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RCH Emergency

Overview of Trauma / Critical Care Orientation:
1. Classroom day with CNE to review specific skills (approx 7.5 hrs)

1. Review Clinical Competencies required to work in Trauma

2. Review specific skills including’

i. Chest tube insertion/ Autotransfusion

ii. Intraosseous IV access and use of the Rapid Transfuser
iii. Code Blue and Code call- walkabout

iv. Pediatric arrest & Broselow System
v. Code Pink

vi. Hemodynamic monitoring

vii. Sepsis protocol/ Hyothermia protocol (Blanketrol machine)

2. Orientation shifts:

· 2 DX and 2 NX shift with buddy RN. (Additional orientation days possible depending on individual needs/goals)
3. 1 D buddy shift in ICU with ICU RN

Buddy Shift in ICU 

· Day Shift (8 Hrs): 0730-1530  (Wear own uniform/scrubs)

· Report to main desk by 0730 – Use main ICU entrance 

· Assignment board at desk- ER RN name will be penciled next to ICU buddy

· Check Bed # assignment of ICU ‘buddy’ RN

· Go to bedside to receive report with buddy RN

Goals of shift

Increase “hands on experience".  The goal is to increase confidence and competence in:

· Caring for the acutely ill ventilated patient 

· Morning rounds and how to give a good nursing report for a critically ill patient

· Management of arterial lines & central lines (i.e. taking & labelling blood, zeroing, manipulating, setting up lines, etc)

· Managing multiple infusions and titration of infusions
· ICU nursing care routines and procedures (review differences in Day & Night procedures/ care) 

4. First independent shift in trauma will occur as soon as possible following completion of orientation 

· Experienced RN as backup float in trauma
5. First 3-6 months in trauma: CNE/staff member will use Trauma Clinical Competencies form to identify and evaluate ongoing achievements and areas for continued growth
Trauma Team Activations: Roles and Responsibilities of Team Members

	Emergency Department Physician 


*Directs and supervises trauma resuscitation, including determination and ordering of initial diagnostic tests and procedures, until hand over to Trauma Team Leader

· Responds immediately to notification by paramedics or overhead page by charge nurse of impending trauma patient

· Physically present at bedside on trauma patient’s arrival 

· Provides advice to referring hospital / paramedics

· Participates in transport arrangements as required 

· Notifies ED Patient Care Coordinator (PCC), and Trauma Nurse Leader (TNL) of patient and estimated time of arrival when takes initial notification phone call
· Protects self from body substances  – dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Assumes overall responsibility and control of initial management of the trauma patient until the Trauma Team Leader (TTL) arrives – Full primary/secondary assessment (including logrolling patient) and provides interventions as needed
· Directs and supervises trauma resuscitation, including determination and ordering of initial diagnostic tests and procedures

· Manages airway (includes ordering medications required for intubation)

· Immobilizes neck

· Provides verbal update to Trauma Nurse (nurse # 1) so that Airway/ Breathing assessments are not duplicated within Trauma Team

· Provides update to Recording Nurse so that all care and assessments are recorded appropriately

· Does initial crowd control 

· Assists in undressing patient

· Assists with IV access as needed (e.g. need for central line or intraosseous IV)

· Inserts monitoring line(s) as needed 

· Immobilizes fractures

· Initiates or delegates call to CT / ICU etc.

· Performs other procedures as needed (i.e. CTs/FAST/DPL etc.)

· Communicates with and responds to patient during all procedures

· Discusses resuscitative priorities and plans of care with Trauma Nurse (nurse # 1) and/ or Recording Nurse (nurse # 2) 

· Discusses resuscitative diagnostic and therapeutic priorities with Trauma Nurse (nurse # 1) and/ or Recording Nurse (nurse #2)
· Documents assessment, referrals & orders

· Dictates resuscitation note

· Discusses with Trauma Director/Clinical Nurse Specialist, Trauma, need for a trauma audit 

	Trauma Team Leader 


Assumes the overall care of the trauma patient from the Emergency Physician

Conducts primary and secondary surveys and directs resuscitative interventions 

Develops definitive diagnostic and therapeutic plan and communicates plan to rest of the team

Responsible for the disposition of the patient to the most appropriate service
· Immediately responds to page / phone call on impending trauma patient

· Physically present in the Emergency Department within 20 minutes of trauma patient’s arrival 

· Protects self from body substances – dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Assumes role of Trauma Team Leader (TTL) – Full primary/secondary assessment (including logrolling patient) and provides interventions as needed
· Directs and supervises ongoing trauma resuscitation, including determination and ordering of diagnostic tests and procedures

· Assumes supervision of care until it is appropriate to transfer care to an suitable primary service physician and / or Trauma Associate 

· Does crowd control 

· Assists with IV access as needed (i.e. need for central line or intraosseous IV)

· Inserts monitoring line(s) as needed 

· Immobilizes fractures as needed

· Immediately initiates calls to other consultants as needed

· Initiates or delegates call to CT/US/ICU as required

· Performs other procedures as needed (i.e. CTs/FAST/DPL etc)

· Communicates with and responds to patient during all procedures

· Discusses priorities and definitive plans with Trauma Nurse / primary service physician 

· Discusses diagnostic and therapeutic priorities with Trauma Nurse / primary service physician 

· Consults Trauma Nurse Practitioner

· Speaks with the patient’s family

· Documents assessment, consults & orders

· Dictates resuscitation note

· Discusses with Trauma Director / Clinical Nurse Specialist, Trauma, need for a trauma audit 

	General Surgery Resident / ICU Resident


* Under the direction of the TTL performs / assists with procedures 

· Immediately responds to page / phone call on impending trauma patient

· Physically present in the Emergency Department within 20 minutes of trauma patient’s arrival 

· Protects self from body substances  – dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Performs and / or assists with procedures as assigned by the TTL 

· Assists with IV access as needed

· Immobilizes fractures as needed

· Assists with drawing blood as needed

· Inserts chest tubes as directed by TTL

· Performs FAST as directed by TTL

· Communicates with and responds to patient during all procedures

· Documents in writing procedures preformed

	Primary Service Physician and other Subspecialties


· Immediately responds to page / phone call on major trauma patient 

· Physically responds within 20 minutes (General Surgeon) and within 30 minutes (other specialists) of being called

· Protects self from body substances – dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Performs sub-specialty exams 

· Communicates with and responds to patient during all procedures

· Documents assessment, findings, procedures performed, and plan of care and communicates the same to the TTL / TNL 

· May be asked to assume overall care of patient if injuries relevant to subspecialty

· Speaks with patient’s family

· Documents assessment, phone calls & orders

· Dictates consult note

· Discusses with Regional Trauma Director/Clinical Nurse Specialist, Trauma, need for audit

	Trauma Nurse Lead (TNL) – Trauma nurse # 1 and/or Trauma Float -    

*Primary Responsibility: Patient assessment & coordination of ongoing care


* Ensures Trauma room checked at beginning of shift

Prior to Patient Arrival
· Responds immediately to charge nurse’s Trauma Team overhead page

· Protects self from body substances – dons protective gear as required (Dons lead gowns, gloves, eye protection when necessary)
· Ensures a bag-valve mask device is set up and attached to oxygen and that the oxygen is on at 100%

· Ensures functioning suctions are set up with tubing - including one Yankauer suction

· Ensures Level 1 Rapid Infuser is primed with N/S and ready 

· Ensures availability of medications

· Ensures doppler (arterial and fetal) are readily available

· ECG monitor is turned on

· Bair Hugger Warmer readily available

On Patient Arrival 

Performs Rapid Initial Assessment – Primary Survey (in conjunction with EP):

· Airway: (maintains C-spine precautions) and assists with emergency interventions as needed

· Breathing: auscultates air entry and assists with emergency interventions as needed- If RT/ EP assessing Airway and Breathing move on to Circulation

· Circulation: ensures 2 large bore IV lines are insitu/patent and infusing wide open if necessary.  If able takes blood for lab work from IV site prior to infusing fluid.

· Disability: completes neurological assessment- AVPU: Alert, Verbal, Pain, Unresponsive and checks pupils
Performs Secondary Survey including:

· Expose: undresses the patient 

Environmental factors: keeps the patient warm – applies the Bair Hugger or warm blankets, administers warm fluids via Level 1 Rapid infuser (can infuse slowly if needed).      

· Full set of vital signs (including temp)

Five interventions (cardiac monitoring, pulse ox, urinary catheter {only after rectal done by EP}, gastric tube, and laboratory studies) 

Facilitate Family presence @ bedside

· Give comfort measures- administers analgesia as required

· History – MIVT: Mechanism, Injuries, Vitals, Treatment 

If available collects information on past medical history, allergies and medications

Head-to-toe assessment

· Inspect posterior: participates in log rolling the patient while maintaining C-spine precautions and assesses the patient’s posterior for any injuries

Other interventions

· Gives VS’s (BP. P, RR, T, O2 sat) to physician/ TTL and recording nurse immediately and then follows with VS q 5 minutes during initial resuscitation

· Continues to perform ongoing focused assessments including VS q 15 min minimally or as indicated by patient’s condition, reports VS to recording nurse as required

· Provides monitoring updates to physician and Recording nurse

· Alerts trauma team of the need for additional assessments based on the patient’s condition

· Prepares and gives medications as ordered (shared role with procedure nurse/trauma nurse # 3)

· Assesses pain intensity, sedation level and manages pain reduction

· Removes clothing and jewellery and gives to Recording nurse

· Assists with procedures

· Defibrillates patient as necessary

· Communicates to patient during all care/treatment
· Ensures post insertion films are done as ordered following placement of lines/tubes (i.e. central lines, ET tube) and clarifies position with physician before patient transferred (dual role with Recording nurse)
· Continues to care for patient once initial resuscitation complete and Recording nurse is no longer available
· Continues liaison role between TTL and others (EHS, support staff, family members) when Recording nurse is no longer available

· Continues to communicate with Social worker as required

· Prepares patient for transport

· Assists and ensures appropriate personnel are transferring patient

· Accompanies patient on transport as required
· Gives report to receiving unit 
	Recording Nurse- Trauma Nurse Float and/or Trauma Nurse # 2
Primary Responsibility: Recorder to ensure all care & interventions are documented


* Has authority for crowd control within Trauma Room

Prior to Patient Arrival

· Responds immediately to charge nurse’s Trauma Team overhead page

· Protects self from body substances – dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Assists Trauma nurse (nurse #1) with set up of the trauma room and equipment

· Discusses and reviews nursing roles with other responding trauma nurses

· Discusses priorities with trauma team members

· Communicates about trauma to social worker (SW) when SW on site

On Patient Arrival

· Receives all pre-hospital documentation

· Records accurately and concisely on the trauma form, including assessments, interventions and responses

· Provides monitoring updates to physician TTL (dual role with trauma nurse)

· Interprets and records monitor strips

· Communicates with physician when medications are due to be repeated

· Prompts trauma (nurse #1) as necessary to obtain VS q 5 minutes during initial resuscitation and as indicated by patient’s condition

· Prompts trauma nurse (nurse # 1) and/ or monitoring nurse (nurse #3) to obtain temperature and urine output q 15 minutes as required during initial resuscitation

· Communicates with unit clerk – ensures TTL documentation form completed

· Communicates with charge nurse requirements for additional personnel as needed

· Checks blood products with monitoring nurse (nurse #3) or trauma nurse

· Receives belongings/clothes and cares for belongings and valuables appropriately

· Ensures post insertion films are done as ordered following placement of lines/tubes (i.e. central lines, ET tube) and clarifies position with EPs before patient transferred (dual role with trauma nurse)

· Act as initial liaison between TT and others (EHS, support staff, family members)

· Speaks to patient’s family and facilitates their presence at the bedside.

· Withdraws from trauma care only when 2 nurses are no longer required

· Once initial resuscitation completed assists to clears trauma bed(s) ASAP

	Procedure/ Medication Nurse – Trauma Nurse #3 (Overflow RN or Triage # 2 Assignment)

 *Primary Responsibilities: Medication Administration & Procedures


Prior to Patient Arrival

· Responds immediately to Charge Nurse’s Trauma Team overhead page

· Protects self from body substances – dons protective gear as required (impervious lead gowns, gloves, eye protection)

On Patient Arrival
· Assists trauma nurse to Initiate IV’s, takes blood for lab work as needed 

· Ensures blood work is labelled with time and initials.  For GR/Screen ensures patient Hospital # is also hand-written on label

· Gives labelled specimens to Unit Clerk to process and send 

· Prepares and gives medications as ordered

· Monitors, and administers additional IV fluids/blood etc. as ordered

· Manages Rapid Infuser if necessary

· Sets up and assists with procedures as necessary, i.e. chest tube insertion, central line insertion, etc.

· Inserts foley catheter if not contraindicated (only after a rectal done by EP) and initiates urometer drainage if not already done

· Assists with dressings, splints, control of bleeding as necessary

· Communicates with the recorder: procedures, results, IV’s, medication administration including times and dosages, etc.

· Communicates to patient during all care/treatment

· Ensures transport equipment is readily available and operational 

· Withdraws from trauma care first when 3 nurses are no longer required

	Respiratory Therapist


· Responds immediately to Unit Clerk’s page 

· Protects self from body substances – dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Ensures intubation equipment is available at the head of bed

· Ensures a bag-valve mask device is set up and attached to oxygen and that the oxygen is on at 100%

· Ensures functioning suctions are set up with tubing – including one Yankauer suction 

· Assesses patency of airway and establishes an airway

· Assists EP / TTL with intubation and provides manual ventilation as needed

· Auscultates lung fields 

· Provides verbal update to Trauma Nurse (nurse # 1) so that Airway/ Breathing assessments are not duplicated within Trauma Team

· Provides update to Recording Nurse so that all care and assessments are recorded appropriately

· Maintains patient oxygenation and ventilation using invasive and non-invasive monitoring and support techniques in collaboration with EP / TTL

· Gives respiratory drugs as ordered by EP / TTL and informs Recording Nurse 

· Establishes, monitors and maintains mechanical ventilation support as needed

· Establishes, monitors, and maintains oxygen delivery devices

· Inserts, maintains, and monitors radial arterial lines

· Communicates all findings to EP / TTL and Recording Nurse

· Documents resuscitation note and ongoing care 

· Accompanies patient on transport as needed

· Restocks intubation carts

	Charge Nurse


*Must be aware of Trauma Team Activation (TTA) guidelines 

· Pages overhead on ED paging system (states: “trauma team members to trauma room”) to ensure that the physician and trauma nurses are aware of the patients ETA 

· Ensures human resource needs for department/trauma room are met

· Ensures physicians orders are processed appropriately by unit clerk

· Obtains lab results off printer

· Acts as family liaison when social worker is not available
· Acts as police liaison when social worker is not available
· Does crowd control outside of trauma room doors

· Arranges admission/transfer of patient

· Ensures 1 trauma bed available at all times

	Triage Nurse


· Informs ER admitting of patient’s impending arrival

· Initiates triage form – ensuring level of urgency and presenting complaint codes are completed (found on the front/back of triage form)

· Delivers triage form and BCAS form to ER admitting personnel
· Ensures admitting form/triage form and BCAS form are delivered to unit clerk

· Ensures patient identification band is delivered to a Trauma nurse
· Initial contact with family and others

· Liaises with family and Trauma Team

	Unit Clerk


· Upon charge nurse’s trauma team page - automatically calls RT, Lab, Xray, & SW 

· Puts out additional calls to appropriate personnel as requested by the charge nurse (e.g. EP, TTL, OR, ECG, specialists etc.) 

· Records all times calls went out and records response times 

· Receives admitting documentation from admitting/triage

· Enters trauma orders immediately on patient chart arrival 

· Enters additional orders as needed 

· Prepares OR package as needed

· Obtains blood from tube system

· Processes admissions 

	ACR LPN


· Responds only if required -  Charge Nurses will page overhead 

· Protects self from body substances - dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Assists doctor(s) with immobilization of fractures

· Assists with control of bleeding as necessary

· Assists with dressings if required 
· Performs chest compressions as needed

· Withdraws from trauma care when no longer required

	Social Worker


· Responds immediately to unit clerk’s page 

· Provides ongoing care of family as needed from admission through to disposition (OR/Ward/ICU/Morgue)

· Gathers patient information from police/EHS/TNL/patient/patient’s belongings 

· Once family has arrived receives patient’s valuables from TNL and gives to family as per hospital guidelines

· Determines patient identification and next of kin (NOK)

· Contacts NOK and family physician whenever possible

· Updates admitting/TNL/ EP/TTL with pertinent patient/family information when available

· Greets family on arrival in ED, offers family privacy when appropriate (i.e. interview/family room)

· Alerts TNL ( and EP/TTL if available) when NOK arrives

· Acts as a liaison between EP/TTL and TNL and family

· Returns patient’s valuable/clothing to family as per hospital guidelines and ensures documentation of this

· Facilitates and participates in family/physician conferences

· Facilitates family bedside visit

· Provides ongoing support to family, patient and staff

· Provides report to receiving ward social worker

	X-Ray Technologist


· Responds immediately to Unit Clerk’s phone call/page 
· When needed co-ordinates CALLBACK of CT technologist/radiologist as requested

· Protects self from body substances – dons protective gear as required (impervious lead gowns, gloves, eye protection)

· Obtains chest, pelvis, spine x-rays as directed by EP TTL 

· Takes other x-rays as directed by EP TTL (chest, pelvis, c-spine x-rays have priority and must be processed prior before taking other x-rays)

· Informs EP TTL when x-ray films are available for viewing

· Once all x-rays films are completed, checks with EP TTL before returning to department

	Site Leader


* Role in effect: weekdays 16pm to 0730am and weekends 24 hrs.

· Liaises with bed utilization to ensure patient placement

· Accesses extra staff as required for ED and in-patient units

· Assists Social Worker or Charge Nurse with family/police liaison role when needed
	BCAS Staff


· Provides notification or impending patient(s) arrival with estimated ETA

· Provides EP and TT staff with a concise pre-hospital patient status report (Mechanism, Injuries, VS’s, Treatment – MIVT)

· Assists with patient transfer onto trauma bed

· Removes BCAS equipment as directed by EP/TTL

· Completes crew report and gives to TNL 

· Provides EP/TTL/ TNL with additional patient information if available

Resuscitation Team Activation

Activated at the discretion of the ERP and PCC once notification of an emergent (CTAS 1 or CTAS 2) is received.
The purpose of the Resuscitation Team Activation is to gather needed staff , resources and equipment to be the most prepared possible on arrival of critically ill patients.

When the Resuscitation Team Activation is paged overhead 2-3 ERP’s, 2-3 RN’s, the UC, the Trauma Room HCA, and the SW and RT will respond to the area just inside the trauma room, don PPE, and create a plan for the resuscitation.

The Pre-resuscitation Checklist is located on a clipboard above the PPE cart just to the right as you enter the trauma room:
The back has information specific to Pediatric and Obstetric clinical scenarios.
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PRIMARY SURVEY

	ASSESS IMMEDIATELY:
	INITIAL RESUSCITATION:

	
	

	
AIRWAY
	

	· Check for patency
	- airway opening techniques

	
	- suction

	
	- airway adjuncts

	
	- intubation

	
	

	· Suspect C-spine injury in trauma
	- apply collar, sandbags etc.

	
	- Maintain C-spine   precautions during turns and transfers.

	
	

	BREATHING
	

	· Check for adequate ventilation
	

	
	

	
- listen to air entry
	

	
- feel tracheal position
	- ventilator support if needed

	
- note work of breathing
	- bag-valve-mask if needed

	
- look at and feel chest 


- note respiratory rate
	- administer high concentration of oxygen (10 liter/min or 100% by mask)

	
	

	CIRCULATION
	

	· Check for adequate perfusion
	

	
	

	
- feel pulse (present or absent)
	- CPR if needed

	
- note heart rhythm and BP
	- apply cardiac monitor

	
- assess skin for colour, temp,     perspiration
	- establish 2 large bore IV’s

	
- look at neck veins
	- draw blood for labs

	
- check cap refill
	- administer fluid replacement (blood or crystalloid)

	
- look for external hemorrhage
	- control external hemorrhage

	
	

	DISABILITY
	

	· Level of consciousness (alert, verbal or pain response, unconscious)
	

	· Check pupils for size and reaction
	

	
	

	EXPOSE
	

	· Remove all clothing
	- check for medical tags

	
	

	
	- roll pt and check posterior surface


SECONDARY SURVEY

	ASSESSMENT:
	Interventions:

	
	

	
Full set of Vital Signs 
	

	· Including BP, HR, RR, T, SpO2
	If chest trauma is suspected, auscultate BP

in both arms

	
	Determine if patient requires:

· Foley

· NG/ OG

	Facilitate Family Presence as necessary
	

	Give Comfort Measures
	

	· Pain management

· Alternate comfort measures-touch, positioning, warmth, cold
	

	History/Head to Toe Assessment (see below)
	

	Inspect and Palpate
	


History/Head to toe assessment is done to establish a baseline for a patient and to provide further data to identify areas of concern.
The History/Head to toe assessment consists of two parts:

A. SUBJECTIVE ASSESSMENT

B. OBJECTIVE OR HEAD-TO-TOE ASSESSMENT

A. SUBJECTIVE ASSESSMENT

1. The Chief complaint (CC), preferably in the patients’ own words.

2. The History of Presenting Illness (HPI).


L
●   location


O
●   onset


T
●   type, timing


A
●   aggravating alleviating factors or associated symptoms


R
●   radiation


P
●   precipitating events


This is good mnemonic to assess PAIN in any area of the body

3. Past Medical History (PMH)

· pertinent to presenting complaint

4. Review of Systems (R.O.S.), this may be done in conjunction with HPI and PMH

· investigate systems that relate to the CC

5. Medications

6. Allergies/Sensitivities

7. Family History (FM)

· to establish familial tendencies and/or risk factors

8. Social History (SH)

· Work/social status

· Risk behaviours ( drugs/alcohol/cigarettes, etc.

B. 
OBJECTIVE OR HEAD-TO-TOE ASSESSMENT


** REMEMBER TO INSPECT, PALPATE, AND THEN AUSCULTATE **

1. General Appearance:


Inspect:

· Behaviour

· Odors

· Kinetics (body language)

2. Head and Neck:



Inspect:


· Scalp for lacerations

· Ears for drainage, bruising over mastoid area (“battle sign”)

· Nose for drainage

· Mouth and tongue for broken teeth, false teeth, foreign bodies, blood

· Eyes for papillary equality and reaction, contact lenses

· Face for symmetry, lacerations, edema


Palpate:

· Scalp for lumps, bumps, lacerations

· Nose for alignment

· Tracheal position (midline or deviated)

3. Chest:



Inspect:

· Symmetry

· Expansion – work of breathing, accessory muscles use

· Signs of trauma, scars, etc.



Palpate:


· Clavicles, sternum and lateral chest wall for pain or crepitus



Auscultate:

· Presence of breath sounds

· Apical heart sounds
4. Abdomen:
(the Abdomen is the only area you Inspect, Auscultate and then Palpate)



Inspect:

· For distension

· For trauma, scars, discoloration

· Peristalsis, pulsations



Auscultate:

· Right Lower Quadrant (R.L.Q.) for bowel sounds



Palpate:

· Iliac crest

· Perform abdominal distention and retraction – if patient unable to follow instructions, palpate abdomen lightly

· Lightly compress symphysis pubis

5. Extremities:



Inspect:

· Compare limbs for symmetry, deformity, signs of trauma, scars, etc.

