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X. COMPLICATION 

• HF, Acute Pulmonary Oedema (APO), 

• Supraventriculaer arrhythmia: Afib, Flutter, 

• Ventricular arrhythmias: Ventricular tachycardia (VT), Ventricular Fibrillation (VF), 

 
XI. PREVENTION AND RECOMMENDATION 

• Prevention of endocarditis, RAA by good management pharyngitis and other 

infectious diseases, 

• Closely follow up, optimal management of HF, surgery indication on time. 
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IE, infective endocarditis; i.m., intramuscular; i.v., intravenous; NVE, native valve endocarditis; 

PVE, prosthetic valve endocarditis; U, units. a Class of recommendation. b Level of evidence. c 

Cloxacillin is not recommended if the patient has penicillin allergy. d Maximum doses 240 mg/day. 

High doses are associated with increased risk of nephrotoxicity. Renal function and serum 

gentamicin concentrations should be monitored once a week. When given in a single daily dose, pre-

dose (trough) concentrations should be 

- Recommendations for antibiotic treatment of infective endocarditis due to Enterococcus spp 
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HLAR, high-level aminoglycoside resistance; IE, Infective endocarditis; i.m., intramuscular; i.v., 

intravenous; NVE, native valve endocarditis; PBP, Penicillin-binding protein; PVE, prosthetic valve 

endocarditis. a Class of recommendation. b Level of evidence. c Maximum doses 240 mg/day. High 

doses are associated with increased risk of nephrotoxicity. Renal function and serum gentamicin 

concentrations should be monitored once a week. When given in a single daily dose, pre-dose 

(trough) concentrations should be 

 

 

2. Indications and timing of surgery in the presence of heart failure in infective endocarditis:  

 

Timing of surgical intervention in patients with IE complicated by HF should be decided by 

the Endocarditis Team, although surgery should not be delayed by Endocarditis Team discussions in 

patients requiring emergency operations. The presence of HF leads to recommendation for surgery in 

the majority of patients and is the principal indication for urgent surgery in IE patients. 
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Proposed surgical timing for infective endocarditis. HACEK, Haemophilus, Aggregatibacter, 

Cardiobacterium, Eikenella, and Kingella; PVE, prosthet ic valve endocarditis. Surgery timing: 

emergency, within 24 h. Urgent, within 3–5 days. Non-urgent, within same hospital admission. a 

Despite appropriate antibiotic therapy for >1 week and control of septic embolic foci. b E.g. patients 

with significant valvular dysfunction that is, or is not, a direct result of endo carditis process. c S. 

aureus (methicillin resistant and non-methicillin resistant), vancomycin-resistant enterococci, non-

HACEK Gram-negative bacteria and fungi. d Urgent for S. aureus, non-urgent for others. 

VIII. EVOLUTION AND PROGNOSIS 

• Relapse is a repeat episode of IE caused by the same microorganism and represents a failure 

of treatment and mandates a search for a persistent focus of infection and an evaluation 

towards surgical therapy. 

• Reinfection is an infection caused by a different microorganism, usually more than 6 months 

after the initial episode. 

• Once antibiotic treatment has been completed, blood cultures should be performed. 
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• Patients discharged after the first episode of IE should remain under close surveillance for 

potential long-term complications. 

 

IX. COMPLICATIONS 

Complications of infective endocarditis (IE) include cardiac, metastatic, neurologic, renal, 

musculoskeletal, and pulmonary complications as well as complications related to systemic infection 

(including embolization, metastatic infection, and mycotic aneurysm). More than one complication 

can occur simultaneously. 
 

Cardiac complications Metastatic infection 

- Heart failure 

- Perivalvular abscess 

- Pericarditis (suppurative or 

nonsuppurative) 

- Intracardiac fistula (eg, aorta-

atrial or aorta-ventricular) 

- Forms of metastatic infection include Septic embolization, metastatic 

abscess, and mycotic aneurysm. 

- Emboli can occlude or damage virtually any vessel in the systemic or 

pulmonary arterial circulation: 

• Stroke 

• Paralysis (due to embolic infarction of either the brain or spinal cord) 

• Blindness (due to embolism or due to endophthalmitis as a result of 

bacteremic seeding) 

• Ischemia of the extremities 

• Splenic or renal infarction 

• Pulmonary embolism 

• Acute myocardial infarction 

 

 

X. PREVENTION AND RECOMMENDATION 

Measures for prevention of IE include: 

• Maintenance of oral hygiene 

• Antibiotic prophylaxis prior to invasive dental or invasive oral procedures 

• Timely treatment of infections with pathogens likely to cause endocarditis 

• Antibiotic prophylaxis prior to surgery reduces the risk of surgical site infection, as discussed 

separately, and has been postulated to reduce the risk of subsequent endocarditis.  

• Closure of a patent ductus arteriosus or ventricular septal defect. 
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I. DEFINITION 

Infectious Endocarditis (IE) refers to infection of the endocardial surface of the 

heart; it usually refers to infection of one or more heart valves or infection of an 

intracardiac device. 
 

 

II. EPIDEMIOLOGY 
 

 

- The incidence of infective endocarditis is estimated between 30 and 80 cases per 

million inhabitants and per year in the general population in industrialized 

countries. 

- Incidence increases after the age of 60 and Staphylococcus is now the most 

frequent responsible microorganism. 

- Infective endocarditis was native (NVE) in 1764 (56.6%) patients, prosthetic 

(PVIE) in 939 (30.1%), and device-related (CDRIE) in 308 (9.9%). Infective 

endocarditis was community-acquired in 2046 (65.66%) patients. 

 
III. ETIOLOGY AND RISK FACTORS 

 

 
 - Risk factors for native valve infective endocarditis (IE) include cardiac factors or non-   

cardiac risk factors.  

 - It is most often from bacteria and more rarely a fungus from 
  

Bacteria Source of Infection 

Staphylococcus aureus Skin 

Oral Streptococcus, HACEK Oral, dental 

Group D Streptococcus Gastro-intestinal tract (Coloscopy) 

Enterococcus Gastro-intestinal tract (Coloscopy), Urinary tract 
 
 

Cardiac risk factors Non-cardiac risk factors 

• Previous infective endocarditis 

• Valvular heart disease 

• Prosthetic heart valve 

• Central venous or arterial catheter 

• Transvenous cardiac implantable 

electronic device 

• Congenital heart disease 

• Central venous catheter 

• People who inject drugs 

• Immunosuppression 

• Recent dental or surgical procedures 

• Recent hospitalization Haemodialysis 
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IV. PATHOPHYSIOLOGY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

V. DIAGNOSIS 
 

 

1. Clinical Manifestations 

- Symptoms: Fever is the most common symptom of IE 

• It is often associated with chills, anorexia, and weight loss. 

• Other common symptoms: Malaise, headache, myalgias, arthralgias, night 

sweats, abdominal pain, tooth pain and dyspnea. 

- Signs: A new or changing cardiac 

• Supportive signs: splenomegaly, petechiae or splinter hemorrhages. 

• Relatively uncommon manifestations highly suggestive of IE: 
▪ Janeway lesions 

▪ Osler nodes 

▪ Roth spots 

 
2. Investigation for Endocarditis 

- Blood cultures: At least two sets of blood cultures should be obtained from 

separate venipuncture sites prior to initiation of antibiotic therapy. 

- Cardiac imaging: 

• Transthoracic echocardiography (TTE) is the first diagnostic test for 

patients with suspected IE. 

• Transesophageal echocardiography (TEE) has higher sensitivity than TTE 

and is better for detection of cardiac complications. 

• Cardiac CT: May be helpful for cases in which definitive evidence of IE 

and its complications cannot be demonstrated with TEE, and/or for 

planning surgery in patients with extra valvular complications. 

• Additional evaluation for IE source or complications: ECG, chest 

radiography, other radiographic imaging tailored to clinical manifestations, 

and dental evaluation. 

Risk factors

(Source of Infection)

Inflammation

Risk of Heart disease

- Regurgitations (Leak)of Valvular or 

paraprosthetic

- Intracardiac fistulas

- Acute heart failure (Pulmonary 

edema, Cardiogenic shock)

AbscessDisinsertion of prothesisValve destructionVegetations

AV Block - Alteration of general condition 

- Septic shock

- Vasculitis systemic inflammation

- Infectious aneurysms (mycotic)

- Hemorrhages (Cerebral and others)

- Systemic Embolism

- Pulmonary Embolism

- Other Infection (Splenic 

abscesses, renal abscesses, 

arthritis, meningitis, etc.)
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3. Definitions of the 2023 European Society of Cardiology modified diagnostic 

criteria of infective endocarditis 
 

Major criteria 

1.   Blood cultures positive for IE 

(a) Typical microorganisms consistent with IE from two separate blood cultures: Oral streptococci, 

Streptococcus gallolyticus (formerly S. bovis), HACEK group, S. aureus, E. faecalis. 

(b) Microorganisms consistent with IE from continuously positive blood cultures: 

• ≥ 2 positive blood cultures of blood samples drawn >12 h apart. 

• 3           j           ≥4                                        w                                        w  ≥1  

apart). 

(c) Single positive blood culture for C. burnetii or phase I IgG antibody titre >1:800. 

2.   Imaging positive for IE: 

Valvular, perivalvular/periprosthetic and foreign material anatomic and metabolic lesions characteristic 

of IE detected by any of the following imaging techniques: 

• Echocardiography (TTE and TOE) 

• Cardiac CT 

• [18F]-FDG-PET/CT(A) 

• WBC SPECT/CT 

Minor criteria 

Predisposing conditions (i.e. predisposing heart condition at high or intermediate risk of IE or 

PWIDs) 

Fever defined as temperature >38°C 

Embolic vascular dissemination (including those asymptomatic detected by imaging only): 

• Major systemic and pulmonary emboli/infarcts and abscesses. 

• Haematogenous osteoarticular septic complications (i.e. spondylodiscitis). 

• Mycotic aneurysms 

• Intracranial ischaemic/haemorrhagic lesions 

• Conjunctival haemorrhages 

• J    w  ’         

Immunological phenomena: 

• Glomerulonephritis 

• Osler nodes and Roth spots 

• Rheumatoid factor 

Microbiological evidence: 

• Positive blood culture but does not meet a major criterion as noted above. 

• Serological evidence of active infection with organism consistent with IE. 

IE Classification (at admission and during follow-up) 

Definite:  

• 2 major criteria.  

• 1 major criterion and at least 3 minor criteria.  

• 5 minor criteria.  

Possible:  

• 1 major criterion and 1 or 2 minor criteria.  

• 3–4 minor criteria.  

Rejected:  

• Does not meet criteria for definite or possible at admission with or without a firm 

alternative diagnosis. 
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VI. DIFFERENTIAL DIAGNOSIS 
 

The differential diagnosis for endocarditis is broad and should be considered based on two 

clinical categories: presence of bacteremia in the absence of valvular vegetation and presence of 

valvular vegetation(s) in the absence of bacteremia. 
 

Presence of bacteremia in the absence of 

valvular vegetation 

Presence of valvular vegetation(s) in the absence 

of bacteremia 

• Intravascular catheter infection 

• Cardiac device infection 

• Prosthetic joint infection 

• Hematogenous osteomyelitis 

• Septic thrombophlebitis 

• Infected arterial aneurysm 

• Culture-negative endocarditis or sterile 

vegetation(s) (marantic endocarditis or 

Libman-Sachs endocarditis) due to a 

noninfectious etiology or 

antiphospholipid syndrome. 

 
 

VII. MANAGEMENT 
 

1. Antimicrobial therapy: 
 

- Penicillin-susceptible oral streptococci and Streptococcus gallolyticus group and Oral 

streptococci and Streptococcus gallolyticus group susceptible, increased exposure or resistant to 

penicillin 
 
 

 
 

Continue 
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- Recommendations for antibiotic treatment of infective endocarditis due to Staphylococcus 

spp 

 
 

IE, infective endocarditis; i.m., intramuscular; i.v., intravenous; NVE, native valve endocarditis; PVE, prosthetic valve endocarditis; U, units. a 

Class of recommendation. b Level of evidence. c The starting recommended doses are the lower doses which can be scalable to the highest doses. 

d Maximum doses 240 mg/day. High doses are associated with increased risk of nephrotoxicity. Renal function and serum gentamicin 

concentrations should be monitored once a week. When given in a single daily dose, pre-dose (trough) concentrations should be 
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- Recommendations for antibiotic treatment of IE due to Staphylococcus spp 
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IE, infective endocarditis; i.m., intramuscular; i.v., intravenous; NVE, native valve endocarditis; PVE, prosthetic valve 

endocarditis; U, units. a Class of recommendation. b Level of evidence. c Cloxacillin is not recommended if the patient has 

penicillin allergy. d Maximum doses 240 mg/day. High doses are associated with increased risk of nephrotoxicity. Renal function 

and serum gentamicin concentrations should be monitored once a week. When given in a single daily dose, pre-dose (trough) 

concentrations should be 
 

- Recommendations for antibiotic treatment of infective endocarditis due to Enterococcus spp 
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HLAR, high-level aminoglycoside resistance; IE, Infective endocarditis; i.m., intramuscular; i.v., intravenous; NVE, native valve endocarditis; 

PBP, Penicillin-binding protein; PVE, prosthetic valve endocarditis. a Class of recommendation. b Level of evidence. c Maximum doses 240 

mg/day. High doses are associated with increased risk of nephrotoxicity. Renal function and serum gentamicin concentrations should be 

monitored once a week. When given in a single daily dose, pre-dose (trough) concentrations should be 
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2. Indications and timing of surgery in the presence of heart failure in infective 

endocarditis: 

 
Timing of surgical intervention in patients with IE complicated by HF should be 

decided by the Endocarditis Team, although surgery should not be delayed by 

Endocarditis Team discussions in patients requiring emergency operations. The presence 

of HF leads to recommendation for surgery in the majority of patients and is the principal 

indication for urgent surgery in IE patients. 
 

