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ABSTRACT

Intraoperative Hypotension (IOH) is the most common cause of haemodynamic instability during general or spinal
anesthesia. This phenomenon is associated with postoperative organ damage and death. The Hypotension Prediction
Index (HPI) is the first machine learning software that may predict the appearance of hypotension, defined as a
decrease in mean arterial pressure below 65 mmHg, at least 5 min in advance. This software is based on subtle
arterial waveform changes induced by hypotension since its early stages. The present review analyses prospective as
well as retrospective clinical published studies on the validation and reduction of IOH using HPI software during
the last 6 years. Current evidence supports that HPI predicts with high accuracy the onset of hypotension and
almost all evidence shows a significant reduction due to its use. However, the data concerning whether HPI may also
improve postoperative outcomes is currently scarce and inconsistent.
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INTRODUCTION

Intraoperative Hypotension (IOH) is the most common cause of
haemodynamic instability in perioperative settings. Hypotension
during surgery has been associated with vital organ damage and
death, in large retrospective or prospective studies [1-5]. Thus, it is
plausible to believe that the avoidance of IOH will reduce organ
injury and improve postoperative outcomes. However, at present,
no one has definitively demonstrated that this hypothesis may be
true [6].

Hatib et al., were the first to develop a software based on machine
learning technology to predict real-time IOH; the Hypotension
Prediction Index (HPI) [7]. Since Hatib et al., publication,
the number of research articles using HPI software to avoid
hypotension, defined as a decrease in Mean Arterial Pressure

(MAP) below 65 mmHg, has grown with time [8-15].

The aim of the present review is to summarize the literature
concerning the prediction/reduction of IOH in HPI literature
published after more than 5 years of its clinical use [16-21]. We will
also discuss the studies validating the algorithm as well as recent
criticism that surrounds the HPI software statistical performance.
We will provide data that may help to clarify this question.

The present review includes all publications registered on
the PubMed database web from the National Center for

Biotechnology Information (NCBI). The words used for the
search were “Hypotension Prediction Index and Hypotension”,
which includes all studies published between Hatib et al.,
publication, 2018 and March 2024 and restricted to the English
language [7].

LITERATURE REVIEW

The hypotension issue

After all these years, there is still controversy about what we mean
by the term hypotension. The IOH definition changes according
to physicians’ criteria. Most make reference to absolute thresholds,
while others focus on relative changes of MAP or Systolic Arterial
Pressure (SAP) [22]. Currently, the definition of hypotension is
unclear regardless of the type of anesthesia used [22,23]. However,
this is not a minor issue, since [OH has been associated with the
occurrence of postoperative major organ injury and death [1-4].
The depth or severity, as well as the time of exposure to IOH, at
any given threshold, determines the postoperative damage [24].
To clarify this question, the perioperative quality initiative group
reached a consensus definition of hypotension, which concluded
even brief periods of intraoperative values of MAP below 60-
70 mmHg and/or SAP below 100 mmHg are associated with
major organ damage; hence they should be avoided [25]. The
etiology of IOH is multifactorial and could be simplified into
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three main factors: i) Hypovolemia (intraoperative bleeding), ii)
Vasodilatation and iii) Myocardial depression (most frequently
induced by general anesthetics) [25]. IOH treatment is another
focus of discussion. Ideally, it should be directed to abort its real
cause, although, in most of the cases, it is reactive and empirical.

The next issue to address is how we measure hypotension. Time
or duration of IOH during a procedure alone is not enough,
since it does not account for its severity. The Time Weighted
Average (TWA) is a concept developed to measure IOH that
includes both dimensions [26]. TWA is measured by calculating
the Area Under a determined Threshold (AUT), for instance,
MAP<65 mmHg, divided by the duration of a surgical procedure,
that is, TWA= (depth of hypotension in mmHg of MAP<65
mmHg % time in min spent below that threshold)/Total duration
of surgery in minutes [9,26]. The advantage of using the TWA
is that it allows a comparison of the severity of IOH between
institutions and publications (Figure 1).

Development of the HPI Algorithm

To identify incoming hypotensive events, Hatib et al., constructed
the HPI algorithm [7]. This author defined IOH using a threshold
of a decrease in MAP below 65 mmHg [7,23]. Specifically, Hatib
et al., to statistically analyses this prediction, labelled hypotension
as MAP<65 mmHg and norm tension as MAP>75 mmHg,
demarcating a Grey zone for which data was not analyzed [7].
The HPI value is displayed on a monitor as a number ranging
from 1 to 100, where the first warning of the appearance of an
IOH event occurs when the value exceeds 85.

Whenever an organism faces a challenge, the induced
haemodynamic instability produces subtle yet complex changes
in various cardiovascular variables from the early stages [27,28].
These dynamic changes present in the arterial pressure waveform
can only be detected by machine learning methods [7]. The HPI
algorithm was developed using powerful mathematical tools
that quantified these compensatory cardiac and baroreceptor
mechanism changes before a hypotensive event appeared. The
predictor underwent an internal and external validation with a
cohort of 350 intensive care patients and 204 surgical patients,
respectively. This led to a high prediction accuracy rate and an

Area Under the receiver operating Curve (AUC) of 0.95, 0.95
and 0.97 for 15, 10 and 5 min before the event, respectively [7].

However, Enevoldsen et al.,, have recently criticized the
methodology used to perform the prediction [29]. They speculated
that the selection bias of the Grey zone, forces classification as
hypotension the events with MAP below 75 mmHg, which creates
a biased model that overestimates the risk of hypotension [29].
In their opinion, the model will be an overrepresentation of the
changes in MAP that overcome those of the waveform features.
Thereafter, Mulder et al., published a research letter showing data
from 18 surgical patients who developed hypotension (MAP<65
mmHg) [30]. They found a highly negative correlation between
the trend values of MAP and HPI [30]. The authors agree with
Enevoldsen et al., findings and hypothesized that HPI is not
different than other predictors based on MAP trend values
[29,30]. Thus, these papers have introduced doubts and opened
a debate about whether HPI is based on baroreceptor induced
changes or simply follows a MAP trend. Unfortunately, the
current literature on the topic of this controversy, at least at the
clinical level, is scarce or non-existent [6].

