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Abstract: Background and objective: Stroke volume variation (SVV) has high sensitivity and specificity in predicting 
fluid responsiveness. However, sinus rhythm (SR) and controlled mechanical ventilation (CV) are mandatory for their 
application. Several studies suggest a limited applicability of SVV in intensive care unit (ICU) patients. We hypothe-
sized that the applicability of SVV might be different over time and within certain subgroups of ICU patients. Therefore, 
we analysed the prevalence of SR and CV in ICU patients during the first 24 h of PiCCO-monitoring (primary endpoint) 
and during the total ICU stay. We also investigated the applicability of SVV in the subgroups of patients with sepsis, 
cirrhosis, and acute pancreatitis. Methods: The prevalence of SR and CV was documented immediately before 1241 
thermodilution measurements in 88 patients. Results: In all measurements, SVV was applicable in about 24%. 
However, the applicability of SVV was time-dependent: the prevalence of both SR and CV was higher during the first 
24 h compared to measurements thereafter (36.1% vs. 21.9%; P<0.001). Within different subgroups, the applicability 
during the first 24 h of monitoring ranged between 0% in acute pancreatitis, 25.5% in liver failure, and 48.9% in patients 
without pancreatitis, liver failure, pneumonia or sepsis. Conclusions: The applicability of SVV in a predominantly 
medical ICU is only about 25%–35%. The prevalence of both mandatory criteria decreases over time during the ICU 
stay. Furthermore, the applicability is particularly low in patients with acute pancreatitis and liver failure. 
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1  Introduction 
 

Haemodynamic monitoring aims at optimized 
fluid support, vasomotor tonus, heart rate, contractil-

ity and pulmonary function (Huber et al., 2014; Sakka, 
2015). The extent of changes in the arterial pressure 
curve induced by controlled mechanical ventilation 
(CV) such as stroke volume variation (SVV) and 
pulse pressure variation (PPV) is associated with the 
vascular fluid load (Perel, 1998; Michard, 2005; Pre-
isman et al., 2005; Zhang et al., 2011). In patients 
with CV, SVV and PPV exceed critical thresholds in 
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the case of hypovolaemia (Reuter et al., 2002; Mich-
ard et al., 2007; Cannesson et al., 2009). Therefore, 
SVV and PPV have been established as predictors of 
fluid responsiveness (FR), in particular in the peri- 
operative setting. A number of studies have demon-
strated superior prediction of FR by the “dynamic 
indices” SVV and PPV compared to filling pressures 
and cardiac volumes derived from the echocardiog-
raphy (e.g. left-ventricular end-diastolic volume index 
(LVEDVI)) or trans-pulmonary thermodilution (e.g. 
global end-diastolic volume index (GEDVI)) (Reuter 
et al., 2002; Huber et al., 2016b). Nevertheless, it has 
to be kept in mind that SVV and PPV are automati-
cally derived changes in a regular arterial pressure 
curve induced by mechanical ventilation with a reg-
ular rate and tidal volume. Therefore, sinus rhythm 
(SR) and CV are mandatory for the application of 
dynamic indices. In addition to these “major criteria”, 
a number of secondary criteria required for appropri-
ate prediction of FR have been postulated (Cannesson 
et al., 2011; Mair et al., 2016). While their absence 
does not totally preclude the use of SVV and PPV, it 
seems to reduce the predictive capacities resulting in a 
“gray zone” of values not clearly associated to FR 
(Cannesson et al., 2011). Several recent studies sug-
gest limited applicability of variability-based preload 
parameters in the general intensive care unit (ICU) 
setting (Cannesson et al., 2011; Maguire et al., 2011; 
Benes et al., 2014b; Mahjoub et al., 2014; Mair et al., 
2016). However, some of these studies evaluated 
“virtual” applicability in ICU patients who were not at 
all under hemodynamic monitoring (Maguire et al., 
2011; Benes et al., 2014b; Mahjoub et al., 2014). 

We hypothesized that some of these analyses 
might be prone to a bias, i.e. inclusion of patients who 
were without a real need for advanced monitoring. 
This might lead to an underestimation of the ap-
plicability of the dynamic indices. Furthermore, lim-
ited usefulness in heterogeneous ICU patients does 
not preclude substantial applicability in certain sub-
groups or at the onset of monitoring. 