 
 

Proposed surgical timing for infective endocarditis. HACEK, Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, and Kingella; PVE, 

prosthet ic valve endocarditis. Surgery timing: emergency, within 24 h. Urgent, within 3–5 days. Non-urgent, within same hospital admission. a 

Despite appropriate antibiotic therapy for >1 week and control of septic embolic foci. b E.g. patients with significant valvular dysfunction that is, 

or is not, a direct result of endo carditis process. c S. aureus (methicillin resistant and non-methicillin resistant), vancomycin-resistant 

enterococci, non-HACEK Gram-negative bacteria and fungi. d Urgent for S. aureus, non-urgent for others. 
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VIII. EVOLUTION AND PROGNOSIS 

• Relapse is a repeat episode of IE caused by the same microorganism and 

represents a failure of treatment and mandates a search for a persistent focus 

of infection and an evaluation towards surgical therapy. 

• Reinfection is an infection caused by a different microorganism, usually 

more than 6 months after the initial episode. 

• Once antibiotic treatment has been completed, blood cultures should be performed. 

• Patients discharged after the first episode of IE should remain under close 

surveillance for potential long-term complications. 

 
IX. COMPLICATIONS 

Complications of infective endocarditis (IE) include cardiac, metastatic, 

neurologic, renal, musculoskeletal, and pulmonary complications as well as 

complications related to systemic infection (including embolization, metastatic 

infection, and mycotic aneurysm). More than one complication can occur 

simultaneously. 
 

Cardiac complications Metastatic infection 

- Heart failure 

- Perivalvular abscess 

- Pericarditis (suppurative or 

nonsuppurative) 

- Intracardiac fistula (eg, aorta- 
atrial or aorta-ventricular) 

- Forms of metastatic infection include Septic embolization, metastatic 
abscess, and mycotic aneurysm. 

- Emboli can occlude or damage virtually any vessel in the systemic or 
pulmonary arterial circulation: 

• Stroke 

• Paralysis (due to embolic infarction of either the brain or spinal cord) 

• Blindness (due to embolism or due to endophthalmitis as a result of 

bacteremic seeding) 

• Ischemia of the extremities 

• Splenic or renal infarction 

• Pulmonary embolism 

• Acute myocardial infarction 

 
 

X. PREVENTION AND RECOMMENDATION 
Measures for prevention of IE include: 

• Maintenance of oral hygiene 

• Antibiotic prophylaxis prior to invasive dental or invasive oral procedures 

• Timely treatment of infections with pathogens likely to cause endocarditis 

• Antibiotic prophylaxis prior to surgery reduces the risk of surgical site 

infection, as discussed separately, and has been postulated to reduce the 

risk of subsequent endocarditis. 

• Closure of a patent ductus arteriosus or ventricular septal defect. 
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I. DEFINITION 

Pericarditis refers to the inflammation of the pericardial layers with or without 

pericardial effusion. 

 
Type of pericarditis 

 
 Definition of Pericarditis According to the Time of Presentation 

Acute Even lasting <4 weeks 

Incessant Even lasting >4 to 6 weeks without remission 

But <3 months 

Recurrent 

(20-30%) 

Symptoms occur about 4 to 6 weeks after an episode of acute 

pericarditis with no symptoms in between 

Chronic constrictive Lasting >3 months 

 

II. EPIDEMIOLOGY 

Acute pericarditis is diagnosed in 0.2% of all cardiovascular in-hospital 

admissions and is responsible for 5% of emergency room admissions for chest pain. 

 
III. ETIOLOGY 

- Idiopathic is most common: presumed to be viral 

- Infectious 

o Tuberculosis 

o Viral: Coxsackie virus A, B (most common), echovirus 

o Bacterial: S. pneumoniae, S. aureus 
- Post-MI: acute (direct extension of myocardial inflammation, 1-7 d post-MI), 

Dressler’s syndrome (autoimmune reaction, 2-8 weeks post-MI) 

- Post-cardiac surgery (e.g. CABG), other trauma 

- Metabolic: uraemia/CKD, hypothyroidism 

- Neoplasm: Hodgkin’s, breast, lung, renal cell carcinoma, melanoma 

- Collagen vascular disease: SLE, polyarteritis, rheumatoid arthritis, scleroderma 

- Other: drugs (e.g. hydralazine), radiation, infiltrative disease (sarcoid) 

 
IV. PATHOPHYSIOLOGY 

Due to the parietal layer's rich innervation, any inflammatory process 

mediated by an infectious, autoimmune or traumatic insult can result in severe 

retrosternal chest pain, as is commonly seen in acute pericarditis. This explains why 

the vast majority of presentations (>90%) have chest discomfort. In cases of 

pericardial effusion, the pericardial compliance can increase in response to slowly 
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accumulating fluid, allowing the pericardial sac to dilate over time without 

compressing the cardiac chambers. This means that the rate of fluid accumulation 

(and resulting pressure changes, as in pericardial compliance) is often more important 

than the volume in determining the hemodynamic sequela affecting the heart. 

 
V. DIAGNOSIS 

Symptoms 

Chest pain is the most common symptom of pericarditis (>95%). It usually feels 

sharp or stabbing, and some patients having achy or pressure-like chest pain. 

The pain: 

- Usually occurs behind the breastbone or on the left side of the chest 

- Spread to the left shoulder and neck 

- Get worse when coughing, lying down or taking a deep breath 

- Get better when sitting up or leaning forward 

 
Other signs and symptoms of pericarditis may include: 

- Cough 

- Fatigue or general feeling of weakness or being sick 

- Leg swelling 

- Low-grade fever 

- Palpitation 

- Shortness of breath when lying down 

- Swelling of the belly (abdomen) 

 
Investigations 

- ECG: initially diffuse elevated ST segments ± depressed PR segment, the 

elevation in the ST segment is concave upwards → 2-5 d later ST isoelectric with 

T wave flattening and inversion 

- Chest X-ray 

- Heart ultrasound: performed to assess for pericardial effusion 

- CT or MRI: when located pericardial effusion, pericardial thickening or masses, 

constrictive pericarditis 
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VI. DIFFERENTIAL DIAGNOSES 

 
Common Less common Rare 

Myocardial infarction 

Acute gastritis 

Gastroesophageal reflux disease 

Pleuritis 

Pneumonia 

Esophageal spasm 

Pulmonary embolism 

Pneumothorax 

Aortic dissection 

Esophageal rupture 

 

VII. TREATMENT 

- Anti-inflammatory agents (NSAIDs/ASA, steroids) 

- Colchicine 

- Treat the underlying disease 
 

Drug Dose Duration 

Aspirin* 750-1,000 mg every 8 h 1-2 weeks 

Ibuprofen* 600-800 mg every 8 h 1-2 weeks 

Colchicine 0.5-1.2 mg in one or divided doses 3 months 

 

* Tapering once inflammatory markers have normalized 
 

VIII. SPECIAL CASES 

- Inpatient investigation and more intensive evaluation for a non-viral etiology 

should be considered where there is: 

o Any fever >38°C 

o Gradual onset 

o Large effusion (>20 mm) or tamponade 

o Lack of response to 1 week of non-steroidal anti-inflammatory drugs 

o Any history of trauma, immunosuppression/deficiency or oral 
anticoagulant use 

- If pericarditis is caused by a bacterial infection, treatment may include antibiotics 

and drainage, if necessary. 

- If pericarditis causes fluid buildup around the heart, a surgery or other procedure 

may be needed to drain the fluid (pericardiocentesis). 

 
IX. EVOLUTION AND PROGNOSIS 

The prognosis of acute pericarditis largely depends on the underlying 

aetiology. It is excellent in cases of idiopathic pericarditis. Prompt diagnosis and 

appropriate treatment of acute pericarditis may reduce the risk of acute complications 

and recurrences. 

 
X. COMPLICATION 

- Pericardial effusion 

- Constrictive pericarditis 

- Cardiac tamponade (this life-threatening condition requires emergency treatment) 
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XI. PREVENTION 

Acute pericarditis can’t be prevented. We can take steps to reduce your chance 

of having another acute episode, complications or chronic pericarditis. These steps 

include getting prompt treatment, following your treatment plan and getting ongoing 

medical care as needed. 
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I. DEFINITION 

Constrictive pericarditis (CP) is a chronic inflammatory process, often characterized by 

chronic scarring, fibrosis and calcification of the pericardium associated with diastolic 

dysfunction, eventually leading to low cardiac output and heart failure. 

II. EPIDEMIOLOGY 

Complication of acute CP is a relatively rare complication of viral or idiopathic acute 

pericarditis (<0.5%) but, in contrast, is relatively frequent for specific etiologies, especially 

bacterial. In Asian series, TB pericarditis is reported to be the underlying etiology in 20-80% of 
cases 
III. ETIOLOGY 

1. Common causes: 

- Complication of acute idiopathic pericarditis 

- Post cardiac surgery or post chest radiotherapy 

- Infection (viral or bacterial) 

▪ Tuberculosis 

▪ Bacterial infections that lead to purulent pericarditis 

2. Less common causes: 

- Infection (fungal) 

- Neoplasms 

- Uremia 

- Connective tissue disorders 

- Drugs (e.g: procainamide and hydralazine) 

- Trauma 

- Myocardial infarction (with past medical history of Dressler syndrome and 

hemopericardium) 
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IV. PATHOPHYSIOLOGY 
 

Pericardial non-compliance creates a stiff ventricular-pericardial unit, 
 

 
 
 
 

limiting ventricular relaxation and determines ventricular diastolic pressure, resulting in 
elevated, equalized diastolic pressures in all chambers 

 

 
 
 
 

decreasing the LV end diastolic volume (LV preload) and therefore left-sided stroke volume. 
 

 
 
 

Clinically, predominantly as right-sided congestion (jugular venous distention, edema, and 
ascites) as well as elevation in pulmonary capillary wedge pressure and a decreased cardiac 

output response to exercise (given inadequate ventricular filling) results in dyspnea and 
effort intolerance 

 
IV. DIAGNOSIS 

1. Initial assessment: 

- The low prevalence of CP makes identifying key physical examination 

and historical features an important initial step in the diagnostic process. 

- History of cardiac surgery, radiation or tuberculosis should heighten 

clinical suspicion in the presence of edema, abdominal distention and 

exertional dyspnea. 

- In early stage: symptoms secondary to a reduction in cardiac output 

including fatigue and exertional dyspnea 
- In late stage, the filling pressures become significantly elevated, and 

systemic venous pressure rises, signs of overt RHF develop such as 
jugular venous distention, edema, ascites, pleural effusion. 

- Elevated jugular venous pressure (JVP) is present in virtually all patients: 

▪ Kussmaul's sign 

▪ Rapid  x-  and  y-descents  seen  in  the  JVP  of  a  patient  with 

constrictive  pericarditis.  These  are  appreciated  as  rapid  inward 

“flicking”/collapsing  deflections  in  the  presence  of  an  elevated 

JVP. 

- Other findings: diastolic apex beat or diastolic precordial impulse, high- 

pitched early diastolic pericardial knock in heart auscultation. 

2. Investigations: 

a. Laboratory testing:   nonspecific in constrictive pericarditis. 

b. Echocardiography: As an initial diagnostic test, echocardiography can 

confirm the diagnosis of CP in most cases if pre-test probability is 

sufficiently high. 

- The pathognomonic finding is respirophasic septal shifting, detected by 

either M mode or 2D imaging and abnormal beat-to-beat septal motion, or 

"shudder," due to differential rapid early diastolic filling of the right and 

then left ventricle. 
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- The inferior vena cava is universally plethoric in the absence of 

hypovolemia; a sensitive but nonspecific feature of CP. 

- The exaggerated respiratory preload changes are also exemplified by an 

inspiratory decrease in mitral valve inflow Doppler and an increase in 

tricuspid valve inflow Doppler. 
c. Cardiac radiology: 

- In CP, chest x-rays can demonstrate pericardial calcification, a 

pathognomonic finding in the presence of clinical heart failure and 

elevated JVP. Chest CT is more sensitive for pericardial calcification than 

chest x-ray. 

