開心手術之術後照護

詹 聖 霖
Transport to PICU after surgery

1. Check ventilation: “DOPE”: displacement, obstruction, pneumothorax, equipment

2. Transport monitors are functioning and all lines are properly fixed.

3. Adequate sedation and/or muscle relaxants, and adequately warm and expose.

4. Never transport if unstable or agitated! 

Arrival at PICU

· Checklist assessment (A-H): Airway and Breathing, Cardiac function, Drugs, 

   Electrolytes and Fluids, GCS (neurologic) evaluation, Hemostasis.  

· Airway and Breathing

1. Check breath sounds bilaterally

2. Adequately ventilatory setting: 

Goal: keep PH: > 7.45, PaO2: 100-150 mmHg, PaCO2: 28-35 mmHg

Initial setting: RR: 30-40 times/min in NB; 20-30 in infants; 18-28 in children

              PEEP: 3-5 (<10) cm H2O, I/E ratio: 1:2, FiO2: 1.0, 

Tidal volume: 10-15ml/kg             

3. Insure the ETT location: above carina 1-2cm

4. Arrange CxR st and 6 hrs later: check placement of ETT, CVP line and pulmonary condition etc.

5. Check ABG: within 5 min after arrival PICU and then follow up q4-8h at the 1st day.

6. No weaning of mechanical ventilation occur on the day of open heart surgery, and

consider weaning at the next day.

7. Airway suction q2h

· Cardiac function

1. Skin: peripheral perfusion and capillary refill time

2. EKG monitoring: heart rate, rhythm, amplitude and interval duration etc. 

3. Arterial line monitoring: BP monitoring and check femoral pulse

4. Central venous pressure / PAWP (LA) pressure monitoring: see Chap. CV monitoring

5. Check pacemaker wires and function

6. Check body temperature: core temperature – peripheral temperature < 2-3℃,

if ((T: suggest low cardiac output.  

7. Recognize “stable” vs “unstable” patient:

Stable patient: Normal CVP/PAWP, HR: sinus rhythm, good perfusion, 

U/O: 1-3ml/kg/hr, Blood loss: < 2ml/kg/hr.
Unstable patient: Poor filling pressure (CVP < 10 ; PAWP < 8), HR: tachycardia, 

              Poor perfusion, U/O: < 1 or > 3ml/kg/hr, Blood loss: > 2ml/kg/hr.
8. Low output syndrome:

S/S: U/O: < 1 ml/kg/hr, cold sweating, capillary refill time > 2 sec, metabolic acidosis, hypotension or narrowing pulse pressure, tachycardia, agitation.  
Etiology: 1.inadequate preload: hypovolemia 2.myocardial dysfunction 3.alternated 

afterload: vasoconstriction, pulmonary hypertension (PHTN) 4.inadequate HR:

arrhythmia 5.mechanical: cardiac tamponade, residual shunt or obstruction. 

Management: 

1.Inotropes / Diuretics / Vasodilators 2.Respiratory support 3.Fluid restriction 

4. Keep adequate CVP as the following: 

 ASD < 10mmHg

   RHD+TR(-); VSD+PHTN(-); TOF+RVp<60: 5-15mmHg

   RHD+TR; VSD+PHTN; TOF with RVp>60: 10-20 mmHg

RV failure; PVOD: 15-25 mmHg

   CVP > 25 mmHg -- R/O cardiac tamponade

9. Postoperative arrhythmia: Bradyarrhythmia; Tachyarrhythmia; Irregular rhythm

Mx: 1.Anti-arrhythmic agents 2.Cardioversion 3.Cardiac pacing

10. Cardiac tamponade:

S/S: 1.Low output S/S 2.CVP(; PAWP(; BP↓3.Paradoxical pulse (PE-PI >

10-20mmHg) 4.Unresponse to inotropes 5.PaO2 decrease

Tx: pericardiocentesis,drainage and pericardial effusion work-up.

