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Abstract 

Background  Acute kidney injury (AKI) is a significant postoperative complication associated with increased mortality 
and hospital costs. Hemodynamic strategies, such as goal-directed therapy, might reduce AKI risk. Predicting and pro‑
actively managing intraoperative hypotension may be helpful. This trial aims to investigate if a preemptive hemody‑
namic strategy guided by the hypotension prediction index (HPI) can decrease the incidence of moderate-to-severe 
AKI within 30 days following major elective abdominal surgery.

Methods  This is an open-label, controlled, multicenter, randomized clinical trial that involves daily patient follow-up 
until hospital discharge. Inclusion criteria are patients aged over 65 and/or categorized as ASA III or IV physical status, 
undergoing major elective abdominal surgery (general, urological, or gynecological procedures) via laparoscopic 
or open approach under general or combined anesthesia.

Intervention  In the intervention group, hemodynamic management will be based on the HPI and the advanced 
functional hemodynamic variables provided by the Hemosphere platform and the AcumenIQ® sensor (Edwards 
Lifesciences). The primary outcome is the incidence of moderate-to-severe AKI within 7 days post-surgery. Secondary 
outcomes include postoperative complications and 30-day mortality.

Discussion  This study explores the potential of HPI-guided hemodynamic management in reducing AKI after major 
elective abdominal surgery, with implications for postoperative outcomes and patient care.

Trial registration  ClinicalTrials.gov NCT05569265. Registered on October 6, 2022.

Keywords  Hemodynamic ptimization, Major lective bdominal urgery, Early oal-irected emodynamic therapy, Fluid 
herapy, Hemodynamic onitoring, Postoperative omplications, Acute Kidney Injury, Mortality
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Introduction
Background and rationale {6a}
Intraoperative hypotension (IOH) has been consist-
ently associated with postoperative complications, 
such as acute kidney injury (AKI) [1]. Therefore, pre-
venting IOH has the potential to reduce postoperative 
organ dysfunction, highlighting the importance of early 
intervention [2]. The hypotension prediction index 
(HPI) is an advanced algorithm designed to predict 
impending hypotensive events using arterial waveform 
analysis and machine learning techniques [3, 4]. Mul-
tiple clinical trials have shown that the use of hemody-
namic algorithms based on HPI reduced the incidence, 
duration, and severity of IOH [5, 6]. However, to date, 
there are no outcome studies directly connecting HPI 
usage with reduced postoperative complications. For 
that reason, the Spanish Society of Anesthesiology and 
Resuscitation (SEDAR), after conducting a structured 
Delphi questionnaire in 2022 among 30 experts in fluid 
therapy and hemodynamic monitoring, identified as a 
research priority comparing intraoperative hemody-
namic optimization algorithms based on HPI versus 
intraoperative hemodynamic management [7]. This 
study is designed to address this research need.

Objectives {7}
The primary objective of this multicenter clinical trial 
is to determine whether hemodynamic management 
guided by the HPI can reduce the incidence of acute 
kidney injury (AKI) within 7  days after major elective 
abdominal surgery.

Trial design {8}
Multicenter, international, open-label, two-arm, paral-
lel-group randomized controlled trial.

http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
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Methods: participants, interventions, 
and outcomes
Study setting {9}
Eligible recruiting sites must have a proven history of 
performing major elective gastrointestinal surgeries in 
adult patients. Additionally, they should have the capa-
bility to implement hemodynamic therapy with HPI 
monitoring and a demonstrated track record in partici-
pating in interventional research. Although this study is 
a national initiative from the SEDAR, centers from differ-
ent countries are also invited to participate. The complete 
list of participating centers can be found at ClinicalTrials.
org.

Eligibility criteria {10}
This study will include patients over 65 years of age and/
or physical condition ASA III or IV. All participants must 
be scheduled for major elective abdominal surgery (gen-
eral, urologic, or gynecological surgery), using either 
a laparoscopic or open surgical approach. A surgery is 
deemed major if it meets at least one of the following cri-
teria: an expected duration > 2 h or an anticipated blood 
loss > 15% of the patient’s total blood volume.

Patients will be excluded from the study if they have 
stage 4 or 5 chronic kidney disease (eGFR < 15 mL/min); 
received a kidney transplant in the past 12  months; are 
diagnosed with glomerulonephritis, interstitial nephri-
tis, or vasculitis; have anuria at the time of inclusion; 
have pre-existing AKI; underwent recent renal replace-
ment therapy (RRT) within the past 90 days; require renal 
replacement at the time of inclusion; are participating in 
another trial investigating a drug or intervention affecting 
kidney function; have atrial fibrillation or known cardiac 
shunts; are undergoing urgent surgery; are pregnant or 
lactating; are expected to die within 30 days; experienced 
acute myocardial ischemia or acute pulmonary edema in 
the previous 30 days; or have any contraindication to low 
dose of vasoactive or inotropic medication.

Only eligible patients who meet all the inclusion cri-
teria and none of the exclusion criteria and provide vol-
untary written informed consent will be included in the 
study.

