healthcare professionals pre-
dicted survival and PPV represents the percentage of patients
dying when healthcare professionals predicted death within
the specified timeframe. A bivariate random effects logistic
regression model was used to pool sensitivity and specific-
ity.12 This model analyses the combination of sensitivity and
specificity, estimates heterogeneity of sensitivity and speci-
ficity between studies and the correlation between these
measures. Results from the analyses are presented as pooled
sensitivity and specificity. PPV and NPV depend on preva-
lence of disease or mortality rate. Hence, pooled sensitivity
and specificity were used to estimate pooled PPV and NPV
with 95% ClI for various mortality rates: 5%, 10% and 25%.
From the results from this analysis, the summary c-statistic
(area under the summary receiver operating characteristic
curve) was estimated with formulas described by Walter.13
The corresponding standard error (SE) was estimated with
the Delta method.!* The heterogeneity measure (t2), differ-
ences between studies beyond the uncertainty captured by
confidence intervals, was used to estimate the /2 statistic.°

In a second step, we assessed the impact of timeframe,
patient group and peer reviewed versus non-peer reviewed
studies by including these characteristics in the model.
Reporting the results from the analysis with timeframe was
limited to 6 and 12 months, as these were considered most
relevant. We performed a likelihood ratio test to assess the
influence of non-peer reviewed publications. For each sub-
group we estimated pooled sensitivity, specificity, NPV, PPV
and the c-statistic with Cl’s. For the subgroups cardiac,
emergency department and pulmonary disease, the analy-
sis showed convergence difficulties, as the correlation
between sensitivity and specificity over studies was esti-
mated close to zero. For these analyses, we removed the
correlation to obtain reliable results. Statistical analysis was
performed with SAS version 9.4.1¢ Forest plots were made
using Microsoft Excel version 2016.17

According to Dutch law, ethics approval was not
required for this study.

Results

Study selection

The systematic search identified 1365 studies, of which
745 were duplicates. Cross-referencing resulted in the

inclusion of three extra studies.18-20 Of the remaining 623
studies, 500 articles were excluded based on title/abstract
screening. Full texts were assessed of 123 studies. Based
on full text, 64 articles were excluded. In total 59 studies
were included in the meta-analysis.1821-78 The flowchart
of the included studies can be found in Figure 1. Four
studies consisted of multiple cohorts: three studies con-
sisted of a derivation and a validation cohort??3852 and
one study consisted of two different patient subgroups.”
In total 63 cohorts were included in our analysis. Four
studies used two variants of the surprise question with
varying timeframes.31,44.64.74

Corresponding authors of 35 potentially relevant stud-
ies were contacted in order to obtain full text or additional
data in order to construct the 2 X 2 table. 18 studies
were included after the authors provided additional
data.22,23,36,38,39,42,43,46,47,52,53,55,59—61,70,72,75 of the remaining
17 articles, two studies were excluded since they did not
use the surprise question to predict death.”2:80 Eight stud-
ies were excluded since the author was not able to not
provide extra data.81-88 Seven studies were excluded since
the corresponding author did not respond after various att
empts.8%5 For eight other potential relevant studies (all
non-peer reviewed), no contact details were available nor
could these be obtained after extensive searching.%6-103

Study characteristics

Characteristics of included studies can be found in
Appendix 2. Studies were heterogeneous in timeframe,
population, setting and healthcare professional answer-
ing the surprise question (e.g. nurse v medical specialist).
Most studies originated in the United States (20 studies),
United Kingdom (9 studies) and The Netherlands (six studies).
Forty-five studies took place in the hospital. Of these, 12
studies were performed at haemodialysis units and eight
in outpatient clinics. Of the remaining 14 studies, eight
took place in general practice/primary care, three in hos-
pice care settings, one in a nursing home and one in a
neurorehabilitation centre. One study took place at multi-
ple settings (three primary care centres, one general hos-
pital, one intermediate care centre and four nursing
homes).3” Most studies investigated a 12-month time-
frame of the surprise question (48 cohorts). Other time-
frames were 3days,%” 1week,3! 1 month,313643,515674
3 months,** 6 months?2238424647,5364 gnd 24 months.>’
Four studies used two variants of the surprise question
with varying timeframes.31446474 |n general, patients
included were adults (>18 years), except for one study
performed in children.** Eighteen studies included
patients with kidney disease, 12 patients with cancer,
seven with cardiac disease, seven included a diverse
group of patients in general practice/primary care, six
studies included patients with pulmonary disease and five
studies included patients from the emergency depart-
ment. In seven studies the surprise question was answered
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Figure 1. PRISMA flow diagram of screening process.®

by various healthcare professionals.26:4550,57.60.7.75 |n two
studies answering the surprise question was based on
consensus of a multidisciplinary team.3%44 Mortality rate
of all studies was on average 11.85% and varied between
studies from 0.99% (primary care)’® to 78.78% (advanced
cancer patients at the emergency department).53

In total five of the included studies added a third option
for answering the surprise question besides ‘yes’ and ‘no’,
including ‘don’t know this patient well enough’,?® ‘don’t
know’,% ‘unsure’,*® ‘uncertain”® and ‘defer’.’* In total
these answers represent 61 of 88.268 surprise question
assessments, varying from 6% to 9%’! per study. In two
studies this percentage could not be retrieved.264°

