Joffe et al. Critical Care (2016) 20:177
DOI 10.1186/513054-016-1354-x

Critical Care

RESEARCH Open Access

The accuracy of blood pressure measured ®

CrossMark

by arterial line and non-invasive cuff in

critically ill children

Rachel Joffe', Jonathan Duff’, Gonzalo Garcia Guerra’, Jodie Pugh? and Ari R. Joffe?*"

Abstract

blood pressure.

Background: The accuracy of arterial lines (AL) using the flush test or stopcock test has not been described in
children, nor has the difference between invasive arterial blood pressure (IABP) versus non-invasive cuff (NIBP)

Methods: After ethics approval and consent, we performed the flush test and stopcock test on AL (to determine
over damping, under damping, and optimal damping), and determined the difference (NIBP-IABP) in systolic,
diastolic, and mean blood pressure (ASBP, ADBP, and AMAP). The primary outcome was incidence (95 % Cl) of
optimally damped AL. Predictors of ABP (effect size (95 % Cl)) were determined using multiple linear regression.

Results: There were 147 AL tests in 100 enrolled patients with mean age 44.7 (SD 56) months, weight 16.8 (SD 18.
3) kg, male 59 %, postoperative-cardiovascular 52 %, peripheral-AL 78 %, inotropes 29 %, vasodilators 15 %, and
ventilated 73 %. The flush test performed in 66 patients (45 %) showed optimal damping in 30 (46 %; 95 % Cl 34,
57 %), over damping in 25 (38 %) and under damping in 11 patients (17 %). The stopcock test was over-damped in
128/146 patients (88 %), with the same damping as the flush test in 24/64 (38 %). In optimally damped (flush test)
AL, ASBP, ADBP, and AMAP were 0.8 (SD 12.2), =5.2 (SD 8.7), and —4.9 (7.6) respectively. A second set of AL tests was
done 2 h later on the same day in 62 patients; AL damping often changed (10/28 flush tests) and ABPs correlated poorly
(r=0.31-055). Predictors (effect size) of ADBP were vasodilator infusion (15.6 (29 to 28.3);, p = 0.016) and optimal damping
(=72 (=122 t0 2.2); p=0.005); and of AMAP were vasodilator infusion (10.0 (0.3 to 204); p = 0.057) and optimal damping

(—4.0 (-8 to 0.1); p = 0.058). There were no independent predictors of damping category (n =66 flush tests).

Conclusions: Optimally damped AL occur in half of critically ill children, and this is not predictable. There is much
variability in ABP between NIBP and the gold standard IABP, and this varies even in the same patient on the same day,
and is not easily predictable. In critically ill children, NIBP may not be accurate enough to guide management, and more
attention to ensuring the AL is optimally damped is needed.
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Background

Blood pressure is a crucial vital sign in critically ill chil-
dren. Accurate measurement of blood pressure is assumed
in the diagnosis of hypovolemic, cardiogenic, vasodilatory,
and obstructive shock, and of hypertension from any
cause. Accurate measurement of blood pressure is also
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assumed in the (often urgent) management of any of these
conditions with volume, vasoactive medication infusions,
and even extracorporeal support. Even triage and resource
allocation decisions, such as whether to transport and
admit to the pediatric intensive care unit (PICU), are often
based on the assumption of accurate blood pressure meas-
urement. Nevertheless, there is no study we are aware of
that determines the accuracy of blood pressure measure-
ment in children in the PICU, whether invasive arterial
blood pressure (IABP) is measured using an invasive
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arterial line (AL), or whether non-invasive cuff blood pres-
sure (NIBP) is measured.