· Position of extremities

· Skin integrity



Palpate:

· Skeletal integrity and tenderness

· Radial, femoral, dorsalis pedis, posterior tibialis pulses bilaterally
· Capillary refill

· Handgrip strengths

· Dorsiflex and plantarflex feet against resistance (push/pull)

· Flexion and extension of arms and legs

6. Spine:



Inspect:

· Deformity, signs of trauma, etc.



Palpate:

· Paravertebral and vertebral areas

· Percuss costovertebral angles for pain

FOCUSED SYSTEM ASSESSMENTS

If you find something abnormal on your head-to-toe assessment, you focus on that body system and assess it in detail!

CARDIOVASCULAR SYSTEM ASSESSMENT


Inspect:

· Mental status/orientation

· Skin color and condition

· Point of Maximum Impact (PMI)

· Abnormal pulsations over precordium

· Edema (extremities, sacral, and facial areas)

Palpate:

· Pulses – rate, regularity, quality , equality (radial femoral, PT, DP)

· Edema – location, severity (mild, moderate, severe), pitting or not-pitting

· PMI position and size

· Vibrations/pulsations over precordium

· Jugular Venous Distension (JVD)


Auscultate:

· Heart rate and rhythm

· Blood pressure (bilaterally, if appropriate)

· Heart sounds – quality (clear, distant, muffled)


S1 and S2


Adventitious sounds (S3, S4, rubs murmurs, gallops)

· Comparison of apical and radial pulses (pulse deficit)

· Pulses paradoxus (optional) 

NEUROLOGICAL SYSTEM ASSESSMENT

Inspect:

· General mentation



GLASCOW COME SCALE

	1.
	EYES OPEN
	Spontaneously 

To verbal command

To pain

No response



	2.
	BEST VERBAL RESPONSE
	Orientated & converses

Disoriented & converses

Inappropriate words

Incomprehensible sounds

Nil



	3.
	BEST MOTOR RESPONSE
	Obeys command

Localizes painful stimulus

Withdraws from pain

Flexion posturing

Extension posturing

Flaccid



	
	
	TOTAL (out of 15)


· Pupillary response

· Direct

· Consensual

· Accommodation

· EOM’s – extraocular eye muscle/movement – (e.g. signs of nystagmus, abnormally deviated gaze etc.)

· Limb strength and equality of strength bilaterally
· Presence of drift

RESPIRATORY SYSTEM ASSESSMENT

Assessment is performed on both the Anterior and Posterior Chest

Inspect:

· Mental status/orientation (Some neurological conditions can affect resp status eg. seizures)
· General appearance
· Patient position to facilitate breathing

· Color of skin, earlobes, nail beds, mouth, distal extremities

· Presence of cough and expectorate (color, amount, consistency)

· Rate, rhythm and depth of breathing

· Effort of breathing and use of accessory muscles

· Deviation or tugging of trachea

· Signs of injury (eg. Bruising to ribs should lead you to anticipate possible respiratory compromise)
· Deformities/scars of thorax or spine

· Chest excursion/retraction/bulging

· Symmetry of chest movement

Palpate:

· Tracheal position

· Areas of tenderness

· Crepitus

· Respiratory excursions

Auscultate:

· Presence and depth of breath sounds

· Normal breath sounds (bronchial, bronchovesicular, vesicular)

· Adventitious sounds (crackles, wheezes, pleural friction rub)

· Diminished or absent breath sounds

· Pulsus paradoxus (optional)

G.I. / G.U. SYSTEM ASSESSMENT
Inspection:

· Position patient assumes

· Skin turgor, scars, striae, lesions, discoloration, signs of trauma

· Pulsating masses

· Symmetry

· Abdominal contour/herniation
· Visible peristalsis

Auscultate:

· Bowel sounds (present or absent, and character)

· Bruits over abdominal aorta

· Fetal heart rate if applicable

Palpate:

· Areas of tenderness over four quadrants

· Guarding or rigidity

· Masses/pulsation

· Percuss costovertebral angle for pain

MUSCULOSKELETAL / INTEGUMENTARY ASSESSMENT

Musculoskeletal:

Inspect:

· Symmetry of limbs (compare rights to left)

· Position of extremities (abnormal flexion, extension, shortening, or rotation)

· Deformities (swelling, size, etc.)

· Color (pale, reddened, cyanotic, bruised)

Palpate:

· Pain and tenderness over an area

· Crepitus

· Pulses (strength and quality)

· Sensation (paresthesia)

· Temperature (equality)

· Movement (Range of Motion ROM)

· Strength (equality)

Integumentary (Skin):

Inspect:

· Color

· Lesions/scars

· Signs of injury (lacerations/contusions/abrasions/burns)

Palpate:

· Moisture

· Temperature

· Turgor

· Texture

Trauma Room Safety Standards

Trauma nurses to check trauma room Q shift.  Please refer to Trauma Room Checklist in manual located in Trauma Room.
Bedside Safety Check

A bedside safety check will be completed by the nurse for each trauma bay at the beginning of every shift, or prior to each patient admission: This check includes the following:
1.   Monitor

Functioning 

· Audible alarm is ON:  disconnect patient cable from monitor to assess alarm functioning (low level “lead off” alarm should sound).

· Alarms are fully functional:  check that alarms are ON and no visual signals that alarms are disabled present on screen (X through bell symbol)

· Tracing is clear and size adequate.  Change or reposition leads, check monitor cable, e.g. no exposed/frayed wires or cracks in cable.

· Count ECG rate:  Rate counted by monitor correlates with patient’s heart rate. Check Lead II or try alternate lead, e.g. MCL1, or adjust size if needed.

Alarms

· Alarms for ECG, blood pressure, Sp02 and respiratory rate/apnea time.

· Alarms are set appropriately for parameter monitored:

· ECG monitoring – adjust for specific patient, usually +/- 20 of normal rate

· With arterial line, pressure monitoring must be turned on at all times and set appropriately for patient eg. around goal for MAP

· Respiratory monitoring – apnea time of 20-40 seconds (low alarm) and 10 above normal rate (high alarm)

2.   Suction 

Assess for the presence and functioning of suction equipment at the beginning of each shift, prior to a new admission, following routine change of equipment and prn.  (2 suction set-ups for ETT (1 EVAC, 1 ETT suction), 1 Gastric suction, 1 Chest tube suction
Check Yankeur suction at bedside 
Gastric or other suction equipment 

Low to medium continuous suction for Salem sump

Intermittent low to medium for levine tubes or straight drainage tubes without an air vent

Chest tube drainage systems requiring suction: 
· For patients with copious drainage connect to suction control chamber through a suction canister drainage system (to prevent fluid from entering the suction system). 
· If suction is not adequate (i.e. cannot raise order dial), attach the tubing directly to the regulator
· Turn regulator up until orange dial is visible (the level of suction is controlled by the pleurovac not by the regulator)
3.   Airway supplies

Oral airway, appropriate size mask and manual resuscitator bag with reservoir connected to oxygen is readily available at bedside.  Ensure you know the location of extra airways & sizes in the trauma room (logicell cabinets)
4.   Electrical Safety 

No frayed cords or plugs.  No spills on floor.

All electrical equipment has a CSA or RCH Electrical or Biomedical department approval decal

Any electrical equipment that does not meet the electrical safety standards will be removed from use immediately.

5.   Physical Safety 

Bed and side rails functioning properly.  Report any problems to PCC or unit clerk who will notify engineer re: problems.  If patient is in immediate danger from malfunctioning bed/side rails, remain with the patient and have engineer called.  Transfer to new bed if problem cannot be quickly resolved.

Protective patient precautions:  
Side rail seizure pads applied properly if needed
Soft limb restraints correctly secured to frame of bed 

Pinel restraints secured and padded appropriately

6.   Specific Patient Supplies

Intravenous therapy:

· Check correct solution and medications infusing.

· Infusion pump is functioning correctly: tubing is correctly inserted, pump is infusing at correct rate and amount remaining is accurate
· Tubing is labeled with the date it is due to be changed
· Ensure 1 primed NS IV line is available at each bedhead in T1, T2, T3.  3 Extra primed NS lines (minimum) on IV pole by stainless steel scrub sink.
Traction:

· Check traction, weight amount, alignment, knots taped, weights hanging freely

· Extra pads/equipment (obtain from equipment supply attendant or 4 South)
Chest tubes and Pleurevac:

· 2 large smooth-edged forceps and 2 alcohol swabs attached to front of each Pleurevac

· Exception:  Small bore chest tubes – do not clamp with forceps, use  in-line stopcock

Central venous catheter:

· 1 small smooth-edged occluding forceps (or one catheter lumen clamp) for each central venous catheter lumen

· Tube occluding forcep is attached to IV solution bag – should be brought to CT.
Glucose meter in trauma:  Must be checked by the trauma nurse every night shift.

Patient Chart Standards

The doctor’s orders and MAR are reviewed by the assigned RN q24h on nights and after each new set of doctor’s orders.

New Doctor’s orders are always reviewed by the RN after processed by unit clerk for:

· Accurate addition of information to MAR 
· Correctly processed, e.g. requisitions made out (indicated by req or O/E beside entry)  
· Any lab or x-ray orders that do not have req or O/E written beside them require RN to access computer O/E to check if orders have been processed

· RN co-signed any orders processed by unit clerk (e.g. additional RN signature, date and time placed beside orders) – should be done
· Medication orders on MAR are initialed in black ink by the RN checking or processing the orders

Doctor’s orders q24h check (done on nights):

· Last 24 hours of doctor’s orders are checked by the RN nightly (or days if unable to complete on nights). It is essential that this check is done every 24 hours.

· At least the last 24 hours of orders are assessed or until a line (black pen only) with date, time and signature of the last RN who checked the orders is found

· Systematically check that the MAR matches the doctor’s orders

· Check that all orders are marked with MAR in the left hand margin and a RN signature, time and date are included; if this is not present the RN now checking the orders will sign off the orders as described

· Draw a line under the last doctor’s order after checking the orders, and indicate “orders checked”, date, time and signature. This must be done in black pen.
· Any verbal or phone orders not co-signed by the physician should have a red “flag” marker applied to the right margin of the doctor’s order sheet adjacent to the order; if not previously done, place flag when orders are checked. – should be done
RAPID SEQUENCE INTUBATION (RSI)

INTRODUCTION

Purpose

· To secure the airway rapidly, in a controlled and safe manner

· Administration of a potent induction agent followed immediately by a rapidly acting neuromuscular blocking agent 

· Produces unconsciousness and motor paralysis, providing optimal intubation conditions 

· To minimize the risk of pulmonary aspiration

· Prevents gastric contents from entering the lungs (referred to as “full stomach”)

· Reasons for “full stomach”

· Recent meal

· Delayed gastric emptying, due to trauma, acute abdomen, opioids such as morphine

· Incompetent lower esophageal sphincter

· Obesity

· Hiatus hernia

· Pregnancy

‘Awake Intubation’ vs. RSI

· Awake Intubation is used when RSI is contraindicated

· Upper airway pathology/trauma

· “Difficult airway”

· Used when you don’t want to knock out their own ability to breath (i.e. sedate and paralyze)

· Use only sedation and topical anesthetic

· Fentanyl 0.5-1 mcg/kg IV q5min prn.

· Midazolam 0.01-0.02 mg/kg IV q5min prn.

· Lido-spray or Lido aerosol prn.
· Ketamine
Phases of RSI:

· Pre-Oxygenation

· To produce a nitrogen washout

· To create a reservoir of oxygen
· BVM in conjunction with NP @ 15 Lpm.
· Pretreatment

· Pretreat to counteract potential adverse effects of intubation

· Induction

· The induction agents currently used for RSI in Canada are classified as sedative-hypnotics

· Induction agents are meant to provide sedation and amnesia

· Drugs are selected to minimize complications and blunt the following responses:

· Increase in sympathetic activity (due to stimulation of larynx)

· Rises in mean arterial pressure (MAP) of 25-58 mm Hg
· Rises in heart rate of 11-28 beats per minute

· Increase in intraocular, intragastric and intracranial pressure

· Laryngeal stimulation can increase ICP an average of 22 mm Hg

· Paralysis

· Paralytic agent to provide muscle relaxation

	PRETREATMENT
	INDUCTION
	PARALYSIS

	Lidocaine

Opioid – Fentanyl

Atropine – pediatric (not recommended PALS 2016)
Defasciculating Dose

· Vecuronium

· Rocuronium
	Propofol

Ketamine

Etomidate

Midazolam

Thiopental
	Succinylcholine

Rocuronium

Pancuronium


PREOXYGENATION

· 100% oxygen is administered

· Needs to be in situ for at least 3 minutes
· BVM in conjunction with NP @ 15 Lpm
PRETREATMENT AGENTS

Lidocaine

· Class IB antiarrhythmic

· Uses and benefits

· Initially used to blunt the cough elicited from endotracheal stimulation

· In the 70’s, used to improved hemodynamic stability

· Controversial

· Benefits may include a decrease in HR and BP – not conclusive

· Recently, used to prevent the rise in ICP

· Other potential benefits include a reduction in arrhythmias and intraocular pressure

· Dose

· IV bolus of 1.5 mg/kg

· Should be administered 3 minutes before intubation **

Esmolol 

Beta-adrenergic antagonists (Beta Blockers)

· Uses and benefits

· Used in the United States, might see increased use in Canada

· At present, used for perioperative tachycardia and hypertension

· Appears to be effective at limiting rises in HR, systolic BP and mean arterial pressure

· Contraindications/concerns

· May cause bronchospasm, especially in patients with underlying reactive airway disease

· May cause hypotension, bradycardia

· Can be dangerous in aortic valve disease (cardiac depressant)

· Dose

· 2 mg/kg bolus

· rapid onset – within 2-5 minutes

· short duration of action – 10-30 minutes

Fentanyl

· An opioid, 75-125 times more potent than morphine

· Can be used as a pretreatment agent as well as an induction agent

· Uses and benefits

· Blunts rise in BP, if given pre-intubation

· In the patient with hemodynamic stability, provides adequate anesthesia while minimizing adverse consequences

· Contraindications/concerns

· Severe head trauma – use of fentanyl can increase ICP from 6-9 mm Hg

· Is associated with a decrease in both mean arterial pressure and cerebral perfusion pressure

· Inconsistent ability to block tachycardia

· Can cause muscle rigidity (“wooden chest syndrome”)

· The patient’s chest wall muscles become spastic, making ventilation difficult

· Possibly due to receptor stimulation in the basal ganglia

· Can be reversed with naloxone or muscle relaxants such as succinylcholine

· Dose

· 3-5 mcg/kg

· Is given 1-3 minutes before intubation

· Duration of action is 30-40 minutes, but is stored in body tissue, and at high doses, a second peak in activity can result hours later from delayed tissue release (highly lipophilic)

Atropine

· Anticholinergic

· Uses and benefits

· Children are more likely to have vagally induced bradycardias from laryngeal stimulation

· Some physicians may choose to use atropine to pre-medicate all children younger than 1 year and most children younger than 2 years of age – PALS 2016 does not recommend this, however there is little evidence of adverse effects if it is ordered.
· Contraindications/concerns

· Paradoxical slowing of heart rate with low doses and/or slow infusion rates

· Dose

· 0.01 mg/kg IV (min of 0.1 mg)

INDUCTION AGENTS

Propofol

· Anesthetic-sedative

· Uses and benefits

· Mainly for conscious sedation

· Used in the OR for elective intubations

· Reduces ICP and IOP

· Able to reduce cerebral metabolism and blood flow (similar to thiopental and etomidate)

· May offer bronchodilatory properties (similar to ketamine)

· Contraindications/concerns

· Cardiovascular depressant

· Poor choice in patient with hypotension

· Significantly decreases mean arterial pressure

· Pain on injection

· Apnea

· Poor choice in patient with head injury

· Reduces cerebral blood flow

· Dose

· 0.5-1 mg/kg

· Rapid onset, approx 30 sec.

· short acting

Ketamine

· Dissociative anesthetic

· Uses and benefits

· Excellent for conscious sedation, especially with children

· Effective induction agent

· Effective analgesic and amnesic agent

· Rapid onset of action – does not produce true unconscious state because reflexes, including spontaneous respirations, may be preserved*

· Bronchodilator

· Very beneficial when intubating patients with status asthmaticus

· Contraindications/concerns

· Gives central sympathetic stimulation

· Usually increases BP and HR

· Used with caution in patients with coronary artery disease or aortic stenosis – in this population, ketamine-induced tachycardia can be dangerous

· Increases cerebral metabolism, ICP, and cerebral blood flow (due to central effects)

· As a dissociative agent, can produce unpleasant emergence reactions, such as disturbing dreams and hallucinations – mainly only a concern when long-term sedation is used following intubation

· Can cause skin flushing

· Dose

· 1-2 mg/kg

· Rapid onset, less than 60 sec.

· Recommended to give standard dose of benzodiazepine to attenuate the emergence phenomenon

Etomidate

· Anesthetic

· Has pharmacodynamic profile similar to Thiopental

· Etomidate is a potent hypnotic agent without analgesic properties

· A Special Access drug, available from Health Canada – a form must be signed with every use (form located on Trauma fridge)
· Uses and benefits

· Etomidate does not cause histamine release, therefore: 

· it has minimal effect on cardiovascular parameters

· “Cardiovascular friendly”

· there is little respiratory depression

· it does not have negative effects on myocardial and cerebral perfusion so it is an ideal sedative-hypnotic for RSI in the ED.

· Provides greater hemodynamic stability than other commonly-used agents

· Added benefit of being cerebroprotective – lowers ICP

· Decreases cerebral metabolism

· Decreases cerebral blood flow and oxygen consumption, 

· Etomidate reduces ICP without decreasing arterial blood pressure or cerebral perfusion pressure, unlike thiopental and propofol

· Especially effective in the unstable patient with head trauma

· Contraindications/concerns

· Some reports of etomidate-induced adrenocortical dysfunction

· One study showed statistically significant decrease in adrenal function at 4 hours after intubation, when comparing Etomidate to Midazolam

· Difference resolved within 12 hours

· Patients’ serum cortisol levels remained within the reference range throughout the duration of the study

· Adrenal suppression is a potential problem when etomidate is used as a continuous infusion agent for days or weeks in ICU settings, but there are no reports of clinically significant cortisol suppression in ED patients undergoing RSI.

· Side effects include:

· pain on injection

· involuntary muscle movement, hypertonus

· hiccups

· vomiting after extubation.1,3
· Dose

· 0.15-0.3 mg/kg

· rapid onset and brief duration of action

· unconsciousness occurs within 5-15 seconds

· duration of unconsciousness after a single induction dose is approximately 5-15 minutes

Midazolam

· Benzodiazepine: Anxiolytic-sedative

· Uses and benefits

· Effective anxiolytic and amnesic agent

· Somewhat cerebroprotective in patient with elevated ICP (less so than thiopental or etomidate)

· Contraindications/concerns

· Negative inotrope - use with caution in the presence of hypotension or suspected blood loss  - other agents are more appropriate

· Dose

· 0.1-0.2 mg/kg

· rapid onset and relatively short duration of action

Thiopental

· Barbiturate - Anesthetic and sedative

· Uses and benefits

· Blunts the hemodynamic response to intubation

· Decreases CNS metabolism

· Cerebroprotective in the setting of elevated ICP – can be used for the treatment of increased ICP

· Best used in the normotensive or hypertensive patient, especially when elevated ICP is a concern

· Contraindications/concerns

· Hypotension – is a potent negative inotrope and vasodilator

· Use with caution in multiple traumas – use dose closer to 3 mg/kg

· Reactive airway disease

· adverse effects of thiopental include histamine release and bronchospasm

· can potentially exacerbate reactive airway disease

· Dose

· 3 mg/kg

Fentanyl

· Can be used for either pretreatment or induction

· See information given above

· Dose

· 5-15 mcg/kg IV (pretreatment dose: 3-5 mcg/kg)

PARALYSIS

Succinylcholine

· Neuromuscular blocking agent – depolarizing paralytic

· Uses and benefits

· Overall, succinylcholine creates excellent intubation conditions

· Chosen due to familiarity and quick onset

· More reliable than rocuronium. If an alternative is required, rocuronium used with propofol creates intubation conditions equivalent to succinylcholine

· Contraindications/concerns

· Hyperkalemia

· Old burns

· Old crush injuries

· Severe abdominal sepsis

· Upper and Lower motor neuron lesions

· Spinal cord injuries

· Stroke

· Muscular dystrophy/myopathies

· Dialysis patients

· Severe head injury

· Penetrating globe injury

· Dose

· 0.6 mg/kg

Rocuronium

· Neuromuscular blocking agent – non-depolarizing paralytic

· Uses and benefits

· Fast onset, and acts for a moderate amount of time

· Contraindications/concerns

· Transient hypotension and hypertension

· Can cause arrhythmias or bronchospasm

· Dose

· 0.06 mg/kg

· Complete neuromuscular blockade occurs within 1-1.5 minutes and duration last for ~ 20-30 mins.

Pancuronium

· Neuromuscular blocking agent - non-depolarizing paralytic

· Uses and benefits

· Normally last twice as long as rocuronium

· Contraindications/concerns

· Increased heart rate, transient rise in BP, arrhythmias and bronchospasm

· Dose

· 0.08 mg/kg

· onset 3-5 minutes and duration of 40-60 minutes

OTHER CONSIDERATIONS

Pressure

· Important aspect of RSI

· Sellick’s Maneuver

· Cricoid pressure if requested
· Use thumb and index finger

· Cricoid pressure usually not released until the physician/RT is happy with tube placement

CLINICAL SCENARIO RECOMMENDATIONS

Head Injuries

· Lidocaine given as pretreatment to minimize increases in ICP
· Thiopental for patients with isolated head trauma (not if hypotensive)
· cerebroprotective
· Etomidate for trauma patients who are hypotensive or volume depleted
Increased ICP

· Propofol
· reduces cerebral metabolism and blood flow
· Etomidate
· reduces ICP without decreasing arterial blood pressure or cerebral perfusion pressure
Patients unable to tolerate adrenergic stimulation
· Fentanyl, for patients with the following:

· Symptomatic hypertensive crisis

· Dissecting thoracic aneurysm

· Leaking or symptomatic abdominal aortic aneurysm

· Unstable coronary artery disease

· Esmolol

· Symptomatic hypertensive crisis

· Dissecting thoracic aneurysm

· Leaking or symptomatic abdominal aortic aneurysm

· Unstable coronary artery disease

· Increased ICP

· Not recommended: Ketamine

Hypotension
· Etomidate

· Works with hypotension from any source

· Trauma

· Sepsis

· Any other factor

· Most stable hemodynamic profile of any induction agents

· Ketamine

· Only if patient able to tolerate adrenergic stimulation

Status Asthmaticus/Reactive Airway

· Ketamine

· Administer additional sedation with benzodiazepines

· Not recommended: thiopental

· Histamine release may exacerbate bronchospasm

Nursing Management of Artificial Airways in Critical Care Areas

Monitoring/Documentation
Routine Respiratory Assessment
· On insertion, admission to unit, at beginning of shift, and every 4 hours or according to unit standards, and PRN.

· Respiratory rate, regularity, depth and symmetry 

· Breath sounds

· Colour (Central & Peripheral)

· Fi02 and mode of delivery

· Type and size of airway

· Gas exchange status, pulse oximetry (eg. ETCO2, ABG if indicated).

· T-Piece Weaning:

· Routine respiratory assessment initially, q1h x 2 and until stable.

· Vital signs (BP, P, R) initially, q15 minutes x 3, q1h x 2 and until stable.

