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Abstract Purpose: To determine the intra- and interrater agreement of mean flow velocity
(MFV) and pulsatility index (PI) measurement in middle cerebral arteries, assessed by transcra-
nial Doppler (TCD) with M-mode.
Methods: Masked experienced neurosonologists performed TCD with M-mode using handheld
probe in healthy adult volunteers. The BlandeAltman method for concordance and intraclass
correlation coefficient were used.
Results: Seventy-seven healthy volunteers and seven raters participated (3 on regular TCD
shift and 4 off-shift). The intrarater absolute mean difference between measurements was
5.5 cm/s [95% confidence interval (CI), 4.7e6.3] for MVF and 0.073 (95% CI, 0.063e0.083)
for PI. The difference between MFV measurements was significantly higher in off-shift raters
(pZ 0.015). The interrater absolute mean difference between measurements was 6.5 cm/s
(95% CI, 5.5e7.5) for MVF and 0.065 (95% CI, 0.059e0.071) for PI. No influence was found
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for the middle cerebral artery side, volunteer’s sex, or age, and there was no significant dif-
ference between raters. The intraclass correlation coefficient was 82.2% (95% CI 77.8e85.6)
and 72.9% (95% CI 67.4e77.6) for MFV and PI, respectively.
Conclusions: There exists good intra- and interrater agreement in MFV and PI measurements
using M-mode TCD. These results support the use of this noninvasive tool and are important
for clinical and investigational purposes.
ª 2017, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

Transcranial Doppler ultrasound (TCD) is a noninvasive, safe,
and real-time method for assessing intracranial blood he-
modynamics. Since the first description of the technique by
Rune Aaslid in early 20th century, it has gained increasing
acceptance as an accurate diagnostic and therapeutic tool in
both cerebrovascular disease and neurocritical care [1e3].

TCD has similar diagnostic performance as computed
tomography angiography in detecting acute arterial ob-
structions in patients admitted with an acute ischemic
stroke, particularly in the anterior circulation arteries [4].
Pulsatility index (PI) is a representation of flow resistance of
the cerebral circulation and helps differentiate a velocity
reduction due to diminished cardiac output from increased
distal resistance in intracranial atherosclerotic disease [5].
Its use to monitor intracranial pressure remains controver-
sial [6e8]. Few studies have analyzed TCD agreement in
determination of cerebral blood flow velocities and have
focused mainly in cerebral vasoreactivity [9] or flow
detection in the ophthalmic artery [10]. Scarce information
is available about TCD reliability in middle cerebral artery
(MCA) mean flow velocity (MFV) measurements, between
and among different operators, even though it is the most
often used hemodynamic parameter in cerebrovascular
disease [11e13]. Moreover, these studies have not used
Power Motion mode (M-mode) and included a reduced
number of examiners and patients. Good agreement of TCD
has been described [12,13], with operator’s experience and
regular practice being key for good reliability [11,13].

In this study, we aimed to describe inter- and intrarater
agreement examining MCA MFV and PI by hand-held TCD
with M-mode in healthy volunteers from a single center.
Participants and methods

Study participants and raters

Staff neurosonologists at Clı́nica Alemana de Santiago,
Chile, with TCD training (defined as having received a formal
training in TCD ultrasonography) and experience (defined as
performing TCD on a regular basis during the year prior to
study commencement and/or having more than a 3-year
experience performing TCD [11]) were invited to participate
as raters in the study. They were classified as “on-shift” or
“off-shift” according to their regular participation in TCD
shifts during the year prior to study commencement,
involving weekly performance of TCD [11].
The examined group consisted of healthy volunteer-
sddefined as not having either a cerebrovascular disease or
any acute illnessdwho gave consent to participate.

Study variables

Masked repeated MFVs (cm/s) and PI (value provided by the
TCD machine) in the M1 segments of MCAs through both
temporal bones sonographic windows were obtained in all
volunteers. The automatic measurement given by the en-
velope tool was registered. If this was not possible, a
manual measurement was performed. Demographic char-
acteristics and arterial blood pressure (BP) of the examined
volunteers before every TCD were also registered.

