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abstRact
IntroductIon: It is difficult to identify the patients who 
will respond to fluid therapy, but the arterial waveform- 
derived variables have reasonably predictive values for  
fluid responsiveness. However, the patient must fulfil a 
number of prerequisites for these variables to be valid.  
We assessed the proportion of intensive care unit (ICU)  
patients with shock who at the time of resuscitation fulfilled 
the prerequisites for using the arterial waveform-derived 
variables.
Methods: This was a prospective cohort study performed 
at six ICUs. The study included consecutive adult patients 
with shock (20 patients per ICU) who received fluid resus-
citation on the first day of shock. The fulfilment or not of 
the prerequisites (sedation, sinus rhythm and controlled 
ventilation with tidal volumes > 7 ml/kg) was registered  
at the time of the first fluid resuscitation episode and at  
fluid resuscitation episodes during the following days. 
results: A total of 119 patients with a median age of  
68 years (interquartile range: 56-76 years) were included. 
At the time of the first fluid resuscitation, 82% (95% con-
fidence interval (CI): 74-87) of the patients had sinus 
rhythm, 77% (95% CI: 69-84) were sedated, 55% (95% CI: 
46-65) were on controlled ventilation and 50% (95% CI:  
39-61) received tidal volumes of more than 7 ml/kg. Only 
23% (95% CI: 14-33) of the patients fulfilled all four pre-
requisites.
conclusIons: Less than a quarter of the ICU patients with 
shock fulfilled all the prerequisites for the use of arterial 
waveform-derived variables to predict fluid responsiveness. 
Thus, these variables may be of limited use during resus-
citation in the ICU.
FundIng: none. 
trIal regIstratIon: not relevant.

During recent years, functional markers of hypovolaemia 
obtained from changes in the arterial waveform have 
gained substantial attention as diagnostic tests for hypo-
volaemia. In clinical studies, hypovolaemia is defined by 
fluid responsiveness [1-3]. The physiological background 
for these functional markers is that the changes in plural 
pressure during positive pressure ventilation change 
preload. If stroke volume is preload-dependent, then 
positive pressure ventilation will reduce stroke volume. 
During continuous ventilation, these changes can be as-

sessed by the arterial waveform-derived variables, 
which include systolic pressure variation, stroke volume 
variation and pulse pressure variation. These func    tional 
diagnostic tests have been shown to be superior to  
static markers such as central venous pressure and pul-
monary artery occlusion pressure in predicting fluid re-
sponsiveness [2, 4-7].

However, the prerequisites of sedation, sinus 
rhythm and controlled ventilation with tidal volumes of 
more than 7 ml/kg needed for the arterial waveform- 
derived variables to be valid may limit their use in the  
intensive care unit (ICU) [1, 8-11]. Therefore, the aim of 
this study was to describe the proportion of ICU patients 
with shock who fulfilled the prerequisites for using the 
arterial waveform-derived variables during fluid resus-
citation. 

mEthOds
We did a multicentre, prospective cohort study in 6 ICUs 
(five general and one cardio-thoracic ICU), two in a uni-
versity hospital, three in teaching hospitals and one in a 
regional hospital. Patients were included over a three-
month period during which the participating ICU in-
cluded 20 consecutive patients aged 18 years or above 
who had any type of shock (receiving vasopressor or ino-
tropic agents as infusion) and were treated with fluids 
for resuscitation (0.9% NaCl, Ringer’s solutions or col-
loids). We registered the fulfilment of the prerequisites 
for sedation, i.e. sinus rhythm and controlled ventilation 
with tidal volumes > 7 ml/kg. Data were collected from 
patient charts including demographics and circulatory 
status, vasoactive medications, ventilator settings, seda-
tion and fluid treatment at the time of each fluid resus-
citation episode until Day 5.

statistics
Continuous variables were expressed as medians with 
interquartile ranges (IQR) and categorical variables as 
proportions with exact binomial 95% confidence inter-
vals (CI). The numbers of surgical and medical patients 
fulfilling the prerequisites were compared using the chi-
squared test. Statistical analyses were performed using 
SAS (Statistical Analysis System) software version 9.1.3.

Trial registration: not relevant. 
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REsUlts
A total of 120 patients were evaluated, but one patient 
did not receive vasopressor or inotropic agents at the 
time of fluid resuscitation and was therefore excluded. 
Thus, 119 patients diagnosed with shock and treated 
with fluid were enrolled; their demographics are shown 
in table 1 and their circulatory variables in table 2. 

