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Background. Extrasystoles may be useful for predicting the response to ﬂuid therapy in hemodynamically unstable patients but
their prevalence is unknown. The aim of this study was to estimate the availability of extrasystoles in intensive care unit patients
diagnosed with sepsis. The study aim was not to validate the ﬂuid responsiveness prediction ability of extrasystoles. Methods.
Twenty-four-hour ECG recordings from a convenience sample of 50 patients diagnosed with sepsis were extracted from the
MIMIC-II waveform database, and ECGs were visually examined for correct QRS complex detection. Custom-made algorithms
identiﬁed potential extrasystoles based on RR intervals. Two raters visually conﬁrmed or rejected the potential extrasystoles and
then classiﬁed them as ventricular, supraventricular, or unknown origin. Extrasystole availability was calculated as extrasystolic
coverage for each 24 h ECG recording, that is, the percentage of the 24 h recording where an extrasystole had occurred in the
preceding 30 minutes. Results. Mean extrasystolic coverage was 53.3% (conﬁdence interval: [42.8; 63.6]%) and ventricular
extrasystolic coverage was 21.4 [13.5; 29.8]%. Interrater reliability was strong for conﬁrming/rejecting extrasystoles. Conclusions.
Extrasystoles are available for ﬂuid responsiveness prediction in septic patients in about half of the time. With this extrasystolic
availability, we believe the method to be considered for clinical use, provided that future studies validate the method’s ﬂuid
responsiveness prediction ability.

1. Introduction
Fluid administration is probably the most used treatment
strategy when clinicians attempt to correct hemodynamic
instability in critically ill patients. Fluids increase cardiac
preload, and in turn increase cardiac stroke volume if the
heart is operating on the steep part of the Frank-Starling
curve. However, if the heart is operating on the plateau of the
Frank-Starling curve the patient’s heart will not respond
with an increase in stroke volume when ﬂuids are administered. Fluids have several side eﬀects [1], which emphasize
the need for methods that can predict ﬂuid responsiveness,