Therefore, we analysed the applicability of the 
dynamic indices of FR based on the fulfilling of major 
and minor criteria in patients of a medical ICU. The 
analyses were restricted to patients really equipped 
with the PiCCO device. To further reduce the risk of a 
bias, we focussed on the first measurement (primary 
endpoint) in each patient and also performed separate 
analyses in pre-defined subgroups of patients. 

2  Materials and methods 

2.1  Patients 

Haemodynamic data of adult patients hospital-
ized in an eight-bed medical ICU with advanced 
hemodynamic monitoring irrespective of the study 
were documented for a prospectively maintained 
database. The analysis of these data was approved by 
the institutional review board (Technische Universität 
München, Ethikkommission, Germany; project number 
3049/11). With regard to predominantly descriptive 
endpoints, the exploratory approach of the study and 
the estimated feasibility of recruitment, we aimed at 
the analysis of at least 1000 transpulmonary ther-
modilutions (TPTDs). Based on the prevalence of 
PiCCO monitoring in our eight-bed ICU within the 
last year before starting this study, we expected 10 
patients per month with PiCCO monitoring and a 
mean of 10 TPTDs per patient. This resulted in an 
observation period of 10 months, in which all con-
secutive patients with PiCCO monitoring were ana-
lysed. There were no drop-outs, and the prevalence of 
the investigated criteria was exclusively documented 
at the time of measurement, which was performed 
irrespectively of the study. 

Data analysed for this study have not been pub-
lished previously, and there is no overlap with pre-
vious database analyses (Mair et al., 2016).  

In our ICU, advanced hemodynamic monitoring 
is generally used in patients with shock refractory to  
6 h of resuscitation, severe sepsis, acute respiratory 
distress syndrome (ARDS) (Villar et al., 2016), acute 
renal failure, hepatorenal syndrome, and severe acute 
pancreatitis. 

2.2  Hemodynamic monitoring 

For hemodynamic monitoring, the PiCCO-2 or 
PiCCO-plus-device (Pulsion Medical Systems SE, 
Feldkirchen, Germany) was used. TPTD and pulse 
contour analysis (PCA) were performed as described 
previously (Huber et al., 2008, 2016b; Hofkens et al., 
2015). All patients had a 5-French catheter inserted in 
the femoral artery for arterial blood pressure moni-
toring. A central venous catheter (CVC) placed in the 
jugular or femoral vein (Arrow-Howes Multi-Lumen 
CVC AD-15703; Arrow-Howes; Morrisville, NC, 
USA) was used for bolus TPTD injection. TPTD 
measurements were recorded as sets consisting of 
three bolus injections of 15 ml of ice-cold saline. 
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2.3  Applicability criteria of SVV 

Immediately before each routine TPTD, we 
documented whether the criteria of SR and CV were 
fulfilled. SR was defined as regular sinus rhythm with 
no arrhythmia or extra-systoles on the monitor screen. 
CV was defined as controlled mechanical ventilation 
in the absence of spontaneous breathing. SR and CV 
are major criteria for applicability of SVV (Mair et al., 
2016). In addition, SVV outside the “gray zone” of 
9%–13% was considered to be an additional minor 
criterion (Cannesson et al., 2011). 

2.4  Endpoints 

The prevalence of both SR and CV during the 
first three measurements within 24 h since baseline 
measurement of each patient was the primary end-
point. If more than three measurements were per-
formed during the first 24 h, only the first three 
measurements were included in this analysis. The 
number was restricted to three measurements in order 
to avoid analysis of different numbers of measure-
ments in different patients. 

Secondary endpoints were the prevalence of 
SVV-values outside the “gray zone” of 9%–13%, in 
addition to SR and CV. Due to the particular interest 
in hemodynamic monitoring in defined clinical situ-
ations, subgroup analyses were performed for patients 
with sepsis as well as for patients with acute pancre-
atitis (Huber et al., 2008; Trepte et al., 2013; Sun et al., 
2015; Yu et al., 2016) and liver failure (Umgelter et al., 
2008; Umgelter and Schmid, 2009). Because of a 
potential overlap for patients with both sepsis and 
cirrhosis or pancreatitis, and also because of the dif-
ficulties in ruling out sepsis in acute pancreatitis and 
liver cirrhosis, we undertook two separate approaches. 
In the first approach, patients with cirrhosis or pan-
creatitis were classified as having cirrhosis or pan-
creatitis irrespective of the presence of sepsis (Table 1). 
With regard to the particular clinical interest in sepsis, 
we performed a second subgroup analysis restricted 
to the criterion sepsis (yes or no, irrespective of ad-
ditional cirrhosis or pancreatitis; Table 1). Sepsis was 
defined according to international consensus (Rhodes 
et al., 2017). 

