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Abstract

Purpose To study the association between baseline heart
rate and outcome in patients with multiple organ dys-
function (MODS) as well as the course of heart rate over
the first 4 days during MODS.

Methods Prospective observational study in 89 patients
with MODS, defined as an APACHE-II score >20. Base-
line heart rate (HR,) was determined over a 60-minute
period at the time of MODS diagnosis. 28-day all-cause
mortality was the primary endpoint of the study, a fall of
the APACHE-II score by 4 points or more from day O to
day 4 constituted the secondary endpoint. Hazard ratios for
heart rate of 90 beats per minute (bpm) or greater relative
to less than 90 bpm were calculated using Cox proportional
hazards model and adjusted for confounding variables.
Results Median baseline heart rate was 83 bpm in sur-
vivors and 92 bpm in non-survivors (p = 0.048). 28-day
mortality was 32 and 61% in patients with HRy < 90 bpm
and HRy > 90 bpm, respectively. The adjusted hazard
ratio for 28-day mortality was 2.30 (95% confidence
interval 1.21-4.36, p = 0.001) for HRy > 90 bpm relative
to HRy <90 bpm. No correlation was found between
baseline heart rate and the secondary endpoint. From day 0
to day 4, heart rate remained elevated in all patients, as
well as in survivors and non-survivors.
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Conclusions A heart rate >90 bpm at the time of MODS
diagnosis is an independent risk factor for increased
28-day mortality. As in patients with cardiovascular con-
ditions such as coronary heart disease or chronic heart
failure, heart rate might constitute a target for heart rate-
lowering therapy in the narrow initial treatment window of
MODS.

Keywords Cardiogenic shock - Heart rate reduction -
Multiple organ failure - Resting heart rate - Septic shock -
Tachycardia

Abbreviations
APACHE Acute physiology and chronic health
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BEAUTIFUL Morbidity-mortality evaluation of the I;
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CAD Coronary artery disease

CHF Chronic heart failure

CI Confidence interval
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FDAR Frequency-dependent acceleration of
relaxation

FFR Force-frequency relationship

ICU Intensive care unit

IQR Interquartile range

HHR Hourly heart rate

HR, Baseline heart rate

MODS Multiple organ dysfunction

SHIFT Systolic heart failure treatment with Iy
inhibitor ivabradine trial

SOFA Sequential organ failure assessment
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Introduction

Multiple organ dysfunction (MODS) refers to an acute
functional impairment of two or more organs such that
homeostasis cannot be maintained without intervention [1].
It carries a high mortality, ranging from 22% (2 failing
organs) to 95% (4 or more failing organs) [2], entails tre-
mendous health care costs [3], and is the leading cause of
death on intensive care units [4]. Evidence-based thera-
peutic interventions are scarce and innovations to improve
morbidity and mortality are urgently needed [5]. Increased
resting heart rate is now universally recognized as an
independent risk factor both in the general population and
in patients with cardiovascular conditions [6]. Patients with
MODS typically present with an elevated heart rate that
accompanies a highly impaired autonomic dysfunction
with depressed parasympathetic control of the heart [7, 8].
Observational clinical data suggest that betablocker medi-
cation results in improved heart rate variability and reduced
MODS mortality [9]. In murine sepsis models betablock-
ade reduces concentrations of systemic and myocardial
pro-inflammatory cytokines, mitigates septic myocardial
dysfunction and improves survival [10, 11]. The aim of the
present study was therefore (1) to explore the prognostic
significance of heart rate at the time of MODS diagnosis,
(2) describe the course of the heart rate over the first 5 days
of MODS, and (3) explore the correlation between initial
heart rate and illness severity.

Subjects and methods
Study population

A prospective observational study was performed on a
tertiary 12-bed medical intensive care unit (ICU). Between
January and September 2009 all consecutive patients were
screened for inclusion.

Protocol

APACHE-II and SOFA scores were calculated at 10 a.m.
every day. MODS was defined as an APACHE-II score
>20 [12-14]. MODS patients older than 18 years were
included in the study if they presented with sinus rhythm.
Patients with (a) a cardiac pacemaker, (b) palliative treat-
ment goal, or (c) transferred from other high-dependency
units with MODS already under treatment for 8 h or longer
were excluded.

