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The Power of Flash Mob Research

@ CrossMark

Conducting a Nationwide Observational Clinical Study on Capillary
Refill Time in a Single Day

Jelmer Alsma, MD, Jan L. C. M. van Saase, MD, PhD, Prabath W. B. Nanayakkara, MD, PhD,

W. E. M. Ineke Schouten, MD, Anique Baten, MD,; Martijn P. Bauer, MD, PhD, Frits Holleman, MD, PhD,

Jack J. M. Ligtenberg, MD, PhD, Patricia M. Stassen, MD, PhD,; Karin H. A. H. Kaasjager, MD, PhD,

Harm R. Haak, MD, PhD, Frank H. Bosch, MD, PhD,; and Stephanie C. E. Schuit, MD, PhD, on behalf of the FAMOUS

Study Group*

BACKGROUND: Capillary refill time (CRT) is a clinical test used to evaluate the circulatory
status of patients; various methods are available to assess CRT. Conventional clinical research
often demands large numbers of patients, making it costly, labor-intensive, and time-
consuming. We studied the interobserver agreement on CRT in a nationwide study by
using a novel method of research called flash mob research (FMR).

METHODS: Physicians in the Netherlands were recruited by using word-of-mouth referrals,
conventional media, and social media to participate in a nationwide, single-day, “nine-
to-five,” multicenter, cross-sectional, observational study to evaluate CRT. Patients aged
= 18 years presenting to the ED or who were hospitalized were eligible for inclusion. CRT
was measured independently (by two investigators) at the patient’s sternum and distal
phalanx after application of pressure for 5 s (5s) and 15 s (15s).

RESULTS: On October 29, 2014, a total of 458 investigators in 38 Dutch hospitals enrolled 1,734
patients. The mean CRT measured at the distal phalanx were 2.3 s (5s,SD 1.1) and 2.4 s (15s,SD 1.3).
The mean CRT measured at the sternum was 2.6 s (5s, SD 1.1) and 2.7 s (15s, SD 1.1). Interobserver
agreement was higher for the distal phalanx (K value, 0.40) than for the sternum (K value, 0.30).

CONCLUSIONS: Interobserver agreement on CRT is, at best, moderate. CRT measured at the
distal phalanx yielded higher interobserver agreement compared with sternal CRT mea-
surements. FMR proved a valuable instrument to investigate a relatively simple clinical
question in an inexpensive, quick, and reliable manner. = CHEST 2017; 151(5):1106-1113

KEY WORDS: biomedical research; capillary refill time; data collection; physiology

ABBREVIATIONS: CRT = capillary refill time; CRTp = capillary refill

Department of Internal Medicine, Academic Medical Center,

time measured at the distal phalanx of the finger; CRTs = capillary refill
time measured at the sternum; EMCR = Erasmus University Medical
Center; FMR = flash mob research; MAP = mean arterial pressure
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Evidence assessing the usefulness and reliability of
commonly used bedside diagnostic tests is not always
available or easily obtained. Capillary refill time (CRT)
is frequently used to judge a patient’s circulatory
status; a prolonged CRT is believed to be associated
with an inadequate perfusion.” Despite few outcome
data to support the use of CRT in adults outside of
the ICU, the use of CRT is widespread.‘z’5 CRT is a
standard part of rapid primary assessment of critically
ill patients in various advanced life support
guidelines.”*

Originally, CRT was defined without strict time limits
as “normal,” “definite slowing,” and “very sluggish™’),
which left room for subjective interpretation, making
reproducibility difficult. In the 1980s, an operational
definition of 2 s as the upper limit of a normal CRT was
recommended, which was replaced in 1988 with the less
used upper limits of normal adjusted for age and sex."*
Despite these recommendations, the measurement

and interpretation of CRT remain inconsistent.”"’
CRT is measured at different sites and with different
pressure times. In adult ICU settings, application of
pressure at the fingertip for 15 s is considered the
standard; in children, CRT is mostly measured at the
sternum.”'”"'” Interpretation is hindered by ambient
and patient factors that are not always easy to control
(eg, ambient temperature, light, patient peripheral
temperature).”'”'° Even in controlled circumstances,
the interobserver reliability of CRT measurements has
been ques‘[ioned.z’”’w’19 In addition, the various
methods to measure CRT have never been compared
in adults.