2.5  Statistical analysis 

All individual data were pooled for analysis. 
Categorical variables were expressed as number 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(valid percent). Mean and standard deviation (SD) 
were calculated for continuous variables. Analyses 
were performed regarding the first measurement of 
each patient, the first three measurements within the 
first 24 h and all measurements. The data for cate-
gorical variables were analysed using the Z-test for 
two population proportions, the chi-squared or the 
Fisher’s exact test. The threshold for statistical sig-
nificance was set to P<0.05. In a limited number of 
TPTD measurements, single variables were missing 
in the database. Therefore, statistical tests were cal-
culated based on the measurements with valid data. 
All statistical tests were performed using PSPPIRE 
0.8.5. 

 
 

3  Results 

3.1  Patients’ characteristics 

The characteristics of all 88 patients are shown 
in Table 2. One thousand two hundred and forty-one 
routine TPTD measurements in 88 patients were 
performed during the 10-month study period. The 
mean number of TPTD measurements per patient was 
14.1 (SD 14.7, median 10.0) with a mean duration of 
7.4 d (SD 9.5 d, median 3.7 d). The number of the first 
three measurements within the first 24 h after baseline 
measurement was 232. One hundred and six (45.7%) 
of these 232 measurements were done while the pa-
tient was on vasopressor therapy. 

The prevalence of SR was 67/82 (81.7%), 
179/216 (82.9%), and 985/1194 (82.5%) during first 
measurement, first three measurements within first  

Table 1  Reasons for ICU admissions and prevalence 
of sepsis 

Item Patient* 
Reason for ICU admission1  

Pancreatitis 5 (6%) 
Chronic or acute liver failure 22 (25%) 
Sepsis and/or pneumonia without 

cirrhosis or pancreatitis 
38 (43%) 

Other 23 (26%) 
Sepsis2  

No sepsis 60 (68%) 
Sepsis 28 (32%) 

* Data are expressed as number (percentage) of patients. 1 In this 
analysis, patients with pancreatitis or liver failure were classi-
fied as pancreatitis or liver failure irrespective of additional 
sepsis. 2 In this analysis, patients with sepsis were classified as 
sepsis irrespective of additional cirrhosis or pancreatitis 
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24 h, and all measurements, respectively. The corre-
sponding rates of CV were 35/79 (44.3%), 95/215 
(44.2%), and 374/1207 (31.0%), respectively. 

3.2  Subgroup analyses 

For further analysis, subgroups were defined by 
different diagnoses and sepsis as shown in Table 1. 
The prevalence of SR and CV in these subgroups 
during the first three measurements within 24 h is 
shown in Table 3. 

3.3  Analyses based on the reason for ICU admission 

3.3.1  Prevalence of SR 

The prevalence of SR was higher in patients with 
pancreatitis and liver failure compared to the other 
reasons for admission: The prevalence of SR was  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

significantly higher in patients with pancreatitis 
(15/15 (100%)) than in patients with sepsis and/or 
pneumonia (72/94 (76.6%); P=0.036), as well as in 
patients with liver failure (51/54 (94.4%)) compared 
to patients with sepsis and/or pneumonia (72/94 
(76.6%); P=0.005) and other diagnoses (38/47 
(80.9%); P=0.035). Furthermore, the prevalence of 
SR was significantly lower in patients with sepsis 
(50/68 (73.5%)) than in patients without sepsis 
(126/142 (88.7%); P=0.005). 

3.3.2  Prevalence of CV 

Patients with pancreatitis (0/15 (0.0%)) as well 
as liver failure (14/52 (26.9%)) were significantly less 
often on CV compared to the patients with sepsis and/or 
pneumonia (50/94 (53.2%)) as well as other diagno-
ses (28/48 (58.3%)) (all P-values 0.024 or less). 

