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Abstract

Background: The influence of initial propofol on cardiac hemodynamics in patients suffering from heart failure (HF) is insufficiently understood and contradicting
opinions are existing. Nevertheless, propofol is often used in HF patients if etomidate is contraindicated. The development of novel telemetry sensors allows the
assessment of intracardiac pressure signals in conscious animals and thus the investigation of anesthesia induction. Here, we investigated the hemodynamic effects of
propofol in healthy dogs in comparison to dogs affected with HEF.

Methods: Telemetry sensors and pacemaker were implanted in six male beagle dogs. After wound healing, the pacemaker was programmed to 220 bpm and later to
180 bpm to induce and maintain heart failure. At baseline conditions (before pacing) and at several time points (Day 14,28 and 42) during HF progression all animals
were anesthetized with 5 mg/kg propofol i.v. Hemodynamic measurements were done to assess the effects of propofol during anesthesia induction

Results: After induction with propofol, we observed a significant (p<0.001) increase in heart rate (HR) for all groups (healthy: +63 + 53 bpm, 14d: +48 + 23 bpm, 28d:
+45 + 20 bpm, 42d: +51 + 28 bpm in peak) compared to individual baseline values. In addition, blood pressure (BP) increased in all HF groups (in average +17.4 =
1.4 mmHg, p<0.05), while this effect was not present under healthy conditions. We further observed a trend towards an increase in left ventricular contractility (+dP/
dtmax) by +621.1 + 157.0 mmHg/s (averaged peak data) in all groups.

Conclusions: In dogs affected with heart failure, initial anesthesia with propofol resulted in an increase in heart rate and blood pressure, whereas no cardio depressive
adverse effects could be observed on HF-relevant parameters. Therefore, propofol might be an alternative for short term anesthesia in HF patients. Nevertheless,

further animal and human studies are needed to evaluate if these data can be translated into the clinical setting.

Abbreviations: BNP: Brain natriuretic peptide; CVD:
Cardiovascular disease; DBP: Diastolic blood pressure; GABAAR:
Gamma aminobutyric acid A receptor; HF: Heart failure; HFrEF: Heart
failure with reduced ejection fraction; HR: Heart rate; LVEDP: Left
ventricular end diastolic pressure; LVP: Left ventricular pressure; MBP:
Mean blood pressure; mmHg: Millimeters mercury; MRT: Magnetic
resonance tomography; SBP: Systolic blood pressure; SD: Standard
deviation; SEM: Standard error of the mean; BW: Body weight; Nt-
pro BNP: N terminal brain natriuretic peptide; EF: Ejection fraction;
LVEDDYV AA4C: Left ventricular enddiastolic volume measured in four
chamber view; LVLd A4C: Left ventricular length at diastole measured
in four chamber view; LVESV A4C: Left ventricular endsystolic
volume measured in four chamber view; LVLs A4C: Left ventricular
lenght at systole measured in four chamber view; LVEDDV A2C: Left
ventricular enddiastolic volume measured in two chamber view; LVLd
A2C: Left ventricular length at diastole measured in two chamber view;
LVESV A2C: Left ventricular endsystolic volume measured in two
chamber view; LVLs A2C: Left ventricular lenght at systole measured
in two chamber view; LVEDP: Left ventricular enddiastolic volume;
HR: Heart rate; MBP: Mean blood pressure; +dP/dt: Contractility; -dP/
dt: Relaxation; Tau: Relaxation-time-constant.
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Introduction

With almost 26 million deaths in 2015, cardiovascular diseases
(CVD) are the main cause of mortality worldwide [1]. It is expected
that this number will further rise, reflecting not only an aging global
population but also the consequences of the growing prevalence of
obesity and metabolic syndrome. This CV burden is also associated
with a rise in cardiac and non-cardiac surgical interventions [2,3].

