Pharmacology: 

Non-depolarizing neuromuscular blocking agents (NMBs) produce paralysis by competing with acetylcholine for binding sites, thus preventing electrical depolarization of the post junctional membrane and subsequent muscle contraction.  NMBs affect only skeletal muscle. Smooth muscle is NOT affected and therefore pupillary response and gastrointestinal motility are not altered by the administration of NMBs.  NMBs DO NOT provide sedative, analgesic or amnestic effects. Concomitant sedation AND amnesia (i.e. , with benzodiazepines) are absolutely necessary when a patient is paralyzed. Analgesia (i.e., with narcotics) should be used in addition if the patient has a medical reason for experiencing pain.

Indications:

A. To facilitate mechanical ventilation in the following situations:

1. Patients requiring positive pressure control ventilation (prevent overbreathing).

2. To reduce intrathoracic pressures and improve alveolar ventilation in patients with increased spontaneous respiratory muscle contractions that oppose mechanical ventilation

3. To reduce oxygen consumption in hypoxic respiratory failure or shock

4. To aid in the management of patients with unstable intracranial pressure

5. To improve oxygenation and control respirations in patients with status asthmaticus

B. To provide muscle relaxation and avoid contractions in the following situations:

1. Patients with open abdominal wounds at risk for evisceration (prevent patient from  coughing).

2. Patients with tetany.

3. Magnetic Resonance Imaging Studies.

Agent Selection:

Agent selection should be based on side effect profile, route of elimination and cost. Every effort should be made to use pancuronium due to the significant cost difference between pancuronium and vecuronium.

· Pancuronium is the first line neuromuscular blocking agent used in critically ill patients requiring neuromuscular blockade.  Exclusions for use are in patients with renal failure (CrCl < 10 mL/min), severe hepatic failure (Child-Pughs Score ( 9) and patients who can not tolerate an increase in heart rate (i.e. patients with existing or suspected ischemic heart disease). Since the tachycardia observed with pancuronium is associated with rapid boluses, pancuronium should always be administered slowly over 2 minutes or more.

· Vecuronium should only be used in patients with renal failure (CrCl < 10 mL/min), or in patients with existing or suspected ischemic heart disease who cannot tolerate the tachycardia which may occur with pancuronium.

· Cisatracurium is reserved for patients with concomitant renal failure (CrCl < 10 ml/min) AND severe hepatic disease (Child Pugh Score ≥ 9).

· Rocuronium offers no significant advantage over vecuronium in the ICU setting and is significantly more expensive.  Therefore it should not be used for neuromuscular blockade in the ICU, it’s use is reserved for the OR.

Pharmacokinetics/Dosing/Cost Chart

	Drug


	Dosing Guidelines

   Load                 Intermittent                   Infusion
	Onset
	Duration†
	Elimination
	Cost

($/day)

	Pancuronium
	0.1 mg/kg
	0.08-0.12 mg/kg q 60-90 min*


	0.03-0.1 mg/kg/hr
	2-6 min
	90-100 min
	Renal (60-80%)

Hepatic (15-40%)

Biliary (10-15%)
	14

	Vecuronium
	0.1 mg/kg
	0.05-0.1 mg/kg q 30-60 min*


	0.05-0.1 mg/kg/hr
	2-5 min
	35-45 min
	Renal (10-20%)

Hepatic (20-30%)

Biliary (30-50%)
	50

	Cisatracurium
	0.15-0.2 mg/kg
	0.18 mg/kg q 30-60 min
	Initiate at 0.18 mg/kg/hr (may titrate to 0.6 mg/kg/hr)
	2-5 min
	45-60 min
	Hofmann elimination

Ester hydrolysis

(both independent of organ function)º
	212


*  Refer to dosage adjustments in renal insufficiency below

º   Requires normal serum pH and temperature for optimal metabolism

†  Duration may be prolonged with extended use (>3-5 days) due to accumulation of drug and/or presence

    of active metabolites (vecuronium and pancuronium)

· Dosing should always be guided by the minimal effective dose required to maintain the specific physiological effect(s) desired.  Never make dose adjustments based on train of four monitoring alone.

Dosing in Renal Insufficiency:

· The data on actual adjustment recommendations is limited.  These recommendations are reasonable adjustments based on the percentage of drug renally eliminated.

