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SEPSIS

Cardiovascular Management in Sepsis:
Improving Cardiac and Vascular Functions

Vasopressin and landiolol are critical therapies for ensuring the vascular and cardiac systems are as close to optimal
conditions as possible during septic shock. Better cardiovascular management in septic shock can help improve

septic shock management.

Sepsis is a life-threatening organ dysfunction
caused by a dysregulated host response to
infection (Singer et al. 2016). Septic shock
is defined as a subset of sepsis with circula-
tory and cellular/metabolic dysfunction
associated with a higher risk of mortal-
ity. The progression of sepsis is typically
measured using the Sequential Organ
Failure Assessment (SOFA) Score (Vincent
et al. 1996) or a 3-parameter QSOFA version
(Koch et al. 2020), with cardiovascular
assessment as a key parameter of both
scales. In patients with sepsis, the amount
of time spent continuously below an MAP
threshold of 65 mmHg is a strong predictor
of mortality, with each additional 2-hour
increment in the longest episode under
threshold associated with a progressive
increase in mortality rate (Vincent et al.
2018). Accordingly, the Surviving Sepsis
Campaign Guidelines (SSCG) recommend
intravascular fluid administration (using
crystalloids) as the first step to counteract
hypotension in septic patients (Evans et
al. 2021).

Hypotension Refractory to Initial
Fluid Resuscitation

When fluid administration alone is not
sufficient to achieve target MAP, vasopres-
sor administration should be initiated to
resolve hypotension (Rhodes et al. 2017).
Early administration of vasopressor (at less
than six hours from initial hypotension)
is critical to avoid prolonged hypotension
and irreversible damage of vital organs due
to low perfusion. The SSCG recommend
norepinephrine as the first-line vasopressor
for hypotension refractory to initial fluid
resuscitation to maintain MAP >65 mm Hg
(Evans et al. 2021). Septic shock patients

are clinically identified by a requirement
for vasopressor therapy to maintain a MAP
of 265 mm Hg and serum lactate level >2
mmol/L (>18 mg/dL) in the absence of
hypovolaemia (Singer et al. 2016). Norepi-
nephrine, a catecholamine, activates the
al and PB1 adrenergic receptors and has
a minimal effect on heart rate (Evans et
al. 2021). Early vasopressor initiation has
been reported to increase MAP, shorten
the duration of hypotension and thereby
improve vital organ perfusion and decrease
serum lactate levels, resulting in better
patient outcomes and decreased mortal-
ity rates (Bai et al. 2014; Colon Hidalgo
et al. 2020).

Catecholamine Refractory Septic
Shock

However, some patients become catechol-
amine refractory, suffering from impaired
vascular responsiveness to catecholamines
due to downregulation or decoupling of al
adrenergic receptors. Persistent hypoten-
sion, despite norepinephrine administra-
tion, while the patient has adequate cardiac
output and is non-responsive to fluids, is
indicative of catecholamine refractory
septic shock (Jentzer and Hollenberg 2021).
The SSCG state that for adults with septic
shock on norepinephrine with inadequate
MAP levels, it is suggested to add vaso-
pressin instead of escalating the dose of
norepinephrine (Evans et al. 2021). Hence,
the use of a second-line vasopressor with
an alternative mode of action is recom-
mended to increase vascular tone. It has
been proposed that an early combination
of moderate doses of multiple vasopres-
sors with complementary mechanisms of
action may avoid the toxicity associated

with high doses of a single agent (Jentzer
and Hollenberg 2021).