Accurate IABP measurement requires an optimally
damped measurement system, and if the pressure is over
or under damped the measured IABP is theoretically
underestimated or overestimated, respectively [1, 2]. De-
termination of the damping condition of the AL can be
done using a flush test, whereby a small volume of fluid
is rapidly infused into the system, and the subsequent
‘ringing’ of the waveforms is recorded and used to calcu-
late the natural frequency (how rapidly the system oscil-
lates after a stimulus) and amplitude ratio (or damping
coefficient; how quickly the system comes to rest due to
frictional forces after a stimulus) [1, 2]. This test was
first described in 1981, and has since been used in stud-
ies in adults in intensive care, and is suggested in stand-
ard anesthesia texts [1-4]. This test can easily be done
when AL are set up with an Intraflo continuous flush
element. Alternatively, it has been suggested that closing
the stopcock to the continuously infusing AL for several
seconds followed by quickly opening the stopcock will
result in a similar rapid flush to the system [1]. To our
knowledge, the usefulness of this stopcock test has never
been reported.

In this study we aimed to determine the accuracy of
AL measurement of IABP using the flush test and
stopcock test. In addition, we aimed to determine the
difference between IABP and NIBP in critically ill
children, particularly when the AL is known to be accurate
(optimally damped).

Methods

Ethics statement

This study was approved by the Health Research Ethics
Board of the University of Alberta. Although NIBP is
routinely measured in the PICU, the ethics committee
required signed informed consent from legal guardians
prior to inclusion in the study because it was decided
that the extra NIBP measurement may be of discomfort
to the patients.

Study procedures

All patients in PICU at Stollery Children’s Hospital, and
who had an AL, were eligible for the study from late
June to mid October 2015. Exclusion criteria were:
extracorporeal life support; abnormal aortic arch, includ-
ing after subclavian flap repair of coarctation; known
non-functioning AL (e.g., losing waveform and no longer
thought to be accurate, or unable to withdraw blood-
work); ongoing patient agitation; AL in an umbilical site;
or lack of signed consent. A case report form and study
instruction manual were created prior to patient recruit-
ment, with standard definitions, calculation instructions,
and procedure instructions (Additional files 1 and 2).
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Demographic (age, sex, diagnostic category), severity of
illness (inotrope infusion score, vasodilator infusion in
use, ventilation in use), potentially confounding factors
for NIBP (obesity defined as over the 90™ percentile
weight for age; severe edema in the limb used for NIBP;
chronic hypertension; and obstructive airway disease),
and site of the AL (peripheral or femoral) variables were
recorded.

A flush test was done for children weighing >10 kg
and the AL waveform printed for later calculation of
natural frequency and amplitude ratio, and (using a pub-
lished graph) determination of optimal, under, or over
damping of the AL (see Additional file 3 for arterial line
setup, and flush test demonstrations) [1, 2]. A stopcock
test was then done and the AL waveform printed for
later calculations. The flush test could only be done on
patients >10 kg in weight because in our PICU the Intra-
flo continuous flush element is not used on smaller pa-
tients. Following the flush and stopcock tests, the NIBP
was measured in a different limb to the one with the AL.
The NIBP and IABP were recorded at the same time
(i.e., the IAPB at the end of deflation of the cuff), includ-
ing systolic (SBP), diastolic (DBP), and mean (MAP)
pressures. If the difference in SBP was >10 mmHg, the
NIBP and IABP were repeated, and the closest (in SBP)
of the two measurements was recorded in the case
report form. These procedures were done on the day
(d) of the AL as follows: d1-3, d4—6, and d7-10 as
appropriate; on d1-3 a second set of procedures was
done 2-3 hours later on the same day if this occurred dur-
ing working hours.

