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INTRODUCTION

Each year more than 300 million surgeries are 
performed worldwide.[1] Rates of major complications 
and mortality in the first weeks after surgery remain 
very high.[2,3] Postoperative deaths are a consequence 
of postoperative complications[3,4] that occur in up to a 
quarter of patients after in‑patient surgery.[5] To avoid 
postoperative complications, it is crucial to identify and 
avoid modifiable risk factors for their occurrence. One 
modifiable risk factor for postoperative complications 
may be intraoperative hypotension  (IOH). In this 
article, we will discuss the pathophysiology of 
IOH, its clinical relevance, and current concepts 
of perioperative arterial blood pressure  (AP) 
management. We searched the electronic databases 
Pubmed, Web of Science and Cochrane Library 
using the following search terms (last date of search 
15.11.2019): ((hypotension[title and abstract] OR 
hypotensive [title and abstract]) AND (intraoperative 

[title and abstract] OR perioperative[title and 
abstract] OR intraoperatively[title and abstract] OR 
perioperatively[title and abstract])). In addition, 
we searched the reference lists of the identified 
studies and the reference lists of review articles to 
find additional studies that we had not identified 
initially. We restricted the search and subsequent 
bibliographic review to studies  (no correspondence 
or case reports) published in English between 1990 
and 2019.
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ABSTRACT

Intraoperative hypotension (IOH)  i.e., low arterial blood pressure (AP) during surgery  is common 
in patients having non‑cardiac surgery under general anaesthesia. It has a multifactorial aetiology, 
and is associated with major postoperative complications including acute kidney injury, myocardial 
injury and death. Therefore, IOH may be a modifiable risk factor for postoperative complications. 
However, there is no uniform definition for IOH. IOH not only occurs during surgery but also after 
the induction of general anaesthesia before surgical incision. However, the optimal therapeutic 
approach to IOH remains elusive. There is evidence from one small randomised controlled trial 
that individualising AP targets may reduce the risk of postoperative organ dysfunction compared 
with standard care. More research is needed to define individual AP harm thresholds, to develop 
therapeutic strategies to treat and avoid IOH, and to integrate new technologies for continuous 
AP monitoring.
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INTRAOPERATIVE HYPOTENSION – DEFINITION

There is no uniform definition for IOH.[6] It even 
remains unknown whether IOH should be defined 
based on absolute AP thresholds or on relative 
thresholds considering a decrease from baseline AP.[7,8] 
A systematic review identified over  140 different 
definitions for IOH in 130 studies; definitions were 
based on systolic AP (SAP) or mean AP (MAP) values, 
absolute values or relative changes or a combination 
of them.[6] Frequently used definitions include SAP 
below 80  mmHg, a decrease in SAP of more than 
20% below baseline, and a combination of definitions 
consisting of an absolute SAP below 100  mmHg 
and/or 30% decrease below baseline. Depending on 
which definition for IOH is used, the incidence varies 
between 5% and 99%.[6]

IOH is not a distinct disease entity that only occurs 
during surgery. About one third of perioperative 
hypotensive episodes occur in the period after the 
induction of general anaesthesia but before surgical 
incision and can be described as postinduction 
or pre‑incision hypotension.[9,10] Postinduction 
hypotension should be differentiated against phases 
of hypotension during surgery, as the causes of 
hypotension vary in the different phases.[10] While 
postinduction hypotension is solely caused by 
anaesthetic management, IOH occurring during 
surgery can be caused by numerous factors related to 
general anaesthesia and surgery.

INTRAOPERATIVE HYPOTENSION – 
PATHOPHYSIOLOGY AND RISK FACTORS

Many pathophysiologic mechanisms can lead 
to IOH in patients having surgery under general 
anaesthesia. Thus, the aetiology of IOH is 
multifactorial. IOH can, among other factors, be 
caused by vasodilation  (anaesthetic drugs, systemic 
inflammation), intravascular hypovolaemia (bleeding), 
low cardiac output (bradycardia or low stroke volume), 
high intra‑thoracic pressure (mechanical ventilation), 
impairment of sympathetic nervous system or 
compromised baroreflex regulation.

