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Background Ischemia and subsequent reperfusion cause myocardial injury in patients presenting with ST-segment 
elevation myocardial infarction (STEMI). Hydrogen sulfide (H 2 S) reduces “ischemia-reperfusion injury” in various experimental 
animal models, but has not been evaluated in humans. This trial will examine the efficacy and safety of the H 2 S-donor sodium 

thiosulfate (STS) in patients presenting with a STEMI. 

Study design The Groningen Intervention study for the Preservation of cardiac function with STS after STEMI (GIPS-IV) 
trial (NCT02899364) is a double-blind, randomized, placebo-controlled, multicenter trial, which will enroll 380 patients with 
a first STEMI. Patients receive STS 12.5 grams intravenously or matching placebo in addition to standard care immediately at 
arrival at the catheterization laboratory after providing consent. A second dose is administered 6 hours later at the coronary 
care unit. The primary endpoint is myocardial infarct size as quantified by cardiac magnetic resonance imaging 4 months 
after randomization. Secondary endpoints include the effect of STS on peak CK-MB during admission and left ventricular 
ejection fraction and NT-proBNP levels at 4 months follow-up. Patients will be followed-up for 2 years to assess clinical 
endpoints. 

Conclusions The GIPS-IV trial is the first study to determine the effect of a H 2 S-donor on myocardial infarct size in 
patients presenting with STEMI. (Am Heart J 2022;243:167–176.) 
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and early mortality. 1 Timely reperfusion by percutaneous
coronary intervention (PCI) is an effective treatment to
improve outcomes. However, reperfusion has also been
hypothesized to contribute to myocardial injury. 2–4 It has
been estimated that the contribution of this “ischemia-
reperfusion (I/R) injury” can be as much as 50% of my-
ocardial infarct size. 2 The underlying mechanisms that
have been associated with I/R injury include intracellular
pH changes, calcium overload, cardiomyocyte hypercon-
tracture, myocardial inflammation, oxidative stress gen-
eration, and mitochondrial permeability transition pore
opening. 2 , 4 Apart from cardiomyocyte cell death, also
the coronary microcirculation undergoes irreversible in-
jury from I/R. 5 Intervening in the I/R injury mechanisms
may potentially reduce myocardial infarct size, decrease
adverse cardiac remodeling, improve cardiac function,
and eventually clinical outcomes. 6 However, to date,
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Figure 1. 

Schematic overview of cardioprotection by sodium thiosulfate and hydrogen sulfide 
Simplified overview of the mechanisms of STS and H 2 S-mediated cardioprotection and important underlying signaling pathways. H 2 S, 
hydrogen sulphide; IL, interleukin; K ATP channel, ATP-sensitive potassium channel; NO, Nitric Oxide; Nrf2, Nuclear factor erythroid 2-related 
factor 2; RISK, reperfusion injury salvage kinase; ROS, Reactive oxygen species; STAT, signal transducer and activator of transcription; STS, 
sodium thiosulfate; TGF- β, Transforming growth factor beta; TNF α, Tumour Necrosis Factor alpha; VEGF, Vascular endothelial growth factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

effective therapies targeting I/R injury in humans are
lacking. 

Hydrogen sulfide (H 2 S), an endogenous gaseous signal-
ing molecule, protects from I/R injury in cellular and
various cardiac and non-cardiac animal models. 7–9 H 2 S is
synthesized endogenously and is involved as a physiolog-
ical mediator in several organ and tissue processes. 7 In
rodent and porcine animal models of MI, H 2 S has been
shown to reduce infarct size and improve cardiac func-
tion. 10 , 11 The mechanisms underlying these cardiopro-
tective effects include inhibition of leukocyte endothelial
cell interactions, mitochondrial preservation, neutraliza-
tion of reactive oxygen species (ROS), and the reduction
of inflammation and apoptotic signaling ( Figure 1 ). 12–17