· Never use a continuous infusion of a paralytic in patients with renal failure

    Pancuronium:

	CrCl (mL/min)
	Dose Adjustment
	Average Dose/Frequency

	50-75
	( 45 %
	0.02 – 0.06 mg/kg q 2-6 hrs

	10-50
	( 65 %
	0.01 – 0.04 mg/kg q 2-6 hrs

	< 10
	Use vecuronium
	Use vecuronium


    Vecuronium:

	CrCl (mL/min)
	Dose Adjustment
	Average Dose/Frequency

	50-75
	( 25 %
	0.04 – 0.08 mg/kg q 2-6 hrs

	10-50
	( 50 %
	0.03 – 0.05 mg/kg q 2-6 hrs

	< 10
	( 75 %
	0.01 – 0.03 mg/kg q 2-6 hrs


Contraindications and Precautions:

· Not on ventilator

· Known hypersensitivity to the drugs.

· Use with caution in the elderly and patients with known hepatic or renal disease. Reduced doses may be necessary.

· These agents should be avoided in patients with known neuromuscular disorders (i.e., myasthenia gravis).

· There is a potential for prolonged neuromuscular blockade with prolonged infusions, certain concurrent medications and conditions (see section IX).

· Electroencephalographic monitoring of patients, who have a known seizure disorder (or those who may be at risk) while receiving neuromuscular blockers, should be considered since seizure activity will be “masked” by the paralytic.

Administration:

Prior to administration of NMBs patients should receive sedative and if needed analgesic medication as NMBs provide no sedative, amnestic, or analgesic effects.

** All patients should be dosed based on clinical assessments. Additional doses of NMBs should be administered only after the patient has been observed to have not met the physiologic parameters for which the paralysis was indicated. Patients on continuous infusions of neuromuscular blocking agents should have the infusion turned off at least once daily, until some observation of neuromuscular activity returns. If return of muscle activity is prolonged, intermittent dosing should be used instead of continuous infusion or the continuous infusion dose should be decreased by 25-75%. (see section XI).

A. Pancuronium
· Available as 2 mg/ml (5 ml ampules); refrigerated.

· Administer slowly over at least 2 minutes to prevent tachycardia.

· Always initiate therapy with intermittent dosing. Only use continuous infusions in patients who have required intermittent doses every 1-2 hours.

· Compatibility/Dilution:

Compatible with D5W and NS. 
        May be mixed in the following suggested concentrations:

100 mg/ 100 mL = 1 mg/mL
 
  50 mg/ 100 mL = 0.5 mg/mL 

B. Vecuronium 

· Available as a powder in 10 mg vials; unrefrigerated.

· Reconstitute powder with 10 ml of sterile water, D5W or NS.

· Administer over at least 1 minute

· Always initiate therapy with intermittent dosing. Only use continuous infusions in patients who have required intermittent doses every 1-2 hours. 

· Compatibility/Dilution:

Compatible with D5W or NS . 

May be mixed in the following suggested concentrateions:

100 mg/ 100 ml = 1 mg/ml
 
  50 mg/ 100 ml = 0.5 mg/ml

C. Cisatracurium
· Available as 2mg/ml (10mL vials); refrigerated.

· Doses may be “bolused” over 15-30 seconds

· Always initiate therapy with intermittent dosing. No adjustment in renal insufficiency is required. Only use continuous infusions in patients who have required intermittent doses every 1 - 2 hours.

· Compatibility/Dilution:

Compatible with D5W or NS. 

May be mixed in the following suggested concentration:


  20 mg/200 mL = 0.1 mg/mL

200 mg/100 mL = 2 mg/mL 

(maximum concentration = 5 mg/mL)

Discontinuing Therapy and Reversal of Blockade: 

· Duration of paralysis with NMBs should be minimized and the least effective dose used to avoid prolonged paralysis that is associated with extended durations of use (usually greater than 5 days though may still occur with shorter infusion duration).

· When patients no longer require paralysis, drug therapy should be stopped to allow the patient to regain muscle function. Tapering the dose is not necessary.

· Adequate ventilation and sedation should be continued until all effects of the NMB agent have dissipated.

· Signs of recovery from paralysis sufficient to attempt weaning from mechanical ventilation include:

a. Spontaneous respiratory effort*

b. Adequate tidal volume*

c. Maximum inspiratory force (negative inspiratory force) ≤ 25 mmHg.

d. 5 second head lift

e. 5 second hand grip

*These two criteria alone are not adequate as the patient may appear to ventilate adequately although some persistent blockade of the diaphragm persists.