In 2018, we ran a prospective observational pilot trial of 48
adult patients that received Spinal Anesthesia (SA). We tested
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if HPI>85 warning values could predict the treatment of
hypotension using two different definitions of hypotension; one
was based on SAP values below 100 mmHg (25, American Society
of Anesthesiologists (ASA) III-IV patients) and the other SAP
values below 90 mmHg (23, ASA LI patients). Bradycardia was
treated when Heart Rate (HR) was < 51 beats per minute (bpm) in
both groups. Blood pressure was non-invasively monitored with a
clear sight finger cuff connected to an EVI000NI monitor. Since
HPI technology was not available on clear sight at that time, HPI
values were calculated posteriori by engineers of Edwards Life
Sciences (Irvine, CA). So, the anesthesiologists were blinded as
regards HPI values at Treatment Time (TT). Interestingly, 9 of
48 (18.7%) patients in the study were treated due to bradycardia.
After hypotension, bradycardia is the second most common
cause of haemodynamic instability due to SA [31,32]. Moderate
bradycardia, HR below 50 bpm, appears in 10-13% of cases and
if untreated, it could lead to cardiovascular collapse and/or
asystole [31,32]. Unlike hypotension, the pathophysiology of this
bradycardia is not well understood [32]. The blockade of cardiac
accelerator fibers of the heart when sympathetic blockade reaches
T4-T8 levels is one theory. In this case, bradycardia should appear
without a concomitant decrease in blood pressure. The other two
involve the cardiopulmonary baroreceptors located in the right
atria, superior and inferior vena cava, and pulmonary circulation
[32]. As well as the ventricular mechanoreceptor located in the
ventricular wall of the heart, the Bezold-Jarisch reflex. In either
of both cases, the stimulation of one of these structures results
in the inhibition of the tonic discharge of the sympathetic
system while, in opposition, excites the vagal innervation of
the heart. The result is bradycardia, vasodilatation, a drop in
blood pressure and a decrease in cardiac output. In 5 patients
out of 9 of our study, the HPI>85 warning values predicted
bradycardia treatment at least 5 mins before (Table 1). In the
other 4, this did not happen in any patient at any time (Table
2). The haemodynamic behaviour was totally different between
both groups. In the latter, the trend to moderate bradycardia 10
mins before was the main change (Table 2). In the former, the
decrease in HR was accompanied by a response compatible with
an inhibition of vasoconstrictor innervation. This data suggests
that HPI warning values could only predict bradycardia treatment
caused by an inhibition of the baroreceptor-mediated sympathetic
system at its origin. The fact that atropine administration restored
cardiovascular performance values confirms such an assumption
(Table 1). This clinical evidence is in agreement with Longrois
et al., who have recently stated that HPI is based on a strong
physiologic/pathophysiologic basis, that is, the cardiopulmonary
baroreflexes [6]. They have pointed out that the arguments used
to open this HPI controversy are more related to the statistical
methodology of estimating blood pressure measurements [6].
According to Longrois et al., Hatib et al., could do better in their
chosen definition of hypotension as the Grey zone, opening a
door to improve the statistical analysis of HPI in the future [6,7].
In the meantime, we suggest continuing to work with the system
and letting the statisticians resolve their debate.

Clinical validation of the HPI system

Davies et al., published the first large clinical validation trial of the
HPI algorithm in 2020 [33]. In 255 non-cardiac surgical patients
receiving Goal Directed Fluid Therapy (GDFT) optimization and
with an arterial line, they found a high prediction of the onset of
IOH at 5, 10 and 15 mins before the event with an AUC of 0.926,
0.895 and 0.879, respectively. Interestingly, this prediction had
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a sensitivity and specificity above, 85% 5 mins before the event
[33]. However, Ranucci et al., studied the ability of the algorithm
to predict IOH in 23 patients, 20 of them during cardiac surgery
[34]. These authors selected HPI values, although avoiding those
from the bias zone and found a prediction of an AUC of 0.768 at
5-7 mins beforehand. Thereafter, Shin et al., reported in the same
cardiac surgical setting with 37 participants a prediction of IOH
at 5 mins of an AUC of 0.90 [35].

The next question will be if HPI could have the same prediction
rate with non-invasive continuous devices, during SA with
spontaneous breathing patients and/or other thresholds or
definitions of IOH. The answer to this question is yes. An
observational cohort study with 507 adult patients undergoing
general surgery studied the performance of the HPI algorithm
using a Non Invasive Blood Pressure finger cuff (NIBP) in 404
patients wersus invasive arterial blood pressure measurements in
the remaining 103 [36]. The performance of the algorithm with
NIBP resulted in an AUC of 0.93, 0.91 and 0.90 at 5, 10 and 15
min respectively prior to the hypotensive event, similar to invasive
results. Maheswari et al., also found similar prediction rates in
the same periods with an NIBP device in 320 ASA status III-
IV non-cardiac surgery individuals under general anesthesia and
HPI values between 80-89 provided a median of 6 mins warning
time before IOH appeared [37]. On the other hand, Frassanito et
al., tested the performance of the HPI with an NIBP in 50 awake
Cesarean Delivery (CD) patients under SA. In this retrospective
analysis, the HPI predicted maternal hypotension 3 mins before,
with an AUC of 0.913 [38]. Indeed, in our prospective blinded
study in 24 SA non-CD patients, we found a good prediction rate
of 0.883 of warning of treatment with HPI>85 values at 3 mins
before hypotension defined as a decrease in SAP<100 mmHg and
of 0.847 with a definition of SAP<90 mmHg.

Clinical use and hypotension reduction with the HPI-Algorithm

To date, there are 14, 10 prospective and 4 retrospectives,
observational clinical studies on hypotension reduction that met
the requirements for clinical use of the HPI algorithm and one

that did not [8-15,18]. In these studies, the presence of IOH was
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measured using the TWA in most of them (11 out of 14), while in
the others, by the incidence of perioperative hypotensive episodes
or by the time of their cumulative duration [16-21]. Of these 14,
all showed a significant reduction in hypotension in patients
guided by HPI compared to those managed under GDFT or
institutional protocols, except by two (Table 3 summarizes all of
the data). One of these two did not have a control group and
therefore, no differences could be established [15]. The other
was a randomized pilot study of 214 non-cardiac surgical patients
from Maheshwari et al., in which 105 patients were managed
with a complex HPl-guided protocol compared with another
group of 108 that received a conventional one and showed a
similar hypotension rate in both groups of a TWA of 0.14 [10].
However, the authors admitted that their protocol was complex
and the clinicians involved were apprehensive about the use of
an unfamiliar technology. Thus, practically half of the alarms
were not followed by treatment, leading to an inappropriate use
of the system, which may explain these conflicting results [10].
This suggests that specific education and training of physicians
on new technology could be a key determinant in the success
of the clinical use of HPI [14,19]. In this respect, Keijzer et al.,
have recently shown in a smart study how specific education of
clinicians in HPI software use could affect the results of IOH
treatment [19]. 25 patients of the study received an institutional
GDFT protocol and standard monitoring to manage their IOH;
this was defined as a baseline cohort group. Subsequently, 25 new
patients were managed by the same group of anesthesiologists,
although instructed on the risks and adverse outcomes of IOH
and specifically avoiding MAP<65 mmHg values; this was the
educational cohort. Finally, other 25 new patients were managed
by the same clinicians, although specifically trained in HPI
technology to keep MAP>65 mmHg; this was the HPI cohort.
They found that the HPI cohort group showed significantly lower
IOH, with a TWA of 0.04, compared with the baseline cohort
with a TWA of 0.15 (p<0.05) or the educational cohort with a
TWA of 0.11 (p<0.05) [19].