that is, whether or not ﬂuid administration will improve
hemodynamics.
Historically, several methods to predict ﬂuid responsiveness have been suggested in the intensive care unit
(ICU) setting. However, while intuitively useful, preload
estimating variables such as central venous pressure are
unreliable ﬂuid responsiveness predictors [2]. The family of
dynamic variables, for example, pulse pressure variation and
stroke volume variation, constitutes reliable variables [2] but
only in a narrow group of ICU patients who are deeply
sedated and ventilated with speciﬁc ventilator settings [3].
When the tidal volume is low (below 7 ml/kg) or the patients
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have spontaneous breathing eﬀorts, dynamic variables become unreliable [4–6]. Passive leg raising is a reliable alternative method [7], requires cardiac output monitoring,
and is not a continuous measurement but requires an intervention, which also is the case for more recently suggested
but less validated methods such as the end-expiratory occlusion test. For the vast majority of ICU patients, no
variables from continuous monitoring oﬀer broadly applicable and reliable ﬂuid responsiveness prediction.
In the search for additional methods relying only on
continuous monitoring, we have recently suggested that
analysis of spontaneously occurring extrasystoles could be
a novel method to predict ﬂuid responsiveness [8]. The
postectopic beat in the extrasystolic conﬁguration is associated with an increased preload due to the compensatory
pause and probably also due to a poor ejection at the ectopic
beat. Analyzing the hemodynamic response at the postectopic beat, for example, how much systolic blood pressure
changes compared with preceding sinus beats, may predict
ﬂuid responsiveness. Based on experimental data [9] as well
as clinical data [8, 10], this method appears promising.
While clinical validation in diﬀerent patient groups is essential for considering the method’s use in clinical practice,
another crucial question arises for this speciﬁc method: to
what extent are extrasystoles available in the everyday ICU
setting? In postcardiac surgery patients, extrasystoles were
available prior to a scheduled volume expansion in 61% of
nonatrial ﬁbrillation postcardiac surgery patients [8]. This
ﬁgure may not be surprising when comparing with data for
nonhospitalized older subjects, estimating the presence of
extrasystoles in more than 97% of subjects (n � 1372) in
a 24 h period and that, for example, more than 50% of elderly
men (>80 years) have more than 15 hourly supraventricular
extrasystoles. Still, extrasystolic occurrence was reported
diﬀerently [11] and is diﬃcult to interpret in this context.
Fundamentally, it is unknown to what extent extrasystoles
occur in an ICU population. If a patient has an extrasystole,
it may be predictive of ﬂuid responsiveness at that time, but
the predictive value will surely decrease over time due to
changes in the clinical setting, for example, treatment
changes and illness deteriorations/improvements. Therefore,
we have suggested that extrasystoles are useful in a 30minute time window following the occurrence of the extrasystole [8].
The aim of this study was to estimate to what extent
extrasystoles are available in septic patients in the ICU
(based on the aforementioned 30-minute rule) and not to
validate the method for its ability to predict ﬂuid responsiveness. We investigated a convenience sample of
septic patients, because sepsis patients constitute a patient
category where ﬂuid responsiveness prediction is of particular importance in the ICU [1].
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The MIMIC database is a database approved by the US
authorities waiving consent from the deidentiﬁed patients,
whose data are in the database. The database is available for
researchers worldwide. The selected dataset comprised 50
unique patients who were diagnosed with sepsis [13, 14] and
had ECG (lead II) recorded for at least 24 hours continuously. The ECG recording duration was truncated to 24
hours to cover a full circadian cycle. The 50 waveforms were
selected based on the consecutive order of the numeric
subject IDs in the database. These subject IDs have historically been randomly assigned and are therefore not
ordered with respect to the time of admission. We considered this approach most reproducible. Demographic and
clinical characteristics for the entire remaining population in
the matched clinical database (n � 2461) was also extracted
for comparison including the subpopulation diagnosed with
sepsis (n � 429). These extractions were not restricted to
presence, type, or length of waveform monitoring. Only
presence in the database (n � 2461) and sepsis diagnosis
(n � 429) were extraction criteria. In case of several ICU
admissions, the ﬁrst ICU admission was selected for these
patients. Vasopressor use was deﬁned as administration of
any of the following: norepinephrine, dopamine, epinephrine, vasopressin, isoprenaline, phenylephrine, or
dobutamine.
2.2. Extrasystolic Coverage Deﬁnition. In the study, we deﬁne
the term, extrasystolic coverage, as the fraction of time in
a 24 h ECG recording, where at least one extrasystole has
occurred within the preceding 30 minutes, see Figure 1 for
further explanation.

2. Materials and Methods

2.3. Extraction of ECGs from MIMIC and R Spike Correction
in Kubios HRV Software. Demographics and clinical characteristics were extracted from the MIMIC-II clinical database (records matched to the physiologic waveforms).
Twenty-four-hour ECG data were converted from MIMIC’s
waveform database to a ﬁle readable to the publicly available
software, Kubios HRV [15] (University of Eastern Finland,
Kuopio, Finland). In cases where subjects had more than one
24 h record available from either a single admission with
several monitoring days or multiple admissions, we included
the chronologically ﬁrst identiﬁed 24 h record.
The automatic R-wave detection in Kubios was visually
inspected and corrected. For ventricular ectopic beats
(where QRS morphology is altered), we marked the R-wave
at the complex’s largest deﬂection (i.e., whether positive or
negative with respect to the isoelectric line). Initial visual
inspection and correction in Kubios were done by one of two
authors (JE or STV). ECGs with atrial ﬁbrillation or other
arrhythmia/issues precluding automatic detection for the
entire 24 h period were termed not analyzable and assigned
an extrasystolic coverage of 0%.

2.1. Data Material. The analysis was based on continuous
waveform recordings of ECGs from ICU patients who are
matched to the MIMIC-II clinical database records, described in further detail at http://www.physionet.org [12].