Accordingly, a compound that provides H 2 S may be a
promising new treatment strategy to reduce I/R injury
in patients presenting with acute MI. A H 2 S-donor with
known safety and efficacy profile in humans for other dis-
eases, including calciphylaxis and cyanide poisoning, is
sodium thiosulfate (STS). 18–20 Moreover, in patients pre-
senting with acute coronary syndrome a phase 1 study
was conducted, showing that STS was well tolerated,
even with concomitant use of blood pressure lowering
drugs. 20 
Although STS would seem an interesting drug in acute
MI, no studies have been conducted so far to determine
the efficacy of a H 2 S-donor in the reduction of I/R injury.
The GIPS-IV trial is the first trial in humans designed to
test the hypothesis that STS provides protection against
I/R injury in patients presenting with ST-segment eleva-
tion myocardial infarction (STEMI). 

Methods 

Study design and population 

The GIPS-IV trial is a double-blind, randomized,
placebo-controlled, multicenter clinical trial enrolling
380 patients presenting with STEMI. The primary ob-
jective of the GIPS-IV trial is to evaluate the efficacy
of STS compared to placebo treatment to reduce my-
ocardial infarct size as quantified by cardiac magnetic
resonance (CMR) imaging 4 months after STEMI. Full
in- and exclusion cr iter ia are presented in (Table 1) . In
brief, all patients, ≥ 18 years old, presenting with a
first STEMI within 12 hours after onset of chest pain
with persistent symptoms and/or ST-elevation at arrival
in the catheterization laboratory will be considered for
enrollment. Main exclusion cr iter ia are the presence of
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Table 1. In- and exclusion criteria 

Inclusion criteria 
Age ≥ 18 years; 
The diagnosis STEMI defined by (1.) chest pain suggestive for myocardial ischemia for at least 30 minutes, the time from onset of the 
symptoms less than 12 hours before catheterization laboratory admission, and (2.) an ECG recording with ST- segment elevation of more than 
0.1 mV in 2 or more contiguous leads or presence of new left bundle branch block; 
Symptoms and/or ST-segment deviation should be present (persisting) at time of arrival in the cath-lab; 
Primary PCI is being considered as treatment; 
Patient is willing to cooperate with follow-up during 2 years. 

Exclusion criteria 
Prior MI (STEMI/non-STEMI/ACS), unless maximum troponin T < 50ng/L; 
Prior CABG; 
Prior PCI, complicated by periprocedural infarction, unless maximum troponin T < 50 ng/L; 
Known cardiomyopathy; 
Previous hospitalization for heart failure; 
Active malignancy (requiring chemotherapy, radiation or surgery at the time of randomization), except for adequately treated non-melanoma 
skin cancer or other noninvasive or in situ neoplasm (e.g., cervical cancer in situ); 
History of chemotherapy; 
History of radiotherapy in chest region; 
Relieve of symptoms and complete ST-segment resolution prior to arrival at the cath-lab; 
Known permanent atrial fibrillation; 
Presentation with cardiogenic shock (systolic blood pressure < 90 mmHg); 
Severe hypertension (systolic blood pressure > 220 mmHg); 
Sedated and/or intubated patients; 
The existence of a condition with a life expectancy of less than 1 year; 
Contraindication for 3 Tesla (T) CMR-imaging (e.g. body weight > 150 kg; known claustrophobia; 3T CMR incompatible ferromagnetic 
objects in the body, end-stage renal disease); 
Pregnancy or breastfeeding women; women of childbearing potential with clinical suspicion of possible pregnancy; 
A condition which, according to the clinical judgment of the investigator and/or treating physician, does not allow the patient to successfully 
participate in the study; 
Contra-indication for metoclopramide (e.g. Parkinson; epilepsy). 

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; CMR, cardiac magnetic resonance imaging; ECG, electrocardiogram; MI, myocar- 
dial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

prior cardiac conditions which might obscure CMR mea-
surements (prior MI, CABG, known cardiomyopathy or
a malignancy treated with chemo- and/or chest radio-
therapy). This study was approved by the local Medi-
cal Research Ethics Committee (Ref. 2016.381, Gronin-
gen, the Netherlands). All study procedures will be in
accordance with the declaration of Helsinki and Good
Clinical Practice guidelines. The trial has been registered
in a clinical trial registry under number NCT02899364
( www.clinicaltrials.gov ). 