Szrama et al. 2024
Keijzer et al. 2023
Murabito et al. 2022

Sribar et al. 2023 WEFPT——= 0.08

== .03

Lorente et al. 2023
Kouz et al. 2023
Solares et al. 2022
Tsoumpa et al. 2021
Grundmann et al. 2021
Maheswari et al. 2020
Wijnberge et al. 2020

TWA under 65 mmHg

T ——  ().3]
W 0.15
T ——— (), 37

e O 0.23

e ——L 0.5
T T—  (),2]

I () 14

P 0.44

0 0.05 0.1 0.15 0.2 0.25 0.2 0.35 0.4 0.45 0.5

¥ |OH education ™ Control ®HPI guided
Figure 1: Historical evolution of the severity of hypotension measured by TWA from clinical studies published since the introduction of HPI by

Hatib et al. [7]. Note: HPI: Hypotension Prediction Index; IOH: Intraoperative Hypotension; TWA: Time-Weighted Average.
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Table 1: Main haemodynamic data before and after treatment of atropine in 5 patients to treat moderate to severe bradycardia bradycardia that was
predicted by HPI during spinal anesthesia.

n=5 BASAL 10BTT 5BTT TT 5ATT
SAP 132 +27 12021 104 +7 101 + 14 117 + 15
MAP 95+ 14 85+24 71+3 70+5 84+ 11
HR 72 +£8 59+6 55+4 49+3 72 £ 17

CI 31+0.6 2.6+0.8 2507 2.3+0.7 34+11
SVI 39+12 46 + 16 45+ 14 47+ 14 40+ 13
SVRI 2766 + 992 2040 = 771 2242 + 671 2334 + 669 2529 £ 575
dp/dt 610 + 210 548 + 142 493 + 163 460 + 173 550 + 203
HPI 18+ 18 57 £38 93+3 94 +4 49 + 30
AUC 0.733 1.0 1.0

Note: 10BTT: 10 Minutes Before Treatment; 5SATT: 5 Minutes After Treatment; 5BTT: 5 Minutes Before Treatment; AUC: Area Under the receiver
operating Curve; Cl: Cardiac Index; HPI: Hypotension Prediction Index; HR: Heart Rate; MAP: Mean Arterial Pressure; SAP: Systolic Arterial
Pressure; SVI: Stroke Volume Index; SVRI: Systemic Vascular Resistance Index; TT: Treatment Time.

Table 2: Main haemodynamic data before and after treatment of atropine in 4 patients to treat moderate to severe bradycardia severe bradycardia that
was not predicted by HPI during spinal anesthesia.

n=4 BASAL 10BTT 5BTT TT 5ATT
SAP 136 + 24 130 + 25 125+ 23 132 + 17 139 £ 11
MAP 94 + 14 86 £ 10 85+ 11 88+ 6 97 +5
HR 61 £7 55+8 523 47+1 72 + 16

CI 2.5+0.5 2.2+0.2 2.2+0.2 2.5+0.6 2.7+0.7
SVI 41 +8 43 +4 43+3 46 + 4 37+3
SVRI 2945 + 666 2934 + 417 2902 + 355 3075 + 461 2897 + 697
dp/dt 665 + 203 623 £ 204 610 + 278 600 + 205 686 + 227
HPIL 22+ 16 30+ 19 37+£25 25+ 10 13+£5
AUC 0.25 0.0 0.0

Note: 10BTT: 10 Minutes Before Treatment; 5ATT: 5 Minutes After Treatment; 5SBTT: 5 Minutes Before Treatment; AUC: Area Under the receiver
operating Curve; CI: Cardiac Index; HPI: Hypotension Prediction Index; HR: Heart Rate; MAP: Mean Arterial Pressure; SAP: Systolic Arterial
Pressure; SVI: Stroke Volume Index; SVRI: Systemic Vascular Resistance Index; TT: Treatment Time.

Table 3: Summary of the most significant data from the clinical studies that used HPIL.

Design Patients Primary Outcome Secondary Outcome Estimated  Cardiac output p value Results
Blood loss target
Hypotensive events
per hour. HPI guided
0 (0-1), Control 5 (2-
6), Historic control
2 (1-3) Significant
St concey | HPLguided CI < 2.0 1/min/ Ted:;tlg‘;;“ IOH
ngde ce1'1 edr (n=25), Control m? *Individual tnthe dgril}ip
351 ocrlm;e (n=25), Historic Perioperative Absolute and relative HPI 700 ml,  CI: HPI>80, thcompirel Wi
mn e‘ control (n=25). incidence of duration of IOH  Ctrl 550 ml, SVV<12% and ¢ control groups
prospective . . . 0.001 (HPI 48%, CTRL
: Total hip hypotensive events. Fluid therapy, hCTRL 600  decreased CI
trial ) ) 87.5%, hCTRL 80%)
arthroplasty episodes. vasoactive drugs. ml (compared to ) A
(Shneck E, ) Algorithm compliance
£8) under general baseline before of 77.8% based on
e anaesthesia. induction) ! .
119 HPI triggered
interventions, 26
protocol violations
and an overall amount
of 153 therapeutic
actions.
Intervention group
median TWA 0.10
Unblinded Early warning The primary Incidence, total time mmHg vs. 0.44 mmHg
R n 4 nee g System (n=34)  outcome was Time-  with hypotension in the control group.
ANCOMIZES - standard care Weighted Average  and percentage of Incidence, number of
clinical trial - ) ) . ) No data No data 0.001
(Wiinberge M (n=34). Elective of hypotension time spent with events, 3.0 (1.0-8.0) vs.
£9) ’ non-cardiac during surgery hypotension during 8.0 (3.5-12.0). Total
re surgery (TWA) surgery. time under 65 mmHg,

min 8.0 (1.3-26.0)
32.7 (11.5-59.7).
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No significant

, HPI_gulded differences. HPI
Randomized (n=105) Secondary outcomes ided medi
Clil(l}i{cﬁla—ICTrial Un%uided TWA of IOH under Ve time-weighted HPI 200 ml ) . \;i: 034 memllz_llr; N

) (n=108) 65 mmHg mean pressures less CTRL 200 No data p=0.75 0.14 mmHg in the
(Maheshwari Moderate h1gh than 60 and 55 ml control group. TWA