- Chest CT and MRI allow for precise measurement of pericardial 

thickness, with MRI in particular demonstrating excellent accuracy (93%) 

in detection of pericardial thickening >4 mm. 
 
 

Vl. DIFFERENTIAL DIAGNOSIS 
 

The differential diagnosis of constrictive pericarditis (CP) includes conditions with similar 

symptoms such as restrictive cardiomyopathy, cardiac tamponade, systolic or diastolic 

congestive heart failure (CHF), Right-sided valvular abnormalities, Right-sided atrial 

tumors, and Superior vena cava syndrome and nephrotic syndrome. Theses can present with 

dyspnea, edema, ascites, pleural effusion, jugular vein distention mimicking CP. Careful 

evaluation of clinical history, laboratory finding and diagnostic imaging (echocardiography, 

cardiac CT or MRI) is essential to differentiate CP from these conditions. 

 
Vll. MANAGEMENT 

1. Objective: 

- Improving cardiac function, reducing inflammation and congestion. 

- The primary etiology be identified and managed accordingly 

- The definitive cure for CP is primarily surgical in the form of complete pericardiectomy, 

where feasible. 

2. Critical signs: 

End-stage disease can include cachexia, markedly reduced resting cardiac output 

(cardiac index ≤1.2 L/m2 per min), hypoalbuminemia due to protein-losing enteropathy, and/or 

congestive hepatopathy including cardiac cirrhosis. 

3.  Outpatient management 

Outpatient care may be appropriate during the early stages of the disease, particularly 

when the diagnosis is still uncertain and symptoms are relatively stable. It is important to 

emphasize and encourage a low salt and fluid-restricted diet as these are probably beneficial in 

order to avoid congestion and exacerbations of heart failure symptoms. Although no specific 

restrictions are needed, activity can often be severely limited by symptoms. However, decreased 

daily activities may be recommended in some patients. 
4. Pharmacologic therapy: 

Medical treatment may be considered as a trial of two to three months as conservative 

treatment if it is transient CP. The following specific treatment modalities should be considered 

for each of the special situations highlighted. 

- Subacute CP may respond to steroids if treated before pericardial fibrosis develops. 

- Diuretics, particularly loop diuretics, are the mainstay to relieve congestion and to 

optimise clinical volume status; however, they may decrease preload to the point of 

reducing cardiac output and thus require closer monitoring. 

- Any other medications used to treat patients with CP should be specifically directed 

to the underlying aetiology of the pericardial disease. 
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- Any therapy directed towards the causative disease, e.g., antituberculosis therapy, is 

appropriate. 

- CP-related complications require their own specific therapy as appropriate, e.g., atrial 

arrhythmias. 
- In general, beta-blockers and calcium channel blockers should be avoided. 

- Patients with advanced cardiac symptoms related to constriction may derive little 

benefit from surgery, as these are often the high surgical risk group. 

 
Drug therapy in acute and recurrent pericarditis for adult patients 

 
 
 

Drug 

 
Antiinflammatory dose 

 
Duration of initial or 

maintenance dose* 

 
 

Tapering regimen 

First-line therapy for most patients:Δ 

 
Aspirin 650 to 1000 mg orally 3 times 

daily 

1 to 2 weeks Decrease dose by about 250 mg per week 

or 
 
Ibuprofen 600 to 800 mg 

orally 3 times dailys 

1 to 2 weeks Decrease dose by 200 mg per week 

or 
 
Indomethacin 25 to 50 mg orally 

3 times daily 

1 to 2 weeks Decrease dose by 25 mg per week 

plus 
 
Colchicine 0.5 to 0.6 mg 

orally 2 times daily 

3 months (acute) 

6 months or more (recurrent) 

Usually not tapered 

Second-line therapy (for refractory cases or patients with a contraindication to NSAID therapy): 

 
Prednisone 0.2 to 0.5 mg/kg daily 2 to 4 weeks (acute or 

recurrent†) 

Gradual tapering over 2 to 3 months; 

refer to UpToDate topic review of 

treatment of acute pericarditis, section 

on glucocorticoids 

plus 
 
Colchicine 0.5 to 0.6 mg 3 months or more Usually not tapered 
 

orally 2 times daily (acute) 
 

6 months or more (recurrent) 
 

Colchicine is generally 

continued for 4 weeks or more 

after discontinuation of 

glucocorticoid 

 



 

423 
 

 
 

5. Pericardiectomy 

Pericardiectomy: a pericardiectomy remains the definitive therapy and a potential 

cure in most CP patients 

Indication  —  We  suggest  pericardiectomy  for  patients  with  chronic  constrictive 

pericarditis who meet all of the following criteria: 

- Symptoms and signs have persisted despite at least 4 to 12 months of IL-1 

inhibitor therapy. 

- Symptoms  are  moderate  to  severe  (New  York  Heart  Association  [NYHA] 

functional class III or IV (table 2). 

- Constrictive  pericarditis  has  not  progressed  to  "end-stage."  (See  'Patients 

unlikely to benefit from pericardiectomy' below.) 

- There is no concomitant restrictive cardiomyopathy 

Patients unlikely to benefit from pericardiectomy: Due to the complex nature of the 

surgery and the associated operative mortality, surgery should be carefully considered in 

patients who may not benefit from the procedure. 

- Mild disease 

- End-stage disease 

- Mixed constrictive-restrictive disease 

- Other  high-risk  groups  –  Mortality  after  pericardiectomy  is  also  high  in 

individuals with end-stage kidney disease or ventricular systolic dysfunction. 

6. Mortality risk factors of pericardiectomy 

Detrimental outcomes of pericardiectomy include progressive heart failure or advanced 

heart failure symptoms (NYHA III-IV), sepsis, renal failure, respiratory failure, arrhythmia, prior 

mediastinal radiotherapy as the primary cause of constriction, and other concomitant severe 

comorbidities. 

Preoperative myocardial atrophy or fibrosis is as well one of the causes of peri-operative 

mortality due to reduced ventricular mobility, particularly the RV free wall, are associated with 

acute RV dilatation related to subsequent increased preload to the RV, to increased venous return 

which then leads to acute RV failure and decreased cardiac output, function and subsequent 

death.  Extensive  pericardial  calcification  might  have  prognostic  implications,  which  make 

pericardiectomy more extensive and complex. 
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Echocardiography  
 

 
Cardiac MRI  

 
 

Cardiac CT  
 

 

7. Algorithm 
 
 

Diagnostic Algorithm for patient with suspected constrictive pericarditis 
 
 
 

Figure 1 
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Diagnosis and therapeutic approach for relapsing pericarditis 
 

 
Relapsing CP, criteria: 
1) Acute pericarditis, chest pain with one of the following: 

Fever, pericardial fiction rub, ECG changes, pericardial 

Effusion or elevated acute phase markers (WCC, ESR, 
CRP) 

 

 
 

 

YES 
  

NO 

 
 

ASA or other NSAIDS ±Colchicine 
NO steroids implicated 

Consider further tests to exclude the 

Primary etiologies: 

Do Echo, CT scan, MRI 

 

 
 

Multiple relapses If persistent large pericardial effusion, 

Need for pericardiocynthesis 

 
Add steroids (prednisone, preferably) OR immunosuppression therapy 

 

 

Followed by slow tapering of steroids 

 
If therapy fails, then consider surgery, complete pericardiectomy 

 
 

Therapeutic overview for constrictive pericarditis 
 

 
 
 
 

Treatment for CP 
 

 
 
 
 
 
 
 

Treatment CP Chronic CP 
 
 
 
 
 
 
 
 
 
 

Consider medical therapy: 

NSAIDS 
Steroids 

Manage heart failure 

Chemotherapy 

 
 

Medical therapy failure 

 

 
Complete pericardiectomy 

(Associated with 5-10% 

Peri-operativemortality) 
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Switch to an IL-1 inhibitor 

  
 

Approach to treatment of subacute constrictive pericarditis in adults 
 

Initial treatment: NSAID plus colchicine 
 

 

Good Inadequate 

▪ Continue treatment for 2 to 3 months 
▪ Then slowly taper NSAID as 

 
Patient tolerates 

NSAID taper 

Symptoms or signs 

Recur during taper 

 

▪ Discontinue colchicine once NSAID is tapered 

off 

Switch to a Glucocorticoid plus Colchicine 

 

 

Good response Inadequate response 

 

 

▪ Continue treatment for 2 to 3 months 
▪ Then slowly taper glucocorticoid as 

 

 

Patient tolerates 

Glucocorticoid taper 
 

 
▪ Discontinue colchicine once glucocorticoid is tapered 

off 

Symptoms or signs 

Recur during taper 

 

 

Good response Inadequate response 

 
▪ Continue treatment for at least 4 to 12 months 

▪ Then slowly taper IL-1 inhibitor as tolerated 

▪ If symptoms or signs recur during taper, 

restart IL-1 inhibitor 
▪ If response to a second course of IL-1 

inhibitor 

 
 

Refer for pericardiectomy 

 

VIII. SPECIAL CASES 

Due to high prevalence of Tuberculosis in Cambodia (WHO’s estimated TB incidence in 

Cambodia is 302 per 100,000 population in 2018), in a case of constrictive pericarditis, 

Tuberculosis should be investigated as one of potential causes. 
 

 

IX. EVOLUTION AND PROGNOSIS 

Long-term survival after pericardiectomy for constrictive pericarditis is inferior to that of 

an age- and sex-matched population, although in many patients this is likely related to comorbid 

conditions. In one series, the 5- and 10-year survival rates were 78 and 57 percent, respectively. 

 
X. PREVENTION AND RECOMMENDATION 

The conditions which are primarily the leading causes of CP should be adequately 

managed to prevent the occurrence of CP as listing in Etiology Section above. 
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XI. COMPLICATIONS 

Constrictive pericarditis if left untreated will lead to heart failure due to 

myocardial atrophy or fibrosis (diastolic et systolic dysfunction), Abnormal heart rhythm, 

liver and kidney dysfunction, which result in severe congestion in limbs, ascites, pleural 

effusion and dyspnea. 
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I. INTRODUCTION 

Today the number of pregnancy woman complicated by cardiovascular disease (CVD) 

is increasing worldwide. In western industrialized countries such patients represent 0.2-4% of 

all pregnancies. Counselling and management of women of childbearing age with suspected 

cardiac  disease  should  start  before  pregnancy  occurs;  they  should  be  managed  by 

interdisciplinary  teams;  high  risk  patients  should  be  treated  in  specialized  centers;  and 

diagnostic  procedures  and  interventions  should  be  performed  by  specialists  with  great 

expertise in the individual technique and experiences in treating pregnant patients. 

 
II. EPIDEMIOLOGY 

Hypertensive disorder are the most frequent cardiovascular events during pregnancy, 

occurring in 6-8% of all pregnancies. 

In the western world, congenital heart disease is the most frequent cardiovascular 

disease present during pregnancy (75-82%). Congenital heart disease represents just 9-19% 

outside Europe and North America. 

Rheumatic valvular disease dominates in non-western countries, including our 

country, Cambodia, comprising 56-89% of all cardiovascular disease in pregnancy. 

Cardiomyopathies are rare, but represent sever causes of cardiovascular complication 

in pregnancy. Peripartum cardiomyopathy (PPCM) is the most common cause of severe 

complications. 

 
III. HEMODYNAMIC, HEMOSTATIC AND METABOLIC ALTERATIONS 

DURING PREGNANCY 

Pregnancy induces changes in the cardiovascular system to meet the increased 

metabolic demands of the mother and fetus: increases in blood volume and cardiac output 

(CO), and reductions in systemic vascular resistance and blood pressure (BP): 

- Plasma volume reaches a maximum of 40% above baseline at 24 weeks gestations. 

- A 30-35% increase in CO in normal pregnancy 

- Heart rate starts to rise at 20 weeks and increases until 32 weeks 

- Systemic BP (SBP) typically falls early in gestation and diastolic BP (DBP) is 

usually 10mmHg below baseline in the second trimester: caused by active 

vasodilation. In the 3rd trimester, the DBP gradually increases and may normalized 

to non-pregnant values by term. 

- The heart can increase its size by up to 30% 
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Figure 1. Hemodynamic changes in pregnancy 
 

Hemostatic changes: tend to hypercoagulability and increase risk of thrombo- 

embolic due to increases in concentration of coagulation factors, fibrinogen, and platelet 

adhesiveness, as well as diminished fibrinolysis. 

Maternal glucose and homeostasis may change and cholesterol levels increase in 

adaptation to fetal-maternal needs. 

These changes can affect absorption, excretion, and bioavailability of all drugs. 

Uterine  contractions,  positioning  (left  lateral  vs.  supine),  pain,  anxiety,  exertion, 

bleeding and uterine involution cause significant hemodynamic changes during labor and 

post-partum. 