2.4. Detection of Potentially Eligible Extrasystoles.
Corrected RR interval time series were automatically analyzed: RR intervals reduced by more than 20% compared
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Figure 1: Illustration of the extrasystolic coverage definition. The
fraction of time in which at least one extrasystole has occurred
within the preceding 30 minutes. In this 24 h clock, the coverage
graphically corresponds to the sum of the grey areas divided by the
total 24 h area (grey areas plus shaded areas). In this illustration
example, where 19 extrasystoles have occurred in 24 hours,
extrasystolic coverage is approximately 30%, because the grey area
corresponds to approximately 30% of the total area. The figure also
illustrates how the 24 h recording is considered a “closed time
loop,” that is, the last part of the recording is considered to precede
the first part of the recording.

with the preceding RR interval identified a potentially eligible extrasystole (the 20% limit ensures an altered preload at
the subsequent postectopic beat [8]). Also, all ten RR intervals preceding a potentially eligible extrasystole had to be
sinus beats (because they constitute a “baseline” for the
method). We considered this criterion was met if none of the
ten preceding RR intervals were more than 10% higher or
lower than the median of the ten RR intervals (allowing
presence of natural heart rate variability).
2.5. Manual Classification of Detected Potentially Eligible
Extrasystoles. ECG segments surrounding potential extrasystoles (n  10944) were visually classified by two individual raters (authors JE and STV). The inspection was
organized by a custom script, presenting the ECG of each
potential extrasystole (and surrounding heart beats) and
awaiting the rater’s classification into one of four categories:
“Ventricular extrasystole,” “supraventricular extrasystole,”
“extrasystole of unknown origin,” or “erroneous detection.”
The criteria for classification as ventricular extrasystole were
as follows:
(1) Wide QRS complex (>120 ms)
(2) Absence of P-wave
(3) Altered T-wave morphology
In cases not meeting any of these criteria, the extrasystole
was classified as supraventricular. In cases meeting some but
not all criteria, it was a subjective decision to either specify
the extrasystole as “ventricular” or “supraventricular” or
classify as “extrasystole of unknown origin.”
The distinction between ventricular and supraventricular extrasystoles was done in case the origin of extrasystoles

playing a role for the predictive power, even though the
present clinical data at hand do not indicate this [8]. We
report overall extrasystolic coverage and coverage for both
subtypes of extrasystoles.
When calculating the extrasystolic coverage, extrasystoles
occurring in the last 30 minutes of the recording were viewed
as preceding the first 30 minutes of the ECG recording, that
is, 24 hours was considered a “closed time loop” (also illustrated in Figure 1).
2.6. Statistics and Interrater Reliability Analyses. Clinical and
demographic characteristics were compared with the chisquared test for dichotomous variables or Wilcoxon’s rank
sum test for ordinal and continuous variables. Our cohort of
50 patients was compared with the remaining population in
the clinical database diagnosed with sepsis (n  429) as well
as the entire remaining part of the matched database
(n  2461). In particular, available covariates that are known
to affect extrasystolic occurrence [11, 16] were compared
between the cohorts (age, gender, hypertension, and heart
disease; heart disease was defined dichotomously as any
presence of congestive heart failure, cardiac arrhythmia,
valvular disease, pulmonary circulation disorders, or peripheral vascular disorders in the Elixhauser subitems, which
are based on ICD9 and drug codes). Confidence intervals for
extrasystolic coverage estimates were calculated using the
percentile method on a bootstrap sample (10,000 resamples).
We present extrasystolic coverage estimates for the entire
cohort for the overall interpretation and comparison with,
for example, dynamic variable applicability but also estimates for the analyzable subgroup (e.g., excluding atrial
fibrillation records) to exclude cases where clinicians would
not have expectations to the method.
Extrasystolic coverage’s dependence on demographic
and relevant clinical factors was analyzed in three multivariate linear regression models which all included
gender, age, hypertension, and heart disease. One model
additionally included additional comorbidity (Elixhauser
sum score when omitting hypertension and heart disease
items, as defined above) and first SOFA score (as measure
of illness severity), another included time from ICU admission to start of ECG recording, and the third also
included MAP, heart rate, and vasopressor use as available
markers of hemodynamic state. Interrater reliability was
analyzed for the four categories: “ventricular extrasystole,”
“supraventricular extrasystole,” “extrasystole of unknown
origin,” and “erroneous detection” using unweighted
Cohen’s kappa. Also, interrater reliability was calculated
for the groups “any extrasystole type” and “erroneous
detection.” A common categorization was subsequently
made for disagreements. Initially consulting a cardiologist
for ways to be more certain about extrasystolic type led to
the conclusion that 12-lead ECG at a higher resolution
would often have been necessary to determine the type in
inconclusive cases. Extrasystolic coverage estimates are
reported as mean [confidence interval (CI)]. Statistical
testing was done in R 3.2.1 (R Core Team, 2015) or Matlab
(version 2014a, MathWorks Inc., MA, USA).
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Table 1: Demographics and clinical characteristics of the cohorts.

