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Abstract: Postoperative mortality is a major healthcare problem. In order to decrease postoperative
mortality, avoiding postoperative complications is key. In turn, to avoid postoperative complications,
modifiable risk factors independently associated with these complications need to be identified and avoided.
One of the modifiable risk factors for postoperative complications may be perioperative hypotension—
i.e., low blood pressure in the perioperative period. In this review, we discuss perioperative hypotension
that includes intraoperative hypotension (IOH) and postoperative hypotension (POH), and its impact on
postoperative patient outcomes, challenges related to its diagnosis, and potential therapeutic approaches.
IOH is common in patients having non-cardiac surgery under general anesthesia and is associated with
acute kidney injury, myocardial injury, and death. The relationship between IOH and serious postoperative
complications is supported by many observational analyses and one randomized trial that suggests that
individualized blood pressure management reduces the risk of postoperative organ dysfunction compared
with usual care. More randomized controlled trials are needed before recommendations can be given on
how to individualize intraoperative blood pressure targets in clinical routine. POH refers to hypotension
occurring on the remaining day of surgery and during the first days after surgery. Available data suggest
that POH after non-cardiac surgery is common, profound, and largely undetected by current vital sign
monitoring on the general care ward. There is evidence that POH is associated with adverse postoperative
outcomes, especially myocardial injury, acute kidney injury, and death. However, there is a need for more
data on the pathophysiology, impact, and management of POH. Continuous ward monitoring might enable
POH to be detected and treated in a timely manner. However, strategies to prevent or treat POH based on
continuous ward monitoring need to be tested for their effectiveness to improve quality of care or patient-

centered outcomes in large-scale interventional trials.
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Introduction a disease of its own (1). The EUSOS study (2) showed

Postoperative mortality is a major healthcare problem. that overall in-hospital mortality after non-cardiac

Death within a month after surgery would be the third surgery in Europe is about 4%. In the United States, the
leading cause of death worldwide if it would be considered 30-day mortality after surgery is roughly 2% (3). Death
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after surgery occurs as a consequence of postoperative
complications (3,4). In this context, it has been shown that
myocardial injury, acute kidney injury, stroke, congestive
heart failure, sepsis, major bleeding, and new-onset
atrial fibrillation are independently associated with death
within the first 30 days after non-cardiac surgery (3).
Therefore, in order to decrease postoperative mortality,
avoiding postoperative complications is key. In turn,
to avoid postoperative complications, modifiable risk
factors independently associated with these complications
need to be identified and avoided. Only then, strategies
can be implemented in the clinical routine to decrease
postoperative mortality and adverse outcomes after surgery.
One of the modifiable risk factors for postoperative
complications may be perioperative hypotension—i.e., low
blood pressure in the perioperative period. Perioperative
hypotension can be divided into different phases depending
on when in the perioperative period hypotension occurs.
While intraoperative hypotension (IOH) describes a low
blood pressure during surgery, postoperative hypotension
(POH) refers to hypotension occurring on the remaining
day of surgery (after the emergence from anesthesia) and
during the first days after surgery. During the last years,
many studies focused on the association of IOH and
postoperative outcomes, but POH only recently received
more attention. POH is a challenge for clinicians because—
in sharp contrast to the intraoperative period—patient
surveillance and hemodynamic monitoring in patients
treated on the general care ward after surgery is very basic
and makes detection of hypotension difficult.

In this review, we discuss perioperative hypotension,
specifically focusing on POH and its impact on
postoperative patient outcomes, challenges related to its
diagnosis, and potential therapeutic approaches.

