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Editorial

Continuous non-invasive haemodynamic monitoring in patients
having surgery: Valuable tool or superfluous toy?
Optimising cardiovascular dynamics in the perioperative period
is a real challenge. Intraoperative hypotension as well as hypo- and
hypervolemia are associated with adverse postoperative outcomes
[1–3]. Perioperative haemodynamic management basically inclu-
des optimisation of arterial pressure (AP) and blood flow, i.e. stroke
volume (SV) and/or cardiac output. Guided haemodynamic
management using fluids, vasopressors, and inotropes based on
treatment protocols is usually referred to as ‘‘goal-directed
therapy’’ (GDT) [4]. GDT requires advanced haemodynamic
monitoring with a full range of invasiveness from very invasive
to totally non-invasive systems.

There is evidence that GDT improves postoperative patient-
centred outcomes compared with routine care in high-risk surgery
[5]. However, whether GDT also improves outcome in low-risk
patients having surgery is less clear [6–8]. In the latter patients,
insertion of an arterial catheter for advanced haemodynamic
monitoring is often not deemed necessary. However, there is an
increasing number of commercially available haemodynamic
monitoring technologies providing blood flow variables continu-
ously and non-invasively [9–12]. Hence, GDT can also be
performed in low-risk surgery patients without the need for
arterial cannulation.

In a single centre prospective randomised controlled trial
published in this issue, Fischer et al. randomised 160 low-risk
patients having colorectal surgery to non-invasive monitoring-
driven GDT aiming at SV maximisation and AP control or to routine
management based on intermittent AP monitoring [13]. All
patients were monitored using a finger-cuff technology (ClearSight
monitor), but anesthesiologists had access to the monitor only in
the GDT group. The primary endpoint was the proportion of
patients with at least one complication within 30 days after
surgery. Both groups had a baseline maintenance fluid infusion of a
crystalloid solution (Ringer lactate) at 5 mL/kg/h. Patients in the
GDT group could receive additional boluses of 3 mL/kg of a 4%
modified fluid gelatin to maximise SV, whereas those in the control
group could receive additonal crystalloid fluids if deemed
necessary. Ephedrine up to 30 mg and norepinephrine were used
in both groups to keep MAP above 65 mmHg. There was no
significant difference in the primary outcome between groups and
the authors concluded that GDT driven by the non-invasive finger-
cuff technology does not result in a reduction in postoperative
complications in low-risk patients having elective colorectal
surgery. The authors also performed a meta-analysis incorporating
their data to those of six other randomised controlled trials, which
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all assessed the impact of GDT guided by non-invasive finger cuff
monitoring on outcome in a total of slightly over 1000 patients. The
meta-analysis confirmed that GDT guided by non-invasive
haemodynamic monitoring does not have significant benefical
clinical impact compared to intermittent AP-guided therapy. The
authors concluded with the provocative statement that ‘‘this

technology should be used with caution to guide haemodynamic

therapy in the operating theatre’’.
Considering this information, the large number of low-risk

patients having low to moderate risk surgery, and the costs of non-
invasive haemodynamic devices, one might legitimately wonder if
continuous non-invasive haemodynamic monitoring systems are a
valuable tool or a superfluous toy. The answer is actually far from
evident. It depends! If it was about a drug administration to a given
patient with a specific problem, we would use the drug if it had
been demonstrated to have a beneficial impact on outcome, a good
risk-benefit-ratio, and an affordable price. So why does the same
question on non-invasive haemodynamic monitoring-driven GDT
lead to so much confusion? Can we reasonably expect from a
haemodynamic monitoring system to improve outcome in patients
with low risk for postoperative complications? For instance, the
pulse oximeter has never been shown to improve postoperative
outcomes [14]. Still, pathophysiologic rationale and safety reasons
lead us to use pulse oximetry in every single surgical patient.
Similarly, there is no large prospective randomised controlled trial
showing an improved outcome with transoesophageal echocardi-
ography (TEE) in cardiac surgery patients [15]. Do we interpret this
to mean that TEE should not be used in the clinical setting?
Absolutely not. The choice of perioperative haemodynamic
monitoring device is context-dependent. It depends on the clinical
setting, the invasivness of the monitoring technology, patient-
related risk, surgical risk, costs, and partially on the institution and
the country we are practicing in. Of course, it also depends on the
haemodynamic target variables used in the GDT protocol. We need
to see the glass half full and not half empty. Studies have shown
that continuous AP monitoring enables hypotensive episodes to be
detected earlier compared to intermittent AP monitoring in several
clinical settings including the emergency department, gastroin-
testinal endoscopy, and surgery [16–19]. The association between
intraoperative hypotension and adverse postoperative outcomes
has been clearly established [1]. The study by Fischer et al. [13], as
well as the recent study by Davies and colleagues [20], clearly show
that the duration of intraoperative hypotension can be significant-
ly reduced with the application of GDT. It would be a basic mistake
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to consider that continuous non-invasive haemodynamic moni-
toring could replace the arterial catheter in all cases. It should
rather complement intermittent AP monitoring in patients in
whom insertion of an arterial catheter is not justified. When using
continuous non-invasive AP monitoring, additional advanced
haemodynamic variables–that would otherwise not be available
in patient not having an arterial catheter–can be estimated using
the AP waveform analysis. This makes continuous non-invasive
haemodynamic monitoring a valuable tool to better guide
perioperative management.
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