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The hidden cost of hypotension: redefining
hemodynamic management to improve patient

outcomes

Traditionally, the approach to hemodynamic stability during
anesthesia has focused on maintaining an appropriate depth
of anesthesia and avoiding extreme fluctuations in blood
pressure (BP). Significant but brief BP changes are often
managed with rapid administration of vasopressors or vaso-
dilators, without fully considering their impact on patient
safety and outcomes. However, growing evidence suggests
that even short episodes of intraoperative hypotension,
lasting only a few minutes, can negatively affect clinical
outcomes.’ >

Is this surprising? Suppose a healthy individual suddenly
experiences a systolic BP of around 70 mmHg. In that case,
he/she will likely seek a place to sit down and wait for symp-
toms such as dizziness, nausea, or vertigo to subside. The
older the person, the more pronounced these symptoms are
likely to be. Under anesthesia, patients are unable to
express discomfort or alert the surgical team about the feel-
ings of hypotension. Therefore, anesthesiologists should
maintain rigorous, continuous BP monitoring and proactively
prevent and manage hypotension to ensure patient safety.

Recent European Society of Cardiology guidelines® for
managing elevated BP and hypertension recognize and
address the adverse effects of perioperative hypotension
and recommend avoiding large perioperative fluctuations in
BP. They also suggest using preoperative ambulatory BP as a
baseline. However, implementing these recommendations is
challenging.

Perioperative hypotension is influenced by factors such as
patient health, anesthesia, and surgery type, with higher
risks linked to advanced age, low preoperative BP, and use
of antihypertensives. Causes of intraoperative hypotension
include depth of anesthesia, vasodilation, and blood loss,
while postoperative hypotension may occur due to ischemia,
hypovolemia, infections, or other complications.”

The primary adverse outcomes associated with intraoper-
ative hypotension are acute kidney injury (AKI), myocardial
injury after noncardiac surgery (MINS), delirium, stroke,
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hospital readmissions, and increased mortality in both car-
diac and noncardiac procedures, among others.®~'® These
conditions often lead to further complications, such as the
progression to chronic kidney disease in cases of AKI, which
can affect life expectancy.’’

To date, there is no clear definition of perioperative
hypotension. Still, most studies define it as a decrease of
more than 10% to 20% from baseline values, a systolic pres-
sure < 90 mmHg, or a MAP < 60 mmHg. '®'® Additionally, the
number and duration of hypotensive episodes should be con-
sidered. Salmasi et al.'® found that more than 13 cumulative
minutes with MAP < 65 mmHg increased the risk of MINS and
AKIl, with half of the study patients experiencing episodic
drops below this threshold.

In a large retrospective cohort study of 166,091 opera-
tions, Schnetz et al.”® developed a risk model to evaluate
intraoperative hypotension by analyzing over 7.3 million
intraoperative MAP measurements. They observed that the
risk of intraoperative hypotension, defined as MAP < 65
mmHg, increased exponentially as MAP approached this
threshold. For instance, MAP values of 70 mmHg were associ-
ated with a fourfold higher risk of intraoperative hypoten-
sion episodes than 80 mmHg despite both values being
within reference ranges. These findings highlight the need
for increased vigilance, especially in patients with elevated
preoperative risk factors, even when MAP levels are within
traditional reference ranges.

Wesselink et al.?' conducted a systematic review of 42
studies analyzing different MAP thresholds and their impact
on outcomes to assess the association between intraopera-
tive hypotension and adverse postoperative outcomes in
noncardiac operations. They found that brief exposures to
MAP < 70 mmHg slightly increased the risk of organ injury,
while prolonged exposures (10 minutes or more) to MAP < 80
mmHg further increased this risk. When MAP remained
between 60 and 65 mmHg for 5 minutes or more, the risk
of AKI and MINS became significant, and any exposure to
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MAP < 50 and 55 mmHg was associated with a higher risk of
stroke and delirium.