IOH

During the last years, the majority of studies on
perioperative blood pressure physiology and management
focused on IOH. It has been shown that IOH is common
in patients having non-cardiac surgery under general
anesthesia (5). Retrospective cohort analysis revealed that
IOH is associated with acute kidney injury (6,7), myocardial
injury [myocardial injury after non-cardiac surgery (MINS)]
(6-8), and death (9-12). The relationship between IOH
and serious postoperative complications is supported by
many observational analyses, but only a single randomized
trial. This randomized controlled trial (INPRESS
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study) (13) compared individualized with standard blood
pressure management in 292 adults having major surgery.
The individual intraoperative blood pressure target was
defined as a relative systolic blood pressure threshold
considering a single preoperative baseline measurement
of the patients’ resting blood pressure. Targeting an
individualized systolic blood pressure reduced the risk of
postoperative organ dysfunction compared with standard
management. However, the INPRESS trial has several
major limitations that limit the internal validity of the trial.
First, the trial not only compared two different strategies
for blood pressure management but also used two different
vasopressors (norepinephrine vs. ephedrine) in the study
and the control group (14,15). These co-interventions
may be responsible for the differences in the incidence of
the primary endpoint in the groups (14,15). Second, the
definition of the individual baseline resting systolic blood
pressure was based on a single non-standardized blood
pressure measurement. The authors used the resting blood
pressure from the preoperative anesthesiology consultation
or the blood pressure measurement recorded by a nurse of
the surgical ward the day before surgery as the reference
value. However, the individual blood pressure profile of a
patient is not adequately reflected by a single blood pressure
measurement performed in the preoperative evaluation
clinic (16) or directly before induction of general anesthesia
(17,18). Therefore, an international consensus group
recently defined automated ambulatory blood pressure
monitoring as “the optimal method to establish baseline
values” before surgery (19). Despite these limitations, the
INPRESS trial is highly important because it provides
evidence that there is not only an association but also a
causal relationship between intraoperative blood pressure
and patient-centered postoperative outcomes.
Nevertheless, to date, it remains unclear which blood
pressure value should be targeted in the individual patient
during surgery to avoid physiologically relevant IOH (20).
Based on the results of retrospective database studies, an
absolute mean arterial pressure threshold of 65 mmHg
is often recommended as a lower “one-size-fits-all”
population-derived intervention threshold (7,20). However,
by no means it should be assumed that the population
harm threshold of 65 mmHg constitutes the individual
patient’s optimal intraoperative blood pressure. Using an
absolute mean arterial pressure threshold of 65 mmHg for
every patient would ignore that blood pressure regulation
depends on complex autoregulatory mechanisms, circadian
rhythms, and neural/hormonal changes (19) and that,
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Figure 1 Amount of hypotension observed in the different
perioperative periods. POD, postoperative day. With permission
from (12).

therefore, normal blood pressure varies considerably among
individuals (17). However, more randomized controlled
trials are needed before recommendations can be given on
how to individualize intraoperative blood pressure targets in
clinical routine.

POH

Perioperative hypotension associated with organ injury is
not restricted to the intraoperative period but also occurs
after surgery as POH (12). However, data on the incidence
of POH and its impact on patient outcomes are scarce.

A secondary analysis of the large prospective POISE-2
trial, including 9,765 patients, investigated the effects
of hypotension during different perioperative periods
including the intraoperative period, the remaining day
of surgery, and the first four postoperative days after
surgery (12). The primary outcome was a composite of
myocardial infarction or death within 30 days after surgery.
Hypotension was defined as a systolic blood pressure of
less than 90 mmHg requiring treatment. IOH according to
this definition occurred in about one-third of patients. The
incidence of POH on the remaining day of surgery was also
more than 30% (Figure I). POH on postoperative days 1 to
4 was 7.6%. Interestingly, there were patients with POH
who were not hypotensive during surgery. Not only IOH
but also POH occurring on the remaining day of surgery
and within the first four days after surgery was significantly
associated with an increased risk of the primary outcome.

A secondary analysis of a prospective cohort including
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2,211 patients after moderate or major non-cardiac
surgery investigated the association between POH and
MINS (21). Patients were stratified according to quartiles
based on the lowest mean arterial pressure preceding
the peak of the high-sensitivity troponin T elevation.
Multivariate regression analysis revealed that lower mean
arterial pressures were associated with an increasing risk of
high-sensitivity troponin T elevation.

A retrospective cohort study including 2,833
postoperative patients who were admitted to the intensive
care unit after surgery investigated the association between
blood pressure and acute kidney injury as well as a composite
of myocardial injury and mortality (22). POH was quantified
as the lowest mean arterial pressure on each intensive care
unit day. The risk of acute kidney injury increased with
decreasing minimum daily mean arterial pressures (over a
range from 50 to 110 mmHg) (22). In addition, POH was
associated with the composite outcome of myocardial injury
or death, with estimated risk increasing at lower mean
arterial pressures (22). The risk of this composite outcome
was more than 20% higher at the 25" percentile of lowest
mean arterial pressure (78 mmHg) compared with at the
median of lowest mean arterial pressure (87 mmHg). Thus,
increasing amounts of POH seem to be associated with
acute kidney injury and a composite of myocardial injury
and death in postoperative intensive care unit patients.

