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Service de Réanimation Médicale, Hôpital
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Abstract Purpose: To assess
whether invasive and non-invasive
blood pressure (BP) monitoring
allows the identification of patients
who have responded to a fluid chal-
lenge, i.e., who have increased their
cardiac output (CO). Meth-
ods: Patients with signs of
circulatory failure were prospectively
included. Before and after a fluid
challenge, CO and the mean of four
intra-arterial and oscillometric bra-
chial cuff BP measurements were
collected. Fluid responsiveness was
defined by an increase in CO C10 or
C15 % in case of regular rhythm or
arrhythmia, respectively. Results:
In 130 patients, the correlation
between a fluid-induced increase in
pulse pressure (D500mlPP) and fluid-
induced increase in CO was weak and
was similar for invasive and non-
invasive measurements of BP:
r2 = 0.31 and r2 = 0.29, respectively
(both p \ 0.001). For the identifica-
tion of responders, invasive D500mlPP
was associated with an area under the

receiver-operating curve (AUC) of
0.82 (0.74–0.88), similar (p = 0.80)
to that of non-invasive D500mlPP
[AUC of 0.81 (0.73–0.87)]. Outside
large gray zones of inconclusive val-
ues (5–23 % for invasive D500mlPP
and 4–35 % for non-invasive
D500mlPP, involving 35 and 48 % of
patients, respectively), the detection
of responsiveness or unresponsive-
ness to fluid was reliable. Cardiac
arrhythmia did not impair the perfor-
mance of invasive or non-invasive
D500mlPP. Other BP-derived indices
did not outperform D500mlPP. Con-
clusions: As evidenced by large
gray zones, BP-derived indices poorly
reflected fluid responsiveness. How-
ever, in our deeply sedated
population, a high increase in inva-
sive pulse pressure ([23 %) or even
in non-invasive pulse pressure
([35 %) reliably detected a response
to fluid. In the absence of a marked
increase in pulse pressure (\4–5 %),
a response to fluid was unlikely.
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Introduction

In the critically ill, volume expansion is one of the most
common interventions. It aims to increase the cardiac
output (CO), and this occurs in ‘‘preload-dependent’’
patients.

A reliable detection of preload dependency (i.e., an
accurate prediction of volume responsiveness) is often
challenging, even with the use of recently developed tools
such as the respiratory variations or the passive leg rais-
ing-derived indices. Indeed, predictive indices may be
inapplicable [1–5], and a fluid challenge is then per-
formed based on an informal ‘‘let’s give fluids and see
what happens’’ approach [6, 7]. Ideally, this strategy
requires measuring CO (or a robust surrogate) to ensure
that CO has actually increased before considering another
fluid challenge. CO measurement commonly relies on
invasive indwelling devices or transthoracic ultrasonog-
raphy, which may be limited by the patient’s poor
echogenicity, echograph availability and physicians’
skills in echocardiography.

As hypotension is a common trigger for volume
expansion, clinicians are often tempted to use blood
pressure (BP) changes as a very simple surrogate for CO
changes: an increase in BP during fluid challenge is
deemed to reflect an increase in CO, whereas, if the BP
remains low, the patient has probably not responded.
Indeed, if the arterial tree properties (arterial impedance)
remain unchanged during the fluid challenge, one could
expect that changes in BP and CO may be closely related
[8]. Of note, studies addressing such a crucial issue of
routine care are surprisingly scarce, and, in ICU patients,
conflicting data exist [9–12]. None of the studies exam-
ined non-invasive measurements of BP as a surrogate of
CO changes. Indeed, in the ICU, BP is commonly mea-
sured through an intra-arterial catheter but also with an
automated brachial cuff, for instance before the insertion
of the intra-arterial catheter [13, 14].

We aimed at assessing, in a large population of
patients with acute circulatory failure, whether changes in
BP (measured either invasively or non-invasively) are
correlated with changes in CO during a fluid challenge
and allow the identification of patients who actually
responded to fluid. As diagnostic tests are rarely binary in
real-life practice, the extent of inconclusive values (‘‘gray
zone’’) of the tested indices was also calculated.