Quality assessment: Risk of bias

A detailed overview of the risk of bias assessment is pre-
sented in Appendix 3. Three studies had a high risk of bias
(two non-peer reviewed), 13 studies (eight non-peer
reviewed) had a moderate risk of bias and 43 studies (six
non-peer reviewed) had a low risk of bias. Most methodo-
logical issues were in study population (domain 1: eight

high and 30 intermediate risk of bias) and study confound-
ing (domain 5: two high and 17 intermediate risk of bias).
A risk of selection bias was in many studies caused by not
specifying the eligible population. An intermediate or
high-risk assessment in study confounding was in most
studies due to the setting and patient population (e.g.
haemodialysis patients) or caused by planning an inter-
vention based on the outcome of the surprise question.

Meta-analysis

In total 88.268 assessments were included from 59 differ-
ent studies and 63 different cohorts. Sensitivity between
individual studies varied from 12.5%74 to 100%,28 specific-
ity varied from 26.3%°%” to 98.6%,’¢ NPV from 35.1%> to
100%28 and PPV from 5.4%%56 to 84.7%.%3 Individual
study results and forest plots of the sensitivity and speci-
ficity can be found in Appendices 4—6. A likelihood ratio
test showed that inclusion of non-peer reviewed publica-
tions did not significantly change the results (p value
0.84). Non-peer reviewed publications were therefore
retained in all analyses.
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The meta-analysis resulted in an estimated sensitivity
of 71.4% (95% Cl [66.3-76.4]), an estimated specificity of
74.0% (95% CI [69.3-78.6]) (Table 1, Figures 2 and 3). The
estimated NPV varied from 98.0% (95% Cl [97.7-98.3]) to
88.6% (95% Cl [87.1-90.0]) with a mortality rate of 5%
and 25% respectively (Table 1, Figures 4 and 5). The esti-
mated PPV varied from 12.6% (95% Cl [11.0-14.2]) with a
mortality rate of 5%-47.8% (95% Cl [44.2-51.3]) with a
mortality rate of 25%. The c-statistic value was 0.79 (95%
Cl1[0.77-0.81]) in the overall analysis. Heterogeneity (/2) in
the overall analysis was 98.2% and 98.4% for sensitivity
and specificity respectively.

Results from the subgroup analysis including timeframe
subgroups (6- and 12-months), patient subgroups and peer
reviewed versus non-peer reviewed subgroups can be found
in Table 1 and Figures 2 to 5. Analysis of timeframe sub-
groups showed similar sensitivity for 6- and 12-month time-
frame: 74.5% (95% Cl [67.6-81.4]) and 73.4% (95% ClI
[68.2-78.6]) respectively. Specificity was lower for a
6-month timeframe 64.3% (95% Cl [56.8—71.8]) compared
to a 12-month timeframe 72.9% (95% CI [67.6—78.1]).

Subgroup analysis of patient subgroups showed a lower
sensitivity for the surprise question at the emergency
department (49.1%; 95% Cl [35.7-62.5]) compared to
higher sensitivities for cancer patients (83.8%; 95% ClI
[75.6-92.0]) and patients with pulmonary disease (82.5%;
95% Cl [60.1-100]). Specificity varied from 67.3% (95% ClI
[53.2-81.3]) in cancer patients to 80.0% (95% ClI [60.0—
99.9]) in primary care patients. NPV was the lowest in the
emergency department with a NPV of 96.6% (95% Cl [95.8—
97.6]) and the highest in pulmonary patients with a NPV of
98.8% (95% Cl [97.1-100.0]) at a mortality rate of 5%. NPV
varied from 81.9% (95% Cl [77.7-86.1]) in patients at the
emergency department to 92.6% (95% Cl [83.6—100]) in
patients with pulmonary disease and 92.6% (95% Cl [89.9—
95.2]) in patients with cancer at a mortality rate of 25%.

In seven studies multiple healthcare professionals
answered the surprise question. Due to the heterogeneity
of the results (different patient subgroups, different health-
care professionals answering the surprise question with dif-
ferent seniority and different intensity in care provision to
the patient) we could not perform a meta-analysis on this
subgroup. An overview of the accuracy of the surprise
question by different healthcare professionals can be found
in Table 2. The study by Da Silva Gane et al.2¢ investigated
the variability between nephrologists and nurses of differ-
ent levels of seniority (referred to as ‘bands’). They con-
clude that nephrologists perform better compared to
nurses based on a higher sensitivity and similar specificity.
The study of Lakin et al.>” also show that primary care phy-
sicians have a higher sensitivity compared to nurse care
coordinators. On the contrary, the results of Valerio and
Farinha’> show that nurses have a higher sensitivity and
lower specificity compared to nephrologists and the results
of Straw et al.5% show that heart failure nurses have a higher

sensitivity compared to cardiologists, trainee-grade doctors
and non-specialist nurses. Similar performances between
healthcare professionals are seen in the study by Mudge
et al.5¢ when comparing doctors and senior nurses and by
Rauh et al.”'when comparing doctors, nurses and advanced
practice providers. Ebke et al.*> compare the accuracy of
answering the surprise question by neurorehabilitation
physicians and palliative care physicians, with palliative
care physicians having a higher sensitivity and lower speci-
ficity. In five other studies multiple healthcare professionals
answered the surprise question, however, no separate data
was reported.40,52,55,68,74