In comparison to healthy subjects patients with CVD have an
impaired cardiac function that may be further compromised by
anesthesia [2]. It is important to avoid a decrease in myocardial
contractility, to maintain normal blood pressure and coronary
perfusion and to prevent an afterload increase in predisposing patients
for arrhythmias and thromboembolic events [3,4].
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Propofol, a  dialkylphenol-y-aminobutyric-acid-A-receptor
(GABAAR) agonist, is a widely applied agent for intravenous (i.v.)
anesthesia, which is used for induction and for anesthesia maintenance.
The advantages are based on its fast effect-onset and short half-life.
However, the use in patients with HF is viewed unfavorably by some
authors, because of its potential vasodilatory and BP-lowering effects
[5,6]. Only a few studies investigated the effect of continuous infusion
of propofol in patients and animals with left ventricular dysfunction [7-
9]. Interestingly, most of these studies did not consider the induction
phase due to the inability for continuous monitoring of intra-cardiac
hemodynamics in non-sedated patients. Most studies did only
investigate electrocardiogram (ECG) and BP [10-12]. Only one study
examined intra-cardiac hemodynamics during induction in conscious,
healthy sheep where initial propofol led to negative inotropic and
positive chronotropic effects [13].

It can be assumed that the period of anesthesia initiation is the most
vulnerable phase and should critically be considered. Due to highest
plasma concentration in this initial phase, strongest hemodynamic
changes can be expected. Previous research methods (plasma
biomarker, echocardiography, Magnetic Resonance Tomography
(MRT) or right-/left heart catheterization), especially in animal models
had certain limitations requiring prior sedation thereby not allowing
a real assessment in the anesthesia induction phase. The development
of telemetry-systems can help to overcome this knowledge gap. Newly
developed implantable sensors are able to continuously monitor high
resolution hemodynamic data in conscious animals in absence of any
sedation [14,15].

These ‘digital biomarkers” could provide an option to assess the
systemic and cardiac hemodynamic situation during initial anesthesia.

In this study we aimed to investigate the safety of anesthesia
initiation with propofol in dogs at healthy status and after tachypacing
induced HF by the use of implantable telemetry devices with respect to
intra-cardiac hemodynamic parameters.

Methods
Ethics statement

All study procedures complied with the current national legislation
(German protection of animals act [May 18, 2016], last amended by
article 4 paragraph 87 [BGBL I S. 1666] on July 18, 2016, and the EU
directives 63/2010 [on the protection of animals used for scientific
purposes]). All study protocols were approved by the competent
regional regulatory authority (LANUV NRW in Duesseldorf/
Germany) and by the institutional animal care office of Bayer AG. The
investigation conforms to the Guide for the Care and Use of Laboratory
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Animals published by the US National Institutes of Health (publication
no. 85-23, revised 1985). This study was part of a larger study which
aimed to investigate new drug candidates.

Study protocol

The study protocol is shown in Figure 1. Six male Beagle
dogs (Marshall, BioResources), weighing between 10 and 14 kg,
underwent surgical interventions for telemetric sensor and pacemaker
implantation as described below. After wound healing, all animals
studied in the conscious state during spontaneous heart rhythm. On day
0, pacemakers were activated (Mode: A00, Current: 3.6V, Frequency:
220 beats per minute) and continued for 28 days to induce HF. After
28 days of pacing at a rate of 220 beats per minute the pacing rate was
reduced to 180 beats per minute for 14 days (Mode: A00, Current:
3.6V, Frequency: 180 beats per minute) to achieve stable HF conditions
without further progression. To investigate the hemodynamic effect of
propofol, acute examinations took place at baseline (14 days before
tachypacing, representing healthy status) and after 14, 28 and 42
pacing. For HF assessment, echocardiography, soluble biomarker (NT-
proBNP) analysis and telemetric hemodynamic measurements were
performed.

Surgical interventions

For both (telemetry sensor and pacemaker) implantations, all
dogs were initially anesthetized with thiopental-Na (0.25 - 0.5 g/
animal Trapanal®, Byk Gulden, Germany) and pancuroniumbromid
(0.2 - 0.25 mg/kg Pancuronium Inresa, Inresa Arzneimittel GmbH,
Germany) for muscle relaxation. The anesthesia supplementation was
administered via the anesthetic gas isoflurane (1-2 %, Isofluran Baxter,
Baxter, Germany). Fentanyl (10 - 40 pg/kg/h Fentanyl, Mallinckrodt
Inc, United Kingdom) was infused through the right cephalic vein
for analgesia. During implantation all animals were intubated and
mechanically ventilated with 30% oxygen using Avance© anesthesia
ventilator (GE Healthcare, Germany). For fluid substitution 3 ml/kg
physiologic solution (NaCl 0.9%, B. Braun, Germany) were applied via
infusion for the duration of the surgery.

