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Abstract

Importance

Capillary refill time (CRT) is widely recommended as part of the routine assessment of
unwell children.

Objective

To determine the diagnostic value of capillary refill time for a range of serious outcomes in
children.

Methods

We searched Medline, Embase and CINAHL from inception to June 2014. We included
studies that measured both capillary refill time and a relevant clinical outcome such as mor-
tality, dehydration, meningitis, or other serious illnesses in children aged up to 18 years of
age. We screened 1,265 references, of which 24 papers were included in this review.
Where sufficient studies were available, we conducted meta-analysis and constructed hier-
archical summary ROC curves.

Results

Meta-analysis on the relationship between capillary refill time and mortality resulted in sen-
sitivity of 34.6% (95% CI 23.9 to 47.1%), specificity 92.3% (88.6 to 94.8%), positive likeli-
hood ratio 4.49 (3.06 to 6.57), and negative likelihood ratio 0.71 (0.60 to 0.84). Studies of
children attending Emergency Departments with vomiting and diarrhea showed that capil-
lary refill time had specificity of 89 to 94% for identifying 5% dehydration, but sensitivity ran-
ged from 0 to 94%. This level of heterogeneity precluded formal meta-analysis of this
outcome. Meta-analysis was not possible for other outcomes due to insufficient data, but

PLOS ONE | DOI:10.1371/journal.pone.0138155 September 16,2015

1/15


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0138155&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://ec.europa.eu/research/fp7/index_en.cfm
http://ec.europa.eu/research/fp7/index_en.cfm
http://www.spcr.nihr.ac.uk/
http://www.rhodeshouse.ox.ac.uk/
http://www.rhodeshouse.ox.ac.uk/

@’PLOS ‘ ONE

Diagnostic Value of Capillary Refill Time in Children

Health Solutions (http://www.aihealthsolutions.cal),
and the Canadian Institute of Health Research (http:/
www.cihr-irsc.gc.ca). JAT was funded by the
University of Washington Pediatric Endowed
Professorship for Research Sabbaticals (http:/depts.
washington.edu/givemed/prof-chair/endowments/
pediatrics-endowed-professorship-for-research-
sabbaticals/). CH also received funding from the
NIHR SPCR (http://www.spcr.nihr.ac.uk/). The views
expressed in this paper are those of the authors and
not necessarily those of the NHS, the NIHR, or the
Department of Health. The funders had no role in the
design and conduct of the study, collection,
management, analysis, and interpretation of the data,
and preparation, review, or approval of the
manuscript.

Competing Interests: The study received funding
from the European Union Seventh Framework
Programme (FP7/2007-2013) under grant agreement
no 305292 for the program "Supporting Life"; SF was
funded by a fellowship award from the National
Institute for Health Research School for Primary Care
Research (NIHR SPCR). The views represented are
those of the author(s) and not necessarily those of
the NIHR, the NHS or the Department of Health. PG
received studentship funding from the Rhodes Trust,
Alberta Innovates—Health Solutions, and the
Canadian Institute of Health Research. There are no
patents, products in development or marketed
products to declare. This does not alter the authors'
adherence to all the PLOS ONE policies on sharing
data and materials.

we found consistently high specificity for a range of outcomes including meningitis, sepsis,
admission to hospital, hypoxia, severity of illness and dengue.

Conclusions

Our results show that capillary refill time is a specific sign, indicating that it can be used as a
“red-flag”: children with prolonged capillary refill time have a four-fold risk of dying compared
to children with normal capillary refill time. The low sensitivity means that a normal capillary
refill time should not reassure clinicians.

Introduction

Identifying children who may have hemodynamic compromise or shock is a routine part of
clinical assessment and a core component of Pediatric Advanced Life Support.[1-3] In most
settings, this includes assessment of peripheral perfusion such as capillary refill time (CRT) as
well as measurement of blood pressure to assess cardiovascular status. However, blood pressure
is maintained in children in the early stages of shock to a greater extent than in adults, to the
expense of reduced peripheral perfusion and raised heart rate, so may be a less valuable mea-
sure particularly in triage or other frontline healthcare settings.[4, 5]

In a recent systematic review of the validity and reliability of CRT,[6] we found that CRT is
2 seconds or less when measured on the finger in healthy children and older infants, but may
extend to 4 seconds when measured on the chest or foot. In addition to the influence of the
body site at which CRT is measured, changes in both ambient and skin temperature may have
a significant effect on measured values. Current evidence also indicates that inter-observer reli-
ability of CRT is highly variable, and may be related to the measurement method, with those
made using stopwatches displaying lower inter-observer variability than simple counting.