Study procedures 
Study procedures of the GIPS-IV trial are summarized

in ( Figure 2 ). All patients will receive standard care for
STEMI according to the guidelines of the European So-
ciety of Cardiology. 21 At admission, baseline character-
istics and vital signs will be assessed. Directly after ar-
rival at the catheterization laboratory, after confirmation
of eligibility and obtaining witnessed verbal consent by
the interventional cardiologist, patients will receive their
first dose of study medication. Coronary angiography
and PCI will not be delayed and performed using stan-
dard techniques. The patient, interventional cardiologist,
caregivers and data collectors are all blinded to the treat-
ment allocation. The pharmacy of the University Medical
Center Groningen (UMCG) will keep the randomization
code. 

Study medication 

Study medication, STS and matching placebo, was pro-
duced, labeled and randomized according to Good Manu-
facturing Practices (GMP) by A15 Pharmacy (Gorinchem,
the Netherlands). STS, formulated as a sterile, colorless
liquid, will be supplied in 5 vials of each 2.5 grams STS.
Study medication will be packaged in numbered kits, one
kit for each dose. Study medication will be randomized in
permuted blocks of 4 with stratification by recruiting site
and for anterior versus non-anterior MI, the latter to en-
sure balance of treatments across patients at high risk for
a large infarcted area of the left ventricle and subsequent
development of heart failure. Study medication will be
dissolved in 250mL of normal saline and administered in-
travenously (i.v.) in 20 – 30 minutes at the catheteriza-
tion laboratory. Six hours after the first dose, a second
dose of study medication (12.5 grams STS or matching
placebo dissolved in 250mL of normal saline) will be ad-
ministered at the coronary care unit. The main known
side effects of STS include nausea, vomiting and hypoten-
sion. 22 This will be specifically surveyed before and af-
ter study medication. The timing and dosage of study
medication was based on experimental data in the set-

http://www.clinicaltrials.gov
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Figure 2. 

Trial flowchart 
Schematic representation of the GIPS-IV trial design. CCU, coronary care unit; i.v. intravenously; PCI, percutaneous coronary intervention, 
NYHA, New York Heart Association classification; STEMI, ST-segment elevation myocardial infarction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ting of ischemia-reperfusion injury, 23 clinical data on STS
use, 22 , 24 safety data from the SAFE-ACS pilot study, 20 the
elimination time of STS, 22 logistical reasons, and prior
knowledge of the pathophysiological process of reper-
fusion injury. 25 

Hospitalization 

During hospitalization, vital signs, quality of life ques-
tionnaires (EQ-5D-5L and PANAS) and enzymatic infarct
size will be collected. 26 , 27 Enzymatic infarct size was de-
fined as peak CK-MB and based on protocolized collec-
tion of blood samples taken at presentation and 3, 6, 9,
12 and 18 hours thereafter, unless enzymatic peak size
has been reached earlier or patients have been trans-
ferred to another hospital. Additional blood samples for
biobanking will be drawn at presentation with STEMI
and 9 hours after administration of the first dose. After
treatment at the catheterization laboratory, written con-
sent will be obtained at the coronary care unit or on the
ward. 

Follow-up 

After discharge, subjects will be contacted by tele-
phone at 6 weeks, 12 months and 24 months after ran-
domization for the assessment of adverse events, NYHA
class and medication use. Four months after randomiza-
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tion, a period in which the infarct healing of the heart
is expected to be completed, 28 , 29 participants will be
scheduled for a hospital visit. During this visit CMR, elec-
trocardiography and non-mandatory echocardiographic
assessment (of diastolic function) will be performed. Fur-
thermore, vital signs, NYHA class, adverse events, quality
of life questionnaires (EQ-5D-5L and PANAS), NT-proBNP
and medication use will be assessed. 26 , 27 In case a partic-
ipant declines CMR, patients will be followed-up by tele-
phone at 4 months after randomization to assess medi-
cation use, NYHA class and adverse events. Study pro-
cedures will take place at the UMCG, Groningen, Univer-
sity Medical Center Utrecht (UMCU), Utrecht, and Treant
hospital, Emmen, all high-volume PCI centers with ample
experience in STEMI care and research. 