CRT is used in daily clinical practice worldwide, but it
remains questionable which method should be used to
measure CRT (sternum or phalanx) and whether the

results are reproducible. The present study was therefore
designed to compare the most frequently used methods
to measure CRT in adult patients with variable
hemodynamic status; the study setting resembled daily
practice to determine which measurement has the
highest interobserver agreement and to determine if the
sternum and distal phalanx measurements can be used
interchangeably.

Conventional clinical research used for answering
clinically oriented research questions often demands
large numbers of patients, making it costly, labor-
intensive, and time-consuming. We saw a possible
solution in flash mob research (FMR). This technique is
a novel method of organizing research and allows the
investigation of clinically relevant questions on a large
scale in an abbreviated time course.”” FMR is based on
the concept of flash mobs: “a sudden and planned
gathering of many people at a particular place that has
been arranged earlier on an internet website.”*" Using
the numerical strength of multiple hospitals, as well as
the professional and social networks of their medical
staff, it is possible to obtain sufficient data with FMR in a
short time course” while upholding the same quality
standards.

The primary objective of the present study was to
determine the interobserver agreement of CRT
measurements as measured at the sternum and at the
distal phalanx using pressure times of 5 and 15 s and to
relate the measurements with hemodynamic
characteristics. Our secondary aim was to establish the
feasibility of using FMR as a fast, inexpensive, and
robust method to investigate clinical questions by using
the power of social networks and new and conventional
media to gather as many relevant data as possible in a
short period of time.

Patients and Methods
Study Design

This trial was a nationwide, single-day, “nine-to-five,” multicenter,
cross-sectional observational study.

FUNDING/SUPPORT: The authors have reported to CHEST that no
funding was received for this study.

CORRESPONDENCE TO: Jelmer Alsma, MD, Department of Internal
Medicine, Erasmus University Medical Center, s-Gravendijkwal 230,
3015 CE Rotterdam, The Netherlands; e-mail: j.alsma@erasmusmc.nl
Copyright © 2016 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.

DOTI: http://dx.doi.org/10.1016/j.chest.2016.11.035

journal.publications.chestnet.org

Setting up an FMR

As in flash mobs, preparations for FMR were made in a small group.
The research question and study design were conceived in
the Erasmus University Medical Center (EMCR) in Rotterdam, the
Netherlands. The EMCR acted as coordination center for the
duration of the study.

A steering committee with members from all of the Netherlands further
elaborated the research question and study protocol. The protocol was
approved by the medical ethics committee of the EMCR. Members of
the steering committee invited physicians from their professional
networks from all eight Dutch university hospitals, and subsequently
physicians from affiliated regional hospitals, to participate; the result
was nationwide participation. In each participating hospital, a local
investigator, designated the “ambassador,” coordinated the study;
ambassadors were either medical specialists or residents.
Ambassadors obtained local ethical board approval of the protocol,
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recruited and instructed investigators, and were responsible for
handling data. Similar to flash mobs, communication with
participating investigators, public, and peers was mainly conducted
by using e-mail, social media, and our Website.

Setting, Patients, and Variables

On October 29, 2014, between 9:00 am and 5:00 pMm, data were
simultaneously collected in all participating hospitals. Patients
aged = 18 years who were able to provide informed consent and
who presented to the ED or were hospitalized within this period
were eligible for enrollment.

After providing consent, patients were examined independently by two
investigators working within a 5-min interval. Investigators were
physicians (medical specialists or residents), nurses, and medical
students in their clinical rotations. Investigators were instructed on
(and worked according to) standard operating procedures, which
described the order of the tests. Investigators measured CRT at two
sites twice: the sternum (CRTs) and the distal phalanx of the finger
(CRTp). The first measurement occurred after application of
pressure for 5 s (CRTss and CRTps, respectively), and the second
after application of pressure for 15 s (CRTs;5 and CRTp;s). CRTp
was measured by applying sufficient pressure at the distal phalanx of
the finger with the hand held at heart level to cause blanching of the
skin, and CRT was defined as the time necessary for the skin to
regain its color! CRTs were measured by applying sufficient
pressure to achieve blanching of the skin of the sternum, and again
CRT was defined as the time necessary for the skin to regain its
color. Investigators were advised to determine CRT by counting, and
no timing devices were advised, mimicking daily practice. CRT was
measured in seconds, and the results were rounded off to the nearest
half-second. This resolution allowed categorization of the outcome
by using upper values of normal as suggested in other studies";
this method was previously used by Anderson et al.'”

