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Abstract: Background: Postoperative myocardial injury, as detected by an elevated concentration
of high-sensitivity cardiac troponin I (hs-cTnI), is a common complication in cardiac surgery that
may be linked to mortality. The primary aim of this study was to assess the risk factors associated
with increased myocardial injury in patients undergoing minimally invasive mitral valve surgery.
Methods: In this retrospective monocentric cohort study, we analyzed all patients who underwent
elective minimally invasive mitral valve surgery between January 2019 and December 2022 and
were subsequently admitted to our intensive care unit. The study population was divided into
two groups based on the peak hs-cTnI level: the “lower myocardial injury” group comprised patients
whose peak serum hs-cTnI level was less than 499 times the 99th percentile, while the “higher
myocardial injury” group included those patients who exhibited hs-cTnI levels equal to or greater
than 500 times the 99th percentile. A multivariable logistic regression analysis was performed
to identify independent risk factors associated with higher myocardial injury. Results: In our
final analysis, we enrolled 316 patients. Patients with higher myocardial injury (48; 15%) more
frequently had a preoperative New York Heart Association (NYHA) class ≥3 compared to those
with lower myocardial injury [33 (69%) vs. 128 (48%); p < 0.01—OR 2.41 (95% CI 1.24–4.64); p < 0.01].
Furthermore, cardiopulmonary bypass and aortic cross-clamp time were significantly longer in the
higher myocardial injury group compared to the lower myocardial injury group [117 (91–145) vs. 86
(74–100) min; p < 0.01—OR 1.05 (95% CI 1.03–1.06); p < 0.01]. Moreover, patients who underwent
robotic-assisted mitral valve surgery experienced lower myocardial injury rates [9 (19%) vs. 102
(38%); p = 0.01—OR 0.38 (95% CI 0.18–0.81); p = 0.01] than others. These findings remained consistent
after adjustment in multivariate logistic regression. In terms of postoperative outcomes, patients
with higher myocardial injury exhibited the highest lactate peak in the first 24 h, a higher incidence
of postoperative acute kidney injury and a longer duration of mechanical ventilation. Although no
patients died in either group, those with higher myocardial injury experienced a longer hospital length
of stay. Conclusions: Higher myocardial injury is relatively common after minimally invasive mitral
valve surgery. Prolonged aortic cross-clamp duration and higher NYHA class were independently
associated with myocardial injury, while robotic-assisted mitral valve surgery was independently
associated with lower postoperative myocardial injury.
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1. Introduction

Despite new surgical innovations and continuous medical improvements, cardiac
surgery remains associated with some degrees of complications and still generates sig-
nificant stress on different organs due to myocardial depression, systemic inflammatory
response, catecholamines release and surgical procedures as well [1]. These side effects can
persist through the postoperative period and may cause damage; thus, close monitoring
during the immediate postoperative period is crucial for diagnosing and managing possi-
ble life-threatening complications promptly. Postoperative myocardial injury has always
been reported after any open-heart surgery, and its value was related to the outcome [2,3].
Consistently, recent data confirmed that in patients who underwent cardiac surgery other
than coronary artery bypass graft (CABG), a hs-cTnI peak higher than 499 times the 99th
percentile was associated with 30-day mortality [4]. Biologic markers for myocardial necro-
sis (creatine phosphokinase, myoglobin, cardiac troponin I and troponin T) are released by
injured myocardium and several studies associated their blood level to perioperative out-
comes after cardiac surgery. Globally, most hospitals use high-sensitivity cardiac troponin I
(hs-cTnI) assays. Still, limited data are available to define a prognostically important degree
of myocardial injury after cardiac surgery based on these laboratory results [4].

Mitral valve (MV) surgery remains poorly investigated, with the bulk of research
predominantly centered on coronary artery bypass graft (CABG) surgery. Moreover, the ex-
isting body of literature primarily emphasizes the prognostic value of troponin in mortality
prediction, leaving unresolved inquiries regarding potentially modifiable variables impact-
ing the onset of postoperative myocardial injury subsequent to minimally invasive mitral
valve surgery. Hence, the primary objective of our study is to delineate the independent
risk factors associated with the emergence of postoperative myocardial injury.

2. Materials and Methods
2.1. Study Design and Patient Selection

This retrospective monocentric cohort study was performed in the Department of
Anesthesia and Intensive Care at Humanitas Gavazzeni Hospital, Bergamo, Italy.

The study protocol was approved by the Local Ethical Committee (Prot. 05/24), and
informed consent was waived because of the retrospective nature of the analysis.

From our institutional database, we selected all patients who underwent elective
minimally invasive mitral valve surgery (i.e., valve repair or valve replacement), from
January 2019 to December 2022.

The exclusion criteria were emergency or urgency surgery, combined MV surgery
(i.e., MV and left appendage closure, MV and atrial fibrillation surgery, combined CABG or
other valve surgeries) and patients with preoperative serum hs-cTnI above the gender-based
99◦ percentile.