Age
Male gender
ICU admission type
(i) CCU
(ii) CSRU
(iii) MICU
(iv) SICU
(iv) NICU
First SOFA score
Elixhauser sum score
Comorbidity related to ES
(i) Heart disease
(ii) Hypertension
Primary diagnosis
Sepsis
Pulmonary
Cardiac function/arrhythmia
AMI
Hepatic
CNS
GI bleeding
Renal
Vasopressor use
MAP (24 h mean)
HR (24 h mean)

Selected cohort
(n � 50)
68 (54; 76)
25 (50%)

Matched subset with sepsis omitting
selected cohort (n � 429)
69 (52; 78)
228 (53%)

Entire matched subset omitting selected
cohort (n � 2461)
68 (55; 79)
1410 (57%)

11 (22%)
15 (30%)
24 (48%)
0 (0%)
0 (0%)
10 (7; 13)
3 (2; 4)

146 (34%)
126 (29%)
157 (37%)
0 (0%)
0 (0%)
6 (3; 9)#
2 (1; 4)

878 (36%)
715 (29%)
854 (35%)
13 (1%)
1 (0%)
5 (2; 9)#
2 (1; 3)∗

28 (56%)
9 (18%)

200 (47%)
108 (25%)

1019 (41%)∗
655 (27%)

15
13
6
3
2
2
1
3
21 (42%)
75.7 (68.5; 84.8)
87.8 (74.9; 98.5)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Statistical comparisons are made between the selected cohort and the matched subset with sepsis (n � 429) and between the selected cohort and the remaining
matched subset (n � 2461). Data are presented as median (interquartile range) for continuous and ordinal variables and as number (fraction of entire cohort in
percent) for dichotomous variables. Primary diagnoses are reported with respect to the aﬀected organ system, except for the sepsis diagnose. ∗ p < 0.05
compared with selected cohort. #p < 0.001 compared with selected cohort. CCU: Coronary Care Unit; CSRU: Cardiac Surgery Recovery Unit; MICU: Medical
ICU; SICU: Surgical ICU; NICU: Neonatal ICU; GI: gastrointestinal; ES: extrasystoles; AMI: acute myocardial infarction; CNS: central nervous system; GI:
gastrointestinal; MAP: Mean arterial pressure; HR: Heart rate; NA: not assigned.

3. Results
Out of the 50 ECG recordings, 8 were not analyzable (6 due
to atrial ﬁbrillation and 2 due to pacing spikes and/or other
frequent arrhythmia) resulting in forty-two 24 h ECGs for
detailed ECG analysis. The not-analyzable records were
assigned an extrasystolic coverage of 0%. Patient demographics and clinical characteristics are presented in
Table 1. Generally, this cohort had characteristics not very
diﬀerent from the remaining septic patients in the matched
subset. However, the selected 50 septic patients had signiﬁcantly higher ﬁrst SOFA score compared with the
remaining septic patients. Across the 50-patient cohort,
53.3% [42.8; 63.6]% of the time was covered with extrasystoles according to the 30-min expiration period. Across
the analyzable records, 63.5% [53.4; 73.1] of the time was
covered with extrasystoles (illustrated in Figure 2). Looking
at coverage for ventricular extrasystoles only, there was
a coverage of 21.4 [13.5; 29.8]% in the 50-patient cohort and
25.4 [16.7; 34.9]% in the analyzable cohort 42 subjects. For
supraventricular extrasystoles, the coverage was 41.1 [31.2;
51.5]% and 49.0 [38.2; 59.4]% respectively. Among the 42
analyzable records, all but two patients (95%) had at least
one eligible extrasystole in the recording; 31 patients (73%)
had at least 50% of the 24 h covered with extrasystoles; and