Patients and methods

Patients

Patients of three medical ICUs [Hôpital Bichat-Claude
Bernard (Paris), Centre Hospitalier Régional Universitaire
of Tours, Centre Hospitalier Régional of Orléans, France]
were included over an 18-month period, either after

obtaining written informed consent from a relative, fol-
lowed by delayed consent from the patient him/herself
when possible, or after emergency enrollment followed
by delayed consent, as approved by the regional ethics
board. These patients were part of a prospectively
acquired database that had already yielded published
works [2, 5, 15, 16].

We included adults suffering from acute circulatory
failure, defined by the presence of at least one criterion
among systolic BP \90 mmHg, mean BP \65 mmHg,
vasopressor infusion, skin mottling, lactatemia
[2.5 mmol/l and urine output \0.5 ml/kg/h (with no
other evident reason for oliguria than systemic hypoper-
fusion). The attending physician agreed that a fluid
challenge had to be considered.

Patients were not included in case of diuretic treatment
within the last 4 h, uncontrolled hemorrhage or brain
death. Patients were also not included or excluded in case
of risk of fluid loading-induced life-threatening hypox-
emia: PaO2/FiO2 \70 mmHg, body weight indexed
extravascular lung water (EVLWi) [22 ml.kg-1 (PiC-
COTM system: Pulsion Medical Systems AGTM, Munich,
Germany), transmural pulmonary artery occlusion pres-
sure (PAOPtm) [22 mmHg (pulmonary artery catheter:
Edwards LifesciencesTM, Irvine, CA) [17] or a 5 %
decrease in pulse oxymetry during volume expansion.
Mechanical ventilation, vasoactive therapy, sedation and
paralysis were not modified.

Measurements

Heart rate, BP and CO were measured at baseline and
immediately after a 500-ml gelatin infusion over 30 min.
After 300 ml, hemodynamic measurements were also
performed to ensure that volume expansion was well
tolerated. CO was measured through end-expiratory
injection of 10 or 15 ml (transcardiac and transpulmonary
thermodilution, respectively) of an iced dextrose solution
[using a closed injection system with in-line temperature
measurement: CO-set?TM system (Edwards Lifesci-
encesTM, Irvine, CA) or included in the PiCCOTM

system]. Three consecutive end-expiratory measurements
within 10 % (if not, seven measurements) were averaged.

The correct placement of the pulmonary artery cath-
eter was ascertained by visualization of concordant
waveforms and calculation of the respiratory changes in
PAOP-to-respiratory changes in the PAP ratio [18].

BP was measured using (1) an intra-arterial catheter
(pressure transducer zeroed at the level of the mid-axil-
lary line, T100209A, Edwards Lifesciences, Irvine, CA,
or PiCCO, Pulsion Medical Systems AG, Munich, Ger-
many) and (2) an oscillometric automated brachial cuff
(SC9000 monitor, Siemens AG, Munich, Germany, or
Intellivue MP70 monitor, Philips Medical Systems, Best,
The Netherlands, depending on the study center), with an
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adequate cuff size [19], placed on the arm opposite to an
eventual radial artery catheter.

Four pairs of invasive and non-invasive BP measure-
ments were performed (at 30- to 60-s intervals).

In patients with regular cardiac rhythm and fully
adapted to the ventilator, respiratory pulse pressure
variations (PPV) were extracted from the invasive BP
waveform: off-line, on high-resolution paper tracings,
including airway waveform, and after their numerical
enlargement, PPV was calculated (by an observer blinded
to other hemodynamic data) [20] and averaged over three
consecutive respiratory cycles.

An echocardiography (within 6 h of measurements)
looked for valvular regurgitations and intra-cardiac
shunts, which could have distorted the thermodilution
measurements.