Study endpoints 
The primary efficacy parameter of the GIPS-IV trial is

infarct size, expressed as percentage of the LV mass, mea-
sured by CMR, at 4 months after randomization. CMR
measured infarct size has been recommended as the
most feasible and reliable primary endpoint for clinical
cardioprotection trials. 30 Infarct size can be accurately
measured with high reproducibility using late gadolin-
ium enhancement (LGE) CMR, which is considered the
gold standard. Infarct size is the major determinant of
prognosis after MI and the preferred surrogate endpoint
for clinical events. 31 , 32 

Secondary efficacy parameters include the effect of STS
on enzymatic infarct size as assessed by peak CK-MB
during initial hospitalization for STEMI. CK-MB can be
easily obtained in all patients and also serves as a (very
early) safety parameter for the Data and Safety Monitor-
ing Board (DSMB). 33 Furthermore, effects of STS on Left
Ventricular Ejection Fraction (LVEF) as determined by
CMR at 4 months follow-up and NT-proBNP levels after
4 months follow-up will be assessed. Both reduced LVEF
and increased NT-proBNP have also been associated with
increased risk of future clinical events, 34 , 35 but these pa-
rameters are more subjected to (baseline) heterogeneity
than infarct size. Laboratory secondary endpoints (CK-
MB and NT-proBNP) were determined with Roche Cobas
assays for UMCG and Treant and Siemens Atellica assays
for UMCU. Clinical secondary endpoints include all-cause
mortality and the combined incidence of Major Adverse
Cardiovascular Events (MACE) defined as cardiovascular
death, re-infarction and re-intervention (both re-PCI and
coronary bypass grafting [except for scheduled revascu-
larization based on the index coronary angiogram]) at 4
months follow-up and up to 2 years after randomization.
Furthermore, the effects of STS on stroke, stent thrombo-
sis, Implantable Cardiover ter Defibr illator (ICD) implan-
tation and hospitalization for heart failure or chest pain
will be assessed at 4 months and up to 2 years follow-up.
Cardiac magnetic resonance imaging 

Patients are studied with a 3 Tesla Siemens scanner
(Magnetom Prisma, Erlangen, Germany) at the MRI fa-
cility of the Cognitive Neuroscience Center (University
of Groningen, Groningen, The Netherlands) (Supple-
mentary Material I) or a 3 Tesla Philips scanner (Best,
The Netherlands) at the MRI facility of the UMCU.
Electrocardiogram-gated balanced steady-state free pre-
cession cine images acquired during repeated breath
holds in the standard long-axis views (4-, 3-, and 2-
chamber view) and contiguous short-axis slices cover-
ing the entire left ventricle are used to assess global
and regional ventricular function and to calculate LVEF
(secondary endpoint). Using identical slice locations,
LGE images are acquired 10 minutes after intravenous
administration of a gadolinium-based contrast agent
(0.2 mmol/kg) with an inversion-recovery gradient-echo
pulse sequence to identify the location and extent of in-
farcted myocardium. The inversion time will be set to
null the signal of viable myocardium for every individual
patient. CMR data will be sent to an independent core
lab, blinded for randomization status (Supplementary Ma-
terial I). CMR data will be analyzed using a dedicated soft-
ware package (QMass, Medis Suite 3.2.28.0, Leiden, the
Netherlands). Infarct size will be expressed as a percent-
age of the total left ventricular mass, as most commonly
used, 36 and quantified using an automated method (full
width at half maximum) with manual correction. 37 , 38 

Echocardiography 

2D echocardiography is not a mandatory study proce-
dure. Nevertheless, when performed as part of routine
clinical practice, data will be collected. Tissue Doppler
(TD) imaging of the early mitral valve flow velocity/early
TD lengthening velocity (E/E’), the ratio of the early (E)
to late (A) mitral valve flow velocity, the deceleration
time, the left atrial volume index (LAVI), and the differ-
ence between the duration of reverse pulmonary vein
atrial systole flow (Ard) and mitral valve atrial wave flow
(Ad) at 4 months will be used to determine and classify
diastolic function. 