21 patients (50%) had at least 75% of the 24 h covered. In
Figure 3, the number of eligible extrasystoles for each recording is shown along with the type and time of occurrence
in the extracted 24 h recording. The median time from ICU
admission to the beginning of the 24 h recording was 50.8,
IQR [1.0; 144.6] hours (n � 48), with 21 recordings started
during the ﬁrst 24 hours after ICU admission. In multivariate linear regression analyses, age (p < 0.001) and heart
disease (p < 0.05) were the only statistically signiﬁcant
factors inﬂuencing the extrasystolic coverage across all three
models. First SOFA score (being the only diﬀerence between
the selected cohort and the remaining septic patients) was
not aﬀecting extrasystolic coverage (p � 0.82).
3.1. Interrater Reliability. Among 10,944 potential extrasystoles, 10,753 extrasystoles were visually conﬁrmed and
agreed upon by the two raters. In total, there were 919
disagreements (simple percentage agreement � 92%).
Cohen’s kappa for classiﬁcation in four categories was 0.79.
Most of these disagreements were systematic, that is, several
extrasystoles with identical morphology for a speciﬁc patient
where, for example, one rater repeatedly classiﬁed as supraventricular and the other classiﬁed as unknown origin. To
assess the raters’ ability to distinguish between eligible
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Figure 2: Visualization of extrasystolic coverage in the selected cohort. Solid line is the coverage of all extrasystoles (“supraventricular,”
“ventricular,” and “of unknown origin”). Each “plateau” in the curves represents a patient’s extrasystolic coverage. Each curve is sorted from
lowest to highest extrasystolic coverage to make the areas under the curves easier to visualize and interpret; that is, the coverage numbers
presented in the rightmost column of Figure 3 have been sorted (ranked) and plotted against the rank (1 up to 50). The area under each curve
divided by the graph’s entire area therefore corresponds to the estimated mean extrasystolic coverage across the patients (53.3%). If notanalyzable patients (the grey area) are excluded, the mean extrasystolic coverage is 63.5%.

extrasystoles and erroneous detections, all types of extrasystoles (supraventricular, ventricular, and ectopic of unknown origin) were collapsed into a single category. This left
37 disagreements (simple percentage agreement  99.7%).
Kappa for classification in the two super categories (eligible
extrasystole vs. erroneous detection) was 0.90.

4. Discussion
This is the first study to quantify the occurrence of extrasystoles in septic ICU patients, and extrasystoles were
available for fluid responsiveness prediction in approximately half of the time. While not directly comparable, these
figures stand in contrast to the dynamic variable usefulness
of around 2–3% of ICU patients [3]. Excluding those patients where clinicians would not expect the extrasystoles
method to be applicable (e.g., atrial fibrillation), 63.5% of the
time was covered with extrasystoles. This is in accordance
with a clinical validation study of the extrasystoles method in
postcardiac surgery patients (61% had extrasystoles in the
30 min observation period) [8]. The indisputable primary
limitation of dynamic variable use in the ICU is requirements to the preload varying mechanism: controlled
mechanical ventilation mode, tidal volume, respiratory rate,
compliance, etc. In theory, the extrasystoles method has no
requirements to the way patients breathe. However, since