A telemetry sensor (Model-no.: L21, Data Sciences International,
USA) was inserted via left-sided thoracotomy and remained implanted
in these animals to monitor hemodynamic parameters. Those
parameters are: ECG, blood pressure (BP), left ventricular pressure
(LVP), locomotor activity and body temperature. Two ECG leads were
fixed in an apical and basal position of the heart. One pressure catheter
was placed in the thoracic aorta (BP) and a second pressure catheter
was placed in the left ventricle through the apex of the heart. The
ECG and both pressure catheters were connected with the electronic
housing of the device, which was placed in the submuscular space on
the left thorax side [16].
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Figure 1. Overall study protocol (P=Propofol testing)
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A pacemaker lead (Model-no.: Setrox S53, Biotronik, Germany)
was inserted via the right jugular vein into the right ventricle. This lead
was connected with the aggregate of the pacemaker and was placed
subcutaneously between the shoulder blades.

All devices were checked for adequate and plausible signal quality
before wound closure. All dogs received antibiotic (12.5 mg/kg,
Clindamycin po (Clerobe®), Zoetis, Germany) and analgesic (4 mg/kg
Carprofen po (Rimadyl®), Pfizer, USA) treatment over a period of 10
days after implantation. For additional analgesia a Durogesic® patch
(25 ug/h, Fentanyl, Janssen-Cilag, Germany) was placed on the dorsal
site for three days after surgery.

HF assessment by echocardiography, NT-proBNP and
telemetric hemodynamic assessment

Transthoracic echocardiography was performed in conscious
animals at days -14, 14, 28 and 42 to determine heart dimensions and
ejection fraction from biplane 2 and 4 chamber views (Vivid I, GE
Healthcare, USA). All analyses were done using the software EchoPAC™
(GE Healthcare, USA).

Blood samples were collected on weekly basis to determine plasma
NT-proBNP using a Cardiopet proBNP Elisa test IDEXX Laboratories,
Germany). All blood samples were stored at -20°C (after centrifugation
at 3500 rpm for 10 min), until analyses were performed at IDEXX
laboratories.

To evaluate the baseline systemic and cardiac performance during
healthy and HF conditions, hemodynamic measurements were
conducted on day -14, 14, 28 and 42 while the pacemaker was switched
off for a short time. Telemetric data were then obtained and analyzed
immediately before anesthesia initiation with propofol for a period of
2 minutes.

Hemodynamic assessment during propofol anesthesia

The advantage of an implanted telemetric sensor is the possibility
to continuous monitor hemodynamic parameters, independent of the
consciousness state.

On day -14, 14, 28 and 42 (Figure 1) all dogs were investigated
for their response to intravenous propofol. The acute study protocol
is shown in Figure 2. Animals received an intravenous access and
after a short recovery period a baseline hemodynamic recording of
two minutes started as described above and was used as reference.
Afterwards, a propofol bolus (5 mg/kg, Propofol, Fresenius Kabi,
Germany) was given at a constant rate of 30 seconds per injection.
Another three minutes of data recording was performed to evaluate the
effect of propofol on cardiac and systemic hemodynamics. Afterwards,
the animals recovered from anesthesia and pacemakers were re-
programmed into pacing mode.

~ 45 min 120 sec

Statistics

The transmitted signals were collected by telemetry receivers
(Model TRX-1, Data Sciences International, USA) and were transferred
to a computer and processed by the Ponemah P3 Plus software (V. 5.2
service pack 9, Data Sciences International, USA). ECG and pressure
data were averaged over a predefined period (“logging rate”) of 10
seconds. From these recordings, the systolic (SAP), diastolic (DAP)
and mean blood pressure (MAP) were derived. The heart rate is
expressed in beats per minute (bpm) and was derived from the ECG
(RR-Intervals for the cardiac cycle multiplied by 60). From the phasic
left ventricular pressure (LVP) signal, the maximum positive (+dP/dt)
and negative (-dP/dt) values of the first derivative occurring during the
cardiac cycle were analyzed. +dP/dt is a common, robust and sensitive
indicator of changes in cardiac contractility, whereas -dP/dt indicates
changes in relaxation. Furthermore, the parameter of left ventricular
enddiastolic pressure (LVEDP, pressure at the last zero crossing of the
differentiated pressure during the rise to the systolic period) and the
time constant isovolumic left ventricular pressure decay (TAU) was
analyzed from the LVP-signal. Data could be evaluated online or be
stored and evaluated offline.