Investigators subjectively assessed the peripheral temperature by
placing the back of the hand on the patients’ hand (cold vs not
cold). Investigators provided their subjective conclusion of the
patient’s hemodynamic status (adequate vs inadequate) using all
available clinical information. Investigators also provided their
subjective conclusion of the observed CRT (normal vs prolonged),
without predefining normality. The subjective conclusion was chosen
to resemble daily practice, as clinicians often present measured CRT
with a dichotomous outcome. Pulse rate, blood pressure, respiratory

rate, temperature, and oxygen saturation were measured by using
local standard procedures. All data were entered into local databases,
which were subsequently combined at the EMCR. All patients with
CRT measured by two investigators were included in the final analysis.

Mean arterial pressure (MAP) was calculated and dichotomized
(< 65 mm Hg vs = 65 mm Hg). MAP < 65 mm Hg was
considered inadequate.”” Pulse rate was categorized into one of the
following three groups: < 60 beats/min, 60 to 100 beats/min, and
> 100 beats/min. CRT was categorized by using definitions found in
the literature. CRTss and CRTps were categorized using the upper
limits of normal (2.0 s) as defined by Champion et al® and the age
and sex adjusted upper values of normal (male subjects, aged < 62
years: CRTss and CRTps 2.0 s; female subjects, aged < 62 years:
CRTss and CRTps 3.0 s; male and female subjects aged = 62 years:
CRTss and CRTps 4.0 s) as defined by Schriger and Baraff." For
CRTs;5 and CRTp;s, an upper limit of normal of 4.0 s was used.’

Study Size

The study size could not be predicted due to the FMR design. In
principle, a successful FMR should include a large sample size for
reliable conclusions.

Statistical Methods

Data were summarized in terms of mean, median, 95% CIs, and SD
when appropriate. Categorical data were analyzed by using ¥ tests.
The means of two groups were compared by using the Student ¢ test
(normal distribution) or the Mann-Whitney U test (nonnormal
distribution); the means of three groups were compared by using the
Kruskal-Wallis test. Differences between continuous data with
nonnormal distribution were analyzed by using Wilcoxon signed-
rank sum tests. Interobserver agreement was analyzed for discrete
values of CRT by using the intraclass correlation coefficient. In
addition, interobserver agreement was analyzed for categorical values
of CRT by using K statistics. The variation of CRT with age and sex
was analyzed with the use of linear regression. Missing data were
considered missing at random and were therefore ignored. A
difference of 0.5 s between CRTs and CRTp was considered
clinically relevant.'”"”

A P value < .05 was considered statistically significant. Statistical
analyses were performed by using SPSS version 21.0 (IBM SPSS
Statistics, IBM Corporation).

Results
Participating Hospitals

A total of 38 hospitals, located all over the Netherlands,
participated in the study (representing 45% of the total
number of 85 Dutch hospital organizations); this total
included all eight university hospitals, 29 teaching hospitals
(56% of nonacademic teaching hospitals), and one
nonteaching hospital. Mean inclusion was 46 patients per
hospital (median, 39; range, 3-130). Of the participating
hospitals, almost 40% provided data within 24 h and
76% within 1 week. All data were available within 19 days.

Participating Investigators

A total of 458 investigators participated in the study
(33 medical specialists, 246 residents, 122 medical students,
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and 57 nurses). The mean number of enrollments was seven
patients per investigator (range, 1-65). Most enrollments
were done by residents (n = 1,916; mean, 8), followed by
medical students (n = 1,096; mean, 9), medical specialists
(n = 288; mean, 9), and nurses (n = 168; mean, 3).

Patient Characteristics

A total of 1,734 patients (3,468 examinations) were
included in the study, with a slight preponderance of male
subjects (51.6%; n = 894). Patients overall had a mean
age of 65 years. The majority (78.1%) were inpatients.
Patient characteristics are presented in Table 1.

Capillary Refill Time

The mean peripheral CRT was 2.3 s (CRTps, SD 1.1)
and 2.4 s (CRTp;s, SD 1.3) and mean sternal CRT was

[ 15145 CHEST MAY 2017 |



TABLE 1 | Patient Characteristics

Characteristic Male (n = 894 [51.6%]) Female (n = 840 [48.4%]) Total (N = 1,734)
Age,®y (n = 1,734) 65 + 16 65 + 18 65+ 17
Systolic blood pressure,® mm Hg (n = 1,728) 131 + 21 133 +£ 23 132 + 22
Diastolic blood pressure,” mm Hg (n = 1,728) 75 + 12 72 +£13 173 + 13
Mean arterial pressure® (n = 1,728) 93 + 14 92 + 14 93 + 14
Pulse,© frequency/min (n = 1,731) 79 + 16 81 + 16 80 + 16
Oxygen saturation in percentage® (n = 1,628) 96 + 3 96 + 3 96 + 3
Respiratory rate,® breaths/min (n = 1,598) 17 £ 4 16 + 4 17 £ 4
Temperature,® °C (n = 1,723) 36.8+ 0.7 36.9 4+ 0.7 36.9+ 0.7

Data are expressed as mean + SD.
Not significant.

