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Perioperative myocardial injury (PMI) is commonly caused by myocardial ischemia that develops during or after non-cardiac surgery. It occurs in 17.9% of human patients after non-cardiac surgery due to elevated high-sensitive perioperation cardiac troponin. However, PMI has not been demonstrated in cats. To investigate its occurrence, this study aimed to analyze the perioperative changes in cardiac biomarkers and clinical data, including measurement of vital signs, echocardiography, blood pressure, electrocardiogram, X-ray, and anesthetic profile, in 30 juvenile cats under neutering surgery. All cats had increased high-sensitive cardiac troponin I (hs-cTnI) postsurgery compared with presurgery. In particular, 48% of cats (14/29) showed elevated hs-cTnI over a reference range after surgery. In all groups, hs-cTnI and systolic arterial blood pressure (SAP) were significantly higher at 0 h and 18 h postoperation than at preoperation. A significant positive correlation was found between hs-cTnI and SAP at 18 h postoperation. Atrial natriuretic peptides, heart rate, and left ventricular wall thickness were markedly higher at 0 h postoperation than at preoperation; however, respiratory rate and body temperature were significantly lower at 0 h postoperation than at preoperation. Anesthetic time and hs-cTnI were significantly higher at 18 h postoperation in females than in males. Significant positive correlations were observed between hs-cTnI and anesthetic time at 18 h postoperation in females. These results indicate that postoperative hs-cTnI level can greatly increase in juvenile cats and hs-cTnI measurement at perioperation is potentially beneficial for early detection and evaluation of the presence of PMI.
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Introduction

Perioperative myocardial injury (PMI) is commonly caused by myocardial ischemia that develops during or after non-cardiac surgery. It has recently been recognized as myocardial injury after non-cardiac surgery (MINS) in humans (1, 2). More than 80% of patients with MINS are asymptomatic and undetected, and MINS is associated with an ~10-fold increase in 30-day mortality (1). MINS is diagnosed when at least one postoperative cardiac troponin concentration exceeds the 99th percentile of the upper reference limit for the cardiac troponin assay as a consequence of a presumed ischemic event without evident non-ischemic causes (3). In humans, 17.9% of patients suffer from MINS due to elevated high-sensitive cardiac troponin (hs-cT) at perioperation (4). In dogs and cats, the definition of MINS has not been established. However, 55% of dogs have been reported to experience an increase in cardiac troponin I (cTnI) after general anesthesia (5). Conversely, no research has demonstrated the perioperative change in cTnI in cats.

Recently, transient myocardial thickening (TMT), characterized by a hypertrophic myocardiopathy (HCM) phenotype, has been described in cats. TMT has reverse remodeling with normalization of cardiac structure and function in contrast to progressive deterioration of cardiac function in HCM (6). TMT is relatively uncommon but predisposed in younger cats with an antecedent event such as general anesthesia for neutering. It is similar to stress-induced (takotsubo) cardiomyopathy in humans in terms of occurrence after antecedent stressful events including surgery (6, 7). Cardiac troponin is significantly elevated in TMT in cats and takotsubo cardiomyopathy, suggesting that myocardial injury occurs after antecedent stressful events (6, 8).

This study aimed to evaluate the perioperative changes in cardiac biomarkers in juvenile cats during neutering. Their changes were compared using anesthesia profile, electrocardiogram (ECG), blood pressure, X-ray, and echocardiographic characteristics to evaluate how surgery and anesthesia induce myocardial injury.



Materials and methods


Study design

Thirty intact client-owned cats, 15 males and 15 females, aged 5–13 months and weighing 2.0–4.55 kg were included in this study after obtaining informed consent from owners. All male cats, including two with deciduous tooth extractions and three with microchip insertions, underwent castration. All female cats, including seven with microchip insertions, underwent spaying (nine cats with ovariohysterectomy and six with ovariectomy). As a preoperative evaluation, no clinical signs and diseases were confirmed in all cats by clinical pathology examination including complete blood count and serum biochemistry exam (plasma protein concentration, renal and hepatic functions). All cats with cardiovascular diseases, such as HCM, as determined using echocardiography, thoracic radiography, ECG, and oscillometric indirect blood pressure measurement, were excluded from the study. Other exclusion criteria for cats were as follows: increased end-diastolic left ventricular wall thickness (LVWT ≥ 6 mm) and dilated left atrial [left atrium to aorta ratio (LA/Ao) ≥ 1.6] before surgery (9, 10). The cats with positive feline immunodeficiency virus (FIV) and/or feline leukemia virus (FeLV) in the past were excluded from this study, while FIV, FeLV, and feline coronavirus (FCoV) were not examined during this study. However, FIV and FeLV were negative at the time the cats first arrived at the owner's homes according to owners' reports and all cats in this study had lived indoors with no contact with FIV and/or FeLV carriers. The cats with clinical signs that suggested feline infectious peritonitis (FIP) were excluded from this study because there was a report of FCoV-associated myocarditis in FIP (11). This study was approved by the Ethics Committee for the Use of Animals in Research of Yokohama Animal Medical Center Kannai Animal Clinic, Yokohama, Kanagawa, Japan (Approval number: 2021-01; Approval date: September 15, 2021).