 
IV. ARDIOVASCULAR DIAGNOSIS IN PREGNANCY 

▪ History and clinical investigation 

o Family history: 
- Asking about possible sudden deaths in the family can identified some 

disease such as: Marfan syndrome, congenital heart disease, juvenile 

sudden death, long QT syndrome, catecholaminergic VT or Brugada 

syndrome. 

- Asking for the history or family history of hypertension or pre-eclampsia 

o Clinical assessment: 
- dyspnea: important for diagnosis a prognosis of valve lesions and for 

heart failure. 

- Auscultation: to detect ne murmur, changes in murmur 

- Oximetry: should be performed in patients with congenital heart disease 
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Table 1. How to differentiate common signs and symptoms of normal pregnancy versus those 

that are abnormal and indicative of underlying cardiac disease 
 

 
 

▪ Paraclinical investigation: 

- ECG, Heart Ultrasound, proteinuria 

- Holter ECG (should be performed with known previous paroxysmal or 

persistent documented arrhythmia (VT, Afib or atrial flutter) or those 

reporting symptoms of palpitations. 

- TEE, Exercise testing may be indication in some special circumstances. 

- Radiation exposure: if possible, procedures should be delayed at least the 

completion of the period of major organogenesis (> 12 weeks after 

menses). There is no evidence of an increased fetal risk of congenital 

malformations, intellectual disability, growth restriction, or pregnancy lose 

at doses of radiation to the pregnant woman of < 50mGy. 
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V. INTERVENTION IN THE MOTHER DURING PREGNANCY 
 

 

Figure 2. Cardiovascular disease assessment in pregnant and postpartum women 
 

5.1. Percutaneous therapy 

- the best time to intervene is considered to be after the fourth month in the second 

trimester: organogenesis is complete, the fetal thyroid is still inactive, and the 

volume of the uterus is still small (greater distance between the fetus and the 

chest). 

- Fluoroscopy and cineangiography times should be short and the gravid uterus 

should be shielded from the radiation. 

- Heparin should be given 40-70 U/Kg, keep ACT between 200-300s. 

5.2. Cardiac surgery with cardiopulmonary bypass 

- Cardiac surgery is recommended only when medical therapy or interventional 

procedures ail and the mother’s life threatened. 

- The best period for surgery is between the 13th and 28th week (surgery during the 

first trimester carries a higher risk of fetal malformations and during the third 

trimester is a higher incidence of pre-term delivery and maternal complication) 

- Cesarean delivery may be considered before cardiopulmonary bypass if gestational 

age is > 26 weeks. 

- Before surgery a full course (at least 24h) of corticosteroids should be 

administered to the mother, whenever possible. 
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- During cardiopulmonary bypass, fetal heart rate and uterine tone should be 

monitored in addition to standard patient monitoring. 

- Keep pump flow > 2.5L/min/m2 and perfusion pressure > 70mmHg, maternal 

hematocrit > 28% is recommended to optimize the oxygen delivery. 

 
VI. IMING AND MODE OF DELIVERY: RISK FOR MOTHER AND CHILD 

6.1. Labor induction 

- Oxytocin and artificial rupture of the membrane are indicated when the 

Bishop score is favorable (avoiding long induction time) 

- Dinoprostone is contraindicated in active CVD (has profound effect on BP and 

risk of arrythmia) 

- Mechanical methods such as a Foley catheter would be preferable to 

pharmacological agents, particularly in the patient with cyanosis where a drop in 

systemic vascular resistance and/or BP would be detrimental. 

6.2. Vaginal or caesarean delivery? 

- The preferred mode of delivery is vaginal and should be take place in a tertiary 

center with specialist multidisciplinary team care: less blood loses and infection 

risk, lower risk of venous thrombosis and thrombo-embolism. 

- Caesarean delivery is reserved for obstetric indications: no consensus 

regarding absolute contraindications to vaginal delivery as this is very much 

dependent on maternal status and the time of delivery and the anticipated 

cardiopulmonary tolerance of the patient. 
- Caesarean delivery should be considered: 

• For the patient on oral anticoagulants 

• Marfan syndrome and an aortic diameter > 45mm or between 40-45mm 

• Patients with acute or chronic aortic dissection 

• Patients in acute intractable heart failure 

• Women with sever aortic stenosis 

• Women with severe form of pulmonary hypertension (including 

Eisenmenger syndrome), or acute heart failure 

• Patient with mechanical heart valve prothesis 

6.3. Anesthesia/analgesia and labor 

- Lumbar epidural analgesia is often recommendable: it reduces pain related 

elevation of sympathetic activity, reduces the urge to push and provides anesthesia 

for surgery. 

- However, it can cause systemic hypotension and must be used with caution in 

patients with obstructive valve lesion. 

- Labor position: the woman should be placed in a lateral decubitus position to 

attenuate the hemodynamic impact of uterine contractions. 

- Delivery should be assisted by low forceps or vacuum extraction, without 

maternal pushing to avoid the unwanted effects of the Valsava manoeuvre. 

 
VII. ISK ESTIMATION: CONTRAINDICATION FOR PREGNANCY 

- Pre-pregnancy counselling: a risk assessment should be performed prior to 

pregnancy and drugs reviewed so that those which are contra indicated in 

pregnancy can be stopped or changed to alternatives where possible 

- All women with heart disease should be assessed at least once before 

pregnancy and during pregnancy and hospital delivery should be advised. 



 

433 
 

 

Table 2. Modified WHO risk classification 
 

Risk Class Risk of pregnancy by medical condition 

I No  detectable  increased  risk  of  maternal  mortality  and  no/mild 

increase in morbidity 

II Small increased risk of maternal mortality or moderate increase in 

morbidity 

III Significantly increased risk of maternal mortality or severe morbidity. 

Expert counseling required. If pregnancy is decided upon, if pregnancy 

decided upon, intensive specialist cardiac and obstetric monitoring 

needed throughout pregnancy, childbirth, and the puerperium. 

IV Extremely high risk of maternal mortality or sever morbidity, 

pregnancy contraindicated. If pregnancy occurs termination should be 

discussed. If pregnancy continues, care as for class III. 
 
 

mWHO I 
 

- Uncomplicated, small or mild pulmonary stenosis, PDA, mitral valve prolapses 

- Successfully repaired simple lesion (ASD, VSD, PDA, anomalous pulmonary 

venous drainage) 

- Atrial or ventricular ectopic beats, isolated. 

 Risk is very low, cardiology follows up during pregnancy may be limited one or 

two visits. 
 

mWHO II (if otherwise well and uncomplicated) 
 

- Unoperated ASD or VSD 

- Repaired tetralogy of Fallot 

- Most arrhythmias 
 

mWHO II-III (depending on individual) 
 

- Mild left ventricular impairment 

- Hypertrophic cardiomyopathy 

- Native or tissue VHD not considered WHO I or IV 

- Marfan syndrome without aortic dilatation. 

- Aorta < 45mm in aortic disease associated with bicuspid aortic valve 

- Repaired coarctation 

 Follow up every trimester is recommended. 
 

mWHO III 
 

- Mechanical valve 

- Systemic right ventricle 

- Fontan circulation 

- Cyanotic heart disease (unrepaired) 

- Other complex congenital heart disease 

- Aortic dilatation 40-45mm in Marfan syndrome 
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- Aortic dilatation 45-50mm in aortic disease associated with bicuspid aortic valve 

 High risk of complications, follow up monthly or bi monthly during pregnancy 

with cardiologist and obstetrician is recommended. 
 

mWHO IV (pregnancy contraindicated) 
 

- Pulmonary arterial hypertension of any cause 

- Sever systemic ventricular dysfunction (LVEF < 30%, NYHA III – IV) 

- Previous  peripartum  cardiomyopathy  with  any  residual  impairments  of  left 

ventricular function 

- Sever mitral stenosis, sever symptomatic aortic stenosis 

- Marfan syndrome with aorta dilated > 45mm. 

- Aortic dilatation > 50mm in aortic disease associated with bicuspid aortic valve 

- Native sever coarctation 

 Advised against pregnancy, if pregnancy occurred consider termination of 

pregnancy. If they will not consider termination, monthly or bi-monthly review is 

recommended. 

 
VIII. ETHODS OF CONTRACEPTION 

Monthly injectable that contain medroxyprogesterone acetate: not recommended 

in patient with heart failure because of risk of fluid retention. 

Oral contraceptive containing 20mcg of ethinyl estradiol are safe in women with a 

low thrombogenic potential but not in women with complexes vascular disease. 

Barrier method (condom) and IUD is the safest and most effective method in 

women with cyanotic congenital heart disease and pulmonary vascular disease (caution 

with this method: 5% of patients experience vasovagal reactions at the time of implant). It 

is contraindicated in cyanotic women with Ht > 55% (risk of intrinsic hemostatic defects 

that will cause excessive menstrual bleeding) 
 
 
II. CONGENITAL HEART DISEASE AND PULMONARY HYPERTENSION 

 

1. Maternal high-risk conditions (mWHO III-IV) 
 

1.1. Pulmonary hypertension 
 

Pulmonary hypertension defined as mean PAP ≥ 25mmHg at rest. It encompasses a 

group of disease with different pathophysiologies which include PAH, pulmonary 

hypertension related to left heart disease, to lung disease and/or hypoxia, chronic trombo- 

embolic pulmonary hypertension, idiopathic, heritable forms of the disease as well as 

pulmonary hypertension associated with congenital heart disease, with or without 

previous corrective surgery. 
 

Management: 
 

- If pregnancy occurs, termination should be offered. 

- If patients choose to continue pregnancy despite the risk, they should be managed 

in a center with expertise in PAH with all therapeutic options available. 

- Goal is to maintain circulating volume, avoid systemic hypotension, hypoxia and 

acidosis which may precipitate refractory heart failure. 
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- Supplemental oxygen therapy, IV prostacyclin or aerosolized iloprost are 

occasionally used antenatally and peripartum to improve hemodynamic during 

delivery. 

- In patients who are already taking drug therapy for PAH before becoming 

pregnant, continuation of this therapy should be considered, but patients should be 

informed about the teratogenic effects of some therapies, such as bosentan. 

- In  the  patients  where  the  indication  of  anticoagulation  outsides  pregnancy  is 

established, anticoagulation should be maintained during pregnancy. 

- Type of the anticoagulation that can be used during pregnancy: UFH, LMWH, 

VKA need to be decided on an individual basis. 

- In PAH associated with portal hypertension, anticoagulation is not recommended. 
 

Delivery: 
 

- The mode of delivery should be individualized. 

- Planned caesarean delivery and vaginal delivery are favored over emergency 

caesarean delivery. 
 

1.2. Eisenmenger syndrome 
 

Management: 
 

- If pregnancy occurs, termination should be offered (to be noted, termination also 

carries a risk) 

- If patients choose to continue pregnancy despite the risk, care should be based in a 

specialist unit. 

- Bed rest may be beneficial. 

- Anticoagulant: prevention for thrombo-embolism should be considered after 

hematology review and investigations for blood hemostasis (anticoagulation 

should be use with caution, as patients with Eisenmenger syndrome are also prone 

to hemoptysis and thrombocytopenia). 

- Diuretic should be used in patients with heart failure at the lowest effective dose 

(to avoid hemoconcentration and intravascular volume depletion) 

- Supplement oral or IV iron: use in case of microcytosis and iron deficiency. 
 

Delivery: 
 

- An early caesarean delivery should be planned if the maternal or fetal condition 

deteriorates. 

- Incremental regional anesthesia may improve maternal outcome. 
 

1.3. Cyanotic heart disease without pulmonary hypertension 
 

Management: 
 

- Women with an oxygen saturation below 85% at rest should be advised against 

pregnancy. 

- Restriction of physical activity and supplemental oxygen (monitoring oxygen are 

recommended) 

- Use of compression stocking and avoiding the supine position to prevent venous 

stasis. 
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- Prophylactic  heparin  administration  should  be  considered  (after  hematology 

review and investigations for blood hemostasis. 

- Diuretic and iron therapy are indicated and manage in the same way as in patients 

with Eisenmenger syndrome. 
 

Delivery: 
 

- Vaginal delivery is advised in most cases. 

- If the maternal or fetal condition deteriorates, an early caesarean delivery should 

be planned. 

- Incremental regional anesthesia may improve maternal outcome. 
 

2. Maternal low and moderate risk conditions (mWHO I, II and III) 
 

2.1. Atrial septal defect (ASD) 
 

- Pregnancy is well tolerated by most women with an ASD 

- The only contraindication is the presence of PAH or Eisenmenger syndrome 

- Maternal risk includes: trombo-embolic complications ~ 5%, arrythmia especially 

in unrepair ASD, ASD closed at older age and the pregnant woman is > 30 years 

old. 
 

Management: 
 

- Follow up twice during pregnancy is sufficient 

- Catheter device closure can be performed during pregnancy but is only indicated 

when the condition of the mother is deteriorating 

- Prevent of venous stasis with using of compression stockings and avoiding the 

supine position to reduce the risk of paradoxical embolism. 