Who will take informed consent? {26a}
Before trial enrollment, each participant will provide 
written informed consent. This procedure includes giving 
an information sheet to the patient, an associated consent 
form, and a thorough explanation of the trial’s objectives, 
methods, potential benefits, and risks. Patients unable to 
give or withhold informed consent will be not included 
in the trial. For eligible patients who do not participate 
in the trial, a detailed record including reasons for their 
non-participation will be kept.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
No additional consent provisions are required for the col-
lection and use of data from participants and biological 
specimens in ancillary studies.

Interventions
Explanation for the choice of comparators {6b}
In this study, the chosen comparator is standard intra-
operative blood pressure management, grounded in 
conventional monitoring and clinical judgment. This 
choice is well-founded considering the prevailing clinical 
practices and the need to evaluate the potential benefits 
of HPI-guided hemodynamic management. The use of 
standard clinical judgment and conventional monitoring 
devices is common practice in the participating centers 
for managing intraoperative blood pressure during elec-
tive major abdominal surgeries. This practice involves 
intermittent or invasive or not invasive continuous blood 
pressure measurements and clinical assessment by anes-
thesiologists or healthcare providers. These professionals 
make real-time decisions on fluid and vasoactive admin-
istration based on their evaluations.

By selecting this conventional approach as the com-
parator, we aim to determine if HPI-based hemodynamic 
management, which involves a protocolized approach to 
administering intravenous fluids, inotropic, and/or vaso-
active drugs, leads to improved clinical outcome. Spe-
cifically, this study aims to demonstrate if HPI guidance 
significantly reduces the incidence of moderate to severe 
AKI within 30  days post-surgery when compared to 
standard clinical judgment and conventional monitoring.

Noteworthy, the control group receiving standard care 
allows clinicians to exercise their judgment and manage 
hemodynamics as they deem fit. This might introduce 
variations across different centers. The study’s compara-
tor choice aims to robustly assess the HPI-based inter-
vention while reflecting the current clinical context and 
variations in practice across participating centers. By 
comparing the HPI-based approach with this conven-
tional method, we seek to determine if HPI guidance 
offers a valuable improvement in clinical practice.

Intervention description {11a}
The trial intervention period will begin at the start of sur-
gery, with the skin incision, and will end with the com-
pletion of surgery and closure of the skin.

Patient care protocols have been deliberately kept 
broad in their definition to prevent either overly conserv-
ative or misaligned clinical practices.

Control group  Patients in this group will undergo treat-
ment as per standard clinical practice. The administration 
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of fluids, vasoconstrictors, and/or inotropic drugs will be 
at the discretion of the treating clinician. These decisions 
may be guided by parameters such as heart rate, arterial 
pressure, diuresis, serum lactate levels, and base excess. 
While clinicians in the control group can opt to follow a 
GDHT algorithm by monitoring cardiac output or other 
hemodynamic variables, the HPI parameter and other 
hemodynamic variables available from the AcumenIQ 
sensor will not be integrated into their strategy. In the 
event of using this technology during the trial interven-
tion period in any patients from the control group, this 
will be recorded as a protocol violation.

Intervention group  The intervention will begin with 
the induction of general anesthesia and continue until 
surgery completion. Hemodynamic management will be 
based on the HPI and advanced functional hemodynamic 
variables provided by the Hemosphere platform and the 
AcumenIQ sensor. Non-invasive cuff (AcumenIQ for 
ClearSight, Edwards Lifesciences, Irvine, USA) or the 
invasive arterial pressure AcumenIQ sensor (Edwards 
Lifesciences) could be selected based on individual 
patient needs. Additionally, both systems offer additional 
hemodynamic variables such as stroke volume variation 
(SVV), arterial dP/dtmax, and dynamic arterial elastance 
(Eadyn), to help identify the most common causes of 
hypotension.

Before initiating continuous blood pressure monitor-
ing and assessing other hemodynamic variables, a maxi-
mum of 500 mL of intravenous fluid will be administered. 
If central venous pressure (CVP) is unavailable, a default 
value of 5 mmHg will be used to calculate systemic vas-
cular resistance (SVR). The hemodynamic protocol is 
designed to alert for intervention when the HPI value 
surpasses 80, although lower values are also considered 
as a progressive instability warning before reaching that 
threshold. Once the HPI exceeds 80, therapeutic inter-
vention is advised, involving the administration of flu-
ids and/or vasopressors/inotropes, and is then recom-
mended based on the values of SVV, Eadyn, dP/dtmax, 
and SVR, as illustrated in Fig. 1.

When the hemodynamic algorithm recommends 
fluid administration, patients will receive a 250-mL 
fluid bolus of a balanced crystalloid solution. Ephed-
rine, administered in bolus doses of 5–10  mg, will be 
the vasopressor of choice. If continuous infusion is 
necessary, norepinephrine will be used, always in align-
ment with the hemodynamic algorithm. Data collection 
and follow-up for such participants will be performed 

as usual. All other medical decisions will be the respon-
sibility of the attending physician.