Discussion
Main findings

This meta-analysis evaluated the accuracy of the surprise
question in predicting death, differentiating by timeframe,
patient subgroup and by type of healthcare professional
answering the surprise question. In total, 59 studies encom-
passing 63 cohorts were identified including 88.268 surprise
question assessments. The pooled sensitivity was 71.4%
(95% CI [66.3—76.4]) and the pooled specificity 74.0% (95%
Cl [69.3-78.6]). The c-statistic value was 0.79 (95% CI [0.77—
0.81]) in the overall analysis. Analysis of timeframe sub-
groups showed similar sensitivity for 6- and 12-month
timeframe (74.5% (95% Cl [67.6—81.4]) and 73.4% (95% ClI
[68.2—-78.6]) respectively) and lower specificity for 6-month
timeframe compared to a 12-month timeframe (64.3%
(95% CI [56.8—71.8]) and 72.9% (95% CI [67.6—78.1]) respec-
tively). Pooled estimates showed variation between patient
groups. A sensitivity of 83.8% (95% Cl [75.6-92.0]) was
observed for patients with cancer and 82.5% (95% Cl [60.1—
100]) for patients with pulmonary disease, whereas the sen-
sitivity for the emergency department was 49.1 (95% Cl
[35.7-62.5]). Specificity showed less variation with values
between 67.3% (95% Cl [53.2 and 81.3]) for cancer patients
and 80.0% (95% Cl [60.0-99.9]) for primary care patients.
The estimated NPV varied from 98.0% (95% Cl [97.7-98.3])
to 88.6% (95% Cl [87.1-90.0]) with a mortality rate of 5%
and 25% respectively. The estimated PPV varied from 12.6%
(95% CI [11.0 to 14.2]) with a mortality rate of 5% to 47.8%
(95% ClI [44.2-51.3]) with a mortality rate of 25%. The NPV
remains high with increasing mortality rate in all subgroups.
Seven studies provided detailed information on different
healthcare professionals answering the surprise question.
Based on these studies we did not find clear evidence for a
difference between the accuracy of healthcare profession-
als answering the surprise question.

Strengths and limitations

This study has a number of strengths. First of all, each part
of the review process was independently undertaken by



1029

van Lummel et al.

‘sowieJyawi) 91eledas oM} UM pasAjeue sem 110yod 9T /T
‘SawieJyawWI] 91eledas OM) YlMm pasAjeue aJam s10Y0d /17/€p
‘salweljawi] d1esedas om) yum pashjeue sem 1oyod zT1/T,
‘sowieJyawWi] 91eledas OM) Yim pasAjeue sem 1oyod 9/Tq
‘sawieJyawi} 91eledas oM} Yyum pasAjeue a1am s0Yod ZT/¢e
‘anjeA aAdIpald aAIle3au I AdN ‘aNn|eA aA1dIpald aAISOd Add {[eAIaIuUl 22UBPIUO0D (| ‘A1IBURB0U1BH o/ ‘DAIND BY) JapunN eaJe :JNY ‘uswiiedap Adusdiswsa :q3

[8'06-8%8] 8'£8
[r'06-¢'£8] 8'88

[8'T6-8°£8] 8'68
[0'001-9'€8] 9'Z6
[9'e6-t"€8] 5'88
[0'88-£"€8] 6'S8
[T98-£'2L]16'18
[r'z6-€v8] v'88
[cs6-6'68]1 96

[£06-£'L8] T'68
[8'06-6'58] €88

[0'06-T°£8] 988

[zvs-0ov] T'Ly
[Tzs-sevl 6Ly

[ces-Lov] S'ov
[9'89-0z€] €05
[ces-svel ves
[0vS-T0ov] T'LY
[£T5-S0€] T'TY
[¢'85-0'9¢] T'LY
[T°'55-0'L€] T9¥

[€T5-9€r] §'LY
[§'Sv—5'9€] 0°T¥

[eTS—T vy 8Ly

[8'96-t"t6] 9'S6
[9'96-€"56] 0°96

[T'26-9'56] ¥'96
[000T-T'v6] ¥'L6
[8'26-6'€6] 8'S6
[£'s6-6'€6] 876
[6v6—€'T6] 1°€6
[v'26-Tv6] 8°56
['86-v'96] v'L6

[£'96-5'56] T'96
[£'96-8'76] 8'S6

['96-€'56] 6'S6

[6'2z-6'2T1 6'CT
[F'9z-5"02] S'€CT

[s'9z-v'8T] ¥'2e
[06e-v'TT] T'SC
[Lzv-sTTl 9Lt
[8'22-0'8T] 6'CC
[9'sz-rzTl 68T
[8'0e-0'sTl 6'CC
[s8z-8'stl T'Ce