Assessments

Each rater performed TCD examinations of both MCAs
through temporal sonographic windows. An independent
investigator was present during all assessments, to register
MFV and PI, depth of the measurement, date, time, and BP,
and to ensure MFV masking by placing a cover over the
results display screen in the TCD machine. This cover only
masked the right side of the curve screen, leaving M-mode
and deepness information available to the rater on the left.
The volume was turned on for the rater to listen. We
instructed the raters to record the best sonographic curve
displayed on the screen. All assessments were performed
with Spencer Technologies TCD (Redmond, WA, USA) with
Power M-Mode 150. Measurements were performed with a
sample of 6e9 mm, a 100-Hz filter, 100 mW/cm2 power, and
a 2-MHz handheld probe. TCD recordings started at 55 mm
of depth. Once detected, the MCA was followed to the
proximal M1 segment with slight changes in angulation of
the probe, until the inverse and weaker Doppler signal was
detected, corresponding to anterior cerebral artery (60 to
65 mm). The MCA was also followed distally to 30e35 mm
depth. Once the optimal M1 MCA flow signal was detected
(optimal at 55 mm deepness, but 50e60 mm range was
allowed), the image was captured. We assumed absence of
temporal acoustic window when the neurosonologist was
not able to detect the flow signal in MCA after a period of 5
minutes (Figure 1).

Volunteers were in a supine (lying flat) position
throughout the examination, and had three sets of MFV and
PI measurements bilaterally by two raters. The first rater
assessed both MCAs. The independent investigator regis-
tered the results, cleaned the Doppler gel, and opened a
new registry in the Doppler machine. The first rater then
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Figure 1 Transcranial Doppler curve and M-mode.
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went out of the room, and the second rater came in to
perform a second bilateral MCA assessment. The same
registry was performed. Once the second rater was
finished, the first rater came back to repeat the measure-
ments, within a 20-minute time frame.
Statistical analysis

Agreement of repeated measurements for MFV and PI was
performed by calculating the interrater intraclass correla-
tion coefficient (ICC). ICC was calculated with a two-way
mixed model, and absolute agreement was used. The
BlandeAltman method for concordance was performed,
and plots were obtained, showing limits of agreement (LoA)
[14].

Multivariate regression was used to determine the as-
sociation between individual raters, volunteer’s de-
mographic information, and difference between systolic
and diastolic BP with measurements of MFV and PI. Analysis
of variance or t test was used to compare continuous by
categorical variables. A two-sided p value <0.05 was set as
the level for statistical significance. The analysis was per-
formed with STATA (StataCorp. 2013, Stata Statistical
Software: Release 13; StataCorp LP, College Station, TX,
USA).
Ethics

The institutional Ethics Committee approved the study
protocol. Written informed consent was obtained from the
participants.
Results

Seventy-seven healthy volunteers were included in this
study. Their mean age was 35 years [standard deviation
(SD), 11.7], and 66% were women. Seven experienced raters
participateddthree on-shift and four off-shift. Measure-
ments were performed at a mean depth of 54.9 mm (SD
0.48). Interrater and intrarater mean time between as-
sessments was 9 (SD 5.9) and 17 minutes (SD 10.8),
respectively. The absolute mean difference between sys-
tolic BP prior to TCD was 6.6 mmHg (SD 8.5) for interrater
measurements and 7.3 mmHg (SD 6.6) for intrarater mea-
surement, and the absolute mean difference between
diastolic BP prior to TCD was 4.8 mmHg (SD 4.3) and
5.3 mmHg (SD 5.0), respectively. There was consensus be-
tween raters in bilateral presence of transtemporal
acoustic windows in 74 volunteers and in its absence in one
case. In two cases, one of the raters did not find the left
acoustic transtemporal bone window but the other did.
Intrarater agreement

MFV intrarater absolute mean difference between mea-
surements was 5.5 cm/s (95% CI, 4.7e6.3), whereas PI ab-
solute mean difference was 0.073 (95% CI, 0.063e0.083).
The mean difference between measurements and 95% LoA
are shown in Table 1.

BlandeAltman plots are depicted in Figure 2, showing no
systematic bias in measurements.

The mean difference in ratios was 1.0 (SD 0.14) and 95%
LoA in ratios were 0.73e1.26 for MFV. The mean difference
in ratios was 1.0 (SD 0.12) and 95% LoA in ratios were
0.78e1.27 for PI. No influence of the MCA side, volunteer
sex, or age was found. There was no significant difference



Table 1 Intra- and interrater mean difference between measurements and 95% limits of agreement (LoA).