Sample size considerations 
This trial is designed as a proof-of-concept study. We

considered an absolute reduction of 3% (33% relative)
relevant. In the previous GIPS-III trial, recruiting similar
STEMI patients, the mean infarct size was 9.0% ± 7.9. 39 

With 125 evaluable patients in each study arm, the study
has 85% power to detect a 3% difference in change in
infarct size between active treatment and control, assum-
ing a 2-sided α of 0.05 for the change in infarct size. Based
on local experience and from previous studies, we as-
sume that CMR analysis is not available in up to 33% of
patients (due to contraindications e.g. ICD-implantation,
claustrophobia or study withdrawal). 39–42 Therefore, we
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aim to include 380 patients in order to achieve 250 pa-
tients with available data for primary endpoint analysis. 

Statistical considerations 
Baseline characteristics will be summarized as mean ±

standard deviation (SD) or median [interquartile range]
depending on data distr ibution. Categor ical var iables will
be displayed by count (percentages). Treatment effects
will be evaluated based on a 2-sided significance level of
0.05, unless otherwise stated. No formal interim analysis
will take place. Missing data will not be imputed. 

Primary endpoint analyses 
The primary endpoint, infarct size, will be analyzed

according to an intention-to-treat (ITT) principle includ-
ing all patients randomized with an adequate CMR at 4
months. Primary endpoint will be analyzed with Beta re-
gression with treatment allocation (dummy coded) and
the variables used for stratification in the randomiza-
tion process (recruiting site and anterior myocardial in-
farction) added to the model as a fixed factors. Like-
wise, a per-protocol analysis will be performed, includ-
ing all patients with an adequate CMR at 4 months follow-
up, who received complete treatment with study medi-
cation, without major protocol deviations. Prespecified
subgroup analyses will be performed using regression
analyses with a test for interaction for age (below vs
above the median), gender, TIMI-flow pre-PCI ( ≤1 vs
> 1), anterior MI (LAD vs non-LAD culprit) and ischemic
time (below vs above the median), single vs. multivessel
disease and time between start of study medication and
time of intervention (below vs above the median). 

Secondary endpoint analyses 
For analyses of secondary endpoints, when binary,

treatment comparisons will be performed using Fisher
exact probability tests or Chi-square analyses. For con-
tinuous outcomes, independent samples t -tests or Mann-
Whitney U tests will be used, as appropriate. For clini-
cal outcomes, including the incidence of MACE, Kaplan-
Meier curves and Cox regression analyses will be used
to evaluate the association between study treatment and
the endpoints. 

Study organization and monitoring 

The development of the protocol and progress of the
study will be under supervision of the trial steering
committee (Supplementary Material I). The GIPS-IV trial
data will be captured in a dedicated electronic database
(eCRF) (Research Electronic Data Capture; REDCap).
The eCRF will be independently monitored for complete-
ness and accuracy according to a pre-specified moni-
toring plan by Schutjens Clinical Research Consultancy
(Supplementary Material I). Trial data will be reviewed
periodically by an independent DSMB. The DSMB con-
sist of 4 independent members with expertise in trial
methodology, (interventional) cardiology and biostatis-
tics (Supplementary Material I). The DSMB reviews ac-
cumulating data in a semi-blinded fashion (group A vs
group B) to detect possible safety concerns that could
result in their recommendation to modify the protocol
or prematurely terminate the execution of the trial. Clin-
ical endpoints will be adjudicated by a blinded Endpoint
Adjudication Committee, consisting of 3 members with
expertise in (interventional) cardiology (Supplementary
Material I). For valorization purposes a users’ commit-
tee will be installed (Supplementary Material I). Database
lock and subsequent deblinding for primary analyses will
be performed when all participants have completed 4
months follow-up, infarct sizes have been determined by
the core lab and clinical events up to 4 months have
been adjudicated. This study is supported by the Nether-
lands Organization for Health Research and Develop-
ment, Siemens healthcare GmbH and the University Med-
ical Center Groningen. The subsidizers had no role in the
design and conduct of the study, all study analyses, and
drafting or editing of the paper, and its final contents. 