[6's-v0el T'€T
[£Tz-0'9T] 8'81T

[6's2-8°0¢] v'€T

[s'86—€'£6] 6°L6
[v'86-L°L6] 1'86

[9'86-6°£6] T'86
[0'00T-T"£6] 8'86
[0'66-0°26] 0'86
[6'26-0°L6] L6
[9°26-£'56] 996
[8'86-7°£6] 0’86
[z'66—¢'86] 8'86

[r'86-8'26] T'86
[v'86-5'26] 0°'86

[€'86-£°16] 086

[rst-zel et
[S'¥T-6'0T] L'CT

[sv1-9°6] T'CT
[sze-T'sl g€t
[T'sz-s'sl €St
[e'sT-€'6l €T
[8'€1-09] 66

(WA WA Al
[£s1-0'8] 61T

[cyT-80Tl S°CT
[o11-€8] 66

[cyT-0TTl 9CT

[e8'0—€£°0]1 82°0
[z8'0-LL7016L°0

[€8:0-92°0] 080
[00'1-89°0] 580
[68'0-¥£0] T8°0
[18'0-0£7019L°0
[6£°0-85°0] 89°0
[£8°0-69°0] 820
[88°0-6£°0] £€8°0

[¢8'0-££0] 08°0
[08'0-T£ 0] SL°0

[18'0-£L016L°0

6°€6
6°L6

€16
8'C8
S'L8
v'v6
8'C8
698
L06

€86
v'i6

7’86

[€€8-6'79] T¥L
[€'64-9'89] 6'EL

645291 8°0L
[eT6-€vS] 8L
[6'66-0"09] 0'08
[0'€8-5'0L] L'9L
[9'78-5"89] §'9L
[9'v8-T 29l v'EL
[e'T8-T€Sl €49

[T'84-9°1916'2L
[8'T,-8'95] €19

[9'82-€°69] 0'7L

0'€6
L'L6

668
T6L
898
v'i6
608
'8
06

086
¥'96

7’86

[8'64-7'85] 1'69
[9°2.-¥'99] 0L

[£'28-T'69] 6'SL
[0'00T-T"09] 5'28
[€'06-€"£¥] 8'89
[€'89-6'55] T'29
[§z9-L'sel T6v
[$'18-5°09] 0'TL
[0z6-9'sL] 8°€8

[9'82-7'89] ¥'€EL
['18-9'£9] SvL

[7'94-€99] ¥'TL

9T
pLY

>l

q9
L
8T
S
L

eCT

14
L

€9

pamainal Jaad-uoN
pamalnal 1aad
uonedljgqnd jo adA|
snolep
qAeuowing

2Jed Alewlid
Asupiy

a3

Jelpie)

eJ20UR)

sdnougqns

syjuow T

syjuow 9
awespawi]

|exol

(12 %561 %S¢T
9184 Ajljerow — AdN

[12 %S6] %S¢ 2184
Ayjeyiow — Add

(12 %S6] %0T 184
Ayjeow — AdN

[12 %S6] %0T 2184
Ajjeriow — Add

[1D %S6] %5 @184
Ajjeriow — AdN

[12 %56] %S @184
Ayjeriow — Add

[12 %S6] 2NV

% ‘2

(o]
%56] Adyads

% ‘o

[}
%56] ANAIISUDS

510402
40 'ON

dnou3qns juaied

‘uolsanb asuduns ay3 jo Adesndoe aipsoudeiq T 9|qel



1030 Palliative Medicine 36(7)
Sensitivity
0 10 20 30 40 50 60 70 80 90 100
Total
Cancer
—e—
Cardiac o
ED R
Kidney
Primary care N
Pulmonary <
Various ———
Figure 2. Forest plots for sensitivity.
Specificity
0 10 20 30 40 50 60 70 80 90 100
Total
Cancer L
Cardiac
———i
ED
.
Kidney
Primary care +
Pulmonary .
Various — i

Figure 3. Forest plots for specificity.

two reviewers. Furthermore, a high number of studies
have been included. This can be explained by (1) the
increased attention for palliative care and the surprise
question, resulting in a high amount of recently published
studies (2) the effort made to obtain additional data by
contacting authors and (3) including non-peer reviewed
studies: 16 of the 59 included studies were non-peer
reviewed studies, mostly conference abstracts. We also
included the non-peer reviewed studies in an effort to
avoid publication bias of favourable outcomes.1%4 A limita-
tion of including non-peer reviewed studies is that they did
not provide sufficient information for a comprehensive
quality assessment, which could have led to a relatively
negative quality assessment. Furthermore, we observed a
high degree of heterogeneity, with an overall /> of 98.2%
and 98.4% for sensitivity and specificity respectively. The
analysis with subgroups (i.e. timeframe, patient subgroups
and type of publication) still showed a high degree of het-
erogeneity. This can be explained by the enormous diver-
sity in included studies, reflecting the different real-life
circumstances in which the surprise question is used, and

its versatile nature. Furthermore, the accuracy of the sur-
prise question may be overestimated due to a possible
self-fulling prophecy: a positive answer to the surprise
question (‘No, | would not be surprised’) could lead to,
consciously or subconsciously, discussing goals of care,
thereby potentially influencing outcome. Finally, c-statis-
tics were estimated with an easy to apply formula, which
may result in a slight over-estimation.’3

Comparison to other literature

As described earlier, two meta-analyses were performed
on the accuracy of the surprise question by Downar et al.3
and White et al.* Despite this, the subjectiveness and
accuracy of using the surprise question are still
debated.1051% The previous meta-analyses included 17
and 22 cohorts, with 11.621 and 25.718 surprise question
assessments respectively, compared to 63 cohorts and
88.268 SQ assessments in this study. Moreover, Downar
et al. did not include ‘Gold Standards Framework’ in the
search, therefore missing studies that did not mention the
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Figure 4. Forest plots showing PPV for various mortality rates (5%, 10% and 25%).