Marcucci et al.?? conducted a randomized study (PeriOp-
erative ISquemic Evaluation (POISE)-3) involving 7,490
patients on long-term antihypertensive therapy undergoing
noncardiac surgery. They compared strategies aimed at
avoiding hypotension (target MAP > 80 mmHg) vs hyperten-
sion (target MAP > 60 mmHg). Both groups showed similar
rates of vascular complications, indicating that maintaining
a higher MAP target did not reduce complications. However,
the hypotension-avoidance group had a lower incidence of
clinically significant intraoperative hypotension episodes.
Although the groups had significantly different cumulative
durations of hypotension (< 60 mmHg), a post-hoc analysis
confirmed that the differences in vascular outcomes
between the groups were not statistically significant.?*

Several studies have reported a high incidence of intrao-
perative hypotension episodes, with rates ranging from
around 20% to 30% in cohorts of thousands of patients pri-
marily undergoing noncardiac operations.®**~¢ Thus, it is
clear that maintaining BP levels above intraoperative hypo-
tension thresholds is challenging. Although the oscillometric
method is considered the standard for intraoperative BP
measurement, it has significant limitations, such as the pos-
sibility of “blind spots” between measurements. One poten-
tial solution is continuous, noninvasive BP monitoring using
pulse wave analysis with finger-cuff technologies.?’
Although studies show mixed results regarding the correla-
tion between finger-cuff measurements and invasive BP
readings,’®? finger-cuff technologies could eliminate
“blind spots” in MAP measurements and provide relevant
hemodynamic information to support goal-directed hemody-
namic therapy (GDHT). By providing metrics such as stroke
volume, stroke volume variation, cardiac output, and vascu-
lar resistance, they could help identify the underlying causes
of intraoperative hypotension and guide targeted
interventions.**** Unfortunately, widespread adoption of
this technology is limited by high costs and scientific valida-
tion challenges.

Although the current literature compares GDHT with sev-
eral postoperative outcomes, evidence linking it directly to
a reduction in intraoperative hypotension episodes is
sparse.>33%3¢ Alternatively, emerging monitoring modalities
based on artificial intelligence (Al) and machine learning
show potential when integrated with GDHT.3” One notable
example is the Hypotension Prediction Index (HPI), which
calculates the probability of an imminent hypotensive event
on a scale from 0 to 100. The HPI identifies patterns suggest-
ing a decrease in BP and indicates the underlying causes,
allowing precise, targeted interventions. It can be used with
both invasive and noninvasive BP monitoring, although its
algorithm remains a topic of debate. %384

In general, trials involving HPI have shown an effective
reduction in the duration of intraoperative hypotension, but
they are not yet sufficiently powered to assess complex out-
comes, such as major morbidity and mortality.*’ A small
observational study*’ demonstrated that the areas under
the receiver operating characteristic curve for the HPI
(0.89) and concurrent MAP (0.88) were nearly identical in
predicting hypotension within 5 minutes. This finding sug-
gests that adjusting MAP alarm thresholds to 72 or 73 mmHg
could serve as an alternative to using the HPI. However,

research on these technologies faces significant challenges,
including a lack of standardized interventions and outcomes.
Variations in protocol adherence, especially in multicenter
studies, complicate the ability to draw unbiased and consis-
tent conclusions.

Recent evidence supports the use of cerebral monitoring
during anesthesia to guide hemodynamic optimization.*>**
Since the seminal studies on the "triple low" condition, char-
acterized by the concurrent presence of a low bispectral
index (< 45), low MAP (< 75 mmHg), and low minimum alve-
olar concentration (MAC) (< 0.8), and its association with
adverse outcomes such as increased mortality, there has
been growing recognition of the importance of effectively
managing both the depth of anesthesia and hemodynamic
disturbances to normalize altered brain wave patterns.*>*
In many patients, the lower limit of the cerebral blood flow
autoregulation curve shifts to the right, a phenomenon that
can be identified through cerebral monitoring during anes-
thesia.*” This shift is especially relevant when burst suppres-
sion (BS) on processed electroencephalography (pEEG) or
desaturation on cerebral oximetry is detected, as these
abnormalities frequently resolve with MAP increases in both
cardiac and noncardiac operations.“®*