At the time of the first fluid resuscitation episode, 
92 (82%) patients had a sinus rhythm, 92 (77%) were se-
dated, 66 (55%) were on controlled ventilation and 43 
(50%) had tidal volumes exceeding 7 ml/kg. A total of 19 
of the 83 patients (23%) with complete data registration 
regarding sedation, heart rhythm, weight, ventilation 
settings and mode, fulfilled all four prerequisites at the 
time of the first fluid resuscitation episode.

In all, 36 patients had missing data for one or more 
of the prerequisites. This was mainly due to lack of regis-
tration on the patient chart. If all these data were cate-
gorised as fulfilling the prerequisites (best case scen-
ario), 54 (45%) fulfilled all prerequisites. If the 36 
patients with missing data were instead assumed not to 
fulfil any of the prerequisites (worst case scenario), 19 
(16%) fulfilled all prerequisites.

Ten of the 40 surgical patients (25%) with complete 
data fulfilled all the prerequisites and nine of the 43 
medical patients (21%) with complete data fulfilled all 
the prerequisites (p = 0.70). 

From Day 2 of shock until Day 5, the number of 
 patients who fulfilled all four prerequisites at the time  
of fluid resuscitation had declined from 25% to zero 
(table 3).

discUssiOn
This is the first study to assess the proportion of ICU pa-

tients with shock fulfilling the prerequisites for the arter-
ial waveform analysis of fluid responsiveness. We found 
that valid measurements of the arterial waveform-de-
rived variables to predict fluid responsiveness could 
have been performed only in 23% of the included pa-
tients,. In particular, the prerequisites of tidal volumes 

tablE 1

Patient characteristics.

Patients, n 119

Age, yrs, median (IQR) 68 (56-75)

Gender, male/female, n (%) 78 (66)/41 (34)

Type of patient, n (%)
Medical 61 (51)

Surgical 58 (49)

Type of shock, n (%)
Septic 88 (74)

Hypovolaemic   9 (8)

Cardiogenic 16 (13)

Neurogenic   0 

Obstructive   5 (4)

Anaphylactic   0

Unclear   2 (2)

IQR = interquartile range.

tablE 2

Characteristics at the time of the first fluid resuscitation episode (N = 
119)a.

Circulatory parameters
Heart rate, beats/min, median (IQR) (n = 115) 100 (83-114)

Sinus rhythm, n (%) 92 (82)

MAP, mmHg, median (IQR) (n = 113) 67 (60-73)

Lactate, mmol/l, median (IQR) (n = 115) 2.5 (1.5-4.4)

CVP, mmHg, median (IQR) (n = 22) 12 (10-15)

ScvO2, %, median (IQR) (n = 35) 69 (64-79)

Cardiac index, l/min./m2, median (IQR) (n = 9) 2.6 (2.4-3.4)

Vasoactives, μg/kg/min., median (IQR)
Norepinephrine (n = 108) 0.12 (0.06-0.20)

Dopamin (n = 15) 4 (3-6)

Epinephrine (n = 9) 0.10 (0.07-0.20)

Dobutamine (n = 6) 8 (5-10)

Ventilator settings, n (%)
Invasive ventilation 92 (77)

Controlled ventilation 66 (55)

Spontaneous breathing activity 58 (52)

Modes, n (%)
PRVC 62 (52)

PC   4 (3)

CPAP   4 (3)

PS 28 (24)

FiO2, %, median (IQR) (n = 93) 60 (40-80)

Tidal volume
Ml (n = 90) 527 (441-638)

Ml/kg (n = 85) 7.0 (5.8-8.4)

RF, per min. (n = 92) 16 (14-20)

PEEP, mmHg (n = 88) 8 (5-10)

Peak pressure, mmHg ( n = 58) 24 (19-27)

Sedation given, n (%)
Propofol 86 (72)

Remifentanil 48 (40)

Midazolam 13 (11)

Fluids given, ml, median (IQR)
NaCl (n = 70) 2,000 (1,000-2,900)

Ringer’s lactate (n = 59)  2,000 (1,000-3,000)

Albumin (n = 29)     500 (250-750)

Dextran 70 (n = 3) 1,000 (500-1,000)

6S trial fluidb (n = 20) 1,500 (1,000-1,875)

CPAP = continuous positive airway pressure; CVP = central venous 
 pressure; Fi02 = fraction of inspired oxygen; IQR = interquartile range 
MAP = mean arterial pressure; PC = pressure control; PEEP = positive 
end expiratory pressure; PRVC = pressure regulated volume control;  
PS = pressure support; RF = respiratory frequency; ScvO2 = central 
 venous oxygen saturation. 
a) Where n < N, this is due to missing data. 
b) 6S trial fluid was either hydroxyethyl starch 130/0.42 or Ringer’s  
acetate.
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of > 7 ml/kg and controlled ventilation were not fulfilled. 
This was independent of medical or surgical admission; 
and over time, the proportion of patients who fulfilled 
the prerequisites decreased so that on Day 5 none of the 
patients receiving resuscitation fluid fulfilled all four pre-
requisites.