K, ref 10) risk, non-cardiac mmHg. o
0.28 mmHg historic
surgery.
control.
Number of patients Median time-weighted
Retrospective FlH EI (rrig)o) Witht hypote]? sive £ HPI 550 ml average of hypotension
observational otracin TWA of IOH under Ve MUmbero m 0.10 (0.19) mmHg
Moderate- or events per patient,  Flotrac 450 No data p=0.001 )
(Grundmann L 65 mmHg . in the HPI group ws.
high-risk non- cumulative and ml
CD, ref 13) . ) FloTrac group 0.27
cardiac surgery average duration of
. mmHg.
hypotension.
Median TWA of
hypotension was
0.16 mmHg in the
intervention group
. . versus 0.50 mmHg in
Time spent in
hypertension defined the control group-
Pr " HPI n=49, as Mean Arterial ;l:l\ll(;A’ lzipjtenrsrll(l)_?;
Ror  monHPIn=S0 L. oo Pressure (MAP)>100 HPI 350 ml 005 0o 8
(Tsoumpa M moderate- or 62 mmlel € mmHg for at least 1 Control 500 No data p=0.0003 I—iPI v;. ) b Orfl
soutnpa A, high-risk non- & min; medication and ml s umber o
ref 11) 3 fluids administered hypertensive events,
cardiac surgery u1ds a Emms f‘re n 73 HPI guided us.
an poi.opte.:ra e 34 control. Time in
complications. Hypertension, HPI
min 24.30 vs. 11.33
control. There were
no differences in
adverse events.
104 (HPI n=52, Median TWA of IOH
GDFT n=52) in the HPI group 0.09
Retrospective Urgent or Postoperative GDFT 661 vs. 0.23 in the GDFT.
observational  elective non-  TWA of IOH under complications and ml. HPI 607 CI<2.0l/min/ -0.037 LOS was significantly
(Solares GJ,  cardiac surgery 65 mmHg length of hospital ’ ml m? L shorter in the HPI
ref 14) with moderate- stay. group, with a median
to-high risk of difference of 2 days
bleeding (p=0.019).
TWA under 65
1=702 elective T}}e prop.ortmn of mmHg 0.03 absolute
) : patients with at least duration below MAP
Mulicenter major hon- ne >1 min episod N threshold 65 mmHg
Registry cardiac surgery TWA of IOH under one L ° esno e
of MAP <65 mmHg 250 ml No data comparison 2 min. Proportion of
(Kouz K, ref expected 65 mmHg ) i ) .
15) Juration >120 and duration patients group patients with at least
i spent below a MAP one >1 min episode
i of 65 mmHg. below MAP thresholds
<65 mmHg 59.4%.
Intraoperative
Skeletal muscle tissue
Oxygenation(StO,).
Lactate levels. Acute
) B Kidney Injury . GDHT’ an Median TWA HPI
HPI guided n=40 (AKD Risk. Uri inotropic agent, ded 0us
Multicenter Goal-Directed Ti Ils h.‘b.:marz was added if 0%1161 e t}‘iv aZ}DﬁT
RCT Hemodynamic TWA of IOH under I\/llsstml:l " 1t1'0r © No dat the CI persisted -0015 ’ 1r1; ¢ d
(Llorente JV,  Therapy n=40 65 mmHg (T?I\?IPOZF;K; emle}se o data at<2.5 1/min/ P groupli 9r :eiﬁn ary
ref 16) Major abdominal Lik G ns;lhm— m? in patients en pOlri St t.ereu
surgery. Eaetor Bt with SVV<13% e e
Proatzicr)lra(l}r;:é;%) MAP<65 mmHg significant differences.
Postoperative
complications and
length of stay.
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Prospective Elective maior Anesthesia and Acumen guided group
pec 1 Ultrasound TWA 0.01 ws. 0.08
randomized thoracic Technol FloTrac euided erou
single-blinded  procedure. 34 TWA of IOH under echnology CI>2.4 1/min/ olracg ae group-
) (AUT), number of No data ) p=0.04 Hypotensive events
study patients n=17 65 mmHg ) . m )
) hypotensive episodes, 0 vs. 2. Duration of
(Sribar A, ref acumen IQ, n=17 . . . .
cumulative duration hypotension O min wvs.
17) FloTrac . .
of hypotension 3.7 min.
Trial subjects
(n=406)
and 15,796
Prospective, ngfissscig Acumen guided, 9 +
single-arm p ’ . 13 min of MAP below
) years or older, Cumulative
trial, compared 'ASA physical Juration of Area under Mean 65 mmHg, compared
To a historical physica . ) Arterial Pressure No data No data p<0.001 with the historical
) status 3 or 4 intraoperative
comparison . (MAP) of 65 mmHg control mean of 25
and scheduled hypotension )
cohort for moderate. to + 41 min, a 65%
(Bao X, ref 21) o reduction
high-risk non-
cardiac surgery
expected to last
at least 3 h.
The median time-
weighted average of
hypotension was 0.12
mmHg (0.35) in the
Surrogate markers intervention group
of organ injury and and 0.37 mmHg (1.11)
oxidative stress. in the control group.
Single- Biomarkers of major NGAL correlated with
center pilot > 18 years old organs, including TWA of hypotension
randomized undergoing . the brain (Neuron- (R=0.32; p=0.038) and
clinical trial. elective FE:V: 'piifir:i;l:le Specific Enolase S100B with number of
) . . y . .
intervention laParotomlc (defined as mean (NSE) and SIOQB No data No data =0.048 hypotensive éplsodes,
group, n=20;  major general ) protein), heart (high- absolute time of
arterial pressure<65 o . . .
standard care  surgery under mmHe) sensitive Troponin hypotension, relative
group, n=20 general & (hsTPN) and time of hypotension
(Murabito P, anaesthesia. kidney (Neutrophil and time-weighted
ref 12) Gelatinase-Associated average of hypotension
Lipocalin (NGAL) (p<0.001 for all). The
were assessed in all intervention group
patients. showed lower NSE
and higher reduced
glutathione when
compared to the
control group.
Average number of
hypotensive events
<
for MAP<65 mmHg TWA of hypotension
and<50 mmHg. .
Moderate and . in the FloTrac group
L . Cumulative and
. high-risk patients . was 0.31 mmHg
Single-center . ) ) average duration 150 ml
) undergoing Time-Weighted ) versus 0.09 mmHg
Retrospective ) i of hypotensive FloTrac )
major abdominal  Average (TWA) in the HPI group. In
Study . events<65 mm group, 150 No data p=0.000009
surgery. All of hypotension the FloTrac group,
(Szrama J, ref . <50 mmHg, the ml HPI ;
patients, n=123;  below<65 mmHg . the average time of
20) number of patients group.

FloTrac, n=61;
HPI, n=62

hypotension was 27.9
min vs. 8.1 min in the
HPI group.

with hypotensive
events<65 mmHg
and<50 mmHg and
TWA for MAP<50
mmHg.