Indications for intervention comprised moderate to severe MV regurgitation or steno-
sis at preoperative transesophageal echocardiography examination. In our institution, a
heart team composed of a cardiac surgeon, anesthesiologist and cardiologist selected the
patients and the indication for cardiac surgery or percutaneous approach (i.e., edge-to-edge
repair with MitraClip© technology). Specifically, in our institution, a minimally invasive
approach was taken for patients with surgical indication, which is the standard of care for
isolated MV operation. The choice of performing a robotic approach versus a standard
right thoracotomy was based on the surgical decision (i.e., anatomic characteristics and
confidence of the surgeon with the technique).

2.2. Patients’ Care and Management

Preoperative patients evaluation included the following: laboratory tests (i.e., complete
blood count, coagulation panel, basic metabolic panel, kidney, thyroid and liver function
tests, cardiac biomarkers, C-reactive protein (CRP) and sexually transmitted infection
tests), electrocardiography, transthoracic and transesophageal echocardiography, coronary
angiography or CT coronary angiogram for younger patients, chest computed tomography
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(CT) scan and carotid ultrasound; moreover, specifically for minimally invasive mitral
valve surgery, an abdominal CT scan for the study of abdominal aorta and femoral vessels
for safe peripheral cannulation was performed. Elective patients were admitted to the
hospital the day before surgery to complete the preoperative assessment.

Intraoperatively, all patients received general anesthesia with continuous infusion
of propofol and repeated doses of fentanyl and rocuronium according to quantitative
electroencephalography (qEEG); one-lung ventilation was necessary for robotic surgery,
but not for non-robotic ones. The surgery was performed on cardiopulmonary bypass
(CPB), and anticoagulation was achieved using intravenous unfractionated heparin given
at a dose of 300 IU/kg with a target activated clotting time greater than 480 s. Weaning
from CPB and the potential need of inotropic and vasopressors support was based on
metabolic parameters and repeated transesophageal echocardiography performed by the
anesthesiologist. All patients received 2 g of tranexamic acid during surgery, and, in case
of bleeding problems, hemostatic treatment was thromboelastography-guided. Antimi-
crobial prophylaxis prescribed was cefazolin. All patients received Histidine-Tryptophan-
Ketoglutarate solution as cardioplegia, and its amount was based on cross-clamp duration.
After the surgery, all patients were admitted to the intensive care unit (ICU) for eventual
hemodynamic stabilization and postoperative monitoring. Usually, after ICU admission,
patients were rewarmed and hemodynamics were optimized based on transthoracic and/or
transesophageal echocardiography. After carefully monitoring the blood loss and vital
parameters, they were weaned from mechanical ventilation and were usually discharged
after 48 h to the cardiac surgery ward. The surgical technique was the same in both groups
and is described elsewhere [5,6].

2.3. Data Collection and Definitions

We collected data on demographics, comorbidities, EuroSCORE II, New York Heart
Association (NYHA) class, indications and type of surgery, duration of CPB, aortic cross-
clamp and operative time, lab tests, as well as ICU length of stay, blood loss and transfusion
and major complications. We defined acute kidney injury (AKI) according to the current
KDIGO guidelines [7]. In our ICU, serum hs-cTnI concentration is measured as part of
a routine panel of blood test for each patient at least once per day. Hs-cTnI samples
were analyzed using the chemiluminescent microparticle immunoassay (CMIA), the 99th
percentile was 11.6 ng/L for women and 19.8 ng/L for men. The preoperative hs-cTnI
value, the first three postoperative days and the highest hs-cTnI values were recorded for
all patients.

We divided our study population into two groups based on the peak troponin level on
the first postoperative day; specifically, the “lower myocardial injury” group was defined
as having a peak serum hs-cTnI level less than 499 times the 99th percentile; conversely, the
“higher myocardial injury” group was defined as having a peak serum hs-cTnI level was
equal to or greater than 500 times the 99th percentile.

We decided to use this cut-off following the results of the VISION study, which showed
that among patients who underwent cardiac surgeries other than CABG and aortic valve
repair, this hs-cTnI value threshold was clinically relevant, with it being associated with an
increased risk of death by 30 days.

2.4. Endpoint of the Study

The endpoint of this study was to assess the risk factors for higher myocardial injury
in minimally invasive mitral valve surgery patients.

2.5. Statistical Analysis

Discrete variables were expressed as count (percentage) and continuous variables
as mean ± standard deviation (SD) or median [25th–75th percentiles]. The Kolmogorov–
Smirnov test was used, and histograms and normal-quantile plots were examined to verify
the normality of the distribution of continuous variables. Demographics, clinical and
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differences between groups (higher myocardial injury vs. lower myocardial injury) were
assessed using the chi-square test, Fisher’s exact test, Student’s t-test or Mann–Whitney
U-test, as appropriate.

Multivariable logistic regression analysis with higher myocardial injury as the de-
pendent variable was performed; collinearity between variables (i.e., a linear correla-
tion coefficient higher than 0.3) was excluded before modeling; only variables associated
with higher myocardial injury in the univariate analysis (p < 0.05) were included in the
final model.

Odds ratios (ORs) with 95% confidence intervals (CIs) were computed using an enter
model. We tested the fitness of the model using Hosmer and Lemeshow goodness-of-fit test.

All statistical tests were two-tailed, and a p value < 0.05 was considered statistically
significant. Data were analyzed using IBM SPSS Statistics for Macintosh 25 (Armonk, NY,
USA) and GraphPad PRISM version 8.0 (San Diego, CA, USA).