Both study groups will undergo general or combined 
anesthesia, involving intravenous anesthetic induction 
and neuromuscular blockade. The choice of anesthesia 
type will be at the discretion of the attending anesthesi-
ologist for pragmatic reasons.

The selection of the neuraxial analgesia technique, 
either epidural or intradural, will be based on the pref-
erence of the anesthesiologist prior to induction. Intra-
operatively, fundamental measures will be implemented 
to maintain oxygen saturation above 94%, normother-
mia (body temperature > 36  °C), and a heart rate below 
100 beats per minute. Mechanical ventilation will main-
tain an inspired FiO2 of 60%, targeting a PaCO2 range 
of 35–45 mmHg, with a tidal volume of 8 ml/kg of ideal 
body weight and a positive end-expiratory pressure 
(PEEP) of 4–6  mmHg. Basic monitoring will involve 
three-lead electrocardiography, pulse oximetry, and at 
least one peripheral intravenous catheter. Bispectral 
index (BIS) monitoring, targeting 40–60, will be main-
tained with sevoflurane or propofol. A maintenance-bal-
anced crystalloid solution will be administered at 1–3 ml/
kg/h for laparoscopic procedures and 5–7  ml/kg/h for 
open surgeries.

Postoperatively, balanced fluid therapy is recom-
mended to meet ion and glucose requirements, with 
quantities ranging from 1.75 to 2.75 L every 24 h, deter-
mined by the responsible clinician. The decision to initi-
ate oral tolerance will also be at the attending clinician’s 
discretion.

Criteria for discontinuing or modifying allocated 
interventions {11b}
For participants in the intervention group undergo-
ing hemodynamic management guided by the HPI, the 
potential side effects or adverse reactions from pharma-
cological components of the hemodynamic protocol war-
rant careful monitoring. Specific criteria based on safety 
considerations have been established to modify or dis-
continue the intervention:

•	 Tachycardia: Should a participant develop signifi-
cant tachycardia directly linked to the administra-
tion of catecholamines or inotropes as per interven-
tion’s hemodynamic management, their well-being 
and comfort must be prioritized. In such instances, 
the intervention might require modification of dis-
continuation to effectively address the tachycardic 
response.

•	 Allergic Reactions: If a participant manifests aller-
gic reactions to any of the pharmacological com-
ponents of the intervention, this must be halted 
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immediately. Addressing the allergic reactions 
while ensuring participant safety is paramount. 
Such occurrences should be documented as adverse 
events in the trial record.

Strategies to improve adherence to interventions {11c}
Following an initial meeting between the principal 
investigators and all local lead investigators, training 
sessions will be conducted at the partner hospitals. 
These sessions will cover the process of randomization, 
enrollment, data acquisition, and treatment strategies. 
Recruitment targets will be closely monitored, and reg-
ular feedback will be provided to the participating sites 
to ensure active management and adherence through-
out the trial.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
During the HYT study, patients are not allowed to par-
ticipate in another clinical trial involving modifications to 
perioperative patient management.

Provisions for post‑trial care {30}
Patients participating in this study benefit from indem-
nity against negligent harm through the standard Span-
ish National Health Service Indemnity arrangements. 
It’s pertinent to note that this trial is classified as a low-
intervention level clinical trial. Within the hemodynamic 
management protocol, medications are dispensed strictly 
according to their product data sheet and consistent with 
the standard clinical practice. The patient management 
within this study does not introduce any novel risks, and 
any potential risk aligns with those inherent in routine 
clinical care.

Fig. 1  Hemodynamic algorithm
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Healthcare professionals responsible for conducting 
this trial are either covered by individual or collective 
professional civil liability insurance or have an equivalent 
financial guarantee provided from the healthcare institu-
tion where the trial will be conducted. For clinical trials 
classified as low-intervention level clinical trials, there is 
no obligation for additional insurance coverage. This is 
because any potential damage arising from the clinical 
trial is already covered by the civil liability insurance—
whether individual or collective—of the healthcare center 
or institution supervising the clinical trial. The trial spon-
sor will provide a certificate from the institution’s rep-
resentative, confirming that the insurance policy of the 
healthcare center or organization adequately covers clini-
cal trials of this nature. For further information, please 
refer to the following resource: https://​www.​aemps.​gob 
(in Spanish).

Outcomes {12}
Primary endpoint
The primary outcome is the occurrence of moderate or 
severe AKI (according to KDIGO Stage 2–3 criteria [8]) 
within 7 days after surgery (Table 2).

Secondary endpoints
Secondary outcomes:

1.	 RRT requirement and duration: Occurrence within 
30 days post-surgery.

2.	 Postoperative Complications defined according 
to the European Perioperative Clinical Outcome 
(EPCO) [9] definitions within 30 days post-surgery.

3.	 Reoperation within 30 days post-surgery.

4.	 Unplanned Intensive Care Admission for the treat-
ment of one or more complications within 30 days of 
randomization.

5.	 30-day mortality.