For creations of graphics and for statistical analysis all data were
processed by GraphPad Prism® software (Version 7.0, GraphPad
Software Inc., USA). Data was expressed as mean +/- standard error
of the mean (SEM) in graphics or standard deviation (SD). A repeated
measures one-way ANOVA with Geisser-Greenhouse correction and
Dunnett's multiple comparison test was performed to compare group
differences in model characteristics on individual days of examination.
The statistically analysis of propofol-related effects based on a repeated
measures one-way ANOVA test followed by a Dunnett's multiple
comparison test. Therefore, all data collected in the pre-application
phase (-120 sec - 0 sec pre application of Propofol) were averaged and
compared to individual data after application. Significant differences
to baseline values were marked in the figures and the lowest level of
significance highlighted. An a- level of p<0.05 for statistical significance
was chosen.

Results

Heart failure model

This study aimed to investigate the cardiovascular effects during
anesthesia induction using propofol in HF versus healthy subjects.
Therefore, dogs were instrumented with telemetry sensors and
pacemakers were implanted. The implantation of pacemaker and
telemetry devices were well tolerated in all animals and all sensors
delivered accurate signals during the course of the study. Furthermore,
all pacemaker leads were in a right position and specifically no
dislocation could be observed.
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Figure 2. Acute study protocol performed on day -14, 14, 28 and 42
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Baseline characteristics

Table 1 shows the model characteristics before (day -14) and
after (day 14, 28, 42) HF induction. It could be demonstrated that
tachypacing led to a significant increase in the plasma Biomarker NT-
proBNP from 437 + 150 pmol/l to 4891 + 1510 pmol/l (p=0.0010) after
14 days of pacing. This effect was more pronounced after 28 days (5641
+ 1576 pmol/l, p=0.0007), which concurs with the further progression
of HF [17]. After 42 days of pacing, no examinations of the plasma
samples were performed. Similar to literature data, echocardiographic
assessment shows a robust and significant decrease in ejection fraction
(14d of pacing: -26.1 + 4.0 %; 28d of pacing: -29.1 + 4.2 %; 42d of pacing:
-28.0 + 3.7%, all p<0.0001) and increase in LV endsystolic (+15.2 £ 2.5
ml, 28d of pacing, p<0.0001) and enddiastolic (+11.9 + 2.7 ml, 28d of
pacing, p<0.0001) volumes.

The implanted telemetric system delivers cardiac hemodynamic
parameters continuously during the time course of the study. Provoked
by a tachycardia-induced heart failure, we observed changes in the
following systemic and cardiac parameters: Analyzing the heart rate,
a statistically significant increase after 14 days (+21.3 = 12.2 bpm,
p=0.0185), 28 days (+31.2 + 20.7 bpm, p=0.0329) and 42 days (+20.5 +
12.3 bpm, p=0.0227) of tachypacing was observed. Mean arterial blood
pressure showed a statistically non-significant decrease after 14 days
(-10.2 £ 7.9 mmHg, p=0.0987) and no effects after 28 days (-3.8 +18.7
mmHg, p=0.9370) and 42 days (-2.7 + 5.6 mmHg, p=0.6235).

There was a slight, statistically non-significant trend, for an increase
in LVEDP after 28 days (+5.1 + 5.7 mmHg, p=0.1736), and no effects
after 14 (+0.1 + 4.5 mmHg, p>0.999) and 42 days (+2.2 £ 6.0 mmHg,
p=0.7211) of pacing. In contractility, there was a robust and significant
decrease after 14 days (-2398.5 + 1076.7 mmHg/s, p=0.0067), 28 days
(-2154.9 + 952.9 mmHg/s, p=0.0063) and 42 days (-2119.6 +/- 890.0
mmHg/s, p=0.0050). Also, relaxation showed a statistically significant
decrease after 14 days (-2021.3 + 457.0 mmHg/s, p=0.0003), 28 days

Table 1. Model characteristics at individual days of examination

(-2095.6 + 583.9 mmHg/s, p=0.0008) and 42 days (-1814.1 +/- 554.3
mmHg/s, p=0.0012). Tau, a marker of diastolic function, significant
increased after 14 days ((+17.9 £ 9.5 msec, p=0.0236) and 28 days
(+17.9 £ 9.5 msec, p=0.0396) of pacing and showed no significant effect
after 42 days (+13.7 +/- 14.3 msec, p=0.0798). From these baseline
characteristics it can be assumed that all animals have developed stable
heart failure.