Cardiac biomarker analysis

Venous blood samples were collected from the medial saphenous vein within 6 h before operation (pre) and at 0 h (post-0 h) and 18 h (post-18 h) after operation. All samples were separated and centrifuged in serum separation tubes and in plasma separation tubes containing aprotinin to measure high-sensitive cardiac troponin I (hs-cTnI) and atrial natriuretic peptide (ANP), respectively. The serums and plasmas were quickly stored in Eppendorf tubes at −20°C. These samples were immediately sent to the external laboratory (FUJIFILM VET Systems, Co., Ltd., Tokyo, Japan) in a frozen state. All serum concentrations of hs-cTnI and ANP in 27 cats were measured using a chemiluminescent immunoassay for detecting human cTnI (ADVIA Centaur CP TnI-ultra, Siemens Healthineers Japan, Tokyo, Japan) and human ANP (CL JACK determiner-CL ANP, Minaris Medical, Tokyo, Japan) within 3 days after blood sample collection. Each measurement range was 0.006–50.0 ng/mL [reference interval (RI): ≤ 0.121 ng/mL] in hs-cTnI and 10–2,000 pg/mL (RI: ≤ 102.7 pg/mL) in ANP. hs-cTnI and ANP values below the detection limit were assigned values of 0.006 ng/mL and 10 pg/mL, respectively, for the statistical analysis. Troponin is stable at −70 to −80°C, but not sufficient at −20°C for long-term storage (12). Short-term storage up to 3 months at −20°C is acceptable in cats (13). Thus, sample analysis was considered in this study because of the short-term storage (within 3 days) and immediate analysis at the external laboratory.



Echocardiographic analysis

Echocardiographic video loops in all cats were recorded at three measurement points (pre, post-0 h, post-18 h) without sedation or stress-reducing drugs, such as gabapentin. The thickest end-diastolic left ventricular free wall and end-diastolic interventricular septal in three different cardiac cycles were measured in the right parasternal long-axis (RPLA) 4- or 5-chamber view and short-axis view (RPSA) at the papillary muscle level by using the leading-edge method, and the highest value among the averages of the three records in each view was defined as LVWT (6). The internal diameters of the left ventricle in diastole and systole were recorded from three different cardiac cycles in B-mode RPLA at chordae tendineae by using the inner-edge to inner-edge method, and the average of left ventricular fractional shortening (LVFS%) was calculated in B-mode RPLA (6, 14). LA/Ao and left atrial fractional shortening (LAFS%) at the heart base were measured from the B-mode RPSA view in the frame after aortic valve closure and the M-mode RPSA view, respectively (9). The left atrial diameter (LAD) was measured from the RPLA four-chamber view at end-systole (10). The presence or absence of systolic anterior motion of the mitral valve (SAM) and dynamic left ventricular outflow tract obstruction (DLVOTO) were assessed from the RPLA 5-chamber view and color Doppler (10).



Anesthetic protocol

All cats underwent neutering surgery with the same preanesthetic and anesthetic drugs. After intravenous catheter was placed in the cephalic vein, the cats were premedicated with 0.02 mg/kg buprenorphine IV, 2 mg/kg robenacoxib SC, and 8 mg/kg cefovecin sodium SC. An atropine dose of 0.02 mg/kg was administered intravenously, and anesthesia was induced with 4 mg/kg alfaxalone IV to effect. Endotracheal tube was placed with administration of 0.4 mg lidocaine onto the arytenoid cartilages. After endotracheal intubation, 2–3% concentration of isoflurane with oxygen was maintained to effect. Intravenous crystalloid fluid was administered at rate of 3 mL/kg/h during operation. When hypotension [systolic arterial blood pressure (SAP) < 90 mmHg] developed, isoflurane concentration was reduced by SAP ≥ 90 mmHg. Anesthetic time was defined as from the administration of alfaxalone to extubation with regained consciousness, and post-0 h was defined as after extubation with regained consciousness.