PP < .001.

°p = .008.

2.6 s (CRTss, SD 1.1) and 2.7 s (CRTs;5, SD 1.1).
CRTps was shorter in women (2.2 s, SD 1.0) than in
men (2.4 s, SD 1.2; P = .006) and increased with age
(0.16 s per 10 years; P < .001) (Fig 1). On average,
CRTps was 0.3 s shorter than CRTss (P < .001), and
CRTp,;5 was 0.3 s shorter than CRTs;5 (P < .001). CRT
correlated positively with MAP, subjective peripheral
temperature, and subjective assessment of the
hemodynamic status. There was no correlation with
pulse rate (Table 2).

—— CRTP5
3.0 --- CRTS5
CRT P15
CRT S15
2.8
- 2.5
o
(8]
c
@
[}
=
2.3
2.0
1.8 4

T T T T T T T
<30 30<40 40<50 50<60 60<70 70<80 80+
Age Categories

Figure 1 — Mean CRT in seconds for different age categories in years.
CRT = capillary refill time; P5 = peripheral measurement after appli-
cation of pressure for 5 s; P15 = peripheral measurement after appli-
cation of pressure for seconds; S5 = sternal measurement after
application of pressure for 5 s; S15 = sternal measurement after
application of pressure for 15 s.

journal.publications.chestnet.org

The mean difference between measurements of the

first and second investigator was 0.1 s (CRTps, 0.1 s [95%
CL 0.0-0.1]; CRTp;s, 0.1 [95% CI, 0.0-0.1]; CRTss, 0.1
[95% CI, 0.0-0.1]; and CRTs;5, 0.1 [95% CI, 0.0-0.1]). The
median difference was 0 s in all groups. Interobserver
agreement, assessed by calculating the intraclass
correlation coefficient between the CRTp measurements
of both investigators, was 0.52 for CRTp5 (95% CI, 0.49-
0.56) and 0.54 for CRTp;5 (95% CI, 0.50-0.57) (P < .001),
and interobserver agreement on measurements of CRTs
was 0.43 for CRTss (95% CI, 0.39-0.47) and 0.46 for
CRTs;5 (95% CI, 0.42-0.49) (P < .001) (Table 3).

The agreement between the two investigators on
whether the subjective CRT was normal or prolonged
was assessed by using K statistics. Application of pressure
for 5 s yielded a K value of 0.40 for CRTp (95% CI, 0.36-
0.45) and 0.30 for CRTs (95% CI, 0.26-0.35) (both fair
agreement)”” when using 2 s as the upper value of
normal, and a K value of 0.20 for CRTp (95% CI, 0.12-
0.29) and 0.13 for CRTs (95% CI, 0.04-0.22) (both slight
agreement)”’ when using upper limits of normal based
on age and sex. Using 4 s as the upper value of normal
after application of 15 s of pressure yielded a Kk value of
0.32 for CRTp measurements (95% CI, 0.24-0.41) and
0.23 for CRTs measurements (95% CI, 0.15-0.31) (both
fair agreement). Agreement between two investigators
on the subjective conclusion of whether the CRT was
normal or prolonged yielded a k value of 0.44 (95% CI,
0.37-0.51) (moderate agreement) (Table 1)

Discussion

To our knowledge, our nationwide, single-day, nine-to-
five, multicenter, cross-sectional observational study is
the first to analyze the interobserver agreement of four
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TABLE 2 | Mean Capillary Refill Times