Planned process measures:

1.	 Duration of hospital stay (number of days from rand-
omization until hospital discharge).

2.	 Duration of critical care stay (number of days from 
randomization until hospital discharge).

Participant timeline {13}
Participants will be enrolled in the study during the 
pre-study period, which includes both the screening 
and recruitment of eligible individuals. Once enrolled, 
a baseline assessment will be conducted, during which 
informed consent will be obtained, and baseline data will 
be collected.

On day 0, participants will undergo randomization. The 
study intervention will start with the onset of the surgery 
(skin incision) and conclude upon its completion (skin 
closure). From day 0 through the duration of their hospi-
tal stay, participants will be evaluated for the primary and 
secondary outcomes.

On day 30, participants will return for a follow-up eval-
uation, where 30-day outcomes will be assessed, and the 
study will be completed (Table 1).

Sample size {14}
To detect an absolute reduction of 5% in the incidence of 
AKI within 30 days after surgery, from an assumed base-
line rate of 10% to a target rate of 5%, with a 1:1 alloca-
tion ratio, and maintaining an overall type I error rate 

Table 1  Participant timeline

Event/Visit Revision Preoperative Surgery Hospital discharge 30 days after IQ

Criteria of inclusion/exclusion x

Informed consent x

Demographic information x

Medical history x

Height and weight x

Randomization x

Intraoperative x

Hemodynamic algorithm x

Review of medical notes x x x

ICU days and hospitalization x

Follow-up x

Notification of adverse effects x x x

https://www.aemps.gob
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of 5%, with an anticipated dropout rate of 10%, a total of 
958 patients (479 per arm) are required to achieve an 80% 
statistical power [10].

Recruitment {15}
To ensure adequate participant enrollment, our strategies 
include ensuring the attainment of the target number of 

Table 2  Study variables

Age

Sex

Height

Weight

ASA physical score

Diagnosis of chronic lung disease (COPD, asthma, interstitial lung disease)

Diagnosis of ischemic heart disease

Diagnosis of diabetes mellitus

Diagnosis of heart failure

Diagnosis of liver cirrhosis

Diagnosis of active cancer (indication for surgery Y/N)

Diagnosis of previous stroke or transient ischemic attack

Current smoker (has smoked in the last 14 days)

Preoperative hemoglobin

Intraoperative Variables

Total fluid therapy during surgery: types and total amounts (ml)

Cumulative dose during the intraoperative period of vasoactive agents: specify by drugs used (mg)

Accumulated dose during the intraoperative period of ionotropic drug in case of indication (mg)

Total intraoperative diuresis (ml)

Estimated bleeding (ml)

Transfusion of total blood products during surgery

Use of cardiac output monitor

Using beat-to-beat blood pressure measurement

Related to the Intervention

Hospital admission date

Surgery date

Type of anesthesia with which the intervention is performed

Surgical technique

Anesthesia duration

Duration of surgical intervention

AKI > I at 7 days

Postoperative variables, complications, and mortality

Presence of postoperative treatment with: diuretics, ACE inhibitors, angiotensin II receptor blocker (ARB), beta-blockers, NSAIDs, and other postopera‑
tive nephrotoxic drugs, as well as daily fluid therapy

Length of hospital stay

30-day mortality

Tracking Data

24-h and 30-day adverse cardiac events (≥ Clavien-Dindo grade II)

Other 30-day postoperative complications

Red blood cell transfusion within 30 days of surgery

Endoscopic or radiological intervention within 30 days of randomization

Reoperation within 30 days of randomization

Unplanned intensive care admission to treat one or more complications within 30 days of randomization

Prolonged scheduled intensive care admission due to one or more complications within 30 days of randomization

Invasive mechanical ventilation after leaving the operating room, within 30 days of randomization

Date of death (if applicable)
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appropriate recruitment sites, maintaining coordinated 
national leadership, actively engaging local anesthesi-
ologists to support the screening and execution of the 
trial, and carefully selecting sites with highly experienced 
local investigators proficient in HPI utilization and well-
equipped research teams.

Assignment of interventions: allocation
Sequence generation {16a}
Potential participants will be screened by research staff 
from pre-admission clinic lists and operating theater 
schedules. Eligible participants will be identified and 
approached by a research team member before the 
scheduled surgery, preferably at least 24  h in advance. 
After obtaining written informed consent, patients will 
be randomized before the scheduled surgical procedure.

In order to ensure the homogeneity of the patient 
groups included in the treatments, a pseudo-random 
process will be carried out for the assignment of patients 
to these treatment groups. This process will be conducted 
in blocks of 4, distributed across segments defined by 
center, age group (under 75 years and 75 years or older), 
and patient’s risk level (High risk, low risk).

This randomization will be managed centrally via an 
online platform (REDCap, Research Electronic Data Cap-
ture) [11]. Treatment group assignment will remain con-
fidential until the randomization process is completed.

Concealment mechanism {16b}
Participants will be randomized using the REDCap plat-
form. Allocation concealment is ensured, as this platform 
will not release the randomization code until all prereq-
uisites are met, including checking the inclusion and 
exclusion criteria, obtaining the patient’s informed con-
sent, and completing all baseline measurements.