Other observations have indicated large propor-
tions of ICU patients not fulfilling the prerequisites at 
the time of fluid resuscitation. In all, 40% of patients in 
the 6S trial were not ventilated at the time of inclusion 
[12]. In the noradrenalin versus dopamine trial, 70% of 
patients were ventilated at inclusion with mean tidal 
volumes of 8 ml/kg, and 5% had arrhythmias at this time 
point [13]. Most likely, a large proportion of patients in 
these 2 ICU trials in circulatory failure did not fulfil all 
four prerequisites. In addition, only 4% of patients in 
one of 26 French ICUs fulfilled all four criteria in a recent 
one-day point prevalence study [14]. These patients 
were not diagnosed with shock, nor did they all receive 
fluid; but considering all of the above observations, it is 
likely that the majority of ICU patients with shock do not 
fulfil the prerequisites for the arterial waveform-derived 
tests to be valid.

The need for accurate circulatory parameters that 
assess whether a patient will respond to fluid adminis-
tration or not is highlighted by the fact that in most co-
horts only half of ICU patients with shock respond with 
an increase in cardiac output when given a fluid bolus 
[11]. The patients who do not respond to fluid will most 
likely only have side-effects of fluids. These may not be 
trivial, as an increased positive fluid balance has been 
associated with increased mortality in patients with sep-
tic shock [15].

Our data show that other methods are needed to 
identify fluid responsiveness in ICU patients. Passive leg-
raising has recently been suggested as a tool to guide flu-
id therapy [13]. The test can be done independently of 

cardiac rhythm and ventilation modus, but to obtain the 
best predictive value, changes in cardiac output or stroke 
volume during leg raising should be assessed using con-
tinuous measurement [16]. These authors emphasised 
that no test is perfect and that – at the best – the posi-
tive or negative predictive value of passive leg-raising is 
no more than 90%. Alternatively, a fluid challenge where 
the stressed volume is increased,  
thereby increasing preload, can be used to assess fluid 
responsiveness. Increased cardiac output will indicate 
that the patient would benefit from fluid therapy [17]. 
The obvious caveat with this technique is that fluid needs 
to be given to assess if the patient responds to fluid.

The strengths of our study include that the patients 
were included prospectively and consecutively from 6 
ICUs in university and non-university hospitals. The ICUs 
contributed with 20 patients each. Thus, the data were 
not dominated by those from the larger units. Clinical 
practice was most likely maintained because clinicians 
were unaware of the study.   

The limitations include that only ICUs from one 
country participated. Patients were identified prospec-
tively, but data were registered from patient charts, the 
precision of which is unknown. The lack of registration 
on the patient charts was the primary cause of missing 
data; and the prospective nature of our study made it 
difficult to obtain the missing information. But despite 
the missing data, the best-worst case analysis supported 
the result that the majority of ICU patients with shock 
did not fulfil all prerequisites, not even at the time of the 
first fluid resuscitation episode.

cOnclUsiOns
We found that less than 25% of patients with shock ful-
filled the prerequisites for the arterial waveform-derived 
variables to be valid in predicting patients who are fluid-
responsive at the time of the first fluid resuscitation epi-
sode. Thus, the arterial waveform-derived variables may 
be of limited use in daily clinical practice in the ICU.

tablE 3

Number of patients fulfilling all the prerequisites at the time of fluid re-
suscitation on shock, Days 1-5a.

day no. n/N; % (95% CI)

1 19/83; 23 (14-32)

2 13/52; 25 (14-39)

3   8/26; 31 (14-52)

4   1/11; 9 (2-41)

5   0/6 

CI = confidence interval. 
a) Due to missing data in the patient files for ≥ 1 of the prerequisites,  
it was only possible to evaluate 83 patients on Day 1. The number of  
patients dropped from Day 1 through Day 5 because they either no 
longer fulfilled the inclusion criteria (fluid resuscitation or vasopressor/
inotrope infusion) or because they died. 

Arterial-wave monitor.
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