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When Cardiomyopathy Meets Nephrolithiasis : Tailored Anaesthesia in Dilated Cardiomyopathy for Renal surgery.

ABSTRACT: 
BACKGROUND – Dilated cardiomyopathy presents significant challenges due to impaired ventricular function, risk of perioperative decompensation, and sensitivity to fluids and anaesthetic agents. Percutaneous nephrolithotomy (PCNL) further increases physiological stress through prone positioning, potential blood loss, and fluctuations in preload.
CASE PRESENTATION – We report the anaesthetic management of a middle aged male patient with known dilated cardiomyopathy ( ejection fraction 15% ) scheduled for elective PCNL. Preoperative optimization included continuation of guideline – directed medical therapy and meticulous cardiovascular evaluation. Intraoperative management focused on maintaining haemodynamic stability using a balanced anaesthetic technique, invasive blood pressure monitoring, ultrasound guided central venous access and goal directed fluid therapy. Induction was achieved with cardio – stable agents, and ventilation was adjusted to avoid increases in pulmonary vascular resistance. The prone position was carefully executed with continuous vigilance on cardiac performance. The surgery proceeded uneventfully with stable haemodynamics throughout. Postoperatively, the patient was monitored in a high – dependency unit and recovered without complications.
CONCLUSION – PCNL in patients with DCM can be safely performed with meticulous perioperative planning. Judicious choice of anaesthetic agents, vigilant hemodynamic monitoring, and goal directed fluid therapy. The case highlights the importance of a individualized, physiology based anaesthetic approach to minimize perioperative risk in patients with severe cardiac dysfunction.
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INTRODUCTION – Dilated Cardiomyopathy (DCM) is a myocardial disease characterised by left or biventricular dilatation with systolic dysfunction in the absence of abnormal loading conditions. It is typically defined by an ejection fraction <40% or a fractional shortening <25% on echocardiography. The etiology is multifactorial, ranging from idiopathic and familial causes to cardiogenic, autoimmune, endocrine and drug induced origins. Clinically, patients often present with symptoms of heart failure, progressive dyspnea on exertion and impaired exercise tolerance. DCM also predisposes to arrhythmias, thromboembolic events, and sudden cardiac death1.
Percutaneous nephrolithotripsy (PCNL) is a minimally invasive procedure used for renal stones >2cm, staghorn calculi, and stones located in the upper calyces. Due to lower complication rates and faster recovery, it is considered the gold standard for such cases2. 
Anaesthetising a patient with DCM is challenging due to the risk of perioperative heart failure, myocardial ischaemia, arrhythmias, and sudden cardiac death. Careful management is required to counteract the haemodynamic effects of anaesthesia, minimise myocardial depression, alleviate pain, maintain perfusion, prevent complications and treat them promptly.
CASE REPORT
[image: ]Fig 1: 2D Echo image depicting the dilated left ventricle. (AA – Ascending aorta, AV – Aorctic valve, DTA – Descending thoracic aorta, LA – Left atrium, LV – Left ventricle, MV – Mitral valve, RV – Right ventricle)

A middle aged male presented with fever and burning micturition for two months. Ultrasonography revealed a right renal pelvic calculus, and he was scheduled for right sided PCNL after antibiotic therapy. During pre anesthetic evaluation, it was discovered that six years earlier, he had presented with chest pain and dyspnea and had been diagnosed with dilated cardiomyopathy. His mother had died of sudden cardiac death.
He was on guideline directed medical therapy : Sacubitril/Valsartan 24/26mg BD, Metoprolol 50mg OD, Lasilactone ( Furosemide 20mg + Spironolactone 50mg) OD, Aspirin 75mg and Atorvastatin 20mg OD and Dapagliflozin 10mg OD. Dapagliflozin was stopped a week before surgery. On evaluation, he reported  improved functional capacity was able to perform daily activities with slight limitation (NYHA  II). Preoperative vital parameters: HR 60-80/min and BP 90-120/50-80 mmHg. ECG showed complete LBBB. Echocardiography performed four months earlier showed LV hypokinesia with EF 15-20% and mild -to-moderate mitral regurgitation. Renal parameters were normal apart from serum creatinine 1.6mg/dL. Aspirin was withheld by surgical team a week before surgery in view of possibility of intraoperative bleeding and risks and benefits of the same were explained to the patient. High-risk informed consent was obtained, including the risk of perioperative cardiac events and postoperative ventilation.