Statistical analysis

Studied parameters

The mean of the four consecutive measurements of BP
was considered. Fluid-induced variation (in %) of systolic
(D500mlSBP), mean (D500mlMBP), diastolic (D500mlDBP)
and pulse BP (D500mlPP) were calculated. Their respective
relationship with fluid-induced variation of CO
(D500mlCO) was examined.

In patients with regular rhythm and no respiratory
effort, the fluid-induced decrease in PPV was calculated
(D500mlPPV).

Definition of fluid responsiveness

As proposed by Ostergaard et al., patients were classified
as responders if volume expansion increased CO by more
than 10 or 15 % in case of regular rhythm or arrhythmia,
respectively [21].

Statistical tests

Correlations were assessed by linear regression. For each
parameter, we calculated the area under the receiver
operating characteristic curve (AUC) for the detection of
fluid responsiveness and determined positive and negative
likelihood ratios (LR).

The whole population was split into subgroups
according to the presence of septic shock, the site of the
intra-arterial catheter (radial or femoral artery), patient
age (above/below median), baseline mean BP (above/
below 70 mmHg) and cardiac rhythm (regular/arrhyth-
mic). The corresponding AUCs were compared [22].
Other variables [expressed as mean ± SD or n (%)] were
compared using Student’s t test and Fisher’s exact test
(between responders and nonresponders), and the paired

Student’s t-test (within each patient). All statistical tests
were two-tailed, performed using MedCalc� (Mariakerke,
Belgium) and Statview� (SAS Institute, Cary, NC).
p \ 0.05 was considered significant.

Gray zone definition

A minimal value of 5 for the positive LR (or a maximal
value 0.2 for the negative LR) is required to consider that
a test has ‘‘good’’ positive (or negative, respectively)
diagnostic performance [23]. Therefore, we defined the
gray zone (i.e., the inconclusive values) as the continuous
scale of thresholds associated with a negative LR [0.2
and a positive LR \5.

Results

Among 130 included patients (Tables 1, 2), 48 (37 %)
responded to volume expansion.

In three patients, volume expansion was interrupted
after 300 ml because of intolerance (6 % drop in SpO2,
sharp increase in PAOP or in EVLWi [22 ml/kg), and
data after 300 ml were used for analysis.

Relationship between fluid-induced changes in BP
and changes in CO

The correlation between D500mlPP and D500mlCO was
similar but weak for invasive and non-invasive mea-
surements of BP: r2 = 0.31 and r2 = 0.29, respectively
(both p \ 0.001, Fig. 1).

A significant correlation was also found for invasive
D500mlSBP and D500mlMBP but not for invasive
D500mlDBP. Similar results were found for non-invasive
indices (ESM 1).

No index outperformed D500mlPP. For the 91 patients
with regular rhythm and no inspiratory effort, the rela-
tionship between D500mlPPV and D500mlCO (r2 = 0.07,
p = 0.009) was weaker (p = 0.003) than between inva-
sive D500mlPP and D500mlCO (r2 = 0.35, p \ 0.001).

Identification of patients having responded to volume
expansion

invasive D500mlPP was associated with an AUC of 0.82
(0.74–0.88), similar (p = 0.8) to that of non-invasive
D500mlPP [AUC of 0.81 (0.73–0.87)] (Fig. 2).

The gray zone of invasive D500mlPP ranged from 5 to
23 %: an invasive D500mlPP of 5 % was associated with a
negative LR of 0.17 (0.06–0.4) [sensitivity of 92 %
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(80–98 %)], whereas an invasive D500mlPP of 23 % was
associated with a positive LR of 5.1 (2.8–9.5) [specificity
of 88 % (79–94 %)]. In other words, in case of invasive
D500mlPP below 5 %, there was good identification of
nonresponse to fluid challenge, and if invasive D500mlPP
was [23 %, there was good identification of response
[23]. Values comprised in the gray zone were, per defi-
nition, inconclusive, and involved 45 (35 %) patients
(including 14 responders) (ESM 4).