Several risk factors for IOH have been identified, such as 
older age, high American Society of Anesthesiologists 
(ASA) class, male sex, lower pre‑induction SAP, general 
anaesthesia with propofol, the combination of general 
and regional anaesthesia, the duration of surgery, and 
emergency surgery.[11,12] Additionally, antihypertensive 

medications such as angiotensin‑converting enzyme 
inhibitors, angiotensin II receptor antagonists, 
betablockers, and alpha‑2 agonists predispose to the 
occurrence of hypotensive events during anaesthesia, 
which is associated with cardiovascular complications 
and mortality.[13‑15]

INTRAOPERATIVE HYPOTENSION AND 
POSTOPERATIVE OUTCOME

IOH is common and associated with major 
postoperative complications including myocardial 
injury,[16] acute kidney injury[7,17,18] and death[19‑21] in 
patients having non‑cardiac surgery under general 
anaesthesia. The association between IOH and 
postoperative complications is supported by various 
database studies.

A retrospective database study including 
33,330 non‑cardiac surgeries in 27,381  patients 
demonstrated an independent association between 
IOH and postoperative acute kidney and myocardial 
injury.[17] On a population level, the risk for acute 
kidney and myocardial injury markedly increased 
below lowest intraoperative MAP  values of 55–
60  mmHg. Even short durations  (i.e.,  1–5  minutes) 
of an intraoperative MAP less than 55 mmHg were 
associated with acute kidney and myocardial injury, 
and the odds for these organ injuries additionally 
increased with longer time periods spent below this 
MAP threshold.[17]

Another large retrospective database study including 
57,315  patients who had non‑cardiac surgery also 
demonstrated that IOH  –  defined either based 
on absolute or relative MAP thresholds  –  was 
independently associated with both acute kidney 
and myocardial injury.[7] Both MAP  values below 
65 mmHg and MAP values 20% below preoperative 
baseline MAP were progressively associated with 
postoperative organ injury. At any given MAP 
threshold, prolonged exposure to IOH was associated 
with increased odds for postoperative acute kidney 
and myocardial injury.[7]

Yet another retrospective cohort study investigated 
the association between intraoperative AP and 
30‑day mortality in 18,756  patients who underwent 
non‑cardiac surgery using three different approaches to 
define IOH: population thresholds (individual patient 
sum of area under threshold two standard deviations 
from the mean of the population intraoperative AP), 
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absolute thresholds  (based on clinical judgement 
and literature), and percent change from baseline 
AP.[20] There was an independent association between 
the occurrence of profound IOH lasting for at least 
5 minutes and 30‑day mortality.

While there are several retrospective database 
studies that demonstrate an association between 
IOH and postoperative morbidity and mortality, to 
date, there is only one randomised controlled trial 
on perioperative AP management that actually 
demonstrated a causality between intraoperative 
AP and postoperative organ function.[22] The 
multicentre INPRESS trial demonstrated that 
applying individualised SAP targets significantly 
reduced the risk of postoperative organ dysfunction 
compared with standard AP management in 
high‑risk patients having major surgery.[22] It is of 
crucial importance to understand that there is a 
fundamental difference between an association and 
a causal relation between IOH and postoperative 
organ injury [Figure 1]. While retrospective database 
studies can only provide insights into the association 
between an exposure  (e.g.,  IOH) and an outcome 
(e.g.,  postoperative organ injury) and can only 
account for some confounding factors, randomised 
controlled trials can provide evidence for a causal 
relation between an exposure (that is modified by an 
intervention) and an endpoint.

HOW TO DETECT INTRAOPERATIVE HYPOTENSION?

Monitoring AP in patients during anaesthesia is an 
obligatory part of standard anaesthetic management. 
Surgery‑  and patient‑related risk factors determine 
which method should be used to monitor AP. In 
clinical routine, AP measurements are usually 
obtained intermittently and non‑invasively using 
oscillometry (upper‑arm cuff method), normally 
at intervals of 2–5  minutes, or continuously and 
invasively with an arterial catheter.[23] Arterial 
catheters are used for continuous AP monitoring in 
patients with high patient‑specific or surgery‑related 
risk. An interventional trial with 143 patients revealed 
that invasive AP monitoring detected, on average, 
twice as many hypotensive minutes compared to 
oscillometric measurements.[24] Additionally, patients 
having invasive AP monitoring received a third more 
vasopressor boluses than patients with oscillometric 
AP monitoring.[24]

In the future, technologies for continuous non‑invasive 
AP monitoring – e.g., finger‑cuff technologies – may be 
used in patients undergoing surgery as an alternative 
to intermittent non‑invasive or continuous invasive 
AP monitoring.[25‑27] A randomised trial including 
316  patients having moderate‑to‑high risk surgery 
tested the hypothesis that continuous non‑invasive 
AP monitoring reduces IOH.[28] In all patients, AP 