Vasopressin is a non-catecholamine
endogenous peptide hormone which acti-
vates V1 receptors located on the vascular
smooth muscles, resulting in increased
vascular tone and increased arterial blood
pressure. Vasopressin is usually started
(at a dose 0f 0.01-0.03 IU/min) when the
dose of norepinephrine is in the range of
0.25-0.5 pg/kg/min (Evans et al. 2021).
The combined infusion of vasopressin
and norepinephrine can increase MAP in
catecholamine refractory (resistant) septic
shock, where increasing MAP with norepi-
nephrine alone is not possible (Diinser et
al. 2003). Furthermore, by using vasopres-
sin, the norepinephrine dosage can be
reduced while maintaining MAP (Evans
et al. 2021; Russell 2011). Adverse effects
of norepinephrine/catecholamines include
myocardial ischaemia and arrhythmia,
hence by reducing the requirement for
catecholamines, vasopressin decreases the
stimulation of arrhythmogenic myocardial
B1-receptors and associated myocardial
oxygen demand (McIntyre et al. 2018).
The positive outcomes from early admin-
istration of vasopressin in septic shock
patients include a reduced noradrenaline
requirement (Russell 2011), a lower risk of
atrial fibrillation (McIntyre et al. 2018), less
catecholamine-induced anti-inflammatory
effects (Stolk et al. 2020), a reduction in
the need for renal replacement therapy
(Gordon et al. 2010; Russell et al. 2008)
and less constriction of pulmonary arteries
(Currigan et al. 2014). Moreover, there was
a significantly higher probability of survival
with vasopressin treatment (Russell et al.
2008) in less severe septic shock patients
(norepinephrine doses <15 pug/min) and
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when initiated at lower lactate levels (Sacha
etal. 2018) or at higher arterial-pH (pH>7.4)
levels in patients with sepsis (Bauer et
al. 2022) which collectively supports the
early combination of vasopressin with
norepinephrine during septic shock.

Compensatory Tachycardia

Tachycardia is very common in ICU patients
and is associated with poor outcomes in
septic shock (Leibovici et al. 2007; Parker
et al. 1987). During sepsis, the sympathetic
nervous system plays a key role in main-
taining cardiac output and blood pressure,
which is achieved through changes in heart
rate (HR), contractility and vascular tone
(Morelli et al. 2016). The baroreflex is a
homeostatic mechanism that maintains
MAP by adjusting sympathetic tone to
antagonise MAP perturbations (Jentzer
and Hollenberg 2021). The integrity of
the baroreflex function is critical for the
maintenance of haemodynamic homeo-
stasis. Accordingly, in the early phases
of sepsis, tachycardia becomes a crucial
mechanism for compensating the decrease
in stroke volume and indicates the efficacy
of baroreflex activity (Morelli et al. 2016).
Due to the compensatory origin of such
tachycardia, adequate volume resuscitation
often results in a concomitant decrease in
HR. However, compensatory tachycar-
dia may lead to arrhythmia (Boriani et
al. 2019), particularly atrial fibrillation
(AF). A clear association between sepsis
and arrhythmias has been reported, with
new-onset AF reported to be common in
patients hospitalised with sepsis, compared
to those without sepsis (5.9% vs 0.65%:
OR 6.82,95% CI 6.54-7.11) and has been
related to an increased risk of in-hospital
stroke (2.7-fold) and mortality (Walkey et
al. 2011). After an arrhythmia is confirmed,
patients with life-threatening haemody-
namic instability (i.e. symptomatic hypo-
tension and/or signs of hypoperfusion of
vital organs) require immediate electrical
cardioversion (ECV) or defibrillation (Dan
etal. 2022). In the case of ECV failure or
immediate relapse AF, an optimal next
step is acute rate control with landiolol,
which has been shown to be superior
to standard rate-controlling therapy in
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septic patients who developed AF, with
no significant complications related to
hypotension or bradycardia (Dan et al.
2022; Okajima et al. 2015).

Non-Compensatory Tachycardia

Despite achieving haemodynamic stabil-
ity, in many septic shock patients non-
compensatory tachycardia may persist
even after adequate fluid resuscitation
and vasopressor therapy. In septic shock
patients, non-compensatory tachycardia
persists when the baroreflex response is
impaired due to high levels of endogenous
and exogenous catecholamines, leading to
a hyper-adrenergic state, which is a sign of
excessive sympathetic stimulation (Domizi
et al. 2020; Dunser and Hasibeder 2009).

d dlandiolol ensures the safe
reduction of heart rate during
non-compensatory sinus
tachycardia, reducing with it
unnecessary sinus activation
and cardiac stress PP

Patients who are tachycardic 24 hours
after commencing norepinephrine infu-
sion have a three-fold higher risk of death
than those without tachycardia, which is
likely due to an exhausted compensatory
reflex mechanism (Domizi et al. 2020).
Persistent tachycardia can detrimentally
affect the heart by increasing myocardial
oxygen demand, reducing diastolic fill-
ing, and inducing direct cardiotoxicity
(Domizi et al. 2020). Hence, patients with
non-compensatory tachycardia persisting
at 24 hours after volume resuscitation and
commencement of vasopressors represent
a particularly severe subset of septic shock
patients with very high mortality risk and
with few available treatment options.