- Early  ambulation  after  delivery,  in  case  of  prolonged  bed  rest,  prophylactic 

heparin administration should be considered. 
 

Delivery: 
 

- Spontaneous vaginal delivery is in most case appropriate. 
 

2.2. Ventricular septal defect (VSD) 
 

- For large VSD with pulmonary hypertension, manage as pulmonary hypertension 

- Small peri membranous VSDs without left heart dilatation have a low risk of 

complications during pregnancy 

- Follow up twice during pregnancy is sufficient and spontaneous vaginal delivery 

is appropriate. 
 

2.3. Atrioventicular septal defect (AVSD) 
 

- After  correction,  pregnancy  is  usually  well  tolerated  when  residual  valve 

regurgitation is not severe and ventricular function is normal. 

- Patients with severe (residual) left atrioventricular (AV) valve regurgitation with 

symptoms and/or impaired ventricular function should be treated surgically pre- 

pregnancy. 
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- AVSD with pulmonary hypertension => manage as pulmonary hypertension in 

above section. 
 

Management 
 

- Follow up during pregnancy at least once each trimester. 

- Clinical and echocardiographic follow up is indicated monthly or bimonthly in 

patients with moderate or severe valve regurgitation or impaired ventricular 

function. 

- Prevention the risk of paradoxical thrombo-embolism. 
 

Delivery: 
 

- Spontaneous vaginal delivery is in most case appropriate. 
 

2.4. Coarctation of the Aorta (CoA) 
 

- After repair, the pregnancy is often well tolerated. 

- Those women with unrepaired native CoA and those repaired who have residual 

hypertension, residual CoA, or aortic aneurysms have an increased risk of aortic 

rupture and rupture of a cerebral aneurysm during pregnancy and delivery. 
 

Management: 
 

- Close surveillance of BP is warranted, and regular follow up at lease every trimester 

is indicated. 

- Hypertension:  should  be  treated  but  avoid  an  aggressive  treatment  to  avoid 

placental hypoperfusion. 

- PCI for re-CoA is possible during pregnancy but it carries higher risk of aortic 

dissection than outside pregnancy. It should be performed if sever hypertension 

persists despite medical therapy and there is maternal or fetal compromise (the use 

of cover stent may lower the risk of dissection). 
 

Delivery: 
 

- Spontaneous vaginal delivery is preferred with use of epidural anesthesia 

particularly in hypertensive patients. 
 

2.5. Pulmonary valve stenosis and regurgitation 
 

Management: 
 

- Mild and moderated PS are regarded low-risk lesions and follow up once every 

trimester is sufficient. 

- In patient with sever PS, cardiac evaluation by echocardiography should be 

performed monthly or bi-monthly to determine clinical status and for surveillance 

of RV function. 

- Percutaneous valvuloplasty can be undertaken in severely symptomatic PS not 

responding to medical therapy and bed rest during pregnancy or in severe 

pulmonary stenosis (peak Doopler gradient > 64m) Hg) pre-pregnancy. 
 

Delivery: 
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- Vaginal delivery is favored in patients with non-severe PS or sever PS in NYHA 

class I/II 

- Caesarean section is considered in patients with severe PS and in NYHA class 

III/IV despite medical therapy and bed rest, in whom percutaneous pulmonary 

valvulotomy cannot be performed or has failed. 
 

2.6 Tetralogy of Fallot 
 

Management: 
 

- Follow up every trimester is sufficient in the majority of women 

- In  women  with  sever  PR,  monthly  or  bi-monthly  cardiac  evaluation  with 

echocardiography is indicated. 

- Diuretic and bed rest: if RV failure occurs during pregnancy 

- Transcatheter valve implantation or early delivery should be considered in those 

who do not respond to conservative treatment. 
 

Delivery: 
 

- The preferred mode of delivery is vaginal in almost all cases. 
 

2.7 Ebstein’s anomaly 
 

- In women with Ebstein’s anomaly without cyanosis and heart failure, pregnancy is 

often tolerated well. 

- Symptomatic patients with cyanosis and/or heart failure should be treated before 

pregnancy or counselled against pregnancy. 

- In severe symptomatic TR, repair should be considered pre-pregnancy. 
 

Management: 
 

- Follow up 

- Even  sever  TR  with  heart  failure  can  usually  be  managed  medically  during 

pregnancy 

- Prevention  of  paradoxical  emboli  (in  case  of  interatrial  shunting  that  can  be 

develop shunt reversal and cyanosis) 
 

Delivery: 
 

- The preferred mode of delivery is vaginal in almost all cases. 
 

III. AORTIC DISEASE 
 

Several heritable disorders affect the thoracic aorta, pre-disposing patients to both 

aneurysm formation and aortic dissection: 
 

- Marfan syndrome 

- Bicuspid aortic valve 

- Ehlers-Danlos syndrome 

- Turner syndrome 
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All women with genetically proven Marfan syndrome or other familial aortic 

pathology should have counselling on the risk of dissection and the recurrence risk, and have 

a complete evaluation including imaging of the entire aorta before pregnancy. 
 

Management 
 

- Follow up: aortic diameter should be monitored by echocardiography at 4-12 

weeks intervals throughout pregnancy and 6 months post-partum 

- ß-blockers  is  recommended  to  use  in  patients  with  Marfan  syndrome  during 

pregnancy to prevent dissection. 

- * Celiprolol is recommended in patients with Ehlers-Danlos syndrome type IV 

- Fetal growth should be monitored when the mother is taking B-blockers. 

- Intervention before pregnancy is recommended if ascending aorta ≥ 45mm in 

patients with Marfan syndrome or other syndromes with high risk of dissection, 

otherwise intervention should be done pre-pregnancy when the ascending aorta ≥ 

50mm or > 27mm/m2 for small woman. 

- When progressive dilatation occurs during pregnancy, before the fetus is viable, 

aortic repair with the fetus in utero should be considered. 

- When the fetus is viable, caesarean delivery followed directly by aortic surgery is 

recommended. 
 

Delivery 
 

- If the woman is taking ß-blockers during pregnancy they should be continue 

in the peripartum periods 

- If the ascending aorta diameter is 40-45mm, vaginal delivery with expedited 

second stage and regional anesthesia is advised to prevent BP peaks or Caesarean 

delivery could be considered based on the individual situations. 

- Caesarean section should be considered when the aortic diameter exceeds 

45mm and should be performed early especially in women with Ehlers- Danlos 

syndrome type IV. 
 

Table 3. Different aortic pathology and its complication during pregnancy 
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IV. ALVULAR HEART DISEASE 

Rheumatic heart disease remains a major problem in developing countries. Stenotic 

valve disease carries a higher pregnancy risk than regurgitant lesion, and left sided valve 

disease have a higher complications rate than right sided valve lesions. 

Specific problems, mainly related to anticoagulant therapy, are present in women with 

mechanical valve prostheses. 

1. Mitral stenosis 

- The risk of decompensation depends on the severity of MS. 

- Heart failure occurs frequently in pregnant women with moderate to server 

MS (valve area < 1.5cm2), particularly during the second and third trimesters, 

even in previously asymptomatic women. 

- AF carries the additional risk of thrombo-embolic events. 

Management 

- All patients with moderate to severe MS even when asymptomatic should be 

counselled against pregnancy. 

- Intervention should be performed pre-pregnancy, favoring percutaneous 

interventions. 

- Clinical and echocardiographic follow up is indicated monthly or bi-monthly 

depending on hemodynamic tolerance for moderate to server MS. For mild 

MS, evaluation is recommended every trimester and prior to delivery. 

- In patients with symptoms or pulmonary hypertension (estimated systolic 

PAP > 50mmHg), restricted activities and B1-selective blockers are 

recommended. 

- Diuretics are recommended (avoiding high dose) when congestive symptoms 

persist despite B-blockers 

- Therapeutic anticoagulation is recommended in the case of paroxysmal or 

permanent AF, left atrial thrombosis, or prior embolism or spontaneous 

echocardiographic contrast in the LA, large left atrium (≥ 40mL/m2), low CO 

or congestive heart failure. 

Intervention 

- Percutaneous mitral commissurotomy is preferable performed after 20 weeks 

gestations. 

- It is indicated in women with NYHA class III/IV and/or estimated systolic 

PAP > 50mmHg despite optimal medical treatment, in the absence of 

contraindications and if patient characteristics are suitable. 

Delivery 

- Vaginal delivery: in patient with mild MS and in patients with moderate to 

server MS in NYHA class I/II without pulmonary hypertension. 

- Caesarean section: in patients with moderate or severe MS who are in NYHA 

class III/IV or have pulmonary hypertension despite medical therapy. 

2. Valvular aortic stenosis 

` Cardiac morbidity during pregnancy is related to severity of AS and symptoms. 

Asymptomatic mild or moderate AS, pregnancy is well tolerated. Also, patients with 

severe AS, may sustain pregnancy well, as long as they remain asymptomatic during 

exercise testing and have a normal BP response during exercise. 

Management 

- All symptomatic patients with severe AS or asymptomatic patients with 

impaired LV function (LVEF < 50%) or a pathological exercise test should be 

counselled against pregnancy. 

- Valvuloplasty or surgery should be performed pre-pregnancy. 
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- Regardless  of  symptoms,  pre-pregnancy  surgery  should  be  considered  in 

patients with ascending aorta > 50mm (27.5mm/m2). 

- Monthly  or  bimonthly  cardiac  evaluation  including  echocardiography  are 

advised to determine symptom status, progression of AS, or other 

complications. 

- Restricted activities are indicated for patients developing signs or symptoms 

of heart failure during pregnancy. 

- Diuretics are indicated in case of congestive symptoms. 

- ß-blocker or a non-dihydropyridine calcium channel antagonist or digoxin 

should be considered for rate control in AF. 

Intervention 

- Percutaneous valvuloplasty is indicated in severely symptomatic patients not 

responding to medical therapy in non-calcified valves with minimal 

regurgitation. 

- If  this  is  not  possible  and  patients  have  life-threatening  symptoms,  valve 

replacement should be considered after early delivery by caesarean section. 

Delivery 

- In severe AS=>  caesarean delivery should be preferred  with endotracheal 

intubation and general anesthesia. 

- In  non-sever  AS=>  vaginal  delivery  is  favored,  avoiding  a  decrease  in 

peripheral vascular resistance during regional anesthesia and analgesia. 
3. Mitral and aortic regurgitation 

Left sided regurgitant valve lesions carry a lower pregnancy risk than stenotic 

valve lesion because the decreased systemic vascular resistance reduces regurgitant 

volume. 

Sever regurgitation with LV dysfunction is poorly tolerated, as is acute severe 

regurgitation. 

Management 

- Pre-pregnancy valve repair surgery should be done in patients with severe 

regurgitation and symptoms or compromised LV function or LV dilatation. 

- Follow up every trimester in mild/moderate regurgitation and more often in 

sever regurgitation (needed to be individualized) 

- Symptoms of fluid overload can usually be managed medically 

- In  acute  sever  regurgitation  with  therapy-refractory  heart  failure,  surgery 

sometimes is unavoidable. 

Delivery 

- Vaginal delivery is preferable, in symptomatic patients, epidural anesthesia 

and shortened second stage is advisable. 
4. Valvular atrial fibrillation 

Prevention of thrombo-embolic risk is important. UFH / LMWH can be used 

in the first and last trimester. 

LMWH should be given in weigh adjusted therapeutic dose (twice daily) until 

36h prior to delivery. 
OACs (VKA) or LMWH can be used in the 2nd trimester. 

INR should be kept between 2.0 and 2.5 (to minimize the risk for the fetus). 

5. Bio prothesis 

Pregnancy is generally well tolerated in women with a fell functioning bio 

prothesis. Pre-pregnancy assessment and counselling as well as follow up, medical 

treatment, and indications for intervention are comparable with those for pregnancies 

with native valve dysfunction. 
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6. Mechanical prosthesis and anticoagulation 

Concerning of women with mechanical prothesis include increased risk of 

valve thrombosis, of hemorrhage complications and of offspring complications 

(miscarriage and hemorrhagic complications). 

For the management of anticoagulant in mechanical valve during pregnancy, 

please see following schema (Figure 3, Figure 4 and Table 4). 
 

 
 

Figure 3. Management of anticoagulation in mechanical valve and high dose VKA 
 

 
 

Figure 4. Management of anticoagulation in mechanical valve and low dose VKA 
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Table 4. INR target for mechanical valve prothesis 
 

Prothesis 

Thrombogenicity 

Risk factors 

None ≥ 1 

Low 2.5 3.0 

Medium 3.0 3.5 

High 3.5 4.0 
 

Delivery 

- Planned vaginal delivery is usually preferred with prior switch to heparin. 

- A planned cesarean section may be considered in patient with high risk of 

valve thrombosis (aim to keep the time without OACs as short as possible). 

- Caesarean delivery should be performed if labor onset occurs while the patient 

is still on OACs. 

 
V. CORONARY ARTERY DISEASE AND ACUTE CORONARY SYNDROME 

ECG and measurements of troponin level are recommended when a pregnant woman 

has a chest pain. 