Note: IOH: Intraoperative Hypotension; CTRL: Control; hCTRL: historic Contol; HPI: Hypotension Prediction Index; NGAL: Neutrophil
Gelatinase-Associated Lipocalin; TWA: Time Weighted Average: Time weighted Average; NSE : Neuron-Specific Enolase; ASA: American Society
of Anesthesiologists; GDHT: Goal-Directed Hemodynamic Therapy; hsTPN: heart (high-sensitive Troponin; AUT: Anesthesia and Ultrasound
Technology; MAP: Mean Arterial Pressure; AKI: Acute Kidney Injury; TIMP: Tissue Inhibitor of Metalloproteinase; IGFBP: Insulin-Like Growth
Factor Binding Protein; SVV: Stroke Volume Variation.
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Along with others, we also believe that it is as important for an
algorithm to be a good predictor of hypotension as it is to provide
us with the tools for its correct diagnosis and, therefore, a better
treatment [6,14]. In our view, the HPI meets both conditions
and this is one of the greatest advances made by the system. The
HPI technology allows the clinician to monitor known advanced
physiological variables, such as Stroke Volume Variation (SVV)
and innovative, less frequent ones, such as dynamic arterial
elastance (Eadyn) and dP/dt__. Using such monitoring, we were
able to manage the haemodynamic instability after anesthesia
induction in a patient with a moderate dilated cardiomyopathy
without the use of a more invasive Swan-Ganz catheterization
[39]. Moreover, we believe that protocols based on the secondary
screen of HPI software directed to detect the pathophysiology
of arterial hypotension, that is hypovolemia, vasoplegia and
myocardial depression, are the best choice [9,14]. Although, we
have to admit that other alternatives have reached similar results
[13]. However, we have to keep in mind that the maintenance of
both perfusion pressure and cardiac output are essential goals
to achieve adequate support for organ metabolism [14,21]. We
must not make the mistake of looking only at the pressure and
forgetting about the flow. Patients should be normovolemic at
the same time that they are free of IOH.

Outcome and HPI algorithm use

The last question of this review is whether the reduction of IOH
with this novel technology has resulted in a lower incidence of
postoperative complications. However, the literature covering
this topic is very limited. For instance, no statistically significant
difference was observed in acute kidney injury in different
studies despite a reduction of IOH with the algorithm [16,21].
On the other hand, Reddy et al., observed a shorter ventilation
time in those Intensive Care Unit (ICU) patients in whom the
HPI was used [40]. Murabito et al., have reported a significant
reduction in the IOH end-organ injury biomarkers and oxidative
stress with the intervention of HPI [12]. We have found a
lower postoperative complication rate per patient and a shorter
length of hospital stay, a median difference of two days in the
HPI group, in our observational retrospective study [14]. More
recently Andrzejewska et al., also reported in a prospective study
of patients undergoing posterior spinal fusion for idiopathic
scoliosis a significant reduction in hospital stay, a median
difference of three days, in the intervention HPI group [18].
Unfortunately, the mean age of these patients was 15 years old
and it is known that HPI software is not validated for patients
with an age below 18 years [7].

DISCUSSION

IOH remains a significant cause of hemodynamic instability
during surgery, linked to organ damage and adverse outcomes,
though a definitive causal relationship between its prevention
and improved postoperative results has yet to be established.
One important tool for managing IOH is the HPI, a machine
learning-based algorithm developed by Hatib et al., to predict
the onset of hypotension (MAP <65 mmHpg) in real time. The
HPI has been validated in several studies, demonstrating high
prediction accuracy and early precautions, but its statistical
methodology and potential biases have been attacked. Analysts
argue that HPI may rely too heavily on MAP trends rather than
truly detecting baroreceptor-induced physiological changes.
Despite these concerns, clinical studies have generally shown
that HPI-guided management can reduce IOH, though outcomes
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such as postoperative complications and length of hospital stay
have shown mixed results. Training and proper implementation
of the technology appear important for maximizing its benefits.
While more research is needed, the HPI offers an important tool
for improving intraoperative hemodynamic management and
potentially reducing organ injury.

CONCLUSION

There is enough evidence to support the contention that HPI
software predicts IOH, defined as a decrease in MAP below
65 mmHg, at least 3 to 5 mins in advance. Independently of
the protocol used, there is enough evidence to conclude that
HPI significantly reduced IOH. Moreover, HPI incorporates
software that helps us identify its cause with greater certainty.
However, the existing literature regarding whether this reduction
improves postoperative outcomes is currently inconclusive.
Future prospective randomized and multicenter clinical trials
are needed in order to determine if the use of HPI is able to
reduce postoperative organ damage. The HPI is the first method
based on machine learning technology in anesthesia monitoring.
We are at the beginning and there is little doubt that artificial
intelligence is the future in our clinical practice.

CONFLICT OF INTEREST

Gumersindo Solares has received in the past fees for lectures
from Edwards Lifesciences Ltd., Currently this author has no
relationship with Edwards Lifesciences Ltd. or any company of
the anesthesia monitoring field. Daniel Garcia received fees for
lectures from Edwards Lifesciences Ltd.

REFERENCES
1. Walsh M, Devereaux PJ, Garg AX, Kurz A, Turan A, Rodseth RN, et al.

Relationship between intraoperative mean arterial pressure and clinical
outcomes after noncardiac surgery: Toward an empirical definition of

hypotension. Anesthesiology. 2013;119(3):507-515.

2. Mascha EJ, Yang D, Weiss S, Sessler DI. Intraoperative mean arterial
pressure variability and 30-day mortality in patients having noncardiac
surgery. Anesthesiology. 2015;123(1):79-91.

3. Mathis MR, Naik BI, Freundlich RE, Shanks AM, Heung M, Kim M,
et al. Preoperative risk and the association between hypotension and
postoperative acute kidney injury. Anesthesiology. 2020;132(3):461-475.

4. van Waes JA, van Klei WA, Wijeysundera DN, van Wolfswinkel L,
Lindsay TF, Beattie WS. Association between intraoperative hypotension
and myocardial injury after vascular surgery. Anesthesiology.

2016;124(1):3544.
5. Abbott TE, Pearse RM, Archbold RA, Ahmad T, Niebrzegowska E,

Wragg A, et al. A prospective international multicentre cohort study
of intraoperative heart rate and systolic blood pressure and myocardial
injury after noncardiac surgery: Results of the VISION study. Anesth
Analg. 2018;126(6):1936-1945.

6. Longrois D, de Tymowski C. PRO: The hypotension prediction index is
clinically relevant: A physiologic/pathophysiologic approach opposed to
a purely computational debate. Eur ] Anaesthesiol. 2024;41(2):115-117.

7. Hatib F, Jian Z, Buddi S, Lee C, Settels ], Sibert K, et al. Machine-
learning algorithm to predict hypotension based on high-fidelity arterial
pressure waveform analysis. Anesthesiology. 2018;129(4):663-674.