Despite the evidence on variability in measurements and a lack of standardization, CRT is
included as part of the routine or initial assessment of seriously ill or injured children in Pediat-
ric Advanced Life Support and in a number of major international guidelines (Table 1).[1-3,
7-9] CRT is also frequently recommended in monitoring and guiding the treatment of children
with severe sepsis or septic shock.[4, 5]

Prolonged CRT or decreased peripheral perfusion is cited as a red flag for serious illness in
children.[10-13] However, to our knowledge there has not been a comprehensive and system-
atic assessment of the diagnostic value of CRT across a range of serious conditions in children
of all ages in all settings. This systematic review assesses the current evidence for the diagnostic
and prognostic value of CRT for identifying children with serious illnesses such as dehydration
and meningitis, and to predict adverse outcomes such as death.

Methods

A protocol was developed by the authors for this review. This has not been registered or pub-
lished, but is provided as S1 Text.

Search strategies

A detailed search strategy was developed in collaboration with an information specialist (NR)
to identify papers on the diagnostic accuracy of CRT in children (see S2 Text for details). The
search strategy was applied to three bibliographic databases Medline (OvidSP) [1946-present],
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Table 1. Current guideline recommendations for CRT.

Guideline
Advanced Paediatric Life Support (APLS)[1]

Pediatric Advanced Life Support (PALS)[2]

WHO guidelines for the management of
children with severe infection or severe
malnutrition[3]

ACCCM Guidelines for pediatric and neonatal
septic shock[4]

International guidelines for severe sepsis and
septic shock[5]

NICE Guidelines on Feverish lliness in
children[9]

NICE Guidelines on Bacterial meningitis and
meningococcal septicemia[8]

Recommendations for CRT use

CRT assessment advised as part of primary
circulation assessment.

“...capillary refill should occur within 2—-3 seconds. A
slower refill time than this . . .. is a particularly useful
sign in early septic shock. . . Poor capillary refill and
differential pulse volumes are neither sensitive nor
specific indicators of shock in infants and children. . .”

CRT assessment advised as part of primary
circulation assessment.

“Frequent causes of sluggish, delayed or prolonged
capillary refill (a refill time >2 seconds) include
dehydration, shock, and hypothermia. Shock can be
present despite a normal capillary refill time. Children
in “warm” septic shock may have excellent (ie, <2
seconds) capillary refill time.”

“Emergency signs include: . .. signs of shock (capillary
refill longer than 3 seconds; and fast weak pulse). . ..
Children with emergency signs require immediate
treatment to avert death.”

“If capillary refill is longer than 3 seconds, check the
pulse.”

“The clinical diagnosis of septic shock is made in
children who 1) have a suspected infection manifested
by hypothermia or hyperthermia, and 2) have clinical
signs of inadequate tissue perfusion including any of
the following; . .. prolonged capillary refill >2 secs
(cold shock), . .. or flash capillary refill (warm shock)”

“Therapeutic End Points (Level lll). Capillary refill < =
2 secs,...”

“We suggest that the initial therapeutic endpoints of
resuscitation of septic shock be capillary refill of <=2
s 7

“Measure and record temperature, heart rate,
respiratory rate and capillary refill time as part of the
routine assessment of a child with fever.”

“Recognize that a capillary refill time of 3 seconds or
longer is an intermediate-risk group marker for serious
illness (‘amber’ sign).”

“Assess children with fever for signs of dehydration.
Look for: prolonged capillary refill time. . .”

“Consider meningococcal disease in any child with
fever and a non-blanching rash, particularly if any of
the following features are present: . .. a capillary refill
time of 3 seconds or longer”

“A prolonged CRT may be a sign of circulatory
insufficiency (e.g. shock) or dehydration”

Capillary refill time more than 2 seconds defined as
“more specific symptoms/signs” for meningococcal
disease and meningococcal septicemia, but not for
bacterial meningitis.