A one-channel electrocardiogram (ECG) derived from
the routine intensive care monitoring (SC 7000, Siemens
AG, Erlangen, Germany) was recorded on a separate per-
sonal computer. Recording was commenced on admission
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and maintained for at least the first five ICU days. The
recording software (DMS, Stateline, Nevada, USA) cal-
culated hourly heart rates (HHR) from the arithmetic mean
of all R-R intervals over 60-minute periods. Prognostic
significance of heart rate at the time of MODS diagnosis
was evaluated using baseline heart rate (HR;). HRy was
defined as the HHR calculated for the period between 9
a.m. and 10 a.m. on the day when MODS was first diag-
nosed. The course of the heart rate during the first five days
of MODS was evaluated using the median of HHR for
24-hour periods from days 0 to 4.

As for the APACHE-II score, sedated patients were
assigned the best Glasgow Coma Scale rating observed on
the ICU over the rating period [12]. Treating physicians
were blinded to the output of the heart rate recording
software. According to local practice, only norepinephrine
and dobutamine were used as catecholamines/vasopressors.
All cardiac arrest victims were subjected to mild thera-
peutic hypothermia. 28-day all-cause mortality was the
primary endpoint; a fall of the APACHE-II score by 4
points or more from day O to day 4 constituted the sec-
ondary endpoint of the study. Intention-to-treat analysis
was performed and and with regard to dropouts for the
secondary endpoint the last observation carried forward
method was used [15].

The study was approved by the ethics committee of the
Martin Luther University of Halle/Wittenberg and
informed consent was obtained either from the patient, a
proxy, or next of kin.

Statistical analysis

A p value <0.05 was considered statistically significant.
Categorical variables are presented as percentages and
compared between groups using Chi-square test or Fisher’s
exact test. Continuous parameters are presented as median
with interquartile range (IQR) and compared between
unrelated samples using Mann—Whitney test and between
related samples using Wilcoxon signed-rank test, respec-
tively. Non-parametric correlation analysis was performed
using Spearman’s rho. The risk associated with elevated
heart rate was tested by comparing survival in patients with
HR( < 90 beats per minute (bpm) versus HRy > 90 bpm
as well as at the HR(, cut-off which yielded the maximum
product (sensitivity x specificity) for the prediction of the
primary endpoint in a receiver-operating characteristic.
The predefined cut-off at 90 bpm was derived from a
dataset of a previous MODS study by our group [8].
Kaplan—-Meier analysis with logrank test provided a uni-
variate survival model. Cox regression was used to derive a
multivariate survival model, with hazard ratios and 95%
confidence intervals (CI). Eleven potential confounding
variables were included in the multivariate model based on
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epidemiological, pathophysiological and clinical reason-
ing: age, gender, acute myocardial infarction, severe sepsis/
septic shock, APACHE-II score, mean arterial pressure,
central venous pressure, body temperature, analgosedation,
dobutamine administration, and norepinephrine adminis-
tration. The variables were measured at the time of MODS
diagnosis. For continuous variables (age in years, body
temperature in °C, APACHE-II score), the hazard ratio was
indexed to an increment of one unit. For dichotomous
variables, the hazard ratio expressed the hazard associated
with the presence of the criterion. The following variables
were not considered as covariates for multiple regression
because of their close correlation with other parameters (in
brackets): invasive ventilation (analgosedation), cardiac
arrest (myocardial infarction, body temperature), and
procalcitonin (severe sepsis/septic shock). Data analysis
was performed using SPSS 16.0 (SPSS Inc., Chicago, IL,
USA).

Results
Study population

89 consecutive patients (55 males, 34 females, all Cauca-
sian) were included in the study (Table 1). Severe sepsis/
septic shock, acute myocardial infarction, cardiac arrest,
decompensated heart failure, and decompensated liver
cirrhosis contributed to the aetiology of the MODS in 43,
33, 27, 11, and 6%, respectively (multiple triggers con-
ceptually permitted). Other main initial diagnoses included
intoxication, acute pancreatitis, hypothermia, ileus, intra-
cranial haemorrhage, anaphylactic shock, withdrawal syn-
drome, and thrombotic thrombocytopenic purpura, each of
which affected less than 5% of the study population. All-
cause 28-day mortality was 43%.