3.4  Analyses based on the time of measurement 

During the first measurement, the prevalence of 
both SR and CV was 34.6%. In 46.2% of cases, the 
patients had SR, but did not have CV. In 10.3% of 
cases, the patients were under CV, but lacked SR. In 
9.0% of cases, the patients had neither CV nor SR. 

The prevalence of SR and CV and their combi-
nations during the first measurement, the first three 
measurements of the first 24 h since baseline and all 
measurements is shown in Fig. 1. 

Applicability of SVV defined by presence of 
both SR and CV was significantly higher during the 
first 24 h compared to the measurements thereafter 
(36.1% vs. 21.9%; P<0.001). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Patients’ characteristics 

Parameter Value* 

Male 48 (55%) 

Female 40 (45%) 

Age (year) 60.9±16.7 

Weight (kg) 73.7±21.8 

Height (cm) 169.3±9.0 

BMI (kg/m2) 25.6±6.6 

SAPS II score 38.3±17.0 

There are 88 patients and 1241 TPTDs. * Values are expressed 
as number (percentage) of patients or mean±SD. BMI: body 
mass index; SAPS: simplified acute physiology score 

Table 3  Prevalence of sinus rhythm (SR) and controlled 
mechanical ventilation (CV) during the first three meas-
urements within the first 24 h in subgroups defined by 
different reasons for admission and prevalence of sepsis 

Item SR CV 

Reason for ICU admission  

Pancreatitis 15/15 (100.0%) 0/15 (0.0%) 

Chronic or acute 
liver failure 

51/54 (94.4%) 14/52 (26.9%)

Sepsis and/or 
pneumonia 

72/94 (76.6%) 50/94 (53.2%)

Other 38/47 (80.9%) 28/48 (58.3%)

P value 0.010 <0.001 

Sepsis   

No sepsis 126/142 (88.7%) 57/136 (41.9%)

Sepsis 50/68 (73.5%) 35/73 (47.9%)

P value 0.005 0.400 
Values are expressed as SR or CV/total number (percentage) of 
patients 

Fig. 1  Prevalence of sinus rhythm (SR), controlled 
mechanical ventilation (CV), and their combination 
during the first measurement, the first three measure-
ments within the first 24 h since baseline, and all meas-
urements in 88 patients 



Huber et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)   2018 19(7):515-524 519

Analysis of several pre-defined subgroups 
demonstrated that the applicability of SVV was 
particularly poor in patients with acute pancreatitis 
(0/15 (0%)) compared to patients with liver failure 
(13/51 (25.5%); P=0.029), sepsis and/or pneumonia 
(36/89 (40.4%); P=0.002) and to patients with other 
diagnoses (23/47 (48.9%); P=0.0.001) (Fig. 2).  

By contrast, there was no significant difference 
in the applicability of SVV between patients with 
(22/68 (32.4%)) and without (50/134 (37.3%); P=0.48) 
sepsis (Fig. 3). 

SVV was within the “gray zone” of 9%–13% in 
27.6% of all measurements in patients with both SR 
and CV. This results in a final rate of 19.0% of all 
measurements of patients fulfilling both major and 
minor applicability criteria (Table 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4  Discussion 

4.1  Our data in the context of previous findings 

There is increasing evidence that guidance of 
fluid support using SVV or PPV may improve out-
come, in particular in the peri-operative setting 
(Benes et al., 2014a). Furthermore, the usefulness to 
guide therapy based on algorithms has been shown in 
animal studies in specific diseases such as acute 
pancreatitis (Trepte et al., 2013). However, the ap-
plicability of some of these data in clinical routine has 
been questioned because of the different setting of an 
animal experiment compared to clinical reality (Hu-
ber et al., 2015).  