“Signs of shock: Capillary refill time more than 2
seconds. ..”

“In children and young people with suspected bacterial
meningitis or meningococcal septicemia, undertake
and record physiological observations of ... perfusion
(capillary refill) ... at least hourly.”

(Continued)
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Table 1. (Continued)

Guideline Recommendations for CRT use

“The clinical features in a febrile child or young person
with petechiae that are more likely to suggest
meningococcal disease are . .. prolonged capillary
refill time ...”

“A prolonged CRT may be a sign of circulatory
insufficiency (such as shock) or dehydration.”

doi:10.1371/journal.pone.0138155.t001

Embase (OvidSP) [1974-present] and CINAHL (OvidSP) [1980-present]. Additional papers
were identified from the reference lists of relevant papers and consultation with experts. Search
date was 9 June 2014. Searches were not restricted by language or country of origin.

Inclusion and exclusion criteria

We included papers which reported measurement of CRT by any method on a minimum of 20
subjects under the age of 18 years. We excluded papers that reported data only on subjects over
the age of 18 years, or in which more than 50% of the children were neonates born prematurely
(<35 weeks gestation). We also excluded studies in which more than 50% of subjects had sig-
nificant pre-existing cardiorespiratory disease such as cardiac malformations. However, we
included studies that reported these groups separately, allowing extraction of a group with at
least 20 children who fulfilled the inclusion criteria.

Eligible studies measured and reported the relationship between CRT and a relevant clinical
outcome, with no other restriction on study design or clinical setting. Acceptable outcomes
included: mortality; final diagnosis of a specific serious illness (e.g. meningitis, dehydration, or
pneumonia); admission to secondary care facilities; hypoxia; and measures of severity of illness
or infection composed of groupings of other acceptable outcomes (e.g. where “severe illness” is
defined by hypoxia or a specific list of final diagnoses). Studies performing multivariate analy-
ses including CRT with other clinical and/or laboratory tests were not included in this review
unless univariate results for CRT and a relevant outcome were also presented.

References were screened for inclusion by two reviewers using title and abstract, using full-
text where necessary. Subsequently, four reviewers assessed selected studies for eligibility using
the full text. Where necessary we attempted to contact authors for further information to clar-
ify eligibility.

Quality criteria

Quality assessment criteria were developed based on the QUADAS-2 checklist.[14] The criteria
(S1 Table) assessed patient selection, performance of the index test (CRT), performance of the
comparator, and aspects of timing and flow.

Data extraction

Data from all included studies were extracted on a pre-specified form by one author and
checked by a second author, with any disagreements resolved by consensus. We extracted data
on patient characteristics and study design, country of origin, and method of measuring CRT.
Measurements of CRT were considered to be prolonged based on the definitions used by the
investigators for each included study. All relevant outcomes were identified and extracted.
Where they were not reported, we calculated sensitivity, specificity, and likelihood ratios,
including 95% confidence intervals, from the 2x2 tables. Where one or more cells of a 2x2 table
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was empty, we added 0.5 to each cell before calculating summary statistics.[15] Where insuffi-
cient data were reported to calculate outcome measures or reconstruct 2x2 tables, we contacted
study authors to obtain further information. Study settings were categorized into high-income,
upper-middle-income, lower-middle-income, and low-income countries based on their World
Bank classification in July 2013.[16]

Analysis

Results are reported descriptively, identifying and explaining differences between studies and
any resulting heterogeneity. When comparable outcomes were reported by at least four studies
and no apparent clinical heterogeneity was present, meta-analysis was performed using the
bivariate method.[17] Based on the parameters from this analysis, a hierarchical summary
receiver operative characteristic (ROC) curve was constructed. When data on more than one
cut-off was available, only one was included in the meta-analysis to avoid inclusion of data on
the same patient twice. Where necessary, we included the data corresponding to the cut-off
which was used most frequently in other studies within the meta-analysis, in an attempt to
reduce overall heterogeneity. Statistical heterogeneity was inspected visually on the ROC plot
by checking the distance of the individual studies from the hierarchical summary ROC curve.
When statistical heterogeneity was present, no pooled results were reported.