· Gas exchange will be assessed 20 minutes after patient has been placed on T-piece, unless otherwise ordered, and when clinical situation warrants.
· Pre-Extubation:

· Immediately prior to extubation the following will be assessed:

· Routine respiratory assessment.

· Presence of cough and gag reflexes.

· Post-Extubation:

· Routine respiratory assessment.

· Vital signs (BP, P, R) initially, q15minutes x 3, then q1h x 2 and until stable.

· Gas exchange will be assessed 20 minutes post-extubation unless otherwise ordered.
· Suction

· Pre-oxygenate prior. (Indications: arrhythmias PVC’s bradycardia), anxiety, and significant drop in 02 saturation eg.  pulse oximetry)

· Instil prn only.

· Cuff Pressure

· Measure cuff pressure on insertion, admission, beginning of shift, prior to initiation of feeds and prn.

· Oral Integrity:

· Reposition oral ETT (side-to-side) and change tie tapes as follows:

· q12h and prn
Note:
A tube securing device may be used on specific populations.

· Provide oral and nasal care q4h and prn.

· Change nasopharyngeal airway from one naris to the other q12-24h.

Note:
If unable to rotate nasopharyngeal airway to opposite nares due to presence of NG or En-Tube: remove, cleanse, lubricate and re-insert nasopharyngeal airway q12-24h.

Infection Control

· Change the following q24h and PRN:

· Tonsil suction (Yankeur)

· In-line suction catheter system (non-vented patient).

· Change the following weekly and PRN:

· Resuscitator bag, mask and flex tubing.

· In-line suction catheter system with routine ventilator circuit changes & prn if soiled or contaminated.

Note: In-line catheter system must be rinsed with N/S after each use.

· Obtain specimen of secretions for C & S prn.
Safety

· At the beginning of every shift, ensure the following are present at the bedside and functioning:

· Manual resuscitator bag with appropriate size of facial mask, attached to 02 sources (bag labelled with change date).

· Attachments as indicated (PEEP valve and flex tubing).

· Oral airway.

· Suction system.
· In addition for tracheostomy:

· Tracheostomy dilator

· Extra tracheostomy tube (same size + one size smaller)

· Tracheostomy adapter (uncuffed trach/inner cannula).

Feeding:

· A swallowing assessment will be completed prior to:

· Commencing oral feed for any patient with a tracheostomy.

· Initial cuff deflation with oral feeding.

· Oral Feeding/Ice chips:

· All patients with ET/NT tubes are NPO (no ice chips).

· All trach patients with inflated cuffs who are requesting ice chips must be first screened using the “Swallowing Screen for Tracheostomized Patients with inflated cuffs” (draft – ICU RCH) or assessed by Speech Pathology.

· All trach patients tolerating cuff deflations will be screened using the swallowing screening tool and diet orders must be followed.

Transport of a patient on a t-piece:

· Staffing

· RN and RT/RN/porter

· RN and second RT/RN (RMH).

· Transport of a patient requiring ventilation

· 1 RN and 1 RT.
Safety Equipment

· The following equipment must accompany a patient during transport:

· Resuscitator bag with facial mask and any needed attachments (e.g. PEEP valve)

· Portable 02 tank with set-up

· Oral airway

· Scissors

· 12 ml syringe

· Portable suction with suction catheters (if indicated).

Documentation

· Routine respiratory assessment:
· - On insertion of airway

· On admission to unit

· At beginning of shift.

· Respiratory rate, breath sounds, Fi02, mode of delivery, and any changes in respiratory assessment:

· q4h

· PRN

· Per unit specific standards.

· T-Piece weaning:

· Routine respiratory assessment initially & PRN

· Any changes in respiratory assessment parameters

· Vital signs initially, q15 min x 3, q1h x 2 and until stable

· ABG's or gas exchange assessment.

· Pre & post extubation:

· Respiratory rate, breath sounds, mode, Fi02 and any changes in respiratory assessment

· Deviations from meeting the criteria for extubation

· Vital signs post-extubation initially, q15minutes x 3, q1h x 2 and until stable

· ABG's or gas exchange assessment.

· Intubation.

· Change in placement of ET/NT - tube (advanced or withdrawn).

· Cuff pressures.

· Suctioning and instillation.

· C & S specimens.

· Tracheostomy care and dressing changes.

· The occurrence of and interventions related to reportable conditions and emergency situations. (see below for information on reportable conditions)
· Nasopharyngeal airway insertion/re-insertion/removal.

Management of Reportable Conditions

	PROBLEM
	INTERVENTION

	Difficulty Suctioning
	· Reposition head.

· As applicable - have patient open mouth or insert oral airway or bite block.

· Lubricate catheter with normal saline.

· Select alternate size/type of suction catheter.  
· If unsuccessful: Notify Physician.

	Cuff Leak
	· Attempt to re-inflate cuff.

· Reposition head and neck.

· Inspect cuff valve and line for cracks or leaks.

· Portex trach:  place blue cap over cuff valve.

· Attach 4-way stopcock to valve and re-inflate cuff.

Note:
If unsuccessful: Obtain "Pilot Tube Repair Kit" and notify Physician/RT repair was unsuccessful.

	Accidental Cut-off of Cuff Line
	· Attempt to repair using a "Pilot tube Repair Kit".

· If unsuccessful: Notify Physician/RT and prepare to   re-intubate.

	High Cuff Pressures
	· Notify Physician if cuff pressure > 25 cmH2O are required to maintain a seal.

	Changes in Characteristics

of Secretions
	· Secretions absent/less than expected/tenacious or mucous plugs:

· Ensure oxygen source is humidified at all times.

· Suction airway prn.

· Evaluate patient's hydration status.

· Assess for sign and symptoms of infection.

· Notify Physician of change.

· Secretions increase in amount, change in colour or consistency.

Copious watery secretions:

· Check ET/trach cuff inflation, call RT PRN

· Suction mouth & ET/trach prn, consider use of in-line suction system &/or continuous oral (dental tip) suction

· Evaluate patient’s hydration status and assess breath sounds

· Notify physician of change

	Change in Characteristics in Secretions
	Change in consistency or colour of secretions:

· Suction ET/trach & mouth

· Check cuff inflation, call RT PRN

· Elevate HOB unless contraindicated

· Assess patient’s breath sounds for signs of pulmonary aspiration or infection

· Discontinue tube feeding/oral ice chips if aspiration is suspected.

· Notify physician of changes.

Sanguinous secretions:

· Excessive bleeding post trach.

· Sentinel bleed (>50 ml) > 24 hours post trach or in pt. With ET/NT tube.

· Monitor for signs of trachea or innominate fistula, eg.  pulsating trach

· Notify physician of change.

	Deterioration in Respiratory Status
	            Notify Physician:

· Changes in respiratory assessment.

· Stridor.

· Excessive bleeding or sentinel bleed > 24 hours post tracheostomy.

· Pulsating tracheostomy.


Emergency Situations


Obstructed Airway/Dislodged Airway
If the patient displays any signs and symptoms of obstruction the nurse shall:
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	Extubation
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Nursing Alert 

	Critical care nurses may extubate as follows: In an emergency situation, Electively on physicians orders or as per unit protocol (in PACU) 





	


	 

RCH Protocol

 

Critical care nurses may extubate as follows: 

· Critical care nurses may extubate as follows: 

· In an emergency extubation situation 

· Electively on physician’s orders 

· As per unit protocol (PACU)

· A physician must be immediately available to the critical care area for the purpose of re-intubation 

· Intubation box/drugs at bedside or readily available 

· Two persons must be in attendance during the procedure

· 2 R.N’s , 1 RT & 1 RN, 1 RN & 1 MD
Extubation Criteria (PACU)
 

1. Evaluate for effective respiratory muscle strength.

a. Adequate muscle strength is noted by lifting up head & strong hand grips.

b. Equal bilateral air entry and chest expansion 

c. Regular rate and depth 

2. Adequacy of muscle relaxant reversal can be assessed by the pts ability to: 

a. Open their eyes 

b. Sustain tongue protrusion 

c. Sustain hand grip 

d. Sustain a five second head lift

e. Cough effectively 

f. Perform a vital capacity of 15-20 ml/kg or inspiratory force of 20c, H2O intubated

3. Airways should not be removed until the laryngeal and pharyngeal reflexes have returned. (Swallow, cough, gag)

4. Intolerance of an airway is indicative of the return of these reflexes. (Signs & Symptoms: gagging, swallowing, retching, vomiting)

 

Procedure
 

1. Wash hands, and don personal protective equipment.

2. Check for presence and function of: 

a. Manual resuscitator with mask and airway of proper size. 

b. Suction equipment. 

c. O2 therapy set-up. 

3. To prevent aspiration, ensure stomach contents have been evacuated. 

a. Elevate the head of the bed. (Semi fowlers) or as indicated 

b. Suction endotracheal tube, mouth, and oropharynx.

4. Pre-oxygenate with 100% O2 for 2-3 min. prior 

5. Cut and remove tie tapes 

6. Instruct the patient to take three long deep breaths. 

7. Deflate the endotracheal tube cuff. 

8. Remove endotracheal tube at peak inspiration. 

9. Suction the oropharynx as needed. 

10. Apply supplemental oxygen as indicated. 

11. Listen for stridor, and auscultate bilateral breath sounds. 

12. Monitor patient for adequate breathing and O2 Sat oxygenation. 

Monitoring/Documentation 

· Respiratory assessment including O2 Sat monitoring, prior, during and post procedure (rate, air entry, regularity, depth, symmetry, breath sounds, colour, Fi02 and mode of delivery, and any changes in respiratory assessment) 

· Presence of cough and gag reflexes 

· Gas exchange (+/- ABG’s) will be assessed 20 min post-extubation unless otherwise ordered 

In PACU, document any deviations from meeting the criteria for extubation 

· Document procedure, patient outcome and if O2 is required 

· Document vital signs ( BP, P, R) initially, q 15 min. x 3 , q 1h x 2 and q 2 until stable 

October 2007
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	Suctioning: Endotracheal or Tracheostomy Tube: Critical Care
	 


	 

RCH Protocol 
· RN may suction as clincial indicated 

· Pre-oxygenate patient for 2-3 min as necessary 

· Instill sterile NS prn only

Procedure
1. Assess patient for indications for suctioning

a. Coarse adventitious sounds 

b. Coughing 

c. Increased inspiratory pressures on ventilator 

d. Significant drop in O2 saturation (eg. pulse oximetry) 

e. Arrhythmias, PVC's, Bradycardia, & Anxiety potentially related to hypoxia

2. Perform hand hygiene, and don personal protective equipment. 

3. Turn on suction apparatus and set vacuum regulator to 100 to 120 mm Hg. Mucosal damage may occur at pressures >120 mmHg

4. Monitor patient's cardiopulmonary status before, during, and after suctioning. 

5. Prepare to suction. 

In-line Suction Technique Only

1. If not already present, place in-line suction catheter into ventilator/t-piece circuit.

2. Two lengths of in-line catheters are available.: ET tube-54cm & Trach-30cm

3. If specimen required, specimen trap may be added only to a new inline suction catheter 

4. Attach instillation vial to irrigation port

5. Unlock suction control valve

6. Pre-oxygenate by manual resuscitator or through ventilator for 2-3 min. prior to procedure

7. Instill sterile NS if indicated

8. Slide catheter in and pull back sheath with each advancement so as not to bunch up "bag"

9. Advance until cough noted then withdraw catheter 1-2 cm

10. Apply suction. Continue to gently withdraw catheter, applying intermittent suction by depressing suction control valve intermittently or opening/covering catheter side port. (If copious secretions, apply continuous suction maximum duration of suctioning is 10-15 seconds.)

11. Withdraw catheter fully. Black line will be visible in the sleeve (inline w T piece).

12. Flush catheter by depressing suction control valve then slowly introduce instillation solution through irrigation port.

13. Remove instillation vial and close the cap on the irrigation port.

14. Lift and turn suction control valve 90 degrees to lock position. (to prevent ventilator circuit leak)

15. Reassess patient re: need for further suctioning or signs of hypoxia.(if possible, allow the patient several minutes between suctioning attempts) 

Regular Suction Technique 

1. Use size 12-14 Fr. for adults and decreasing sizes for children and small lumen tubes. Catheter size should not exceed 1/2 the diameter of the tube lumen. Left angled (Coude-tip) catheters may be indicated to impove access to left bronchus

2. Open sterile catheter package on a clean surface, using the inside of the wrapping as a sterile field. 

3. Set up the sterile solution container or sterile field. Be careful not to touch the inside of the container. Fill with approximately 100 ml of sterile normal saline solution or water. 

4. Don sterile gloves. 

5. Pick up suction catheter, being careful to avoid touching nonsterile surfaces. With the non-dominant hand, pick up the connecting tubing. Secure the suction catheter to the connecting tubing. 

6. Check equipment for proper functioning by suctioning a small amount of sterile saline solution from the container. 

7. If specimen collection required, add specimen trap between suction tubing and catheter

8. Hyperoxygenate the patient for at least 30 seconds by manual resuscitator or through ventilator.

9. Open suction port OR disconnect ventilator adapter or t-piece

10. With the suction off, gently but quickly insert the catheter with the dominant hand into the artificial airway until resistance is met; then pull back 1 cm. Appox. 20-30 cm via ET or max 10 cm via trach or until slight obstruction felt or cough is noted.

11. Place the non-dominant thumb over the control vent of the suction catheter and apply continuous or intermittent suction. Rotate the catheter between the dominant thumb and forefinger as you withdraw the catheter over a period of 10 seconds or less. 

12. Maximum duration of suctioning is 10-15 seconds

13. Hyperoxygenate for 30 seconds. 

14. Up to two more passes of the suction catheter may be performed if secretions remain in the airway and the patient is tolerating the procedure. Hyperoxygenate for 30 seconds between each attempt. 

15. If the patient does not tolerate suctioning despite hyperoxygenation, try the following steps. 

a. Ensure that 100% oxygen is being delivered. 

b. Maintain PEEP during suctioning. Check that the PEEP valve is attached properly to the MRB if using that method for hyperoxygenation. 

c. Switch to another method of suctioning (e.g., closed-suctioning technique). 

d. Allow longer recovery intervals between suction attempts. 

e. Hyperventilation may be used in situations in which the patient does not tolerate suctioning with hyperoxygenation alone, using either the MRB or the ventilator. 

16. Rinse the catheter and connecting tubing until clear with sterile saline solution. 

17. Once the lower airway has been adequately cleared of secretions, perform nasal or oral pharyngeal suctioning as needed. 

18. Wrap the catheter around the dominant hand. Pull glove off inside out. Catheter will remain in glove. Pull off other glove in same fashion, and discard. Turn off suction device. 

19. Reposition patient and reassess the need for further suctioning or signs of hypoxia (if possible, allow the patient several minutes between suctioning attempts).  

20. Perform hand hygiene. 

21. Obtain specimen of secretions for C&S, label and send to lab prn   

22. Document in patient's record.
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Monitoring/Documentation 
· Monitor O2 Sat and respiratory status throughout procedure

· Document patient intolerance to procedure

· Document characterisitics (colour, amount and thickness of secretions)

· Document instillation if used

 

November 2007

 

Royal Columbian Hospital Critical Care NSR: 0109

 

Excerpted and adapted from AACN Procedure Manual for Critical Care, Fifth Edition, American Association of Critical-Care Nurses.For additional information including rationales, images, illustrations, and references please refer to the Extended Text section for this nursing skill. 
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MECHANICAL VENTILATION MANAGEMENT

RCH Protocol
The Critical Care RN may care for patients requiring mechanical ventilation. Patients requiring Mechanical Ventilation:

· Shall be transferred to the ICU according to established procedures and protocol.

· Receive 1:1 nursing care

Note:
Alternate nurse/patient ratio will be reviewed on an individual basis.

Monitoring/Documentation
· Continuous cardiac monitoring & O2 Sat monitoring.

· Respiratory Therapist notified of ventilated patient.

· Monitor/document the following:
· Time of intubation and when ventilation initiated; physician(s), RT(s), RN(s) involved. 

· Patient response to intubation, ventilation and other assessment findings.

· Initial ABG results, physician/RT response, any ventilator changes made and patient response.

· RNs will document on the Critical Care Nursing flow sheet q1h & prn

· ETT measurement at lip/teeth line.

· Initial Ventilator Parameters & Alarm settings.

· Mode

· Oxygen percentage

· Respiratory rate - set and total

· Tidal volume

· PEEP/CPAP End-tidal, CO2 (ETCO2) monitoring prn per patient status.

· Suctioning per ETT prn and patient status.

· Sedation/analgesia given IV and patient status.

· At the beginning of every shift, q4h thereafter, and prn:

· Physical assessment.

· Security of ETT ties.

· Cuff pressure

· Oral status.

· Sputum characteristics

Assess Patient Response to Ventilation

· Observe patient response to ventilation including appropriate reaction to parameters set:

· Presence of spontaneous/mechanical breaths

· Chest expansion/breath sounds

· Rate of spontaneous/mechanical tidal volume

Note:
Alarms may ring from default/previously set parameters.  Ensure patient safety with ventilation prior to resetting alarm values.

· ABG 20-30 minutes post-ventilation initiation; correlate with SpO2 and ETCO2 whenever possible.

· Assess for sedation as needed.

Nursing Interventions

At the beginning of every shift, q2-4h thereafter, and prn:

· Provide mouth care Q shift and prn.

· Check ETT cuff pressures.

· Assist with change of ETT ties.

· Reposition ETT with tie changes.

PRN:

· ETT suctioning (assess for need hourly).

· Assist with ETT placement changes.

· ABG following  deterioration in patient condition and/or ventilator changes; specimen collection per:

· Arterial line or

· Radial site puncture.

Safety

· Equipment check beginning Q shift and prn including:

· Appropriate size oral airway (nasal airway for patients with oral injuries).

· Resuscitation bag and mask with reservoir, tubing connected to oxygen source (flow meter set at 10 litres when in use).

· PEEP valve (PEEP 2.5 - 5 cm H2O or greater) for resuscitation bag PRN.

· 12 ml syringe.

· Extra ETT ties.

· Suction equipment & Intubation equipment available.

· Transport as per Interhospital/Interfacility guidelines.

· Ventilator Trouble-shooting see Appendix I.

Reportable Conditions

· Alteration in patient's respiratory and/or hemodynamic status.

· ABG results, SpO2, ETCO2 values indicating deterioration in the patient's condition.

· Cuff deflation (partial or complete); unable to correct with Endotest (cuffolator).

· Alteration in characteristics of sputum with suctioning, difficulty suctioning.

· Deterioration in oral status.

APPENDIX I:  MECHANICAL VENTILATION TROUBLESHOOTING

Note:
If unable to quickly correct an alarm, manually ventilate the patient and notify the RT/Physician.
	POTENTIAL PROBLEM
	INDICATIONS/
RATIONALE
	INTERVENTIONS

	Ventilator
· High Pressure
	· Secretions, coughing

· Bronchospasm

· Pneumothorax

· Kinked, displaced ETT

· Patient biting the ETT

· Excess water in tubings
	· Suction patient

· Auscultate breath sounds - bronchodilator therapy

· Check ETT marking at mouth

· Reassure patient; bite block; sedation may be needed

· Empty water in tubings.

	· Low Pressure
	· Cuff leak

· Leak in patient circuit
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections.

	· Low PEEP/CPAP Pressure
	· Cuff leak

· Leak in patient circuit

· Alarm set too close to sensitivity
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections

· Readjust alarm.

	· Low Exhaled Tidal Volume
	· Cuff leak

· Leak in patient circuit

· Patient tiring in weaning mode

· Inappropriate alarm setting

· Pressure limit being reached
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections

· Readjust alarm

· Reassess patient


-
are spontaneous volumes too low?


-
Increase number of assisted breaths

· Readjust alarms if volumes OK

· Check alarm for spont VS mechanical volumes

· See high pressure limit interventions.

	· Low Exhaled Minute Volume
	· Cuff leak

· Leak in patient circuit

· Patient tiring in weaning mode

· Inappropriate alarm setting

· Pressure limit being reached
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections

· Readjust alarm

· Reassess patient


are spontaneous volumes too low?

-
Increase number of assisted breaths


	POTENTIAL PROBLEM
	INDICATIONS/
RATIONALE
	INTERVENTIONS

	· Low Exhaled Minute Volume (cont'd)
	
	· Readjust alarms if volumes OK

· Check alarm for spont VS mechanical volumes

· See high pressure limit interventions.

	· High respiratory rate
	· Patient tiring in weaning mode

· Patient anxiety or pain
	· Reassess patient

· Adjust rate/mode accordingly per physician's orders

· Notify RT/MD if above needed.

	· Apnea
	· Patient fails to breath spontaneously within set interval (usually 20 seconds)
	· Reassess patient

· Adjust ventilator settings per physician's orders

· Notify RT/MD if above needed

· Adjust apnea parameters accordingly (not less than 20 seconds unless specifically ordered by physician).

	Ventilator Messages:

· Airway Pressure Disconnect
	· Inspiratory limb blocked
	· Release block and press Alarm Reset immediately.

	· Back-up Ventilator
or

· Ventilator Inop
	· Serious errors/faults detected by microprocessor
	· Immediately disconnect patient and manually ventilate.

· Remove ventilator from service and notify RT.

	Oxygen Analyzer

Alarms

· Low FiO2
	· FiO2 decreased per order, alarm not reset

· Faulty oxygen analyzer

· Serious problems with gas supply
	· Reset alarm.

· Turn off & notify RT.

· Check gas supply alarm panel - contact maintenance if required.

· Check FiO2 from ventilator with different analyzer.

· Notify RT.
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Ventilator Settings: An Overview

FIO2
Definition:  The fraction or percent of Inspired Oxygen

· All attempts should be made to maintain FIO2 < 0.50 (i.e. < 50%) to avoid oxygen toxicity

· Wait 10-15 minutes after any vent change to obtain an ABG.

· Goal for FIO2: to use the lowest amount of O2 possible to maintain Sat > 95 % or PaO2 > 60.  Physicians usually order to keep SPO2 greater and = to 93% 
Tidal Volume:   (VT) (~4 – 8 ml/kg of IBW)

Definition:  The preset amount of air that will be delivered by the ventilator in a given breath: 
· Tidal volume is set according to the patient weight. ~4-8 ml/kg

· Clinicians utilize a calculation specific to gender to determine the patient’s ideal body weight (IBW). This is the equation:

· Males-    Height (inches) - 60 x 2.3 + 50  

· Females-Height (inches) - 60 x 2.3 +45.5

· E.g. Based on the equation above a 60 inch man has an IBW (kg) of 50. If the Clinician is aiming to achieve 10 ml/kg Vt the Vt would be set at 500 ml

Spontaneous Tidal Volume:   (6 - 8 cc/kg)

Definition:  The amount of air the patient exhales after taking their own breath (not a ventilator breath)

· Determined by the strength of the patients respiratory muscles

· Average spontaneous tidal volume is 6 - 8 cc/kg body weight

· On SIMV (rarely used mode) or CPAP mode the Spontaneous Tidal Volume should be recorded in order to track the patients progression

· In CPAP mode, ALL exhaled volumes are spontaneous

· In SIMV mode watch the ventilator and patient carefully to determine whether the exhaled volume came from the patient breath or from the ventilator.

· Low spontaneous tidal volume may imply that the patient is becoming fatigued and can't take deep breaths. Correct this by adding pressure support
Rate:

Definition:  The respiratory rate or the number of breaths a person takes during a specific amount of time

Set Rate: 

Definition:  The number of breaths the ventilator is programmed to give in a one minute period. 