3. Results
3.1. Study Population

Of 349 patients who underwent MIMV surgery in the study period, we excluded
28 patients because they received combined surgery (i.e., mitral valve surgery and left
appendage closure) and 5 patients for missing data on hs-cTnI levels. In our analysis,
we finally enrolled 316 patients. The median age was 63 [53–71] years, and 118 (37%) of
them were female. More common comorbidities were atrial fibrillation (19% of patients)
and arterial hypertension (58% of patients), and just a minority of patients had diabetes,
chronic arteriopathy, respiratory or neurologic disease. The median LVEF was 62 [60–66] %,
and 161 (51%) patients belong to the NYHA class equal to or greater than 3. The median
EuroSCORE II value of the study cohort was 0.92 [0.67–1.32]. One hundred and eleven
patients (35%) received robotic-assisted mitral valve surgery; the median duration of CPB
was 139 [118–167] min, and the median aortic cross-clamp time was 87 [75–104] min.

3.2. Higher Myocardial Injury versus Lower Myocardial Injury

Patients’ preoperative characteristics such as age, sex, EuroSCORE II, comorbidities
(AF, arterial hypertension, diabetes, COPD, neurologic diseases) and preoperative cardiac
function (LVEF%) were similar in both higher and lower myocardial injury groups (Table 1).
Conversely, patients with higher myocardial injury had preoperative NYHA class ≥ 3 more
frequently than patients with lower myocardial injury [33 (69%) vs. 128 (48%); p < 0.01].
CPB (167 [134–209] vs. 135 [115–164] min; p < 0.01) and aortic cross-clamp time (117 [91–145]
vs. 86 [74–100] min; p < 0.01—Figure 1) were significantly longer in the higher myocardial
injury group.

Table 1. Characteristics of the study population, according to the development of higher postoperative
myocardial injury.

Overall
(n = 316)

Higher Myocardial
Injury

(n = 48)

Lower Myocardial
Injury

(n = 268)
p Values

Age, years 63 [53–71] 65 [56–73] 63 [52–71] 0.37
Female sex, n (%) 118 (37) 22 (46) 96 (36) 0.20
BMI 24.5 [22.1–26.6] 23.9 [22.5–25.8] 24.6 [22.1–26.6] 0.84
Preoperative Characteristics
Atrial Fibrillation, n (%) 60 (19) 11 (23) 49 (18) 0.43
Mitral Valve Stenosis, n (%) 10 (3) 3 (6) 7 (3) 0.18
Arterial Hypertension, n (%) 183 (58) 32 (66) 151 (56) 0.21
Chronic Arteriopathy, n (%) 4 (1) - 4 (2) 1.00
Diabetes, n (%) 15 (5) 3 (6) 12 (5) 0.71
Neurologic Disease, n (%) 29 (9) 3 (6) 26 (10) 0.59
Asthma/COPD, n (%) 26 (8) 4 (8) 22 (8) 1.00
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Table 1. Cont.

Overall
(n = 316)

Higher Myocardial
Injury

(n = 48)

Lower Myocardial
Injury

(n = 268)
p Values

Preoperative Hemoglobin 14.1 [13.1–15.0] 14.1 [13.2–14.9] 14.1 [13.0–15.0] 0.94
Preoperative Creatinine 0.90 [0.80–1.07] 0.86 [0.73–0.99] 0.91 [0.81–1.07] 0.10
EuroSCORE II, score 0.92 [0.67–1.32] 0.96 [0.63–2.19] 0.90 [0.67–1.25] 0.15
LV Ejection Fraction, (%) 62 [60–66] 60 [59–65] 62 [60–67] 0.33
NYHA class ≥ 3, n (%) 161 (51) 33 (69) 128 (48) <0.01
Intraoperative Characteristics
Robotic-Assisted Mitral Valve surgery, n (%) 111 (35) 9 (19) 102 (38) 0.01
Mitral Valve Replacement, n (%) 16 (5) 6 (13) 10 (4) 0.02
Cardiopulmonary bypass time, min 139 [118–167] 167 [134–209] 135 [115–164] <0.01
Cross-clamp time, min 87 [75–104] 117 [91–145] 86 [74–100] <0.01
Operative time, min 230 [200–265] 266 [218–313] 223 [200–256] <0.01
IABP, n (%) 2 (1) 1 (2) 1 (1) 0.28
Postoperative Characteristics
Bleeding at 24 h, mL 340 [250–495] 405 [265–540] 330 [250–480] 0.06
Highest Lactate at 24 h, mmol/L 2.9 [2.0–4.4] 4.0 [2.6–6.7] 2.7 [2.0–4.1] <0.01
ICU Transfusions, n (%) 58 (18) 11 (23) 47 (18) 0.42
Surgical Revision, n (%) 12 (4) 3 (6) 9 (3) 0.40
Postoperative AF, n (%) 73 (23) 10 (21) 63 (24) 0.85
Postoperative AKI, n (%) 21 (7) 8 (17) 13 (5) <0.01
Postoperative PCI, n (%) 2 (1) 2 (4) - 0.02
LVEF at discharge, % 58 [55–60] 57 [55–60] 58 [54–60] 0.74
MV time, hours 5 [3–8] 6 [4–11] 5 [3–7] <0.01
ICU stay, hours 44 [40–48] 45 [42–67] 44 [39–47] 0.06
Postoperative Length of Stay, days 9 [7–11] 10 [8–11] 8 [7–10] <0.01
In-hospital Mortality, n (%) - - - -