Clinical data

Clinical data including age, breed, sex, surgical procedure, and body weight (BW) of all cats were obtained. Moreover, vital signs including body temperature (BT), respiratory rate (RR), presence of a murmur or gallop, and heart rate (HR) calculated in echocardiography were recorded at three measurement points. Indirect blood pressure, ECG, and thoracic radiography were also recorded at three measurement points. Indirect blood pressure was measured using an oscillometric monitor (Bioscope A130; FUKUDA ME KOGYO, Co., Ltd., Tokyo, Japan). An appropriate size cuff was attached at the root of the tail in sternal recumbency after it settled down. At least seven readings were obtained from each cat at three measurement points, and the mean of five readings was calculated without the minimum and maximum SAP among the seven readings. Lead II ECG was acquired in right lateral recumbency using ECG monitoring and a recording device (Bioscope A130; FUKUDA ME KOGYO, Co., Ltd., Tokyo, Japan). Thoracic radiography in all cats was recorded to evaluate vertebral heart size (VHS).



Statistical analysis

All data were tested for normality by using the Shapiro–Wilk test, and non-paired data were tested for homogeneity of variances by using the Levene's test. Repeated measures single-factor analysis of variance and the Friedman test were used to compare parametric and non-parametric data, respectively, among three measurement points. The Bonferroni test for parametric data and the Scheffe test for non-parametric data were used as post-hoc tests to determine between-group differences. Repeated measures two-way factorial analysis of variance for parametric data and the Mann–Whitney U-test for non-parametric data were used to test between-group differences. The Fishers exact test for categorical data was carried out to examine between-group differences. The correlations among hs-cTnI, ANP, and other variables were evaluated using the Spearman's rank correlation coefficient. Statistical significance was set at P < 0.05.




Results

Thirty cats without cardiomyopathy met the inclusion criteria. The clinical characteristics of all cats are presented in Table 1. Most cats were pure-breds (23/30) including Ragdoll (4), American short hair (3), Munchkin (3), Scottish fold (3), Persian (2), Russian Blue (2), British short hair (1), Exotic short hair (1), Kinkalow (1), Maine Coon (1), Norwegian forest cat (1), and Ragamuffin (1). The remaining cats were non-purebred cats (7/30) (Domestic short hair). No significant difference was observed between breed and sex (Table 1). All cats were fully vaccinated with core vaccines for kittens, including feline panleukopenia virus, feline herpesvirus type-1, and feline calicivirus, before this study. No cats were vaccinated with the rabies vaccine because there is no legal requirement for cats in Japan. One cat had a history of roundworm infestation (Toxocara cati), but was already dewormed before this study. The remaining cats had no clinical signs that were suggestive of intestinal parasites, while 43% of cats (13/30) were treated monthly with preventatives, such as selamectin and sarolaner, for internal and external parasites (heartworm, helminths, ticks, ear mites, and fleas). No cats showed systemic hypertension (SAP > 160 mmHg) before surgery. No SAM or DLVOTO was found in echocardiography throughout the study. The mean anesthetic time was 45 (20–96) min in all groups, 32 (20–47) min in the male group, and 57 (42–96) min in the female group. Eight cats (27%) had hypotension (SAP < 90 mmHg) over 10 min during surgery and recovered to normotension (SAP ≥ 90 mmHg) within 15 min by adjusting isoflurane concentration. No significant difference was observed between the non-hypotension (n = 21) and hypotension (n = 8) groups during surgery in hs-cTnI (P = 0.558 at post-0 h, P = 0.143 at post-18 h) and ANP (P = 0.484 at post-0 h, P = 0.715 at post-18 h). No cats experienced hypertension (SAP > 180 mmHg), tachycardia (>240 beats per minute), and bradycardia (< 100 beats per minute) during surgery. One cat had hs-cTnI over RI (0.158 ng/mL, RI: ≤ 0.121 ng/mL) at pre without obvious abnormality of cardiac function and parameters. Fourteen out of 29 cats (48%) including 10 out of 14 females (71%) and four out of 15 males (27%) without hs-cTnI over reference range before surgery had excessive reference range of hs-cTnI at either post-0 h or post-18 h.