(This is how many breaths we tell the vent to give a breath)

· Set near physiologic rate 10-20

· Slower rates may be useful in patients with obstructive airway disease to decreased air trapping

· Faster rates may be useful when lower tidal volumes are needed to decrease pulmonary (plateau) pressures and risk of barotrauma, but maintain minute ventilation to ordered ABG ranges
Total Rate: 

Definition:  The total number of breaths per minute to include the ventilator breaths plus the spontaneous breaths the patient takes above the set rate. This will be displayed as a digital reading

Sensitivity: "triggering effort"

Definition:  The sensitivity is the amount of pressure or flow a patient must produce on spontaneous inspiration to trigger the ventilator to give a breath.

· Sensitivity should be set to allow the patient to trigger the ventilator easily

· High sensitivity: too sensitive, picks up even the smallest abdominal movement or bounding heart beat as an attempt to trigger breath causing the ventilator to auto-cycle or stack breaths, one right after the other

· Low sensitivity: the patient is locked out and has to exert too much force to stimulate a vent breath

Peak Flow: (40-100L/min)

Definition:  The peak flow rate is the maximum flow delivered by the ventilator during inspiration

· Think velocity! (the flow of traffic) 

· How fast each ventilator breath is delivered to the patient

· This essentially determines the inspiratory flow time: therefore decreased the I:E ratio

· Higher flow rates shorten inspiratory time.  This lengthens expiratory time: good to blow off CO2 such as in air trapping patients

· Lower flow rates improve the distribution of gas and decreased the peak inspiratory pressure by slowing the inspiratory time

· Think of this: 800 cc will get into the patient faster going 60 L/min than 40 L/min

Peak Inspiratory Pressure: (Peak pressure) (Normal 20-30 cm/H20)

Definition:  The amount of Resistance (pressure) met when the Ventilator gives a breath.

· Read the peak pressure on the dial (or digital #) during the ventilator breath.

       **Plateau Pressure:  Keep less than 30cmH20

· Amount of pressure in the lungs when an inspiratory hold maneuver  is done by the Respiratory Therapist (RT)

· This value is more specific to lung compliance compared to peak pressure

Peak Pressure Limit:

Definition: The high peak pressure alarm limit. Level at which the ventilator will alarm when the peak pressure has risen to this level for any reason

· It is just like setting a high heart rate alarm on your monitor

· The Respiratory Therapist determines this setting based on the patients average peak pressure

· (Usually set at or around 50 cm H20 or less)

Low Peak Pressure Alarm: 
Definition:  Alarms that are set to detect the drop in peak inspiratory 
pressure (PIP) that occurs when a patient becomes disconnected from a 
ventilator 

· Alarms when the machine detects no or low resistance caused by

· Disconnected or leak in the system

· Cuff leak

· Patient sucks in a breath so deep it causes a negative pressure

High Peak Pressure Alarm: 
Definition:  Alarms that are set to detect increased resistance caused by any of the following:

· Secretions 

· (patients need to be suctioned)      

· Biting, kinking or dislodging tube

· Coughing

· Fighting the vent

· Atelectasis

· Agitation (sedation)

· Bronchospasm

· Water in the tubing

· Decreased compliance

(stiff lungs)

· Peak flow is too high

· Pulmonary edema

· Tension pneumothorax

Troubleshoot High Peak Pressure:

ASSESS THE PATIENT

Listen



Look


Suction



Sedate
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Modes of Ventilation

· Assist-Control Ventilation 
· Synchronized Intermittent Mandatory Ventilation 
· Pressure Support Ventilation
· Synchronized Intermittent Mandatory/Pressure Support Ventilation
Assist Control (AC)-Volume Controlled: Full Support

Definition: Delivers a breath in response to patient effort and if patient fails to do so within preset amount of time. It has a set tidal volume (if set to volume control) or a set pressure and time (if set to pressure control) is delivered at a minimum rate. Additional ventilator breaths are given if triggered by the patient
AC = Set Rate of breaths and Set volume          

Example: Set Rate of 15 & Set Tidal volume 500 cc

· If the patient breathes faster than the set rate (10) 

· The ventilator still gives the same volume (500cc) with every breath

· No matter how fast they breathe! (e.g. 11, 12, 15, 30, or 50)

· When the patient attempts to take their own breath it triggers the vent to give a breath (delivers the same 500 cc every time) 

· Allows the machine to do all of the work so the patient can rest

· Patient typically requires sedation in this mode as it can become, uncomfortable and asynchronous for the patient to have machine breathing for them

Things to Monitor in AC Mode

· Peak Inspiratory Pressure on each Ventilator breath.

· The peak inspiratory pressure may change with each breath dependent upon the amount of resistance from patient (agitation, secretions, or stiff lungs etc.)

· Watch the ABG’s for pC02 & p02 (ensure they aren't blowing off too much C02)

· Monitor Rate: Remember the patient can still hyperventilate if they are air hungry or agitated and triggering the vent frequently

Remember Sensitivity: The ventilator may give a breath if anything triggers it; including a bounding heart beat or hiccups etc. If a patient is paralyzed (on neuromuscular blockade) and still appears to be triggering the ventilator: it is probably due to the sensitivity being too high

Synchronized Intermittent Mandatory Ventilation (SIMV)

Definition: Ventilator breaths are synchronized with patient’s respiratory effort

· Usually used to wean patients from mechanical ventilation
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Things to Monitor in SIMV

Be Careful to note which breath is the ventilators and which breath is the patients!!
· Spontaneous Tidal Volume: how much volume the patient takes on their own

· Indicates how strong or tired the patient is

· If the spontaneous breath is not large enough it can be supported by adding pressure support

· Peak Pressure: of the ventilator breath (not the spontaneous breath), tells you the resistance met

· Indicates if the patient needs to be suctioned, sedated, etc.


· Respiratory Rate:

· May indicate if the patient is strong enough to tolerate being weaned, an elevated Respiratory Rate is indicative of tiring respiratory stat

Pressure Support Ventilation (PSV): Spontaneous 

Definition:  Preset pressure that augments the patient’s inspiratory effort and decreases the work of breathing 
· A set tidal volume (if set to volume control) or a set pressure and time (if set to pressure control) is delivered at a minimum rate 
· Additional ventilator breaths are given if triggered by the patient
· Often used with SIMV during weaning
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Supports the Patient’s Breath with pressure in cmH20!

Patient Spontaneous Inspiration is augmented by pressure to promote the flow of gas into the lungs for better expansion and volume.

· Only supports the patients breath and is Not the Ventilators Breath
· Weaning mode: allows the patient to exercise the respiratory muscles with each breath

· The patient’s strength determines the volume of air that is pulled in

· May be used alone or with SIMV or CPAP modes

· Add pressure support if you need a better sp. tidal volume so the patients overall rate slows down

Things to Monitor in PSV mode

· Spontaneous exhaled tidal volume for each breath

· Respiratory rate to determine any fatigue of breathing

SIMV + PSV: Partial Support

Definition: Breaths are given are given at a set minimal rate, however if the patient chooses to breath over the set rate no additional support is given

(This is a rarely used mode; it would be used for patients with hiccups) 

[image: image19.png]wn

v

v

wn

v

|

n

vr

SIMV + PS




· Set rate and Set tidal volume


Example: Set Rate of 10 & Set Tidal volume 800 cc

· If the patient attempts to breathe faster than 10: they are on their own and will get a pressure supported breath outside the    mandatory breaths.

· The patient may initiate their own spontaneous breath at their own depth between the vent breaths.

· The Spontaneous Tidal Volume depends upon the strength of the respiratory muscles

· This is a rarely used weaning mode for ventilation, however may let the patient exercise their respiratory muscles without completely tiring themselves out.  This mode may be used if other strategies of weaning are failing.

CPAP: Continuous Positive Airway Pressure 

Definition: Continuous positive pressure is applied throughout the respiratory cycle of a spontaneously breathing patient.

· The Patient does all the Work!

· The same as PEEP except NO ventilator breaths are given by the machine

· Allows us to monitor the spontaneous tidal volumes.

· Pressure Support may be used to support/augment the spontaneous tidal volume

· Also used in spontaneous breathing trials to assess patient tolerance for being extubated

· There is a full face mask and a nasal apparatus that can be used

Hint:

Pressure Support helps on inspiration (helps get a bigger breath).  

PEEP and CPAP work on expiration (keeps alveoli open = better oxygenation)
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PEEP: Positive End Expiratory Pressure

Definition: Constant Positive Pressure applied throughout the entire respiratory cycle

 (Pressure that stays there even when you exhale to keep your alveoli open)

· To read PEEP: the value of the pressure dial/meter when the patient exhales 

(It does not go back to 0)

· Typical setting 5 -20 cmH2O


· "Physiologic PEEP" usually 5 cmH20 is thought to substitute for the fact that an ETT leaves the epiglottis constantly open   

· The amount of FIO2  is usually decreased when PEEP is increased

· When the ventilator is disconnected, PEEP is lost. Patients may desaturate if on PEEP > 10cm/H20

· Use a PEEP valve on the Ambu bag if > 10 PEEP 

1. Ambu bags come stocked with a peep valve attached & an oral airway

· PEEP may be added if the FIO2 is > 50 for an extended period of time

(It is used to prevent O2 toxicity). 

Advantages of PEEP:  Improves Oxygenation

PEEP: 

· Expands and increases the surface area of the alveoli and decreases the distance of transit for oxygen from alveoli to Hemoglobin

· Helps to prevent collapse or closure of alveoli during expiration

· Recruits alveoli that have collapsed

· Redistributes lung water (keeps the edema from the interstitial area from entering the alveoli)

· Decrease shunting

· Improves compliance


Disadvantages of PEEP:

Decreased Cardiac Output

· Decrease venous return to the left side of heart -> usually causes decreased BP as well due to the increasing intra-thoracic pressures

· Patient may become hypotensive very quickly if they are in the least bit hypovolemic

· Decreased urine output (less perfusion to the kidneys)

· Increase in the pulmonary vascular resistance : increased RV workload

Increased Intracranial Pressure

· ICP due to the extra pressure exerted upward on the jugular veins impeding outflow

· May cause decrease in the Cerebral Perfusion Pressure

(MAP-ICP =CPP)

· Decrease in CO which leads to decreased MAP 

· Increase in ICP due to pressure

· PEEP should not be used in a neuro patient UNLESS the pulmonary status is bad enough to prevent adequate oxygenation leading to cerebral and other tissue ischemia and in consultation with the physician

Barotrauma

Definition:  A condition that occurs when the alveoli become over distended and may become damaged. This could cause the following:




· Leakage of air bubbles into the tissues

· SQ emphysema


· Pneumothorax

· Pneumoperitoneum

· Pneumomediastinum

· Pneumopericardium

Troubleshooting Ventilators


Assessment Parameters

Bilateral Breath Sounds:

· Assures that the tube is not in the Right main stem  


or esophagus

ETT Position and Size:

· On the side of each tube is the internal diameter (size) of the tube and the cm markings to Show the depth of the ETT: document the placement of the tube at the patient’s teeth or gums

Suctioning 

Not all patients have a cough reflex so you must assess their needs otherwise.

· Elevation in peak pressure

· Audibly hearing the secretions (rhonchi) and on Auscultation 

· Inc in RR or agitation

· Decrease in 02 sat

· Lay your hand on their upper chest: feel the vibration of secretions when the patient inhales

Tips: 

· Always suction after CPT

· Don’t Knock it loose  if you aren’t going to suck it out

· Always wait 10-15 minutes after suctioning and between ventilator changes before obtaining an ABG

· AMBU Bagging can cause a false low PCO2

Securing an ETT for a Neuro Patient

· No Velcro Head Gear ties or tapes to tight around the back of the neck!!!! 
· Decreases the Jugular Vein Outflow!

Trouble Shooting Ventilator Alarms

Low Exhaled Tidal Volume

· Disconnected tubing or circuit 

· Dislodgment of the ETT ( partially extubated patient)

· Patient is too weak to take a deep breath (add more pressure support to allow for better tidal volumes) Check if there is water in the tubing 

· Water in exhaled volume sensor

· Check alarm settings if no issues apparent with patient taking adequate tidal volumes

Inoperative Ventilator

· Something internal to the machine has malfunctioned

Immediately Ambu Bag the Patient!
· Someone else can call Respiratory Therapist for another ventilator

Increase in Respiratory Rate

· Pain and agitation        

· Secretions

· P.E. 

· Bronchospasm

· Position change => hypoxemia

· Pulmonary edema

· Physiotherapy

Fighting or Sucking In (High or Low peak pressure alarm)

· Inadequate sedation 

· Inadequate peak flow

· Circuit leak Sensitivity setting

· Asynchrony

Auto PEEP

· Expiratory time too short => trapped gas and increased peak pressure that can lead to worsening gas exchange

· PEEP and WEDGE
· PEEP over 10 is known to falsely elevate the Wedge pressure

Barotrauma

· Due to over distention of the alveoli => rupture => gas leaves in the path of least resistance 

· More with uneven distribution of gas Not just high peak pressures 

· Inc in Mean airway pressure usually puts pt at higher risk

Decreased Cardiac Output and 02 Delivery

· Due to inc alveolar pressure and pleural pressure => increased mediastinal pressure 

· More prevalent in patient with hypovolemia or poor cardiac reserve 

· High PEEP

· Negative pressure in thoracic cavity promotes venous return to the Right side of heart

· Increase in RV workload due to increase pressure on the capillaries => decreased preload to L side of heart

· If bad enough the septum bulges from right to left => further decreased in size. Volume and output of the LV.

· Adequate volume for preload is mandatory

Increased ICP

· Inc pressure on the SVC and the Jugular veins => decreased cerebral outflow => increased ICP

· No adverse effects in patient with normal cerebrovascular hemodynamics

V/Q Mismatch

· Misdistribution of gas causes good alveoli to over distend => compression of local capillaries =>

· Misdistribution of vascular volume (local hypoperfusion)

· Increased dead space => decreased CO2 elimination

Gastric Distention
· Gulping air 

· Stress ulcers

ABG Tidbits

· Excessive glucose in TPN or tube feed => excess CO2 production

· High fat low carb may be preferable because fat metabolism yields less CO2 than Carbs and protein

· Low CO2 may be caused by sensitivity setting if in AC mode

Methods to decrease Peak and Mean Airway Pressures

· ↓ TV
↓ PEEP

· ↓ Peak inspiratory flow 

· ↓ Flow rate 

· Change I:E ratio (normal is 1:2) 

· Bronchodilators 

· Decelerating flow waveform

References: 
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Monks, Donna, Neutrally Adjusted Ventilation Assist (NAVA) RCH ICU/HAU Quick Reference Nov 2010, Fraser Health Authority
Monks, Donna, High frequency Oscillation Ventilation.  RCH ICU/HAU Quick Reference Nov 2010, Fraser Health Authority
Appendix: 1      Mechanical Ventilation Troubleshooting 

Note:
If unable to quickly correct an alarm, manually ventilate the patient and notify the RT/Physician.

	POTENTIAL PROBLEM
	INDICATIONS/
RATIONALE
	INTERVENTIONS

	Ventilator
High Pressure
	· Secretions, coughing

· Bronchospasm

· Pneumothorax

· Kinked, displaced ETT

· Patient biting the ETT

· Excess water in tubings
	· Suction patient

· Auscultate breath sounds - bronchodilator therapy

· Check ETT marking at mouth

· Reassure patient; bite block; sedation may be needed

· Empty water in tubings.

	Low Pressure
	· Cuff leak

· Leak in patient circuit
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections.

	Low PEEP/CPAP Pressure
	· Cuff leak

· Leak in patient circuit

· Alarm set too close to sensitivity
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections

· Readjust alarm.

	Low Exhaled Tidal Volume
	· Cuff leak

· Leak in patient circuit

· Patient tiring in weaning mode

· Inappropriate alarm setting

· Pressure limit being reached
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections

· Readjust alarm

· Reassess patient


-
are spontaneous volumes too low?


-
Increase number of 




assisted breaths

· Readjust alarms if volumes OK

· Check alarm for spontaneous VS mechanical volumes

· See high pressure limit interventions.

	Low Exhaled Minute Volume
	· Cuff leak

· Leak in patient circuit

· Patient tiring in weaning mode

· Inappropriate alarm setting

· Pressure limit being reached
	· Auscultate trachea

· Check cuff pressures - re inflate with cuffolator prn
· Check circuit for leaks, tighten connections

· Readjust alarm

· Reassess patient

· are spontaneous volumes too low?

· increase number of assisted breaths


Appendix:  1    Mechanical Ventilation Troubleshooting continued

	POTENTIAL PROBLEM
	INDICATIONS/
RATIONALE
	INTERVENTIONS

	Low Exhaled Minute Volume (cont'd)
	
	· Readjust alarms if volumes OK

· Check alarm for spontaneous VS mechanical volumes

· See high pressure limit interventions.

	High respiratory rate
	· Patient tiring in weaning mode

· Patient anxiety or pain
	· Reassess patient

· Adjust rate/mode accordingly per physician's orders

· Notify RT/MD if above needed.

	Apnea
	· Patient fails to breath spontaneously within set interval (usually 20 seconds)
	· Reassess patient

· Adjust ventilator settings per physician's orders

· Notify RT/MD if above needed

· Adjust apnea parameters accordingly (not less than 20 seconds unless specifically ordered by physician).

	Ventilator Messages:

Airway Pressure Disconnect
	· Inspiratory limb blocked

· Circuit has disconnected from patient
	· Release block and press Alarm Reset immediately.

	Back-up Ventilator
        or

Ventilator Inop
	· Serious errors/faults detected by microprocessor
	· Immediately disconnect patient and manually ventilate.

· Remove ventilator from service and notify RT.

	Oxygen Analyzer

Alarms

Low FiO2
	· FiO2 decreased per order, alarm not reset

· Faulty oxygen analyzer

· Serious problems with gas supply
	· Reset alarm.

· Turn off & notify RT.

· Check gas supply alarm panel - contact maintenance if required.

· Check FiO2 from ventilator with different analyzer.

· Notify RT.


Appendix:   2                          Ventilator Modes

	MODE
	FUNCTION
	CLINICAL USE

	Control Ventilation (CV)

 
	Delivers preset volume or pressure regardless of patient’s own inspiratory efforts
	Usually used for patients who are apneic

	Assist-Control Ventilation (A/C)

 
	Delivers breath in response to patient effort and if patient fails to do so within preset amount of time
	Usually used for spontaneously breathing patients with weakened respiratory muscles

	Synchronous Intermittent Mandatory 

Ventilation (SIMV)
	Ventilator breaths are synchronized with patient’s respiratory effort

 
	Usually used to wean patients from mechanical ventilation

	Pressure Support Ventilation (PSV)

 
	Preset pressure that augments the patient’s inspiratory effort and decreases the work of breathing
	Rarely used with SIMV during weaning 

	Positive End Expiratory Pressure (PEEP)
	Positive pressure applied at the end of expiration

 
	Used with all modes of ventilation to improve oxygenation by opening collapsed alveoli

	Constant Positive Airway Pressure (CPAP)
	Similar to PEEP but used only with spontaneously breathing patients

 
	Maintains constant positive pressure in airways so resistance is decreased

	Independent Lung Ventilation (ILV)

 
	Ventilates each lung separately; requires two ventilators and sedation/paralysis
	Used for patients with unilateral lung disease or different disease process in each lung

	High Frequency Ventilation (HFV)


	Delivers small amounts of gas at a rapid rate (60-100 breaths/minute); requires sedation/paralysis
	Used for hemodynamic instability, during short-term procedures, or if patient is at risk for pneumothorax

	Inverse Ratio Ventilation (IRV)

 
	I:E ratio is reversed to allow longer inspiration; requires sedation/ paralysis
	Improves oxygenation in patients who are still hypoxic even with PEEP; keeps alveoli from collapsing


Appendix: 3                                                            RCH ICU/HAU Quick Reference Nov 2010 

Optiflow

What is it? 

Optiflow is simply a better high flow oxygen delivery device. It will replace high flow 

face masks, and high flow star wars masks on patients requiring high 

flows/concentrations of oxygen. It is a set of large nasal prongs that provide heated 

humidified gas directly to a patients nose. If absolutely nothing else, it is a quieter way 

of delivering high flow oxygen therapy to patients. 

Who will we use it on? 

Optiflow will be used on patients that require high flows/concentrations of oxygen, or 

those that would benefit from high humidity oxygen therapy. The optiflow also provides 

a small amount of opposing flow CPAP. We will be looking at using this on several 

different patient populations: 

1) Palliative patients on high FiO2. The interface is more comfortable than a face mask, 

and allows patients to better talk, eat, wear glasses, etc. The interface allows the delivery 

of effective oxygen therapy while being minimally invasive. 

2) Post extubation Patients. The flow generated CPAP helps to maintain lung volumes in 

freshly extubated patients that have a tendency to collapse lung units and slowly fail their 

extubation. 

3) Pneumonia patients with thick secretions. Even high flow with aerosols don’t deliver 

nearly the humidity that the optiflow system does. The Optiflow heats all inspired gas to 

37 degrees Celsius and 100% relative humidity. The humidity helps to prevent the drying 

of pulmonary secretions and facilitates sputum clearance. 

4) Tracheostomy patients that require a small amount of CPAP, or increased humidity. 

5) Confused patients on high flow oxygen that continually pull their mask off. The 

interface attaches securely at the nose and is more difficult to accidentally dislodge by 

confused patients. 

6) Airborne Isolation patients who require high FiO2. High flow oxygen masks produce 

a large aerosol cloud around the patient receiving the therapy. Aerosols were implicated 

as one of the biggest causes for the spread of SARS. Bacteria and viruses attach to the 

aerosol particles and are literally thrown around the room to contaminate at a distance. 

This device uses molecular humidity, which means that there are no particles. Water is in 

the form of vapour and unable to transport bacteria or viruses. 

RCH ICU/HAU Quick Reference Nov 2010 

Who will care for the system? 

The RT department will set up the system and be responsible for all of the care and 

maintenance of it. They will be responsible for assessing their optiflow patients Q4H as 

they would normally assess a high flow patient. Once it is set up and the therapy 

initiated, the general maintenance includes refilling water bags attached to the humidifier, 

titrating flows to the patient, and titrating FiO2 to SpO2. 

Where will we be using it? 

We see this therapy in ICU, HAU, and ER. Like all high flow devices, it 

is for more acute patients. At present, we only have one trial unit, so we would not 

necessarily use it on a short term high flow patient (ie CHF). 

Why would we use it over high flow oxygen mask? 

1) More comfortable 

2) Pt can continue to eat, drink, talk, sleep, and wear glasses 

3) Adds a small amount of CPAP to splint open lung units 

4) Flushes small amount of nasal anatomical dead space and improves efficiency of  ventilation 

5) Improved humidity to aid in secretion clearance 

6) Reduces risk of respiratory infection
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Not a complete reference. Please see educator for full content 

Adaptive Support Ventilation (ASV)

Adaptive support ventilation (ASV) provides an automatic adaptation of the ventilator settings to 

patient’s passive and active respiratory mechanics. This mode came about to decrease user error 

in medical device-related incidents. This mode is specific to the G-5 and C2 Ventilators. It takes 

the 2 main components of ventilation (CO2 and Oxygenation) and combines them into 3 

adjustable controls. 
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The CO2 is controlled by adjustments in the minute ventilation (Vm = RR x Vt), and the O2 is controlled by adjustments in FiO2 and PEEP. 

The ventilator calculates ideal body weight based on patient’s height and sex 

The minute ventilation volume for any normal patient without stressors would be 100 mL/kg/min. The ventilator chooses rate and volume according to resistance and compliance. 