Study materials

The arterial line was set up as follows. The intra-arterial
catheter (24 G (5/8 in), 22 G (1 in), or 20 G (1-1/4 in))
was connected to a straight connector (ICU Medical
Smallbore Extension Set with MicroClave® clear; 7 in,
0.24 ml; San Clemente, CA, USA), a stopcock (Hi-Flo™
Smiths Medical, Brisbane, Australia), and high pressure
tubing with disposable transducer (Edwards Lifesciences
TruWave™ 3 cc/72 in (180 cm) pressure monitoring set).
The transducer was connected by the invasive pressure
cable into the blood pressure module of the Phillips
IntelliVue MP70 bedside monitor. In patients weighing
at least 10 kg, the transducer set was connected to the
300 mmHg pressure bag to run at 3 ml/h. In patients
under 10 kg, the transducer set was connected to the
Alaris pump (Attach SmartSite® Burette Set, CareFusion,
San Diego, CA, USA) to run at 1.5 ml/h. The pressure
monitoring set has an Intraflo continuous flush element
pigtail that can be pulled to allow rapid flush of the sys-
tem, and this is functional when not on the Alaris pump.
The NIBP was done using Phillips EasyCare cuffs of ap-
propriate size, and connected with the NIBP pressure
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cable into the blood pressure module of the Phillips
IntelliVue monitor.

Statistics

The primary outcome was the proportion of AL that
were non-optimally damped on the flush test, with ad-
justed Wald 95 % confidence intervals (CI). Assuming a
similar prevalence of non-optimally damped AL as de-
scribed recently in adults in intensive care (31 %), we es-
timated that a sample of 80 children will allow a
reasonable 95 % CI of +/- 10 % [3]. Secondary outcomes
planned were: difference between NIBP and IABP (ASBP,
ADBP, and AMAP) according to the damping category
of the AL, described as mean (SD) and median (IQR)
difference, and with Bland-Altman plots [5]; comparison
of the flush test and stopcock test, described as the pro-
portion of tests having the same damping result; predic-
tors of optimally damped AL using multiple logistic
regression models; and predictors of the NIBP-IABP dif-
ference using multiple linear regression models. Pre-
specified variables entered in the regression models
were: gender, weight, inotrope in use, vasodilator in use,
ventilation in use, peripheral site of the AL, day category
of AL (d1-3, d4-6, or d7-10), diagnostic category of the
patient (postoperative cardiovascular vs other), and opti-
mally damped AL (for predicting NIBP-IABP). Finally,
correlation between the first and second set of proce-
dures on the same day (for the d1-3 category AL) was
determined for ASBP, ADBP, and AMAP, and the differ-
ence between these variables on the two tests described.
Sensitivity analyses were done using results from only
the first testing of the AL that were in the d1-3
category.

Results

Description of the cohort

The inclusion/exclusion patient flow is shown in Fig. 1.
The 147 patients having the AL tested had mean age of
44.7 (SD 56) months, median 13.5 (IQR 4-78) months
and mean weight of 16.8 (SD 18.3) kg, median 8.6 (IQR
4.8-23.4) kg, and 86 patients (59 %) were male. Diagnostic
categories included postoperative cardiovascular surgery
(n=76 (52 %)); non-operative cardiovascular (n=10
(7 %)); postoperative general surgery (n=16 (11 %)); and
medical (n=45 (30 %)). The AL were peripheral in 114
patients (78 %: radial in 87, ulnar in 12, brachial in 8, and
dorsalis pedis in 7 patients) or femoral in 33 patients
(22 %). The peripheral AL were size 24 G in 12 (13 %),
22 G in 66 (73 %), and 20 G in 12 (3 %) patients. Interven-
tions included inotropes in use in 43 (29 %) (inotrope
score 6.6 (SD 3.6), range 2-18.5), vasodilator in use in
22 (15 %), and ventilation in use in 107 patients (73 %)
(invasive ventilation 78, non-invasive ventilation 25,
and high-flow nasal cannula in 4 patients). There were
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293 patients screened

Excluded (n=135):

No arterial line: 114

Arterial line not working: 1
Umbilical arterial line: 2
Extracorporeal life support: 12
Aortic arch repair: 5

Too agitated: 1

v

158 eligible patients

L

v

No consent obtained (n=58):
Missed: 5

No guardian available: 15
Refused consent: 38

100 enrolled patients

v

147 arterial lines tested:
Day 1-3 category: 83 (57%)
Day 4-6 category: 42 (29%)
Day 7-10 category: 22 (15%)

Fig. 1 Study patient inclusion flow chart

few patients with potential confounders to NIBP: obes-
ity (n=13 (9 %)), severe arm edema (n=7 (5 %)),
chronic hypertension (n=6 (4 %)), and obstructive air-
way disease (n=5 (3 %)).