For instance, a study by Georgii et al.’® demonstrated
that pEEG-guided interventions during anesthesia, which
involve adjusting MAP and anesthetic concentrations, signifi-
cantly reduced the duration and intensity of BS in older
patients. In 55% of cases, correcting MAP alone was sufficient
to resolve BS episodes, suggesting that hypotension may be
an underlying cause. Similarly, Thomsen et al.>' conducted a
study in which patients undergoing vascular surgery were
randomized to receive either pEEG-guided general anesthe-
sia or standard anesthesia. Norepinephrine was adminis-
tered to maintain MAP > 65 mmHg to prevent intraoperative
hypotension. The results showed that the pEEG-guided group
required about one-third less norepinephrine, likely due to
lighter anesthesia reducing the hypotension typically
induced by anesthetic agents. Although still showing incon-
sistent outcome results, intraoperative brain monitoring can
help guide hypotension treatment.®>~>* Payne et al.>? con-
ducted a systematic review and meta-analysis of random-
ized controlled trials and found that depth-of-anesthesia
monitoring may reduce postoperative mortality, although
further research is needed to confirm these findings.

Attention should also be given to the entire perioperative
period, extending vigilant BP management to the postopera-
tive period. Smischney et al.,*® in a multicenter retrospective
study, analyzed data from 3,185 noncardiac surgery patients
who did not experience intraoperative hypotension (defined as
MAP < 65 mmHg) and were discharged from the intensive care
unit after 48 hours. They found that postoperative hypotension
(MAP < 65 mmHg and < 55 mmHg) was associated with an
increased risk of critical adverse events within 30 and 90 days.
MAP < 65 mmHg raised the likelihood of severe cardiac or cere-
brovascular events, while MAP < 55 mmHg further increased
this risk and was associated with higher mortality. Additionally,
MAP < 55 mmHg was also linked to a higher risk of advanced-
stage AKI. These findings are consistent with those by Marcucci
et al.,?? who did not find differences in vascular outcomes
when treating intraoperative hypotension. The authors empha-
sized the importance of further research into postoperative
hypotension as a contributor to organ injury.
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Therefore, it is evident that maintaining BP stability
requires a collaborative perioperative effort, with continu-
ous vigilance. In the real world, is such engagement feasible
in current clinical practice? Until the current paradigm
shifts, certain efforts may prove valuable. In a study involv-
ing postcardiac surgery patients, Desebbe et al.”® showed
that those managed with a closed-loop vasopressor (CLV) sys-
tem spent only 1.4% of the time in hypotension (MAP < 65
mmHg) compared to 12.5% with manual control. The CLV sys-
tem maintained MAP within the target range (65-75 mmHg)
95% of the time vs 66% with manual control, with signifi-
cantly more infusion adjustments, demonstrating its effec-
tiveness. Hence, the use of Al-based predictive algorithms
such as the HPI and advanced monitoring techniques could
revolutionize perioperative care. Nevertheless, the valida-
tion and clinical implementation of these technologies
remain challenging.

A novel concept termed “protective hemodynamics” has
emerged, focused on minimizing the risks associated with
hypotension interventions.’” The objective of this approach is
to reduce harm from excessive vasoconstriction while priori-
tizing patient outcomes rather than rigidly adhering to BP tar-
gets. It involves the implementation of dynamic BP targets
that decrease in response to increasing vasopressor dosages.
The BP target should be maintained within the reference
range, particularly when vasopressor use is minimal or absent.
As vasopressor dosage increases, lower BP targets should be
accepted. This adaptive strategy aims to reduce iatrogenic
harm linked to high doses of vasopressors by minimizing the
risk of adverse effects. Elevated mean BP values due to
increased doses of catecholamines are associated with
increased mortality rates.”® A recent meta-analysis compar-
ing permissive vs targeted intraoperative MAP targets showed
that MAP > 60 mm Hg was not always equal to end-organ per-
fusion, whereas MAP < 60 mm Hg was not associated with
increased mortality or adverse effects.>® These findings pro-
moted the development of the C.L.E.A.R. protective hemody-
namics approach for organ protection: a) Customize targets
(e.g., reduce and individualize MAP targets and avoid over-
treatment), b) Limit catecholamines (e.g., minimize the use
of catecholamines, consider drugs acting on different recep-
tors, and administer the right vasopressor to the right patient
at the right time), c) Enhance flow focusing on microcircula-
tion and regional blood flow, d) Adjust fluid balance guided by
echocardiography with optimal cardiac output and microvas-
cular blood flow, and e) Resolve underlying conditions (e.g.,
with the use of steroids, sedation, and temperature con-
trol).>” The impact of this approach needs to be validated in
multicenter randomized control trials.