For COPD/asthmatic patients, the resistance of getting airflow into the airways is high (poor) 

whereas, the compliance (stretchiness of lungs) is fairly high (good) so ventilator adjusts rate to 

lower and volumes to higher to achieve lowest WOB and appropriate minute volume. 

For ARDS patients, the resistance of getting airflow into the airways is fairly low (good) but the compliance of the lungs is also fairly low (poor) so the ventilator adjusts rate to higher and volumes to lower to achieve lowest WOB and appropriate minute volume. 

The ventilator constantly measures resistance and compliance and adjusts RR and Vt as 

pulmonary mechanics change. 

If patient starts to breathe, ventilator automatically switches to PS still aiming for set minute 

· volume with ideal breathing pattern: 

· If RR too high → ventilator increases PS to increase volumes and decrease RR 

· If volume too high  → ventilator decreases PS to decrease volume and increase RR 

Ventilator settings are adjusted according to blood gas results 
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Not a complete reference. Please see educator for full content 

What you see on the ventilator screen 

[image: image23.png]Oxygenation ~ CO2 elimination ~ Spot/Actity

] o
D031 00311 | 0026
Oogen  EP MVl

21 5 67

% anua umn 1aemn)





The vent status panel shows patient’s oxygenation, CO2 elimination and breathing patterns 

· The first 2 bar graphs show when patient’s FiO2 and PEEP level are within acceptable ranges. Once they are, a timer starts at the bottom indicating how long the patient has been in acceptable ranges. 

· The second 2 bar graphs indicate how the patient is doing with minute volume and 

inspiratory pressures. Pt’s PS level is Pinsp – PEEP. Again, a timer starts at the bottom when patient‘s levels is inacceptable ranges. 

· The third 2 bar graphs indicate how much time patient is spontaneously breathing. A timer starts when patient’s breathing spontaneously. 

Once all bar graphs reach extubation criteria, a timer starts to remind you patient ready for 

extubation. 

ASV – What Patients may be excluded: 

· ARDS/ALI where strict control of volume is necessary 

· Status Asthmaticus 

· Difficult or complex ventilation patients 

· Patients with a specific order for ‘no weaning’
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Proportional Assist Ventilation (PAV)

In pressure support ventilation, a patient makes a respiratory effort and is given the same 

set amount of support despite varying efforts. Flow delivery and termination are 

independent of patient demand. 
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PAV is a form of pressure supported ventilation where the amount of support links 

directly (mirrors) to patient effort. Flow delivery and termination match patient demand. [image: image25.png]/. PSV and PAV Compared
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Work of breathing 
PAV calculates the negative pressure the patient is generating, and can therefore give an 

estimate of the WOBPT non-invasively (no esophageal balloon). Since PAV also knows 

the pressure generated by the vent and the associated volume, it can calculate the 

WOBTOT. Both WOB values are displayed graphically in PAV. The reference for 

patients’ work of breathing should be between 0.3-0.7 J/L. The WOBPT provides insight 

into how well the patient is tolerating the level of support. If the graph shows the patient 

level below this range they are not working very hard, above the range they are working 

hard. This may be the goal if “exercising” the patient or may indicate the patient is not 

ready for the set level of support. 

Levels of support 
Percentage support is set which is proportional to amount of effort made by patient. 

Proportional means amount of support is amplified so upper levels of support are rarely 

used. 

50 % = 1 x support (support by vent equal to patient effort) 

65% = 2 x (vent provides double the patient effort) 

75% = 3 x 

90% = 9 x 

95% = 19x 

Levels of ventilator support below 50% result in minimal change. Once weaned to 50% 

or lower, SBT’s may be utilized to assess readiness for extubation. 

50 % = 1 x support 

35% = 0.5 x 

25% = 0.33 x 

10% = 0.1 

5% = 0.05x 
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This information is combined with the rest of your clinical assessment to determine 

tolerance of weaning. In the next example the patient is showing very little work of 

breathing but breathing at a rate of 40. This is indicative of a patient unable to make a 

good respiratory effort and failing despite 80% support. The patient would need to 

continue to be rested until stronger. 
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Compliance and resistance 

To help determine the underlying reason for the work of breathing you can also look at 

the number for compliance (CPAV) and resistance (RPAV) on the display. Normal 

compliance is 50-100 ml/cmH20 and normal resistance is 6-10 cmH20/l/sec. This 

provides insight into the underlying cause. 

Summary 

PAV is a form of pressure supported ventilation that more accurately reflects patient 

effort and ability. It may be used diagnostically to assess work of breathing, resistance 

and compliance or can be used as a mode of weaning. 
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NAVA

Neurally Adjusted Ventilatory Assist

NAVA is a proportional assist mode of ventilation where the ventilator is controlled directly by the patient’s own neural control of breathing. The neural control of respiration originates in 

the respiratory center of the brain and signals are transmitted through the phrenic nerve to excite the diaphragm. 

CNS → phrenic nerve → diaphragm excitation → diaphragm contraction → chest wall 

and lung expansion → airway pressure, flow and volume. 

With NAVA, the diaphragm excitation feedbacks to the ventilator. This improves patient 

ventilator synchrony. 

PRO’s to NAVA is that it is easier to determine how much assist for each breath. Is a mode that is closer to how we naturally breathe.  Allows for better synchrony and doesn’t over support the patient.

CON’s Patient may have increase respiratory rate however this is normal as long as now major increased Work of breathing is seen.  Have to put a specific OG in patient.  Is not MRI compatible.

Contraindications to NAVA (however may help in diagnosis of the below): 

· Brain injured patients 

· Spinal cord injured patients 

· Patients with a diaphragmatic injury/hernia 

· Patients who are chemically paralyzed 

Nursing Implications: 

NAVA works with an Edi catheter placed OG or NG. This catheter has 10 electrodes 

attached to it that can signal when the phrenic nerve is stimulated (and thus signal the 

ventilator). They will be placed by nursing just as we would place any OG/NG into the 

stomach. They come in 8fr (for ng insertions) and 12 Fr and 16 fr (for og insertions). 

They look like our regular NG’s with a lumen for feeding/suctioning and the anti-reflux 

port. They also have the wire going down the lumen that will be attached to the 

ventilator. If the NG/OG is going to be used for feeding it needs to be x-rayed. 
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High Frequency Oscillating Ventilation

Indications for use 

· ARDS or Hypoxic Respiratory Failure where conventional ventilation has failed. 

· FiO2=.6, Plateau=30, PEEP=15 

· Air leak syndromes i.e. Broncho pleural fistula 

· Low lung compliance diseases

Actions 

· High frequency ventilation using very small volumes. 

· In conventional ventilation, alveoli frequently collapse on expiration. In HFOV, recruitment maneuvers are used to open the alveoli, then small volumes are cycled in and out. Inspiration & expiration are active. Alveoli are recruited & remain expanded. 

· Results in decrease in FiO2. 

Set-up 

· Inspiratory and expiratory limbs to tubing. 

· Do not use EtCO2 as inaccurate. 

· Warmed humidification is used. 

· Exhalation valve with water trap and bacterial filter to scavenge exhaled gases. 

Initiating 

· Pt should be suctioned and tube assessed for patency. If partially occlusion is suspected, bronchoscopy should be done. 

· Pt should be well hydrated – increased intrathoracic pressures may result in hypotension. 

· Flow set at 30-40 lpm. 

· Mean airway pressure (MAP) on oscillator initially set at patients’ MAP on conventional ventilator + 5cm H2O. (typically start at 30 cmH20)

· Inspiratory time (I time) usually set at 33%. 

· Power is adjusted to attain desired amplitude and adequate chest wiggle (shoulders to mid-thigh). 

· Amplitude is pressure difference produced on inspiration and expiration. (usually start at 90 cmH20)

· Hertz usually started @ 5 (1 Hz = 60 cycles so this equal 300 breaths/minute). Will try to increase Hertz to minimize tidal volumes (as tolerated while controlling CO2) 

· O2 is set on blender – read off analyzer. 

· A recruitment maneuver as done to start – Oscillator is stopped and airway pressure is held @ 40 for 40 seconds. 

· Alarms – high/low pressure set. 

Assessing effectiveness 

· Gases done 30-60 minutes after initiating then q4h for the first 24 hours and PRN (then q12h). 

· CXR must be done 1-4 hrs after initiating to assess for adequate recruitment (don’t stop piston) then q12h for 24 hours 

· Lungs should be expanded between 7-9th ribs. Shouldn’t be over/under distended 

· CXR daily and with any significant changes in settings or patient condition 

To increase oxygenation – increase mean airway pressure 

- increase bias flow & increase FiO2 

To decrease CO2 - Decrease Hertz (allows more time for inspiration so volumes bigger) 

-Permissive cuff leak to flush CO2 (increase prior to LRM) 
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Nursing Care 

Neurological 

· Pt. needs to be kept heavily sedated. May require initial paralysis. 

· Noisy +++. Give pt. ear plugs. 

· Caution if ICP>20. 

CVS 

· Make sure patient is well hydrated. 

· CVP/PCWP readings are inaccurate due to increased intrathoracic pressure. 

· If pt. is hypotensive, give fluid challenge before starting Inotropes. 

Respiratory 

· Can’t assess lung sounds. Listen only for symmetry. Asymmetry may indicate plug, tube obstruction, pneumothorax or displacement into Right  Main stem 

· Any disconnect requires another recruitment maneuver. 

· Suction only when indicated – decreased chest wiggle. 

-increased CO2 

-increased spontaneous breathing 

-increased amplitude 

· Requires two people –one person suctions while RT stops oscillator (recruits following). 

· Make sure black tip on inline suction is well pulled back. 

· May have HOB 30° if hemodynamically stable (reverse trendelenberg if unstable). 

· Turn to sides as tolerated. 

· Frequent oral suctioning if permissive cuff leak (± EVAC tube). 

Gastrointestinal 

· Feeds okay but high risk due to shaking of abdomen. 

· Entube post-pyloric is preferred. 

* Piston may be stopped to assess heart sounds, bowel sounds and train of four (if unable to assess) but assessments should be minimized (Q4H Max).* 

Complications: 

Tension pneumothorax 

· Asymmetry of breath sounds may signal a pneumothorax but can often be difficult to auscultate. 

· First indication may be hypotension and hypoxemia. 

· Need to confirm with CXR. 

· If unstable, chest tube may be inserted in suspected side. 

Tube occlusion 

· Rise in PCO2 on blood gases or increase in amplitude in an otherwise stable patient may indicate tube occlusion or narrowing. 

· Bronchoscopy is required to confirm.
Esophageal Balloon Monitoring

·  Total respiratory system compliance is composed of two different values: lung (airway) compliance and chest wall (pleural) compliance. When monitoring the respiratory system compliance of a patient on mechanical ventilation, we cannot separate the two. Since the Acute Respiratory Distress Syndrome Network (ARDSnet) trial on using lower tidal volumes (Vt) vs. traditional tidal volumes, professionals have widely believed that they must maintain plateau pressures at < 30cmH20 to prevent ventilator-induced lung injury (VILI).1 This compliance measurement is taken by the ventilator during an inspiratory hold and measures the total respiratory system compliance. With this measurement, we may decrease volume or positive end-expiratory pressure (PEEP) delivery if the plateau pressure is > 30cmH2O, without considering the amount of chest wall (pleural pressure) compliance that may play a role in expanding or not expanding the lung (airway). 

· Using an esophageal balloon, we can separate the two components of respiratory system compliance and adjust the ventilator based on the estimated transpulmonary pressure. With an inspiratory hold, we can measure lung strain by comparing the esophageal pressure to the airway pressure and calculating transpulmonary plateau pressure (PtpPlat). With an expiratory hold, we can compare the esophageal pressure and airway pressure to calculate the transpulmonary positive end-expiratory pressure (PtpPEEP). Using this measurement, we can determine how much pleural pressure must be overcome to prevent alveolar collapse. If we adjust the Vt and PEEP to maintain a PtpPlat < 25cmH2O, we can prevent lung over distention while adjusting our PEEP setting to maintain a PtpPEEP = 0—10 cmH20 to prevent lung collapse at the critical closing pressure of the alveoli.

· http://www.carefusion.com/medical-products/respiratory/ventilation/transpulmonary-pressure-monitoring.aspx
· EBM is an OG catheter with a balloon on it.  This catheter therefor is dual functioning with a lumen for feeding/suctioning. It comes in 16 Fr and 8Fr and inserted by RN as a regular OG.  The 8Fr however, is rarely used due to difficulty of insertion.

· Position should be confirmed via CXR and the balloon (radiopaque) should sit in the lower third of the esophagus.  Remind x-ray techs to include both the chest and abdomen when doing the x-ray.
ICU Patient Care Routines for Ventilated Patients

1. Skin Care:

Assess skin condition q12h with initial systems assessment, and with turns.  Document any problems in nursing notes.


Routine Care:


· Patients unable to turn independently will be repositioned/turned with skin care minimum of q2-3h and documented.   Documentation in nursing notes will be required if patient is unable to tolerate turns/repositioning 

· Unbroken skin areas – gentle rub with lotion prn; turns or tilting to relieve pressure areas more beneficial to skin than rubbing which can increase tissue injury.  Baza Protect or Criticaid cream may be used to protect at-risk skin and prevent breakdown.

· Reddened areas or skin areas at risk of abrasion (e.g. hips, sacrum) or clean abraded surface areas use transparent dressing or hydrocolloid dressings; first protect unbroken skin areas with skin prep (before dressing applied); leave intact dressings up to a week before changing; exudate that collects under transparent dressing is normal and aids healing. Use Baza or Criticaid products for red or excoriated areas.  Note: do not use transparent dressings on infected wounds.

· Consult enterostomal therapist for complex wounds. Indicate skin care plan on Kardex (products used, frequency) and deadlines for reassessment of plan.

2. Eye Care:

Condition of eyes is assessed q12h with initial systems assessment and any problems are documented in nursing notes.

Routine eye care is done as per patient needs. 

· adequate blink reflex present; sclera clear and moist. 

· Rinse eyes with eyestream and instill eyelube PRN (hydroxypropyl methylcellulose opthalmic sol’n)  

· impaired blink reflex (sedation, injury); reddened or dry sclera

· instill lubricant eye ointment “Tears Naturale” q4h and prn; increase frequency if eyes appear dry or reddened

· cleanse eyes with eyestream at least q12h

· tape eyelids closed with eye tape if eyes tend to remain open; change tape q12h and prn

· Notify physician if eyes are dry and reddened despite above measures.

3. Mouth Care:

Assess condition of mouth q12h with initial systems assessment and document any problems in nursing notes.

Routine Care  


Q12h - Brush teeth using soft toothbrush.

Q2-4h. - Mouth should be swabbed and suction and mouth moisturizer applied to lips and oral cavity

Biotene mouthwash is available in the unit for routine care.

Amosen mouthwash may be ordered by physician for odorous drainage.

4. Nasal Care:

Condition of nares is assessed q12h with initial assessment and any pressure areas/problems documented in nursing notes.

GI tubes (enteral feeding/NG) are secured with a StatLock( Nasogastric securement device or transparent dressing.  A tie or taped securement may be required in some situations.  Securement method is checked minimum of Qshift and changed PRN.

Nares are cleaned with a Q tip prn.   If dry, Vaseline is applied.

5. Patient Bath

A bath is done q24h, usually on nights and includes the following:

· Head to toe wash

· Eye and nose care

· Pericare

· Mouth care

· Shave (if appropriate)

· Electrode change (q48h)

· Hair wash 

· Linen changes

6. Hair Wash:

Hair wash is done prn, usually q3-5days and PRN (mark date on Kardex). Obtain an order for patients with C-spine injury. 
Ask family to bring in personal supplies if possible (e.g. comb, brush, shampoo).  

7. Shave:

Shave is done on all previously clean shaven male patients at least q24h (nights) with bath. Ask family to bring in shaving supplies from home.  

8. Pericare:
Assess condition of perineum q12h with initial systems assessment and document any problems in nursing notes.

Routine Care  


Pericare is done q12h minimum.

Males – not circumcised:  retract foreskin and wash/dry area, then pull foreskin back down.  

9. Bowel Care:

Check Q night for last bowel movement (note on chart/Kardex). All patients will be started on the bowel regime on admission (doctor’s order required), unless contraindicated.  

10. Dressing Changes:
Dressing changes are routinely done on nights, otherwise prn. 

CVC dressings:

Changed Q 7 days & prn

Arterial Catheter dressings:

Change Q 4 days, with tubing changes & prn

Chest tube dressings:

Change Q 3 days & prn
ICU Charting Standards

24 Hour Flowsheet

The ICU Flowsheet is a comprehensive form on which recordings of fluid balance, neurological, cardiovascular, respiratory parameters and nursing notes are documented for a 24-hour period.  

General Instructions:

· Flowsheets are kept at the patients’ bedside

· The flowsheet is used for a 24 hour period, 0730-0730 daily.  

· The previous day’s 24 hour flowsheet is placed in the chart by the unit clerk following rounds (in the Nurses’ Notes section).

· This record replaces the use of the separate anticoagulant, diabetic and cardiovascular records

· The date is placed in the appropriate space on the front page.

· All charting is in black ink.

· Initials are used throughout the form.

· All persons charting on this form must then sign their full name, status and initials on the patient care signature sheet at the front of the patient’s chart.

· Errors in charting must be corrected by drawing one line through the error, writing error above and initial beside.  White-out may not be used
· Vital signs print-outs may not be used.

Page 1: Intake and Output Record

The Intake and Output Record is divided into intake and output as well as day and night sections with totals for the 12 hr shift and final totals for the 24 hour period at 0700 hrs. 

Intake

· Time: Enter the time IV solutions, blood products, tube feeds and oral fluids are commenced

· Site: Enter location of the IV site (eg R hand, CVC distal) or  PO, entube, NG

· Solutions: Indicate the amount and type of fluid.  medications added to IV fluids must be written in full (eg 250 D5W cc  with 50 mg Nitroglycerine)

Blood products must indicate the amount, type and number of the product (eg.  RBC #85774636 A+) Note: Volume is listed on pink label.

· Initials: Signed by the person hanging the solution

· Absorbed: When fluids are discontinued indicate the time and amount absorbed in the appropriate column.  Pumps are cleared when hanging new type of solution and at end of shift.

· 12 Hour Totals: Total each column and add these numbers horizontally to get the total intake for the 12 hour period.  Place these sums in the appropriate boxes.

· Enter the site and amount of fluid left for the next shift (eg CVC Distal 300/500NS). Enter for the arriving night shift on the same flowsheet and enter for the arriving day shift on a new flowsheet

· 24 hour Intake: Total each 12 hour intake to give the 24 hour intake and place in the appropriate box.  
Output

· Urine Output: Document in the appropriate column beside the corresponding hourly boxes

· NG Output: (if applicable) Document in the appropriate column beside the corresponding hourly boxes.  

· Other Output: The columns to the right of the NG column can be used to record any other drainage (eg chest tube, Hemovac etc)

· 12 Hour Totals: Total each column and add these numbers horizontally to get the total intake for the 12 hour period.  Place these sums in the appropriate boxes.

· BM box: Enter the number of BMs for the 12 hour period in the appropriate box indicated ‘0’ if none.

· 24 hour Output: Total each 12 hour intake to give the 24 hour intake and place in the appropriate box
Note re Dialysis: CAPD exchanges are recorded on the CAPD record.  Hemodialysis exchanges are recorded by the hemodialysis nurse on the Hemodialysis Record.   CRRT is charted on CRRT flowsheet.  The 24 hour output is carried over to the appropriate box on the 24 hour flowsheet.

24 hour Totals 

· Determine the difference between the 24 hour Intake and Output and place in the appropriate 24 hour box.  

· Transfer this total to the flowsheet for the next day at 0700 hours (eg +1200 cc) in the Previous 24 Balance box at the lower left hand corner. 

Weight:

· Enter the patients weight (if applicable) in the weight box. 

Page 2: Medications, Treatments, Blood Sugar management

Medications:   

All medications other than narcotics, sedatives and neuromuscular blockers are charted under Scheduled, Stats and PRN’s.   The medication name, dose and route are written out if full in the first column.  Time given is written in first box and nurse initials in next box.  Later doses are written in following boxes.  Narcotics, sedatives and neuromuscular blockers are written in Narcotics and Sedatives section.  Medication name, dose and route are written in full.  Time and initials are recorded when given.

Treatments

Use of this section eliminates the need to chart these particular treatments or care in the nurses notes unless something specific or unusual needs to be recorded.

· Indicate the time each treatment/check is completed in the corresponding box with initials in the box next to it.  

Note: Safety check and line check indicates the protocol for these checks is performed according to hospital standards. 

· Record turns by indicating which side the patient is turned to, the time and initials, using a box for each.

· The blank rows can be used to document such things as gastric residuals, splints off/on, abdominal girth, chest tube checks etc.

Diabetic Record

· Document time the Glucometer check is done, results, time the insulin is given, type and dose of insulin and initials in the appropriate column. 

· If no insulin is given, indicate ‘Ø’ or no insulin required.

4. Page 3 & 4: Nurse Notes

The 12 Hour Assessment record is used for the initial head to toe assessment done at the beginning of the shift or when receiving the patient.   A rhythm strip is done at the same time as the assessment and taped on the record.  The rhythm strip should include all monitored waveforms (i.e PA, ICP).  The time and date of the assessment should be documented and no later charting should be done on this sheet.

· On-going care and assessments not documented on the 12 Hour Assessment Record of elsewhere on the flowsheet should be documented in the Nurses Notes.  Indicate time and initials with each entry. 

· Rhythm strips other than the initial strip at the beginning of the shift are attached in the Nurses Notes. 

· Mini assessments are done q4h and documented in nursing notes

· If more Nurse’ Notes are needed, a separate nursing notes sheet is available.

5. Page 5 &6: Clinical Record

The Clinical Record includes sections for neurological assessment, vital signs and respiratory assessment. 

· Parameters requiring further explanation will be recorded in the Nurses’ Notes.

· All changes to parameter setting e.g. infusion rate or FiO2 should be circled. 

· Document the time the assessment is completed in the time slots across the top of the pages. 

Neurological Assessment: 

· Pupils: Use the pupil scale on the flowsheet as a reference to document size and pupil reaction (eg 2/ B)

· Glasgow Coma Scale: Complete the Glasgow Coma Score indicating a numerical score for each assessment.  If the patient has a cuffed trach that prevents full assessment, the modified scale is used.  
5 - Seems able to talk

3 - Questionable ability to talk

1 - Unresponsive
The painful stimulus used is primarily nail bed pressure (or squeezing the trapezius muscle).  
Total the score in the indicated space.
Vital Signs: Note the values in the appropriate time column, using the legend and symbols on the flow sheet. 

· Blood Pressure:  blood pressure is recorded in black ink using 

v =systolic and   ^ = diastolic 

When Arterial blood pressure is measured cuff pressure is indicated by using a broken line

For blood pressures greater than 220 systolic, write the number at the top of the graph section 

· MAP: Indicated in separate column at bottom on vitals section
· Heart rate:  Indicate the values with a (
· Temperature: Temperature is in C°. Indicate the route according to labels in box by writing with the temp reading.

Other parameters and Drug Infusions: Other parameters such CVP, corresponding with the appropriate time slot can be written in using the blank rows.

· Drug Infusions:  Record the name of the infusion & concentration, in the left hand area next to the columns and indicate dose (eg mg/min) and rate in the corresponding column.

An infusion sticker is available in ICU to place on the chart.  Circle changes.