Data are expressed as median [interquartile range] and count (percentage). Legend: BMI = Body Mass Index;
COPD = Chronic Obstructive Pulmonary Disease; LV = Left Ventricular; NYHA = New York Heart Association;
IABP = Intra-aortic Balloon Pump; ICU = intensive care unit; AKI = acute kidney injury; PCI = Percutaneous
Coronary Intervention; MV = mechanical ventilation.
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Figure 1. Timing of cross-clamp time (on the left), percentage of robotic-assisted mitral valve
surgery (on the center) and percentage of patients with NYHA ≥ 3 (on the right), according to the
development of high myocardial injury.

Moreover, patients with higher myocardial injury underwent robotic-assisted mitral
valve surgery less frequently [9 (19%) vs. 102 (38%); p = 0.01—Figure] and mitral valve
replacement more frequently [6 (13%) vs. 10 (4%); p = 0.02] when compared to patients
with lower myocardial injury.

At multivariate analysis (Table 2), aortic cross-clamp time (OR 1.05 [1.03–1.06];
p < 0.01) and a NYHA class ≥ 3 (OR 2.33 [1.04–5.22]; p = 0.04) were significantly as-
sociated with higher myocardial injury. Differently, robotic-assisted mitral valve surgery
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was found to be significantly associated with lower myocardial injury (OR 0.36 [0.14–0.90];
p = 0.03). Values of hs-cTnI over the first three days are shown in Table 3.

Table 2. Univariate and multivariate logistic regression analysis to higher postoperative myocardial injury.

Univariate Multivariate

Unadjusted OR [CI 95%] p Value Adjusted OR [CI 95%] p Value

Age, years 1.01 [0.98–1.04] 0.33
Female sex, n (%) 1.51 [0.81–2.82] 0.19
BMI 1.00 [0.92–1.08] 0.99
Atrial Fibrillation, n (%) 0.75 [0.36–1.58] 0.45
Mitral Valve Stenosis, n (%) 0.40 [0.10–1.61] 0.20
Arterial Hypertension, n (%) 0.65 [0.34–1.23] 0.18
Diabetes, n (%) 0.70 [0.19–2.59] 0.60
Neurologic Disease, n (%) 1.61 [0.47–5.55] 0.45
Asthma/COPD, n (%) 0.98 [0.32–2.99] 0.98
Preoperative Hemoglobin 1.02 [0.83–1.24] 0.88
Preoperative Creatinine 0.37 [0.10–1.30] 0.12
EuroSCORE II, score 1.38 [1.08–1.79] 0.01 1.22 [0.87–1.70] 0.24
LV Ejection Fraction, (%) 0.99 [0.94–1.04] 0.57
NYHA class ≥ 3, n (%) 2.41 [1.24–4.64] <0.01 2.33 [1.04–5.22] 0.04
Robotic-Assisted Mitral Valve surgery, n (%) 0.38 [0.18–0.81] 0.01 0.36 [0.14–0.90] 0.03
Mitral Valve Replacement, n (%) 3.86 [1.33–11.19] 0.01 2.36 [0.63–8.93] 0.21
Cardiopulmonary bypass time, min 1.02 [1.01–1.02] <0.01
Cross-clamp time, min 1.05 [1.03–1.06] <0.01 1.05 [1.03–1.06] <0.01
Operative time, min 1.02 [1.01–1.02] <0.01
IABP, n (%) 0.18 [0.01–2.86] 0.22

Hosmer and Lemeshow goodness-of-fit: p = 0.80.

Table 3. High-sensitivity cardiac troponin I values over time, according to the development of higher
postoperative myocardial injury.

Overall
(n = 316)

Higher Myocardial Injury
(n = 48)

Lower Myocardial Injury
(n = 268) p Values

Troponin day 1, ng/L 4071 [2810–6518] 12,424 [7815–20,271] 3555 [2677–4918] <0.01
Troponin day 2, ng/L 2124 [1472–3332] 6221 [3884–9311] 1872 [1347–2780] <0.01
Troponin day 3, ng/L 1032 [687–1728] 3666 [1819–6200] 908 [640–1345] <0.01

Data are expressed as median [interquartile range] and count (percentage).

3.3. Postoperative Outcomes

Patients with higher myocardial injury showed highest lactate peak in the first 24 h
(4.0 [2.6–6.7] vs. 2.7 [2.0–4.1] mmol/L; p < 0.01). Moreover, postoperative AKI (17% versus
5% of patients; p < 0.01) was significantly more frequent and the duration of mechanical
ventilation (6 [4–11] vs. 5 [3–7] h; p < 0.01) was statistically longer in the higher myocardial
injury group.

Finally, no patients died in either group, but higher myocardial injury patients showed
a longer postoperative length of stay (10 [8–11] vs. 8 [7–10] days; p < 0.01) than those in the
lower myocardial injury group (Table 1).