AL accuracy

For the primary outcome, AL was optimally damped in
30/66 flush tests (46 %; 95 % CI 34, 57 %), over damped
in 25 (38 %; 95 % CI 27, 50 %), and under damped in 11
(17 %; 95 % CI 9, 28 %); thus, the prevalence of non-
optimally damped AL was 36 (55 %; 95 % CI 43, 66 %).
The proportions in each damping category were virtually
identical in d1-3 AL and other day categories of AL (op-
timally damped in 45 % vs 46 %, over damped in 38 % vs
38 %, and under damped in 17 % vs 17 %). For the AL
that were tested for a second time on the same day, the
proportions were also similar on the second flush test
(n=29), being optimally damped in 13 (45 %), over
damped in 13 (45 %), and under damped in 3 patients
(10 %); however, the same damping result was obtained
in only 18/28 patients (64 %). When there was ‘ringing’
of the AL (n=41; 62 %) the natural frequency and amp-
litude ratio was calculated and was 22 (SD 5, median 25
(IQR 17-25)) and 0.5 (SD 0.2; median 0.5 (IQR 0.37-
0.62)). The stopcock test was done in 146 patients
(99 %), and demonstrated an optimally damped AL in 5
(3 %), over damped AL in 128 (88 %; always because of
absent ‘ringing’), and under damped AL in 12 patients
(8 %). When both were done, the stopcock test had the
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same result as the gold standard flush test in 24/64
(38 %). For the AL that were tested for a second time on
the same day, the proportions were also similar on the
second stopcock test (n=61), being optimally damped
in 2 (3 %), over damped in 56 (92 %; all with no ‘ring-
ing’), and under damped in 3 patients (5 %), and with
the same result as the second flush test in 13/29 (45 %).

Difference in NIBP-IABP

The ASBP, ADBP, and AMAP for each category of the
AL damping on the flush test was on average small, but
the SDs and IQRs were wide (Table 1, Fig. 2), and the
limits of agreement on Bland-Altman plots were also
wide (Fig. 3). Because the stopcock test was so often
over damped due to absent ‘ringing; and was usually dif-
ferent from the flush test, we did not consider determin-
ing the difference between NIBP and IABP by stopcock
damping category; rather we report the results for all
147 AL tested. Again, although the mean differences
were small, the SDs and IQRs were wide (Table 1, Fig. 4),
and the limits of agreement on Bland-Altman plots were
also wide (Additional file 4: Figure S1). The second set
of AL tests on d1-3 had similar results (Table 1). Although
the correlations between the same day paired (n=62)
ASBP (r=0.55, p<0.001), ADBP (r=0.32, p=0.01), and
AMAP (r=0.31, p = 0.013) were statistically significant, the
r values were low, and the difference between the paired
ASBP (0.4 (SD 12.5); median -0.5 (IQR -8.0, 8.3)), ADBP
(-2.3 (SD 10.1); median -2.5 (IQR -8.0, 3.0)), and AMAP
(-1.2 (SD 9.1); median -0.5 (IQR -7.3, 5.0)) were on
average small, but with wide SD and IQR (Additional
file 4: Figure S2).
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Predictors of damping category

On multiple logistic regression models, there were no
independent predictors of AL damping category on the
flush test (n=66). When the inotrope score was used
instead of inotrope in use, there were still no inde-
pendent predictors. Age was collinear with weight (r=
0.91); however, age was not a predictor on univariate
regression.

Predictors of NIBP-IABP

Independent predictors of ASBP, ADBP, and AMAP are
shown in Table 2, both for AL with the flush test (with
damping category entered as a variable), and for all AL
(damping category not entered as a variable). Having a
vasodilator in use resulted in the NIBP overestimating
DBP and MAP. The NIBP underestimated DBP and
MAP in patients with an optimally damped AL.