For non-invasive D500mlPP, the gray zone was 4–35 %
[involving 62 (48 %) patients]: the negative LR was 0.19
(0.07–0.5) [sensitivity of 92 % (80–98 %)] for the 4 %

threshold and the positive LR 5.1 (2.4–11.2) [specificity
of 91 % (83–97 %)] for the 35 % threshold.

invasive and non-invasive D500mlSBPs were associated
with the same AUC of 0.79 (0.71–0.86) (Fig. 2). The
AUC for invasive and non-invasive D500mlMBP and
D500mlDBP did not exceed 0.73, which was significantly
lower than that of D500mlPP (p \ 0.05 for all
comparisons).

In patients with regular rhythm and no inspiratory
effort, the AUC for D500mlPPV (0.66) was significantly
lower than that of invasive D500mlPP (0.82) or invasive
D500mlSBP (0.79) (all p \ 0.05, ESM 2).

Table 1 Patients’
characteristics at inclusion Age (years) 60 ± 17

Gender male/female 94 (72 %)/36 (28 %)
SAPS II 58 ± 18
Main diagnosis at admission
Septic shock 58 (45 %)
Cardiogenic shock 20 (15 %)
Acute respiratory failure 24 (18 %)
Other 28 (22 %)

Delay between admission and inclusion (h) 8 (median) (IQR: 5–34)
\24 h 80 (62 %)
24–48 h 28 (21 %)
[48 h 22 (17 %)
Ramsay score 5.7 ± 0.7
=5 24 (18 %)
=6 106 (82 %)

Arterial lactate concentration (mmol/l) (n = 118) 3.6 ± 4.2
Urine output during the previous hour (ml/kg) 0.8 ± 0.8
Catecholamine infusion 121 (93 %)
Norepinephrine (lg/kg/min) [n = 103] 0.7 ± 0.8
Epinephrine (lg/kg/min) [n = 25] 0.6 ± 0.5
Dobutamine (lg/kg/min) [n = 35] 11 ± 8

Reason(s) for inclusion
Hypotension (systolic BP \90 mmHg or mean BP \65 mmHg) 52 (40 %)
Vasopressor infusion with no hypotension 69 (53 %)
Arterial lactate concentration [2.5 mmol/l 49 (38 %)
Skin mottling 40 (31 %)
Urine output during the previous hour \0.5 ml/kg 46 (36 %)

Cardiac output measured by PiCCOTM/pulmonary artery catheter 60 (46 %)/70 (54 %)
Arterial catheter site: femoral/radial 97 (75 %)/33(25 %)
Regular rhythm/arrhythmia 106 (82 %)/24 (18 %)
Atrial fibrillation 18
Flutter 1
[1 extrasystole per 6 electric ventriculograms 5
Baseline PPV (%)a 6 ± 5
Mean tidal volume (ml/kg of PBW)a 7.0 ± 1.1
Mean heart rate to respiratory rate ratioa 4.7 ± 1.7
Pulmonary artery catheter carriers with grade C III tricuspid

regurgitation
2

PiCCOTM carriers with grade C III mitral and/or tricuspid and/or
aortic regurgitation

2

Acute cor pulmonaleb 8 (6 %)

If not stated otherwise, quantitative values are expressed as mean ± standard deviation, qualitative
values in n (%)
SAPS Simplified acute physiology score, CO cardiac output, PBW predicted body weight PPV
respiratory variations in pulse pressure, IQR inter-quartile range
a In patients with regular rhythm and no inspiratory effort
b Acute cor pulmonale was looked for using echocardiography (performed within 6 h of inclusion) and
was defined as the right-to-left ventricular end-diastolic area ratio above 0.6 with paradoxical septal
wall motion
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Influence of clinical factors

As compared with patients with regular rhythm
(n = 106), the arrhythmic status (n = 24) did not impair
the performance of D500mlPP, even for non-invasive
measurements (ESM 3).

In addition, the AUC for D500mlPP (either invasive or
non-invasive) was similar when splitting the whole pop-
ulation into two subgroups according to age, baseline BP,
the presence of a septic shock (n = 58), the site of the
intra-arterial catheter or the model of the oscillometric
device (ESM 3).