Baseline heart rate and primary endpoint

Median HR, was 85 bpm (IQR 71-97) in all patients
included in the study, 83 bpm (IQR 70-90) in survivors to
day 28, and 92 bpm (IQR 76-107) in non-survivors.
28-day mortality was 32% for patients with HRy < 90 bpm
and 61% for patients with HRy > 90 bpm (p = 0.009).
MODS aetiology was inequally distributed between the
two pre-specified groups. While myocardial infarction and
cardiac arrest were more prevalent as the trigger of MODS
in patients with HRy < 90 bpm, sepsis was more frequent
in patients with HRy > 90 bpm. Median baseline heart rate
was generally higher in septic patients as compared with
non-septic patients (90 vs. 81 bpm, p = 0.011) and lower
in patients post cardiac arrest compared with those without
cardiac arrest (88 vs. 78 bpm, p = 0.018).

Figure 1 illustrates the univariate survival model for
patients with HRy < 90 bpm compared with patients with
HR(y > 90 bpm.

In the initial Cox model, including age, gender, acute
myocardial infarction, severe sepsis/septic shock, APAC
HE-II score, mean arterial pressure, central venous pressure,
body temperature, analgosedation, dobutamine administra-
tion, norepinephrine administration, HRy > 90 bpm was
assigned a hazard ratio of 3.00 (95% CI 1.41-6.33,
p = 0.004). After stepwise backward regression by likeli-
hood ratio, only mean arterial pressure and HRy > 90 bpm
remained in the survival model. The adjusted hazard ratio
for high (>90 bpm) relative to low (<90 bpm) baseline
heart rate was 2.30 (95% CI 1.21-4.36, p = 0.001) with
regard to 28-day mortality. The HR cut-off with the max-
imum product (sensitivity x specificity) was 93 bpm.
28-day mortality was 30% for patients with HRy < 93 bpm
and 73% for patients with HRy > 93 bpm (p < 0.001). In
the initial Cox model HRy > 93 bpm was assigned a hazard
ratio of 4.95 (95% CI 2.38-10.27, p < 0.001). After step-
wise backward regression, age, mean arterial pressure, and
HR(, > 93 bpm remained in the model. The adjusted hazard
ratio for high (=93 bpm) relative to low (<93 bpm) baseline
heart rate was 4.86 (95% CI 2.50-9.48, p < 0.001) with
regard to 28-day mortality.

Baseline heart rate and secondary endpoint

In patients with a decline in APACHE-II score of 4 points
or more from day O to day 4, HR, was 83 (IQR 72-90)
while in patients in whom APACHE-II score increased,
remained constant or decreased by less than 4 points, HR
was 86 (IQR 70-104). There was no statistically significant
difference between these two groups (p = 0.459). The
secondary endpoint was reached in 33 patients (59%) with
HRy <90 bpm and in 15 patients (61%) with HRy >
90 bpm (p = 0.218).

Heart rate and illness severity

On day 0, median heart rate over 24 h did neither correlate
with APACHE-II nor with SOFA score (Spearman’s rho
0.03, p = 0.80, and 0.16, p = 0.14, respectively). The
heart rate was, however, significantly correlated to body
temperature (Fig. 2).

Course of heart rate over the first five days of MODS

Figure 3 illustrates the heart rate course in all patients as
well as survivors and non-survivors during MODS days 0
to 4. Although the heart rate was generally higher in non-
survivors compared with survivors, this difference only
reached statistical significance on day O (Table 2). Heart
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Table 1 Overview of the study population at the time of MODS diagnosis both as a whole and divided into two groups at a cut-off of 90 beats
per minute (bpm) for baseline heart rate (HR)