TABLE 1 Summary of clinical data before and during surgery in all cats.

[image: Table 1]

Thirty cats (100%) had an increase in hs-cTnI at either post-0 h or post-18 h compared with pre. The levels of hs-cTnI and SAP were significantly higher at post-0 h and post-18 h than at pre (Figure 1; Table 2). The levels of ANP, HR, and LVWT were significantly higher at post-0 h than at pre, whereas the levels of RR and BT were significantly lower at post-0 h than at pre (Figure 1; Table 2). The levels of BT and HR at post-18 h significantly recovered from post-0 h to the level at pre (Table 2). No significant difference was noted in other variables among three measurement points (Table 2).


[image: Figure 1]
FIGURE 1
 Concentrations of hs-cTnI and ANP in all cats at three measurement points (preoperation, 0 h postoperation, and 18 h postoperation). The top and bottom of the box represent the 75th and 25th percentiles, respectively; middle line, median; whiskers, highest and lowest data points within 1.5 times the length of the quartiles; and circles, outliers. Data of hs-cTnI and ANP are not normally distributed (non-parametric data). Asterisks indicate statistical difference (***P < 0.001).



TABLE 2 Echocardiographic measurements and clinical data of all cats at pre-operation, 0 h post-operation, and 18 h post-operation.
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Comparison between the male (n = 15) and female (n = 15) groups showed that hs-cTnI levels at post-18 h and anesthetic time were significantly higher in females than in males (Figure 2; Table 3). Moreover, LVWT levels at three measurement points and BW were significantly higher in males than in females (Tables 1, 3). No significant difference was observed between males and females in ANP or other variables (Figure 2; Table 3).
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FIGURE 2
 Concentrations of hs-cTnI and ANP in male and female cats at three measurement points (preoperation, 0 h postoperation, 18 h postoperation). The top and bottom of the box represent the 75th and 25th percentiles, respectively; middle line, median; whiskers, highest and lowest data points within 1.5 times the length of the quartiles; and circles, outliers. Data of hs-cTnI and ANP are not normally distributed (non-parametric data). Asterisks indicate statistical difference (*P < 0.05).



TABLE 3 Comparison of echocardiographical measurement and clinical data between males and females at preoperation, 0 h postoperation, and 18 h postoperation.
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We examined the correlations among the variables with significance in the above statistical analyses (Table 4). Correlation data among all variables for all cats are shown in Supplementary Tables 1–3. Particularly, in all groups, significant positive correlations were found as follows: hs-cTnI vs. HR, ANP vs. HR, ANP vs. SAP, HR vs. SAP, and HR vs. LVWT from pre to post-0 h and hs-cTnI vs. SAP, and HR vs. LVWT from pre to post-18 h (Table 4). By contrast, no correlation was found in all groups as follows: hs-cTnI vs. ANP, hs-cTnI vs. SAP, hs-cTnI vs. LVWT, and ANP vs. LVWT from pre to post-0 h and hs-cTnI vs. ANP, hs-cTnI vs. HR, hs-cTnI vs. LVWT, ANP vs. HR, ANP vs. SAP, ANP vs. LVWT, and HR vs. SAP from pre to post-18 h (Table 4). Moreover, significant positive correlations were noted between hs-cTnI and anesthetic time at post-0 h and post-18 h in females and between BW and LVWT at three measurement points in males (Table 5).


TABLE 4 Correlation coefficients for hs-cTnI, ANP, HR, SAP, and LVWT in all cats.

[image: Table 4]


TABLE 5 Correlation coefficients for hs-cTnI, anesthetic time, and body weight in females, and between body weight and LVWT in males.

[image: Table 5]



Discussion

In this study, we describe the perioperative changes in hs-cTnI and ANP with cardiac parameters in juvenile cats. All cats had increased postoperative hs-cTnI compared with the presurgical levels. In particular, 48% of cats (14/29) experienced elevated hs-cTnI over RI after surgery. In humans, 17.9% of patients in non-cardiac surgery have elevated hs-cardiac troponin over a reference range in perioperation (4). By contrast, 6.7% of dogs (two out of 30) under general anesthesia have increased cTnI concentration over the upper limit of normal in conventional cTnI assay after anesthesia compared with preanesthesia (15). Verbiest et al. reported elevated hs-cTnI concentration in 55% of dogs after general anesthesia compared with the corresponding preoperative values, although a specific reference range was unavailable in their study (5). Considering the varied cardiac troponin levels between species, postoperative hs-cTnI levels might increase in juvenile cats more easily than in humans or dogs; this finding might contribute to elucidating why TMT often occurs in juvenile cats.