Sensitivity analyses

The results for the first test on the AL in the d1-3 cat-
egory were analyzed separately. For the 42 flush tests,
the AL was optimally damped in 19 (45 %), over damped
in 16 (38 %), and under damped in 7 patients (17 %).
The NIBP-IABP differences according to damping cat-
egory, and for all AL, are given in Table 1. There were
no independent predictors of AL damping category on
multiple logistic regression. Predictors of NIBP-IABP
difference for flush-tested AL, and for all AL, are given
in Table 2. The results of these analyses were similar to
analysis including all day categories of AL.

Table 1 The difference between non-invasive cuff and invasive arterial blood pressure measurements

Difference NIBP-IABP SBP

DBP MAP

For the 66 flush-tested arterial lines*

0.8 (12.2); 0.5 (-9, 85)

-1.5(11.2); -1 (=7,6)

—2.7 (12.5); =3 (=11, 6)

Optimal damping (n =30)
Over damping (n = 25)

Under damping (n=11)

For all the n= 148 arterial lines
Combined results -1.7 (116); =2 (-8, +5)
Combined results r=087

For the 42 flush tested arterial lines in the d1-3 category
—3.1(12.2); =4 (=12, 6)
=20 (12.7); =05 (=75, 55)
-29(13.8); -4 (-9, 1)

For all the 83 arterial lines in the d1-3 category

=15 (11.6); =20 (=8, 6)

r=0.83

Optimal damping (n=19)
Over damping (n=16)
Under damping (n=7)

Combined results

Combined results

—52(87); =55 (=105, 0.3)
2(125); 1 (=55, 65)
19 (84);1(=2,7)

—49 (7.6); =6.5 (=10, -2)
-13(85);, =13 (-7,2)
-14(96); =4 (-10, 6)

-5.0(9.2); =5 (=10, -1)
r=0.87

=21 (114); =3 (-8, +3)
r=0.78

—6.5 (5.6); =8 (=10, -3)
=35 (7.8); =25 (-8, 0.5)
—2.0(104);, =6 (=14, -1)

—54(74); -6 (=10, 0)
=19 (9.7); =1 (638, 3)
14 (104); =3 (=8, 5.5)

—35(84); —4.0 (-8, 1)
r=084

=55 (7.0); =6.0 (=10, =1)
r=0.89

Given as mean (SD); median (IQR). *Analysis of variance, diastolic blood pressure (DBP) values are different by damping category (p = 0.024). NIBP non-invasive
blood pressure, IABP invasive arterial blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, r correlation coefficient,
d day
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Frequency
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Frequency

Systolic Difference 1
Flush test 1 is optimally damped: 1.00

Mean = 8
/— Std. Dev. =12.209
N=30
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MAP Difference 1

Fig. 2 Distribution of the difference between non-invasive cuff
blood pressure and intra-arterial blood pressure for optimally
damped arterial lines. a Difference in systolic blood pressure; b
difference in diastolic blood pressure; ¢ difference in mean blood
pressure (MAP)

Discussion
This is the first study we are aware of that has deter-
mined the accuracy of AL in PICU, and the first to com-
pare NIBP to IABP in critically ill children, in whom the
accuracy of the AL is known. There are several import-
ant findings from this study. First, the AL were accurate
(i.e., optimally damped) in 30/66 (46 %; 95 % CI 34,
57 %) of AL that were flush-tested. In fact, the damping
category of the AL could change (in 36 % of patients)
even within hours on the same day. Second, the stop-
cock test is not a useful method to determine AL damp-
ing, as most tests (88 %) do not cause ‘ringing, and the
test is often different (in 62 % of cases) from the gold-
standard flush test. Third, although the mean difference
between NIBP and IABP is usually small, and there is
significant correlation between the two measurements,
there is wide variability in the difference as evidenced by
wide SD, IQR, and limits of agreement. Fourth, we iden-
tified no predictors of an optimally damped AL, suggest-
ing that the AL mechanical setup is more important than
patient-relevant variables. Finally, there were some predic-
tors of a larger difference in NIBP-IABP; in particular, a
vasodilator in use (where the NIBP overestimates DBP
and MAP), and an optimally damped AL (where the NIBP
underestimates the DBP and MAP). In addition, when
inotropes are in use the NIBP may underestimate the SBP.