All patients HRy < 90 bpm HR( > 90 bpm p*
(n = 89) (n = 56) (n = 33)
Demographics
Male patients 62% 55% 73% 0.103
Age 67 (IQR 54-75) 68 (IQR 54-75) 65 (IQR 47-74) 0.326
Body mass index 27 (IQR 23-31) 27 (IQR 23-31) 27 (IQR 24-31) 0.662
Study organisation
Time since ICU admission (hours) 18 (IQR 12-23) 19 (IQR 12-23) 18 (IQR 12-23) 0.595
Chronic conditions
Hypertension 60% 64% 52% 0.236
Coronary artery disease 51% 57% 39% 0.106
Diabetes mellitus 37% 38% 36% 0.915
Liver cirrhosis 9% 13% 3% 0.249
Chronic kidney disease 26% 23% 30% 0.461
Chronic heart failure 34% 39% 24% 0.147
Chronic medication
Betablocker 44% 45% 42% 0.839
Verapamil 2% 2% 3% 1.000
Ivabradine 1% 2% 0% 1.000
Triggers of MODS
Severe sepsis/septic shock 43% 32% 61% 0.009
Acute myocardial infarction 33% 41% 18% 0.026
Cardiac arrest 27% 34% 15% 0.054
Descriptors of morbidity
SOFA score 11 (IQR 9-14) 11 (IQR 9-14) 12 (IQR 10-15) 0.196
APACHE-II score 30 (IQR 25-35) 30 (IQR 26-34) 31 (IQR 25-36) 0.822
Central venous pressure (mmHg) 12 (IQR 9-15) 13 (IQR 9-15) 11 (IQR 7-13) 0.154
Mean arterial pressure (mmHg) 76 (IQR 69-84) 77 (IQR 69-84) 74 (IQR 68-87) 0.976
Body temperature (°C) 37.0 (IQR 36.0-38.0) 36.5 (IQR 35.9-37.8) 37.5 (IQR 36.4-38.7) 0.012
Serum creatinin (umol/L) 149 (IQR 75-213) 126 (IQR 67-213) 174 (IQR 95-213) 0.119
Total bilirubin (umol/L) 12 (IQR 9-29) 13.0 (IQR 8-27) 12.0 (IQR 9-30) 0.709
Haemoglobin (mmol/L) 6.8 (IQR 5.8-8.1) 6.8 (IQR 5.9-8.1) 6.6 (IQR 5.5-8.1) 0.512
Thrombocytes (Gpt/L) 172 (IQR 122-260) 172 (IQR 124-275) 180 (IQR 97-247) 0.400
Procalcitonin (ng/mL) 0.8 (IQR 0.4-4.5) 0.7 (IQR 0.3-2.6) 1.9 (IQR 0.5-12.7) 0.026
Serum lactate (mmol/L) 1.8 (IQR 1.2-3.3) 1.7 JQR 1.1-2.4) 1.8 (IQR 1.1-2.5) 0.815
Therapeutic interventions
Analgosedation 79% 82% 67% 0.097
Invasive ventilation 74% 80% 64% 0.082
Patients on norepinephrine 60% 52% 73% 0.052
Norepinephrine dose (pg/kg/min)* 0.067 (IQR 0.000-0.225) 0.030 (IQR 0.000-0.232) 0.117 (IQR 0.000-0.214) 0.160
Patients on dobutamine 34% 36% 30% 0.602
Dobutamine dose (pg/kg/min)* 0.00 (IQR 0.00-4.17) 0.00 (IQR 0.00-4.17) 0.00 (IQR 0.00-4.27) 0.589
Outcome
7-day mortality 20% 14% 30% 0.069
28-day mortality 43% 32% 61% 0.009

Percentage values represent the proportion in relation to the total number of patients in the column

ICU intensive care unit, /QR interquartile range

 Patients who were not administered norepinephrine and dobutamine, respectively, at the time of inclusion contributed with a value of 0 to the given

median

* P value is for the comparison between the two groups HRy < 90 bpm versus HRy > 90 bpm
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Fig. 1 28-day Kaplan—Meier survival model for two groups of
multiple organ dysfunction (MODS) patients according to baseline
heart rate (HRy) with a cut-off of 90 beats per min (bpm)
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Fig. 2 Scatter plot of median heart rate over 24 h on day O related to
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Fig. 3 Median heart rates over 24 h from day O to day 4 with
comparison of survivors and non-survivors (28-day mortality).
Depicted are medians, 25th and 75th percentile. Only on day O the
heart rate of non-survivors was significantly higher than that of