Hemodynamics during anesthesia induction

In Figure 3 continuous hemodynamic recordings are shown during
anesthesia induction with propofol. Displayed are the individual
hemodynamic parameters during anesthesia initiation, starting at
120 seconds before i.v.-bolus application of propofol and ending up
180 seconds after start of propofol administration. To better quantify
the effect of propofol in comparison to baseline conditions (before
propofol) and to visualize effects associated with HF progression, all
data were illustrated as changes to individual averaged baseline values
(Figure 4). For this purpose, the data were averaged before application
(120 sec - 0 sec) and compared to individual values collected after
application (0 sec - 180 sec).

As shown in Figure 3A and 4A, we could demonstrate that
anesthesia induction with propofol led to a substantial and significant
increase in heart rate (healthy: +69.2 + 71.4 %, p<0.0001; 14d: +39.6 +
20.4 %, p<0.0001; 28d: +34.7 + 16.0 %, p=0.0006; 42d: +43.2 + 26.6 %,
p<0.0001 in peak, p<0.0001) in all groups without any relevant group
differences. The peak effect within the observation period of 180 sec was
shown between 60 and 100 sec post start application. Figure 4A shows,
that the largest increase in heart rate, compared to corresponding
baseline conditions, was observed in healthy animals with 63.2 + 53.4
beats per minute (80 sec post appl.). The maximum absolute deflection
was reached with 177.0 + 13.8 beats per minute after 28 days of pacing
(100 sec post appl.). Overall, there was no more or less pronounced
effect in heart rate observable between healthy animals and dogs
affected with HF.

Healthy Heart failure
Characteristic 14 days of pacing 28 days of pacing 42 days of pacing
No. of animals 6 6 6 6
BW [kg] 11.6 + 1.6 11.6 + 1.6 11.6+1.7 11.6+ 1.8
Biomarker
Nt-pro BNP [pmol/l] 437+ 150 48917 £ 1510%** 5641 £ 1576%**
Echocardiography
EF [%] 583+5.0 32.3 £3.2%%%x PLRER 30.3 &£ 2.2k
LVEDV A4C [ml] 23.8+4.0 30.2+8.4 34.7 + 6.3%* 33.6 £ 4.2%%*
LVLd A4C [cm] 44+04 48+0.3 49+03 5.0+ 0.3%*
LVESV A4C [ml] 103+2.7 20.6 + 6.4** 24.4 + 5. 2%%%* 23.3 £ 3. 7%
LVLs A4C [cm] 3.6£04 4.3 +£04%* 4.5+0.3%* 4.4+ 0.4%**
LVEDV A2C [ml] 248+2.1 30.9 +5.6* 37.7 £ 3.8%** 38.6+7.6*
LVLd A2C [cm] 46+04 5.0+0.3* 5.2+ 0.4%* 5.240.4%*
LVESV A2C [ml] 103+1.8 20.9 +4.8%* 26.6 + 3.7*** 26.6 + 5.9%%*
LVLs A2C [cm] 38+05 4.4 £0.3%* 4.7£0.3%* 4.7+ 0.4%*
Hemodynamics
LVEDP [mmHg] 121 £33 12.1+3.6 17.2+6.3 142+6.2
HR [bpm] 100.8 + 15.5 1222 +4.1* 132.0 +£7.8* 121.3 £9.4*
MBP* [mmHg] 84.7+35 74.5+8.2 80.9+19.5 82.0+6.1
+dP/dt [mmHg/s] 4285+ 1199 1887 £ 153%* 2130 + 303** 2165 & 358**
-dP/dt [mmHg/s] 4266 + 600 2245 + 298*** 2170 + 245%** 2452 + 431%*
Tau [msec] 15.8+4.7 34.3 +7.3% 30.1 +11.3* 26.8+9.7

Data are expressed as mean of n=6 + SD. *p<0.01; **p<0.001; ***p<0.0001; ****p<0.00001. Repeated measurements one-way ANOVA with Greenhouse correction. A Dunnett test was
used for multiple comparison. A mixed-effects analysis was done in case of missing values. #: MBP was measured in 5 dogs.
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A similar effect could be observed for blood pressure (Figure 3 B-D,
Figure 4 B-D). With the exception of the time point when the animals
were healthy, all measured pressures (systolic, mean and diastolic
pressure) significantly (p<0.05) increased between 130 - 150 sec post
application of propofol. In the three minutes observational period post
application, the maximum rise in mean blood pressure was +19.5 +
13.6 mmHg (p=0.0013) after 14 days of pacing, +17.1 + 14.3 mmHg
(p=0.0205) after 28 days of pacing and +17.3 + 11.3 mmHg (p=0.0089)
after 42 days of pacing. In contrast, in healthy animals we observed a
non-significant increase in mean blood pressure of 8.7 + 20.9 mmHg
in maximum.