Moreover, HR at post-0 h and SAP at post-0 h and post-18 h were significantly increased compared with those at pre in all groups in this study, whereas RR and BT were significantly decreased in the same manner. Immediately after surgery in cats, HR and SAP normally increase and RR and BT decrease compared to their respective basal values at preoperation (16, 17). Furthermore, the elevated SAP after surgery gradually decreases and stabilizes after 10 days in cats (18). A significant positive correlation was found between hs-cTnI and SAP at post-18 h in our study. In humans, SAP is associated with hs-cTnI level due to the increase in cardiac afterload (19). However, the pathophysiology of MINS is not only attributed to elevated SAP but also multifactorial; MINS is divided into plaque rupture (type-1 MI) or myocardial oxygen supply-demand imbalance (type-2 MI) (1, 2). Assuming that MINS can occur in cats, the perioperative increase in hs-cTnI may be attributed to type-2 MI due to the rare occurrence of atherosclerosis in cats (12). Perioperative triggers for myocardial ischemia or infarction related to type-2 MI include perioperative inflammation, stress response, and hemodynamic changes by activating sympathetic tone (20). In particular, surgical stress response promotes a higher level of inflammation and sympathetic activation resulting in significant hemodynamic changes in cats (21, 22). Thus, considering the result of increased hs-cTnI and hemodynamic changes, surgical stress and subsequent hemodynamic changes can greatly promote PMI in cats.

In our study, hs-cTnI levels were higher in females than in males after surgery. This finding is not surprising because spaying takes longer and is more invasive than castration. Anesthetic time was longer in females than in males, and a significant positive correlation was found between hs-cTnI and anesthetic time. Moreover, we used cardio-protective drugs in this study; isoflurane and buprenorphine reduce myocardial damage (23, 24). Despite this, myocardial damage was detected in many cats in our research, suggesting that lessening the duration of anesthesia is better and further study is warranted to alleviate PMI in cats. Cats tend to experience anxiety at the hospital, and temporary hemodynamic changes are often observed. Thus, further studies to evaluate the effects of stress-reducing drugs, such as gabapentin and/or other analgesics, for feline PMI are needed.

The levels of ANP and LVWT significantly increased at post-0 h compared with pre-operative levels. Moreover, ANP was positively correlated with HR and SAP, and LVWT was positively correlated with HR. Although elevated ANP indicates enlarged left atrial size, the rise in SAP may increase ANP as a false-positive in cats (25). Similarly, LVWT can be thicker as HR increases in cats (26). Incidentally, LVWT was positively correlated with BW in males, consistent with a previous report (27). No correlation was found between hs-cTnI and LVWT or between ANP and left atrial size, including LA/Ao, LA/FS, and LAD in our study. Therefore, ANP might have increased independently of hs-cTnI, and PMI might not affect the myocardial thickness for a brief time.

When acute myocardial infarction occurs, N-terminal-pro brain natriuretic peptide (NT-proBNP) as well as cardiac troponin T (cTnT) also increases in humans (28). However, the peak time in cTnT is faster than in NT-proBNP in patients with acute myocardial infarction (28). Moreover, not NT-proBNP but cardiac troponin assay is used in the diagnosis of acute myocardial injury in humans because cardiac troponin directly reflects myocardial injury. Especially, measuring hs-cTn can detect slight myocardial injury in the acute phase (2, 3). Instead, NT-proBNP would be useful to evaluate prognosis and cardiac risk in non-cardiac surgery (29). Generally, ANP is not used in evaluation for PMI, while in cats there is no research on perioperative changes in ANP in cats. Thus, we chose ANP and hs-cTnI in this study to evaluate acute changes in cardiac biomarkers in a short term within 18 h.

After myocardial infarction, the increase in cardiac troponin can be detected within 2–4 h, and peak concentration is frequently reached in 18–24 h (12). In this study, there was a time limitation in that some owners hoped for their cats to be discharged the next morning (from 09:00). We had to collect samples at post-0 h in the afternoon (from 14:00 to 15:00), so we needed to collect samples at post-18 h before discharge time (before 09:00). Thus, we set the last sampling time at 18 h.