Primary coronary angioplasty is recommended as the preferred reperfusion 

therapy for STEMI during pregnancy. The safety of DES in pregnant woman is still 

unknow and they should be avoided because it requires prolonged DAPT. 

In non-ST-elevation ACS / NSTEMI, an invasive management should be considered 

in only patient with risk criteria, otherwise a conservative management should be 

considered. 

The use of ACEi / ARBs and renin inhibitor is contraindicated during pregnancy. 

ß-blockers and low dose aspirin are considered to be relatively safe. 

Clopidogrel should only be used when strictly needed (after stenting) and for the 

shortest duration possible. 

Breastfeeding is not recommended in mother who take antiplatelet agents other 

than low dose aspirin due to lack of data. 

 
VI. ARDIOMYOPATHIES AND HEART FAILURE 

It is recommended to treat women with HF during pregnancy according to 

current guideline for non-pregnant patients, respecting contraindications for some drugs 

in pregnancy 

 

 
 

Figure 5. Rapid interdisciplinary workup and treatment of mother and foetus 
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In patients with PPCM and DCM, subsequent pregnancy is not recommended if 

LVEF does not normalize, counselling for recurrent risk during subsequent pregnancy is 

recommended in all cases, even after recovery of LV function. 

In this case bromocriptine treatment may be considered to stop lactation and 

enhance recovery (LV function). 

Due to the high metabolic demands of lactation and breastfeeding, preventing 

lactation may be considered in patients with severe heart failure. 

ß-blocker is recommended to continue in women who used theme before pregnancy 

or install them with caution in heart failure, in HCM or in arrythmia. 

Cardioversion should be considered for persistent atrial fibrillation. 

Therapeutic anticoagulation with LMWH or VKA according to stage of pregnancy 

is recommended for patients with atrial fibrillation or with intracardiac thrombus detected by 

imaging or with evidence of systemic embolism. 
 

 
 

Figure 6. Management of acute heart failure during/after pregnancy 

 
VII. RRTHMIAS 

1. SVT and AF 

▪ Acute management 

- Stable hemodynamic => vagal maneuvers followed by adenosine if these fail 

(other drugs: beta -1- selective blockers should be considered if adenosine fail 

or not available) 
- Instable hemodynamic => immediate electrical cardioversion 

▪ Long term management 

- SVT without pre-excitation: ß1 selective blockers or verapamil 

- SVT in patients with WPW syndrome: flecainide or propafenone 

- Digoxin and verapamil should be considered for rate control of AT or AF if 

beta blocker fails 

- Catheter ablation with electroanatomical system should be considered in 

experiences centers in case of drug-refractory and poorly tolerated SVT. 

PS: Atenolol should not be used for any arrhythmias 

2. Ventricular tachyarrhythmias 

▪ Acute management 
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- Immediate electrical cardioversion is recommended for sustained both 

unstable and stable VT. 

- For acute conversion of sustained, hemodynamically stable, monomorphic VT, 

a beta blocker, sotalol, flecainide, procainamide or overdrive ventricular pacing 

should be considered. 
▪ Long term management 

- In patients with long QT syndrome or catecholaminergic polymorphic VT or 

idiopathic VT: ß-Blockers are recommended. 

- VERAPAMIL also can be used for the prevention of idiopathic sustained VT 

if associated with severe symptoms or hemodynamic compromise. Sotalol 

and Flecainide could be use if other drugs fail. 

- ICD (preferable one chamber) is recommended prior to pregnancy if 

clinically indicated but also during pregnancy, especially if the foetus is beyond 

8 weeks of gestation, if indication emerges. 
 

Table 5. Risk of arrythmia with hemodynamic compromise at delivery 
 

Low risk PSVT, AF, idiopathic VT, low-risk LQTS, WPW syndrome 

 
Medium risk 

Unstable SVT, VT, ICD carriers, VT and structural heart disease, 

Brugada syndrome; moderate risk: LQTS, catecholaminergic 

polymorphic VT 
 

High risk for life 

threatening arrythmia 

Unstable VT in structural heart disease/ congenital heart disease, 

unstable VT/TdP in high risk LQTS patients, short QT syndrome, 

high risk catecholaminergic polymorphic VT 
 

Table 6. Surveillance levels at time of delivery in women with arrythmia 
 

 

Descriptions of action to be planned 
Surveillance level 

Low Medium High 

Consult cardiologist    

Consultation with multidisciplinary team including arrythmologists 

at specialized center 

   

Mode and location of delivery as advised by obstetricians.    

Cesarean delivery recommended    

Monitor cardiac rhythm (telemetry, external rhythm monitor)    

Intravenous line    

Arterial line    

Prepare for intravenous administration of adenosine    

Prepare for intravenous administration of betablocker    

Prepare for intravenous administration of selected antiarrhythmic 

drugs 

   

External cardioverter defibrillator at site    

Delivery at thoracic operating theatre    

Prepare for transfer to cardiac intensive care unit post-partum if 

needed 

   

 

3. Bradyarrhythmias 

▪ Sinus node dysfunction: 

- sinus bradycardia may appear as a reflex cardiac slowing (Valsava maneuver) 

during delivery. 
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- Rare case of bradycardia cause symptoms of hypotension, if occur => change 

the position of the mother to a left lateral decubitus position. 

- For persistent symptoms, a temporary pacemaker maybe necessary. 

 
▪ AV blocks 

- 1st degree AV block can be observed during pregnancy in the absence of 

underlying heart disease 

- Temporary pacing during pregnancy is recommended in selected women 

with complete heart block and symptoms due to the risk of bradycardia 

and syncope. 

- Implantation of permanent pacemaker can be performed safely, especially if 

the fetus is beyond 8 weeks gestations (with echo guidance). 

 
VIII. HYPERTENSIVE DISORDERS 

Hypertension is the most common medical problem in pregnancy, complicating up to 

15% of pregnancies and accounting for about a quarter of all antenatal admission. 

▪ Diagnosis and risk assessment 

- Lab test: urine analysis, blood count, hematocrit, liver enzyme, serum 

creatinine and serum uric acid, 24hour proteinuria, urine metanephrine and 

normetanephrine 

- Ultrasound of the adrenals 

- Doppler ultrasound of uterine arteries (to detect uteroplacental hypoperfusion), 

which is associated with a higher risk of pre-eclampsia and intra uterine growth 

retardation. 

▪ Definition and classification of hypertension in pregnancy 

- The definition of hypertension in pregnancy is based on absolute BP value 

(SBP ≥ 140mmHg or DBP ≥ 90mmHg). 

- Mildly hypertension: 140-159/90-109mmHg 

- Severely hypertension: ≥ 160/110mmHg 

Pre-existing  hypertension:  hypertension  that  either  precedes  pregnancy  or 

develop before 20 weeks of gestation. This is usually persists > 42 days post-partum. 

Gestation hypertension or pregnancy induced hypertension: develop after 20 

weeks gestations and resolves in most cases within 42 days post-partum. It is 

characterized by poor organ perfusion. 

Pre-existing hypertension plus superimposed gestational hypertension with 

proteinuria. 

Antenatally  unclassifiable  hypertension: when BP is first recorded after 20 

weeks gestations and hypertension is diagnosed. 

Pre-eclampsia is a pregnancy specific syndrome that occurs after mid-gestation: 

de novo appearance of hypertension with new onset of significant proteinuria > 

0.3g/24h. 

Signs and symptoms of pre-eclampsia 

- Right upper quadrant/epigastric pain due to liver oedema +/- hepatic 

hemorrhage 

- Headache +/- visual disturbance (cerebral edema) 

- Occipital lobe blindness 

- Hyperreflexia +/- clonus 

- Convulsion (cerebral edema) 

- HELLP syndrome 

▪ Pharmacological Management 
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- Low dose aspirin (100-150mg daily) is recommended in women at high or 

moderate risk of pre-eclampsia from week 12 to weeks 36-37. 

- Methylodopa, labetalol and calcium antagonists are recommended for the 

treatment of hypertension in pregnancy. 

- IV Nitroglycerine is recommended in case of pre-eclampsia with pulmonary 

edema, infusion of 5mcg/min and gradually increase every 3-5mins to a 

maximum dose of 100mcg/min. 

- IV labetalol or oral methyldopa or nifedipine is recommended in severe 

hypertension. 

- ACE inhibitors, ARBs or direct renin inhibitor are not recommended. 

- Diuretic should be avoided because they may decrease blood flow to the 

placenta. 
 

In women with gestational hypertension or pre-exiting hypertension 

superimposed  by  gestational hypertension,  or  with  hypertension  and  sub  clinical 

organ damage or symptoms, initiation of drugs treatment is recommended at SBP > 

140mmHg or DBP > 90mmHg. In all other cases, initiation of drug treatment is 

recommended if SBP ≥ 150mmHg or DBP ≥ 95mmHg. 
 

SBP  ≥  170mmHg  or  DBP  ≥  110mmg  in  a  pregnant  woman  is  an 

emergency and hospitalization is recommended. 
 

▪ Delivery 

- In women with gestational hypertension or mild pre-eclampsia, delivery is 

recommended at 37 weeks. 

- Induction of delivery is recommended in gestational hypertension with 

proteinuria with adverse conditions such as visual disturbances, coagulation 

abnormalities, or fetal distress. 

 
IX. VENOUS THROMBO-EMBOLISM 

1. Prevention 

- Early mobilization and avoidance of dehydration. 

- Using compression stoking 

In case of anticoagulation is needed: 

- Enoxaparin 0.5IU/KG body weight or 

- Dalteparin 50IU/Kg body weight twice daily. 

Please  see  Table  7  and  Table  8  to  stratify  venous  thrombo-embolism  and 

indication for anticoagulant prophylaxis. 
 

Table 7. Risk factors for pregnancy related to venous thrombo-embolism 
 

Pre-existing risk factors Obstetric risk factors Transient risk factors 

- Previous recurrent VTE 

- Previous VTE-unprovoked 

or estrogen related 

- Previous VTE-provoked 

- Family history of VTE 

- Known thrombophilia 

- Medical co-morbidities: 

heart or lung disease, SLE, 

- Pre-eclampsia 

- Dehydration / 

hyperemesis/ ovarian 

hyperstimulation syndrome 

- Multiple pregnancy or 

assisted reproductive 

therapy 
- Emergency cesarean 

 
 

- Current systemic infection 

- Immobility 

- Surgical procedure in 

pregnancy < 6 weeks post- 

partum. 
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cancer, inflammatory 

conditions, nephritic 

syndrome, sickle cell disease 

- Ange ≥ 35 years 

- Obesity BMI > 30kg/m2
 

- Parity ≥ 3 

- Smoker 
- Gross various veins 

section 

- Elective cesarean section 

- Mid cavity or rotational 

forceps 

- Peripartum hemorrhage (> 

1L or transfusion) 

 

 

Table 8. Risk stratification and indication for anticoagulation prophylaxis 
 

Risk group   
 
 
 
 
High risk 

Patient with: 

- previous recurrent VTE (>1) or 

- VTE unprovoked / estrogen 

related or 

- single previous VTE + 

thrombophilia or family history 

- should receive antenatal 

prophylaxis with LMWH as well 

as post-partum for the duration of 

6 weeks 

- graduated compression stoking 

are also recommended during 

pregnancy and post-partum 
 
 
 
 
 

Intermediate risk 

Patients with: 

- 3 or more risk factors other than 

listed above as high risk or 

- 2 or more risk factors other than 

listed as high risk if patient is 

admitted to hospital 

- antenatal prophylaxis with 

LMWH should be considered 

- prophylaxis is recommended 

postpartum for at least 7 days or 

longer if > 3 risk factors persist. 

- graduated compression stoking 

should be considered during 

pregnancy and post-partum 

 
Low risk 

Patient with: 

< 3 risk factors 

- early mobilization and 

avoidance of dehydration is 

recommended. 
 
 

2. Management of acute venous thrombo-embolism 

▪ Pulmonary embolism 

- Clinical presentation (same as in non-pregnant state): dyspnea, chest pain, 

tachycardia, haemoptiysis, and collapse. 

- Diagnosis: 

• D-dimer levels increase physiologically in pregnant women with each 

trimester, thus a positive D-dimer test base on the conventional cut-off 

level is not necessarily indicated of VTE, but it helps to rule out VTE 

in the case of negative D-dimer. 

• Bilateral compression ultrasonography is indicated follow by 

measurement of D-dimer. 

• MRI may be used to rule out iliac vein thrombosis 

• CT pulmonary angiography should be performed with the diagnosis 

cannot be confirmed or excluded with the above-discussed tool. 