There are several implications of these findings for
practice in the PICU. First, monitoring of IABP is often
done with non-optimally damped AL, and how to ad-
dress this problem should be a priority. We did not find
any patient-relevant variables that predict this, and did
not examine potential mechanical causes of this problem
in this study (e.g., air bubbles, clots, excessive tubing,
etc.). Nevertheless, this study brings attention to the
problem, and suggests further study is needed to im-
prove this situation. Second, when testing IABP accur-
acy, a flush test is required, as the stopcock test is not
useful. Methods of flush testing in infants are currently
being tested in our PICU. Third, there is clinically rele-
vant variability in blood pressure measured by IABP and
NIBP, even using optimally damped AL, and this applies
to SBP, DBP, and MAP. Thus, in a patient suspected of
having abnormal blood pressure, or on vasoactive infu-
sions, the NIBP does not appear accurate enough to
guide diagnosis and management.

To our knowledge, there has been little study of the
accuracy of AL blood pressure monitoring in children. A
recent study in adults undergoing major vascular and
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Fig. 3 Bland-Altman plots of non-invasive blood pressure compared to invasive arterial blood pressure in optimally damped arterial lines. a Difference
in systolic blood pressure (SBP); b difference in diastolic blood pressure (DBP); ¢ difference in mean blood pressure (MAP)




Joffe et al. Critical Care (2016) 20:177

Systolic Difference 1

30 Mean = -1.74
Std. Dev. =11.595
. N=147
XK
20
=
o
c
@
3
o
o
[
w
10
O T T T
-40 -20 0 20
a Systolic Difference 1

Diastolic Difference 1

407 Mean = -2.16

Std. Dev. = 11.363
N=147

30+

Frequency
\]
=
o
/‘/

0 |
T T T T T T
40 20 0 20 40 60
b Diastolic Difference 1
MAP Difference 1
407 Mean = -4.95
Std. Dev.=9.184
— N=147
30 ’\
>
o
[
[
=
o 20
2
('S
10
I
U T T T T T
40 20 0 20 40
C MAP Difference 1

Fig. 4 Distribution of the difference between non-invasive blood
pressure and intra-arterial blood pressure for all arterial lines. a
Difference in systolic blood pressure; b difference in diastolic
blood pressure; ¢ difference in mean blood pressure (MAP)
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Table 2 Independent predictors of the difference between
non-invasive cuff and invasive arterial blood pressure by

multivariable linear regression

Outcome Variable Effect size (95 % Cl) P value

For the n =66 flush-tested arterial lines

ASBP Day category 49(0.2,9.7) 0.043

ADBP Vasodilator in use 156 (29, 283) 0.016
Day category 55(16,95) 0.007
Optimally damped —72(=122,-2.2) 0.005

AMAP Vasodilator in use 10.0 (0.3, 204) 0.057
Day category 45(13,7.7) 0.007
Optimally damped -40 (=80, 0.1) 0.058

For all 147 arterial lines

ASBP Inotrope in use —5.75 (=113, -0.18) 0.043

Peripheral AL site 5.03 (0.06, 10.0) 0.048
ADBP - - All ns
AMAP - - All ns

For the 42 flush-tested arterial lines in the d1-3 category

ASBP - - All ns
ADBP - - All ns
AMAP Vasodilator in use 178 (1.6, 34.1) 0.032

Optimally damped -54 (=103, -04) 0.035

For all 83 arterial lines tested in the d1-3 category

ASBP Inotrope in use -8.1 (=16.1, =0.13) 0.047
Peripheral AL site 6.3 (=04, 13.0) 0.065
Weight —-0.13 (-0.27, 0.01) 0.060
ADBP - - All ns
AMAP - - All ns