Landiolol for the Treatment of Non-
Compensatory Sinus Tachycardia

Landiolol is a new ultra-short acting
(T1/2=4 min), intravenous, super-selective
B1 blocker for the treatment of supraven-
tricular tachyarrhythmias such as AF,
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atrial flutter and non-compensatory sinus
tachycardia (SmPC Rapibloc®). Landiolol
is a fl-antagonist and, due to its pure
S-enantiomer molecular structure (McKee
et al. 2014), has minimal effects on blood
pressure and inotropy (Shibata et al. 2012),
in contrast to esmolol and metoprolol,
which cause hypotension and have negative
inotropic effects. Landiolol has excellent
efficacy even at low doses (Krumpl et al.
2018), with a low volume distribution and
low risk of toxicity (Abialbon 2019). Due
to inactive metabolites and breakdown by
plasma esterases, landiolol has a favourable
safety profile for patients with renal and
hepatic comorbidities (Yokoyama 2016),
with no dose adjustment required for
patients with renal dysfunction. Landiolol
is metabolised mainly by pseudocholines-
terases and carboxylesterases and not by
CYP450, with two inactive metabolites
(M1 and M2), which are excreted in the
urine. Due to the highest cardioselectivity
(B1/P2-selectivity = 255:1), landiolol has
a minimal impact on respiratory function
(Shibata et al. 2012) and 2-receptor-
mediated coronary hyperaemia (Maman
etal. 2017).

A randomised controlled study of
landiolol versus conventional therapy
(control group) investigated the efficacy
and safety of landiolol for the treatment
of sepsis-related tachyarrhythmias in 151
patients (Kakihana et al. 2020). In the
study, non-compensatory tachycardia
was defined as a heart rate of 100 bpm
or more maintained for at least 10 min
without a change in catecholamine dose.
Furthermore, patients were only enrolled
if the investigator confirmed the afore-
mentioned symptoms and signs within
24h before randomisation. The mean
dose of landiolol administered during
the study period was 4.15 ug/kg per min
with a mean cumulative dose per patient
of 1526.20 mg (SD 2110.36) over a total
infusion time of 94.5 h. In patients treated
with landiolol, MAP was achieved, and a
heart rate of 60-94 bpm was reported in
most patients, with a significantly larger
number of patients in the landiolol group
achieving a heart rate of 60-94 bpm at 24
h compared to the conventional treatment
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in the control group (55% [41 of 75] vs
33% [25 of 75]; p=0.0031), confirming
that landiolol treatment was superior to
conventional rate control therapy (Kakihana
et al. 2020). Landiolol significantly reduced
the incidence of new-onset arrhythmia in
patients with sepsis-related tachyarrhyth-
mias (Kakihana et al. 2020) compared with
conventional treatment (9% [7 of 75] vs
25% [19 of 75]; p=0.015). Moreover, the
efficacy and safety of landiolol were unaf-
fected by patient characteristics, such as
septic shock, LVEF<50%, metabolic or
respiratory acidosis or acute renal failure,
supporting the use of landiolol in a wide
range of patients who develop sepsis-related
tachyarrhythmias, for whom the prognosis

Disclaimer
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is otherwise poor (Matsuda et al. 2020).
Furthermore, patients with respiratory
infection receiving landiolol had lower
mortality rates at 28 days (Matsuda et
al. 2020) than the control group (hazard
ratio 0.259; 95% CI 0.071 to 0.943). In a
further study of 61 patients with severe
sepsis, landiolol was shown to decrease
heart rate in septic patients without caus-
ing negative effects on haemodynamics
(Okajima et al. 2015).