Initials:  Initial the assessment at the bottom of the page.

Repiratory:  Respiratory parameters are charted as necessary.  This includes ventilator setting, oxygen therapy and patient respiratory status.  Checks are initialed at the bottom of the page.
Morning Rounds with ICU staff
Multidisciplinary rounds are done every morning.   There are two intensivists covering the unit each day.  The intensivists generally see the sickest patient first; however, if the ER patient is stable they will complete ICU rounds upstairs first.
Format:

1.
Resident

Presents a summary of patient’s medical history, diagnosis and current problems.

2.
Nursing

Reports current status and nursing assessment.  This is done in a head to toe format, with the RT presenting the Respiratory assessment in between.  See guidelines for Nursing Staff at Rounds (below). 

3.
Respiratory Therapist

Presents patients’ respiratory status and therapist’s assessment.

4.
Other Support Services:  Physio, Nutrition, Pharmacy

Communicate pertinent concerns.

5.
Resident

Discusses lab results, reviews medications and plans medical management 

6.
Intensivist

Acts as resource for determining medical management, and provides teaching as necessary.

7.
Discussion

Open discussion for everyone to present ideas, concerns, etc.

Guidelines for Nursing Staff at Rounds:

Before rounds, the nurse will have collected the necessary data required for the presentation:

· Report from previous shift

· Current systems assessment of the patient

· Data from chart; i.e. social worker’s report, emergency notes, ambulance report, etc.

· AM Lab results 

· Information from patient and/or family

At rounds the nurse will:
· Ensure patient confidentiality and privacy

· Present pertinent nursing information, which may include:

Neuro status:
responses, LOC, reflexes, use of sedation and RASS score, pain management

Cardiovascular status:
cardiac rhythm, pulses, colour, temperature, hemodynamic pressures, invasive lines, drug infusions, fluid balance, edema, signs of uncontrolled bleeding.

Respiratory status:
The RT will present the ventilator settings, modes, weaning parameters, etc and respiratory assessment – rate, ease or difficulty of respirations, chest assessment and weaning problems.   Both the RT and RN may comment on secretions, frequency of suctioning, chest tubes – drainage, air leaks, etc.  

Gastrointestinal system:
nutritional status, i.e. feeding tubes, feeds, tolerance of feeds, blood sugar levels/insulin infusions, abdominal assessment, any c/o discomfort/pain, NG drainage, abd palpation, bowel sounds, bowel movements, dressings drainage, incisions, drains.

Genitourinary system:
urine output/description, menses, any unusual drainage – urethral or vaginal, kidney function - lab results, CRRT/dialysis – dialysis catheter, Total fluid balance (last 24 hrs + or –).

Musculoskeletal system:
orthopedic status, skin problems, muscle strength and ability to mobilize.

Social/Psychosocial:
patient’s mental status, family concerns, plans for treatment, Code status, sleeping problems, sedation problems, need for family conference.

By the end of rounds a clear plan of care should be developed, and communicated to the PCC.  This plan should be documented in the progress notes.

Code Team Responsibilities
Code Blue
Emergency Physician

· Functions as the Team Leader of the Code Blue Team
· Provides leadership and manages resuscitation of patient

· Directs Team interventions per ACLS guidelines
· In the event of simultaneous Code Blue the Emergency Physician will designate Physician/Resident coverage for each code, or an ACLS trained ED RN may act as code team leader
Residents

· ED, ICU and Cardiology Residents are NOT recognized members of the Code Blue Team, however, Residents may respond to Code Blue overhead calls 

· Residents may assist the Emergency Physician if requested 
· Residents not required at the scene will be dismissed from the Code Blue by the Emergency Physician

Registered Nurses

· Three designated RN’s respond to all Code Blue situations. One from ICU, one from Emergency and one from 2 South (Cardiology).

Emergency RN

     •     Brings running kit (RSI Box, portable capnography device, EZ IO kit) to all Code Blue calls and brings and running cart to designated areas.

     •     Secures IV/IO access

     •     Prepares and administers medication as directed by Team Leader

     •     Assumes role of Team Leader in absence of ED Physician


ICU RN

     •     Brings running cart and glucometer to designated areas.
     •     Monitors and provides feedback on quality of CPR and delegates BLS – CPR

     •     Monitors and provides electrical therapy as directed

     •     Maintains responsibility of patient if transferred to Critical Care

    Cardiology RN
     •     Assumes role of recorder on the Fraser Health Regional Resuscitation Record 
     •     Times medication administration and CPR cycles
     •     Assists with crowd control

     •     Ensure the documentation is complete, signed by the Code Blue Team and submitted to 
            ICU for auditing purposes
Respiratory Therapist

· Brings difficult airway box

· ICU, ward, and float RT respond. A minimum of three RT’s are expected to remain at Code site

· Assumes management of airway and breathing 

· Assists with intubation including cricoid pressure if requested.
· Monitors Sp02
· Assist with CPR

· Assists with transport of patient requiring airway management and ventilation support
Manager/Delegate or Shift Coordinator
· Arranges for additional staff as required

· Directs staff not involved with Code procedure to keep clear of area

· Arranges patient transfer as necessary

Cardio Technologist

     •     Does not respond to Code Blue Overhead call.  If needed will require paging.
Lab Technologist

     •     Does not respond to Code Blue Overhead call.  If needed will require paging.
Unit Personnel
Primary RN

· Initiate CPR
· Call for help to initiate Code Blue Call
· Provides report to Code Blue Team upon their arrival
PCC

· Transport Crash Cart & PPE cart to bedside 
· Directs the Code Team to the area and hands out PPE & Name tags
· Ensures availability of patient chart
· Obtains additional supplies as requested
· Removes other patients and visitors from immediate area if possible
· Assists with patient transfer
· Notifies attending Physician(s) and ensures family have been advised of patient outcome
Placement of Crash Carts

Adult Crash Carts are located in;

· Emergency

· Ambulatory Care

· Main floor cardiology
· CSICU

· Intensive Care Unit
· Operating Room

· PACU

· Special Procedures
· IR + CT

· Cath Lab

· 2S & 2N

· 6N, 5N, 4N, 3N
· Maternity

· SC2 (Sherbrooke Centre)

In the event of an arrest in any area of Sherbrooke Centre SC2 staff will transport the Crash Cart to the Code site.

Open Chest (Thoracotomy) equipment is located in

· Emergency

· CSICU

· 2S?
· Cath Lab

· OR

Paediatric Equipment is located in

Broselow Cart
· Emergency

· Paediatric Unit
· PACU
Code Pink Cart
· NICU 
· Labour and delivery

· Emergency

Airway Equipment

•     Code Blue Crash Carts

•     Difficult airway Box (brought to Code Blue calls by RT)

•     Emergency Trauma Room 
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Code Blue Pediatric
A Code Blue Pediatric should be called for Resuscitation situations involving patients 17 years less a day, and may be called for patients in the ED at the discretion of the ERP. 

Dedicated Pediatric Resuscitation Equipment can be found in the Trauma Room and includes a Broselow Cart, and infant warmer, and a Pediatric Difficult Airway Cart.

If a Code Blue Pediatric or Pediatric Code Blue is paged overhead the following staff will respond:
	Title
	Role

	ER Physician
	· Team Leader or Procedure physician (based on discussion with Paediatrician.)

	Paediatrician
	· Team Leader or Procedure physician (based on discussion with EP.)

	PCC/ Charge Nurse
	· In charge of PPE and Crowd Control

· Assists Code Blue team as requested (i.e. fills in any holes)

	1st ER Nurse
	· Medication administration

· IV access or assist with IO access
· Assist physician with procedures

	2nd ER Nuse
	· Medication preparation (works with Pediatric or NICU nurse to calculate and prepare medications.)

	ICU Nurse
	· Administers electricity

· Monitors CPR and ECG rhythms

	Cardiac Unit Nurse
	· Documenting and time keeping

	Paediatric Nurse
	· Assists with procedures (within their scope of practice), based on discussion between 1st ER Nurse and Peds Nurse

OR

· Works with 2nd RN to calculate and prepare medications

	NICU Nurse
	· Assists with procedures (if child < 6 mo old), based on discussion between NICU Nurse and 1st ER Nurse

OR

· Works with 2nd RN to calculate and prepare medications


Code Pink
ED Physicians and Nurses do not respond to Code Pink called at RCH.
If an infant within the first 24 hours of life and during their first hospital admission is brought to the ED and requires resuscitation, or a mother comes into the ED in active labor and we are unable to get her to Labor and Delivery prior to the arrival of the baby, we can initiate a Code Pink in the Trauma Room, at the discretion of the ERP. 
If a code pink is called overhead the following people will respond: Neonatologist, Pediatrician, NICU Nurses, and Labor and Delivery Nurses. 


During a Code Pink the Neonatologist or Pediatrician will act as the Code Team Leader. 

ED Staff retain their status as most responsible providers for adults involved in Code Pink Resuscitation situations (e.g. the mother).
Defibrillation with Manual External Defibrillator
Every minute from the time circulation ceases to the time circulation is restored decreases the chance of survival by 7-10%

The ideal is ≤ 3 minutes from collapse to first defibrillation attempt. Padded/Adhesive Electrodes are preferred over paddles because they can be placed in advance, they allow faster delivery of each shock, and they reduce fire hazard.

Monophasic Defibrillator

· The traditional Monophasic defibrillator delivers current that flows from the negative paddle to the positive paddle.

· One shock of 360 joules is recommended for VF/Pulseless VT

Biphasic Defibrillator

· Uses two directional flow of current. 

· When discharged the current flows from one paddle to the other then reverses to flow in the opposite direction. 

· The amount and duration of the shock is automatically adjusted based on patient impedance. 

· There is evidence that Biphasic Defibrillators require less energy to achieve successful cardioversion and have a higher success rate than Monophasic defibrillators.

· One shock of 200 joules for VF/Pulseless VT
Procedure

1. Remove any medication patches and wipe area clean

2. Apply electrode pads or paddles to patient’s chest

3. Analyze rhythm, confirm VFib/Pulseless VT

4. Charge defibrillator

5. Announce “Stand Clear” 

6. Charge Defibrillator

7. Visually confirm that no personnel or equipment is in contact with the patient or bed

8. If paddles used apply firm pressure (about 25lbs)

9. Discharge defibrillator
10. Resume CPR for 2 minutes. Follow Vfib/VT algorithm

If patient has implanted pacemaker or AICD

1. Place pad or paddle at least 1 inch from the device to avoid damage to the device and electrical burn at the electrode myocardium interface. 

2. Pacemaker or AICD should be evaluated after a shock is given.

Transcutaneous Pacing

Indications
· ASAP for 3° or Type II  2° AV Block

· Symptomatic bradycardia resistant to medications

· As standby for patients at risk for the development of bradycardia (new 2° or 3° block, LBBB, RBBB)

· Overdrive pacing of tachycardia refractory to drug therapy

· As standby during transvenous pacer/wire change

Procedure
1. Provide sedation and analgesia in conscious patients

2. Apply ECG electrodes and connect 
ECG cable to the pacemaker. Select Lead I, II, or III.

3. Clean and dry the skin. Avoid use of alcohol on the skin. Remove excess hair

4. Apply the pacing electrode pads, connect to pacing device.

5. If needed to pace immediately, set pacing rate on 80.

6. Increase MA to 80. 

· Electrical capture obtained

· Slowly decrease MA to the lowest possible level that maintains capture

· No electrical capture

· Slowly increase MA to the lowest possible level that maintains capture

7. Confirm mechanical capture with pulse check





Troubleshooting
No Mechanical Capture

· Continue CPR

· Patient may be unresponsive to pacing due to;

· Severe hypoxemia

· Prolonged arrest

· Severe metabolic disorder

· Extensive myocardial infarct

· Cardiac trauma

No Electrical Capture

· Patients who may require more current are those with;

· Barrel chest

· Recent thoracic surgery

· Pericardial effusion/tamponade

· Hypoxia

· Increase Ma

· Check connections

· Ensure power source

· Reposition electrodes

Failure to Sense

· Increase ECG size
· Change ECG lead
· Reposition ECG leads to find a position that displays the tallest QRS possible
Over Sensing

· Reduce ECG size

· Change ECG lead
· Reposition ECG leads 

· Replace ECG electrodes

· Place ECG electrodes as far from pacing electrodes as possible

Patient Discomfort

· Give sedative and/or analgesic
If Patient Fibrillates
· Charge defibrillator and defibrillate as normal

Care
· Change electrodes q24h

Cardiac Arrest Protocol
Patient is unresponsive and pulseless

Activate emergency response, call for defibrillator/monitor

ABC’s;
Open airway. If not breathing, give 2 breaths.


Use bag-mask and give O2
CPR:
Push Hard, Push Fast


1 Rescuer 
30 compression, then 2 breaths in cycles of 5 (about 2 minutes)


2 Rescuer

100 compressions/min without pauses




8-10 breaths/minute untimed with compressions




Switch roles q2min during rhythm check


Compressions increase likelihood shock will be successful.


Proper compressions can produce SBP of 60 – 80 mm Hg. With a cardiac output of 25 – 33 % of normal


Minimize interruptions of CPR

Rhythm Check 


When monitor/defibrillator arrives, do not interrupt CPR until monitor/defibrillator setup is complete.


Take < 10 sec to check rhythm


Identify rhythm 

LUCAS for CPR 

A clinical policy for CPR is in development for staff use in the ED. Here are some general guidelines that can be used until the policy is released.
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Aims of the LUCAS in the Emergency Department
The use of the LUCAS Mechanical CPR device would be of benefit in selected patients
presenting in cardiac arrest where a clinician anticipates ongoing GPR for 10 minutes from the
time of amival in the ED. Earlier application may be better than delayed application.

INDICATIONS FOR THE USE OF THE LUCAS
Use of the LUCAS requires Criteria 1 or 2 plus ALL of Criteria 3 to 5 fulfilled:

1. Patients presenting in cardiac arrest ~ CPR ongoing by EMS.
OR
2. Patients suffering a cardiac arrest n the Emergency Department

PLUS

3. An expectation by a senior clinician that GPR will be ongoing for >10 minutes
AND

4. An absence of any specific contraindication (below)
AND

5. Presence of a senior CCRN &or senior attending physician trained in the use of the LUCAS

1) Traumatic arrest
2) Patients too large to fit the LUCAS — upper part of the device will not lock o the back board
3) Patients who are too small  piston will not extend all the way to the stemum

4) Cardiac arrest is considered a terminal event by the clinician

5) CPRis deemed to be futlle by the attending physician

6) Known advanced care directive that indicates no CPR

7) Family requesting to not use the device

8) No trained staff members present at the cardiac arrest

Relative Contraindications
1) EtCO: <10 after 20 minutes of resuscitation
2) Staff unfamilarity

Training Requirements
Device-specifc trining i safe use of the LUCAS during CPR is required. The use of the machine by unirained
indiduals may resultin damage fo the machine, the machine not working andior deays in CPR provision

Cleaning
Remove sucton cup
Wipe down device ith peroxide wipes
Do not immerse the device n water as this may damage elecirical components
Replace companeris n case




To Zap or Not to Zap

· 80% of all arrests are found in Vtach or Vfib

· CPR prolongs life, it doesn’t save it

· Defibrillation is the most cost effective method of terminating VFib.

· Earlier the zap = better the survival rate.  

· As critical care nurses it is one of our many responsibilities to know when to defibrillate, when to cardiovert, and when to leave the patient alone.  


First the Basics:

Arrhythmia: 

· Abnormal electrical activity of the heart. 

· The one we are concerned about here are:

· Ventricular Fibrillation: A chaotic arrhythmia that causes the heart to quiver rather than contract in a coordinated fashion. No effective pulse or blood pressure is generated, unconsciousness is nearly immediate, and death follows within minutes if the arrhythmia is not halted.


· Ventricular Tachycardia: This rhythm is usually regular to slightly irregular. It is characterized by a rapid, bizarre wide QRS complex usually around 150 to 250 beats per minute. The symptoms of V. Tach depend upon the rate, duration, and severity of the underlying heart disease.  The immediate significance of this rhythm to nurses depends on the hemodynamic stability of the patient and the possibility of degenerating into ventricular fibrillation.  


· Supraventricular Tachycardia: SVT is characterized by it narrow QRS complex ventricular tachycardia with no measurable P wave, since it is usually obscured by the preceding T-wave. The rate is regular at ~ 150-250 beats per minute.  Usually brought on by stress, smoking, caffeine, or over exertion. Sometime the patients will feel palpations, nervousness, anxiety and even angina. This rhythm can lead to heart failure or shock depending upon the severity of the symptoms and the duration.

· Atrial Fibrillation:  In this rhythm, the atrial rate is above 350 contractions per minute.  It is characterized by a baseline which is coarsely or finely irregular. There is no P wave preceding the QRS complex, which is irregular and may be slow or rapid.  


· Atrial Flutter: This rhythm is characterized by its saw tooth pattern of the P waves.  The atrial rate is constant between 250 and 400 contractions per minute.  The ventricular rate will vary with the degree of the block.  The chief concern here is losing the block and having all the atrial beats conducting to the ventricles. 

Electrical Therapy:

· Electrical therapy or shocking the heart completely depolarizes the myocardium so that the natural pacemaker can resume.

· It’s not “jump starting” the heart, it’s “jump stopping” it.

· The machine used in electrical therapy is called the defibrillator.

Defibrillator:
· A device that can deliver electrical current to the heart to treat arrhythmias. All of the defibrillators in this hospital are portable and have electrocardiographic monitoring capacity. 

· The output of defibrillators is measured in joules
· The amount of energy (J) released per second.

· There are two types of defibrillators.  RCH has moved to Biphasic defibrillators:

· Biphasic Waveform (Lifepak 12 and 20): Pattern of electrical flow where the current reverses direction in the middle of the waveform, flowing first from one electrode pad, through the heart, to the second electrode pad, and then from the second pad, through the heart, to the first. A biphasic waveform requires less energy than the monophonic waveform to achieve superior defibrillation efficacy. Biphasic waveforms are considered the standard of care and intervention of choice.

· Factors to consider when using a defibrillator: 

· Transthoracic resistance

· Amount of joules 

· Electrode size (paddles vs pads)

· Number of shocks

· Electrode pressure = 25 lbs

· Skin preparation = gel vs saline

· Electrode Position

· If the patient has a permanent pacemaker, paddles/pads must be 10 cm away from pacer.

· Paddles

· The anterior-posterior scheme is the preferred scheme for long-term electrode placement. One electrode is placed over the left precordium (the lower part of the chest, in front of the heart). The other electrode is placed on the back, behind the heart in the region between the scapula. This placement is preferred because it is best for non-invasive pacing.

· The anterior-apex scheme can be used when the anterior-posterior scheme is inconvenient or unnecessary. In this scheme, the anterior electrode is placed on the right, below the clavicle. The apex electrode is applied to the left side of the patient, just below and to the left of the pectoral muscle. This scheme works well for defibrillation and cardioversion, as well as for monitoring an ECG.

· Quick Combo (Hands Free) Pads

· Follow directions on package and pads themselves.

Defibrillation:
· The treatment of choice for the arrhythmias most commonly associated with sudden cardiac arrest. 

· Defibrillation is for Disorganized rhythms

· Indications: V. tach. (pulseless) and V. fib. 

· The energy is delivered as soon as the 

shock button is pushed.
Please note:  All Lifepak 20 / 12’s default to Paddles.  Therefore, the rhythm is detected through the QUICK COMBO pads.  The 3 lead cable is required for the PACING MODE. When Pacing is selected the Lifepak 20 automatically switches to Lead II.
	DEFIBRILLATION
RCH Protocol
· Following unit specific training, a critical care/high acuity RN may perform defibrillation for pulseless VT/VF without a physician's order

· Quik-Combo Electrodes (hands free) are the method of choice at RCH

· Quik-Combo Electrodes should be placed in anterior-lateral position (preferred for quick access). 

Procedure
1. Verify shockable rhythm (VF/ VT) on ECG

2. Assess for absence of pulse (carotid/ femoral) and/or signs of life (movement, breathing). 

3. Call for help and perform CPR until defibrillator/ crash cart arrives

4. If Lifepak 12 or 20 already at bedside initiate defibrillation procedure immediately

5. Prepare skin as needed and avoid implantable devices or electrodes

6. Position and/or connect the Quik-Combo Electrodes (hands free) or paddles on the patient. 

a. QUIK-COMBO electrodes (Hands free):
i. Choose appropriate type: Adult or Pediatric for Infants < 15 kg (33 lbs)
ii. Apply QUIK-COMBO Electrodes using anterior-lateral position (preferred for quick access).
a. Directions for placement are also included on QUIK-COMBO package
b. Anterior-lateral placement: Place the anterior electrode to patient's upper torso, to the right of the sternum and below the clavicle. Place the apex electrode to the left of the nipple line below the axilla.
c. An anterior-posterior placement is also acceptable. The anterior electrode is placed over the precordium, and the posterior electrode is placed behind the heart, below the left scapula
b. Paddles: Use conductive defibrillator pads x 2. 
0. Anterior-lateral placement: Place the first conductive defibrillator pad to patient's upper torso, to the right the sternum and below the clavicle. Place second conductive defibrillator pad to the left of the nipple line below the axilla.



1. Make sure that the paddles are placed correctly on each conductive defibrillator pad and that each paddle is receiving 25 to 30 pounds of pressure.

2. To access the pediatric paddles, slide the adult paddle forward until it releases.

1. Confirm ECG waveform and presence of VF/ VT rhythm 

1. Confirm energy setting at 200 joules (Default is 200 joules biphasic energy)

1. Press CHARGE on front panel. (Note:  Press  speed dial knob to disarm charge if necessary)

1. Once fully charged, direct staff to Stop CPR (if applicable)

1. Reconfirm shockable rhythm 

1. State "ALL CLEAR" and visually check that all personnel are clear of contact with bed, patient and equipment

1. While continuing to visualize patient, press SHOCK button to discharge energy 

1. After shock is discharged immediately start CPR X 2 minutes 
1. After 2 minutes of CPR assess rhythm, pulse and/or signs of life

1. Repeat procedure if needed. 

1. Subsequent defibrillation done at 200 joules or higher (ACLS 2005 guidelines). Press ENERGY SELECT to increase energy as necessary

1. At end of code, press CODE SUMMARY to print summary of procedure for documentation purposes

1. Ensure procedure is documented in patient record or Fraser Health Cardiopulmonary Resuscitation Record.

February 2008 

Excerpted and adapted from AACN Procedure Manual for Critical Care, Fifth Edition, American Association of Critical-Care Nurses, edited by Debra J. Lynn-McHale Wiegand, PhD, RN, CCRN, FAAN, and Karen K. Carlson, MN, RN, CCNS, St. Louis: Elsevier/Saunders, 2005. 
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	CARDIOVERSION
RCH Protocol
· Following unit specific training, a critical care RN may perform cardioversion in the presence of a physician on patients with unstable tachy dysrhythmias.

· Quik-Combo Electrodes (hands free) are preferred

· Anterior-lateral or anterior-posterior pad placement may be used.

Procedure
1. Ensure intravenous access and if possible, pre-medicate with sedative and/or analgesic medications as prescribed. 