Several studies reported on the limited applica-
bility of SVV and PPV in the ICU setting (Maguire  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2  Distribution of sinus rhythm (SR), controlled me-
chanical ventilation (CV), and their combination during 
the first three measurements within the first 24 h since 
baseline in subgroups of patients with different diagnoses
Patients with pancreatitis or liver failure were classified as 
pancreatitis or liver failure irrespective of an additional sepsis

Table 4  Prevalence of both sinus rhythm (SR) and controlled mechanical ventilation (CV) 

Item 
Number of 

measurements 
Major criteria  
SR+ and CV+ 

SVV 9%–13% among measurements 
with SR+ and CV+ 

Major and minor 
criteria fulfilled

1st measurement 88 27/78 (34.6%) 9/27 (33.3%) 18/68 (26.5%)
1st day 232 75/208 (36.1%) 18/72 (25.0%) 54/182 (29.7%)
All measurements 1241 287/1176 (24.4%) 75/272 (27.6%) 197/1035 (19.0%)
Subgroups (1st day) 

Pancreatitis 15 0/15 (0.0%) 5/15 (33.3%) 0/14 (0.0%) 
Liver failure 59 13/51 (25.5%) 3/13 (23.1%) 10/47 (21.3%)
Sepsis and/or pneumonia 100 36/89 (40.4%) 9/35 (25.7%) 26/79 (32.9%)
Other 51 23/47 (48.9%) 6/22 (27.3%) 16/40 (40.0%)
No sepsis 151 50/134 (37.3%) 14/49 (28.6%) 35/119 (29.4%)
Sepsis 74 22/68 (32.4%) 4/21 (19.0%) 17/61 (27.9%)

Major applicability criteria (column 3), portion of measurements fulfilling both major criteria and SVV within the gray zone (column 4) and 
prevalence of both major and minor criteria (both SR and CV) and SVV outside the gray zone (column 5) in various subgroups. 1st day: first 
three measurements within the first 24 h 

Fig. 3  Distribution of sinus rhythm (SR), controlled 
mechanical ventilation (CV), and their combination 
during the first three measurements within the first 24 h 
since baseline in patients with and without sepsis 
Patients with sepsis were classified as sepsis irrespective of 
the underlying disease 
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et al., 2011; Benes et al., 2014b; Mahjoub et al., 2014; 
Mair et al., 2016). However, most of these studies 
analysed overall applicability of these parameters in the 
ICU which does not preclude their usefulness in certain 
subgroups or at specific time-points of the ICU stay. 

Therefore, this study focussed on the applicabil-
ity of SVV in patients with and without sepsis, acute 
pancreatitis or liver failure as well as on the applica-
bility soon after admission.  

In general, the finding of a limited applicability 
of SVV in about 24% of all measurements in our 
study is in line with the results of several previous 
studies (Maguire et al., 2011; Benes et al., 2014b; 
Mahjoub et al., 2014; Mair et al., 2016). Interestingly, 
our study demonstrated a time dependency of the 
applicability of SVV irrespective of the reason for 
ICU admission. 

The prevalence of both SR and CV was signifi-
cantly higher during the first 24 h compared to the 
measurements thereafter (36.1% vs. 21.9%; P<0.001). 
Although the applicability on the 1st day after ad-
mission might still be considered as low, in these 
patients fulfilling both major criteria at least on ad-
mission might be important with regard to the concept 
of “individually optimized hemodynamic therapy” 
(IOHT) (Goepfert et al., 2013). This approach is 
based on the superiority of SVV to other parameters 
of preload and FR such as global end-diastolic vol-
ume index (GEDVI) and central venous pressure 
(CVP). Assuming a high intra-individual association 
of SVV and GEDVI, fluid therapy aims to achieve an 
SVV ≤10% as long as the patient with SR is under CV. 
The corresponding GEDVI is documented and used 
as an individual goal of preload later during the ICU 
stay, when the patient is not any longer under CV. 
Consequently, in about 36% of our patients an initial 
measurement of SVV could have been used for 
“calibration” of GEDVI. 

The prevalence of SR did not substantially 
change over time (80.8% in the 1st measurement, 
82.4% in all measurements). By contrast, the preva-
lence of CV was markedly higher during the 1st 
measurement compared to the totality of measure-
ments (44.8% vs. 30.6%). 

The increase of patients without CV (from 
46.2% to 58.0% for the patients with SR) over time is 
in line with a successful weaning from CV. The re-
sulting decrease in applicability was not weighed out by 

a small proportion of patients changing from atrial 
fibrillation (potentially induced by the initial, severe 
disease) to SR.  