In summary, intraoperative hypotension is a frequent
challenge during surgery and is linked to significant adverse
outcomes, including an increased risk of mortality. Effec-
tive perioperative BP management is essential in modern
anesthesia practice. A key area requiring further investiga-
tion is the routine application of a uniform low MAP thresh-
old of 65 mmHg for most patients, without accounting for
individualized targets tailored to pressure, flow, and oxy-
gen delivery needs. The integration of algorithm-driven
hemodynamic monitoring systems, combined with a rede-
fined approach to hemodynamic stability, has the potential
to support intraoperative and postoperative teams in opti-
mizing patient outcomes.

Conflicts of interest

The authors declare no conflicts of interest.

References

1.

Walsh M, Devereaux PJ, Garg AX, et al. Relationship between
intraoperative mean arterial pressure and clinical outcomes
after noncardiac surgery: toward an empirical definition of
hypotension. Anesthesiology. 2013;119:507—15.

. D’Amico F, Fominskiy EV, Turi S, et al. Intraoperative hypoten-

sion and postoperative outcomes: a meta-analysis of rando-
mised trials. Br J Anaesth. 2023;131:823—31.

. Gregory A, Stapelfeldt WH, Khanna AK, et al. Intraoperative

Hypotension Is Associated With Adverse Clinical Outcomes After
Noncardiac Surgery. Anesth Analg. 2021;132:1654—65.

. Ke JXC, George RB, Beattie WS. Making sense of the impact of

intraoperative hypotension: from populations to the individual
patient. Br J Anaesth. 2018;121:689—-91.

. Meng L. Heterogeneous impact of hypotension on organ perfu-

sion and outcomes: a narrative review. Br J Anaesth.

2021;127:845—-61.

. McEvoy JW, McCarthy CP, Bruno RM, Brouwers S, Canavan MD,

Ceconi C, et al. 2024 ESC Guidelines for the management of ele-
vated blood pressure and hypertension. Eur Heart J.
2024;45:3912—-4018.

. Guarracino F, Bertini P. Perioperative hypotension: causes and

remedies. J Anesth Analg Crit Care. 2022;2:17.

. Wachtendorf LJ, Azimaraghi O, Santer P, Linhardt FC, Blank M,

Suleiman A, et al. Association Between Intraoperative Arterial
Hypotension and Postoperative Delirium After Noncardiac Sur-
gery: A Retrospective Multicenter Cohort Study. Anesth Analg.
2022;134:822-33.

. Wongtangman K, Wachtendorf LJ, Blank M, et al. Effect of Intra-

operative Arterial Hypotension on the Risk of Perioperative
Stroke After Noncardiac Surgery: A Retrospective Multicenter
Cohort Study. Anesth Analg. 2021;133:1000—8.

. Jung H, Mohr N, Hulde N, Krannich A, Storm C, von Dossow V.

Intraoperative hypotension and its association with acute kid-
ney injury in patients undergoing elective cardiac surgery: a
large retrospective cohort study. Euro J Anaesthesiol Int Care.
2024;3:e0048.

. Cohen B, Rivas E, Yang D, et al. Intraoperative Hypotension and

Myocardial Injury After Noncardiac Surgery in Adults With or
Without Chronic Hypertension: A Retrospective Cohort Analysis.
Anesth Analg. 2022;135:329—-40.