Present status 

GIPS-IV enrolled its first patient in July 2018 and com-
pleted enrollment after 380 patients in March 2021.
(Table 2) summarizes baseline demographics and clini-
cal characteristics of all randomized participants of the
GIPS-IV trial, based on a non-final snapshot taken at com-
pletion of enrollment. Mean age of the cohort is 62 years
old and 23% is female. Results of the primary endpoint
are expected in Q1 2022. 

Discussion 

The GIPS-IV study is the first clinical trial to investigate
the effect of the H 2 S-donor STS on myocardial infarct size
in patients presenting with acute MI. 

In the last decade, several clinical trials that targeted
I/R injury have failed to demonstrate benefit despite
promising experimental data. To understand and possi-
bly overcome this mismatch between experimental and
clinical data, several important recommendations have
been made for future clinical cardioprotection trials. 43

These include the selection of I/R treatments that tar-
get multiple pathways at once and demonstrate benefi-
cial effects in both small and large animal models. In-
deed, STS treatment is in line with these recommenda-
tions: A wide range of signaling changes are induced by
H 2 S release from STS, all providing cardioprotective ef-
fects ( Figure 1 ). 7 Preclinical data demonstrated that these
infarct-sparing effects are independent of animal size and
the type of H 2 S-donor used. 10 STS is promising and prac-
tical to study as a H 2 S-donor. STS is a slow-releasing H 2 S-
donor and acts as a precursor for H 2 S signaling because
multiple enzymes facilitate the reaction of thiosulfate to
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Table 2. Characteristics of participants at presentation with STEMI 

Characteristics Randomized patients 
n = 373 ∗

Demography 
Age (years), mean (SD) 62.2 (11.8) 
Female gender, n (%) 85 (22.8%) 
Body Mass Index (kg/m 

2 ), mean (SD) 27.2 (4.3) 
Caucasian Ethnicity, n (%) 363 (97.3%) 
Medical history and cardiovascular risk factors, n (%) 

Hypertension 168 (45.0%) 
Dyslipidemia 130 (34.9%) 
Diabetes Mellitus 39 (10.5%) 
Clinical characteristics 

Systolic blood pressure, mmHg, mean (SD) 140 (25) 
Diastolic blood pressure, mmHg, mean (SD) 84 (16) 
Heart rate, bpm, mean (SD) 74 (17) 
Killip class I, n (%) 353 (97.0%) 
PCI characteristics 

Time onset complaints to start study medication (min), median 
[IQR] 

125 [85, 198] 

Single vessel disease, n (%) 187 (50.1%) 
Culprit territory, n (%) 

No clear culprit defined 10 (2.7%) 
Left anterior descending 152 (40.8%) 
Circumflex or marginal 56 (15.0%) 
Right coronary artery 154 (41.3%) 
Left main 1 (0.3%) 

TIMI flow pre-PCI, n (%) 
0 226 (60.6%) 
1 21 (5.6%) 
2 47 (12.6%) 
3 77 (20.6%) 
Cannot be defined 2 (0.5%) 

Initial intervention culprit laesion, n (%) 
PCI 355 (95.2%) 
CABG 6 (1.6%) 
Conservative 12 (3.2%) 

∗ 7 patients fully withdrawn consent, therefore data were removed. Abbreviations: CABG, coronar y arter y bypass graft; IQR, 
interquartile range; PCI, percutaneous coronary intervention; SD, standard deviation; TIMI, Thrombolysis in Myocardial Infarction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H 2 S. 44 Furthermore, STS is not only used in many pre-
clinical studies 18 but also has a proven safety and efficacy
profile in humans. STS has been used since 1933 for the
treatment of cyanide intoxication, 45 and since the 1980’s
for the treatment of calciphylaxis, 46 a rare complication
of patients on haemodialysis. More recently, STS has been
applied to prevent from ototoxicity due to cisplatin treat-
ment in children. 19 Also in patients with acute coronary
syndromes, STS was well tolerated with concomitant use
of vasodilators and blood pressure lowering drugs. 20 