4. Discussion

In this retrospective cohort study, we showed that the duration of aortic cross-clamp
and greater preoperative NYHA classes were independently associated with higher post-
operative myocardial injury; conversely, robotic-assisted MV surgery was independently
associated with lower postoperative myocardial injury.

In 2005, Khuri et al. had already highlighted that the occurrence of a 30-day postoper-
ative complication was more important than preoperative patient risk and intraoperative
factors in determining survival after major non-cardiac surgery [8].
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Although cardiac surgery has the potential to improve the quality of life and increase
survival, it remains a highly high-risk surgery, associated with severe and potentially
life-threatening complications. Postoperative myocardial injury, detected by an elevated
concentration of cardiac troponin, is one of the most common complications, associated
with increased mortality [4].

Two preoperative risk scores are commonly used, the EuroSCORE II in Europe [9]
and the Society of Thoracic Surgeons Score in the United States [10], to predict the risk of
in-hospital mortality after cardiac surgery, but no biomarker-based risk score exists for the
prediction of postoperative morbidity and mortality.

Troponin elevation occurs after every kind of cardiac surgery. This elevation may be
procedural (e.g., incomplete myocardial protection, reperfusion injury, surgical trauma,
defibrillation, etc.) or may reflect a postoperative onset of pathology (i.e., myocardial
ischemia) or could be a combination of both mechanisms and, therefore, might become
relevant for patient outcomes apart from initial risk stratification. Postoperative biomarker
concentrations have been shown to independently and reliably improve prognostication in
patients undergoing on-pump cardiac surgery [11,12].

It is well-established that the concentrations of cardiac troponin following cardiac
operations are strongly predictive of postoperative adverse events, including cardiovascular
instability, prolonged ICU length of stay, duration of mechanical ventilation, need for and
the number of vasopressors, shock, postoperative impaired quality of life and both short
and long-term mortality [13].

The mechanisms leading to myocardial damage after cardiac operations are multi-
factorial and also differ according to the type of surgery. In the literature, there is not
a specific cut-off regarding hs-cTn to define acute postoperative myocardial damage in
cardiac surgery, and several factors also complicate attempts to establish universally ac-
ceptable cut-off levels. Significant troponin elevations are expected after cardiac surgery,
mostly in mitral valve operations. Still, these levels correlate poorly with clinically evident
complications, so it remains challenging to interpret and use them to predict clinical out-
comes and tailor patient care accordingly. Surgical techniques and patient case mix may
vary greatly between institutions. The additional variation depends also on whether cTnI
or cTnT is used, as well as the variety of different cTnI assays available. This means that
the absolute values derived in any study cannot be universally applied.

The two most recent definitions and diagnostic criteria for perioperative myocardial
injury/infarction stem from the Fourth Universal Definition of Myocardial Infarction
(UDMI) [14] and the Academic Research Consortium-2 (ARC-2) [15] consensus documents.
However, it is important to note that these criteria specifically address the first 48 h after
coronary artery bypass graft (CABG) surgery. Both the UDMI and ARC-2 consensus
statements acknowledge the arbitrary nature of their troponin thresholds. Additionally,
there is a lack of consensus regarding which threshold may be clinically useful for cardiac
surgery procedures other than CABG. Furthermore, most studies focusing on cardiac
surgery procedures other than CABG have primarily utilized Troponin T [16,17]. It is
widely recognized that high-sensitivity cardiac troponin assays offer greater precision and
sensitivity compared to non-high-sensitivity assays [18].

To reduce the bias of absolute troponin values, we built a “weighted troponin” dividing
the first-day peak troponin level with the 99th percentile, based on sex, that was provided
by our laboratory. We have specifically chosen a cut-off of 499 times the 99th percentile
as strongly associated with 30-day mortality, in accordance with previous literature 2.
Interestingly, we found that postoperative myocardial injury was related to preoperative
functional status (i.e., NYHA class) and intraoperative characteristics (i.e., aortic cross-
clamp time and robotic-assisted technique).

Regarding the NYHA class, our results reinforce the importance of preoperative
patients’ assessment and treatment as worse symptoms are invariably associated with worse
outcomes [19]. Aortic cross-clamp duration has already been associated with postoperative
myocardial damage even if few studies have tried to evaluate whether there is a “safe”
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cross-clamp time [20]. Immediately after the aortic cross-clamp, a cardioplegic solution is
administered at different temperatures, concentrations and routes of administration; all
these variables may have different effects on myocardial injury [21]. Moreover, when the
administration of cardioplegia is suboptimal (i.e., retrograde administration, narrowed
coronaries, aortic valve regurgitation) [22], or the interval between different administrations
is excessive, the risk of reversible and irreversible cell damage is high.

Finally, to our knowledge, this is the first study showing an independent association
between robotic-assisted MV surgery and a reduction in postoperative myocardial injury;
this may be due to several factors. The association between robotic-assisted mitral valve
surgery and shorter aortic cross-clamp time is controversial; apart from one study [23],
most studies reported significantly longer times for robotic techniques [24–30]. We deem
that the independent association with less myocardial injury might be related to the more
precise and less traumatic heart incisions and manipulation.