8. Schneck E, Schulte D, Habig L, Ruhrmann S, Edinger F, Markmann M,
et al. Hypotension prediction index based protocolized haemodynamic
management reduces the incidence and duration of intraoperative
hypotension in primary total hip arthroplasty: A single centre feasibility
randomised blinded prospective interventional trial. ] Clin Monit

Comput. 2020;34:1149-1158.
9. Wijnberge M, Geerts BF, Hol L, Lemmers N, Mulder MP, Berge D,

7


https://pubs.asahq.org/anesthesiology/article/119/3/507/11632/Relationship-between-Intraoperative-Mean-Arterial
https://pubs.asahq.org/anesthesiology/article/119/3/507/11632/Relationship-between-Intraoperative-Mean-Arterial
https://pubs.asahq.org/anesthesiology/article/119/3/507/11632/Relationship-between-Intraoperative-Mean-Arterial
https://pubs.asahq.org/anesthesiology/article/123/1/79/12511/Intraoperative-Mean-Arterial-Pressure-Variability
https://pubs.asahq.org/anesthesiology/article/123/1/79/12511/Intraoperative-Mean-Arterial-Pressure-Variability
https://pubs.asahq.org/anesthesiology/article/123/1/79/12511/Intraoperative-Mean-Arterial-Pressure-Variability
https://pubs.asahq.org/anesthesiology/article/132/3/461/108876/Preoperative-Risk-and-the-Association-between
https://pubs.asahq.org/anesthesiology/article/132/3/461/108876/Preoperative-Risk-and-the-Association-between
https://pubs.asahq.org/anesthesiology/article/124/1/35/14239/Association-between-Intraoperative-Hypotension-and
https://pubs.asahq.org/anesthesiology/article/124/1/35/14239/Association-between-Intraoperative-Hypotension-and
https://journals.lww.com/anesthesia-analgesia/FullText/2018/06000/A_Prospective_International_Multicentre_Cohort.25.aspx
https://journals.lww.com/anesthesia-analgesia/FullText/2018/06000/A_Prospective_International_Multicentre_Cohort.25.aspx
https://journals.lww.com/anesthesia-analgesia/FullText/2018/06000/A_Prospective_International_Multicentre_Cohort.25.aspx
https://journals.lww.com/ejanaesthesiology/citation/2024/02000/pro__the_hypotension_prediction_index_is.4.aspx?context=featuredarticles&collectionid=3
https://journals.lww.com/ejanaesthesiology/citation/2024/02000/pro__the_hypotension_prediction_index_is.4.aspx?context=featuredarticles&collectionid=3
https://journals.lww.com/ejanaesthesiology/citation/2024/02000/pro__the_hypotension_prediction_index_is.4.aspx?context=featuredarticles&collectionid=3
https://pubs.asahq.org/anesthesiology/article/129/4/663/19961/Machine-learning-Algorithm-to-Predict-Hypotension
https://pubs.asahq.org/anesthesiology/article/129/4/663/19961/Machine-learning-Algorithm-to-Predict-Hypotension
https://pubs.asahq.org/anesthesiology/article/129/4/663/19961/Machine-learning-Algorithm-to-Predict-Hypotension
https://link.springer.com/article/10.1007/s10877-019-00433-6
https://link.springer.com/article/10.1007/s10877-019-00433-6
https://link.springer.com/article/10.1007/s10877-019-00433-6
https://link.springer.com/article/10.1007/s10877-019-00433-6

Solares G, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

et al. Effect of a machine learning derived early warning system for
intraoperative hypotension vs standard care on depth and duration
of intraoperative hypotension during elective noncardiac surgery: The

HYPE randomized clinical trial. JAMA. 2020;323(11):1052-1060.
Maheshwari K, Shimada T, Yang D, Khanna S, Cywinski JB, Irefin

SA, et al. Hypotension prediction index for prevention of hypotension
during moderate-to high-risk noncardiac surgery: A pilot randomized

trial. Anesthesiology. 2020;133(6):1214-1222.
Tsoumpa M, Kyttari A, Matiatou S, Tzoufi M, Griva P, Pikoulis E, et al.

The use of the hypotension prediction index integrated in an algorithm
of goal directed hemodynamic treatment during moderate and high-risk

surgery. ] Clin Med. 2021;10(24):5884.
Murabito P, Astuto M, Sanfilippo F, la Via L, Vasile F, Basile F, et

al. Proactive management of intraoperative hypotension reduces
biomarkers of organ injury and oxidative stress during elective non-

cardiac surgery: A pilot randomized controlled trial. J Clin Med.
2022;11(2):392.

Grundmann CD, Wischermann JM, Fassbender P, Bischoff P, Frey
UH. Hemodynamic monitoring with hypotension prediction index
versus arterial waveform analysis alone and incidence of perioperative

hypotension. Acta Anaesthesiol Scand. 2021;65(10):1404-1412.
Solares GJ, Garcia D, Garcia MI, Crespo C, Rabago JL, Iglesias F, et

al. Realworld outcomes of the hypotension prediction index in the
management of intraoperative hypotension during non-cardiac surgery:
A retrospective clinical study. ] Clin Monit Comput. 2023;37(1):211-
220.

Kouz K, Garcia M1, Cerutti E, Lisanti I, Draisci G, Frassanito L, et al.
Intraoperative hypotension when using hypotension prediction index
software during major noncardiac surgery: A European multicentre
prospective observational registry (EU HYPROTECT). BJA open.
2023;6:100140.

Lorente JV, RipollésMelchor ], Jiménez I, Becerra Al, Mojarro
I, FernindezValdesBango P, et al. Intraoperative hemodynamic
optimization using the hypotension prediction index ws. goal-directed
hemodynamic therapy during elective major abdominal surgery: The
PredictH multicenter randomized controlled trial. Front Anesthesiol.

2023;2:1193886.
Sribar A, Jurinjak IS, Almahariq H, Bandic I, Matosevic ], Pejic ], et al.

Hypotension prediction index guided versus conventional goal directed
therapy to reduce intraoperative hypotension during thoracic surgery: A

randomized trial. BMC anesthesiol. 2023;23(1):101.

Andrzejewska A, Miegon ], Zacha S, Skonieczna-Zydecka K, Jarosz K,
Zacha W, et al. The impact of intraoperative haemodynamic monitoring,
prediction of hypotension and goal-directed therapy on the outcomes
of patients treated with posterior fusion due to adolescent idiopathic

scoliosis. ] Clin Med. 2023;12(14):4571.
de Keijzer IN, Vos J], Yates D, Reynolds C, Moore S, Lawton R], et

al. Impact of clinicians’ behavior, an educational intervention with
mandated blood pressure and the hypotension prediction index
software on intraoperative hypotension: A mixed methods study. J Clin

Monit Comput. 2024;38(2):325-335.
Szrama J, Gradys A, Bartkowiak T, Wozniak A, Nowak Z, Zwolinski K,

et al. The incidence of perioperative hypotension in patients undergoing
major abdominal surgery with the use of arterial waveform analysis
and the hypotension prediction index hemodynamic monitoring- A

retrospective analysis. ] Pers Med. 2024;14(2):174.