Analyses were carried out using R (version 3.0.1, The R Foundation for Statistical Comput-
ing), with Stata (version 11.2, Statacorp) additionally used to generate hierarchical summary
ROC curves.

Results

After removal of duplicates, we screened 1,265 references (Fig 1), and included 24 papers in
this review, of which 13 reported studies carried out in high income countries, and 11 in low or
middle income countries. Nine studies on 17,285 children assessed the relationship between
CRT and mortality, and six studies on approximately 680 children assessed the relationship
between CRT and dehydration, allowing meta-analyses on both outcomes. We also identified
11 papers on 41,287 children reporting other outcomes related to serious illness, including
meningitis (four studies, n = 10,205), hospital admission (three studies, n = 17,742), sepsis
(three studies, n = 19,923), dengue fever (two studies, n = 2,039), urinary tract infection (one
study, n = 15,781), pneumonia (one study, n = 15,781), hypoxia (one study, n = 3,176), and
combined measures of severity of illness (three studies, n = 8,555), with some studies reporting
multiple outcomes. Full details of individual study characteristics are given in S2 Table.

The quality assessment of the included papers is summarized in Fig 2, with details in S3 Table.
Although performance on most of the quality criteria was good, reporting of the method of mea-
surement of CRT was generally poor, with 11 papers reporting neither the site nor the methods
of time measurement, and a further six reporting only one of these (noted as unclear reporting).
Blinding was also poorly reported, particularly for the clinical outcomes. In many cases, blinding
of CRT measurement could only be established by timing, in that the measurement was made
before determination of the clinical outcome. Few studies had contemporaneous measurement of
CRT and clinical outcome, although it should be noted that this was impractical or impossible
for some outcomes, such as final clinical diagnosis, or mortality. Missing data were generally not
reported leading to uncertainty regarding the representativeness of the sample.

Predictive accuracy of CRT for mortality

We extracted 2x2 tables from seven of the studies on mortality, and data from the other two
[18, 19] were obtained after communication with the authors (for details of extracted data, see
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2249 references identified by
search strategy

4 additional references identified

1 988 duplicate references excluded
\ 4
1261 references screened for
inclusion by 2 reviewers (SF,
PG, AvdB) using title and
abstract, with full-text
consulted where necessary
1265 references excluded (97 not
human, 240 not CRT, 186 adults,
144 fetal or preterm, 39 pre-
> existing disease, 248 case reports
or <20 subjects, 194 reviews or
> comment, 69 no relevant outcome,
5 paper not available)
\ 4
43 full-text papers considered
for inclusion by at least 4
authors (SF, PG, MT, and
either AvdB or JT)
19 papers excluded (2 insufficient
data, 6 CRT combined with other
variables, 1 CRT in inclusion
P criteria, 6 inappropriate outcome, 1
pre-existing disease, 1 peripheral
perfusion, 1 overlapping data, 1
v inconsistent data)

24 papers with data extracted

|

Number of papers for each outcome:
Mortality: 9
Dehydration: 6
Meningitis: 4
Hospital admission: 3
Sepsis: 3
Dengue fever: 2
Urinary tract infection: 1
Pneumonia: 1
Hypoxia: 1
Combined measures of severity of
illness: 3

Fig 1. Flow chart for papers identified by the search strategy.
doi:10.1371/journal.pone.0138155.g001

PLOS ONE | DOI:10.1371/journal.pone.0138155 September 16,2015

6/15



D)
@ : PLOS | ONE Diagnostic Value of Capillary Refill Time in Children

Suitable sampling method used
Appropriate exclusion criteria
Appropriate inclusion criteria

CRT blinded to clinical outcome result
Time measured or pre-specified threshold
Site and time measurement method defined
Clinical outcome blinded to CRT result
Clinical outcome objective

Clinical outcome independent of CRT
Contemporaneous measurements

All children had CRT

All children had clinical outcome

0 5 10 15 20
Papers

M Yes Unclear " No
Fig 2. Summary of quality of included papers.
doi:10.1371/journal.pone.0138155.9002

S4 Table). The nine included studies provided data on 17,285 children, of whom 1,149 died.
Eight of the studies were conducted in hospital settings in low or lower-middle income
countries.