Diurnal variation of cardiac troponin has been reported in humans (30). The samples for all cats in our study were collected preoperatively in the morning from 09:00 to 12:00, at post-0 h in the afternoon (from 14:00 to 15:00), and at post-18 h in the next morning (from 08:00 to 09:00) when 18 h passed from post-0h. According to Fournier et al., the nadir value of high-sensitive cTnT was observed at 18:00, while the peak value was observed at 06:00 (30). Although no research on circadian fluctuation of cTn was available for dogs or cats, considering the fact that the levels of hs-cTnI were significantly higher at post-0 h (evening) and post-18 h (morning) than at pre (morning), the influence of diurnal fluctuation to the increase hs-cTnI would have been minimal. Some natriuretic peptides, including NT-proBNP have circadian fluctuation, while several studies reported that midregional pro-ANP or ANP did not show the diurnal fluctuation (31, 32). Although no research on circadian fluctuation of ANP was available for dogs or cats, ANP would not be affected by circadian rhythm in cats.

This study had several limitations. First, measurement of cardiac biomarkers at the recovery point was unavailable because the hospitalization duration was short, and permission could not be obtained from the owners. Fortunately, no cat exhibited any cardiac clinical signs at least 1 week after surgery, but the diagnostic criteria of MINS in cats and whether the elevated hs-cTnI is reversible or irreversible remain uncertain. Thus, further long-term observation in the change in perioperative hs-cTnI is necessary to elucidate the pathophysiology of TMT or criteria and prognosis of MINS, which might be related to a higher mortality rate at perianesthesia in cats than in dogs (33).

Second, interpretation of the results of several statistical analyses was limited due to the rather small sample. However, statistically significant differences among three measuring points in hs-cTnI, ANP, BT, HR, RR, SAP, VHS, LVFS, LVWT, and LAFS in all cats and between males and females in BW and anesthetic time were detected with at least 80% power in this small pilot study. Likewise, significant correlations with at least 80% power were found as follows: ANP vs. HR, ANP vs. SAP, HR vs. SAP, and HR vs. LVWT from pre to post-0 h and hs-cTnI vs. SAP from pre to post-18 h. Several pilot studies related to perioperative change in cTnI in dogs demonstrated significant results with relatively small samples of N = 18 to N = 33 (5, 15, 34), and in one of these studies, the robustness of a significant difference was confirmed statistically by a power analysis to confirm whether the sample size was adequate or not (15). Therefore, the sample size in the current study was adequate to detect significant differences in the above data. However, further studies are needed to investigate the difference between males and females in PMI due to the rather low statistical power to detect significant differences between males and females in this study.

Third, confounding factors that increase hs-cTnI might have been present; oxidative stress, tachycardia, inotropic or vasopressor drug, and BW can cause higher cardiac troponin (11, 35). In this study, all cats (30/30) experienced increased postoperative hs-cTnI compared with the presurgical levels including slight changes in hs-cTnI. We used high-sensitive cTnI assay with a lower of limit (0.006 ng/mL), and this assay can detect slight changes in cTnI. Atropine was used in this study, leading to the increase in myocardial oxygen consumption due to increased HR (36). Thus, this small change in hs-cTnI might be attributed to factors, such as using atropine. Body weight was significantly lower in females than in males in this study, while no correlation was found between hs-cTnI and body weight at the three measuring points. Moreover, no correlation was found between anesthetic time and body weight in females. Since the level of hs-cTnI at post-18 h and anesthetic time were significantly higher in females than in males and no significant differences were found in the level of hs-cTnI at pre and post-0 h, body weight does not seem to affect the increase in hs-cTnI in females. Considering the fact that 48% of cats and females, which had lesser BW than males, experienced greatly elevated hs-cTnI over reference range; these confounding factors seem to have been less influential to the increase in hs-cTnI over a reference interval in 48% of cats in our study.



Conclusions

All cats showed increased hs-cTnI after operation compared with preoperation, and 48% of cats experienced elevated hs-cTnI over reference range after surgery. The myocardium in juvenile cats may be vulnerable to surgical stress due to the higher possibility of MINS occurrence. Measuring hs-cTnI at perioperation would be beneficial for early detection and evaluation of PMI presence in cats. To evaluate the risk of MINS and the relationship between PMI and TMT, further research about MINS in cats is warranted.
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