Conclusion

Vasopressin and landiolol are critical thera-
pies for ensuring that both the vascular
and cardiac systems are as close to optimal

conditions as possible during septic shock.
Vasopressin ensures improvement of the
vascular response in patients who are
catecholamine refractory, with a significant
body of evidence indicating that earlier
addition of vasopressin leads to better
patient outcomes. While landiolol ensures
the safe reduction of heart rate during
non-compensatory sinus tachycardia,
reducing with it unnecessary sinus activa-
tion and cardiac stress, also reducing the
risk of new-onset atrial fibrillation and
improving patient survival. By improving
cardiovascular management in septic shock,
a further step can be taken in the overall
improvement of septic shock management.

Point-of-View articles are the sole opinion of the author(s) and they are part of the ICU Management & Practice Corporate Engagement or Educational Community Programme.

References

Abialbon P (2019) Drug Distribution.

Bai X, W Yu, W Ji et al. (2014) Early versus delayed admin-
istration of norepinephrine in patients with septic shock
Crit Care. 18:532.

Bauer SR, Sacha GL, Siuba MT et al. (2022) Association of
Arterial pH With Hemodynamic Response to Vasopressin in
Patients With Septic Shock: An Observational Cohort Study.
Crit Care Explor. 4:e0634.

Boriani G, Fauchier L, Aguinaga L et al. (2019) European
Heart Rhythm Association [EHRA] consensus document on
management of arrhythmias and cardiac electronic devices
in the critically ill and post-surgery patient, endorsed by
Heart Rhythm Society (HRS), Asia Pacific Heart Rhythm
Society (APHRS), Cardiac Arrhythmia Society of Southern
Africa (CASSA), and Latin American Heart Rhythm Society
(LAHRS). Europace. 21:7-8.

Colon Hidalgo D, Patel DJ, Masic D et al. (2020) Delayed
vasopressor initiation is associated with increased mortality
in patients with septic shock. J Crit Care. 55:145-148.

Currigan DA, Hughes RJ, Wright CE et al. (2014) Vasoconstrictor
responses to vasopressor agents in human pulmonary and
radial arteries: an in vitro study. Anesthesiology. 121:930-936

Dan GA, Dan AR, Ivanescu A, Buzea AC (2022) Acute rate
control in atrial fibrillation: an urgent need for the clinician.
Eur Heart J Suppl. 24:D3-d10.

Domizi R, Calcinaro S, Harris S et al. [2020) Relationship
between norepinephrine dose, tachycardia and outcome in
septic shock: A multicentre evaluation. J Crit Care. 57:185-190.

Dunser MW, Hasibeder WR (2009) Sympathetic overstimu-
lation during critical illness: adverse effects of adrenergic
stress. J Intensive Care Med. 24:293-316.

Diinser MW, Mayr AJ, Ulmer H et al. (2003] Arginine vasopressin
in advanced vasodilatory shock: a prospective, randomized,
controlled study. Circulation. 107:2313-2319.

Evans L, Rhodes A, Alhazzani W et al. (2021) Surviving sepsis
campaign: international guidelines for management of sepsis
and septic shock 2021. Intensive Care Med. 47:1181-1247

Gordon AC, Russell JA, Walley KR et al. [2010) The effects of
vasopressin on acute kidney injury in septic shock. Intensive
Care Med. 36:83-91

Jentzer JC, Hollenberg SM (2021) Vasopressor and Inotrope
Therapy in Cardiac Critical Care. J Intensive Care Med
36:843-856.

Kakihana Y, Nishida O, Taniguchi T et al. (2020) Efficacy and
safety of landiolol, an ultra-short-acting B1-selective antago-
nist, for treatment of sepsis-related tachyarrhythmia (J-Land
3S): a multicentre, open-label, randomised controlled trial.
Lancet Respir Med. 8:863-872

Koch C, Edinger F, Fischer T et al. (2020) Comparison of
qSOFA score, SOFA score, and SIRS criteria for the prediction
of infection and mortality among surgical intermediate and
intensive care patients. World J Emerg Surg. 15:63.

Krumpl G, ULE |, Trebs M et al. (2018) Pharmacokinetics and
Pharmacodynamics of Low-, Intermediate-, and High-Dose
Landiolol and Esmolol During Long-Term Infusion in Healthy
Whites. J Cardiovasc Pharmacol. 71:137-146

Leibovici L, Gafter-Gvili A, Paul M et al. (2007) Relative tachy-
cardia in patients with sepsis: an independent risk factor for
mortality. QJM. 100:629-634.