In summary, considering the results of the few available
studies on POH, there seems to be an association between
POH and adverse postoperative outcomes in terms of
MINS, acute kidney injury, and postoperative mortality.
However, there are several crucial open questions regarding
the pathophysiology, impact, and management of POH.

It is noteworthy that the thresholds of harm for
hypotension during the postoperative period may be
higher than during the intraoperative period. Patients after
surgery and emergence from general anesthesia may need
different—presumably higher—organ perfusion pressures
than patients during surgery with general anesthesia because
general anesthesia represents a state of reduced metabolic
activity. Further research is needed to accurately define
thresholds for physiologically relevant POH.

The early recognition and timely treatment of POH
are especially challenging. Patient surveillance is highly
standardized in the operating room during surgery and
includes continuous basic and advanced hemodynamic
monitoring. In addition, during surgery, highly trained
medical personal is closely monitoring the patient all of the
time. While continuous hemodynamic monitoring is also

7 Emerg Crit Care Med 2020;4:8 | http://dx.doi.org/10.21037/jeccm.2019.10.12



Page 4 of 6

standard of care in post-anesthesia care units, monitoring of
postoperative patients on general care wards is intermittent
and usually only consists of spot checks of vital signs by a
nurse every 4-8 hours.

A prospective observational study including 312 patients
recovering from abdominal surgery on the general care
ward investigated the incidence, severity, and detection of
postoperative blood pressure perturbations (23). The study
demonstrates that POH defined as a mean arterial pressure
of less than 65 mmHg for at least 15 minutes occurred in
about 20% of the patients. POH remained unnoticed by
intermittent vital sign checks in about half of the cases.

Therefore, there is increasing interest in continuous
ward monitoring that may allow detecting POH earlier
(24-28). Continuous ward monitoring may enable
alterations in vital signs to be recognized in real-time and
thus allow timely identification of POH. Typically, patients
admitted to the general care ward do not deteriorate all of
a sudden; subtle changes and abnormalities in vital signs
usually precede adverse events (29,30). These subtle changes
include changes in blood pressure that may be detected
earlier when using continuous ward monitoring instead of
intermittent spot checks. There is increasing evidence that
the implementation of ward monitoring on general care
wards can improve patient-centered outcomes and reduce
rates of rescue events and intensive care unit transfers
(31-33). Although, numerous wireless and wearable sensors
for ward monitoring are already available (34) there is still
the need for technological refinements regarding the signal
quality and measurement performance (24-28). Especially
the continuous measurement of blood pressure on general
care wards is challenging, as reliable portable monitoring
systems are missing, and refinements in sensor technology
are needed (35). Finally, strategies to prevent or treat POH
based on continuous ward monitoring need to be tested for
their effectiveness to improve quality of care or patient-
centered outcomes in large-scale interventional trials.

Conclusions

Perioperative hypotension includes IOH and POH. IOH
is common in patients having non-cardiac surgery under
general anesthesia (5) and is associated with acute kidney
injury (6,7), myocardial injury (6-8), and death (9-12).
The relationship between IOH and serious postoperative
complications is supported by many observational analyses
and one randomized trial (INPRESS study) (13) that
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suggests that individualized blood pressure management
reduces the risk of postoperative organ dysfunction
compared with usual care. More randomized controlled
trials are needed before recommendations can be given on
how to individualize intraoperative blood pressure targets in
clinical routine.

POH refers to hypotension occurring on the remaining
day of surgery and during the first days after surgery.
Available data suggest that POH after non-cardiac
surgery is common, profound, and largely undetected by
current vital sign monitoring on the general care ward.
There is evidence that POH is associated with adverse
postoperative outcomes, especially MINS, acute kidney
injury, and death. However, there is a need for more data
on the pathophysiology, impact, and management of POH.
Continuous ward monitoring might enable POH to be
detected and treated in a timely manner (24,28). However,
strategies to prevent or treat POH based on continuous
ward monitoring need to be tested for their effectiveness
to improve quality of care or patient-centered outcomes in
large-scale interventional trials.
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