Our study showed that the applicability of SVV 
was significantly different in several subgroups with a 
range from 0% in patients with acute pancreatitis up 
to nearly 50% in patients without pancreatitis, liver 
failure, pneumonia, or sepsis. This emphasizes that 
neither the data of usefulness of the dynamic indices 
in the OR nor the findings of low applicability in ICU 
can be generalized. A rapidly increasing number  
of haemodynamic parameters and devices available 
suggest a more specific “personalized” haemody-
namic monitoring for different entities and settings. A 
recent experimental animal study nicely demonstrated 
an improved outcome in pigs with acute pancreatitis 
under CV when using an SVV-guided resuscitation 
algorithm compared to the controls with resuscitation 
according to CVP (Trepte et al., 2013). Nevertheless, 
the generalizability of this study has been questioned 
for the supposedly low applicability of SVV in a 
clinical setting with a low early prevalence of CV 
(Huber et al., 2015). These concerns are supported by 
our finding that despite a 100% rate of SR the dy-
namic indices were not applicable in any of the first 
three measurements within 24 h, since none of the 
patients was under CV. Although a certain number of 
patients might require CV during later stages of acute 
pancreatitis, parameters of TPTD such as GEDVI 
(Huber et al., 2016a) and extravascular lung water 
index (EVLWI) (Zhang et al., 2012; Huber et al., 
2014) might be more useful in early management of 
acute pancreatitis. This is supported by several clini-
cal studies (Huber et al., 2008; Sun et al., 2015; Yu  
et al., 2016). 

Next to the patients with acute pancreatitis, pa-
tients with liver failure had the lowest percentage of 
early applicability of SVV and PPV: in only 25.5% of 
the first three measurements, the patients had SR  
and were under CV. Similarly to acute pancreatitis, 
patients had SR during nearly all measurements 
(94.4%), but in only 26.9% of cases were the patients 
under CV. Necessarily, one can question the use of 
(semi)-invasive monitoring early in these groups of 
patients. On the other hand, haemodynamic man-
agement during liver failure is particularly difficult 
and early mortality is high in complications such as 
hepato-renal syndrome, spontaneous bacterial peritonitis, 
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alcoholic steatohepatitis and variceal bleeding (Umgelter 
et al., 2008, 2009; Wendon et al., 2011; Saugel et al., 
2012; Moreau et al., 2013; Huber et al., 2017). Sev-
eral studies suggested the usefulness of early hae-
modynamic monitoring based on TPTD in these 
complications of liver cirrhosis (Umgelter et al., 2008; 
Saugel et al., 2012; Al-Chalabi et al., 2013; Phillip  
et al., 2014). 

In addition to SR and CV (“major criteria for the 
applicability of SVV”), further minor limitations have 
been described (Mair et al., 2016). Furthermore, a 
recent study demonstrated limited predictive capabil-
ities of FR for SVV and/or PPV, if the values were in 
the “gray zone” between 9% and 13% (Cannesson  
et al., 2011). 

SVV was within the “gray zone” of 9%–13% in 
27.6% of all measurements in patients with both SR 
and CV. Restricting the applicability of SVV to 
measurements with SR and CV (24.4%) as well as 
with values outside the gray zone would result in a 
final rate of 19.0% fulfilling all three applicability 
criteria (SR, CV, outside gray zone; Table 4). 

Further “minor” limitations for the use of SVV 
and PPV include tidal volumes below 8 ml/kg pre-
dicted bodyweight (de Backer et al., 2009; Lakhal  
et al., 2011; Biais et al., 2014), a driving pressure  
<20 cmH2O (1 cmH2O=98.06 Pa) (Muller et al., 2010; 
Lakhal et al., 2011; Biais et al., 2014), a compliance 
≤30 ml/cmH2O (Monnet et al., 2012), open chest 
surgery (Reuter et al., 2005; de Waal et al., 2009), 
increased abdominal pressure (Duperret et al., 2007; 
Renner et al., 2009), a heart rate/respiratory rate ≤3.6 
(de Backer et al., 2009), and PEEP values >10 cmH2O 
(Maguire et al., 2011; Benes et al., 2014b). Strict 
application of six of these criteria in a multicentre 
study resulted in a very low overall applicability of 
only 2% (Mahjoub et al., 2014).  