. Hallgvist L, Granath F, Fored M, Bell M. Intraoperative Hypoten-

sion and Myocardial Infarction Development Among High-Risk
Patients Undergoing Noncardiac Surgery: A Nested Case-Control
Study. Anesth Analg. 2021;133:6—15.

. Hallgvist L, Granath F, Huldt E, Bell M. Intraoperative hypoten-

sion is associated with acute kidney injury in noncardiac surgery:
An observational study. Eur J Anaesthesiol. 2018;35:273—9.

. Hallgvist L, Martensson J, Granath F, Sahlen A, Bell M. Intrao-

perative hypotension is associated with myocardial damage in
noncardiac surgery: An observational study. Eur J Anaesthesiol.
2016;33:450—6.

. Turan A, Rivas E, Devereaux PJ, et al. Relative contributions of

anaemia and hypotension to myocardial infarction and renal
injury: Post hoc analysis of the POISE-2 trial. Eur J Anaesthesiol.
2023;40:365—-71.

. Salmasi V, Maheshwari K, Yang D, et al. Relationship between

Intraoperative Hypotension, Defined by Either Reduction from
Baseline or Absolute Thresholds, and Acute Kidney and Myocar-
dial Injury after Noncardiac Surgery: A Retrospective Cohort
Analysis. Anesthesiology. 2017;126:47—65.


http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0015
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0016

E.B. Lineburger, D.K. Tempe, L.G. Costa et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gumbert SD, Kork F, Jackson ML, et al. Perioperative Acute Kid-
ney Injury. Anesthesiology. 2020;132:180—204.

Weinberg L, Li SY, Louis M, et al. Reported definitions of intrao-
perative hypotension in adults undergoing non-cardiac surgery
under general anaesthesia: a review. BMC Anesthesiol.
2022;22:69.

Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM,
French C, et al. Surviving sepsis campaign: international guide-
lines for management of sepsis and septic shock 2021. Intensive
Care Med. 2021;47:1181—-247.

Schnetz MP, Danks DJ, Mahajan A. Preoperative Identification of
Patient-Dependent Blood Pressure Targets Associated With Low
Risk of Intraoperative Hypotension During Noncardiac Surgery.
Anesth Analg. 2023;136:194—203.

Wesselink EM, Kappen TH, Torn HM, Slooter AJC, van Klei WA.
Intraoperative hypotension and the risk of postoperative
adverse outcomes: a systematic review. Br J Anaesth.
2018;121:706—21.

Marcucci M, Painter TW, Conen D, Lomivorotov V, Sessler DI, Chan
MTV, et al. Hypotension-Avoidance Versus Hypertension-Avoid-
ance Strategies in Noncardiac Surgery: An International Random-
ized Controlled Trial. Ann Intern Med. 2023;176:605—14.

Fujieda T, Kurokawa T, Tanimoto T. Hypotension-Avoidance Ver-
sus Hypertension-Avoidance Strategies in Noncardiac Surgery.
Ann Intern Med. 2023;176:eL230323.

Jacquet-Lagreze M, Larue A, Guilherme E, et al. Prediction of
intraoperative hypotension from the linear extrapolation of
mean arterial pressure. Eur J Anaesthesiol. 2022;39:574—81.
Hatib F, Jian Z, Buddi S, et al. Machine-learning Algorithm to
Predict Hypotension Based on High-fidelity Arterial Pressure
Waveform Analysis. Anesthesiology. 2018;129:663—74.

Davies SJ, Vistisen ST, Jian Z, Hatib F, Scheeren TWL. Ability of
an Arterial Waveform Analysis-Derived Hypotension Prediction
Index to Predict Future Hypotensive Events in Surgical Patients.
Anesth Analg. 2020;130:352-9.

Saugel B, Hoppe P, Nicklas JY, et al. Continuous noninvasive
pulse wave analysis using finger cuff technologies for arterial
blood pressure and cardiac output monitoring in perioperative
and intensive care medicine: a systematic review and meta-
analysis. Br J Anaesth. 2020;125:25-37.