Implementation {16c}
Consenting patients meeting the inclusion criteria and 
none of the exclusion criteria will be randomized. The 
principal investigator at each center will be responsible 
for requesting randomization. This method is unpredict-
able, thereby minimizing the risk of selection bias among 
research staff enrolling participants.

Assignment of interventions: blinding
Who will be blinded {17a}
This trial will be conducted in an open-label manner, 
so both participants and intervention-administering 
staff will be aware of the treatment group assignments. 
Nonetheless, measures will be implemented to minimize 
potential bias arising from the research staff’s knowl-
edge of treatment allocation. To ensure unbiased clini-
cal outcome assessments, the principal investigator at 

each center will be responsible for these evaluations and 
will remain detached from participant care and blinded 
to treatment group assignments. Similarly, individuals 
interacting with participants during follow-up will also 
be unaware of treatment group allocations.

The trial steering committee will not have access to 
results broken down by the treatment group throughout 
the trial. The final analysis will take place after all follow-
up data has been collected, the final statistical analysis 
plan has been approved, and data cleaning is complete. 
The independent data monitoring committee will have 
access to outcome results by treatment group, but data 
will be handled by an independent statistician not other-
wise involved in the trial.

Procedure for unblinding if needed {17b}
Unblinding will only be considered when any treating 
physician or regulatory authority believes that it is essen-
tial to know the treatment group to which the patient 
belongs. In general, unblinding of participants during 
clinical trial development is not permitted, unless there 
are compelling medical or safety reasons to do so.

Emergency unblinding will be performed by identify-
ing the patients belonging to the experimental or con-
trol groups by reviewing the list containing the group to 
which each patient has been randomized, supervised by 
the principal investigator of each center.

Investigators should diligently uphold blinding, disclos-
ing the actual allocation to neither the patients nor any 
other study personnel, including site staff, monitors, or 
the steering committee. There should be no written or 
verbal revelation of the allocation code in any patient-
related documentation. Unblinding will only be consid-
ered when any treating physician or regulatory authority 
believes that it is essential to know the treatment group 
to which the patient belongs. In general, unblinding of 
participants during clinical trial development is not per-
mitted, unless there are compelling medical or safety rea-
sons to do so.

Emergency unblinding will be performed by identify-
ing the patients belonging to the experimental or con-
trol groups by reviewing the list containing the group to 
which each patient has been randomized, supervised by 
the principal investigator of each center.

Data collection and management
Plans for assessment and collection of outcomes {18a}
The perioperative variables to be collected will be listed 
in Table 2.

The KDIGO (Kidney Disease: Improving Global Out-
comes) is an organization that provides guidelines and 
recommendations to enhance the care of patients with 
kidney disease. Within the context of AKI definitions, the 
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KDIGO has established specific criteria for identifying 
and classifying AKI [8].

To assess the presence of postoperative AKI, we rec-
ommend a standardized protocol for evaluating renal 
function across all participating centers. This protocol 
comprises two key components: the measurement of 
serum creatinine and the assessment of diuresis.

Prior to surgery, a blood sample is collected from the 
patient to measure serum creatinine at a preoperative 
time point corresponding to the preoperative visit. These 
samples are sent to the clinical laboratory of each center 
for analysis. Subsequently, post-surgery, serum creatinine 
measurements are taken at various time points, including 
the immediate postoperative period, followed by regu-
lar 24-h intervals while the patient remains at the center 
during the first 7 days after surgery. Mandatory measure-
ments for the study are taken on the day of the surgery 
and the first postoperative day, with recorded serum cre-
atinine values. The evaluation of diuresis is conducted 
post-surgery, commencing data collection immediately 
after the procedure. The amount of urine produced is 
measured and recorded at regular intervals, typically 
every hour, for the initial 24 h. Urinary flow rate is cal-
culated in milliliters per hour (mL/h), and diuresis values 
times are documented.

The protocol defines clear criteria for interpreting 
results, with particular attention to significant increases 
in serum creatinine and low urinary flow rates. The 
definition of postoperative complications is provided in 
Table 3.

Plans to promote participant retention and complete 
follow‑up {18b}
N/a: This is not required, as patient follow-up is con-
ducted through the review of medical records.

Data management {19}
Data entry is seamlessly managed through the REDCap 
system. This can be initiated at each participating site, 
where the data originates, or at a dedicated Core Coor-
dinating Center (Hospital Universitario Infanta Leonor, 
Madrid, Spain). The initial study forms are entered and 
retained at their respective originating sites.

Data transmission and editing
REDCap’s electronic data entry screens precisely repli-
cate the approved paper forms sanctioned by the Steer-
ing Committee. Data integrity is meticulously upheld 
through several mechanisms, encompassing referential 
data rules, valid values, range checks, and consistency 
checks against pre-existing database data (longitudinal 
checks). Users are given the option to select values from 
a list of valid codes, supported by descriptions for each 

code where applicable. Data checks are rigorously applied 
during data entry into specific fields and before data is 
permanently committed to the database. Any modifica-
tions to the stored data are comprehensively documented 
through either the data change system or an inquiry sys-
tem. The activities of users are regulated by the privi-
leges linked to their unique user identification codes and 
passwords.