any breathing pattern induces some (cyclic) variations in
blood pressure, it may be important for the extrasystoles
method to take into account when in a respiratory cycle, the
postectopic beat occurs, which has the potential to improve
the method compared with existing classification results
[8, 10].
The interrater agreement on the classification of potential eligible extrasystoles was “moderate” to “strong” by
common standards [17, 18]. In cases where the raters disagreed, the most conservative classification was predominantly chosen (i.e., “extrasystole of unknown origin” or
“erroneous detection”). Of the 37 disagreements on whether
or not a potential extrasystole was eligible, 26 (70%) were
resolved by rating the potential extrasystole not eligible
(“normal”). As such, a relevant proportion of these 37
disagreements appeared to be simple button press mistakes
made by either of the raters, which is unrealistic to avoid
when visually inspecting and manually classifying more than
10,000 potential extrasystoles. The 882 disagreements on the
specific type of extrasystole were resolved by rating the
potential extrasystole as “of unknown origin” in 841 (95%) of
the cases. This has probably led to an underestimation of the
frequency of the specific types of extrasystoles
(i.e., ventricular and supraventricular shown in Figure 2).
We considered the criterion for preceding sinus beats
met if none of the ten preceding RR intervals were more than
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160
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0
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223
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0
100.0
2087
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96
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0
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157
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296
77.7
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66.2
97
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94.6
321
0.0
0
0.0
0
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16
32.8
17
2.1
1
15.4
8
65.3
371
0.0
0
20.7
12
79.0
227
98.1
641
0.0
0
0.0
0
0.0
0
0.0
0
70.7
258
93.8
313
84.7
116
21.5
15
97.7
222
99.5
495
81.0
163
88.3
620
84.2
167
90.5
292
23.6
16
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Figure 3: Extrasystolic coverage for each patient. Number (n) and extrasystolic coverage of eligible extrasystoles for each 24 h recording in
the selected cohort (n  50). The left column indicates the subject IDs in the MIMIC database.

10% higher or lower than the median of the ten RR intervals
preceding the potential ectopic beat. This was automatically
verified by our customized software in advance of visual
inspection. Since we after this confirmation visually verified
the eligibility and origin of each extrasystole, we are certain
that the high prevalence of extrasystoles for subjects such as
s01606 in Figure 3 is indeed comprised by eligible extrasystoles and not associated with arrhythmia such as atrial
fibrillation or coupled extrasystoles.
The primary limitation of the method is obviously that
clinicians cannot wait for extrasystoles to occur. Nonetheless, the information held in the postectopic blood pressure
configuration basically comes “free of charge” in patients

monitored simultaneously with ECG and ABP but may be
difficult to eyeball on today’s monitors, considering that the
optimal cut-off in, for example, systolic blood pressure
change so far has been reported to be around 5% in a clinical
setting [8]. The extrasystoles method is, theoretically, not
restricted to a certain breathing pattern or lung compliance,
but we do expect that the method has other limitations
described for dynamic variables such as cardiac function and
tamponade, so the coverage estimates presented here should
be regarded as a maximal potential of the extrasystolic
method. Still, if clinically validated, and based on this study’s
data, we believe that the extrasystolic method would be more
applicable than dynamic variables in the ICU.
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Regarding comparison of the clinical covariates that
inﬂuence extrasystolic coverage, the selected cohort
appeared reasonably representative of the remaining population diagnosed with sepsis in the matched clinical database (n � 429). The only striking diﬀerence, ﬁrst SOFA
score (a measure of illness/sepsis severity), did not aﬀect
extrasystolic coverage in our selected cohort (those analyzable, n � 42), and other clinical and demographic covariates that aﬀect extrasystolic coverage (age, gender,
hypertension, and cardiac disease) were not diﬀerent between the selected cohort and the remaining septic patients.
Still, the cohort was small, in particular for a multivariate
regression and it could be reasonably argued that it is not
powered for ﬁrm conclusions regarding the impact of ﬁrst
SOFA score on extrasystolic coverage. Yet, we believe that
our estimates of extrasystolic coverage are qualiﬁed estimates given the otherwise good clinical resemblance between the selected cohort and the remaining population
diagnosed with sepsis in the matched clinical database. We
recognize sepsis severity could impact extrasystolic coverage,
while it has not been described to inﬂuence the occurrence of
extrasystoles. However, it has been shown that new-onset
atrial ﬁbrillation and thereby the ratio of nonanalyzable
patients are related to the severity of sepsis, with patients in
septic shock having a higher risk [19]. This was not found in
our small sample, where only two of the 21 patients who
received vasopressor treatment (9.5%) had atrial ﬁbrillation
against four of 29 who did not receive vasopressor treatment
(13.8%). In addition to this, the extrasystolic occurrence
estimate (53.3%) should be interpreted in the context of the
relatively small sample size which is reﬂected in the estimated conﬁdence interval [42.8; 63.6]%. In the planning of
the study, we considered this cohort size adequate for rough
estimation of the coverage and focused further on the
validation of our classiﬁcations (interrater analyses).
Inspecting more ECG records would lead to a narrower CI
on the extrasystolic coverage estimate, but the current CI is
indicative in our opinion and resembles what we have
observed in clinical validation studies [8, 10].
As a ﬁnal limitation to our study, sepsis criteria have
been updated [20] during our data analyses and it is unknown if this would aﬀect our extrasystolic coverage
estimates.