Parameter CRTps 95% CI CRTpss 95% CI CRTss 95% CI CRTs;5 95% CI
Total 2.3 2.2-2.3 2.4 2.4-2.5 2.6 2.5-2.6 2.7 2.7-2.8
Subjective peripheral temperature
Cold 3.2 3.0-3.4 3.3 3.1-3.6 2.9 2.5-2.6 3.0 2.9-3.2
Warm 2.1 2.1-2.2 2.3 2.2-2.3 2.5 2.8-3.1 2.6 2.6-2.7
P < .001 < .001 < .001 < .001
Subjective hemodynamic status
Inadequate 3.2 2.8-3.5 3.6 3.1-4.2 3.2 2.9-3.5 3.5 3.2-3.8
Adequate 2.2 2.2-2.3 2.4 2.3-2.4 2.6 2.5-2.6 2.7 2.6-2.7
[Z= < .001 < .001 < .001 < .001
Mean arterial pressure, mm Hg
< 65 3.0 2.6-3.5 3.3 2.7-3.9 3.4 2.7-4.1 3.6 3.0-4.2
= 65 2.3 2.2-2.3 2.4 2.3-2.5 2.6 2.5-2.6 2.7 2.6-2.7
P .001 < .001 .01 .002
Pulse rate per minute
<60 2.3 2.1-2.5 2.6 2.3-2.9 2.6 2.5-2.9 2.8 2.5-3.0
60-100 2.3 2.2-2.3 2.4 2.3-2.5 2.6 2.5-2.6 2.7 2.6-2.8
> 100 2.2 2.0-2.4 2.4 2.2-2.6 2.6 2.4-2.7 2.7 2.5-2.9
P° 407 .397 .800 .862
Subjective conclusion of the CRT
Prolonged 3.5 3.3-3.7 3.9 3.6-4.1 3.6 3.4-3.7 3.8 3.6-4.0
Normal 2.1 2.1-2.1 2.2 2.2-2.3 2.5 2.4-2.5 2.6 2.5-2.6
P < .001 < .001 < .001 <.001
Temperature, °C
< 36 2.6 2.4-2.9 2.8 2.6-3.1 2.6 2.4-2.8 2.8 2.5-3.0
36-38 2.3 2.2-2.3 2.4 2.3-2.5 2.6 2.5-2.6 2.7 2.6-2.8
> 38 2.2 1.9-2.5 2.5 2.1-2.8 2.5 2.3-2.8 2.7 2.4-3.0
PP .003 .002 .907 .870

95% CI = 95% CI of the mean (lower bound and upper bound); CRT = capillary refill time; CRTps = peripheral capillary refill time, application of pressure
5's; CRTpys = peripheral capillary refill time, application of pressure 15 s; CRTss = sternal capillary refill time, application of pressure 5 s; CRTs;5 = sternal
capillary refill time, application of pressure 15 s.

“Determined by using the Mann-Whitney U test.

®Difference between groups as determined by using the Kruskal-Wallis test.

frequently used methods to measure CRT. These similar conditions. CRT measurements had slight to
measurements were performed in a setting specifically moderate agreement at best using a dichotomous
designed to resemble daily practice at the ED and the outcome (normal vs prolonged) and moderate

ward, with two observers using identical methods under ~ correlation using a continuous outcome (seconds).

TABLE 3 ] Agreement Between Two Investigators Assessed by Using the Intraclass Correlation Coefficient

9
Variable Intraclass Correlation Coefficient (Lower angd5 Spger Bound) Interpretation
CRTps 0.52 0.49-0.56 Moderate correlation
CRTpis 0.54 0.50-0.57 Moderate correlation
CRTss 0.43 0.39-0.47 Low correlation
CRTs;5 0.46 0.42-0.49 Low correlation

All results, P < .001. See Table 2 legend for expansion of abbreviations.
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TABLE 4 | Agreement Between Two Investigators Assessed by Using k Statistics

95% CI

Variable K Statistic (Lower and Upper Bound) Interpretation
CRTps, upper range of normal 2 s 0.40 0.36-0.45 Fair agreement
CRTss, upper range of normal 2 s 0.30 0.26-0.35 Fair agreement
CRTps, upper range of normal based on age and sex 0.20 0.12-0.29 Slight agreement
CRTss, upper range of normal based on age and sex 0.13 0.04-0.22 Slight agreement
CRTp1s, upper range of normal of 4 s 0.32 0.24-0.41 Fair agreement
CRTs;5, upper range of normal of 4 s 0.23 0.15-0.31 Fair agreement
Subjective conclusion on CRT 0.44 0.37-0.51 Moderate agreement

All results, P < .001. See Table 2 legend for expansion of abbreviations.