Data discrepancy inquiries and reports
Specially designed programs are employed to pinpoint 
errors such as missing data or specific inconsistencies. 
These errors are succinctly summarized in Data Query 
Reports, which are then dispatched to Data Managers 
at the Core Coordinating Centers. When Data Manag-
ers receive inquiries, they meticulously cross-check the 
original forms to address inconsistencies and consult 
alternative sources for any necessary corrections. Simul-
taneously, the original paper forms are adapted accord-
ingly, and responses to the inquiries are included.

Security and data back‑up
To ensure the security of data, all study-related forms, 
diskettes, and tapes are securely stored within locked 
cabinets. Stringent access controls are in place, managed 
by a password system with regular password updates. 
Reports are meticulously prepared to protect the confi-
dentiality of individual subjects. Data is systematically 
backed up, including a comprehensive backup of the 
primary database performed bi-monthly, and securely 
retained off-site indefinitely. Daily incremental data 
backups are maintained on-site, and periodic data analy-
sis files are also backed up. Additional measures for regu-
lar data backup and export are systematically carried out 
at the database management level.

Study status reports
The Data Coordinating Center consistently issues weekly 
email reports containing details regarding missing data, 
incomplete forms, and absent visits. Personnel at both 
the Core Coordinating Center and Participating Sites 
diligently review these reports to ensure accuracy and 
promptly report any discrepancies to the Data Coordi-
nating Center.

Confidentiality {27}
All patients included in the study, that is, those who 
have signed the informed consent for the study, after 
being randomized, will be identified with a sequential 
alphanumeric identification code that will be assigned 
to each patient according to the correlative order of 
inclusion. The sequential numerical code will be gener-
ated by the electronic application used to perform the 
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randomization. The list with the identification data of 
each patient associated with the identification code of 
the database will only be accessible by local researchers 
and will be guarded by the principal investigator of each 
center.

Personal data will be treated confidentially, as estab-
lished by Spanish Organic Law 3/2018, of December 5, 
on the Protection of Personal Data and guarantee of digi-
tal rights. In the case of transmission of the personal data 
of Spanish patients to a third State, the European regula-
tions on the protection of personal data will be complied 
with.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
N/a: In this trial, the collection, laboratory evaluation, 
and storage of biological specimens for genetic or molec-
ular analysis in the future are not envisaged.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The analyses will follow the intention-to-treat principle, 
including all participants with recorded outcomes, and 
will be based on their randomized treatment allocation.

Categorical variables will be presented with absolute 
values and relative frequencies, while continuous vari-
ables will be described using means and standard devia-
tions for normally distributed data and medians with 
interquartile ranges (IQR) (25th to 75th percentiles) 
for non-normally distributed data. The Kolmogorov–
Smirnov test will be used to assess the distribution of the 
data. Treatment effects, 95% confidence intervals (CIs), 
and p-values will be provided for both primary and sec-
ondary outcomes, as well as for process measures accord-
ing to each treatment group. However, baseline and 
follow-up data for both groups will be summarized based 
on the treatment received, and statistical testing will not 
be applied.

The analysis for the primary outcome will follow the 
intention-to-treat principle, in which all the randomized 
patients will be analyzed in the assigned group. The effi-
cacy of the intervention regarding the primary outcome 
of AKI within 7  days will be assessed using a mixed-
effects logistic regression model. In this model, institu-
tions will be treated as random intercepts to account for 
variations in clinical practice across different participat-
ing centers. Detailed reports, including relative risks 
(RR), their respective 95% confidence intervals (CIs), 
p-values, absolute frequencies, and relative percentages, 
will be provided for both the intervention and control 
groups. The model will also adjust for surgical procedure 

category, age, sex, ASA grade, and initial creatinine level. 
ASA grade and surgical procedure category will be intro-
duced as categorical variables.

Regarding secondary outcomes, univariate analyses will 
compare categorical variables between the intervention 
and control groups. Mixed-effects regression models will 
be employed for each postoperative complication, treat-
ing institutions as random intercepts. The models will 
account for additional variables, including surgical proce-
dure, age, sex, ASA grade, and baseline creatinine. Con-
tinuous variables will be analyzed using time-to-event 
models with competing risks due to mortality upon dis-
charge from the hospital. The findings will be presented 
as mean differences along with their corresponding 95% 
CIs and p-values.

All statistical analyses will be conducted using Stata 
version 14.0 (Stata College, TX, USA).