In all nine studies, CRT had high specificity for predicting overall mortality (range of 80—
98%). All but two showed low sensitivity: one reporting moderate sensitivity was a very small
study with wide confidence intervals,[20] and the second recruited children in a different set-
ting (pre-hospital emergency transport in a high income country).[21] We used data from the
nine studies to calculate a hierarchical summary ROC (HSROC) curve, shown in green in Fig
3. The summary point calculated by the meta-analysis (shown as a red box in Fig 3) has a sensi-
tivity of 34 6% (95% CI 23 9-47 1%), specificity 92 3% (88 6-94 8%), positive likelihood ratio 4
49 (3 06-6 57), and negative likelihood ratio 0 71 (0 60-0 84) for prolonged CRT as a predictor
of mortality. A bivariate random effects model was used to estimate a 95% prediction region
for the curve, and a 95% confidence region for the summary point.

In the dumbbell plot in Fig 4, the pre-test probability (prevalence) is shown in blue for each
study, with the post-test probability after finding prolonged CRT (positive test) in red, and the
post-test probability after finding normal CRT (negative test) in green. It can be seen that pro-
longed CRT consistently increases the post-test probability, whereas normal CRT does not
greatly reduce it.

One large study[23] reported the mortality due to various causes with an abnormal CRT, as
shown in the lower portion of the dumbbell plot in Fig 4. This indicates that CRT longer than 3
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%
1

Sensitivit

1 .8 .6 4 2 0
Specificity

o Study estimate B  Summary point

e HCROC Alrve 95% confidence
HSROC curve region

95% prediction
region

Fig 3. Hierarchical summary ROC curve showing diagnostic accuracy of CRT for predicting mortality.

doi:10.1371/journal.pone.0138155.g003

seconds is predictive of mortality from malaria (without severe anemia), malnutrition, menin-
gitis, and sepsis, but not from acute respiratory infection or malarial anemia (Hb<50g/1).

Diagnostic accuracy of CRT for dehydration

Of the six papers reporting the diagnostic accuracy of CRT for dehydration, recruitment over-
lapped in two[24, 25] (we selected the one with the larger cohort, more clearly defined mea-
surement method, and more data on the outcome of interest for analysis.[25]) The number of
children in the five included studies is 499, of whom 147 had >5% dehydration (see S5 Table).
We were able to extract sufficient data to reconstruct 2x2 tables for the outcome of > 5%
dehydration from all five studies. One study investigated the relationship between CRT and
dehydration in children with diabetic ketoacidosis.[26] However, given that dehydration as a
result of diabetic ketoacidosis has a markedly different pathophysiology from other causes of
dehydration (e.g. infectious gastroenteritis), we did not include this study in the meta-analysis
but it is presented in the dumbbell plot. The three studies reporting data for children attending
Emergency Departments with gastrointestinal symptoms|[25, 27, 28] all showed high specificity
(range 88-94%). A hierarchical summary ROC curve for this data is shown in S1 Fig. The
dumbbell plot in Fig 5 shows that prolonged CRT markedly increases the probability of a child

PLOS ONE | DOI:10.1371/journal.pone.0138155 September 16,2015
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Paper Cutoff N (died)
Prolonged cutoff
Ahmed, 2001 prolonged 72(5)
3s cutoff
Kumar, 2003 >=3s 1099 (44 )
Pamba, 2004 >3s 4160 ( 189)
Carcillo, 2009 >3s 4766 (283)
Clifton, 2012 >3s 466 (34)
Maitland, 2006 >3s 920 (176)
Mathur, 2007 >=3s 175 (60)
2s cutoff
Weber, 2003 >2s 3285 (197)
Evans, 2006 >2s 2342 (161)
Maitland, 2006 >2s 920 (176)
Specific diagnoses
Pamba, 2004 >3s 424 (6)
Pamba, 2004 >3s 862 (19)
Pamba, 2004 >3s 1654 (45)
Pamba, 2004 >3s 620 (18)
Pamba, 2004 >3s 147 (6)
Pamba, 2004 >3s 59 (6)
Pamba, 2004 >3s 373 (81)
Pamba, 2004 >3s 21(8)