survivors (see also Table 2)

rate increased from day O to day 2 both in the whole
population (84-96 bpm, i.e. +14%, p = 0.023) and in
survivors (83-92 bpm, i.e. +11%, p = 0.045) while in
non-survivors it was elevated from the outset and did not
change significantly from day 0 to day 2 (89-96 bpm, i.e.
+8%, p = 0.25). From day 0 to day 4, no significant heart
rate change could be demonstrated within either group (all
patients 84-89 bpm, p = 0.23; survivors 83-85 bpm,
p = 0.35; non-survivors 89-94 bpm, p = 0.51), and the
change in heart rate between day 0 to day 4 was not dif-
ferent between survivors and non-survivors (p = 0.88).

Discussion
Heart rate as a risk factor

A large body of evidence identifies elevated heart rate as an
independent risk factor for early death both in the general
population and various groups of patients with cardiovas-
cular conditions [6]. As a rule, after correction for relevant
confounders the lower the heart rate the longer the survival.
This has been thoroughly studied in patients with chronic
heart failure (CHF) and those with coronary artery disease
(CAD) [16, 17]. Evidence is accumulating that heart rate
reduction should be one of the key treatment goals of
medical therapy in these chronically ill patients [18, 19]. In
acute illness, heart rate is conventionally regarded as a risk
marker, reflecting the severity of the underlying illness.

Heart rate in MODS

In MODS, heart rate is increased due to multiple factors
such as systemic and myocardial inflammation [20],
increased sympathetic activity with endogenous catechol-
amine excess [21, 22], administration of catecholamines,
autonomic dysfunction with decreased parasympathetic
control of the heart [8, 23], direct effects of toxins such as
lipopolysaccharide and cytokines such as thromboxane A2
and prostaglandins on the myocardium [24-26], and a
physiologic response to absolute or relative hypovolemia.
In healthy subjects with intact cardiac force—frequency
relationship (FFR) and frequency-dependent acceleration
of relaxation (FDAR) an increase in heart rate results in an
increase in cardiac output. It is unclear whether this useful
mechanism is actually intact in MODS patients, many of
which develop some degree of systolic and diastolic dys-
function [27]. Moreover, severe impairment of FFR and
FDAR has been demonstrated at least in a sepsis model
[28]. In fact, in severely ill medical ICU patients, corre-
lation between change in heart rate and change in cardiac
output is poor [29]. Therefore, to what extent heart rate
elevation in MODS is actually capable of contributing to a
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Table 2 Median heart rate over 24 h on days 0 to 4 including the comparison between survivors and non-survivors

Day n All patients Survivors Non-survivors p*

0 89 84 (IQR 74-97) 83 (IQR 70-92) 89 (IQR 78-105) 0.037
1 81 93 (IQR 80-105) 88 (IQR 79-101) 96 (IQR 87-109) 0.059
2 72 96 (IQR 76-108) 92 (IQR 74-108) 96 (IQR 84-112) 0.303
3 61 87 (IQR 75-98) 88 (IQR 74-95) 87 (IQR 76-100) 0.562
4 56 89 (IQR 82-97) 85 (IQR 77-97) 94 (IQR 86-98) 0.093

Median heart rates over 24 h were calculated for each patient and the median and interquartile range of these values within the respective group

is given in the table
n number of patients available for analysis, /QR interquartile range

* P value is for comparison between survivors and non-survivors

better cardiac output, and, thus, could be potentially useful
to maintain oxygen delivery, is unknown. It can be spec-
ulated that some MODS patients exhibit a high heart rate
that is elevated beyond physiologically useful compensa-
tory mechanisms thus merely increasing myocardial oxy-
gen demand without any functional benefits, and
contributing itself to an unfavourable prognosis [30]. In
patients with severe acute heart failure and tachycardia
heart rate lowering with ivabradine, a selective sinuatrial
node blocking agent has been reported without compro-
mising the systemic perfusion, but resulting in an increase
in stroke volume with stable or increasing cardiac output
[31-33].