Interim analyses {21b}
No interim analyses were conducted due to resource 
optimization, ethical considerations, and the robust 
design of the study. With clear and stable endpoints, and 
sufficient statistical power, we prioritize a comprehensive 
analysis at the study’s conclusion to streamline processes 
and ensure efficient resource utilization.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
Subgroup analyses will be performed based on surgi-
cal modality, patient risk stratification (ASA ≥ III versus 
ASA I/II), age (elderly > 65  years old vs younger), and 
other preoperative comorbidities (diabetes, chronic lung 
disease, hypertension). We will also perform subgroup 
analysis based on invasive vs non-invasive hemodynamic 
monitoring (presence of arterial line). Statistical tests will 
be adjusted for multiple comparisons using Bonferroni 
correction.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Missing baseline data will be addressed through mean 
imputation. Sensitivity analyses will be performed in 
cases where over 1% of AKI data is missing; sensitiv-
ity analyses will be conducted using imputation mod-
els. These models will assume varying AKI incidences 
depending on the baseline incidence in each group (μ): 
μ − − 4%, μ − − 2%, μ + 2%, μ + 4%. For each combination, 
the imputation model will randomly assign patients with 
missing AKI data.

The patients from the centers that do not recruit a min-
imum of 10 patients will be excluded from the study, with 
the possibility of exceptions to be assessed by the Steer-
ing Committee.
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This requirement is set to ensure adequate sample size 
and statistical power. When centers recruit fewer than 10 
patients, it can significantly impact the study’s ability to 
draw reliable conclusions.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
The data that support the findings of this study are avail-
able from the corresponding author [JRM] upon reason-
able request.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
Principal Investigator and Research Physician

•	 Design and conduct of HYT
•	 Preparation of protocol and revisions
•	 Preparation of investigators brochure (IB) and CRFs 

[Case Report Forms]
•	 Organizing steering committee meetings
•	 Publication of study reports

Steering committee (SC)
(see title page for members)

•	 Agreement of final protocol
•	 Reviewing the progress of the study and if necessary 

agreeing to changes to the protocol and/or investiga-
tors brochure to facilitate the smooth running of the 
study.

Trial Management Committee (TMC)

•	 Study planning
•	 Organization of steering committee meetings
•	 Responsible for trial master file
•	 Budget administration and contractual issues with 

individual centers
•	 Advice for lead investigators
•	 Assistance with ethics committee applications
•	 Data verification

Data Manager

•	 Maintenance of trial IT system and data entry
•	 Data verification

Lead Investigators
In each participating center, a lead investigator will be 
identified, to be responsible for identification, recruit-
ment, data collection, and completion of CRFs, along 

with follow-up of study patients and adherence to study 
protocol and investigators brochure.

Explanation
Composition of the data monitoring committee, its role 
and reporting structure {21a}
An Independent Data Monitoring Committee (IDMC) 
has been appointed to oversee the safety and efficacy of 
the interventions during the recruitment period of the 
trial. The IDMC will review patient recruitment, data 
quality, protocol compliance, and loss to follow-up. No 
formal interim analysis for efficacy has been scheduled.

Protocol adherence monitoring and safety monitoring
Predefined protocol deviations that will be reported 
include instances where Acumen monitoring is either not 
utilized in an intervention group participant or inappro-
priately used in the control group. We will closely moni-
tor protocol deviations and provide feedback to centers 
exhibiting significant non-compliance. All interventions 
in the HYT trial are already part of routine clinical prac-
tice for patients undergoing major abdominal surgery in 
participating centers. Furthermore, each recruitment site 
will have initiation visits. Each center will have monitor-
ing visits during the trial recruitment period, and adher-
ence to the hemodynamic protocol will be evaluated. Full 
source data verification will be conducted.

Adverse event reporting and harms {22}
The principal investigator bears responsibility for adverse 
event classification and the ongoing evaluation of clini-
cal research safety. The principal investigator’s duties 
include:

•	 Reviewing the investigator’s assessment of all adverse 
events and documenting their severity and relation-
ship to the investigational product in case of any dis-
agreement between the principal investigator(s) and 
the sponsor. Both assessments should be communi-
cated to the relevant parties.

•	 Reviewing all product deficiencies and determining 
if they could have caused a serious adverse prod-
uct effect, with the option to communicate differing 
assessments to the concerned parties.

•	 Reporting or ensuring that the principal 
investigator(s) report all serious adverse events and 
product deficiencies that could have led to a serious 
adverse product effect.

•	 Notifying regulatory authorities of all serious adverse 
events and product deficiencies that could have 
caused a serious adverse product effect within the 
required timeframe as mandated by national regula-
tions.
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•	 Evaluating whether the risk analysis necessitates an 
update and assessing whether corrective or preven-
tive actions are needed for serious adverse prod-
uct effects and product deficiencies that could have 
caused serious adverse product effects.

Given that the investigational product is a marketed 
product used under its marketing conditions, the Euro-
pean medical device surveillance system’s requirements 
will be considered for serious adverse event notifications 
to avoid possible duplications.