Myocardial damage after MV operations remains inevitable after any on-pump cardiac
surgery, and higher hs-cTnI levels are associated with 30-day mortality [4]. In our cohort,
no patients died; we specifically assessed the in-hospital mortality, and our long-term
results need to be confirmed. On the other hand, we observed a worsening in terms of
prevalence of AKI, postoperative length of stay and duration of mechanical ventilation
in the higher myocardial injury group; thus, we consider hs-cTnI an important marker of
perioperative clinical outcomes.

Our study has several limitations. First, its retrospective design may have missed
important confounding factors, and may not have completely adjusted for them. Second,
being a monocentric study, its generalizability may be limited due to our clinical standard
of practice. Third, the sample size is relatively small. Fourth, in postoperative echocardio-
graphy evaluation, we recorded only LVEF, and we did not specifically assess potential
abnormalities in regional wall motion. Fifth, we did not report the long-term outcomes of
our population.

5. Conclusions

In conclusion, our study highlights the prevalence of higher myocardial injury fol-
lowing on-pump minimally invasive mitral valve surgery. We identified prolonged aortic
cross-clamp duration and preoperative higher NYHA class as independent risk factors for
myocardial injury, while robotic-assisted mitral valve surgery appears to offer protective
benefits. However, to elucidate and validate these findings, further prospective studies
on a larger scale are warranted. Such investigations will provide deeper insights into
the mechanisms and factors contributing to myocardial injury in this surgical context,
ultimately guiding the optimization of patient care and outcomes.

Author Contributions: Conceptualization, F.B. and L.P.; methodology, L.P.; validation, G.A. and
A.A.; formal analysis, L.P.; investigation, F.B. and A.C.; data curation, C.R., M.P. and A.G.; writing—
original draft preparation, F.B. and L.P.; writing—review and editing, P.G., M.C., G.A., A.A. and L.P.;
supervision, M.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Local Ethical Committee (Prot. 05/24) on 28 June 2023.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
the study.

Data Availability Statement: Data are available on request to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.



J. Clin. Med. 2024, 13, 1591 9 of 10

References
1. Laffey, J.G.; Boylan, J.F.; Cheng, D.C. The systemic inflammatory response to cardiac surgery: Implications for the anesthesiologist.

Anesthesiology 2002, 97, 215–252.
2. Paparella, D.; Guida, P.; Caparrotti, S.; Fanelli, V.; Martinelli, G.; Mazzei, V.; Zaccaria, S.; Bisceglia, L.; Scrascia, G. Myocardial

damage influences short- and mid-term survival after valve surgery: A prospective multicenter study. J. Thorac. Cardiovasc. Surg.
2014, 148, 2373–2379.e1. [CrossRef] [PubMed]

3. Lurati Buse, G.A.; Koller, M.T.; Grapow, M.; Bolliger, D.; Seeberger, M.; Filipovic, M. The prognostic value of troponin release
after adult cardiac surgery—A meta-analysis. Eur. J. Cardiothorac. Surg. 2010, 37, 399–406. [CrossRef] [PubMed]

4. Devereaux, P.J.; Lamy, A.; Chan, M.T.V.; Allard, R.V.; Lomivorotov, V.V.; Landoni, G.; Zheng, H.; Paparella, D.; McGillion, M.H.;
Belley-Cote, E.P.; et al. High-Sensitivity Troponin I after Cardiac Surgery and 30-Day Mortality. N. Engl. J. Med. 2022, 386, 827–836.
[CrossRef]

5. Grazioli, V.; Giroletti, L.; Graniero, A.; Albano, G.; Mazzoni, M.; Panisi, P.G.; Gerometta, P.; Anselmi, A.; Agnino, A. Comparative
myocardial protection of endoaortic balloon versus external clamp in minimally invasive mitral valve surgery. J. Cardiovasc. Med.
2023, 24, 184–190. [CrossRef] [PubMed]

6. Agnino, A.; Lanzone, A.M.; Albertini, A.; Anselmi, A. Follow-Up of the Novel Free Margin Running Suture Technique for Mitral
Valve Repair. Thorac. Cardiovasc. Surg. 2019, 67, 557–560. [CrossRef]

7. Khwaja, A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin. Pract. 2012, 120, c179–c184. [CrossRef]
[PubMed]

8. Khuri, S.F.; Henderson, W.G.; DePalma, R.G.; Mosca, C.; Healey, N.A.; Kumbhani, D.J.; Participants in the VANSQIP. Determinants
of long-term survival after major surgery and the adverse effect of postoperative complications. Ann. Surg. 2005, 242, 326–341;
discussion 341–343. [CrossRef] [PubMed]

9. Roques, F.; Nashef, S.A.; Michel, P.; Gauducheau, E.; de Vincentiis, C.; Baudet, E.; Cortina, J.; David, M.; Faichney, A.; Gabrielle,
F.; et al. Risk factors and outcome in European cardiac surgery: Analysis of the EuroSCORE multinational database of 19030
patients. Eur. J. Cardiothorac. Surg. 1999, 15, 816–822; discussion 816–823. [CrossRef] [PubMed]

10. Jamieson, W.R.; Edwards, F.H.; Schwartz, M.; Bero, J.W.; Clark, R.E.; Grover, F.L. Risk stratification for cardiac valve replacement.
National Cardiac Surgery Database. Database Committee of The Society of Thoracic Surgeons. Ann. Thorac. Surg. 1999, 67,
943–951.