surprise question in title or abstract. Furthermore, both
meta-analyses report a substantial risk of bias in their
included studies. Indeed, in our assessment, most pre-
2017 studies have an increased risk of bias whereas more
recent studies seem to be of better methodological qual-
ity. Hence, our results may be more reliable due to the
increase of surprise question assessments included and
improved methodological quality of included studies.
This study shows similar results in overall accuracy in
predicting death compared to the previous meta-
analyses. Downar et al. reported a sensitivity of 67.0%
and a specificity of 80.2% compared to 71.4% and 74.0%
respectively in our study. The c-statistic (area under the

curve) of Downar et al.3 was 0.81 [0.78-0.84] compared
t0 0.79 [0.77-0.81] in our meta-analysis. De Bock et al.107
studied the accuracy of the Supportive and Palliative
Care Indicators Tool (SPICT) in a geriatric population and
report a higher sensitivity of 84.1% and a lower specific-
ity of 57.9% compared to our results of the surprise
question.

White et al. stated that an increase in timeframe did
not impact the diagnostic accuracy. Our study showed
similar sensitivity for 6- and 12-month timeframe.
However we found a lower specificity for 6-month time-
frame compared to a 12-month timeframe. Our study
confirms the previous conclusions that the surprise
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Figure 5. Forest plots showing NPV for various mortality rates (5%, 10% and 25%).

question performs better in cancer patients compared
to other subgroups. We did not find clear evidence for a
difference between the accuracy of healthcare profes-
sionals answering the surprise question, in contrast to
an earlier suggestion by White et al.* that doctors seem
to be more accurate than nurses in recognising people in
the last year of life.

Implications for practice

A systematic review by Cardona-Morrell et al.1% indi-
cated that on average 33%—38% of patients nearing their
end of life receive non-beneficial treatments in the last
6 months of their life. Advance care planning can have a

positive effect on end of life care, decrease life-sustaining
treatment, increase use of hospice and palliative care,
prevent hospital admissions and improve goal-concord-
ant care.1® Timely identification of patients who could
potentially benefit from advance care planning is impor-
tant.!0 The importance of advance care planning
increases when nearing the end of life. Hence, prognosti-
cation of mortality can be used as a proxy for initiating
advance care planning. The surprise question is an easy
to use tool? and does not require large amounts of clini-
cal data compared to other available screening tools.11!
These characteristics and the reasonable accuracy in pre-
dicting death with fairly high NPV with various mortality
rates make the surprise question an appropriate
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Table 2. Accuracy of the surprise question by type of healthcare professional.

Study

Type of healthcare
professional

Sensitivity, %
[95% CI]**

Specificity, %
[95% CI]**

PPV, % [95%
Cl**

NPV, % [95%
CIJ**

Da Silva Gane et al.26

Nephrologists
Nurse band 5*
Nurse band 6*
Nurse band 7/8*

73.7 [64.6-82.8]
35.6 [21.3-49.9]
51.1[31.5-70.7]
51.4 [18.1-33.1]

73.9 [66.3-81.5]
85.4 [77.8-93.0]
78.5 [69.1-87.9]
79.1 [72.4-85.8]

33.5[27.3-39.7]
32.4[21.7-43.1
31.1[24.4-37.8]
30.0 [20.7-39.3]

94.3 [90.9-97.7]
88.3 [86.5-90.1]
90.1 [87.3-92.9]
90.3 [87.8-92.8]

Ebke et al.%5 Neurorehabilitation 50.0 [32-67] 86.1 [81-91] 37.8 [27-50] 91.1 [88-94]
physicians
Palliative care physicians 67.7 [50-83] 70.3 [64-77] 27.7 [22-34] 92.8 [89-96]
At least one clinician 76.5 64.9 26.8 94.2

Mudge et al.>° Doctors 81 70 38 94
Senior nurses 80 68 36 93
Either discipline 90 56 31 96

Straw et al.®® Cardiologists 85 59 52 88
Trainee-grade doctor 75 62 51 83
Heart failure nurse 90 44 45 90
Non-specialist nurse 66 73 58 79

Lakin et al.>” Primary care physician 79.4 68.6 31.6 94.8
Nurse care coordinators 52.6 80.6 31.8 90.8
Either healthcare 82.6 62.7 28.1 95.3
professional says ‘no’
Both healthcare 50.3 86.7 40 90.8
professionals say ‘no’

Valerio and Farinha’>  Nephrologists 68.2 77.3 27.8 95
Nurses 81.8 64.5 22.8 96.5

Rauh et al.”* Medical doctor 75 69 43 90
Nurses 71 61 42 84
Advanced practice providers 83 67 44 93
Combined 75 66 43 89

PPV: positive predictive value; NPV: negative predictive value.

*Band 5 nurses are less senior nurses. Band 6 nurses are of intermediate seniority and band 7/8 are senior nurses.