Intraoperative Management : Defibrillator, vasopressors, and inotropes were kept ready. Monitoring included 5 – lead ECG, NIBP, and pulse oximetry. Baseline vitals – HR 80/min, BP 110/80 mmHg, SpO2 100% on room air. 6% hydroxyethyl starch was initiated. Under local anesthesia, a 20G radial arterial line was secured. Two 18G peripheral iv lines were placed. Noradrenaline infusion was started at 0.01mic/kg/min. After preoxygenation, iv midazolam 1mg, iv fentanyl 2µg/kg were administered. Due to unavailability of etomidate, we induced the patient with graded dosing of iv propofol with ketamine, upto 1mg/kg each. Neuromuscular blockade was achieved with 0.5mg/kg of atracurium and maintenance doses of 0.1mg/kg thereafter. Tracheal intubation was uneventful. Anaesthesia was maintained with isoflurane in 50% oxygen – air mixture with a cumulative MAC of 0.8-1. Post induction hypotension required escalation of adrenaline to 0.03g/kg/min. Ultrasound-guided central venous cannulation was attempted in both internal jugular veins but guidewire advancement failed due to intraluminal thrombus. A left femoral 7Fr central line was secured. Pre – prone vitals : HR 80/min, BP 86/50mmHg, SpO2 97%, EtCO2 35mmHg, Peak airway pressure 18cmH20. Mephentermine 3mg was administered and patient was turned prone with proper padding. Post positioning vitals : HR 100/min, BP 90/50mmHg, peak airway pressure 20cmH20. Adrenaline (0.03µg/kg/min) and noradrenaline (0.01µg/kg/min) were continued. Hemodynamics remained within HR 80-100/min, SBP 90-140 mmHg, DBP 50-90mmHg and SpO2 95-99% at FiO2 40%. An ABG after prone position revealed metabolic acidosis ( pH 7.19, HCO3 15mmol/L, pCO2 38mmHg, serum lactate 2.2mmol/L, rest parameters normal ). After 20 mEq sodium bicarbonate, the deficit persisted; cumulatively, 100mEq bicarbonate was administered. We had increased respiratory rate from 12 to 15/min. Repeat ABG at 30 mins showed pH 7.27, pCO2 of 50mmHg, HCO3 of 21.4mmol/L, lactate 3.2mmol/L. A brief episode of multiple PVCs were resolved with IV lignocaine 1mg/kg. Serum electrolytes remained normal. At the end of surgery, local anaesthetic 0.125% bupivacaine was infiltrated at the surgical site, the patient was turned supine, inhalational agent discontinued and vasopressors tapered off. After resumption of spontaneous efforts, propofol 20mg was administered to facilitate smooth emergence. Neuromuscular blockade was reversed with neostigmine 0.05mg/kg and glycopyrrolate 0.01mg/kg. The patient was extubated with a nasopharyngeal airway insitu and oxygen supplementation. 
Pre transfer vitals : HR 100/min, BP 130/80mmHg, SpO2 100% on 4L/min O2. He received 300ml hydroxyethyl starch intraoperatively with minimal blood loss and 200ml urine output. He remained stable in PACU for 8 hours and was shifted to the ward after acidosis resolved (pH 7.35). Postoperative pain was managed with IV Paracetamol 1gm qid for 2 days and then oral paracetamol 500mg and tramadol 50mg sos
DISCUSSION:
Dilated cardiomyopathy is characterized by systolic dysfunction and dilation of left ventricle or both the ventricles of heart. The signs and symptoms are a result of reduced ejection fraction and cardiac output and elevated filling pressures which leads to impaired exercise tolerance, fatigue, and eventually heart failure. The disease most commonly presents around 30-40 years of age. This patient got diagnosed with it at around 50 years of age. He also revealed a history of sudden cardiac death in his mother pointing to a possible genetic origin of his condition. Familial DCM accounts for 30-50% of all cases with an autosomal dominant pattern. Others causes include cardiogenic (ischemic heart disease, valvular heart disease), infections, medications, hemochromatosis, sarcoidosis, peripartum and stress induced cardiomyopathy1. He was having NYHA class 1 symptoms after taking medications.
The anaesthetic management of DCM is complex. Attention should be paid to avoid fluid overload, recognize and treat arrhythmias, maintain hemodynamics associated with the vasodilation post anaesthesia, while maintaining adequate myocardial contractility and ejection fraction to maintain perfusion to tissues4.
Percutaneous nephrolithotripsy offers a direct method for accessing renal stones and causes less trauma to adjacent tissues. It involves creating a small incision to access kidney’s collecting system and breaking up the stones using ultrasonic or pneumatic lithotripters. The anaesthesiologist must be aware of risk of bleeding, pneumothorax, infection, inadvertent puncture of nearby organs and hypothermia due to prolonged use of irrigation fluids. The hazards of prone positioning involve accidental extubation, decreased preload due to venous pooling leading to decreased cardiac output and compromised hemodynamics especially in patients with DCM potentially leading to arrhythmias and sudden cardiac arrest, and pressure injuries demanding careful padding2. 
The latest literature emphasizes on quadruple therapy and guideline directed medical therapy for the management of heart failure. They also highlight importance of early initiation and optimal sequencing of ACEi/ARB or ARNI (e.g. sacubitril-valsartan), beta blockers, MRA (mineralocorticoid receptor antagonists) and SGLT2 inhibitors. All four are associated with reduced mortality and HF hospitalisations in HFrEF patients3,10. 
This patient was on also on these medications and was adviced to continue the same to maintain his functional status and avoid complications. 
He had several poor prognostic indicators including an ejection fraction below 20%, a dilated and hypokinetic LV and a functional MR with PAH, thus warranting us to take an informed high risk consent for perioperative cardiac complications with a postoperative ICU bed. 