Lakhal K, Dauvergne JE, Messet-Charriere H, et al. Risk factors
for poor performance in finger cuff non-invasive monitoring of
arterial pressure: A prospective multicenter study. Anaesth Crit
Care Pain Med. 2024;43:101333.

Eley V, Christensen R, Guy L, et al. ClearSight finger cuff versus
invasive arterial pressure measurement in patients with body
mass index above 45 kg/mz. BMC Anesthesiol. 2021;21:152.
Rellum SR, Kho E, Schenk J, van der Ster BJP, Vlaar APJ, Veelo
DP. A comparison between invasive and noninvasive measure-
ment of the Hypotension Prediction Index: A post hoc analysis
of a prospective cohort study. Eur J Anaesthesiol. 2024.
https://doi.org/10.1097/EJA.0000000000002082. Online ahead
of print.

Kouz K, Weidemann F, Naebian A, et al. Continuous Finger-cuff
versus Intermittent Oscillometric Arterial Pressure Monitoring
and Hypotension during Induction of Anesthesia and Noncardiac
Surgery: The DETECT Randomized Trial. Anesthesiology.
2023;139:298—-308.

Eley V, Llewellyn S, Pelecanos A, et al. Finger cuff versus invasive
and noninvasive arterial pressure measurement in pregnant
patients with obesity. Acta Anaesthesiol Scand. 2024;68:645—54.
Jessen MK, Vallentin MF, Holmberg MJ, et al. Goal-directed hae-
modynamic therapy during general anaesthesia for noncardiac
surgery: a systematic review and meta-analysis. Br J Anaesth.
2022;128:416—33.

Sun Y, Chai F, Pan C, Romeiser JL, Gan TJ. Effect of periopera-
tive goal-directed hemodynamic therapy on postoperative
recovery following major abdominal surgery-a systematic

35.

36.

37.

38.

39.

40.

M.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

review and meta-analysis of randomized controlled trials. Crit
Care. 2017;21:141.

Hrdy O, Duba M, Dolezelova A, et al. Effects of goal-directed
fluid management guided by a non-invasive device on the inci-
dence of postoperative complications in neurosurgery: a pilot
and feasibility randomized controlled trial. Perioper Med
(Lond). 2023;12:32.

Philteos J, McCluskey SA, Emerson S, Djaiani G, Goldstein D,
Soussi S. Impact of goal-directed hemodynamic therapy on peri-
operative outcomes in head and neck free flap surgery: A
before-and-after pilot study. Health Sci Rep. 2024;7:e1943.
Mukkamala R, Schnetz MP, Khanna AK, Mahajan A. Intraopera-
tive Hypotension Prediction: Current Methods, Controversies,
and Research Outlook. Anesth Analg. 2024. https://doi.org/
10.1213/ANE.0000000000007216. Online ahead of print.
Wijnberge M, van der Ster BJP, Geerts BF, et al. Clinical perfor-
mance of a machine-learning algorithm to predict intra-opera-
tive hypotension with noninvasive arterial pressure waveforms:
A cohort study. Eur J Anaesthesiol. 2021;38:609—15.

Vistisen ST, Enevoldsen J. CON: The hypotension prediction
index is not a validated predictor of hypotension. Eur J Anaes-
thesiol. 2024;41:118-21.

Longrois D, de Tymowski C. PRO: The hypotension prediction
index is clinically relevant: A physiologic/pathophysiologic
approach opposed to a purely computational debate. Eur J
Anaesthesiol. 2024;41:115—7.

Mehta D, Gonzalez XT, Huang G, Abraham J. Machine learn-
ing-augmented interventions in perioperative care: a sys-
tematic review and meta-analysis. Br J Anaesth. 2024;133:
1159-72.

Mulder MP, Harmannij-Markusse M, Fresiello L, Donker DW, Pot-
ters JW. Hypotension Prediction Index Is Equally Effective in Pre-
dicting Intraoperative Hypotension during Noncardiac Surgery
Compared to a Mean Arterial Pressure Threshold: A Prospective
Observational Study. Anesthesiology. 2024;141:453—62.