Variable Mean difference
(SD)

95% LoA Absolute Mean
difference (SD)

95% CI ICC (95% CI)

Intrarater MFVa �0.9 (7.5) �15.5 to 13.8 5.5 (5.3) 4.7e6.3
PI 0.016 (0.095) �0.171 to 0.203 0.073 (0.064) 0.063e0.083

Interrater MFVa 2.0 (9.0) �15.6 to 19.6 6.5 (6.53) 5.5e7.5 82.2% (77.8e85.6)
PI �0.005 (0.088) �0.178 to 0.168 0.065 (0.059) 0.059e0.071 72.9% (67.4e77.6)

CIZ confidence interval; ICCZ intraclass correlation coefficient; MVFZmean flow velocity; PIZ pulsatility index; SDZ standard
deviation.

a MVF is expressed in cm/s.

Figure 2 Intrarater agreement. (A) BlandeAltman plot of MFV
difference between measurements versus average of paired
measurements (cm/s). (B) BlandeAltman plot of PI difference
between measurements versus average of paired measure-
ments. MFVZmean flow velocity; PIZ pulsatility index.

TCD Measurement Agreement 79
between raters; however, the intrarater difference be-
tween MFV measurements was significantly higher in off-
shift raters (pZ 0.015). Conversely, no difference in PI
measurement between on- and off-shift groups was
detected. Table 2 shows mean measurements by on- and
off-shift groups.

Interrater agreement

The MFV interrater absolute mean difference between
measurements was 6.5 cm/s (95% CI, 5.5e7.5), with a PI
absolute mean difference between measurements of 0.065
(95% CI, 0.059e0.071). Measurements mean difference and
95% LoA are shown in Table 1. No systematic bias in mea-
surements was detected in BlandeAltman plots (Figure 3).

The mean difference in ratios was 1.1 (SD 0.19) and the
95% LoA in ratios were 0.67e1.43 for MFV. The mean dif-
ference in ratios was 1.0 (SD 0.11) and the 95% LoA in ratios
were 0.78e1.22 for PI. No influence of the MCA side,
volunteer sex, or age was found. There was no significant
difference between raters. Contrary to the different
intrarater agreement, no significant differences were found
in mean differences in MFV and PI measurements between
the on- and off-shift raters (Table 3). The ICC was 82.2%
(95% CI, 77.8e85.6) for MFV and 72.9% (95% CI, 67.4e77.6)
for PI (Table 1).

Discussion

In this experienced group of neurosonologists, we found
good agreement between measurements of MFV and PI
when healthy volunteers were assessed using hand-held
TCD with M-mode. Intrarater agreement was better within
on-shift raters compared to off-shift raters; however, there
was no influence in interrater agreement when the data
were stratified by on- or off-shift. The absolute mean dif-
ferences found are small and unlikely to be clinically
relevant.

This cohort showed higher intra- and interrater agree-
ment compared with previous series. McMahon et al [11]
reported intra- and interrater agreement using a DWL
pulsed Doppler ultrasound device with 2-MHz probe and
similar technique. The intrarater mean difference between
MFV measurements in experienced users, one research
fellow, and one research nurse, was e1.6 (95% LoA� 19.3)
cm/s, compared to e0.9 (95% LoA� 14.7) in our center. The
interrater mean difference in MFV between experienced



Table 2 Intrarater mean difference and 95% limits of agreement (LoA), by raters on- and off-shift.

Variable Mean difference
(SD)

Absolute mean
difference (SD)

p Mean
difference

95% CI

MFVa On-shift �0.9 (6.4) 4.9 (4.2) 0.015 1.13 0.55e5.03
Off-shift 1.9 (8.2) 5.9 (5.9)

PI On-shift �0.005 (0.092) 0.066 (0.064) NS
Off-shift �0.025 (0.097) 0.077 (0.064)