5. Conclusion
The present study shows that extrasystoles are reasonably
available for ﬂuid responsiveness prediction in septic ICU
patients. Overall, we believe that our systematic approach to
detection, the ﬁnal common classiﬁcation along with strong
agreement in the interrater reliability analysis, has resulted
in a very reliable estimate of the real extrasystolic coverage in
the selected cohort. It is up to clinicians to decide whether
the glass is half full or half empty with the presented
extrasystolic coverage (53% of the time). We think of it as
half full because the information held in extrasystoles appears to predict ﬂuid responsiveness and is readily available
in half of ICU patients monitored with ECG and invasive
arterial pressure. Still, a reasonably high prevalence/coverage
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of extrasystoles is not validating the prediction ability of this
method, only rendering it feasible. Future validation studies
on the extrasystoles method to predict ﬂuid responsiveness
in, for example, medical ICU patients and patients in general
anesthesia have to be conducted before the extrasystolic
method can be recommended for clinical use.
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Disclosure
The Danish Medical Research Council (DFF) had no impact
on this study or content of this manuscript.

Conflicts of Interest
The authors declare that there are no conﬂicts of interest.

Authors’ Contributions
JNE and STV were responsible for conception of the study,
study design, data analysis, interpretation of data, writing up
of the ﬁrst draft of the paper, revising the ﬁrst draft critically
for important intellectual content, and ﬁnal approval of the
version to be published. MX-W and CP were responsible for
conception of the study, study design, data collection, revising the ﬁrst draft critically for important intellectual
content, and ﬁnal approval of the version to be published.

Acknowledgments
The authors thank the cardiologist, Christian Alcaraz
Frederiksen, for insightful discussion of extrasystolic
conﬁguration/morphology. STV is ﬁnancially supported by
The Danish Medical Research Council (DFF) (grant number
4183-00540).

References
[1] E. A. Hoste, K. Maitland, C. S. Brudney et al., “Four phases of
intravenous ﬂuid therapy: a conceptual model,” British
Journal of Anaesthesia, vol. 113, no. 5, pp. 740–747, 2014.
[2] P. E. Marik, R. Cavallazzi, T. Vasu, and A. Hirani, “Dynamic
changes in arterial waveform derived variables and ﬂuid responsiveness in mechanically ventilated patients: a systematic
review of the literature,” Critical Care Medicine, vol. 37, no. 9,
pp. 2642–2647, 2009.
[3] Y. Mahjoub, V. Lejeune, L. Muller et al., “Evaluation of pulse
pressure variation validity criteria in critically ill patients:
a prospective observational multicentre point-prevalence
study,” British Journal of Anaesthesia, vol. 112, no. 4,
pp. 681–685, 2014.
[4] B. Lansdorp, J. Lemson, M. J. van Putten et al., “Dynamic
indices do not predict volume responsiveness in routine
clinical practice,” British Journal of Anaesthesia, vol. 108,
no. 3, pp. 395–401, 2012.
[5] D. De Backer, S. Heenen, M. Piagnerelli, M. Koch, and
J.-L. Vincent, “Pulse pressure variations to predict ﬂuid

8

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]

[20]