11.Body temperature:
· Hypothermia: consider stress on cardiac output; failure of metabolizing drug  properly; poor perfusion
    Mx: warm blanket; warm ventilator humidifier
· Hyperthermia: may be a sign of low-output syndrome;(cardiac workload;(O2  

              consumption

    Mx: check underlying disease (blood transfusion; infection; lung atelectasis;

low-output; cerebral problems)
· Drugs
1. Antibiotics: infective endocarditis prophylaxis at least 48 hours 

  Cefazolin: 50mg/kg (max 2gm) before Sx 1hr and 25mg/kg (max1gm) q6h × 8 doses
  Vancomycin: 20mg/kg (max 1gm) before Sx 1hr and after 12hr once 

  If open sternum, add gentamycin 2mg/kg 1hr pre-op and 8 hrs after surgery.
2. Sedation: keep deeply sedated for first 12-18 hrs, and pain relief for at least 36 hrs.
morphine: 5-10 ug/kg/hr for pain control, and 10-30 ug/kg/hr for sedation 

or bolus: 0.1-0.2mg/kg iv q1-2h prn
fentanyl: 2-4 ug/kg/hr for pain control, and 4-15 ug/kg/hr for sedation 

(indication: pulmonary hypertension crisis after surgery) 
chloral hydrate: 10-30 mg/kg rectally
dormicum: loading 0.1-0.2mg/kg, then 1-2 ug/kg/min
3. Muscle relaxants

4. Inotropes: 

  The inotropic support (except dobutamine) should always be given via CVP line.

  Digoxin does not be used in the first 24 hr after surgery due to unstable serum

 potassium, and the digoxin is usually used to control HR after surgery. 

Calcium (may use as an inotrope) supplement: when blood transfusion > 100ml
5. Vasodilators: 

nitroprusside 0.5-10 ug/kg/min

· Electrolytes and Fluids 

1. Normal parental fluid requirement in children

	Body weight 
	Daily requirement

	<10Kg
	100ml/kg

	10-20Kg
	  1000ml+50ml × (BW-10)

	>20Kg
	  1500ml+20ml × (BW-20)


 ↑10% with BT of 38℃;↑20% with BT of 39℃,↑30% with BT of 40℃
2.Assessment of blood volume by CVP, blood pressure and urine output etc.

3.Daily fluid ＝ maintenance + ongoing losses

· Maintenance: 1st day: 50-60% of normal need in open heart surgery, 60-75% in

        closed surgery (60% in previous congestive heart failure and 

increased pulmonary blood flow surgery such as shunt operation

and valvotomy, and 75% in other patient).

After 1st day:↑10-25%/day if no pulmonary or systemic edema.

· Ongoing losses: fluid supplement: if Hb < 9.5(Hct<30%) use PRBC, if Hb: 9.5-11.5
use whole blood, Hb > 11.5(Hct>40%) use FFP or 5% albumin to keep Hct: 30-40%  

· Chest tube losses:  

    1.Chest tube care: keep below –15cmH2O continous suction and frequent stripped.

2.Check blood losses q15min until <2ml/kg/hr: q15min×4,qh×1day, and if losses >

5-10ml/kg/hr in early post-op period must check hemostatsis, consult CVS for

check bleeding and consider blood transfusion with volume by volume.

    3.if drainage < 1ml/kg/8hr, consider remove chest tube.

· Excess U/O > 4-5ml/kg/hr or excess 3rd space fluid loss: keep CVP about 10mmHg

· NG drainage: replaced intravenously with D5W/0.45NS

4. Oral/NG feeding: after removing endotracheal tube hours later 

  no cardiopulmonary bypass: within 12hrs if possible

open heart surgery: with 24hrs if possible

oral feeding: D5W for first 2-3hr and then use half-strength milk in infants and with

 milk or water in older children.

5.Electrolytes: monitoring Na; K; Ca; Mg; Glucose etc.

  Na: 3meq/100Kcal, K: 2meq/100Kcal

  Hyperkalemia is more dangerous than hypokalemia after surgery, and potassium

 infusion must stop if U/O <1ml/kg/hr, serum K >4.5, or both condition occur.