11. Mauermann, E.; Bolliger, D.; Fassl, J.; Grapow, M.; Seeberger, E.E.; Seeberger, M.D.; Filipovic, M.; Lurati Buse, G.A.L. Postoperative
High-Sensitivity Troponin and Its Association With 30-Day and 12-Month, All-Cause Mortality in Patients Undergoing On-Pump
Cardiac Surgery. Anesth. Analg. 2017, 125, 1110–1117. [CrossRef]

12. Nesher, N.; Alghamdi, A.A.; Singh, S.K.; Sever, J.Y.; Christakis, G.T.; Goldman, B.S.; Cohen, G.N.; Moussa, F.; Fremes, S.E.
Troponin after cardiac surgery: A predictor or a phenomenon? Ann. Thorac. Surg. 2008, 85, 1348–1354. [CrossRef]

13. Thielmann, M.; Massoudy, P.; Neuhauser, M.; Knipp, S.; Kamler, M.; Marggraf, G.; Piotrowski, J.; Jakob, H. Risk stratification with
cardiac troponin I in patients undergoing elective coronary artery bypass surgery. Eur. J. Cardiothorac. Surg. 2005, 27, 861–869.
[CrossRef] [PubMed]

14. Thygesen, K.; Alpert, J.S.; Jaffe, A.S.; Chaitman, B.R.; Bax, J.J.; Morrow, D.A.; White, H.D.; Executive Group on behalf of the Joint
European Society of Cardiology; American College of Cardiology; American Heart Association; et al. Fourth Universal Definition
of Myocardial Infarction (2018). J. Am. Coll. Cardiol. 2018, 72, 2231–2264. [CrossRef]

15. Garcia-Garcia, H.M.; McFadden, E.P.; Farb, A.; Mehran, R.; Stone, G.W.; Spertus, J.; Onuma, Y.; Morel, M.A.; van Es, G.A.;
Zuckerman, B.; et al. Standardized End Point Definitions for Coronary Intervention Trials: The Academic Research Consortium-2
Consensus Document. Circulation 2018, 137, 2635–2650. [CrossRef] [PubMed]

16. Kokofer, A.; Cozowicz, C.; Wernly, B.; Rodemund, N. Timing and threshold of high sensitive troponin T measurement for the
prediction of mortality after cardiac surgery: A retrospective cohort analysis. Intensive Care Med. Exp. 2023, 11, 58. [CrossRef]
[PubMed]

17. Polzl, L.; Engler, C.; Sterzinger, P.; Lohmann, R.; Nagele, F.; Hirsch, J.; Graber, M.; Eder, J.; Reinstadler, S.; Sappler, N.; et al.
Association of High-Sensitivity Cardiac Troponin T With 30-Day and 5-Year Mortality after Cardiac Surgery. J. Am. Coll. Cardiol.
2023, 82, 1301–1312. [CrossRef] [PubMed]

18. Lazar, D.R.; Lazar, F.L.; Homorodean, C.; Cainap, C.; Focsan, M.; Cainap, S.; Olinic, D.M. High-Sensitivity Troponin: A Review on
Characteristics, Assessment, and Clinical Implications. Dis. Markers 2022, 2022, 9713326. [CrossRef]

19. Giustino, G.; Lindenfeld, J.; Abraham, W.T.; Kar, S.; Lim, D.S.; Grayburn, P.A.; Kapadia, S.R.; Cohen, D.J.; Kotinkaduwa, L.N.;
Weissman, N.J.; et al. NYHA Functional Classification and Outcomes After Transcatheter Mitral Valve Repair in Heart Failure:
The COAPT Trial. JACC Cardiovasc. Interv. 2020, 13, 2317–2328. [CrossRef]

20. Azman Ates, B.E. The effect of cross clamp time on Troponin I levels in patients undergoing coronary artery bypass grafting. East
Afr. Sch. J. Med. Sci. 2019, 2, 175–179.

21. Chambers, D.J.; Fallouh, H.B. Cardioplegia and cardiac surgery: Pharmacological arrest and cardioprotection during global
ischemia and reperfusion. Pharmacol. Ther. 2010, 127, 41–52. [CrossRef] [PubMed]

22. Buckberg, G.D.; Athanasuleas, C.L. Cardioplegia: Solutions or strategies? Eur. J. Cardiothorac. Surg. 2016, 50, 787–791. [CrossRef]
[PubMed]