Income Group Outcome

of Country

Low death from dengue - @ —m—mmmmmmmmmmm oo °

Lower-middle death @ -------—- °

Low death o> ----0

High death -@----- E )

Low death )P - - —mmmmmmmmmmmmea -°

Low death R °

Lower-middle death ~  @---—-—— g Py

Low / Lower-middle  death @ mmmmm e PY

Low death o ---0

Low death @ ----- °

Low death from malarial anaemia L

Low death from acute resp infection [ _J

Low death from malaria - ---- °

Low death from gastroenteritis ®---0

Low death from anaemia O---9

Low death from meningitis i °

Low death from malnutrition ) @ === = — = °

Low death from sepsis e -°
I T I T T |
0 20 40 60 80 100

Probability (%)

Fig 4. Pre/post test probability plot of prolonged CRT for predicting mortality. Markers show pre-test prevalence (blue), and post-test probabilities after
positive (red) and negative (green) tests. Multiple results are shown for two studies: results are shown for two different cut-offs reported by Maitland et al,[22]
and results from a subgroup analysis by Pamba and Maitland showing the performance for predicting death from different conditions[23].

doi:10.1371/journal.pone.0138155.g004

having > 5% dehydration, except in the case of diabetic ketoacidosis, where the utility of CRT
is greatly reduced. Positive likelihood ratios ranged from 1.3 to 16.9, with negative likelihood
ratios ranging from 0.06 to 0.99 (S5 Table).

The high heterogeneity of the data, as evidenced by the large confidence and prediction
regions and the large distance of the individual study results from the summary ROC curve,
means that reporting of the position of the summary point is not statistically relevant.

Diagnostic accuracy of CRT for other serious illnesses

We identified 11 studies with data on the accuracy of CRT for eight other clinical outcomes:
dengue, meningitis, admission, sepsis, urinary tract infection, pneumonia, hypoxia, and sever-
ity of illness. Leonard and Beattie[29] reported no significant association between CRT and
meningococcal disease or other significant bacterial illness but did not provide specific data
(and contact with the authors failed to yield additional data). Three further studies did not
report 2x2 tables for any outcomes;[19, 30, 31] data were obtained after contact with two study
authors,[19, 31] but attempts to obtain results from the third study[30] were unsuccessful,
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although odds ratios are reported for all outcomes. One study[32] was excluded from the pre/
post test probability plot as the case-control design precluded calculation of true prevalence.
The results obtained are summarized in S6 Table.

Prolonged CRT shows consistently high specificity for prediction of dengue, meningitis,
admission, sepsis, hypoxia, and severity of illness. No sensitivity or specificity values could be
calculated for the outcomes of urinary tract infection or pneumonia, but reported odds ratios
of between 2 and 5 are similar to those for other outcomes. In two studies of dengue, prolonged
CRT showed variable sensitivity, which is likely to be explained by the large differences in the
sample size and study design. Prolonged CRT showed low sensitivity for meningitis in one
study carried out in low and lower-middle income settings, but moderate sensitivity in two
studies carried out in high income settings. The sensitivity of CRT was relatively low for predic-
tion of admission, sepsis, hypoxia, and severity of illness.

The pre/post test probability plots (Fig 5) for the eight studies for which prevalence and like-
lihood ratios were available, show that in most cases, prolonged CRT considerably increases
the probability of an adverse clinical outcome. However, this is not the case for the study of
meningitis in low and lower-middle income countries, although it does appear to hold for stud-
ies of meningitis in high-income countries. Few studies show any noticeable reduction in the

Paper Cutoff N (with Income group Outcome
outcome) of Country

Dehydration

Shavit, 2006 >=2s 83(13) High >=5% dehydration (diarrhoea) il e it @

English, 1997 >2s 108 (30) Low >=5% dehydration (malaria) bt S L

Gorelick, 1997b 2s 234 (80) High >=5% dehydration (diarrhoea, vomiting, or poor oral intake) ~ ®---- @ - -—m—m———————m - R

Morrison, 2011 >=3s 42 (18) High >6% children, >10% infants (diabetic ketoacidosis) o--90