Bao X, Kumar SS, Shah NJ, Penning D, Weinstein M, Malhotra G, et al.
AcumenTM hypotension prediction index guidance for prevention and
treatment of hypotension in noncardiac surgery: A prospective, single-
arm, multicenter trial. Perioper Med. 2024;13(1):13.

Bijker JB, van Klei WA, Kappen TH, van Wolfswinkel L, Moons
KG, Kalkman CJ. Incidence of intraoperative hypotension as a
function of the chosen definition: Literature definitions applied to a
retrospective cohort using automated data collection. Anesthesiology.

2007;107(2):213-220.

J Anesth Clin Res, Vol.15 Iss.5 No: 1001156

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

OPEN aACCESS Freely available online

Klohr S, Roth R, Hofmann T, Rossaint R, Heesen M. Definitions of
hypotension after spinal anaesthesia for caesarean section: Literature
search and application to parturients. Acta Anaesthesiol Scand.

2010;54(8):909-921.

Salmasi V, Maheshwari K, Yang D, Mascha EJ, Singh A, Sessler DI,
et al. Relationship between intraoperative hypotension, defined by
either reduction from baseline or absolute thresholds, and acute kidney
and myocardial injury after noncardiac surgery: A retrospective cohort

analysis. Anesthesiology. 2017;126(1):47-65.
Sessler DI, Bloomstone JA, Aronson S, Berry C, Gan TJ, Kellum JA, et

al. Perioperative quality initiative consensus statement on intraoperative
blood pressure, risk and outcomes for elective surgery. Br ] Anaesth.

2019;122(5):563-574.

Vernooij LM, van Klei WA, Machina M, Pasma W, Beattie WS, Peelen
LM. Different methods of modelling intraoperative hypotension
and their association with postoperative complications in patients

undergoing non-cardiac surgery. Br ] Anaesth. 2018;120(5):1080-1089.

Pinsky MR, Dubrawski A. Gleaning knowledge from data in the
intensive care unit. Am J Respir Crit Care Med. 2014;190(6):606-610.

Pinsky MR. Complexity modeling: Identify instability early. Crit Care
Med. 2010;38(10):S649-655.

Enevoldsen J, Vistisen ST. Performance of the hypotension prediction
index may be overestimated due to selection bias. Anesthesiology.

2022;137(3):283-289.

Mulder MP, HarmannijMarkusse M, Donker DW/, Fresiello L, Potters
JW. Is continuous intraoperative monitoring of mean arterial pressure
as good as the hypotension prediction index algorithm? Anesthesiology.

2023;138(6):657-658.

Carpenter RL, Caplan RA, Brown DL, Stephenson C, Wu R. Incidence
and risk factors for side effects of spinal anesthesia. Anesthesiology.

1992;76(6):906916.
Lesser JB, Sanborn KV, Valskys R, Kuroda M. Severe bradycardia during

spinal and epidural anesthesia recorded by an anesthesia information

management system. Anesthesiology. 2003;99(4):859-866.
Davies S, Vistisen ST, Jian Z, Hatib F, Scheeren TW. Ability of an

arterial waveform analysis-derived hypotension prediction index to
predict future hypotensive events in surgical patients. Anesth Analg.
2020;130(2):352-359.

Ranucci M, Barile L, Ambrogi F, Pistuddi V. Discrimination and
calibration properties of the hypotension probability indicator during
cardiac and vascular surgery. Minerva Anestesiol. 2018;85(7):724-730.

Shin B, Maler SA, Reddy K, Fleming NW. Use of the hypotension
prediction index during cardiac surgery. ] Cardiothorac Vasc Anesth.

2021;35(6):1769-1775.
Wijnberge M, van der Ster BJ, Geerts BF, de Beer F, Beurskens C,

Emal D, et al. Clinical performance of a machinelearning algorithm to
predict intra-operative hypotension with noninvasive arterial pressure

waveforms: A cohort study. Eur ] Anaesthesiol. 2021;38(6):609-615.
Maheshwari K, Buddi S, Jian Z, Settels ], Shimada T, Cohen B, et al.

Performance of the hypotension prediction index with non-invasive
arterial pressure waveforms in non-cardiac surgical patients. ] Clin

Monit Comput. 2021;35:71-78.

Frassanito L, Sonnino C, Piersanti A, Zanfini BA, Catarci S, Giuri PP,
etal. Performance of the hypotension prediction index with noninvasive
arterial pressure waveforms in awake cesarean delivery patients under

spinal anesthesia. Anesth Analg. 2022;134(3):633-643.

Solares G, Barredo F, Garcia MM. The value of hypotensive prediction
index and dP/dt__to predict and treat hypotension in a patient with
a dilated cardiomyopathy. Rev Esp Anestesiol Reanim (Engl Ed).
2020,67(10):563-561.

Reddy VS, Stout DM, Fletcher R, Barksdale A, Parikshak M, Johns C, et
al. Advanced artificial intelligence-guided hemodynamic management

within cardiac enhanced recovery after surgery pathways: A multi-

institution review. JTCVS open. 2023;16:480-489.