In general higher heart rates aggravate atherosclerosis
and endothelial dysfunction, reduce diastolic coronary
perfusion time with increased risk of subendocardial
ischaemia in patients with compromised coronary flow
reserve and lead to a higher incidence of plaque rupture in
patients with coronary atherosclerosis [34]. Heart rate
reduction improves diastolic perfusion [35], unloads the
ventricle [36], and decreases energy expenditure [37]. In
patients with coronary artery disease heart rate reduction
reduces ischaemia/angina episodes [38, 39] and the inci-
dence of myocardial infarctions [18]. In fact, in critically ill
patients with cardiovascular risk factors, too, an elevated
heart rate entails a higher rate of major cardiac events [40].
In MODS, sympathoadrenergic overstimulation, endotoxin
and pro-inflammatory mediators cause myocardial inflam-
mation, calcium overload, energy depletion, apoptosis and
structural changes similar to the pathophysiology of CHF
[41]. Thus, the evolving comprehension of increased heart
rate as a risk factor rather than a risk marker in CHF could
hold true for MODS, too, but has never been investigated
prospectively.

Baseline heart rate
In the present study, an elevated heart rate at the time of

MODS diagnosis was a strong independent predictor of
increased 28-day mortality. After adjusting for potentially
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confounding parameters, a baseline heart rate of 90 bpm or
greater increased the relative risk for all-cause death within
28 days more than twofold. The findings are in accordance
with previous studies, showing that a high heart rate in the
acutely ill is deleterious. Parker et al. [42] demonstrated
that in patients with septic shock admission heart rate
>106 bpm as well as a heart rate >95 bpm after 24 h
implicate increased mortality. Hjalmarsson et al. [43]
found a J-shaped correlation between heart rate on
admission and hospital mortality in patients with acute
myocardial infarction, with a steep incline of the curve at a
heart rate of approximately 90 bpm indicating a doubling
of the mortality rate. In large cohorts of patients with acute
myocardial infarction admission heart rate >90-100 bpm
was associated with about triple the mortality as compared
with an admission heart rate <60-70 bpm [44, 45]. The
magnitude of excess risk associated with elevated heart rate
proposed by this study is in accordance with these previous
findings in acutely ill patients, but higher than those
reported for chronic cardiovascular conditions. In the
BEAUTIFUL trial [46] in patients with CAD and left
ventricular ejection fraction of <40%, a heart rate
>70 bpm had a hazard ratio of 1.34 for cardiovascular
death. In the SHIFT trial [47] CHF patients in the highest
baseline heart rate group (>87 bpm) had a 1.86-fold higher
risk for all-cause mortality compared with patients with a
baseline heart rate of 70 to <72 bpm.

In these patients, sympathoadrenergic activation
increases both cardiovascular events and mortality, and
blocking sympathoadrenergic effects on heart rate is
evolving as a novel treatment goal. Active protection of the
heart from catecholamine excess has also been hypothe-
sized to improve survival in the case of septic shock [48].

The independent association of heart rate and mortality
in the present study suggests a potential role for heart rate
as a therapeutic target also in the initial phase of MODS
either at the level of the heart itself or, systemically, by
rebalancing the autonomic dysfunction in favour of vagal
activity [27, 49]. In normotensive murine sepsis models
betablockers attenuate myocardial inflammation, reverse
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systolic dysfunction, and have shown potential to improve
survival [10, 11]. However, betablockers are contraindi-
cated in the majority of MODS patients due to their negative
inotropic effect. Ivabradine, a direct sinus node—I; chan-
nel—blocking agent not impairing inotropy, is currently
under investigation in MODS patients in a randomized trial
at our institution (“MODIY trial”, clinicaltrials.gov iden-
tifier NCTO1186783) [50]. The results of this study may be
of particular interest as endotoxin, an agent not only present
in gram-negative sepsis but, due to intestinal bacterial
translocation, also in cardiogenic shock, haemorrhagic
shock and cardiac arrest, acts directly on the Iy channel and
has been implicated in the pathogenesis of autonomic dys-
function in MODS [25, 27].