Figure  1: This figure illustrates that a retrospective database study can only provide insights into the association between an exposure 
(e.g., intraoperative hypotension) and an outcome. In contrast, a randomised controlled trial can provide evidence for a causal relation between 
the exposure (that is modified by an intervention) and an endpoint
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was continuously monitored using a finger‑cuff 
technology and standard intermittent oscillometric 
measurements. In half of the patients, AP  values 
from continuous AP monitoring were available to the 
clinician. Those patients assigned to continuous AP 
monitoring had significantly lower time‑weighted 
average MAP below 65 mmHg compared to intermittent 
AP monitoring. Another randomised trial investigated 
the impact of continuous non‑invasive AP monitoring 
in 160 patients with a history of chronic hypertension 
having orthopaedic surgery.[29] AP was monitored in 
all patients using standard intermittent oscillometric 
measurements. Patients in the study group were 
simultaneously monitored using a finger‑cuff 
technology and had significantly fewer hypotensive 
episodes compared to patients of the control group.

THERAPEUTIC APPROACHES TO INTRAOPERATIVE 
HYPOTENSION

Given the association between IOH and adverse 
postoperative outcomes, IOH should be avoided and 
timely treated. The choice of therapeutic interventions 
is a subject of an ongoing debate since it remains 
unclear which treatment strategies substantially affect 
outcomes.[30] Common therapeutic approaches are the 
use of vasoactive agents – especially vasopressors – and 
fluids. However, there is still no uniform consensus on 
which vasopressors should be used to increase vascular 
tone and increase AP during surgery. Large randomised 
trials are needed to answer the questions which 
treatment strategy should be used to avoid or treat IOH.

Besides pharmacologic treatment options, there might 
be other strategies to prevent IOH. For example, 
one randomised controlled trial studied the impact 
of peristaltic pneumatic compression of the legs 
on the amount of intraoperative fluid demand 
and haemodynamic stability in 70  patients having 
minor surgery.[31] The study revealed that peristaltic 
pneumatic compression of the legs reduced the 
rate of hypotensive events as well as the amount of 
administered intravenous fluids. However, it has to 
be shown whether this type of intervention actually 
affects patient‑centred outcomes and if it can be 
transferred to high‑risk surgical patients.

WHAT IS THE ‘OPTIMAL’ BLOOD PRESSURE FOR 
THE INDIVIDUAL PATIENT?

Knowing that IOH is associated with postoperative 
complications and death, the remaining key 

question is which AP is optimal for the individual 
patient having surgery under general anaesthesia. 
Based on the results of large retrospective database 
studies, an absolute MAP threshold of 65  mmHg 
was recommended as an absolute lower intervention 
threshold,[30] as lower intraoperative MAP  values 
are associated with harm in the non‑cardiac 
surgical population.[7] However, using this absolute 
population‑based MAP threshold for all patients 
would ignore the fact that normal AP  values vary 
considerably among individuals[32] and that many 
patients,  especially patients with chronic arterial 
hypertension  may need higher MAP  values.[8] 
Because blood flow autoregulation depends on the 
individual patient’s normal AP, the organ‑dependent 
autoregulation curve is shifted towards higher 
AP  values in patients with arterial hypertension. 
This leads to a narrowing or complete loss of the 
plateau range of pressure over which constant 
blood flow is ensured.[33] The effect of chronic 
arterial hypertension on the association between 
IOH and postoperative mortality was nicely shown 
in a retrospective cohort study including 152,445 
non‑cardiac surgery patients.[21] The study showed 
that there is an independent association between the 
cumulative time accrued below a wide range of MAP 
thresholds (between 75 and 45 mmHg) and increased 
all‑cause mortality within 30 days after surgery. The 
increased risk for postoperative mortality was related 
to a combination of the severity and duration of IOH 
below a wide range of commonly encountered MAP 
thresholds over periods of time, that were shorter in 
patients with a history of hypertension.

Therefore, population harm thresholds for MAP do 
not necessarily match the individual patient’s optimal 
MAP.[8] In addition, not MAP but organ perfusion 
pressure is the ultimate target when using strategies 
for AP optimisation. As the organ perfusion pressure 
is the organ‑specific ‘inflow pressure’ (which is MAP 
for most organ systems including the brain and the 
kidneys) minus the ‘outflow pressure’, a general 
recommendation for optimal MAP targets ignoring 
outflow pressure cannot be given from a physiologic 
point of view. Rather, MAP thresholds may be adjusted 
based on the individual patient’s outflow pressures, 
which vary between different organs.[33] For instance, 
a patient with high intra‑cranial pressure might be at 
relevant risk for cerebral hypoperfusion if a fixed MAP 
target is applied, since high intra‑cranial pressure 
reduces cerebral perfusion.
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Additionally, the type of surgery together with 
various critical surgery‑related events  (e.g.,  changes 
in position, clamping of arteries, bleeding) plays an 
important role for defining the ‘optimal’ MAP for 
the individual patient. For instance, a patient having 
trauma surgery in beach chair position or a patient 
having carotid endarterectomy needs a higher MAP to 
ensure adequate cerebral perfusion pressure.