- Treatment: 

• LMWH: 

o Enoxaparin 1mg/kg body weight bid. 
o Dalteparin 100iu/kg body weight bid. 
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o Aiming for 4-6h peak anti Xa values of 0.6-1.2 IU/mL 

• UFH (used in patients with renal failure and when urgent reversal 

of anticoagulation by protamine is needed, as well as in the acute 

treatment of massive pulmonary emboli: 

o Loading dose of 80U/Kg followed by 

o IV continuous fusion of 18U/Kg/h 

o Therapeutic target aPTT ratio 1.5-2.5 times the average laboratory 

control value 

o The aPTT has to be determine 4-6h after the loading dose, 6h after 
any dose change and then at least daily when in the therapeutic 
range. 

When haemodynamics are improved and the patient is stabilized, UFH 

can be switched to LMWH in therapeutic dose and maintain during 

pregnancy. 

• LMWH should be switched to i.v. UFH at least 36h before the 

induction of labour or caesarean delivery. 

• UFH should be discontinued 4-6h before anticipated delivery and 

restarted 6h after a vaginal birth or 12h after caesarean delivery if there 

are no bleeding complications. 

• UFH and LWMH are not contraindicated to breastfeeding. 

• VKA may be started on the second day after delivery and 

continued for at least 3 months or for 6 months if pulmonary 

embolism occurred late in pregnancy. 

• INR should be between 2 and 3 and needs regular monitoring, ideally 

once every 1-2 weeks. 

• Thrombolysis: Relatively contraindicated during pregnancy and 

peripartum => should only be used in high-risk patients with severe 

hypotension or shock. 

• Other anti-coagulants: Fondaparinux and Rivaroxaban are not 

recommended to use in pregnancy (due to transplacental passage of the 

drug) 

 
▪ Acute deep vein thrombosis 

- Clinical presentation: 

• leg swelling (> 85% left sided due to compression of the left iliac vein 

by the right iliac artery and the gravid uterus), 

• isolated pain in the buttock, groin, flank or abdomen (in case of isolated 

iliac vein thrombosis) 
- Diagnosis: 

• D-dimer (see diagnosis in pulmonary embolism) 

• Compression ultrasound leg vein imaging 

In women with high pre-test probability, a positive D-dimer and a normal 

initial compression ultrasound => magnetic resonance venography may be 

considered to exclude isolated pelvic DVT. 

Women with low pre-test probability and normal D-dimer should undergo 

serial compression ultrasonography on day3 and after 1 week without anti- 

coagulation. 

- Treatment 

• LMWH: 
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o Enoxaparin 1mg/kg body weight bid. 
o Dalteparin 100iu/kg body weight bid. 

o Aiming for 4-6h peak anti Xa values of 0.6-1.2 IU/Ml 
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CARDIOVASCULAR DRUGS AND PREGNANCY 
 

Dr. SRENG Dina, Dr. SAN Samrany, Dr. SOK Sorkhan, Dr. KHMAO Pichmanil, Dr. KIRY 

Samnang, Dr. LIM Eaksrong, Dr. SUY Sovannara, Dr. MEN Sengleap, Dr. PHOUY 

Sonaroth, Dr. THENG Youdaline, Dr. SAING Leang, Dr. LIM Sivutha, Dr. SOK Phang, Dr. 

CHAN Sokha, Ass Prof. CHHUN Lay, Prof. SOK Chour 

 
I. GENERAL PRINCIPLES 

 

There are no uniform recommendations for the treatment of pregnant women yet. As 

drug treatment in pregnancy concerns the mother and the fetus, optimum treatment of both 

must be targeted. In case of emergency, drugs that are not recommended by the 

pharmaceutical industry during pregnancy and breastfeeding should not be withheld from the 

mother. The potential risk of a drug and the possible benefit of the therapy must be weighed 

against each other. 

Before pharmacological treatment in pregnancy is started, it is recommended to check 

table below (Table 2) for clinical safety data. 

In the absence of clinical safety data, it is recommended to check the electronic drug 

table (www.safefetus.com) for pre-clinical safety data. 

In the absence of adequate human safety data, decision-making should be based on 

individual drug efficacy and safety profiles, and the available animal data, and the decision 

must be made together with the patient. 

Decision making based on former US Food and Drug Administration (FAD) 

categories alone is no longer recommended. 
 

Table 1. FDA Drug Classifications 
 

Rating A Controlled study in women fall to demonstrate a risk to the fetus in the first 

trimester; no evidence of a risk 

Rating B Either animal-reproduction studies have note demonstrate a fetal risk but there 

are no controlled studies in pregnant women or animal-reproduction studies 

have shown adverse effect (other than a decrease in fertility) that was not 

confirmed in controlled studies in women in the first trimester (and there is no 

evidence of a risk in later trimesters) 

Rating C Either studies in animals have revealed adverse effects on the  fetus (teratogenic, 

embryocidal, or other) and there are no controlled studies in women or studies 

in women and animal are not available. Drugs should be given only if the 

potential benefits justify the potential risk to the fetus. 

Rating D There is positive evidence of human fetal risk, but the benefits from use in 

pregnant women may be acceptable despite the risk (eg, if the drug is needed in 

a life-threating situation or for a serious disease for which safer drugs cannot be 

used or are ineffective). 

Rating X Studies in animals or human beings have demonstrated fetal abnormalities, 

there is evidence of fetal risk based on human experience, or both, and the risk 

of the use of the drug in pregnant women clearly outweigh any  possible benefit. 

There drug is contraindicated in women who are or may become pregnant. 

http://www.safefetus.com/
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II. RECOMMENDATION FOR DRUGS USES 
 

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor 

blockers (ARB) are pregnancy category D drugs because of the risk of reduced fetal renal 

function and increased fetal and neonatal morbidity and death, especially with use during the 

2nd and 3rd trimester. Women taking ACE inhibitors or ARB who desire to become pregnant 

should be advised to stop taking these drugs before conception to minimize the risk of fetal 

abnormality. 

ß-Blockers have a favorable safety profile, and no teratogenic risk have been reported 

with their use. They have been associated with an increase in  small-for-gestational-age infants 

and neonatal bradycardia and hypoglycemia but in practical terms are considered safe to use. 

Atenolol has been associated with low birth weight and therefore is not the ß-blocker of choice 

during pregnancy. 

The routine use of diuretics is discouraged because of the potential reduction in 

maternal plasma volume early in gestation that is potentially harmful to the fetus. They 

should be used judiciously. 

Amiodarone has been associated with a 9% incidence of fetal hypothyroidism and a 

21% incidence of intrauterine growth retardation and should be reserved for cases of 

refractory ventricular arrythmia. 

Drugs listed as category X include the following: 

▪ Anticoagulants: Vitamin K antagonist cross the placenta and are potentially 

fetotoxic. They are commonly used in women with mechanical valves, and the 

risk and benefits associated with their use should be discussed with the patient 

before pregnancy is completed. 

▪ Endothelin receptor antagonists (bosentan, ambrisentan, and macitentan) 

▪ Statin: although inadvertent exposure to statin during early pregnancy appears 

unlikely to increase the risk of adverse pregnancy outcome, theoretical 

considerations concerning the role of cholesterol in embryo development and 

the lack of demonstration benefit of treating hyperlipidemia during gestation 

are reasons for not recommending statin during pregnancy. 
 
 
 
 

Table 2. Medications during pregnancy 
 

  
Common examples 

FDA 

Pregnancy 

Category 

Teratogenic Risks 

(First trimester) 

Other pregnancy 

concerns (second and 

Third Trimesters) 

Suggested 

Evaluation 

 
Lactation 

 
Notes 

Antihypertensives 

ß-Blockers Metoprolol 

Propranolol 

Carvedilol 

Atenolol 

C 

C 

C 

D 

None reported Possible 

association with 

fetal growth 

restriction in 

second and third 

trimesters 

(atenolol, 

propranolol), 

neonatal 

bradycardia 

(esmolol, nadolol) 

Consider serial 

fetal sonography 

to assess interval 

fetal growth in 

second and third 

trimesters. 

Except for 

atenolol, 

probably safe 

 

Combined 

α-/ß- 

blockers 

Labetalol C None reported No  Yes  

 Common examples FDA Teratogenic Risks Other pregnancy Suggested Lactation Notes 
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  Pregnancy 

Category 

(First trimester) concerns (second and 

Third Trimesters) 

Evaluation   

Antihypertensives (continued) 

Calcium 

channel 

blockers 

Nifedipine 

Verapamil 

Diltiazem 

C None reported Caution if used in 

combination with 

magnesium 

sulfate 

 Yes  

ACE 

inhibitors 

Captopril 

Enalapril 

Lisinopril 

C (first 

trimester) 

D (second 

and third 

trimester) 

 Fetal renal 

dysplasia, 

oligohydramnios, 

growth restriction, 

and intrauterine 

demise reported in 

second and third 

trimesters. 

Consider fetal 

echocardiograph 

y with first 

trimester 

exposure, serial 

sonography to 

assess interval 

fetal growth and 

amniotic fluid 

volume in 

second and third 

trimesters 

Yes (captopril 

and enalapril) 

Unknown 

(lisinopril) 

Avoid if 

possible 

during 

pregnancy 

α2- 

Adrenergic 

agonists 

Methyldopa 

Clonidine 

B 

C 

None reported Induction of 

positive indirect 

Coombs testing 

(methyldopa), rare 

neonatal 

hypertension 

(clonidine) 

 Yes 

(methyldopa) 

Probably safe 

(clonidine) 

 

Vasodilators Hydralazine 

Epoprostenol 

Nitroprusside 

Nitroglycerin 

Isosorbide 

dinitrate 

Sildenafil 

C 

B 
 

 
 
 
 

B 

None reported Possible transient 

fetal bradycardia 

(nitroprusside) 

 Yes 

(hydralazine) 

Probably safe 

(nitroglycerin) 

Unknown 

(epoprosterol, 

nitroprusside, 

isosorbide 

dinitrate, 

sildenafil) 

 

Diuretics 

Thiazide 

diuretics 

HTZ B None reported Possible increase 

risk of neonatal 

hypoglycemia and 

thrombocytopenia 

Consider 

neonatal blood 

count and 

electrolyte 

evaluation 

Yes (AAP) 

No (WHO) 

Maintenance 

therapy 

permissible, 

but therapy not 

usually stared 

during 

pregnancy 

Loop of 

Henle 

diuretics 

Furosemide C None reported Possible 

association with 

neonatal PDA and 

sensorineural 

hearing loss 

Maternal 

electrolyte 

monitoring 

No  

Potassium 

sparing 
diuretics 

Spironolactone 

(not 
recommended) 

C None reported   Yes (probably 

safe; not 
recommended) 

 

Anticoagulants 

Heparin 

(including 

LMWHs) 

Heparin 

Enoxaparin 

Dalteparin 

C None reported Possible maternal 

osteoporosis, 

heparin-induced 

thrombocytopenia 

and bleeding 

Maternal platelet 

and coagulation 

status monitoring 

(as appropriate) 

Yes  

 Common examples FDA Teratogenic Risks Other pregnancy Suggested Lactation Notes 
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  Pregnancy 

Category 

(First trimester) concerns (second and 

Third Trimesters) 

Evaluation   

Anticoagulants (continued) 

Vitamin K 

antagonists 

Warfarin X Fetal warfarin 

syndrome 

(craniofacial 

and skeletal 

anomalies) with 

exposure in 

weeks 6-9; fetal 

intracranial 

hemorrhage in 

second and 

third trimesters. 

 Comprehensive 

fetal sonography 

at 18-20 wk of 

gestation 

Yes Teratogenicit

y appears to 

be related to  

dose > 5mg 

daily 

Antiplatelet 

agents 

Aspirin (full 

dose) 

Clopidogrel 

D (third 

trimester) 

B 

None reported Premature closure 

of fetal ductus 

arteriosus at ≥ 32 

wk of gestation 

 
 

Empirical 

recommendation 

to discontinue 

clopidogrel 7d in 

advance of 

anticipated 

delivery. 

Unknown 

(AAP) 
No (WHO) 

Low dose 

aspirin (≤ 

100mg/d) does 

not appear to 

have 

deleterious 

effects 

Direct 

thrombin 
inhibitors 

Argatroban B None reported   Unknown  

Indirect 

factor Xa 

inhibitors 

Fondaparinux B None reported Possible neonatal 

factor Xa 

inhibition 

 Unknown  

Direct factor 

Xa 

inhibitors 

Rivaroxaban C None reported Theoretical risk of 

maternal 

hemorrhage 

 Unknown  

Fibrinolytics Streptokinase C None reported   Unknown  
Inotropic / Vasopressors 

Cardiac 

glycosides 

Digoxin 

Digitalis 

C None reported   Yes  

Adrenergic 

agents 

Epinephrine 

Norepinephrine 

Phenylephrine 

Dopamine 

Isoproterenol 

C Possible 

association with 

gastroschisis or 

hemifacial 

microsomia 

(phenylephrine) 

  Probably safe 

(dopamine) 

Unknown 

(epinephrine, 

norepinephrine 
, 

phenylephrine, 

isoproterenol) 

 

Antiarrhythmics 

ß-Blockers Metoprolol 

Propranolol 

Carvedilol 

Atenolol 

C 

C 

C 

D 

None reported Association with 

fetal growth 

restriction in 

second and third 

trimesters 

(atenolol, 
propranolol), 

neonatal 

bradycardia 

(esmolol, nadolol) 

Consider serial 

fetal sonography 

to assess interval 

fetal growth in 

second and third 

trimesters. 