Influence of methodological factors

Similar results were found when considering fluid-
induced changes in stroke volume rather than in CO:
r2 = 0.38 and 0.31, AUC of 0.80 (0.72–0.86) and 0.82
(0.75–0.88), for invasive and non-invasive D500mlPP,
respectively.

Finally, analyzing the first BP measurement at each
study phase rather than the mean of 4 consecutive mea-
surements did not impair the performance of invasive
D500mlPP [same AUC of 0.82 (0.74–0.88)]. A similar
result was found for non-invasive D500mlPP [AUC of 0.78
(0.70–0.85) vs. 0.81 (0.73–0.87), p = 0.2], even in case
of arrhythmia [AUC of 0.79 (0.58–0.93) vs. 0.78
(0.69–0.85), p = 0.9].

Discussion

The first main finding of this study is that, as reflected by
large gray zones, only a very low/high increase in pulse
pressure reliably reflected CO unresponsiveness/respon-
siveness to fluid. Second, non-invasive measurements of
BP did not show worse performance than invasive mea-
surements for this purpose, even in case of arrhythmia.

Pathophysiological considerations

The correlation between invasive D500mlPP and D500mlCO
was significant but weak (r2 = 0.31). Beyond possible
errors in the measurement of BP and even of CO, a fluid-
induced change in the vasomotor tone probably explains
why D500mlPP did not parallel D500mlCO more strongly.
Indeed, a change in total arterial compliance (which
equals stroke volume/aortic pulse pressure) [24] alters the
relationship between stroke volume and pulse pressure. It
may also change pulse wave transmission and reflection
characteristics and impact BP [25]. These pathophysio-
logical considerations are of utmost importance as, during
acute circulatory failure, fluid-induced changes in vascu-
lar tone are expected or even hoped for. Hence, the fact
that the clinician may often be misled when paying
attention to changes in BP in order to estimate how CO
has changed is rather obvious and is confirmed by the
weak correlations observed.

Table 2 Hemodynamic parameters at baseline and after 500-ml volume expansion

Before volume expansion After volume expansion

Responders Nonresponders Responders Nonresponders

Heart rate (bpm) 105 ± 22 101 ± 25 99 ± 19� 98 ± 25�

Invasive mean BP (mmHg) 71 ± 13 71 ± 12 85 ± 17� 78 ± 15*,�

Invasive systolic BP (mmHg) 105 ± 19 109 ± 19 129 ± 25� 116 ± 22*,�

Invasive diastolic BP (mmHg) 55 ± 11 54 ± 11 63 ± 14� 59 ± 12�

Invasive pulse pressure (mmHg) 50 ± 15 55 ± 17 68 ± 18� 58 ± 17*,�

Non-invasive mean BP (mmHg) 72 ± 12 72 ± 13 83 ± 16� 77 ± 14*,�

Non-invasive systolic BP (mmHg) 104 ± 17 106 ± 22 127 ± 23� 114 ± 23*,�

Non-invasive diastolic BP (mmHg) 60 ± 11 58 ± 11 67 ± 14� 61 ± 13*,�

Non-invasive pulse pressure (mmHg) 45 ± 14 49 ± 19 60 ± 19� 53 ± 20*,�

Central venous pressure (mmHg) 10.0 ± 4.3 11.7 ± 4.0* 13.0 ± 4.3� 16.2 ± 4.5*,�

PAOP (mmHg) (n = 70) 10.5 ± 4.1 13.2 ± 4.1* 15.6 ± 5.4� 17.9 ± 3.5*,�

Respiratory PPV (%)a 7.7 ± 5.8 4.5 ± 4.5* 5.1 ± 7.1� 3.3 ± 3.2�

Cardiac output (l/min) 5.7 ± 1.9 6.3 ± 2.5 7.4 ± 2.3� 6.2 ± 2.6*
Cardiac index (l/min/m2) 3.2 ± 1.1 3.5 ± 1.4 4.1 ± 1.3� 3.5 ± 1.4*
Indexed systemic vascular resistancesb