 Bolus of K is given only when K <3.0 after double check and U/O >1ml/kg/hr, and iv

     Infusion at least 30 minute. Change of serum K≒bolus of K (mmol) / BW× 0.3

6.Peritoneal dialysis: indications when

  anuria: resistant to diuretic (5-10mg/kg lasix iv)

  oliguria: U/O <0.5ml/kg/hr associated with (1)fluid overload, pulmonary edema, 

systemic hypertension, capillary leak syndrome (2) poor quality “urine”: 

Urine/plasma urea ratio:<5 or osmolality ratio: <1.1 

  hyperkalemia (K >6) 

· GCS evaluation: check Pupils, Consciousness, and Motion
1. post-operative neurologic problems:

Central: (1)Poor bypass perfusion (2)Embolism (3)ICH (4)Low output syndrome or arrest (5)Malignant hyperthermia

  Peripheral: (1)Peripheral nerve palsy (2)Phrenic or recurrent laryngeal nerve palsy (3)Sympathetic nerve trauma (4)Spinal cord injury 

2. Assessment:

  Level of conciousness

  Review of anesthesia / operative procedure

  Check blood sugar, ABG, Electrolytes etc.

  EEG / ICP / Brain CT and consult PNP
3. Medical treatment:
  (1) Supportive treatment

  (2) Hyperventilation / mannitol / steroid

  (3) Correct ABG, sugar and electrolytes etc.

  (4) Adequate fluid restriction

  (5) Anticonvulsants

· Hemostasis

1. Factors affecting hemostasis:

(1) Pre-op: cyanotic CHD (hypoxia), congenital blood dyscrasia, drugs (aspirin etc.)
(2) Intra-op: dilution or destruction of clotting, factors and platelet, DIC syndrome, incomplete reversal of heparin, protamine overdose etc.
(3) Post-op: surgical bleeding, fibrinolysis, heparin rebound, hypocalcemia, protamine

          overdose, heparin induced platelet aggregation, liver dysfunctions

2. Post-op check up: CBC, liver function, Calcium, PT/APTT/fibrinogen/bleeding time as

soon as the patient reached PICU

3.Mediac treatment: blood transfusion with FFP, platelet or fresh whole blood, transamine, vitamin K1 etc.

4.Surgical reentry criteria of bleeding: 

(1) Post-op bleeding tendency: blood loss > 10ml/kg/hr in first 1hr, and >5ml/kg/hr in

                         first 4 hours

(2) symptomatic cardiac tamponade:↑CVP,↓BP

(3) hemothorax or SVC syndrome 

·  TCVGH-PCV postoperative physician’s orders

BW: ________ Kg  Total intake: ________ ml/hr    Daily: ________ ml

1. PICU routine: BT-HR-RR-BP q ___h, U/O q ___h, record I/O _______ / ________

· Notify physician for BP < _____, > _____ ; BT < 37℃; HR < _____, > _____  

    U/O < _____, SaO2 < ______ %, and any arrhythmia, others: __________________.

· Alarm limits: HR _____ / _____, BP ________ / ________, SaO2 ______/ ______% 

2. IV: ____ % D/W with ____% NaCl _____ ml , _____ ml KCL, _____ ml Ca gluconate

  others: ______________________________________________________________. 

3. Check Central line: CVP q ___h, PAWP q ___h
4. Humidified mechanical ventilation at FiO2 ______ %, Rate ______, PIP ______, 

PEEP ______, Ti _______, others: ________________________________________. 

5. Check chest tube: q15min×4, qh×1day, then q ___ h, with 8/10/15cm negative pressure  

6. NG tube to dependent drainage / low intermittent suction.

7. Check GCS and pupil: q ___h 

8. CxR: on arrival PICU, 6hr later, in AM first post-op day, and after chest tube removed

9. Check CBC, GOT/GPT, BUN/Cr, electrolytes, ABG, PT/APTT: on arrival PICU, and q4-8h prn; Hb, Na, K, Ca, ABG in AM first post-op day; other lab: _______________.

10. Blood sugar: on arrival, q2h×2, then q4h×4 for all infants and small children

11. Blood transfusion: _______ ml PRBC / WB / FFP / Platelet for _______ min/hr 

12. Antibiotics: cefazolin (12.5 mg/kg) _____mg iv q6h×8 doses or ________________.

13. Sedation: ____________________________________________________________.

14. Acetominophen (10mg/kg) _____ mg q4h prn, BT > ____ ℃ or _______________. 

15. Inotropes ____________________________________________________________.

16.Vasodilators: _________________________________________________________.

17. Pacemaker setting: atrial/ventricular output ____ mA, sensitivity ____ mV, 

rate ____ bpm, others: __________________________________________________.  
18. Additional orders: _____________________________________________________

   ____________________________________________________________________.



