**Cl’s are only provided when presented in the original study.

screening tool for initiating advance care planning.
Additionally, patients with a positive answer to the sur-
prise question (‘No, | would not be surprised’) are likely
to be vulnerable and may therefore benefit from advance
care planning regardless of whether they die exactly
within the specified timeframe. Furthermore, initiating
advance care planning ‘too early’ does not seem to cause
damage.1® The results of this systematic review and
meta-analysis encourage the use of the surprise question
as screening tool by various healthcare professionals, not
exclusively by doctors. We think the surprise question
should not solely be seen as an indicator of prognostica-
tion of death but rather as an opportunity for renewed
attention for quality of care and shared decision making
by timely initiating advance care planning.

Conclusion

We found overall reasonable test characteristics for the
surprise question. Additionally, this study showed notable
differences in performance within patient subgroups.

However, we did not find an indication of notable differ-
ences between timeframe and healthcare professionals.
We submit that the surprise question is an appropriate
tool for initiating advance care planning.
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Appendix 3. Critical appraisal.

Article 1. Study 2. Study 3. Prognostic 4. Outcome 5. Study 6. Statistical Total
participation  attrition  factor measurement confounding analysis and
measurement reporting

Barnes et al.18 High Low Low Low Low Low Low

Moss et al.? Low Low Low Low Moderate Low Low
Cohen et al.?? Moderate Low Low Low Moderate Low Low

Moss et al.?3 Low Low Low Low Low Low Low
South et al.?* (a) High Low Moderate High Moderate Low High
Fenning et al.? Moderate Low Low Low Low Low Low

Da Silva Gane et al.2® Low Low Low Low Moderate Low Low

Pang et al.?’ Low Low Low Low Low Low Low

Reilly et al.8 (a) High Low Moderate Moderate Moderate Low Moderate
Moroni et al.?® Moderate Low Low Low Low Low Low

Feyi et al.30 High Low High High High Low High
Hamano et al.3! Moderate Moderate Low Low Low Low Low
Amro et al.32 Low Low Low Low High Low Moderate
Maria Carmen et al.33 (a) Moderate Low High Low Moderate Low Moderate
Gerlach et al.34 (a) Moderate Low Moderate Moderate Low Low Moderate
Lakin et al.3> (a) High Low Moderate Low Low Low Low
Strout et al.3¢ (a) Moderate Low Low Moderate Low Low Moderate
Gomez-Batiste et al.?” Low Low Low Low Low Low Low
Hadique et al.38 Low Low Low Low Low Low Low

Lilley et al.?? Moderate Low Low Low Low Low Low
Moretti et al.*° Moderate Low Low Moderate Low Low Low

Salat et al.* Moderate Low Low Low Low Low Low
Santos Lascasas et al.*2 (a) Moderate Low Low Low Moderate Low Low
Strout et al.*3 (a) Moderate High Low Moderate Low Low High
Burke et al.** Moderate Low Low Low Low Low Low

Ebke et al.# Low High Low Low Low Low Moderate
Faria de Sousa et al.*¢ (a) Moderate Low Low Low Low Low Low
Forzley et al.4” Low Low Low Low Moderate Low Low
Liyanage et al.®® Low Low Low Low Low Low Low
Mitchell et al.*? Moderate High Moderate Low Low Low Moderate
Mudge et al.>° Low Low Low Low Low Low Low
Ouchi et al.>? Moderate Low Low Low Low Low Low
Schmidt et al.>2 Moderate Low Low Low Moderate Low Low
Tanasiychuk et al.>3 Moderate Low Low Low Moderate Low Moderate
Aaronson et al.>* Moderate Low Low Low Low Low Low
Gastelurrutia et al.>> (a) Low Low Low Low Low Low Low
Haydar et al.® Low Low Low Low Low Low Low

Lakin et al.>” Moderate Low Low Low Low Low Low
Ouchi et al.>8 Low Low Low Low Low Low Low
Raubenheimer et al.>® Moderate Low Low Low Low Low Low
Straw et al.%° Moderate Low Low Low Low Low Low
Tripodoro et al.®! Low Low Low Low Low Low Low
Veldhoven et al.®? Low Low Low Low Low Low Low
Verhoef et al.63 Moderate Low Low Low Low Low Low

Edge et al.?* (a) Moderate Low Low Low Low Low Low
Ernecoff et al.®® (a) High Low Low Low Low Low Moderate
Flierman et al.%® Moderate Low Low Low Low Low Low

Ikari et al.®” Moderate Low Low Low Low Low Low
Estifan Kasabji et al.®8 (a) High Low Moderate Low Moderate Low Moderate
Lai et al.®® Low Low Low Low Moderate Low Low
Maes et al.”® High Moderate Low Moderate Low Low Moderate
Rauh et al.”* Moderate Low Low Low Low Low Low
Tabernero Huguet et al.’2 (a) Moderate Low Low Low Moderate Low Moderate
Tak et al.”3 (a) Moderate Low Low Low Low Low Low

(Continued)
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Appendix 3. (Continued)

Article 1. Study 2. Study 3. Prognostic 4. Outcome 5. Study 6. Statistical  Total

participation  attrition factor measurement confounding analysis and
measurement reporting

Valerio and Farinha’ (a) Moderate Low Low Low Moderate Low Moderate

Van Wijmen etal.’® Low Low Low Low Low Low Low

Yen et al.”” Low Low Low Low Moderate Low Low

Ermers et al.”® Low Low Low Low Moderate Low Low

Tripp et al.”* Low Low Low Low Moderate Low Low

Note: (a): abstract or other non-peer reviewed publication.