(dyn.s.cm-5/m2)
1,776 ± 791 1,529 ± 634* 1,610 ± 681� 1,643 ± 784�

Fluid responsiveness was defined by a fluid-induced increase in
cardiac output C10 % in case of regular rhythm and C15 % in case
of arrhythmia [21]. Values are expressed as mean ± standard
deviation
BP Blood pressure, PAOP pulmonary artery occlusion pressure,
PPV pulse pressure variation (see text for detailed calculation)

� p \ 0.05 for comparison between before and after volume
expansion
* p \ 0.05 (responders vs. nonresponders)
a In patients with regular rhythm and no inspiratory effort
b Indexed to body weight
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Of note, the tested indices did not parallel stroke volume
changes better than CO changes. As stroke volume and CO
are linked by heart rate, this may be due to a lack of marked
change in heart rate during fluid challenge (even if this
change reached statistical significance, Table 2).

As pulse pressure is directly related to stroke volume
(and then to CO) [25, 26], the fact that D500mlPP per-
formed better than D500mlMAP was expected.

Comparison with other studies

First of all, it is surprising to notice that the available
data about such a common practice are scarce. Indeed,
including the perioperative literature, only a few spe-
cific studies have addressed the reliability of changes
in BP during a fluid challenge as a surrogate for
changes in CO, and none have assessed non-invasive

Fig. 1 Relationship between
fluid-induced changes in pulse
pressure (D500mlPP) and
changes in cardiac output
(D500mlCO)
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measurements of BP for this purpose. In comparison
with our findings, two of these studies reported a
similar relationship between invasive D500mlPP and
D500mlCO (r2 of 0.25–0.35) [9, 10], whereas one study
in the perioperative setting found a less close corre-
lation (r2 = 0.03) [12], and another one (including
only 51 patients) reported no correlation at all [11].
These discrepancies may be explained by different
arterial tree characteristics [27]. In our population, the
fluid-induced changes in arterial tone were sufficiently
mild to let D500mlPP parallel D500mlCO. This may be
due to deep sedation (Ramsay scale = 5–6) [28],
which could have partly impaired the sympathetic/
parasympathetic mechanisms of BP autoregulation,
thus limiting fluid-induced changes in vasomotor tone
[25].

In our population, contrary to the perioperative study
by Le Manach et al. [12], D500mlPPV did not outperform
the other BP-derived indices. This finding may be
related to measurement inaccuracies. Our low baseline
mean PPV is noteworthy, probably related to the low
tidal volume [29], low heart-to-respiratory rate ratio
[30] and previous resuscitation. Hence, low baseline
PPV comes along with low D500mlPPV, i.e., a low sig-
nal-to-noise ratio exposed to measurement inaccuracies
in particular with our manual method of calculation of
PPV on paper tracings, a less accurate method than an
automated one. However, one should keep in mind that,
contrary to the other BP-derived indices and contrary to
the perioperative setting, D500mlPPV is far from an
ubiquitous index as it only applies to a few ICU
patients: those with regular cardiac rhythm and those
who are so deeply sedated they do not trigger the ven-
tilator [31].

Strengths of this study

To the best of our knowledge, our study is the first
assessing non-invasive measurements of BP for tracking
fluid-induced changes in CO. Of note, most of the in-
tensivists often rely on these automated brachial cuff
measurements for their decision making (e.g., before the
insertion of an arterial line) [13]. Indeed, a fluid challenge
is often prescribed because hypotension is displayed via
non-invasive measurements, and tracking its benefit then
also relies on these non-invasive measurements. Again,
surprisingly, no studies addressed this important issue. For
invasive measurements of BP, data are also scarce [9–12].

Furthermore, we provided helpful gray zone bound-
aries for D500mlPP rather than a single universal cutoff of
poor clinical help (because of positive LR \5 and nega-
tive LR [0.2) [23].