However, some of these criteria are still subject 
to debate. If these criteria are not fulfilled, the use of 
SVV or PPV is not completely precluded. However, 
the absence of minor criteria reduces the capacity of 
SVV and PPV to predict FR. As demonstrated by 
Biais et al. (2014), the absence of minor criteria re-
sults in an increased “gray zone”. Nevertheless, these 
measurements cannot be classified as completely 
useless or unreliable, but should be interpreted more 
cautiously and in the context of other haemodynamic 
findings.  

The 27.6% prevalence of values within the gray 
zone was comparable to a prevalence of 98/413 (24%) 
patients in the study by Cannesson et al. (2011). 

4.2  Practical implications 

Our data confirm that in the ICU setting, the use 
of SVV and PPV is restricted to a small percentage of 
the measurements. Nevertheless, the applicability is 
higher soon after the admission and in certain sub-
groups. Despite a later loss of applicability, initial 
measurement of SVV or PPV might be useful with 
regard to IOHT by adjusting individual goals for 
GEDVI or CVP based on initial SVV measurement 
during appropriate conditions with CV and SR. 
However, feasibility and benefits of the IOHT remain 
to be proven outside the peri-operative setting. 

In summary, dynamic indices are not suitable  
to replace other techniques of preload assessment  
including physical examination, echocardiography, 
TPTD and functional tests such as (mini) volume 
challenges in the ICU. 

4.3  Strengths and weaknesses of the study 

Several previous studies investigated “virtual 
applicability” of dynamic indices in patients who 
were frequently not under advanced haemodynamic 
monitoring or even lacked an arterial line in a sub-
stantial percentage (Maguire et al., 2011; Benes et al., 
2014b; Mahjoub et al., 2014). By contrast, in our study, 
all patients were under advanced hemodynamic mon-
itoring providing TPTD- and PCA-derived data. 

Despite the heterogeneity of our patients and 
more than 1200 measurements, this study has the 
limitations of a single centre analysis with predomi-
nantly medical patients. Therefore, the results cannot 
be generalized to other populations, in particular not 
to the peri-operative setting. 

Regarding the association of the absence of 
minor criteria with the “gray zone”, we restricted our 
analysis of minor applicability criteria to the “gray 
zone” of 9%–13% and did not separately analyze the 
prevalence of single minor criteria. 

Finally, the study was conducted with the focus 
on SVV, since only SVV was available for all meas-
urements. Since the cut-offs for SVV and PPV are 
given in the same range, most of our findings re-
garding SVV might also apply to PPV, in particular 
the prevalence of SR and CV. 
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5  Conclusions 
 

The applicability of SVV and PPV defined by 
the prevalence of both SR and CV in a predominantly 
medical ICU is only about 25%–35%. The prevalence 
of both mandatory criteria decreases over time during 
the ICU stay, in particular because of a decrease in the 
prevalence of CV. Furthermore, the applicability is 
particularly low in patients with acute pancreatitis and 
liver failure. Nevertheless, initial applicability of 
SVV and PPV might be useful with regard to the 
concept of IOHT. 
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中文概要 
 

题 目：不同患者群体容量反应性变量参数应用的强制性

标准：重症监护病人窦性节律和控制呼吸流行情

况的前瞻性研究 
目 的：通过对危重病人在入院后 24 小时内和整个重症

监护过程中窦性心律和控制呼吸情况的调查，分

析每搏量变异在评估危重病人容量反应的适用

性，并探究每搏量变异度在败血症、肝硬化和胰

腺炎病人中的适用性。 
创新点：通过探究窦性节律和控制呼吸情况评估每搏量变

异度在重症监护病人临床上的适用性，弥补重症

监护病人窦性节律和控制呼吸情况数据的空白。 
方 法：在进行 1241 次热稀释法血流量测量前，对 88 位

病人的窦性节律和控制呼吸情况进行调查。 
结 论：每搏量变异度在主要的医疗重症监护病房中的适

用性只约为 25%~35%。两项强制性指标的流行

性在重症监护病房的情况随时间的延长而降低。

此外，每搏量变异度在胰腺炎和肝功能衰竭患者

中的适用性尤其低。 
关键词：血液动力学检测；前负荷；容量反应性；每搏量

变异度；脉压变异 