A Heart rate
[Data are mean of n=6 +/- SEM]
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Heart Rate [bpm]

50 T T T 1
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t [sec]
C Systolic arterial pressure
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Propofol

SAP [mmHg]

Contractility
E [Data are mean of n=5-6 +/- SEM]

6000 Propofol
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S
Q
=1
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1000 x ; . . .
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G Left ventricular enddiastolic pressure
[Data are mean of n=6 +/- SEM]

Propafol
30 3

20 60 0 60 120 180

In contractility (Figure 3E, 4E) no further negative-inotropic effects
induced by propofol was observed for any time point in HF animals.
At all times at most a slight (healthy: +819.0 £ 2085.7 mmHg/s; 28d:
+674.1 £ 764.7 mmHg/s; 42d: +511.7 + 690.4 mmHg/s in peak) increase
in +dP/dt could be observed, which was signifcant at a single timepoint
(+479.7 £ 560.5 mmHg/s, 100 sec post application, p=0.0099) after 14
days of pacing. In contrast, no effect was observed for the parameter
‘Relaxation” as shown in Figure 3F and 4F.

Left ventricular enddiastolic pressure (Figure 3G, 4G), a marker
of preload of the heart was not significantly affected by propofol
injection. However, a trend towards higher values was observed and
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Figure 3. Continuous hemodynamic monitoring during anesthesia initiation with propofol. The different lines are representing the data recordings during healthy conditions (@), after 14

days of pacing (Hll), 28 days of pacing (&) and 42 days of pacing (V)
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more pronounced as HF progressed (Figure 4G). At peak, an increase
of +4.3 £ 3.9 mmHg (p=0.242) in LVEDP was observed 150 sec after
propofol in animals after they have been paced for 28 days, which was
also the highest level for LVEDP with 21.5 + 5.3 mmHg in the complete
study. In Figure 3H and 4H the time constant of isovolumetric LVP
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decay (Tau) is shown. This marker represents a parameter of diastolic
function. With the exception of a short-term increase (+5.1 + 1.6 msec,
p=0.0035) immediately after propofol injection (20 - 30 seconds post
propofol, after 42 days of pacing, p<0.05) no significant effects were
observed after bolus injection of propofol.
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Figure 4. Changes to individual baseline values. Baseline hemodynamic data (-120 - 0 sec) were averaged and compared to individual data post application (0 — 180 sec). Data are
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pacing (Hl), 28 days of pacing (&) and 42 days of pacing (V)
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Discussion

There are several anesthetics available for cardiac and non-cardiac
surgery thatshowa shorthalf-liveand afast onset ofaction like etomidate
and propofol. Etomidate is the drug of choice for the sedation of
patients with risk for hypotension and being more frequently used than
propofol in patients with heart failure, because of safety aspects [18,19].
Hemodynamic response after etomidate and propofol administration
is partly modulated by changes in baroreceptor sensitivity. Arterial
baroreceptors are control mechanisms that regulate arterial pressure by
modifying myocardial contractility, HR and vascular resistance [20]. It
is well known that etomidate has only slight effects on baroreceptors
and therefore it is characterized by its hemodynamic stability. In
contrast, propofol has an effect on that mentioned baroreflex control
that leads to tachycardia and hypotension [21-23]. It is important to
know that patients with HF have a higher incidence of post-induction
hypotension [12], which makes propofol critical in this population.
Until now, it is obvious that these differences make etomidate to the
agent of choice for anesthesia in patients with cardiac dysfunction [24].
However, etomidate has some general side effects: e.g., due to post-
intervention nausea and vomiting etomidate is rarely used in patients
undergoing gastroscopy [25], where propofol is used as an alternative
[26,27].