CIZ confidence interval; MVFZmean flow velocity; PIZ pulsatility index; SDZ standard deviation.
a MVF is expressed in cm/s.
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users was 1.8 (95% LoA� 22.1) cm/s, compared to 2.0 (95%
LoA� 17.6) in our study. Regarding TCD device and tech-
nique, use of a TCD with M-mode might have influenced
positively the agreement results as M-mode improves the
detection of acoustic window and assessment, allowing for
a more reliable measurement [15,16].
Figure 3 Interrater agreement. (A) BlandeAltman plot of
MFV difference between measurements versus average of
paired measurements (cm/s). (B) BlandeAltman plot of PI
difference between measurements versus average of paired
measurements. MFVZmean flow velocity; PIZ pulsatility
index.
Another technology, color-coded duplex ultrasound, has
been associated with considerable higher inter- and intra-
rater variability, especially in subarachnoid hemorrhage
(SAH) patients. Staalso et al [17] reported MFV measure-
ment LoA in ratios performed by experienced users; when
the healthy control group was examined, the intrarater LoA
in ratios were 0.67e1.50, compared to 0.73e1.26 in our
center, and the interrater LoA in ratios were 0.65e1.55,
compared to 0.67e1.43 in our cohort. Staalso et al [17] also
reported larger LoA values in ratios when patients with
angiographic vasospasm were assessed.

There are three sources of interrater concordance vari-
ance: participants (healthy volunteers), trials (raters), and
residuals. Up to one-third of the variance has been
described to correspond to intraobserver variance, and
most depend on the examined participants [17]. Moment-
to-moment variation of cerebral blood flow velocity has
been detected with continuous TCD [18]. To account for
this variance, we reduced the time between measurements
and asked participants to maintain the same resting posi-
tion during the sessions to avoid changes in physiological
parameters. This translated to a negligible BP difference
between assessments.

A lower ICC for PI compared to MFV was detected, and
several possible explanations can account for this. A large
number of factors affect the PI, including arterial pressure,
vascular compliance, and PaCO2. In this study, it is unlikely
that these factors have influenced the PI values, because
the measurements were performed within a short time
difference and the conditions were not modified. Weakness
of the signal in peak systolic and diastolic velocities and any
artifact may influence the PI value, particularly when the
automatic measurement is used (envelope). This effect is
less evident in MFV measurements, as its measure considers
the whole area under the curve of flow velocity. Another
possible explanation is that the range of normal values in
the PI is narrower than that of the MFV; therefore, small
differences (i.e., �0.1) have more impact in PI that in MFV.

To our knowledge, this marks the first time that hand-
held TCD measurement agreement has been described in a
large selection of raters and using TCD with M-mode.
Moreover, we could not find any previous reports on PI
interrater agreement measured with TCD in adult patients
with which to compare our results. The other strength of
this prospective study is that raters were masked to their
own and other raters’ results, and there were only short
delays between examinations. A limitation of the study was
the inclusion of healthy young volunteers instead of pa-
tients with acute ischemic stroke (AIS). Nevertheless, the



Table 3 Interrater mean difference in measurements and 95% limits of agreement (LoA), by raters on- and off-shift.

Variable Mean difference
(SD)

95% LoA Absolute mean
difference (SD)

95% CI

OneOn MFVa 0.18 (12.3) �11.8 to 36.5 7.8 (9.5) 5.1e10.5
PI �0.008 (0.081) �0.078 to 0.239 0.050 (0.063) 0.032e0.070

OneOff MFVa �0.2 (8.7) �8.4 to 25.8 6.4 (5.9) 5.5e7.3
PI �0.002 (0.082) �0.079 to 0.244 0.062 (0.054) 0.054e0.070

OffeOff MFVa 1.6 (8.2) �7.9 to 24.3 6.0 (8.2) 4.3e7.7
PI �0.020 (0.094) �0.090 to 0.279 0.075 (0.056) 0.065e0.085

Group oneon: both raters on-shift.
Group oneoff: one rater on-shift and the other off-shift.
Group offeoff: both raters off-shift.
CIZ confidence interval; MVFZmean flow velocity; PIZ pulsatility index; SDZ standard deviation,

a MVF is expressed in cm/s.
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assessment of healthy individuals is similar to the AIS clin-
ical scenario than in previous reports that have used other
clinical scenarios, such as SAH patients. In AIS patients, TCD
is not aimed at recognizing high ranges of MFV, as is the
case for SAH. Therefore, in SAH patients, a wider mea-
surement error occurs as compared with volunteers, prob-
ably related to moment-to-moment variability in patients
with vasospasm, treatment effects, and difficulty of
recognition of short constricted segments [17].

In conclusion, we found good intra- and interrater reli-
ability of MFV and PI measurements using hand-held TCD
with M-mode, performed in healthy volunteers by experi-
enced neurosonologists. These results support the use this
noninvasive tool for clinical and investigational purposes.
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