2. Place the patient on oxygen. 

3. Turn on the Lifepak 12 or 20 monitor/defibrillator. 

4. Prepare skin as needed & avoid implantable devices or electrodes

5. Attach the Quik-Combo Electrodes (hands free) or 3 lead patient lead on the patient. 

a. Quik-Combo electrodes (Hands free). 

i. Choose appropriate type:  Adult or Peds (< 15 kg/33lbs)

ii. Anterior-lateral placement:   Place the anterior electrode to the patient's upper torso to the right of the sternum and below the clavicle.  Place the apex electrode (red heart symbol on electrode) to the left of the nipple line below the axilla.

iii. An anterior-posterior placement is also acceptable. The anterior electrode (red heart symbol on electrode) is placed over the precordium and the posterior electrode is placed behind the heart, below the left scapula. 

6. If ECG cable used, select "Lead" ("Paddles" default at RCH). 

7. Confirm the proper display of the patient's rhythm.

8. Depress the "Sync" button to activate the synchronized mode. 

9. Look for markers on the QRS complex that indicate that the defibrillator is in the sync mode. 

10. Adjust the R-wave gain (size) on the monitor to ensure that sync markers occur on each QRS complex.

11. If unable to properly flag R-wave using Quik-Combo electrodes, attach 3-lead patient cable and press "Lead" to select alternative lead placement

12. Document appropriate sync markers.

13. Apply paddles if to be used:  

14. Paddles: Apply over conductive defibrillator pads x 2. 
a. Anterior-lateral placement: Place the first conductive defibrillator pad to the patient's upper torso to the right of the sternum and below the clavicle. Place second conductive defibrillator pad on the left of the nipple line below the axilla.
b. Make sure that the paddles are placed correctly on each conductive defibrillator pad and that each paddle is receiving 25 to 30 pounds of pressure.

c. To access the pediatric paddles, slide the adult paddle forward until it releases.

15. Select an energy level as prescribed by physician. 

16. Confirm ECG waveform is present and "Sync" remains flagged

17. Charge the defibrillator and state "all clear" loudly. Visually confirm that no personnel have direct or indirect contact with the patient.

18. Deliver a counter shock by depressing the discharge button until the energy is delivered. 

a. When using paddles depress both of the discharge buttons simultaneously and hold them down until discharge occurs; this may take several milliseconds.

b. When using Quick Combo electrodes press the discharge button and hold this down until discharge occurs; this may take several milliseconds

19. Check the monitor and assess patient response. 

20. If a dysrhythmia persists, increase the energy level as ordered; repeat procedure to 'sync' then deliver another shock as ordered.

21. If cardioversion ineffective in anterior-lateral placement, consider anterior-posterior approach.  


Monitoring/Documentation
· Document on Resuscitation Record, Conscious Sedation Record and/or Nursing Record as appropriate.

· precipitating patient status

· sedation administered and response

· consent obtained (elective procedures)

· cardioversion joules delivered

· Pre/post rhythm and patient response.
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	TRANSCUTANEOUS PACING

RCH Protocol
· Following RCH training, a critical care RN may perform transcutaneous pacing on patients with unstable brady dysrhythmias with a physician’s order

Procedure
1. Prepare patient’s skin for electrode application.

2. For the Lifepak 12 or 20 pacing BOTH the therapy cable (QUIK-COMBO electrodes) AND the 3 lead ECG patient cable are required.  To receive the best monitoring signal, ensure there is adequate space between the ECG electrodes and QUIK-COMBO electrodes.

3. Apply ECG electrodes to patient and attach the 3 lead ECG cable.  Select Lead I, II, or III.

4. Connect and apply QUIK-COMBO electrodes using either anterior-lateral or anterior-posterior position (Anterior-posterior position is preferred.  Anterior-lateral may be used in code situations if already in place).  

a. Directions for placement are included on QUIK-COMBO package.

b. Anterior-lateral placement:  Place the anterior electrode to patient’s upper right torso, lateral to the sternum and below the clavicle.  Place the apex electrode to the left of the nipple line below the axilla.

c. Anterior-Posterior placement:  Place anterior electrode over the left chest below the nipple.  Place posterior electrode to the back of the patient below left scapula.

5. Press PACER button. Confirm the LED illuminates, indicating the power is on.

6. Observe the ECG rhythm.  Confirm that a triangle sense marker appears near the middle of each QRS complex.  If the sense markers do not appear or are displayed in the wrong location (e.g. on the T wave), select alternate lead.  

7. Press RATE or rotate the Speed Dial to select the desired pacing rate as per physician’s order.  (The RATE button changes the rate in 10 pulse per minute (ppm) increments; the Speed Dial changes the rate in 5 ppm increments.)

8. Press CURRENT or rotate the Speed Dial to increase current until electrical capture is observed.  Maintenance pacing outputs should be set at approximately 10% above the threshold.  If unable to obtain electrical capture in anterior-lateral placement, consider changing to anterior-posterior placement. (CURRENT button changes the current in 10 mA increments; the Speed Dial changes the current in 5 mA increments.  To change rate or current during pacing, press RATE or CURRENT, then rotate the Speed Dial.)

9. Palpate the patient’s pulse and compare with the set pacing rate to assess for mechanical capture.  

10. Assess the patient's comfort level. Sedation and analgesia may be needed for conscious patients.

11. To interrupt pacing and view the patient’s intrinsic rhythm, press and hold the PAUSE button.  This causes the pacer to pace at 25% of the set rate.  Release the PAUSE button to resume pacing at set rate.

12. To stop pacing, reduce current to zero or press PACER.
Note:  To defibrillate and stop noninvasive pacing, press ENERGY SELECT or charge the defibrillator.  Pacing automatically stops.  Proceed with defibrillation.

13. Prepare patient for insertion of a transvenous pacemaker.

Monitoring/ Documentation
 

· Document on nursing record: 

· Patient status 

· Sedation administered and response

· Rate and current applied to achieve mechanical capture 

· Patient response to procedure 

· Vital signs hourly or more frequently as indicated by the patients condition

· Continue to monitor level of comfort and administer analgesia or sedation as necessary 

· While pacing, visually monitor the patient at all times.  Routinely assess the ECG for proper sensing, pace pulse delivery, electrical capture and mechanical capture 

· Attach sample of rhythm strip

· If bedside monitor available, apply monitor cables and set alarms 5-10 below paced rate. 

 
February 2008
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Note: Set up for transcutaneous pacing is different in the trauma room

Arterial Catheters in ER


An arterial catheter, often called an art line, is one form of invasive hemodynamic monitoring. It allows for accurate, direct and continuous measurement of arterial blood pressure in an unstable patient.

Art lines are used to obtain an accurate blood pressure when non-invasive blood pressure is difficult or impossible to obtain. It allows for a more precise titration of medications and fluids, and an art line can be used to obtain blood samples for arterial blood gases (ABGs) and other lab analysis.

Art lines are most commonly inserted in the radial and femoral sites. There are different length catheters depending on which site is used. The proximity of the catheter site to the central circulation will affect the BP values obtained. When the catheter site is further away from the heart, the pulse pressure widens. Art line BP values are often 5-20 mmHg higher than auscultated BP values. 

The arterial catheter is attached to high pressure tubing with a transducer, 500 cc bag of heparinized NS and a monitor. The transducer converts the pressure sensed in the patient’s artery into numbers on the monitor. To maintain patency, a 500cc NS bag is attached to the line and used as a flush following blood draws. A pressure bag is used so that blood will not back up into the line.

Specific criteria for arterial catheter insertion in the Emergency department include:

a)
Aortic dissection

b)
Traumatic aortic disruption

c)
Refractory shock

d)
Multi-trauma with shock

e)
Hypertensive emergencies

In the event of the above, the Respiratory department will make provisions to have an RT with the patient at all times.

An arterial catheter will NOT be inserted if any of the following contraindications are present:

a)
Poor circulation distal to insertion site

b)
Inadequate collateral perfusion

c)
Infection or other pathology over the area of insertion

The following package contains the standards, policies and procedures as well as the Skills Assessment Program with checklists.

Arterial Pressure Waveform
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a)
Represents a sharp upstroke (ascending limb) correlating with ventricular systole and the QRS complex – aortic valve opens; LV ejects blood into the aorta.

b)
Represents peak systole (peak of ejection) – its numerical value is the systolic pressure.

c)
Represents the dicrotic notch – LV pressure falls below the aortic pressure; the aortic valve closes with a small rebound wave that makes a notch.

d)
Represents diastole – aortic pressure falls to its lowest (end diastolic pressure); LV is filling; the numerical value at the lowest point is the diastolic pressure.

NURSING MANAGEMENT OF A PATIENT WITH AN ARTERIAL CATHETER

1.1
Assessment
In addition to routine assessment and the parameters outlined in the protocol for H.D.M., the following will be assessed:
· Routine Arterial Catheter Check on insertion, at beginning of shift and q4h:

· Site - dressing dry and intact.

· Circulation check including colour, warmth, capillary refill (normal = 3 sec.), sensation (if possible) and pulses:

· Brachial line - radial, ulnar

· Femoral line - dorsalis pedis, post tibial

· Radial line - ulnar.

· At time of dressing change the insertion site will be observed for:

· Skin colour, e.g. - redness, blanching.

· Presence of edema, drainage or bruising.

· Condition of catheter, e.g. - kinks, cracks.

· Position and stability of catheter, e.g. femoral catheter sutured.

· Security of luer-lock connection.

· Post-Removal of Arterial Catheter a circulation check (colour, warmth, capillary refill, sensation, pulses) of involved limb is assessed after manual pressure application (minimum 10 min) and 30 minutes post removal.

· Monitored Arterial Catheter:

· Waveform pattern is assessed for presence/absence of the characteristic arterial pressure curve.

· Monitored systolic and diastolic pressure values are obtained on insertion/initiation of H.D.M., at beginning of shift, q1h and as per unit standard.

· Correlation of H.D.M. values to cuff blood pressure values (same arm/limb if possible) is obtained on admission/ insertion, at beginning of shift and more frequently if discrepancy in values is present. 

Note:
Dorsalis pedis site, values - normally systolic 10-20mmHg higher and diastolic 10-15 mmHg lower than radial/brachial values.
· Monitor alarms are set for parameter selected, usually systolic for +/- 10-20 mmHg.


1.2
Nursing Interventions

· Dressing:

· Arterial catheter dressing is applied/changed:

· On insertion

· With changes of H.D.M. tubings

· Q96H

· PRN.

· Pressure dressing is applied post-removal for 24 hours.

· Catheter patency:

· Capped arterial catheter is flushed:

· Following bloodwork withdrawal

· Q6H.

Note:
Femoral arterial catheter is never capped.
· Monitored Arterial Catheter is continually flushed per a H.D.M. system.  


1.3
Safety

· Insertion site is continually exposed.

· No medications except heparinized saline flush solutions are injected into arterial catheters.

· An arterial catheter is removed a minimum of 30 minutes prior to transfer to ward.
1.4
Troubleshooting
	PROBLEM
	NURSING INTERVENTION

	Clinically Significant BP Differences - Cuff versus Arterial Line (A/L)

· Related to:
· Different methods of determining BP (A/L pressure wave; cuff-flow measurement).

Technical problems.

· Differing sites.

· Patient factors.
	· Assess patient for other signs and symptoms reflective of BP change.
· Recheck measurements:
· Ensure cuff BP on same limb as L/L. check cuff size, placement, rate and deflation appropriate for patient.

Note:
Slower rate of deflation as heart rate slows.

· Complete troubleshooting for inaccurate pressures (H.D.M. protocol).

· Check levelling, limb (site) positioning, 

dynamic response.

Note:
Tachycardia & inotropes promote under dampening effect.

· Evaluate waveform pattern for distortion (eg. catheter fling/whip, damped, artifact) or abnormality (eg. valvular effects - aortic stenosis - damped, aortic insufficiency hyperdynamic).

· Assess measurement site effect:
· Radial A/L 10 mmHg > brachial cuff BP.

· Femoral A/L 10-20 mmHg > brachial cuff BP.

· Dorsalis Pedis A/L

Systolic 10-20 mmHg > brachial cuff BP Diastolic 10-15 mmHg < brachial cuff BP.

Note:
Normal increase in BP as site more distal to aorta - more pronounced in young than elderly. 


	PROBLEM
	NURSING INTERVENTION

	Clinically Significant BP Differences - Cuff versus Arterial Line (A/L) (cont’d)
	· Assess additional patient factors:
· Anticipate cuff to underestimate A/L when BP “out of normal” range, with dysrhythmias (tachycardias, atrial fib. ectopic) irregular respirations & mechanical ventilation, marked hypoperfusion/vasoconstriction.

· Compare mean arterial pressures - MAP are usually quite close, whereas the systolic often vary.

· Follow direct BP (A/L) pressures when adequately functioning system or as directed by physician.

· Document and notify MD of BP discrepancy.



	Changes in Arterial Catheter Assessment Parameters:

· Change in circulatory check:

· Loss or weakening of distal pulse. 

· Change/loss of warmth/sensation/ colour distal to A/L.

      -
blanching proximal 

                to or at site.

· Irregular/ intermittent dampening of waveform due 
to thrombus, spasm, hematoma, clot, vessel trauma, or catheter irritation.

· S & S A/L site infection.
	· Maintain continual observation of site and increase frequency of routine A/L site assessments to q1h if problems identified.

· Observe limb proximal to site when flushing to observe arterial spasm - if blanching occurs with flushing, try flushing slower and in short bursts.

Note:
Warm contralateral limb to promote vasodilatation of blanched limb- never apply heat to ischemic limb.

· Ensure stability of catheter, eg. dressing, and splinting or arm board may help to limit catheter movement/irritation of vessel.

· Notify MD if loss of pulse, significant change in capillary refills (eg. > 4 seconds) colour/warmth or repeat blanching/spasm with flushing or blanching that spontaneously occur.

· Notify MD if S & S of infection at site.



1.5
Documentation

All patients with an arterial catheter will have the following documented:

· Insertion and removal of arterial catheter.

· Routine arterial catheter checks:

· on insertion, 

· at beginning of shift 

· and q4h.

· Dressing changes.

· Blood specimens obtained.

· Conversion of arterial catheter with H.D.M. system to capped system or vice versa.

· Nursing interventions related to troubleshooting.

· In addition, monitored line only:

· Arterial pressure values:

· on admission/on initiation of pressure monitoring, 

· at beginning of shift, 

· q1h and as per unit standard.

· Cuff BP every shift and PRN.

· Waveform tracing on admission and every shift, labelled with patient's name, date, time and identified as an arterial catheter/line.
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	Arterial Catheters: Blood Sampling
	 


	Quick Sheet 
	


	 

RCH Protocol
 

Critical Care Nurses may obtain blood specimens from Arterial catheters:

· With a physician order/directive.

· When in the RN judgement a change in the patient's status warrants blood gas analysis.
· The Edwards VAMP system is preferred system for arterial lines at RCH.
Procedure
 

Note:  If using non-VAMP system or syringe method please see procedure in extended text.

1. Wash hands and don nonsterile gloves and goggles or fluid-shield face mask.
2. If ABG to be obtained, open ABG kit and position plunger at minimum of 1ml (self-fills)
3. Prepare Vacutainer® by attaching the needleless Luer-Lok adapter needle to the Vacutainer.

4. Cleanse the blood sampling port with a chlorhexidine with 70% alcohol swab and allow it to dry for 1 full minute.

5. Suspend the arterial alarms.

6. Firmly squeeze the handle of the vamp chamber and aspirate blood until reservoir is full (This is a discard of approx 5 ml)

7. Turn the stopcock "off" at the reservoir (perpendicular to the line).  Failure to do this will draw discard into the specimen and may cause an error in results.

8. Connect VAMP needleless access cannula to Vacutainer.  (Seperate VAMP cannula may be used for ABG syringe or ABG syringe may be filled by placing over top of vacutainer needle.)

9. Insert into the access port.

10. Engage each blood specimen tube into the Vacutainer and attain specimens needed.

11. Expel any air bubbles from the ABG syringe and cap the syringe.

12. Remove access cannula.  Keep the cannula straight.  Have a small gauze square available to catch the drop of blood that usually collects during withdrawal.

13. Open the stopcock by the reservoir and slowly return the discard sample to the patient.

14. Use the fast-flush device to clear the line of blood.

15. Wipe the sampling port clean.

16. Turn the alarms back on and ensure that the waveform returns.

17. Discard used supplies and wash hands.

18. Check patient armband, label specimens and send to lab.

 
Monitoring/Documentation 
· Monitor for impaired circulation

· Document specimens obtained.

· Document site and dressing

· Document complications.

October 2007
 

Excerpted and adapted from AACN Procedure Manual for Critical Care, Fifth Edition, American Association of Critical-Care Nurses, edited by Debra J. Lynn-McHale Wiegand, PhD, RN, CCRN, FAAN, and Karen K. Carlson, MN, RN, CCNS, St. Louis: Elsevier/Saunders, 2005.

Royal Columbian Hospital Critical Care Manual of Policy and Procedures 2007
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	Arterial Catheters: Blood Sampling
	 


	
Illustrations 


	Figure 1  Needleless Vacutainer Luer-Lok adapter needle. 

[image: image53.jpg]NEEDLELESS VACUTONER.

T s aren
—— i





	  

	Figure 2  Disposable transducer with continuous flush device. In this picture, the stopcock is turned off to the patient. 
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	Figure 3  Vacutainer with "needleless" Luer-Lok needle attached to the blood sampling port of the three-way stopcock. The stopcock is turned off to the patient. 
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	Figure 4  VAMP system for needleless blood withdrawal from hemodynamic lines. (Courtesy Edwards Lifesciences Corporation, Irvine, CA.) 
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	Figure 5  Stopcock turned off to the flush solution. (Drawing by Paul W. Schiffmacher, Thomas Jefferson University, Philadelphia, PA.) 

[image: image57.jpg]




	  

	Figure 6  Stopcock turned off to the flush solution. (Drawing by Paul W. Schiffmacher, Thomas Jefferson University, Philadelphia, PA.) 
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	Hemodynamic Monitoring
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Nursing Alert 

	For the ongoing management of Arterial and Pulmonary artery catheters refer to their specific  protocols 





	Quick Sheet 
	


	 

RCH Protocol 

· For the ongoing management of arterial and pulmonary artery catheters refer to their specific protocols.

· Critical Care RNs shall

· Prepare, maintain and routinely change pressure monitoring system.

· Level and zero balance as per protocol.

· Assess the accuracy of the hemodynamic monitoring system.

· Waveform and/or pressure values displayed continuously

· Alarms are “ON” continuously

· HDM system including HDM tubings and normal saline flush solution is changed: Q96H.and when sterility is in question

· Leveling to be done with patient supine, head up to 30 degrees

 

Procedure for preparing a hemodynamic flush system
1. Place saline bag in pressure bag and hang on IV pole.

2. Tighten all tubing connections, close VAMP (if present), close roller clamp on pressure monitoring kit and insert spike into solution bag. 

a. To reduce air bubbles do not inflate pressure bag at this time.

3. Fill drip chamber halfway with flush solution by squeezing the drip chamber.

4. Open roller clamp.

5. To prime system pull the pig-tail. Flush device is used to control speed of priming - the slower the initial priming, the less likelihood of air bubbles.

6. Deliver flush solution first through the transducer and out through the transducer port, then through the remaining tubing, stopcocks and ports. 

7. Turn stopcocks, hold transducer and sideports of stopcocks upright and remove "vented" caps while activating flush device to completely remove all air bubbles from flush system.

8. Replace vented caps on sideport of stopcocks with non-vented dead-end caps.

9. Inflate and maintain pressure bag at 300 mmHg.

10. Connect the transducer cable to the monitor-specific supercable

11. Position patient supine, flat or up to 30°.

12. Locate the zero points, 4th intercostal space, mid-anterior/posterior point

13. Attach body mount (or strap) to back of transducer or slide transducer into pole mount slots.

14. Level transducer vent port to the 4th-5th intercostal space mid-A/P point by positioning body mount/strap on the outer aspect of the patient's upper arm or using the carpenter's level and adjusting the height of the pole mount.

15. Attach supercable to module.

16. Turn transducer stopcock Off to the patient. Open transducer system to air by removing dead-end cap from transducer vent port.

17. Activate flush device until flush fills vent port.

18. Activate zero balance on bedside monitor.

19. Turn transducer stopcock Off to transducer vent port and replace sterile dead-end cap.

20. Activate flush device to flush line and observe for return of pressure waveform

21. Assess quality of square waveform by quickly opening & closing flush device. Observe square waveform signal and following oscillations. 

a. Rapid upstroke and maximal flat line on activation of fast flush square waveform test.

b. Rapid downstroke (90° angle) on release of flush valve, then several oscillations with peaks 1 mm or so apart and return to monitored waveform within .12 sec (3 small squares)

 

Monitoring/Documentation 

· Monitor the system on insertion/admission, at beginning of shift, and during troubleshooting. Assess for the following:

· Integrity/ Patency – Connections intact, stopcocks present, clamps off,  no blood or air, pressure bag inflated, monitor cable dry and intact

· Accuracy – appropriate waveform, levelled and zero balanced, no blood or air visible, appropriate square waveform

· Safety – alarms on, correct flush solution 

· Levelling - on initiation/admission, with routine tubing changes, on change in patient transducer alignment and prior to zero balance. Should be reassessed as part of troubleshooting if accuracy is questioned.

· Zero Balance - on initiation, with interruption of monitoring system (e.g. power interruption, cable disconnect, tubing disconnect), at beginning of shift, and when accuracy of monitored values is questioned.

Document 

· Flush solution, levelling and zeroing, tubing changes.

· Overdamped or Underdamped waveform

 October 2007


	
	



Arterial Blood Gas Analysis

Skills Program


Purpose:
To delineate the behavioural objectives that the nurse must complete to perform the skill competently, and to delineate the evaluation criteria.  The objectives have been derived from the following sources:



•
Reference information -
Arterial Blood Gas Interpretation - 2000 R.C.H. - (Unpublished)

Objectives:

A.
In order to correctly interpret Arterial Blood Gas Values the nurse will:

.
1.
State normal values for oxygenation (PaO2, O2 Sat.), PaCO2, pH, and HCO3.


2.
Systematically analyze Arterial Blood Gas (A.B.G.) values.


3.
Categorize the following types of Acid-Base imbalances according to changes in PaCO2 or HCO3 and pH values:



3.1
Respiratory acidosis



3.2
Respiratory alkalosis



3.3
Metabolic Acidosis



3.4
Metabolic alkalosis


4.
Describe body compensation for acid-base imbalances listed above.


5.
Discuss the etiology and treatment of acid-base imbalances.

Evaluation:
Staff's competency to perform a skill will be evaluated using one or all of the following methods:


1.
Complete a written examination with 80% accuracy.


2.
Complete an oral examination with 80% accuracy.

Arterial Blood Gas Analysis

Interpretation


When faced with an ABG report, you need to develop a systematic approach to analyzing the values. Arterial blood gas values give us information about three main areas of body function: 

Normal values are:

Oxygenation:





Normal PaO2 = 90 – 100








Normal Oxygen saturation = > 90%

Alveolar Ventilation:




Normal PaCO2 = 34 – 45

Acid-Base Balance:




Normal pH = 7.35 – 7.45








Normal HCO3 = 22 – 26








(Bicarbonate)

The absolute values of each of the above variables are less important than the overall pattern of the ABG’s and their relationships to one another. For example, ABG’s that would be considered highly abnormal in one patient may in fact be the “normal” ABG’s for another (eg. a chronic lung patient). Therefore the ABG’s cannot be looked at in isolation, either from other blood gas values or the clinical context. 