Appendix 4. Individual study results.

Study (authors) Patient group Timeframe Abstract  Total SQ Mortality Sensitivity Specificity

(months)  (Yes/No) responses (n) rate (%) (95% Cl)* (95% CI)*

Barnes et al.18 Cardiac disease 12 No 231 6.1 78.6 [52.4-92.4] 61.3 [54.7-67.5]

Moss et al.2t Kidney disease 12 No 147 15.0 45.5[26.9-65.3] 80.8 [73.0-86.7]

Cohen et al.22 Kidney disease 6 No 447 6.0 63.0 [44.2-78.5] 87.4[83.9-90.2]

(derivation cohort)

Cohen et al.22 Kidney disease 6 No 427 8.4 47.2 [32.0-63.0] 89.8 [86.4-92.4]

(validation cohort)

Moss et al.?3 Cancer 12 No 826 8.6 76.1 [65.0-84.5] 89.8 [87.4-91.8]

South et al.?4 Pulmonary disease 12 Yes 199 7.5 93.3 [70.2-98.8] 55.4 [48.2-62.4]

Fenning et al.2s Cardiac disease 12 No 172 9.9 35.3[17.3-58.7] 79.4 [72.3-85.0]

Da Silva Gane et al.26 Kidney disease 12 No 344 15.1 57.7 [44.2-70.1] 74.7 [69.4-79.3]

Pang et al.?’ Kidney disease 12 No 367 12.0 61.4 [46.6—74.3] 74.6[69.6-79.1]

Reilly et al.28 Pulmonary disease 12 Yes 85 32.9 100 [87.9-100] 31.6[21.0-44.5]

Moroni et al.2? Cancer 12 No 231 45.0 83.7 [75.4-89.5] 69.3 [60.8-76.6]

Feyi et al.30 Kidney disease 12 No 178 23.6 66.7 [51.6-79.0] 77.9[70.3-84.1]

Hamano et al.31 — Cancer 0.25 No 2361 14.1 84.7 [80.4-88.2] 68.0[65.9-70.0]

7 day timeframe

Hamano et al.31 — Cancer 1 No 2361 47.2 95.6 [94.2-96.7] 37.0[34.4-39.7]

1 month timeframe

Amro et al.32 Kidney disease 12 No 201 19.4 56.4 [41-70.7] 82.7 [76.2-87.8]

Maria Carmen et al.33  Kidney disease 12 Yes 49 18.4 77.8 [45.3-93.7] 67.5[52.0-79.9]

Gerlach et al.3* Cancer 12 Yes 672 15.6 40.0 [31.1-49.6] 93.1[90.7-94.9]

Lakin et al.?> Primary care 12 Yes 1737 6.4 20.5[14.1-28.9] 94.4 [93.2-95.4]

Strout et al.3® Emergency 1 Yes 330 9.4 48.4 [32.0-65.2] 68.9[63.4-73.9]
department

Gomez-Batiste, 201737  Primary care 12 No 1059 27.0 93.7 [90.3-96.0] 26.4 [23.4-29.6]

Hadique et al.38 Intensive care 6 No 500 36.0 82.2 [76.0-87.1] 71.9 [66.7-76.5]

(derivation cohort)

Hadique et al.38 Intensive care 6 No 543 34.6 73.9 [67.2-79.7] 81.7 [77.3-85.4]

(validation cohort)

Lilley et al.3° Acute surgical 12 No 163 36.2 79.7 [67.7-88.0] 51.0[41.5-60.4]
conditions

Moretti et al.%© Cardiac disease 12 No 470 7.9 56.8 [40.9—71.3] 93.5[90.8-95.5]

Salat et al.#! Kidney disease 12 No 488 17.8 64.4 [53.9-73.6] 71.3 [66.7-75.5]

Santos Lascasas et al.#2  Kidney disease 6 Yes 360 13.9 90.0 [78.6-95.7] 67.1[61.7-72.1]

Strout et al.*3 Emergency 1 Yes 9923 2.3 48.9 [42.4-55.4] 80.3 [79.5-81.1]
department

Burke et al.** — 3 month Children 3 No 325 5.5 83.3[60.8-94.2] 93.2 [89.8-95.5]

timeframe

Burke et al.#* — Children 12 No 306 9.8 83.3 [66.4-92.7] 70.7 [65.0-75.7]

12 month timeframe

(Continued)
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Appendix 4. (Continued)

Study (authors) Patient group Timeframe Abstract  Total SQ Mortality Sensitivity Specificity
(months) (Yes/No) responses (n) rate (%) (95% CI)* (95% CI)*

Ebke et al.#> Neurorehabilitation 12 No 236 14.4 76.5 [60.0-87.6] 64.9 [58.0-71.1]

Faria de Sousa et al.**  Primary care 6 Yes 201 18.4 62.2 [46.1-75.9] 67.1[59.6-73.8]

Forzley et al.#” Kidney disease 6 No 374 11.5 72.1[57.3-83.3] 58.6[53.2-63.8]