Last, a non-negligible proportion of arrhythmic
patients were analyzed, whereas, in similar studies,
arrhythmia was an exclusion criterion [9, 12, 32] or not
mentioned [10, 11]. Of note, D500mlPP did not perform
worse during arrhythmia, even with non-invasive mea-
surements (and even considering one non-invasive
reading per phase rather than the mean of four consecu-
tive readings). This finding is noteworthy as oscillometric
brachial cuff measurements are classically deemed to be
flawed in case of arrhythmia [33, 34].

Study limitations

First, along with errors in invasive [25, 35] and non-
invasive measurements of BP [36, 37], our thermodilution
measurements of CO are also exposed to errors [21]. With

Fig. 2 Identification of
responders to fluid challenge
with fluid-induced changes in
pulse pressure (D500mlPP) and
in systolic blood pressure
(D500mlSBP). Fluid
responsiveness was defined by a
fluid-induced increase in
cardiac output C10 % in case of
regular rhythm and C15 % in
case of arrhythmia [21]
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more accurate devices, the relationship between BP and
CO may have been stronger. Nevertheless, we measured
BP with the commonly used devices, and our CO mea-
surements were the average of several rigorous readings.
As we focused on changes in CO rather than absolute
values, the use of two different thermodilution methods
for CO determination does not appear to be a limitation.

Second, the infusion of 500 ml gelatin over 30 min
could have been an insufficient fluid stimulus. On top of
fluid-induced changes in CO, this lengthy duration may
cause exposure to colloid transfer outside the intravas-
cular compartment resulting in changes in vasomotor
tone. A faster fluid challenge could have yielded a dif-
ferent relationship between BP and CO.

Third, our inclusion criteria allowed the inclusion of
patients with signs of shock but not suffering from
hypotension and not receiving vasopressive agents. In this
situation, the clinician is likely to look for an increase in
urine output, an improvement in skin hypoperfusion and a
decrease in heart rate or arterial lactate (depending on the
sign that triggered the fluid challenge) rather than paying
attention to an increase in BP to assess whether the patient
responded to fluid. However, only four patients received a
fluid challenge not triggered by hypotension or vaso-
pressive agent infusion. Their exclusion from the analysis
did not change our findings.

Fourth, we did not collect any data about the resolu-
tion of clinical or biological signs of poor tissue perfusion
after the fluid challenge. Therefore, we can only make the
assumption that if D500mlPP fell into the inconclusive gray
zone, the clinician should rely on other means to assess
the clinical benefit of the fluid challenge: e.g., increase in
urine output, vanishing of skin mottling and correction of
a lactic acidosis.

Finally, we did not collect the amount of fluid infused
before inclusion. However, previous large fluid resusci-
tation was very likely as reflected by the high mean
baseline CVP (11 mmHg), low mean baseline PPV (6 %)
and low rate of fluid responders (37 %). However, it is
precisely in these already resuscitated patients still

exhibiting signs of poor tissue perfusion that assessing the
effects of a fluid challenge is important before considering
further volume expansion or another cardiovascular
therapy. Caution should be exercised when extrapolating
our findings to the very first hours of shock resuscitation.

Clinical implications

During fluid challenge, only an important increase in
pulse pressure (D500mlPP [ 23 % for invasive and[35 %
for non-invasive) reliably reflects that the patient has
responded. Conversely, a low D500mlPP (\4–5 %) is
necessary to reliably rule out a response to fluid, making
an additional fluid challenge useless or even harmful.

The second main finding is that invasive BP-derived
indices did not outperform non-invasive indices, even in
case of arrhythmia. Importantly, half of our patients fell in
the gray zone of non-invasive D500mlPP, whereas, for
invasive D500mlPP, it only involved one third.

Conclusions

It is impossible to identify fluid challenge-induced chan-
ges in cardiac output in one-third to one half of patients
solely via blood pressure monitoring. Only very low/high
increases in arterial pulse pressure, even measured non-
invasively, reliably reflected unresponsiveness/respon-
siveness to fluid.
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