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial
pressure, AL arterial line(s), A difference (non-invasive cuff blood pressure
minus invasive arterial blood pressure), d1-3 day 1-3, ns not significant. There
was no meaningful difference in results if inotrope score was entered instead
of inotrope in use; for all arterial lines and ASBP the effect size for inotrope
score was 0.98 (0.28, 1.68; p = 0.007) for 147 AL, and 1.36 (0.11, 2.61; p = 0.033)
for all 83 d1-3-category AL

cardiac surgery found that 30.7 % of AL were under
damped, resulting in clinically significant overestimation
of SBP and MAP compared to NIBP [3]. In the optimally
damped AL, the differences in BP were on average small,
but with wide ranges and wide limits of agreement [3].
In the only pediatric study comparing NIBP and IABP
(n =40 children) it was found that NIBP “may seriously
underestimate the severity of hypertension and
hypotension in PICU patients potentially leading to
undertreatment” [6]. However, in this study the damping
category of AL was not determined [7], the clinical char-
acteristics of the children were not described, and the
variance of measurements was not reported. Several
studies of adults in intensive care have identified wide
variability in NIBP-IABP [3, 4, 8—10], although one study
(in which flush tests were not performed) suggested that



Joffe et al. Critical Care (2016) 20:177

NIBP is accurate enough to detect MAP <65 mmHg [10].
Several studies in newborn babies (none reporting use of
the flush test) also suggest significant variability between
NIBP and IABP measurements predominantly using an
umbilical AL [11-13]. One study in children using manual
sphygmomanometry found the difference between this
and optimally damped IABP was -1 (SD 12) for SBP and
7 (SD 12) for DBP; the patients’ clinical conditions were
not reported [14]. The results of our study are broadly
similar to these previous studies.

There are limitations to this study. This was a single-
center study, and we do not know if the results can be
generalized to other PICUs. Although we included 100 pa-
tients and 147 AL tests, the numbers of patients having
the flush test (n=66 and 29, respectively) and thus, with
proven optimally damped AL (n =30 and 13, respectively)
are fairly small. We did not examine the mechanical setup
of the AL or NIBP. The multiple statistical testing may
have identified spurious predictors of differences in
NIBP-IABP. Despite these limitations, the findings from
this study are similar to those from a recent adult study
[3], and from the only other pediatric study [6], suggesting
generalizability of the findings. Although the numbers are
modest, this is the only study reporting the accuracy of
AL in PICU, and the largest study examining differences
in NIBP-IABP in critically ill children. Although the
examination of the mechanical setup was not included in
the study protocol, the instructions did specify that prior
to the AL tests the bedside nurse determined the AL was
“zeroed; levelled; free of bubbles” and was “working for
blood draws”, and the “NIBP cuff is optimal: bladder 40 %
of arm circumference”. The study limitations do not
change the main findings, that is, that AL in PICU are
often not optimally damped, and that there are clinically
relevant differences between NIBP and IABP even when
using optimally damped AL. Further study should confirm
these findings in other PICUs.

Conclusions

In critically ill children, AL are often not optimally
damped and thus, often give inaccurate measurements
of TABP. The stopcock test is not useful to determine
the damping condition of the AL, and a flush test is ne-
cessary. The NIBP may not be accurate enough to guide
management compared to an optimally damped AL
reading of IABP, particularly when the patient is on a
vasodilator or inotrope infusion. These findings should
be confirmed in a different PICU.

Key messages
e Optimally damped arterial lines occur in about half

of critically ill children, and this is not predictable by
demographic or clinical variables
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e There is much variability in ABP between NIBP and
the gold standard IABP, and this varies even in the
same patient on the same day, and is not easily
predictable

e In critically ill children, NIBP may not be accurate
enough to guide management, and more attention is
needed to ensuring the arterial line is optimally
damped
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