Except for 

atenolol, 

probably safe 

 

Class 1A Quinidine 

Procainamide 

C 

C 

None reported   Yes  

Class 1C Flecainide C None reported   Yes  

 Common examples FDA Teratogenic Risks Other pregnancy Suggested Lactation Notes 
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  Pregnancy 

Category 

(First trimester) concerns (second and 

Third Trimesters) 

Evaluation   

Antiarrhythmics (Continued) 

Class III Sotalol 

Amiodarone 

B 

D 

None reported  
Thyroid 

dysfunction 

 No 

No WHO / 

(AAP Yes) 

 

Purine 

nucleosides 

Adenosine C None reported   Unkown  

 

AAP: American Academy of Pediatrics; FDA: US Food and Drug administration; LMWH: low-molecular- 

weight heparin; PDA: Paten ductus arteriosus; and WHO: World Health Organization. 
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CARDIAC EVALUATION BEFORE NON-CARDIAC 

SURGERY (NCS) 
 

Ass Prof. Suy Sovannara, Dr. Sok Sorkhan, Dr. Khmao Pichmanil, Dr. Kiry Samnang, Dr. 

San Samrany, Dr. Lim Eaksrong, Dr. Sreng Dina, , Dr. Men Sengleap, Dr. Phouy Sonaroth, 

Dr. Theng Youdaline, Dr. Saing Leang, Dr. Lim Sivutha, Dr. Sok Phang, Ass Prof. Chan 

Sokha, Ass Prof. Chhun Lay, Prof. Sok Chour 
 
 
 

I. DEFINITIONS OF SRUGICAL TIMING AND RISK 
 

 

TIMING DEFINITION 

Emergency Immediate threat to life or limb without surgical intervention, 

where there is very limited or no time for preoperative 

clinical evaluation, typically <2 h. 

Urgent Threat to life or limb without surgical intervention, where 

there may be time for preoperative clinical evaluation to 

allow interventions that could reduce risk of MACE or other 

postoperative complications, typically ≥2 to <24 h. 

Time-sensitive Surgery may be delayed up to 3 months to allow for 

preoperative evaluation and management without negatively 

impacting outcomes. 

Elective The surgical procedure can be delayed permitting a complete 

preoperative evaluation and appropriate management. 

 
RISK CATEGORY DEFINITION 

Low risk Combined surgical and patient characteristics predict a low 

risk of MACE of <1%. 

Elevated risk Combined surgical and patient characteristics predict an 

elevated risk of MACE of ≥1%. 

 

* MACE: Major Adverse Cardiac Events (Death, Heart Attack, Heart failure, 

Arrhythmia, Stroke) 

 
II. EPIDEMIOLOGY 

➢ Each year, approximately 14.4 million inpatient and 19.2 million ambulatory 

surgeries are performed in the United States, with an estimated 313 million 

surgeries performed worldwide. Cardiovascular risk factors and disease are 

prevalent among adults undergoing NCS, and perioperative cardiovascular 

complications are an important cause of morbidity and mortality. 

➢ In a large retrospective analysis of adults ≥45 years undergoing in-hospital 

surgery, perioperative death, myocardial infarction (MI), or ischemic stroke 

occurred in 1 of every 33 surgical admissions, corresponding to >150,000 

annual perioperative events in the United States. Although orthopedic 
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(40.0%), general (21.4%), and vascular (10.7%) surgeries were the most 

performed, patients undergoing vascular, thoracic, and solid organ 

transplantation surgeries had the highest incidence of cardiovascular events. 

Irrespective of the surgical subtype, perioperative cardiovascular 

complications are associated with prolonged inpatient hospitalizations, 

significantly higher medical costs, and increased mortality. 

 
III. PREOPERATIVE CARDIOVASCULAR DIAGNOSTIC TESTING 

➢ ECG: For patients with known coronary heart disease, significant arrhythmia, 

peripheral arterial disease, cerebrovascular disease, other significant structural 

heart disease, or symptoms of CVD undergoing elevated risk surgery 

(COR:2a) 

➢ ECHOCARDIOGRAPHY to assessment of ventricular function: In patients 

undergoing NCS with new dyspnea, physical examination findings of HF, or 

suspected new/worsening ventricular dysfunction (COR: 1) 

➢ STRESS TESTING: Vasodilator pharmacological stress imaging, Exercise 

stress testing, Dobutamine stress echocardiography 

➢ CARDIOPULMONARY EXERCISE TESTING: in whom objective 

functional capacity is reduced. Reduced cardiorespiratory fitness increases the 

risk of postoperative complications. 

➢ CORONARY COMPUTED TOMOGRAPHY ANGIOGRAPHY: In patients 

with acute chest pain and no known CAD, CCTA may be useful to exclude 

atherosclerotic plaque and obstructive CAD and is recommended as an 

alternative to invasive angiography. 

➢ INVASIVE CORONARY ANGIOGRAPHY: 
 

 

IV. APPROACH TO PERIOPERATIVE CARDIAC TESTING 
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V. CARDIOVASCULAR COMOBIDITIES AND PERIOPERATIVE 

MANAGEMENT 
 

➢ CORONARY ARTERY DISEASE: In patients with ACS being considered 

for elective NCS, coronary revascularization as appropriate and deferral of 

surgery is recommended to reduce perioperative cardiovascular events. 

(COR:1C) 
 

➢ HYPERTENSION: 

o Pre-operative: In most patients with hypertension planned for elective 

NCS, it is reasonable to continue medical therapy for hypertension 

throughout the perioperative period. Except, poorly controlled 

hypertension (systolic blood pressure [SBP] ≥180 mm Hg or diastolic 

blood pressure [DBP] ≥110 mm Hg before the day of surgery), 

deferring surgery may be considered to reduce the risk of perioperative 

complications. 

o Intraoperative Blood Pressure Management: In patients undergoing 

NCS, maintaining an intraoperative mean arterial pressure (MAP) ≥60 

to 65 mm Hg or SBP ≥90 mm Hg is recommended to reduce the risk of 

myocardial injury. 

o Postoperative Blood Pressure Management: 

▪ In patients undergoing NCS, treatment of hypotension (MAP 

<60-65 or SBP <90 mm Hg) in the postoperative period is 

recommended to limit the risk of cardiovascular, 

cerebrovascular, renal events, and mortality. 

▪ In patients with hypertension undergoing NCS, it is 

recommended that preoperative antihypertensive medications 

be restarted as soon as clinically reasonable to avoid 

complications from postoperative hypertension. 
 

➢ HEART FAILURE: 

o In patients with HF undergoing elective NCS, sodium-glucose 

cotransporter-2 inhibitors (SGLT2i) should be withheld for 3 to 4 

days before surgery when feasible to reduce the risk of perioperative 

metabolic acidosis. 
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o it is reasonable to continue GDMT (Guideline Direct Medical 

Therapy) (excluding SGLT2i) in the perioperative period, unless 

contraindicated, to reduce the risk of worsening HF. 
 

➢ HYPERTROPHY CARDIOMYOPATHY: 

o For patients with hypertrophic cardiomyopathy (HCM) undergoing 

NCS, factors that aggravate or trigger dynamic outflow obstructions 

(Ex, positive inotropic agents, tachycardia, or reduced preload) are 

harmful and should be avoided to reduce the risk of hemodynamic 

instability. 

o If hypotension develops: 

▪ Prioritize intravenous fluid administration to correct 

hypovolemia. 

▪ Use alpha-agonists, such as phenylephrine or 

vasopressin,7 rather than beta-agonists, which can worsen 

LVOT obstruction. 

▪ Consider intraoperative echocardiography to evaluate LVOT 

obstruction in the setting of hypotension. 

▪ In selected cases, intravenous beta-blockade may be necessary 

to reduce LV myocardial contractility and relieve LVOT 

obstruction. 

➢ PULMONARY HYPERTENSION: 

o In patients receiving stable doses of targeted medical therapies, 

continue these agents. 

o In patients with severe† PH undergoing elevated-risk NCS, Referral to 

or consultation with a specialized PH center and invasive 

hemodynamic monitoring. 
 

➢ ADULT CONGENITAL HEART DISEASE 

o Preoperative consultation with an adult congenital heart disease 

(ACHD) specialist is recommended before the surgery. 
 

➢ VALVULAR HEART DISEASE 

o Patients with severe valvular heart disease should be evaluated for the 

need for valve intervention before elective NCS. 

o In asymptomatic patients with moderate or severe AS and normal LV 

systolic function as assessed by echocardiography within the past year, 

it is reasonable to proceed with elective low-risk NCS. 
 

➢ ATRIAL FIBRILLATION 

o Treat potential underlying triggers contributing to AF and rapid 

ventricular response (Ex, sepsis, anemia, pain). 

o Initiation of postoperative anticoagulation therapy can be beneficial 

after considering the competing risks associated with 

thromboembolism and perioperative bleeding. 

https://www.jacc.org/doi/10.1016/j.jacc.2024.06.013#bib346
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➢ PREVIOUS STROKE OR TRANSIENT ISCHEMIC STROKE 

o it is reasonable to delay elective NCS for ≥3 months after the most 

recent cerebrovascular event to reduce the incidence of recurrent 

stroke, MACE, or both. 
 

 

VI. PERIOPERATIVE MEDCIAL THERAPY 

➢ STATTINE: Continuation of statin therapy is recommended to reduce the 

risk of MACE. 

➢ RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM INHIBITORS: 

Omission 24 hours before surgery may be beneficial to limit intraoperative 

hypotension. 

➢ ANTIPLATELET THERAPY AND TIMING OF NCS IN PATIENT 

WITH CAD 

o  Timing  of  N CS  after  PCI : 

▪ In patients with recent coronary artery balloon angioplasty 

without stent placement, elective NCS should be delayed for a 

minimum of 14 days to minimize perioperative MACE. 

▪ In patients with DES-PCI placed for ACS who require elective 

NCS with interruption of ≥1 antiplatelet agents, surgery should 

ideally be delayed ≥12 months to minimize perioperative 

MACE. 

▪ In patients with DES-PCI placed for CCD who require elective 

NCS with interruption of ≥1 antiplatelet agents, it is reasonable 

to delay surgery for ≥6 months after PCI to minimize 

perioperative MACE. 

o  Perioperativ e Antip la tele t Managem ent Po st PCI  
 

▪ In patients with prior PCI undergoing NCS, it is recommended 

to continue aspirin∗ (75-100 mg), if possible, to reduce the risk 

of cardiac events. 

▪ In patients with CAD who require time sensitive NCS within 

30 days of PCI with BMS or <3 months of PCI with DES, 

DAPT should be continued unless the risk of bleeding 

outweighs the benefit of the prevention of stent thrombosis. 

▪ In patients with prior PCI in whom OAC monotherapy must be 

discontinued before NCS, aspirin should be substituted when 

feasible in the perioperative period until OAC can be safely 

reinitiated. 

o  P erioperativ e Antip la tele t Managem ent in  Patients Without Pri 

or  PCI  

▪ In patients with CCD without prior PCI undergoing elective 

NCS, it may be reasonable to continue aspirin in selected 

patients when the risk of cardiac events outweighs the risk of 

bleeding. 

➢ ORAL ANTICOAGULANT: multidisciplinary team-based approach to 

time-based interruption is recommended to balance the competing risks of 

thromboembolism and perioperative bleeding. 



 

461 
 

➢ BETA BLOCKER: beta blockers should be continued through the 

perioperative period as appropriate based on the clinical circumstances. 
 

 

VII. MANAGEMENT OF POSTOPERATIVE STEMI/NSTEMI 
 

➢ Patients who develop STEMI after NCS should be considered for GDMT, 

including consideration of ICA, balancing bleeding, and thrombotic risks with 

the severity of the clinical presentation. 

➢ Patients who develop NSTEMI after NCS should receive medical therapy as 

recommended for patients with spontaneous MI but after consideration of 

postoperative bleeding risks and hemodynamic status. 

 
VIII. SPECIAL CASES 

➢  Preoperative  evalu ati on  before liver  and  k idney  transplan tat ion : Data 

from the 

U.S. Renal Data System and Medicare claims reported that more frequent 

invasive or noninvasive CAD testing in the year before kidney transplantation 

was not associated with lower rates of 30-day posttransplant death or acute 

MI. 

➢  Obes ity  and  baria tric  

surgery:  

careful attention to history and risk factors 

during preoperative assessments is essential, because: 

o patients who underwent Roux-en-Y gastric bypass or sleeve 

gastrectomy, prior cardiac history was associated with greater risks of 

perioperative cardiac arrest and 30-day mortality. 

o patients with obesity undergoing bariatric surgery reported that a 

history of ACS or HF was associated with increased risks of 

perioperative cardiovascular complications. 
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