https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-6576.2010.02239.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-6576.2010.02239.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-6576.2010.02239.x
https://pubs.asahq.org/anesthesiology/article/126/1/47/652/Relationship-between-Intraoperative-Hypotension
https://pubs.asahq.org/anesthesiology/article/126/1/47/652/Relationship-between-Intraoperative-Hypotension
https://pubs.asahq.org/anesthesiology/article/126/1/47/652/Relationship-between-Intraoperative-Hypotension
https://pubs.asahq.org/anesthesiology/article/126/1/47/652/Relationship-between-Intraoperative-Hypotension
https://www.sciencedirect.com/science/article/pii/S0007091219300509
https://www.sciencedirect.com/science/article/pii/S0007091219300509
https://www.sciencedirect.com/science/article/pii/S0007091218301004
https://www.sciencedirect.com/science/article/pii/S0007091218301004
https://www.sciencedirect.com/science/article/pii/S0007091218301004
https://www.atsjournals.org/doi/full/10.1164/rccm.201404-0716CP
https://www.atsjournals.org/doi/full/10.1164/rccm.201404-0716CP
https://journals.lww.com/ccmjournal/abstract/2010/10001/complexity_modeling__identify_instability_early.22.aspx
https://pubs.asahq.org/anesthesiology/article/137/3/283/136811/Performance-of-the-Hypotension-Prediction-Index
https://pubs.asahq.org/anesthesiology/article/137/3/283/136811/Performance-of-the-Hypotension-Prediction-Index
https://pubs.asahq.org/anesthesiology/article/138/6/657/138030/Is-Continuous-Intraoperative-Monitoring-of-Mean
https://pubs.asahq.org/anesthesiology/article/138/6/657/138030/Is-Continuous-Intraoperative-Monitoring-of-Mean
https://europepmc.org/article/med/1599111
https://europepmc.org/article/med/1599111
https://pubs.asahq.org/anesthesiology/article/99/4/859/40790/Severe-Bradycardia-during-Spinal-and-Epidural
https://pubs.asahq.org/anesthesiology/article/99/4/859/40790/Severe-Bradycardia-during-Spinal-and-Epidural
https://pubs.asahq.org/anesthesiology/article/99/4/859/40790/Severe-Bradycardia-during-Spinal-and-Epidural
https://journals.lww.com/anesthesia-analgesia/fulltext/2020/02000/Ability_of_an_Arterial_Waveform_Analysis_Derived.16.aspx
https://journals.lww.com/anesthesia-analgesia/fulltext/2020/02000/Ability_of_an_Arterial_Waveform_Analysis_Derived.16.aspx
https://journals.lww.com/anesthesia-analgesia/fulltext/2020/02000/Ability_of_an_Arterial_Waveform_Analysis_Derived.16.aspx
https://europepmc.org/article/med/30481996
https://europepmc.org/article/med/30481996
https://europepmc.org/article/med/30481996
https://www.sciencedirect.com/science/article/abs/pii/S1053077020313720
https://www.sciencedirect.com/science/article/abs/pii/S1053077020313720
https://journals.lww.com/ejanaesthesiology/abstract/2021/06000/clinical_performance_of_a_machine_learning.6.aspx?context=latestarticles
https://journals.lww.com/ejanaesthesiology/abstract/2021/06000/clinical_performance_of_a_machine_learning.6.aspx?context=latestarticles
https://journals.lww.com/ejanaesthesiology/abstract/2021/06000/clinical_performance_of_a_machine_learning.6.aspx?context=latestarticles
https://link.springer.com/article/10.1007/s10877-020-00463-5
https://link.springer.com/article/10.1007/s10877-020-00463-5
https://journals.lww.com/anesthesia-analgesia/fulltext/2022/03000/Performance_of_the_Hypotension_Prediction_Index.26.aspx
https://journals.lww.com/anesthesia-analgesia/fulltext/2022/03000/Performance_of_the_Hypotension_Prediction_Index.26.aspx
https://journals.lww.com/anesthesia-analgesia/fulltext/2022/03000/Performance_of_the_Hypotension_Prediction_Index.26.aspx
https://www.sciencedirect.com/science/article/abs/pii/S2341192920301554
https://www.sciencedirect.com/science/article/abs/pii/S2341192920301554
https://www.sciencedirect.com/science/article/abs/pii/S2341192920301554
https://www.sciencedirect.com/science/article/pii/S2666273623002097
https://www.sciencedirect.com/science/article/pii/S2666273623002097
https://www.sciencedirect.com/science/article/pii/S2666273623002097
https://jamanetwork.com/journals/jama/fullarticle/2761469
https://jamanetwork.com/journals/jama/fullarticle/2761469
https://jamanetwork.com/journals/jama/fullarticle/2761469
https://jamanetwork.com/journals/jama/fullarticle/2761469
https://pubs.asahq.org/anesthesiology/article/133/6/1214/110700/Hypotension-Prediction-Index-for-Prevention-of
https://pubs.asahq.org/anesthesiology/article/133/6/1214/110700/Hypotension-Prediction-Index-for-Prevention-of
https://pubs.asahq.org/anesthesiology/article/133/6/1214/110700/Hypotension-Prediction-Index-for-Prevention-of
https://www.mdpi.com/2077-0383/10/24/5884
https://www.mdpi.com/2077-0383/10/24/5884
https://www.mdpi.com/2077-0383/10/24/5884
https://www.mdpi.com/2077-0383/11/2/392?trk=public_post-text
https://www.mdpi.com/2077-0383/11/2/392?trk=public_post-text
https://www.mdpi.com/2077-0383/11/2/392?trk=public_post-text
https://onlinelibrary.wiley.com/doi/full/10.1111/aas.13964
https://onlinelibrary.wiley.com/doi/full/10.1111/aas.13964
https://onlinelibrary.wiley.com/doi/full/10.1111/aas.13964
https://link.springer.com/article/10.1007/s10877-022-00881-7
https://link.springer.com/article/10.1007/s10877-022-00881-7
https://link.springer.com/article/10.1007/s10877-022-00881-7
https://www.sciencedirect.com/science/article/pii/S2772609623000199
https://www.sciencedirect.com/science/article/pii/S2772609623000199
https://www.sciencedirect.com/science/article/pii/S2772609623000199
https://ouci.dntb.gov.ua/en/works/7AwWOJ1l/
https://ouci.dntb.gov.ua/en/works/7AwWOJ1l/
https://ouci.dntb.gov.ua/en/works/7AwWOJ1l/
https://ouci.dntb.gov.ua/en/works/7AwWOJ1l/
https://link.springer.com/article/10.1186/s12871-023-02069-1
https://link.springer.com/article/10.1186/s12871-023-02069-1
https://link.springer.com/article/10.1186/s12871-023-02069-1
https://www.mdpi.com/2077-0383/12/14/4571
https://www.mdpi.com/2077-0383/12/14/4571
https://www.mdpi.com/2077-0383/12/14/4571
https://www.mdpi.com/2077-0383/12/14/4571
https://link.springer.com/article/10.1007/s10877-023-01097-z
https://link.springer.com/article/10.1007/s10877-023-01097-z
https://link.springer.com/article/10.1007/s10877-023-01097-z
https://www.mdpi.com/2075-4426/14/2/174
https://www.mdpi.com/2075-4426/14/2/174
https://www.mdpi.com/2075-4426/14/2/174
https://www.mdpi.com/2075-4426/14/2/174
https://link.springer.com/article/10.1186/s13741-024-00369-9
https://link.springer.com/article/10.1186/s13741-024-00369-9
https://link.springer.com/article/10.1186/s13741-024-00369-9
https://pubs.asahq.org/anesthesiology/article/107/2/213/7525/Incidence-of-Intraoperative-Hypotension-as-a
https://pubs.asahq.org/anesthesiology/article/107/2/213/7525/Incidence-of-Intraoperative-Hypotension-as-a
https://pubs.asahq.org/anesthesiology/article/107/2/213/7525/Incidence-of-Intraoperative-Hypotension-as-a