One randomised controlled trial tested the hypothesis 
that individualising AP targets is superior to standard 
AP management in terms of postoperative outcomes. 
The INPRESS trial compared individualised and 
standard AP management in 292 high‑risk patients 
having major surgery.[22] In this multicentre trial, 
patients of the standard treatment group received 
ephedrine boluses for any decrease in SAP below 
80  mmHg or lower than 40% from the patient’s 
reference value (patient’s resting SAP). Patients in the 
individualised treatment group received a continuous 
infusion of norepinephrine during surgery and for four 
postoperative hours to achieve a SAP within 10% of 
the reference value. Using individualised SAP targets 
significantly reduced the risk of postoperative organ 
dysfunction in patients in the intervention group 
compared with patients in the standard management 
group. However, the INPRESS trial has several 
major limitations that limit the internal validity of 
the trial, including the use of two different drugs 
for AP management in the treatment groups or the 
assessment of the baseline reference value based on 
single non‑standardised AP measurements.[34,35]

HOW TO ASSESS THE INDIVIDUAL NORMAL BLOOD 
PRESSURE?

Given that individualising AP target values during 
surgery under general anaesthesia might be an 
innovative and promising approach[36] a key question 
is how to assess the individual patient’s normal AP.

In clinical practice, AP measurements taken just 
before induction of general anaesthesia are often used 
as a surrogate for the patient’s normal AP. However, 
a prospective observational study comparing 
ambulatory and perioperative AP in 370  patients 
showed that pre‑induction MAP values do not reflect 
mean daytime MAP values.[32]

Another observational study including 101  patients 
having elective surgery showed that high pre‑induction 
AP (SAP  ≥160  mmHg and/or diastolic AP  (DAP) 

≥100 mmHg), as well as AP measurements from the 
day of surgery, are likely to overestimate ambulatory 
baseline AP.[37] Pre‑induction MAP values thus should 
not serve as a surrogate for the individual normal 
daytime MAP.[32,37] A recent consensus statement of the 
Perioperative Quality Initiative states that ‘ambulatory 
AP measurement is the optimal method to establish 
baseline values’.[30]

FUTURE RESEARCH AND PERSPECTIVES

Further research is needed to define individual AP 
harm thresholds, to develop therapeutic strategies to 
avoid or treat IOH, and to integrate new technologies 
and improve their measurement performance to 
detect and predict IOH. So far, there is a lack of 
large randomised trials that investigate the causality 
between IOH and postoperative complications and the 
impact of IOH treatment strategies on postoperative 
outcomes. Nevertheless, there are major advances 
in the development of continuous non‑invasive AP 
monitoring devices and algorithms using machine 
learning and artificial intelligence for the prediction 
of hypotension. The latter use machine‑learning 
models that analyse features of the AP waveform to 
predict hypotension in real‑time several minutes 
before a hypotensive event becomes clinically 
apparent.[38] Studies that investigate whether these 
algorithms substantively reduce hypotension during 
non‑cardiac surgery are currently in progress.[39,40] 
Besides machine learning and artificial intelligence, 
the development of new monitoring technologies that 
enable the clinician to define individual AP thresholds 
based on the measurement of cerebral blood flow 
autoregulation might play an important role in the 
near future.[41] The impact of new AP monitoring 
technologies and innovative individualised therapeutic 
strategies on IOH‑related postoperative complications 
and death needs to be studied in randomised trials.

SUMMARY

IOH is common in patients having non‑cardiac 
surgery under general anaesthesia and is associated 
with acute kidney injury, myocardial injury and 
death. Many observational database studies show 
the association between IOH and postoperative 
complications. Therefore, IOH may be a modifiable 
risk factor for postoperative complications. However, 
there is no uniform definition for IOH. IOH not only 
occurs during surgery but also after the induction of 
general anaesthesia before surgical incision. However, 
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the optimal therapeutic approach to IOH remains 
elusive. There is evidence from one small randomised 
controlled trial that individualising AP targets may 
reduce the risk of postoperative organ dysfunction 
compared with standard care. More research is 
needed to define individual AP harm thresholds, to 
develop therapeutic strategies to treat and avoid IOH, 
and to integrate new technologies for continuous AP 
monitoring.
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