Saavedra, 1991 >1.5s 32(24) High >5% dehdration (diarrhoea) 00 @----------ooooooo—o—oo—ooo—o @------------ ®
Dengue

Biswas, 2012 >2s 1967 (181) Lower-middle dengue fever ®---------- R J

Ahmed, 2001 prolonged 72 (10) Low dengue shock syndrome @& ----- B bl [ ]
Meningitis

Weber, 2003 >2s 3285 (34) Low / Lower-middle positive CSF culture in all children L

McArdle, 2011 delayed 1825 (55) High positive meningococcal PCR @ -—-—--—---- - L ]

Wells, 2001 >2s 217 (24) High positive blood test Saiaind ettt b

Severity of infection

Weber, 2003 >2s 3285 (372) Low / Lower-middle severity of infection @ - - - *
Thompson, 2009 >2s 254 (61) High severity of infection (serious vs minor) LR e L L L et Ll £ ]
Thompson, 2009 >2s 312 (119) High severity of infection (intermediate vs minor) R °
Thompson, 2009 >2s 392 (180) High severity of infection (serious/intermediate vs minor/no) L R it L
Admission
van den Bruel, 2007  >3s 3981(31) High admission with acute severe infection @---------- -
YICSS group, 2008 >2s 8883 (1434) Low, Lower and Upper-middle admission @----—----—mememmeme—cmcemme— R J
Sepsis
Weber, 2003 >2s 3285 (119) Low / Lower-middle sepsis o> --9
Hypoxia
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Fig 5. Pre/post test probability plot of prolonged CRT for predicting significant dehydration and severe iliness.
doi:10.1371/journal.pone.0138155.g005
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probability of an adverse outcome following a normal CRT result, even where prevalence is rel-
atively high.

Discussion

Our results show that CRT is an important “red flag” vital sign for identifying children with
serious illness: finding an abnormal CRT increases the likelihood of a serious outcome includ-
ing death and dehydration, but a normal CRT does not make a serious outcome less likely.
Therefore, a normal CRT should not be used to rule out serious illness in children.

Our review identified 24 studies on over 53,000 children across a variety of outcomes and
settings including primary and secondary care, low- and high-income countries, and emer-
gency services. A prolonged CRT consistently performed well as a red flag in all these different
situations, but the most robust evidence is found in low or middle income settings. Considering
it is a clinical feature that does not require sophisticated equipment and can be measured in
children of all ages in all circumstances, the measurement of CRT should be part of the stan-
dard evaluation of all acutely ill children worldwide.

The most convincing data were found for predicting death, indicating that a child with a
prolonged CRT has a 4-fold greater risk of dying compared to a child with normal CRT. This
strongly reinforces the recommendations in the World Health Organization’s Integrated Man-
agement of Childhood Illness (IMCI) guidelines that an abnormal CRT indicates shock and
should be managed accordingly, and suggests that measurement of CRT should become part of
routine IMCI protocols.[3] However, all of these studies were carried out in high mortality set-
tings (lower income countries or high acuity settings in high income countries), and are
unlikely to be generalizable to settings with low mortality rates.

Although heterogeneity precluded drawing firm conclusions from meta-analysis, abnormal
CRT was shown to markedly increase the post-test probability of significant dehydration, with
the exception of children presenting with diabetic ketoacidosis. The majority of these studies
were performed in high-income settings, and reaffirm the importance of routinely measuring
CRT in children with suspected dehydration, a common reason why parents bring children to
healthcare professionals.

CRT specificity may vary for certain diseases. For example, it was less useful for meningitis than
for sepsis, dengue, hypoxia, or need for hospital admission for serious infection. This may be
because of the rapid evolving illness in meningitis leaving a narrow window for delivering life-sav-
ing treatments, or due to the infrequent presence of shock in these situations, as reduced peripheral
perfusion secondary to shock is likely to be a common cause of prolonged CRT. Prolonged CRT
clearly has a diagnostic role in assessing children, but we found a somewhat lower positive likeli-
hood ratio (4.5 for outcome of mortality) compared to other markers of serious illness in children
in high income settings (such as tachypnea, body temperature > 40°C, or meningeal irritation[12,
13]) where positive likelihood ratios typically range between 5 and 10. Although likelihood ratios of
5 are generally considered to only moderately change the probability of disease, this may be all that
can be expected from a clinical feature.[33] Moreover, the inconsistent and non-standardized mea-
surement of CRT in clinical practice may also reduce the potential utility of this vital sign.[34, 35]