Jarry S, Halley I, Calderone A, et al. Impact of Processed Elec-
troencephalography in Cardiac Surgery: A Retrospective Analy-
sis. J Cardiothorac Vasc Anesth. 2022;36:3517—-25.

Dhawan R. EEG in Cardiac Surgery-Moving Past the Obvious. J
Cardiothorac Vasc Anesth. 2022;36:3526—8.

Monk TG, Saini V, Weldon BC, Sigl JC. Anesthetic management
and one-year mortality after noncardiac surgery. Anesth Analg.
2005;100:4—10.

Sessler DI, Sigl JC, Kelley SD, et al. Hospital stay and mortality
are increased in patients having a "triple low" of low blood pres-
sure, low bispectral index, and low minimum alveolar concen-
tration of volatile anesthesia. Anesthesiology. 2012;116:1195
—203.

Vu EL, Brown CHt, Brady KM, Hogue CW. Monitoring of cerebral
blood flow autoregulation: physiologic basis, measurement, and
clinical implications. Br J Anaesth. 2024;132:1260—73.

Couture EJ, Deschamps A, Denault AY. Patient management
algorithm combining processed electroencephalographic moni-
toring with cerebral and somatic near-infrared spectroscopy: a
case series. Can J Anaesth. 2019;66:532-9.

Battaglini D, Pelosi P, Robba C. The Importance of Neuromoni-
toring in Non Brain Injured Patients. Crit Care. 2022;26:78.
Georgii MT, Kreuzer M, Fleischmann A, Schuessler J, Schneider
G, Pilge S. Targeted Interventions to Increase Blood Pressure
and Decrease Anaesthetic Concentrations Reduce Intraopera-
tive Burst Suppression: A Randomised. Interventional Clinical
Trial. Front Syst Neurosci. 2022;16:786816.

Thomsen KK, Sessler DI, Krause L, et al. Processed electroen-
cephalography-guided general anesthesia and norepinephrine
requirements: A randomized trial in patients having vascular
surgery. J Clin Anesth. 2024;95:111459.

Payne T, Braithwaite H, McCulloch T, et al. Depth of anaesthesia
and mortality after cardiac or noncardiac surgery: a systematic


http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0017
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0017
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0018
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0019
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0019
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0019
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0019
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0020
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0020
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0020
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0020
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0021
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0021
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0021
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0021
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0022
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0023
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0023
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0023
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0024
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0024
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0024
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0025
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0025
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0025
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0026
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0026
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0026
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0026
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0027
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0028
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0028
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0028
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0028
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0029
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0029
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0029
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0029
https://doi.org/10.1097/EJA.0000000000002082
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0031
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0032
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0032
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0032
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0033
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0033
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0033
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0033
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0034
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0034
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0034
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0034
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0034
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0035
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0036
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0036
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0036
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0036
https://doi.org/10.1213/ANE.0000000000007216
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0038
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0039
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0039
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0039
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0040
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0041
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0041
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0041
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0041
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0042
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0043
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0043
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0043
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0044
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0044
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0045
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0045
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0045
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0046
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0047
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0047
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0047
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0048
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0048
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0048
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0048
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0049
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0049
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0050
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0051
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0052
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0052

Brazilian Journal of Anesthesiology 2025;75(1): 844581

review and meta-analysis of randomised controlled trials. Br J
Anaesth. 2023;130:e317—e29.

53. Lee KH, Egan TD, Johnson KB. Raw and processed electroen-
cephalography in modern anesthesia practice: a brief primer on
select clinical applications. Korean J Anesthesiol. 2021;74:
465-77.

54. Pawar N, Barreto Chang OL. Burst Suppression During General
Anesthesia and Postoperative Outcomes: Mini Review. Front
Syst Neurosci. 2021;15:767489.

55. Smischney NJ, Shaw AD, Stapelfeldt WH, et al. Postoperative
hypotension in patients discharged to the intensive care unit
after non-cardiac surgery is associated with adverse clinical
outcomes. Crit Care. 2020;24:682.

