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Editorial on the Research Topic

Less and Non-invasive Hemodynamic Monitoring Techniques

The measurement or estimation of hemodynamic variables reflecting blood pressure, blood
flow, cardiac contractility, cardiac preload, and cardiac afterload plays a pivotal role in the
monitoring, diagnostic workup, and treatment of critically ill patients treated in the intensive care
unit or in patients having major surgery.

Besides pulmonary artery catheterization that is established as a classical method to observe,
measure, and derive a variety of variables reflecting cardiovascular and oxygen dynamics (1, 2) a
variety of “modern” less- and non-invasive hemodynamic monitoring methods became available
during the last decades (3, 4). The physical measurement principles, clinical applications, and
limitations of these technologies are discussed in a series of articles that are part of the research
topic “Less- and Non-invasive Hemodynamic Monitoring Techniques.”

As a very basic hemodynamic variable and as a main determinant of the organs’ perfusion
pressure, arterial blood pressure is part of routine monitoring in intensive care medicine and
anesthesiology. In a narrative review article, methods for non-invasive intermittent and continuous
blood pressure monitoring are summarized (Meidert and Saugel). The authors recommend
monitoring of blood pressure with intermittent oscillometry in hemodynamically stable, low-
risk patients. In surgical patients at risk for hemodynamic instability, continuous non-invasive
blood pressure monitoring with innovative techniques might become an option in the near future.
In critically ill and high-risk surgical patients, continuous invasive blood pressure monitoring
with an arterial catheter will be the method of choice in the foreseeable future. Based on these
general recommendations, an article by Stenglova and Benes describes the evidence for the use of
continuous non-invasive blood pressure monitoring during surgery and its potential to improve
postoperative outcome by an early recognition (or even prediction) of hypotension.

In addition to blood pressure, the analysis of the arterial blood pressure waveform (pulse wave
analysis) enables stroke volume, cardiac output, and dynamic cardiac preload parameters to be
assessed using invasive (arterial catheter) or non-invasive (finger cuff) methods. Several articles
discuss pulse wave analysis and its use in clinical practice.

Grensemann comprehensively explains the basic measurement principle of commercially
available invasive monitoring systems using pulse wave analysis to estimate cardiac output. He
emphasizes that pulse wave analysis is limited in patients with altered vascular tone and that
uncalibrated systems should be used to follow cardiac output changes (trend monitoring) rather
than to guide therapy based on absolute values of cardiac out. A review article by Yamada et al.
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describes how minimally invasive and non-invasive
hemodynmaic monitoring techniques can be used to guide
perioperative hemodynamic therapy and eventually improve
postoperative outcome in surgical patients. The authors
conclude that “monitoring equipment that can provide precise
hemodynamic information without the complications and
complexity of invasive techniques can facilitate individualized
hemodynamic management and lead to improved outcomes.”

In addition to this narrative review, a perspective article by
Saugel and Reuter focuses on the use of invasive uncalibrated
pulse wave analysis for perioperative hemodynamic management
(often referred to as “perioperative goal-directed therapy”). The
article briefly summarizes the evidence and concludes that
perioperative goal-directed therapy based on pulse wave
analysis-derived blood flow and dynamic cardiac preload
variables can improve patient outcome in high-risk patients.
This conclusion is in line with the results of recent meta-
analyses showing that perioperative goal-directed therapy
seems to reduce postoperative morbidity (5, 6). However,
further well-designed and adequately powered studies are
needed to answer open questions about optimal target
variables and values and about how to implement these
perioperative treatment strategies in clinical routine. Another
perspective article written by Nicklas and Saugel discusses
current evidence and open research questions related to
completely non-invasive hemodynamic monitoring methods
for perioperative hemodynamic management. Nguyen and
Squara provide an in-depth review of non-invasive methods
to estimate cardiac output besides pulse wave analysis. They
explain the basic measurement principles and validation
data of bioimpedance/bioreactance, partial carbon dioxide
rebreathing, pulse wave transit time, ultrasonic methods, and
inductance thoracocardiography. In particular, the authors
focus on the feasibility of these methods in the intensive care

unit setting and emphasize that hemodynamic monitoring of
critically ill patients requires good measurement performance
in terms of accuracy, precision, and step-response change.
They conclude that “further developments are needed to
provide clinicians with sufficiently accurate devices for routine
use.”

Optimization of oxygen delivery to the end-organs is
the ultimate goal of therapeutic interventions aiming at an
optimization of global cardiovascular dynamics. Accordingly,
Molnar and Nemeth emphasize that—in addition to global
blood flow variables such as stroke volume or cardiac output–
markers of tissue oxygenation need to be considered during
resuscitation of patients with circulatory shock. They explain
the (patho)physiology of oxygen delivery, consumption, and
extraction and discuss the value of central venous oxygen
saturation to individually tailor therapeutic interventions to the
individual patient’s needs. The authors advocate for multimodal
and individualized hemodynamic treatment strategies which
should integrate various physiological variables (e.g., central
venous oxygen saturation, lactate, venous-to-arterial carbon
dioxide gap).

In summary, this series of articles reflects that a variety
of innovative less- and non-invasive methods for advanced
hemodynamic monitoring in intensive care and perioperative
medicine are currently available. Future research needs to
confirm that goal-directed optimization of global hemodynamics
based on advanced less- and non-invasive hemodynamic
monitoring can eventually improve oxygen delivery and have
beneficial impact on patient outcome.
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