To our knowledge, this is the first systematic review of the diagnostic accuracy of CRT in
children worldwide. We used a comprehensive search strategy that identified all available stud-
ies. However, studies often evaluate CRT together with many other clinical features, and thus
terms referring to CRT or peripheral perfusion may not have picked up all available studies.
We therefore supplemented our literature searches by reference tracking and expert consulta-
tion. We were unable to assess our results for publication bias, as there were fewer than 10 stud-
ies for any given outcome.
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We found substantial heterogeneity particularly between studies reporting CRT for predict-
ing dehydration. The statistical heterogeneity cannot be fully explained by clinical factors
alone, but may be partly due to differences in measurement technique, which were incom-
pletely reported. Nevertheless, the results of the individual studies suggest that while CRT
could be an important red flag for dehydration, more evidence from better specified and appro-
priately powered studies are needed to obtain a precise estimate of CRT’s diagnostic value.

Poor reporting was a significant issue across included studies. In particular, we found incon-
sistent or incomplete reporting on how CRT was measured. The results of our previous review
indicate that measurement methods such as the choice of body site, pressing time or ambient
temperature impact the test’s validity and reliability.[6] The paucity of reporting of these fac-
tors suggests that the estimates of diagnostic accuracy we report may be more conservative
than if the studies had used more consistent and valid measurement methods. However, where
reported, included studies used the finger as the measurement site, and use cut-offs of 2 or 3
seconds to define prolonged CRT. These are consistent with the findings of our previous
review, which recommends that CRT should be measured on the finger, and found that normal
CRT in healthy children at this site is 2 seconds or less. Standardization of CRT measurement
is essential for future diagnostic accuracy studies.

There was also poor reporting of whether all included children received measurements of
both CRT and the clinical outcome, which was typically due to retrospective or observational
study designs, leading to missing data. This incomplete reporting introduces both risk of selec-
tion bias and may limit the representativeness of the findings as children who were particularly
unwell may have been excluded in the studies. We were unable to assess the diagnostic value of
CRT in detecting serious illness at different age groups, and the inclusion of wide age ranges in
some studies may have obscured potential age-related differences. We also found very limited
data from primary care settings where access to diagnostic investigations may be limited and
clinical signs such as CRT play a vital role in clinical assessment.

For clinicians, our findings emphasize the diagnostic value of CRT; highlighting that CRT is
generally highly specific, but has variable and often low sensitivity-hence better for ruling in
than ruling out. Since CRT has limited reliability, repeating measurement is important before
getting alarmed. Clinical guidelines need to emphasize their rationale for including CRT,
including the method for measurement (making it clearer where and for how long to press,
and use of a stopwatch, or equivalent, to measure), and the interpretation of CRT values
(avoiding terms like prolonged or sluggish, and instead provide whole second cut off values).

A number of important issues remain unresolved. First, we found only one study in primary
care, and no studies that looked at the outcomes of dehydration in this setting. Yet, the num-
bers presenting with acute gastroenteritis and dehydration in these settings worldwide are con-
siderable. Second, using more consistent and standardized methods of measuring CRT to
determine its clinical utility across a wide range of diseases could aid its interpretation and use.
Third, studies are needed to determine the added diagnostic value of CRT or its independent
diagnostic value over and above other vital signs and clinical features. Finally, there are oppor-
tunities to explore the use of new technologies to improve the measurement and detection of
CRT, and determine whether they perform better when compared with heart rate or other
non-invasive measures of cardiovascular status such as blood pressure.

Conclusions

A capillary refill time of 3 seconds or more is an important warning sign for serious illness and
risk of death in children, and can easily be used in a wide range of settings and with only mini-
mal training. Normal CRT in children does not make a serious outcome less likely, and should
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not be used to rule out serious illness. Standardization of CRT measurement would likely
increase the diagnostic utility of this test.
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