Critical Care Research and Practice
responsiveness: inﬂuence of tidal volume,” Intensive Care
Medicine, vol. 31, no. 4, pp. 517–523, 2005.
A. Perner and T. Faber, “Stroke volume variation does not
predict ﬂuid responsiveness in patients with septic shock on
pressure support ventilation,” Acta Anaesthesiologica Scandinavica, vol. 50, no. 9, pp. 1068–1073, 2006.
F. Cavallaro, C. Sandroni, C. Marano et al., “Diagnostic accuracy of passive leg raising for prediction of ﬂuid responsiveness in adults: systematic review and meta-analysis of
clinical studies,” Intensive Care Medicine, vol. 36, no. 9,
pp. 1475–1483, 2010.
S. T. Vistisen, “Using extra systoles to predict ﬂuid responsiveness in cardiothoracic critical care patients,” Journal
of Clinical Monitoring and Computing, vol. 31, no. 4,
pp. 693–699, 2017.
S. T. Vistisen, K. K. Andersen, C. A. Frederiksen, and
H. Kirkegaard, “Variations in the pre-ejection period induced
by ventricular extra systoles may be feasible to predict ﬂuid
responsiveness,” Journal of Clinical Monitoring and Computing, vol. 28, no. 4, pp. 341–349, 2014.
S. T. Vistisen, M. B. Krog, T. Elkmann et al., “Extrasystoles for
ﬂuid responsiveness prediction in critically ill patients,”
Journal of Intensive Care, vol. 6, no. 52, pp. 1–8, 2018.
T. A. Manolio, C. D. Furberg, P. M. Rautaharju et al., “Cardiac
arrhythmias on 24-h ambulatory electrocardiography in older
women and men: the Cardiovascular Health Study,” Journal of
the American College of Cardiology, vol. 23, no. 4, pp. 916–925,
1994.
A. L. Goldberger, L. A. Amaral, L. Glass et al., “PhysioBank,
PhysioToolkit, and PhysioNet: components of a new research
resource for complex physiologic signals,” Circulation,
vol. 101, no. 23, pp. E215–E220, 2000.
D. C. Angus, W. T. Linde-Zwirble, J. Lidicker, G. Clermont,
J. Carcillo, and M. R. Pinsky, “Epidemiology of severe sepsis in
the United States: analysis of incidence, outcome, and associated costs of care,” Critical Care Medicine, vol. 29, no. 7,
pp. 1303–1310, 2001.
G. S. Martin, D. M. Mannino, S. Eaton, and M. Moss, “The
epidemiology of sepsis in the United States from 1979 through
2000,” New England Journal of Medicine, vol. 348, no. 16,
pp. 1546–1554, 2003.
M. P. Tarvainen, J. P. Niskanen, J. A. Lipponen, P. O. Rantaaho, and P. A. Karjalainen, “Kubios HRV—heart rate variability analysis software,” Computer Methods and Programs in
Biomedicine, vol. 113, no. 1, pp. 210–220, 2014.
R. J. Simpson Jr., W. E. Cascio, P. J. Schreiner et al., “Prevalence of premature ventricular contractions in a population
of African American and white men and women: the Atherosclerosis Risk in Communities (ARIC) study,” American
Heart Journal, vol. 143, no. 3, pp. 535–540, 2002.
J. Cohen, “A coeﬃcient of agreement for nominal scales,”
Educational and Psychological Measurement, vol. 20, no. 1,
pp. 37–46, 1960.
M. L. McHugh, “Interrater reliability: the kappa statistic,”
Biochemica Medica, vol. 22, pp. 276–282, 2012.
S. Kuipers, P. M. Klein Klouwenberg, and O. L. Cremer,
“Incidence, risk factors and outcomes of new-onset atrial
ﬁbrillation in patients with sepsis: a systematic review,”
Critical Care, vol. 18, no. 6, 2014.
M. Singer, C. S. Deutschman, C. W. Seymour et al., “The third
international consensus deﬁnitions for sepsis and septic shock
(Sepsis-3),” JAMA, vol. 315, no. 8, pp. 801–810, 2016.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