56. Desebbe O, Rinehart J, Van der Linden P, et al. Control of Post-
operative Hypotension Using a Closed-Loop System for Norepi-
nephrine Infusion in Patients After Cardiac Surgery: A
Randomized Trial. Anesth Analg. 2022;134:964—73.

57. D’Amico F, Marmiere M, Monti G, Landoni G. Protective Hemo-
dynamics: C.L.E.A.R.!. J Cardiothorac Vasc Anesth. 2024.
https://doi.org/10.1053/j.jvca.2024.10.021. Online ahead of
print.

58. Singer M, Matthay MA. Clinical review: Thinking outside the
box - an iconoclastic view of current practice. Crit Care.
2011;15:225.

59. D’Amico F, Pruna A, Putowski Z, et al. Low Versus High Blood
Pressure Targets in Critically Ill and Surgical Patients: A System-
atic Review and Meta-Analysis of Randomized Controlled Trials.
Crit Care Med. 2024;52:1427—-38.

Eric B. Lineburger (2) *5>%* Deepak K. Tempe?, Luiz
Guilherme V. da Costa®, G. Burkhard Mackensen', Fabio V.
Papa¢, Carlos Galhardo Jr.", Mohamed R. El Tahan™,
Marcello F. Salgado-Filho®, Rodrigo Diaz", André P.
Schmidt"™™°P

2 Hospital Sao José, Departamento de Anestesia e Trata-
mento da Dor, Cricitma, SC, Brazil

® Hospital Sao José, Centro de Pesquisa, Criciima, SC, Brazil

€ Universidade do Extremo Sul Catarinense,

Cricitma, SC, Brazil

9 Institute of Liver and Biliary Sciences, New Delhi, India

¢ Hospital Israelita Albert Einstein, Departamento de Anes-
tesiologia, Sao Paulo, SP, Brazil

fUW Medicine, Department of Anesthesiology & Pain Medi-
cine, Washington, USA

& University of Toronto, St. Michael’s Hospital, Department
of Anaesthesia, Toronto, Canada

" McMaster University, Hamilton Health Sciences, Depart-
ment of Anesthesia, Hamilton, Canada

| Mansoura University, College of Medicine, Department of
Anaesthesia and Surgical Intensive Care, Mansoura, Egypt

3 Imam Abdulrahman Bin Faisal University, College of Medi-
cine, Cardiothoracic Anaesthesia,

Anesthesiology Department, Dammam, Saudi Arabia

K Universidade Federal do Rio de Janeiro (UFRJ),

Rio de Janeiro, RJ, Brazil

" Universidade Federal do Rio Grande do Sul (UFRGS), Hospi-
tal de Clinicas de Porto Alegre (HCPA), Servico de Anestesia
e Medicina Perioperatoria, Porto Alegre, RS, Brazil

™ Santa Casa de Porto Alegre, Servico de Anestesia,

Porto Alegre, RS, Brazil

" Hospital Nossa Senhora da Conceicao, Servico de Aneste-
sia, Porto Alegre, RS, Brazil

° Programa de Pos-graduagao em Ciencias Pneumologicas e
Programa de Pés-graduagcao em Ciencias Cirdrgicas, UFRGS
P Faculdade de Medicina da Universidade de Sao Paulo
(FMUSP), Programa de Pés-Graduagao em Anestesiologia,
Ciencias Cirargicas e Medicina Perioperatoria,

Sao Paulo, SP, Brazil

" Corresponding author.
E-mail: lineburger@unesc.net (E.B. Lineburger).


http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0052
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0052
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0053
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0053
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0053
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0053
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0054
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0054
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0054
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0055
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0055
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0055
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0055
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0056
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0056
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0056
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0056
https://doi.org/10.1053/j.jvca.2024.10.021
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0058
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0058
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0058
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0059
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0059
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0059
http://refhub.elsevier.com/S0104-0014(24)00103-9/sbref0059
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
http://orcid.org/0000-0003-2467-0634
mailto:lineburger@unesc.net

	The hidden cost of hypotension: redefining hemodynamic management to improve patient outcomes
	Conflicts of interest
	References