There are some studies which describe a significant increase of
morbidity and mortality in patients with HF undergoing surgery
under general anesthesia because a reduction of arterial pressure
during and after anesthesia [28]. This can lead to reduced end organ
perfusion resulting in worsening of HF [26]. Less is known about the
effect of propofol on cardiac and systemic function during immediate
anesthesia initiation. However, with an increase of approximately 60%
of cardiac device implantations (e.g. pacemaker and ICD"s) in the US
from 1997 to 2004 and the rising number of other cardiac procedures,
like catheter ablations, arrhythmia cardioversions or transesophageal
echocardiography, safety of short-term anesthesia plays an important
role in patients with HF [29]. Since propofol is still an alternative in
patients with HF, it is of great interest to know the exact hemodynamics
in all phases of anesthesia (including the initiation phase). Our study
evaluated the safety and tolerability of anesthesia initiation with
propofol in healthy versus HF subjects.

In our study we used the ‘tachypacing-induced HF model’,
which is one of the commonly used animal models in cardiovascular
research [30]. Characterized by dilated ventricles and a reduced
ejection which makes it per definition to a HF with reduced ejection
fraction (HFrEF) model. The advantage of this large animal model is
a close-to-human anatomy and cardiac physiology, low variability in
phenotype and patient-oriented characteristics. Echocardiography
data, biomarker and hemodynamic recordings confirmed the expected
left ventricular depression representing the development of an HF
phenotype after several weeks of right ventricular pacing. The novelty
of this model consisted in the use of a telemetric systems which allows
for high-resolution recordings of cardiac and systemic hemodynamics
continuously in conscious animals. It was also possible to analyze the
disease progression and the induction of anesthesia without any gaps.
Changes observed were an increase in heart rate and Tau, as well as a
decrease in +dP/dt and -dP/dt.

In our study we used a dose of 5 mg/kg bodyweight. This dose was
chosen because it is referenced for short procedures, e.g. endotracheal
intubation prior to a surgical intervention [31].
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From the literature is known that long lasting propofol could
lead to a depression of sympathetic activity and a reduced vascular
resistance [32]. Interestingly, we observed only a slight drop in BP 60
seconds after application. This effect was most pronounced in healthy
animals and was attenuated with increasing progression of the disease.
After this drop in BP, we observed a robust and significant increase
in BP in all HF-groups. It can be speculated that the increase in BP
is triggered by the elevated HR and consequent increase in cardiac
output. From previous investigations in patients it is known, that
propofol infusion over a period of 30 minutes leads to a decrease in
HR by resetting the baroreceptor reflex [20,33]. We demonstrate an
increase in HR in healthy as well as in HF dogs. These effects are in
accordance with previous preclinical studies, investigating the effect
of anesthesia initiation with propofol, but are fundamentally different
from observations during continuous infusion [13,19,33]. By analyzing
the left ventricular pressure signal, we could not detect any changes
in myocardial relaxation after propofol, whereas contractility shows
a slight increase. This effect could be also primarily caused by the
increase in heart rate.

Patients with reduced EF often suffer from fluid overload
reflected in elevated left ventricular enddiastolic pressures (LVEDP).
This parameter describes the filling pressure of the left ventricle and
increased values implies a left ventricular dysfunction [34] and can
be further associated with renal dysfunction [35]. Therefore, one
therapeutic aim should be to protect patients from a drastic rise in
LVEDP. In our study, we could observe only a slight increase after
propofol bolus in HF-dogs.

The results of our study should be considered in the light of its
limitations: By only studying six dogs, this study has a low number
of test subjects. On the other side, this model shows a low degree of
variability and experimental conditions were well controlled [15].
Second, by using the tachypacing-induced HF model, only a specific
subpopulation of HF patients is represented in our study. In further
studies, the influence of an anesthetic induction could also be tested
in other in vivo models and thus in other phenotypes of HF. Also, we
did not compare the propofol application head-to-head with other
anesthetic agents. A possible next step could be the characterization
of competing anesthetics in the same model to compare hemodynamic
effects. Propofol showed the same directional effect in healthy and
diseased animals and does not have a more pronounced influence on
disturbed left ventricular conditions of the heart or leads to a further
drop in BP.
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Findings

Propofol showed the same directional effect in healthy and diseased
animals and does not have a more pronounced influence on disturbed
left ventricular conditions of the heart or leads to a further drop in
blood pressure.

Meaning

In summary, this study could help to better understand
hemodynamics of propofol and thereby help improve patient
safety during anesthesia induction by unmasking intra-cardiac
hemodynamics.
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