https://doi.org/10.1016/j.jtcvs.2013.10.061
https://www.ncbi.nlm.nih.gov/pubmed/24290712
https://doi.org/10.1016/j.ejcts.2009.05.054
https://www.ncbi.nlm.nih.gov/pubmed/19699102
https://doi.org/10.1056/NEJMoa2000803
https://doi.org/10.2459/JCM.0000000000001404
https://www.ncbi.nlm.nih.gov/pubmed/36409631
https://doi.org/10.1055/s-0038-1651525
https://doi.org/10.1159/000339789
https://www.ncbi.nlm.nih.gov/pubmed/22890468
https://doi.org/10.1097/01.sla.0000179621.33268.83
https://www.ncbi.nlm.nih.gov/pubmed/16135919
https://doi.org/10.1016/S1010-7940(99)00106-2
https://www.ncbi.nlm.nih.gov/pubmed/10431864
https://doi.org/10.1213/ANE.0000000000002023
https://doi.org/10.1016/j.athoracsur.2007.12.077
https://doi.org/10.1016/j.ejcts.2005.01.043
https://www.ncbi.nlm.nih.gov/pubmed/15848327
https://doi.org/10.1016/j.jacc.2018.08.1038
https://doi.org/10.1161/CIRCULATIONAHA.117.029289
https://www.ncbi.nlm.nih.gov/pubmed/29891620
https://doi.org/10.1186/s40635-023-00545-z
https://www.ncbi.nlm.nih.gov/pubmed/37656268
https://doi.org/10.1016/j.jacc.2023.07.011
https://www.ncbi.nlm.nih.gov/pubmed/37730286
https://doi.org/10.1155/2022/9713326
https://doi.org/10.1016/j.jcin.2020.06.058
https://doi.org/10.1016/j.pharmthera.2010.04.001
https://www.ncbi.nlm.nih.gov/pubmed/20398698
https://doi.org/10.1093/ejcts/ezw228
https://www.ncbi.nlm.nih.gov/pubmed/27369117


J. Clin. Med. 2024, 13, 1591 10 of 10

23. Wei, S.; Zhang, X.; Cui, H.; Zhang, L.; Gong, Z.; Li, L.; Ren, T.; Gao, C.; Jiang, S. Comparison of clinical outcomes between robotic
and thoracoscopic mitral valve repair. Cardiovasc. Diagn. Ther. 2020, 10, 1167–1174. [CrossRef] [PubMed]

24. Bonatti, J.; Kiaii, B.; Alhan, C.; Cerny, S.; Torregrossa, G.; Bisleri, G.; Komlo, C.; Guy, T.S. The role of robotic technology in
minimally invasive surgery for mitral valve disease. Expert. Rev. Med. Devices 2021, 18, 955–970. [CrossRef] [PubMed]

25. Husen, T.F.; Kohar, K.; Angelica, R.; Saputro, B.I.L. Robotic vs other surgery techniques for mitral valve repair and/or replacement:
A systematic review and meta-analysis. Hellenic J. Cardiol. 2023, 71, 16–25. [CrossRef] [PubMed]

26. Hawkins, R.B.; Mehaffey, J.H.; Mullen, M.G.; Nifong, W.L.; Chitwood, W.R.; Katz, M.R.; Quader, M.A.; Kiser, A.C.; Speir, A.M.;
Ailawadi, G.; et al. A propensity matched analysis of robotic, minimally invasive, and conventional mitral valve surgery. Heart
2018, 104, 1970–1975. [CrossRef] [PubMed]

27. Rao, A.; Tauber, K.; Szeto, W.Y.; Hargrove, W.C.; Atluri, P.; Acker, M.; Crawford, T.; Ibrahim, M.E. Robotic and endoscopic mitral
valve repair for degenerative disease. Ann. Cardiothorac. Surg. 2022, 11, 614–621. [CrossRef]

28. Zheng, C.R.; Mazur, P.; Arghami, A.; Jahanian, S.; Viehman, J.K.; King, K.S.; Dearani, J.A.; Daly, R.C.; Rowse, P.G.; Bagameri,
G.; et al. Robotic vs. minimally invasive mitral valve repair: A 5-year comparison of surgical outcomes. J. Card. Surg. 2022, 37,
3267–3275. [CrossRef]

29. Bonatti, J.; Crailsheim, I.; Grabenwoger, M.; Winkler, B. Minimally Invasive and Robotic Mitral Valve Surgery: Methods and
Outcomes in a 20-Year Review. Innovations 2021, 16, 317–326. [CrossRef]

30. Palmen, M.; Navarra, E.; Bonatti, J.; Franke, U.; Cerny, S.; Musumeci, F.; Modi, P.; Singh, S.; Sandoval, E.; Pettinari, M.; et al.
Current state of the art and recommendations in robotic mitral valve surgery. Interact. Cardiovasc. Thorac. Surg. 2022, 35, ivac160.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.21037/cdt-20-197
https://www.ncbi.nlm.nih.gov/pubmed/33224740
https://doi.org/10.1080/17434440.2021.1960506
https://www.ncbi.nlm.nih.gov/pubmed/34325594
https://doi.org/10.1016/j.hjc.2022.12.011
https://www.ncbi.nlm.nih.gov/pubmed/36639122
https://doi.org/10.1136/heartjnl-2018-313129
https://www.ncbi.nlm.nih.gov/pubmed/29915143
https://doi.org/10.21037/acs-2022-rmvs-28
https://doi.org/10.1111/jocs.16849
https://doi.org/10.1177/15569845211012389
https://doi.org/10.1093/icvts/ivac160

	Introduction 
	Materials and Methods 
	Study Design and Patient Selection 
	Patients’ Care and Management 
	Data Collection and Definitions 
	Endpoint of the Study 
	Statistical Analysis 

	Results 
	Study Population 
	Higher Myocardial Injury versus Lower Myocardial Injury 
	Postoperative Outcomes 

	Discussion 
	Conclusions 
	References