Liyanage et al.*8 Nursing home 12 No 187 22.5 71.4 [56.4-82.8] 65.5[57.5-72.8]

Mitchell et al.*® Primary care 12 No 1525 3.1 53.2 [39.2-66.7] 89.6 [87.9-91.0]

Mudge et al.>° Hospital inpatients 12 No 513 17.9 90.2 [82.4-94.8] 55.8 [51.0-60.5]

QOuchi et al.>? Emergency 12 No 207 21.3 77.3 [63.0-87.2] 58.3 [50.6-65.6]
department

Schmidt et al.>? Kidney disease 12 No 749 13.5 60.4 [50.6-69.4] 82.7 [79.6-85.4]

(derivation cohort)

Schmidt et al.52 Kidney disease 12 No 437 10.1 61.4 [46.6—-74.3] 76.8 [72.4-80.7]

(validation cohort)

Tanasiychuk et al.>3 Kidney disease 6 No 475 52.8 41.8 [35.9-48.0] 35.3[29.3-41.7]

Aaronson et al.>* Cardiac disease 12 No 193 29.0 78.6 [66.2—87.3] 56.9 [48.6-64.9]
& emergency
department

Gastelurrutia et al.>® Cardiac disease 12 Yes 922 9.7 78.7 [69.0-85.9] 69.4 [66.2—72.4]

Haydar et al.® Emergency 1 No 6089 2.6 31.8 [25.1-39.5] 85.4 [84.4-86.2]
department

Lakin et al.>” Primary care 24 No 1163 15.5 79.4 [73.0-84.7] 68.6[65.6—71.4]

Ouchi et al.58 Emergency 1 No 16,223 9.7 43.3 [40.9-45.8] 82.0[81.3-82.6]
department

Raubenheimer et al.®®  Acute medical 12 No 822 20.0 70.7 [63.4-77.2] 65.0[61.3-68.6]
services

Straw et al.®0 Cardiac disease 12 No 114 34.2 84.6 [70.3-92.8] 58.7 [47.4-69.1]

Tripodoro et al.t! Cancer 12 No 313 46.6 93.8 [88.7-96.7] 72.5[65.2-78.7]

Veldhoven et al.®? Primary care 12 No 292 8.9 92.3[75.9-97.9] 48.5[42.6-54.5]

Verhoef et al.®3 Cancer and ED 12 No 245 78.8 89.1 [83.9-92.8] 40.4[28.2-53.9]

Edge et al.®*— 6 month Cancer 6 Yes 1276 25.4 71.0 [65.8-75.7] 53.6 [50.4-56.7]

timeframe

Edge et al.® — Cancer 12 Yes 655 424 68.7 [63.0-73.9] 63.7 [58.7-68.4]

12 month timeframe

Ernecoff et al.®® Kidney disease 12 Yes 95 9.5 66.7 [35.4-87.9] 75.6 [65.5-83.4]

Flierman et al.%® Hospital inpatients 12 No 252 30.6 81.8 [71.8-88.8] 48.6 [41.3-55.9]

Ikari et al.®” Cancer 0.1 No 1411 47.8 94.4 [92.4-95.9] 26.3 [23.3-29.6]

Estifan Kasabji et al.®®  Kidney disease 12 Yes 178 15.7 71.4[52.9-84.7] 64.7 [56.7-71.9]

Lai et al.®® Kidney disease 12 No 401 8.5 52.9 [36.7-68.5] 95.6 [93.0-97.3]

Maes et al.”® — Hospital inpatients 12 No 185 24.9 67.4 [53.0-79.1] 78.4[70.9-84.4]

subgroup 1

Maes et al.”%— subgroup Cardiac disease 12 No 183 20.2 67.6 [51.5-80.4] 76.0[68.5-82.2]

2

Rauh et al.”* Cancer 12 No 309 23.6 75.3 [64.4-83.8] 68.6 [62.5-74.2]

Tabernero Huguet Pulmonary disease 12 Yes 361 23.5 65.9 [55.3—-75.1] 86.6 [82.1-90.1]

etal.”?

Tak et al.”3 Pulmonary disease 12 Yes 123 18.7 73.9 [53.5-87.5] 84.0[75.6-89.9]

Valerio and Farinha’® Kidney disease 12 Yes 194 11.3 68.2 [47.3-83.6] 77.3[70.5-82.9]

van Wijmen et al.”® Primary care 12 No 3640 1.0 50.0 [34.5-65.5] 98.6 [98.2-99.0]

Yen et al.”’ Hospital inpatients 12 No 21,098 8.3 45.6 [43.2-47.9] 90.6 [90.2-91.0]

Ermers et al.”8 Cancer 12 No 379 31.1 87.3[80.1-92.1] 67.4[61.5-72.8]

Tripp et al.”#—1 month Pulmonary disease 1 No 381 4.2 12.5[3.5-36.0] 95.3[92.7-97.1]

timeframe

Tripp et al.”7 — Pulmonary disease 12 No 365 22.2 46.9 [36.4-57.7] 75.4[70.0-80.0]

12 month timeframe

*Confidence intervals (Cl) were calculated using Wilson’s method and can differ slightly from the CI’s presented by the original studies.
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Appendix 5. Forest plot of the sensitivity of individual studies.
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Appendix 6. Forest plot of the specificity of individual studies.