In contrast to the striking association between baseline
heart rate and 28-day mortality, no relationship could be
established between baseline heart rate and development of
illness severity over the first four days. A decrease in
APACHE-II score of >4 points from day 0 to day 4 has
recently been suggested as an endpoint for studies into the
critically ill as it reflects initial treatment effects more
directly than the remote endpoint 28-day mortality [51]. In
patients with cardiogenic shock and in patients with severe
sepsis or septic shock, such decrease in illness severity
score does not only indicate an improvement of the clinical
condition but also eventually translates into improved
survival [12, 52]. In MODS, however, patients with a low
baseline heart rate although having a lower mortality nei-
ther show a substantial improvement in illness severity
over the first few days nor a lower 7-day mortality
(Table 1). Thus, elevated baseline heart rate does not seem
to affect the early course of MODS but rather be concep-
tualized as a general mid- to long-term risk factor.

Correlation between heart rate and other parameters

It has been suggested that in acute illness heart rate may
just be a mirror of the severity of the underlying condition
[53]. In the current study this hypothesis could not be
confirmed. The heart rate on day O was not correlated to
illness severity expressed as either SOFA or APACHE-II
score, although the latter score even contains the heart rate
as a component. In critical care heart rate is subject to
multiple influences. For example, sicker patients are more
likely to be invasively ventilated which may actually
reduce heart rate due to analgosedation. In contrast, a
positive correlation between heart rate and body tempera-
ture was revealed. The temperature is likely to be the main
reason for the unequal distribution of MODS aetiologies
between the high and the low heart-rate group (Table 1).
Maximum body temperature on day 0 was higher in septic
patients as compared with non-septic patients (median 37.7
vs. 36.5°C, p = 0.008), and lower in patients post cardiac

arrest (who were subjected to mild therapeutic hypother-
mia) compared with those without cardiac arrest (median
36.0 vs. 37.5°C, p <0.001). The relationship between
temperature and heart rate has been previously accounted
for by Leibovici et al. [54] who established the parameter
heart rate divided by temperature as “relative tachycardia”
in septic patients. In a multivariate analysis in 3,529
patients, a relative tachycardia greater than 2.71 bpm/°C
was an independent predictor of 30-day mortality [54].

Course of heart rate

The main findings of the sequential heart rate recording in
the present study are that (1) the elevated heart rate which
can be demonstrated at the time of MODS diagnosis
remains elevated over the first four days, and (2) the course
of heart rate between day O and day 4 is unable to dis-
criminate between survivors and non-survivors. Persistency
of tachycardia over the first few days has already been
described in septic shock by Jardin et al. [55]. If elevated
heart rate is conceptualized as an expression of autonomic
dysfunction with its depressed vagal activity in MODS
[27], these findings are in accordance with a report by
Flieger [56] who found heart rate variability highly
depressed at day O in septic MODS with no significant
change until day 4.

The reasons for the heart rate increase from day 0O to day
2 in both the whole population and in survivors are not
entirely clear. It may be the result of the following factors:
(1) The MODS and the underlying pathology, respectively,
were still evolving over the first few days and therapeutic
measures (e.g. antibiotics) took their time to effect. (2)
Clinical improvement was often followed by discontinua-
tion of analgosedation and mechanical ventilation resulting
in stress and, hence, an increase in heart rate; this was more
often the case in the survivor group.

Limitations

The sample size of the study was small and the study was
performed in a single centre only. The findings need con-
firmation in further trials. In particular, the results might
not be transferable to patient populations from surgical or
mixed ICUs due to a lower prevalence of patients with pre-
existing cardiovascular conditions. Although the authors
acknowledge common pathways in the pathophysiology of
MODS, it is not assumed that MODS of all aetiologies are
uniform. Whether the prognostic relevance of an elevated
heart rate applies to MODS of all aetiologies remains to be
determined as the present study was not powered to dis-
tinguish between causes. It should be noted that patients
who died before the first daily APACHE-II score could be
calculated were not included in the study. The idea was to
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identify heart rate as a potential treatment target which is
unlikely to apply to such moribund patients.

Conclusions

An elevated heart rate in the early phase of MODS, rep-
resented in this study by a heart rate >90 bpm at the time
of MODS diagnosis, was an independent predictor of
increased 28-day mortality. Heart rate might constitute a
direct target for therapy in the narrow initial treatment
window of MODS.
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