Another important aspect of the GIPS-IV trial design is
the patient selection and timing of study medication. The
GIPS-IV study required ‘the presence of ongoing com-
plaints and/or ST-elevation’, thereby aiming to include
patients with ongoing ischemia. Based on experiences
in previous studies, the recommendation is to focus on
patients with limited ischemic time ( < 2 – 3 hours), large
area at risk and reduced coronary blood flow to increase
the likelihood of amendable I/R injury. 43 The observed
ischemic time in the GIPS was median [IQR] 125 [85
– 198] minutes, which fits well with the recommenda-
tions. To reduce heterogeneity in area at risk between
treatment arms, patients were stratified by anterior (asso-
ciated with larger area at risk) vs non-anterior (associated
with smaller area at risk) ST-segment elevation. 47 Further-
more, the administration of study medication was initi-
ated before PCI/reperfusion, which might be important
considering the hypothesis that I/R injury occurs already
during the first moments after reperfusion. 25 However,
the drawback of this approach is that we were uncertain
of the coronary artery status before randomization and
could not exclude patients with more than TIMI 1 flow. 

The primary endpoint of the GIPS-IV trial is myocar-
dial infarct size as determined by CMR. This parameter is
considered the gold standard surrogate endpoint for clin-
ical cardioprotection trials, since consistent evidence for
associations with MACE is available. 30 Ideally, in cardio-
protection trials also area at risk (AAR) should been taken
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into account, since the final infarct size consists of both
ischemic injury and amendable reperfusion injury. 48 Un-
fortunately, we were unable to quantify AAR or microvas-
cular obstruction by CMR during hospitalization due to
logistic reasons (limited scan time, COVID-19 restric-
tions, early transferal to other regional hospitals). The
primary endpoint will be analyzed based on recommen-
dations of the European Medicine Agency (EMA). 49 Beta
regression will be used, since it is the preferred method
of analysis for proportional data with a non-normal dis-
tr ibution. 50–52 Fur thermore, it allows us to take stratifica-
tion factors into account, in order to reduce heterogene-
ity and increase power. 

In addition to primary analyses, we will perform ex-
ploratory analyses to study the effects of STS on sec-
ondary endpoints. Peak CK-MB was used as a very early
safety marker for the DSMB, since it has been linked to
final infarct size. 33 However, as secondary endpoint, it
should interpreted with caution because enzymatic in-
farct size reduction does not directly translate to final
infarct size reduction, especially since different assays
were used and release patterns might also be depen-
dent on factors as TIMI flow pre-PCI or defibrillation. 48

In this study, we also perform an extensive follow-up
for clinical events. However, it is important to note that
our study is not powered to detect differences in clini-
cal events. In case of super ior ity of STS (vs placebo) for
the preservation of myocardial infarct size, further large-
scale studies are warranted to confirm effects on clini-
cal outcomes. Unfortunately, so far, positive phase II tri-
als failed to demonstrate clinical benefit in subsequent
phase III trials. A possible explanation is that not all pa-
tients benefit from cardioprotection, due to highly func-
tional reperfusion techniques in developed countries, al-
ready resulting in small infarctions. Therefore, possible
future trials should consider the investigation of STS in a
population at high risk and in an all-comers registry sep-
arately. 53 , 54 At last, next to primary endpoint and long-
term follow-up, we will collect additional laboratory sam-
ples for biobanking, allowing further investigation on
potential mechanisms involved in STS use in STEMI pa-
tients. 

Conclusions 

GIPS-IV is a double-blind, randomized, placebo-
controlled, multicenter trial to determine whether STS
treatment reduces infarct size in patients presenting with
STEMI. Results of the primary endpoint analyses are ex-
pected in Q1 2022. 
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