Our objectives of anaesthetic management includes maintaining sinus rhythm, maintain preload and adequate afterload, avoid fluid overload and exaggerated afterload, minimizing the risk of thromboembolic events, preserve sufficient myocardial contractility and cardiac output5.
After induction of anaesthesia there is exaggerated risk of hypotension as patient was taking diuretics. To counteract this risk, adrenaline and norepinephrine infusions were connected to separate iv lines prior to induction. Adrenaline would manage any abrupt decrease in blood pressure caused by reduced cardiac contractility while norepinephrine offers steady vasopressor support maintaining systemic vascular resistance, without causing a marked increase in heart rate. 6% HES was the iv fluid at induction to counteract hypotension followed by general anaesthesia. The choice of induction agent should be one with least cardiovascular depression. Etomidate is a cardiostable agent but has an associated risk of adrenal suppression even with a single dose. We used ketofol, - a mix of ketamine and propofol as our induction agent. Ketamine is a sympathomimetic, which increases heart rate and afterload while propofol decreases sympathetic tone and causes hypotension. Thus both of their effects nullify each other causing least cardiovascular compromise without the risk of adrenal suppression. Laryngoscopy response needs to be blunted with opiods or propofol or lignocaine 1.5mg/kg to avoid tachycardia and flash pulmonary edema. Maintenance of anaesthesia was done with isoflurane, 40% oxygen and air at a MAC of </= 1. Nitrous oxide has to be avoided as it reduces cardiac output with severe pre existing LV dysfunction and can lead to hypotension and LV failure6. 
In patients with DCM, comprehensive hemodynamic monitoring is essential due to their compromised cardiac function. Invasive blood pressure monitoring which provided beat to beat readings is valuable for early detection and treatment of hypotension. We had secured an invasive arterial line prior to induction to monitor the hemodynamic changes associated with induction of anesthesia and also to guide amount of intravenous fluid by pulse pressure variation. Central venous pressure monitoring assists in optimizing fluid therapy, avoids fluid overload and is a better route for administering inotropes and vasopressors. We encountered difficulty in securing a central venous catheter in IJV as we encountered clots and difficulty in passing guidewire in both the IJVs. Thromoembolism is a common complication associated with DCM as there is fluid overload and stasis due to the poor ejection fraction.
Other advanced monitoring techniques7 such as pulmonary artery catheterization, transesophageal echocardiography, continuous cardiac output monitoring, bispectral index- have also proven beneficial in managing these patients, although invasive methods carry higher risks. Intraoperatively we used adrenaline and noradrenaline infusions whose infusion rate was increased to 0.03mic/kg/min and 0.01mic/kg/min respectively after induction and turning the patient prone, correlating with normal physiology. Our hemodynamic parameters remained stable on inotropes. Intraoperative period was uneventful except for a post induction ABG showing metabolic acidosis which was corrected and a brief episode of PVCs abolished by 1mg/kg lignocaine. 
We extubated the patient under deep plane of anaesthesia with airway cart and emergency drugs ready. Till patient regained full consciousness we supplemented O2 with a face mask and appropriately sized nasopharyngeal airway in place. There was no tachycardia or hypertension associated with extubation. 
Regional anaesthesia techniques which could be undertaken include paravertebral block, erector spinae plane block, intercostal nerve block etc. Even though regional anaesthesia may offer better hemodynamics, patient might not co – operate to remain in prone for long duration and in case of decompensation, it is difficult to secure airway at the earliest in prone position. Most of the centres thus employ general anaesthesia for such cases.
CONCLUSION:
Anaesthetic management of a patient with DCM with EF of 15-20% posted for PCNL is quite a challenge due to the poor cardiac status, complications associated with the surgery and positioning in itself. Key anaesthetic management goals include – avoiding myocardial depression through careful titration of anaesthetic agents, maintaining normovolemia, preventing drug overdose during induction due to prolonged circulation time, minimises increases in ventricular afterload and avoiding sudden hypotension8,9. The complications we have to watch out for are heart failure, myocardial infarction, arrhythmias and sudden cardiac death. 
ABBREVIATIONS: DCM – Dilated Cardiomyopathy, EF – Ejection fraction, NYHA – New York Heart Association, PCNL – Percutaneous Nephrolithotomy, GA – General Anesthesia, ASA – American Society of Anesthesiologists, BP – Blood pressure, HR – Heart rate, ECG – Electrocardiogram, SpO2 – Peripheral Oxygen Saturation, ETCO2 – End tidal Carbon dioxide, FiO2 – Fraction of Inspired Oxygen, ICU – Intensive Care Unit, IV – Intravenous, OR – Operation Room, ECG – Electrocardiogram, IJV – Internal Jugular Vein, USG – Ultrasonography, CVC – Central Venous Catheter, MAC – Minimum Alveolar Concentration, pCO2 – Partial pressure of Carbon dioxide, PVC – Premature ventricular contractions, ABG – Arterial blood gas, PACU – Post Anesthesia Care Unit, ACEi – Angiotensin convertase enzyme inhibitor, ARB – Angiotensin receptor blockers, ARNI – Angiotensin receptor/neprilysin inhibitor, SGLT2 – Sodium-glucose transport protein 2
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