To be of use in clinical practice, the interpretation of the
results of CRT measurements should be easily
reproducible. To date, there are only three studies in
adults that report on interobserver agreement of CRT
measurement at the distal phalanx after 5 s of
pressure.'”” These studies show moderate agreement at
best. In only one study was CRT measured without a
timing device.'” The other studies either showed a video
with CRT'® or used healthy volunteers in controlled
circumstances, and CRT was determined with a
chronometer or a video,'” which does not reflect the
worldwide use and interpretation of CRT in daily
practice.”

To our knowledge, our study is the first to assess the
optimal site and duration of pressure for CRT
measurement in adults. As expected, our study found a
correlation between the CRT measured at the distal
phalanx and sternum. CRT measured at the distal
phalanx was shorter than that measured at the sternum,
as was found in children,'’ and we concluded that the
phalanx and the sternum cannot be used
interchangeably. The interobserver agreement on CRT
was higher for the distal phalanx than for the sternum. A
prolonged application of pressure (15 s), as used solely
in the ICU, only resulted in a slightly higher
interobserver correlation. Application of pressure for 5 s
at the distal phalanx is easier to use, and most studies on
CRT in the ED and the ward use 5 s application of
pressure.”'” Therefore, based on these findings, we
recommend uniform use of CRT and propose that CRT
should only be measured at the distal phalanx with 5 s of
pressure.

However, why measure CRT? CRT was introduced by
Beecher in World War II to identify shock in battlefield
survivors; it is still used today to assess peripheral
circulation and in early detection of shock.”® Although
our study showed a correlation between CRT and a

journal.publications.chestnet.org

MAP < 65 mm Hg, we found no correlation between
CRT and an abnormal pulse rate, which is an early
indicator of shock. In the detection of shock in its early
stages, the additional value of CRT seems limited, which
is supported by previous research.'*'” However, some
studies show the predictive value of CRT on long- and
short-term mortality. In a retrospective study in
oncology patients, a prolonged CRT (= 2 s) was
predictive for both coronary care unit admission and
30-day mortality.” A prospective study in ED patients
found that a prolonged CRT as a continuous variable
was associated with an increased risk of mortality at

1 and 7 days.”

The present study also illustrated the power of FMR
study design and its potential as a methodologic tool for
clinical research. Compared with conventional studies,
FMR has multiple similarities. In preparation of the
study, FMR requires the same steps in designing and
setting up (eg, protocol development, ethical board
approval, instruction of collaborators). However, FMR
exhibited many additional advantages. It facilitated
inclusion of large numbers of patients from multiple
centers (and the resulting data) within a short period of
time. This inspiring and new research method,
combined with an appealing research question, led to
high participation of hospitals. The FMR approach also
encouraged all the members of the medical team to
participate in research. Most investigators in our study
and almost one-half of the ambassadors were residents,
who are often mainly focused on patient care and
otherwise not regular participants of research. FMR
engaged them in the process of research and exposed
them to its various aspects. All these advantages come
with limited time investment and low costs.

Our study has limitations. Given the cross-sectional
nature of this study, no follow-up data were collected.
Therefore, no associations with outcomes of disease,
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including mortality, were examined. Data collection was
performed by using standardized procedures after
provision of standardized instructions; however, given
the large number of centers and investigators, it is
inevitable that small differences exist in the collection of
data. Many of the collected variables are subjective and
therefore open to interpretation, and they can be
influenced by the clinical experience of the investigator.
The application of pressure could differ between
investigators, which could also affect CRT. In children,
light pressure resulted in shorter CRT,” but in adults this
effect has not been studied. We propagated counting,
instead of using timing devices, to a resolution of one-
half second, which could have led to lower agreement.
Because the mean difference between all measurements
was 0.1 s, the influence on our results was negligible
while enabling us to compare various upper limits of
normal. We believe that our study represents how CRT
is used as a bedside test in daily practice worldwide, with
all its shortcomings that hinder its users. In addition,

with 45% of the Dutch hospital organizations involved,
our results are generalizable.

Conclusions

Based on the results of our study, especially the low
interobserver agreement on a test that is difficult to
standardize, combined with the currently available
evidence, we concluded that the value of CRT in clinical
practice is limited, and its routine use should be
reconsidered. When CRT is used, it should be measured
at the distal phalanx after applying pressure for 5 s. The
practice of using the sternum for CRT measurement
should be discarded.

In addition, the FMR method proved to be an
inexpensive, quick, and reliable method to investigate
“simple” clinical questions. FMR was used to recruit
1,734 participants in 1 day, and the majority of the data
were ready for analysis within 24 h. We therefore believe
this study exemplifies the power of FMR.
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