The Principal Investigator must:

•	 Record each adverse event and observed product 
deficiency along with an assessment, and promptly 
notify the sponsor of all serious adverse events

•	 Promptly notify the sponsor of all serious adverse 
events and product deficiencies that could have 
caused a serious adverse product effect, except for 
those specified in this clinical investigation plan as 
events not requiring immediate communication

•	 Provide the sponsor, upon request, with additional 
information related to the safety report of a specific 
adverse event

•	 Report suspicions of serious and unexpected adverse 
reactions to AEMPS via Eudravigilance_CTM, rather 
than to the Ethics Committee, with the narrative of 
cases being acceptable in either English or Spanish, 
preferably accompanied by an English summary

•	 Not submit biannual reports regarding serious and 
unexpected adverse reactions

•	 No longer communicate suspected serious and unex-
pected adverse reactions (SUSAR) or annual safety 
reports to the health authorities of the Autonomous 
Communities, effective January 31, 2022

This research employs a medical device with European 
Community marking, used under its marketing condi-
tions. Consequently, only adverse events directly related 
to the use of the product under investigation will be con-
sidered for reporting. Adverse events occurring during 
the surgical procedure and the postoperative period will 
not be considered as such for reporting purposes.

Frequency and plans for auditing trial conduct {23}
Frequency and Plans for Auditing Trial Conduct:

The Project Management Group, comprising mem-
bers of the Trial Steering Group and located at Infanta 
Leonor University Hospital, played a central role in the 
daily coordination of the study. Although initially ad 
hoc meetings were conducted as needed, the team later 
adopted a structured approach, scheduling regular meet-
ings to holistically review trial conduct. These sessions 

were flexibly organized to align with the study’s evolving 
needs, ensuring a responsive and adaptive trial manage-
ment strategy. Simultaneously, the Trial Steering Group 
and the independent Data Monitoring Committee con-
vened regularly to maintain comprehensive oversight of 
trial conduct throughout the study period. The study pro-
tocol, specifically detailed in point 21a, establishes a Data 
Monitoring Committee to ensure the ongoing safety and 
efficacy of interventions.

Patient Public Involvement:
No specific Patient Public Involvement was incorpo-

rated into the design or implementation of this study.
Composition and Roles of Coordinating Center, Trial 

Steering Committee, and Trial Management Committee:
The Project Management Group assumed a key role 

in day-to-day trial operations, ensuring organizational 
support. While the meetings were initially organized on 
an ad hoc basis, they transitioned into regular sessions, 
fostering effective communication and coordination. 
Specific details on the Trial Steering Committee, Trial 
Management Committee, and their roles are outlined in 
the study protocol (5d).

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
Any modifications to the protocol which may impact the 
conduct of the study and potential benefit of the patient 
or may affect patient safety, including changes in study 
objectives, study design, patient population, sample sizes, 
study procedures, or significant administrative aspects, 
will require a formal amendment to the protocol. If it is 
necessary to make a modification to the protocol, this 
modification must be agreed between the principal inves-
tigator and the sponsor and signed by both parties in a 
new version of the protocol. Such an amendment will be 
agreed upon by the SC and approved by the Ethics Com-
mittee prior to implementation and notified to the health 
authorities in accordance with local regulations.

Dissemination plans {31a}
The study results will be released to the participating 
physicians, referring physicians, and the general medical 
community.

Discussion
Our primary focus revolves around assessing the effi-
cacy of hemodynamic management guided by the HPI, 
which entails the protocolized administration of intrave-
nous fluids, inotropic, and vasoactive agents, in patients 
undergoing elective major abdominal surgery. Our aim 
is to determine whether this approach can effectively 
reduce the incidence of moderate to severe AKI within 
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7  days after surgery. To date, the association between 
intraoperative hypotension, as predicted by the HPI and 
its impact on postoperative complications, has not been 
conclusively established in randomized clinical trials [6, 
12]. Therefore, the need for a large-scale, multicenter 
clinical trial becomes apparent. This study is designed 
to address whether the implementation of an HPI-based 
hemodynamic protocol can indeed lead to improved 
postoperative clinical outcomes.

However, it is crucial to acknowledge several limi-
tations in our study design. One of the inherent chal-
lenges stems from the fact that our control group will not 
receive a protocolized treatment. This arrangement pro-
vides clinicians in the control group with the autonomy 
to manage hemodynamics based on their clinical judg-
ment. Consequently, this approach may lead to variations 
in patient care and management practices across differ-
ent participating centers, which can introduce confound-
ing variables and potentially influence the outcomes. 
Furthermore, the lack of a standardized control proto-
col could potentially affect the interpretation of results 
and the ability to draw definitive conclusions about the 
impact of HPI-based guidance. Additionally, the study’s 
findings will be influenced by the knowledge and expe-
rience of the clinical teams responsible for the patient’s 
care. Variations in clinical practices and decisions may 
arise due to individual preferences and center-specific 
approaches. Nevertheless, a noteworthy strength of our 
study is the transparent and independent nature of our 
Delphi process among experts [7], contributing robust-
ness and reliability to our findings. This inclusion under-
scores the impartiality and freedom inherent in our 
process, enhancing the quality of the results obtained.

Trial status
HYT trial (Version 1, April 2022) Recruitment started in 
October 2022 and was completed in January 2023.
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