Maman SR, Vargas AF, Ahmad TA et al. (2017) Beta-1 vs.
beta-2 adrenergic control of coronary blood flow during
isometric handgrip exercise in humans. J Appl Physiol
(1985). 123:337-343.

Matsuda N, Nishida O, Taniguchi T et al. (2020) Impact of
patient characteristics on the efficacy and safety of landiolol
in patients with sepsis-related tachyarrhythmia: Subanalysis
of the J-Land 3S randomised controlled study. EClinicalMedi-
cine. 28:100571.

Mcintyre WF, Um KJ, Alhazzani W et al. (2018) Association
of Vasopressin Plus Catecholamine Vasopressors vs Cate-
cholamines Alone With Atrial Fibrillation in Patients With
Distributive Shock: A Systematic Review and Meta-analysis
JAMA. 319:1889-1900.

McKee JS, Rabinow BE, Daller JR et al. (2014) An enantiomeri-
cally pure formulation of esmolol attenuates hypotension
and preserves heart rate control in dogs. Anesthesiology.
121:1184-1193

Morelli A, Sanfilippo F, Romano SM (2016) Esmolol in septic
shock: old pathophysiological concepts, an old drug, perhaps
a new hemodynamic strategy in the right patient. J Thorac
Dis. 8:3059-3062.

Okajima M, Takamura M, Taniguchi T (2015) Landiolol, an
ultra-short-acting B1-blocker, is useful for managing supra-

ventricular tachyarrhythmias in sepsis. World J Crit Care
Med. 4:251-257

Parker MM, Shelhamer JH, Natanson C et al. (1987) Serial
cardiovascular variables in survivors and nonsurvivors of
human septic shock: heart rate as an early predictor of
prognosis. Crit Care Med. 15:923-929.

Russell JA (2011) Bench-to-bedside review: Vasopressin in
the management of septic shock. Crit Care. 15:226.

Russell JA, Walley KR, Singer J et al. (2008) Vasopressin
versus norepinephrine infusion in patients with septic shock
N Engl J Med. 358:877-887.

Sacha GL, Lam SW, Duggal A et al. (2018) Predictors of
response to fixed-dose vasopressin in adult patients with
septic shock. Ann Intensive Care. 8:35.

Shibata S, Okamoto Y, Endo S Ono K (2012) Direct effects of
esmolol and landiolol on cardiac function, coronary vasoac-
tivity, and ventricular electrophysiology in guinea-pig hearts.
J Pharmacol Sci. 118:255-265.

Singer M, Deutschman CS, Seymour CW et al. (2016) The
Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3). JAMA. 315:801-810.

Stolk RF, van der Pasch E, Naumann F et al. (2020) Norepi-
nephrine Dysreqgulates the Immune Response and Compro-
mises Host Defense during Sepsis. Am J Respir Crit Care
Med. 202:830-842.

Vincent JL, Moreno R, Takala J et al. (1996) The SOFA (Sepsis-
related Organ Failure Assessment] score to describe organ
dysfunction/failure. On behalf of the Working Group on Sepsis-
Related Problems of the European Society of Intensive Care
Medicine. Intensive Care Med. 22:707-710.

Vincent JL, Nielsen ND, Shapiro Nl et al. (2018) Mean arterial
pressure and mortality in patients with distributive shock: a
retrospective analysis of the MIMIC-IIl database. Ann Inten-
sive Care. 8:107.

Walkey A.J, Wiener RS, Ghobrial JM et al. (2011) Incident
stroke and mortality associated with new-onset atrial fibril-
lation in patients hospitalized with severe sepsis. JAMA.
306:2248-2254.

Yokoyama H (2016) Stabilization in Off-Pump Coronary Artery
Bypass. Springer.

For full references, please email editorial@icu-management.
org or visit https://iii.hm/1m2j

ICU Management & Practice 4 - 2023



mailto:editorial@icu-management.org
mailto:editorial@icu-management.org
https://iii.hm/1m2j

NS

EMPRESSIN

ARGIPRESSIN

Treating Catecholamine Refractory
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therapy with argipressin Warning: less than 23 mg sodium per ml. Prescription only. Marketing authorisation holder: OrphaDevel Handels und Vertriebs GmbH, Wintergasse 85/1B; 3002
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