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Abstract
Objectives—To evaluate the ability of
clinicians involved in the provision of pae-
diatric intensive care to estimate cardiac
index in ventilated children, based on
physical examination and clinical and
bedside laboratory data.
Methods—Clinicians were exposed to all
available haemodynamic and laboratory
data for each patient, allowed to make a
physical examination, and asked to first
categorise cardiac index as high, high to
normal, low to normal, or low, and then to
quantify this further with a numerical
estimate. Cardiac index was measured
simultaneously by femoral artery thermo-
dilution (coeYcient of variation 5.37%).
One hundred and twelve estimates were
made by 27 clinicians on 36 patients
(median age 34.5 months).
Results—Measured cardiac index ranged
from 1.39 to 6.84 l/min/m2. Overall, there
was poor correlation categorically (ê sta-
tistic 0.09, weighted ê 0.169) and numeri-
cally (r = 0.24, 95% confidence interval
0.06 to 0.41 ), although some variation was
seen among the various levels of seniority.
Conclusion—Assuming that objective
measurement, and hence manipulation, of
haemodynamic variables may improve
outcome, these findings support the need
for a safe, accurate, and repeatable tech-
nique for measurement of cardiac index in
children who are critically ill.
(Arch Dis Child 1997;77:516–518)
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It is some 25 years since the development of the
pulmonary artery thermodilution catheter for
bedside measurement of cardiac output, which
allows calculation of oxygen delivery and con-
sumption. The measurement and manipu-
lation of these variables figure prominently in
current practice in adult intensive care units;
this is not the case, however, in many paediat-
ric units in the UK. In a recent survey of 24
paediatric intensive care units (those contain-
ing more than four beds), only one third had
access to thermodilution for measurement of
cardiac output, with only 40 pulmonary artery
catheters being used in the year surveyed.1 A
variety of methods are available for measuring
cardiac output in the paediatric population,2 3

but there may be several reasons for their lim-
ited use, including technical constraints, cost,
perceived usefulness, complications and diY-
culties of central vascular access, and the belief

that cardiac output can be clinically estimated
in children.4 As a result, many paediatric clini-
cians in intensive care units rely on indirect
variables of cardiac performance (heart rate,
blood pressure, pulse volume, central venous
pressure) and organ perfusion (urine output,
capillary refill, core-peripheral temperature
diVerence, mental state, serum lactate concen-
tration, and base excess) when manipulating
treatment regimens.

Clinical estimation of cardiac output, and
hence cardiac index (cardiac index = cardiac
output divided by body surface area), in adult
practice has been shown to be inaccurate,5 6

and may promote suboptimal or even inappro-
priate interventions.7–9 We wanted to investi-
gate whether similar inaccuracies exist in clini-
cians’ abilities to estimate cardiac index in
ventilated children.

Patients and methods
Estimates of cardiac index were made on venti-
lated patients in whom objective measurement
of cardiac index by femoral artery thermodilu-
tion (COLD Z-021, Pulsion Medical Systems,
Munich, Germany) was undertaken for clinical
reasons.

One hundred and twelve estimates of cardiac
index were made by 27 clinicians on 36
patients, median age 34.5 months (interquar-
tile range 4.8–90.8 months), median weight
12.9 kg (range 2.5–64 kg). Patient diagnoses
were: after cardiac surgery (with no residual
shunt) (n = 27), meningococcal sepsis (n = 4),
staphylococcal sepsis (n = 2), acute respiratory
distress syndrome (n = 1), nephrotic syndrome
(n = 1), and acute life threatening event (n =
1). All patients were ventilated and sedated.
Clinicians originated from a variety of paediat-
ric subspecialties, including intensive care, car-
diology, and anaesthetics, and ranged from
consultant to senior house oYcer level. Before
estimating cardiac index, clinicians were ex-
posed to all clinical and laboratory data
available on the patients, and were allowed to
make a physical examination. They were
initially asked to estimate the category of
cardiac index (high >5 l/min/m2, high to
normal 4.0–4.9, low to normal 3.0–3.9, and
low < 3.0) and then the absolute value.
Concurrently, five consecutive femoral artery
thermodilution measurements were made and
averaged.

Thermodilution involved a central venous
injection of cold (<10°C) 5% dextrose of
appropriate volume for the patient’s weight
(1.5 ml + 0.15 ml/kg), sensed by a 1.3 French
thermistor placed into the descending aorta via
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a 22 gauge cannula in the femoral artery
according to the technique previously
described.10 One clinician, who made all the
thermodilution measurements, estimated car-
diac index before measurement. This was to
test if positive feedback improved estimation
ability over time. For statistical analysis,
Pearson’s correlation coeYcient with 95%
confidence intervals was used for numerical

values of cardiac index and the ê statistic was
calculated for categorical assessment.11 The
coeYcient of variation quantified the repeat-
ability of femoral artery thermodilution. As the
study did not involve alteration in patient man-
agement, ethical approval was not sought.