· In rare instances when the paralysis must be reversed more rapidly, acetylcholinesterase-inhibiting agents (neostigmine 0.02 mg/kg + glycopyrrolate 0.01 mg/kg) may be used. The efficacy of these agents, however, in reversing the effects of long term paralysis is questionable and may not be different than that seen in patients receiving no reversal agent. Even if reversal is achieved, the effects of the neuromuscular blocking agent may outlast those of the reversal agent (2.5 - 5 hours for neostigmine) resulting in reparalysis.

Adverse Effects:

A. Tachycardia – (Pancuronium only)

· May be reduced by pushing drug over 2-3 minutes.

B. Prolonged paralysis: 

· may occur with any neuromuscular blocking agent.  This phenomenon is most often the result of prolonged use, excessive dosing and/or conditions, which lead to increased drug accumulation (i.e. decreased organ metabolic activity, drug interactions, electrolyte/disease interactions).

· Monitoring and dosing based on Train of Four response or minimal effective dose may prevent accumulation of the drug.

C. Postparalytic quadriparesis (acute necrotizing myopathy): 

· may occur with any neuromuscular blocking agent.  Risk is most often associated with concomitant use of corticosteroids (increased >2days and in total doses exceeding 1gram of methylprednisolone or equivalent dose of different steroid).

· For patients receiving NMBs and corticosteroids, every effort should be made to discontinue NMB as soon as possible.  

· Patients receiving both corticosteroids and NMBs should have CPK levels checked daily.

Drug Interactions/Conditions Affecting NMBs:

	
	Potentiate or prolong NMB effects
	Antagonize or shorten NMB effects

	Medical Conditions
	hypokalemia; hypocalcemia;  hypermagnesemia; acidosis; myasthenia gravis;  hypothermia
	hypercalcemia; alkalosis; diabetes mellitus; peripheral neuropathies; hemiplegia; severe burns; sepsis

	Drugs
	antibiotics/antifungals (aminoglycosides, vancomycin, clindamycin, tetracyclines, amphotericin B); inhaled anesthetics; cardiovascular agents (quinidine, procainamide, b-blockers, calcium channel blockers); cyclosporine, diuretics (furosemide, mannitol, thiazides); lithium carbonate; dantrolene; corticosteroids
	anticonvulsants (phenytoin, carbamazepine); theophylline, corticosteroids; anticholinesterase agents (i.e. neostigmine)


Monitoring: 

· Monitoring should be based on providing the desired degree of paralysis with minimal amount of drug. Clinical assessments should be made to determine when additional doses of paralytic agents are needed. Train of Four monitoring may be used in addition to the clinical assessment, but is never relied upon solely because of its many limitations.

· See Nursing Procedure in Nursing Policy and Procedure Manual for use of Train of Four monitoring of neuromuscular blocking agents.

Adjunctive Therapy:

A. Sedation and Analgesia
· NMBs DO NOT POSSESS ANALGESIC, SEDATIVE OR AMNESTIC PROPERTIES. Patients should be adequately sedated with an amnestic agent (benzodiazepine) BEFORE a neuromuscular blocking agent is administered and continued around-the-clock (not prn) until the patient is no longer paralyzed.

· Adequate sedation and pain control can only be assessed in paralyzed patients by objective measures: heart rate and blood pressure. These should be monitored very closely.

· Narcotics (e.g., morphine) may be ADDED to the benzodiazepine regimen if pain control is needed. Narcotics do NOT provide an amnestic effect.

B. Bowel Regimen
· Patients should be put on an adequate bowel regimen to avoid the constipating effects of all narcotics (i.e. stimulant laxative + stool softener (e.g. docusate sodium 100mg po bid + senna 10 mL po qhs)).

C. Skin Protection
· The paralyzed patient is at risk for developing impaired skin integrity and subsequent discomfort. Proper positioning, body alignment and padding of bony prominences is essential. Use of air-loss beds and other pressure alleviating devices should be considered. Patients should be repositioned every 2-4 hours.

D. Muscle Atrophy Minimization
· Regularly conducted passive range of motion may minimize the risk of disuse atrophy.

E. Eye Lubrication
· Frequent lubrication of the eyes with a petroleum based agent such as Lacrilube ointment is essential due to absent blink response.

F. Venous Thromboembolism Prophylaxis
· The paralyzed patient is at risk for deep vein thrombosis and should have proper prophylaxis (heparin 5000 units SC bid or veno-dyne boots).