Results
Measured cardiac index ranged from 1.39 to
6.84 l/min/m2 (coeYcient of variation 5.37%).
Overall, there was poor correlation (fig 1)
between absolute measured and estimated car-
diac index: r = 0.24 (95% confidence interval
0.06 to 0.41, n = 112). Variation was seen
among the levels of seniority: consultants r =
0.19 (−0.23 to 0.54, n = 25), fellows r = 0.38
(0.12 to 0.58, n = 56), senior house oYcers r =
0.04 (−0.32 to 0.39, n = 31), ‘thermodilution
clinician’ r = 0.82 (0.56 to 0.93, n = 17). For
categorical assessment, ê = 0.09 and weighted
ê = 0.169 (see table 1). Both indicate a poor
strength of agreement. Figure 2 shows the per-
centage inaccuracy of the measuring clinician’s
estimates with time.

Discussion
Our results show clinicians’ inaccuracies in
estimating cardiac index in children. Futher-
more, these inaccuracies appear to be spread
across disciplines and levels of seniority.
Similar inaccurate predictions of haemody-
namic profiles have been found in adult inten-
sive care unit practice, with invasive monitoring
promoting changes in treatment from 45–58%
of the time.5–9 Whether measurement of cardiac
index has a beneficial eVect on mortality in the
adult population is questionable, however.7 12

To our knowledge, this question has yet to be
adequately studied in children. Although a high
cardiac index does not necessarily imply an
improved outcome,13 it would be fair to specu-
late that an increase in cardiac index in those
patients in whom flow is low and inadequate,
increases the chance of survival. Our data also
show that although positive reinforcement
played a part in one clinician’s estimating abil-
ity, rather large discrepancies occasionally
arose, and this did not improve with time. Two
aspects were not examined in this study: firstly,
whether clinicians could quantify changes in
cardiac output, and secondly, whether invasive
monitoring resulted in changes in treatment
and outcome. Given the poor strength of
agreement when categorising cardiac index,
shown by a ê statistic of 0.09, it is unlikely that
clinicians would be able to accurately quantify
changes in cardiac index. The question of
whether invasive monitoring results in signifi-
cant changes in treatment and outcome was
beyond the scope of this study. Certainly, opti-
mising haemodynamic variables to ‘ideal’
supranormal values in adults have not been
shown to improve outcome when applied to
whole patient populations,14 15 but this does not
necessarily mean that cardiac index and other
variables should not be optimised to meet the
metabolic needs of individual patients. This
same logic can apply to less invasive monitor-
ing procedures such as pulse oximetry. It has
been shown that monitoring with pulse

Figure 1 Estimated v measured cardiac index (CI) from all grades.
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Figure 2 Percentage discrepancy of estimated cardiac index (CI) by thermodilution
clinician before measurement on consecutive patients.

–20

40

20

0

–40

–60

–100

–80

–120

–140
1614 18128 10

Consecutive individual patients

%
 D

if
fe

re
n

ce
 C

l
(m

ea
su

re
d

 –
 e

st
im

at
ed

)/
m

ea
su

re
d

640 2

Table 1 ê Statistic for estimated v measured cardiac index (CI)

ê = 0.09 Estimated CI

TotalWeighted ê = 0.169 Low Low to normal High to normal High

Measured CI
Low 12 13 17 5 47
Low to normal 3 5 5 6 19
High to normal 0 2 4 7 13
High 1 12 8 12 33

Total 16 32 34 30 112

Strength of agreement for ê: < 0.20 poor; 0.21–0.40 fair; 0.4–0.60 moderate; 0.61–0.80 good;
0.81–1.00 very good.
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oximetry in the perioperative period does not
reduce overall complications, yet this continues
to be a standard monitoring procedure.16 We
would suggest that measurement of cardiac
index should not be taken as an isolated
variable, but rather used as part of the overall
assessment of myocardial performance in con-
junction with other modalities. For example,
echocardiography may show up abnormalities
such as diastolic dysfunction or segmental wall
abnormalities which are not readily apparent
on flow measurement alone. Reluctance on the
part of paediatricians to measure cardiac index
in children may be for several reasons: that
traditional methods have a not insignificant
complication rate, that obtaining access is often
a problem (especially in the very young), and
the lack of a yardstick makes validation of new
techniques diYcult. The wisdom of wide
spread use of the pulmonary artery catheter
has recently been questioned.17 With the
advent of newer less invasive technologies,
however, and refinement of existing methods
such as the transoesophageal Doppler,18 tho-
racic bioimpedance,19 femoral artery
thermodilution,10 and direct Fick via indirect
calorimetry,20 monitoring of cardiac index in
children will become a realistic option in most
intensive care units.
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