Oxygenation
The absolute values of the Pa02 and the oxygen saturation give only one part of the entire picture. It is very important to know what fraction of inspired Fi02 oxygen the patient is on (how much oxygen is he/she receiving). A patient with a PaO2 of 80 on room air versus a patient on 100% oxygen with the same PaO2 is a significant difference. For this reason the Fi02 is always entered on the ABG requisitions and is printed up with ABG values from the lab.
The PaO2 value only measures a small fraction (3%) of the total amount of oxygen carried in the blood. The PaO2 only reflects the amount of oxygen dissolved within the blood and is not the best indicator of overall body oxygenation. The oxygen saturation value reflects the other 97% of the oxygen carried in the blood as oxyhemaglobin. There is not a linear relationship between oxygen saturation and PaO2 levels in the body. The relationship more closely resembles an S-shaped curve with a middle section that is quite steep (see diagram 1). 

Diagram I – Oxyhemoglobin Dissociation Curve
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This is significant because as the oxygen saturation drops below 80 – 85%, there is a precipitous drop in the PaO2.  The oxyhemoglobin dissociation curve, as it is referred to, is also altered by temperature, pH and CO2 levels. Acidosis and high temperatures shift the curve to the right, allowing oxygen to be given up more easily to the tissues. Alkalosis and low temperatures have an opposite effect, binding the oxygen more tightly to the hemaglobin and making oxygen less available to the tissues. Hypoxemia (inadequate levels of oxygen in the blood) is present with saturations of < 84% and a PaO2 of 50. The oxyhemoglobin dissociation curve can be used to estimate or predict a given Pa02 for known oxygen saturation. In this way patient’s oxygenation can be followed by oximetry instead of multiple ABG samples.

Alveolar Ventilation

Carbon dioxide is a by-product of metabolism and its levels are controlled by the lungs. PaCO2 levels measure the effectiveness of alveolar ventilation. If alveolar hypoventilation is present, PaCO2 levels will rise, if alveolar hyperventilation is present, PaCO2 levels will fall.  The PaCO2 Level is inversely proportional to the alveolar ventilation, eg.  If PaCO2 value doubles, the alveolar ventilation has been halved.

Carbon dioxide is actually a reflection of H+ ions within the body (Henderson-Hasselbach equation). Therefore as the PaCO2 level rises, the amount of H+ ions or the amount of “acid” in the body also rises. Therefore a higher PaCO2 causes an “acidosis” and a drop in pH. A lower PaCO2 causes an “alkalosis” and a rise in pH. When looking at blood gas values, if the PaCO2 has changed, there is definitely a respiratory aspect present.
To analyze acid-base balance you need to look at pH, HCO3, and PaCO2 levels.

a) pH – The pH measures the H+ ion concentration,  PaCO2 reflects the concentration of H+ ions in the blood and is illustrated:

 Carbonic Acid Equation:

H2O + CO2     =   H2CO3   =   HCO3   +   H+
This equation is in constant flex in the body. As acid is formed and broken down by the body systems, resulting in the by-products of water and CO2.  The more H+ that is formed, the more CO2 is produced.

	The pH is actually the relationship of base to acid.

pH     =    BASE    =   HCO3    =    20     (Kidney/blood buffer)      




    ACID
  PaCO2
 1
        Lungs




The normal ratio of 20:1 maintains the pH within the 7.35 – 7.45 range.

When the pH is high (>7.45) this is called an alkalosis.

When the pH is low (<7.35) this is called an acidosis.

ANALYZING ABG VALUES:

	First look at the pH - 
	? is it normal --------- no imbalance
(7.35 – 7.45)

	
	? is it high --------- alkalosis
(> 7.45)

	
	? is it low --------- acidosis
(< 7.35)

	Label the imbalance as ALKALOSIS or ACIDOSIS

	
	ALKALOSIS

	Next look at the HCO3-
	? is it normal --------- no metabolic component
(22 – 26)

	
	? is it high --------- metabolic alkalosis
(> 26)

	
	? is it low --------- metabolic compensation
(< 22)

	Next look at the PaCO2-
	? is it normal --------- no respiratory component
(35 – 45)

	
	? is it high --------- respiratory compensation
(> 45)

	
	? is it low --------- respiratory alkalosis
(< 35)


	
	ACIDOSIS

	Next look at the HCO3-
	? is it normal --------- no metabolic component
(22 – 26)

	
	? is it high --------- metabolic compensation
(> 26)

	
	? is it low --------- metabolic acidosis
(< 22)

	Next look at the PaCO2-
	? is it normal --------- no respiratory component
(35 – 45)

	
	? is it high --------- respiratory acidosis
(> 45)

	
	? is it low --------- respiratory compensation
(< 35)


If both metabolic and respiratory acidosis are present, it is called a mixed imbalance.

To summarize the various types of Acid-Base imbalances:

	RESPIRATORY ACIDOSIS
	( pH
	( PaCO2

	RESPIRATORY ALKALOSIS
	( pH
	( PaCO2

	METABOLIC ACIDOSIS
	( pH
	( PaCO2

	METABOLIC ALKALOSIS
	( pH
	( PaCO2


BODY COMPENSATION FOR ACID-BASE IMBALANCES:

The body compensates by changing the component not primarily affected in the acid-base imbalance.  When the body compensates for any of the above imbalances, it never completely compensates. The pH will always remain a bit abnormal or on the “high” or “low” side of normal, unless iatrogenic involvement.

Respiratory acidosis is compensated by the kidneys excreting more acid and retaining more bicarbonate (slow process – days) and/or immediate compensation via the blood-buffer system (limited effect).  Respiratory alkalosis is compensated by the kidneys excreting more bicarbonate (slow process – days).  Metabolic acidosis is compensated by hyperventilation and a lowering of the PaCO2 levels (rapid response – hours).  Metabolic alkalosis is compensated for by hypoventilation and a retaining of CO2 (PaCO2 levels rise) and again is a rapid response (hours).

CAUSES OF ACID-BASE IMBALANCES:

1.
Respiratory acidosis: respiratory failure, over-sedation, overdose of sedatives/narcotics.

2.
Respiratory alkalosis: hyperventilation, agitation.

3.
Metabolic acidosis: lactic acidosis, shock, renal failure, diabetic ketoacidosis, ammonium chloride administration.

4.
Metabolic alkalosis: low potassium, loss of HCl (e.g. NG returns, vomiting), bicarbonate administration, chloride loss, diuretics.

TREATMENT OF ACID-BASE IMBALANCES:

1.
Respiratory acidosis – hyperventilate.

2.
Respiratory alkalosis – hypoventilate.

3.
Metabolic acidosis – treat the cause, bicarbonate may be indicated.

4.
Metabolic alkalosis – treat the cause, Diamox or potassium chloride may be indicated.

SUMMARY:

Analyzing ABG values requires a look at three major aspects of body functioning: oxygenation, alveolar ventilation and acid-base balance.  The patient context is also very important to consider in the analysis.  The blood gas values need to be looked at as a whole, not as separate values, as the components have strong interrelationships and interactions. The total picture of blood gases can only be realized when all of these components are analyzed together.

Arterial Blood Gas Exercises

	
	pH
	CO2
	HCO3
	O2

	1.
	7.32
	50
	24
	97

	2.
	7.47
	44
	28
	99

	3.
	7.37
	55
	31
	76

	4.
	7.46
	47
	30
	100

	5.
	7.20
	55
	18
	40

	6.
	7.48
	30
	22
	50

	7.
	7.52
	28
	31
	150

	8.
	7.41
	33
	20
	98

	9.
	7.37
	32
	19
	80

	10.
	6.94
	78
	10
	50


Arterial Blood Gas Exercises

( = high

( = low

N = normal

	
	pH
	CO2
	HCO3
	O2

	1.
	7.32 (()
	50 (()
	24 (N)
	97 (N)

	
	Uncompensated respiratory acidosis – normal oxygenation.

	2.
	7.47 (()
	44 (N)
	28 (()
	99 (N)

	
	Uncompensated metabolic alkalosis – normal oxygenation.

	3.
	7.37 (N)
	55 (()
	31 (()
	76 (()

	
	Fully compensated respiratory acidosis – hypoxemia

	4.
	7.46 (()
	47 (()
	30 (()
	100 (N)

	
	Partially compensated metabolic alkalosis – normal oxygenation 

	5.
	7.20 (()
	55 (()
	18 (()
	40 (()

	
	Combined metabolic and respiratory acidosis – hypoxemia

	6.
	7.48 (()
	30 (()
	22 (N)
	50 (()

	
	Uncompensated respiratory alkalosis – hypoxemia

	7.
	7.52 (()
	28 (()
	31 (()
	150 (()

	
	Combined respiratory/metabolic alkalosis – hyperoxemia

	8.
	7.41 (N)
	33 (()
	20 (()
	98 (N)

	
	Fully compensated respiratory alkalosis – normal oxygenation

	9.
	7.37 (N)
	32 (()
	19 (()
	80 (()

	
	Fully compensated metabolic acidosis – hypoxemia

	10.
	6.94 (()
	78 (()
	10 (()
	50 (()

	
	Combined respiratory metabolic acidosis – hypoxemia 


 
Central Venous Pressure Monitoring

What is Central Venous Pressure?
Blood from systemic veins flows into the right atrium; the pressure in the right atrium is the central venous pressure (CVP). CVP is determined by the function of the right heart and the pressure of venous blood in the vena cava. Under normal circumstances an increased venous return results in an augmented cardiac output, without significant changes in venous pressure. However with poor right ventricular function, or an obstructed pulmonary circulation, the right atrial pressure rises. Loss of blood volume or widespread vasodilation will result in reduced venous return and a fall in right atrial pressure and CVP.

The CVP is often used to make estimates of circulatory function, in particular cardiac function and blood volume. Unfortunately the CVP does not measure either of these directly, but taken in the context of the other physical signs useful information can be gained. The supply of blood to the systemic circulation is controlled by the left ventricle. In a normal patient the CVP closely resembles the left atrial pressure and is usually used to predict it. However in patients with cardiac disease the right and left ventricles may function differently - this can only be detected clinically by measuring the pulmonary capillary wedge pressure (hence the CVP catheter is known as a poor man’s PA catheter). 

When should CVP be measured?
· Patients with hypotension who are not responding to basic clinical management. 

· Continuing hypovolemic secondary to major fluid shifts or loss. 

· Patients requiring infusions of inotropes.  

How to measure the CVP 

There are two ways to measure CVP.

1) Manometer:

The CVP is measured using a manometer filled with intravenous fluid attached to the central venous catheter. It needs to be 'zeroed' at the level of the right atrium, approximately the mid-axillary line in the 4th interspace supine. Measurements should be taken in the same position each time using a spirit level and the zero point on the skin surface marked with a cross. Check that the catheter is not blocked or kinked and that intravenous fluid runs freely in, and blood freely out. Open the 3-way tap so that the fluid bag fills the manometer tubing (check there is no obstruction to fluid flow and that the cotton wool in the top of the manometer is not blocked or wet). Turn the tap to connect the patient to the manometer. The fluid level will drop to the level of the CVP which is usually recorded in centimeters of water (cmH2O). It will be slightly pulsatile and will continue to rise and fall slightly with breathing - record the average reading. An alternative to the manometer and 3-way tap is a butterfly needle inserted into the rubber injection port of ordinary intravenous tubing (figure. 4). 

2) Transducer:

In Intensive Care Units or the OR, electronic transducers may be connected which give a continuous readout of CVP along with a display of the waveform. Useful information can be gained by studying the electronic waveform. The CVP reading from an electronic monitor is sometimes given in mmHg (same as blood pressure). The values can easily be converted knowing that 10 cmH20 is equivalent to 7.5mmHg (which is also 1kPa) 



Measuring CVP

· Ensure patient remains in the same position for all measurements (supine or HOB < 30 degrees).

· Obtain CVP mean (measurement in brackets on monitor) at end-expiration

Respiratory Effects

· During spontaneous ventilation, a decrease in pleural and pericardial pressures occurs during inspiration - these are pressures that are transmitted to the right atrium

· This causes a decrease in the measured CVP (but transmural pressure may actually INCREASE)

· Mechanical ventilation causes the opposite effect during a forced inspiratory breath

· Pleural and pericardial pressures are almost equal to atmospheric pressure at end-expiration

· This is true with both spontaneous and mechanical ventilation

· This point in time provides the best estimate for transmural pressure and cardiac preload

Things to remember…

· The CVP wave represents changes in pressure, not changes in volume

Interpretation of the CVP
As previously stated, the CVP does not measure blood volume directly and is influenced by right heart function, venous return, right heart compliance, intrathoracic pressure and patient positioning. It should always be interpreted alongside other measures of cardiac function and fluid state (pulse, BP, urine output etc.). The absolute value is not as important as serial measurements and the change in response to therapy. 
A normal value in a spontaneous breathing patient is 5-10cm water cmH2O (3.5-7.5 mmHg), rising 3-5cmH2O (2.1-3.5 mmHg) during mechanical ventilation. 

The CVP measurement may still be in the normal range, even if the patient is hypovolemic, because of vasoconstriction. A guide to interpretation is shown in table 1.

A normal value in a spontaneous breathing patient is 5-10 cmH2O (3.5-7.5 mmHg), rising 3-5cmH2O (2.1-3.5 mmHg) during mechanical ventilation. 

	Table 1. Guide to interpretation of the CVP in the hypotensive patient

	CVP reading
	Other features that may be present
	Diagnosis to consider
	Treatment

	Low
	Rapid pulse
Blood pressure normal or low
Low urine output
Poor capillary refill
	Hypovolemic
	Give fluid challenges* until CVP rises and does not fall back again. If CVP rises and stays up but urine output or blood pressure does not improve consider inotropes

	Low or normal or high
	Rapid pulse
Signs of infection
Pyrexia
Vasodilation/constriction
	Sepsis
	Ensure adequate circulating volume (as above) and consider inotropes or vasoconstrictors

	Normal
	Rapid pulse
Low urine output
Poor capillary refill
	Hypovolemic
	Treat as above. Vasoconstriction may cause CVP to be normal. Give fluid challenges* and observe effect as above.

	High
	Unilateral breath sounds
Asymmetrical chest movement
Resonant chest with tracheal deviation
Rapid pulse
	Tension pneumothorax
	Thoracocentesis then intercostal drain

	High
	Breathlessness
Third heart sound
Pink frothy sputum
Edema
Tender liver
	Heart failure
	Oxygen, diuretics, sit up, consider inotropes

	Very High
	Rapid pulse
Muffled heart sounds
	Pericardial tamponade
	Pericardiocentesis and drainage

	*Fluid challenge. In hypotension associated with a CVP in the normal range give repeated boluses of intravenous fluid (250 - 500mls). Observe the effect on CVP, blood pressure, pulse, urine output and capillary refill. Repeat the challenges until the CVP shows a sustained rise and/or the other cardiovascular parameters return towards normal. With severe blood loss, blood transfusion will be required after colloid or crystalloid have been used in initial resuscitation. Saline or Ringers lactate should be used for diarrhea/bowel obstruction/vomiting/burns etc.  


Short case examples of CVP interpretation
1. A 20 year old woman had a large post-partum bleed. Despite initial resuscitation her BP remained low and did not respond to large volumes of intravenous fluids. A CVP line was inserted. Her observations after insertion were: pulse 130/min, BP 90/70, and a CVP +1 cmH2O. The CVP confirmed continuing hypovolemic. After further IV fluid her pulse rate began to come down and her BP and CVP started to improve. 

2. A 32 year old man was involved in a road accident sustaining chest and leg injuries. After initial resuscitation he was found to have a pneumothorax on the right which was drained with an underwater seal drain. Initially his respiratory function improved but despite fluid loading he remained hypotensive and a CVP line was inserted to guide fluid replacement for his leg injuries. After insertion he had a pulse of 120/min and BP90/60 and a CVP reading of +15cm H2O. His neck veins were distended suggesting a high venous pressure. He was reassessed clinically and was found to have developed a tension pneumothorax on the left side which was drained with improvement in his condition. 

3. A 19 year old man was admitted with an infected wound on his leg. His observations are: pulse 135/min, BP 80/30, CVP 7, hyperdynamic circulation. His pulse and BP does not respond to 2 fluid challenges so inotropes are started to support his circulation. His hypotension is due to septicemia.  

When may the CVP reading be unreliable?
The use of CVP readings to estimate cardiac function and blood volume rely on the fact that there is no right ventricular disease and normal pulmonary vascular resistance. Table 2 lists some situations when CVP readings may be unreliable.  

	Table 2

	Problem
	Effect on CVP 

	Pulmonary embolus
High intrathoracic pressure
	High pulmonary vascular resistance - left sided pressure and function may be normal. A higher than normal CVP may be needed to ensure adequate return of blood to the left side of the heart.

	Left heart failure
	Resulting rise in pulmonary venous pressure and right sided heart strain. Initially CVP may be normal but will increase with significant failure.

	Constrictive pericardial disease
	Paradoxical rise in CVP on inspiration and fall on expiration (opposite of normal in a spontaneously breathing patient). The absolute level will be higher due to impeded filling of the heart

	Blocked cotton wool at top of manometer
	Fluid will not move in the tube to give a correct reading

	Complete heart block
	'Cannon waves' on CVP reading. The reading will have a strong pulsatile element when the atrium contracts against a closed tricuspid valve sending the pressure wave back into the SVC


References available on request (CNE Emergency)

Bridging the CVP Line to the ART line

Equipment required 
· Arterial Pressure tubing

· Double Male Luer Lock Adapter

(Top drawer of Exchange cart in Trauma)

· High flow stopcock (yellow)

· Running IV line

Procedure:

1. Attach Double Male Adapter to 

arterial pressure tubing

2. Connect adapter to side port

of Arterial line Transducer located on

patient’s upper arm

3. Pull the blue pigtail and flush tubing

4. Attach yellow stopcock to distal lumen

with running IV line connected to side 

port of yellow stopcock (perpendicular to

Distal lumen)

5. Connect pressure tubing to yellow

Stopcock (More accurate measurement of

CVP is provided when it runs in a straight

Line to distal lumen)
Quick Reference – Sepsis Protocol


Research into the high mortality in septic shock has shown that traditional treatment of giving fluid and supporting blood pressure with inotropes was not adequately providing for the patient’s ongoing tissue oxygenation needs. Despite normalizing/ supporting CVP and MAP, half of all septic patients still have increased lactate levels and/or decreased SvO2 indicating ongoing anaerobic metabolism and oxygen debt at the cellular level.


Monitoring for anaerobic metabolism/oxygen needs can be done by serial lactates (late signs and poor correlation), serial mixed venous gases or continuous SvO2 monitoring using an oximetric catheter. The PreSep (Edwards oximetric triple lumen) catheter allows for measurement of ScVO2, no longer necessitating the insertion of a PA catheter for management. Central venous oxygenation is slightly higher than pulmonary artery oxygenation but trends well and can be used to guide therapy.

Sepsis Protocol

For patients on the septic protocol, early goal directed therapy is used in a step-wise fashion to achieve resuscitation end points of:


CVP > 8 mmHg


MAP > 65 mmHg


ScVO2 > 70% (Normal ~ 75%)

Research has proven if these endpoints are met, mortality will decrease.

The initial goal is identification of patient requiring protocol. Criteria is two signs of

SIRS plus a documented or suspected infection (see order sheet)

Once identified, the priority is to culture the patient for any potential source of infection and following cultures administer antibiotics immediately (within first hour after identification).

Concurrent to this process, fluid resuscitation is started with a goal of MAP > 65mmHg or CVP > 8 mmHg once central line inserted. If unable to achieve MAP with adequate CVP, vasopressors are started with Norepinephrine being the drug of choice. Adequate oxygenation and ventilation must also be ensured (O2 sats > 95%).

If following this resuscitation, central venous oxygenation remains low (<70%), the patient is transfused to Hgb 100 to optimize oxygen carrying capacity. 

If transfusion fails to increase venous oxygenation > 70 %, Dobutamine is started and titrated up to try to improve oxygen delivery

	• Low ScvO2
	Decreased oxygen delivery

↓ Cardiac output

↓ Hemoglobin

↓ Arterial oxygen saturation

Increased oxygen consumption

Fever, pain, agitation, shivering,

Seizures, increased WOB

	High ScvO2
	Increased oxygen delivery

↑ Cardiac output

↑ Hemoglobin level

↑ Arterial oxygen saturation

Decreased oxygen consumption

Hypothermia, anesthesia, late sepsis

Pharmacological paralysis


Sepsis Protocol April 2006

Royal Columbian Hospital – ICU
Surviving Sepsis Campaign Documents
Understanding Progress In The Management Of Sepsis – do we need this???
How the management of sepsis has improved and will improve further
Introduction

The management of sepsis in hospitals is significantly better today than it was 30 years ago. However, sepsis-associated mortality rates still remain unacceptably high, and we believe that we must work together to embrace new strategies in order to improve patient outcomes still further. The recent improvement in outcomes has been characterized by the successive introduction of multiple interventions and therapies, and is an ongoing process. We believe that the current wave of clinical trial data relating to a number of new interventions should be viewed in the context of this trend towards ever-improving management of the condition. In this paper, we will draw comparisons with the management of acute myocardial infarction (AMI), which illustrates a similar pattern of incremental improvements in therapy.

AMI is rightly considered to be one of the scourges of the late 20th and early 21st centuries, and is currently the leading cause of death worldwide1,2. Due to high mortality rates and substantial healthcare costs, AMI has been the focus of global media and public attention, and extensive research efforts and considerable resources have been directed towards its prevention. This has resulted in steady improvements in the management of AMI and a subsequent reduction in AMI-related mortality. There are lessons to learn from AMI for those of us engaged in the fight against sepsis.

Both sepsis and AMI are acute conditions that kill rapidly, and both require a combination of therapeutic approaches, since no single therapy is available that is capable of targeting the multiple pathophysiological components of either condition. Furthermore, achieving significant mortality reductions in sepsis patient populations today seems as fraught with difficulties as similar reductions in AMI-associated mortality seemed 40 years ago. 

Sepsis-associated mortality is high

Sepsis is an aggressive and multifactorial disease state that has been ranked as the tenth-leading cause of death in the US3. Data from the 1995 US Census4 showed that the condition accounted for approximately 236,000 deaths annually. Moreover, the actual number of deaths associated with the condition may be even higher than current estimates suggest. Patients usually die of sepsis during the course of an underlying disease, and deaths are often attributed to these conditions rather than to sepsis5,6,7. 

The unacceptably high death toll from sepsis may be attributed to its increasing incidence together with the high, and increasing, risk of death and severe organ dysfunction associated with this condition. Placebo-controlled trials, which provide the best benchmarks for assessing changes in mortality as new interventions are developed, suggest an overall mortality rate associated with sepsis of 28–50% at 28 days8–12. Such benchmarks are important when one considers that mortality rates of up to 80–90% have been observed in some institutions5,6,8,13–15. This persistent, high mortality rate ranks sepsis alongside some of the biggest acute killers in hospital, namely AMI16–20, stroke21, and ruptured abdominal aortic aneurysm22,23 (see Table 1).

Table 1. Mortality rates due to sepsis, AMI, stroke and ruptured abdominal aortic aneurysm from clinical trial data8–12,16–23
	Acute condition
	Mortality rate (%)

	Sepsis
	28–50*

	AMI
	2.7–9.6†

	Stroke
	9.3‡

	Ruptured abdominal aortic aneurysm
	50.0–73.3§


*  28-day mortality.
† 30-day in-hospital mortality rates indicated by literature review of clinical trial data.
‡ 14-day mortality amongst patients receiving standard care treatment in the International Stroke Trial.
§ Operative mortality rates.

In addition to the high rate of mortality associated with sepsis, the emergence of a number of key factors mean that this condition poses an ever more serious threat to ever more people. In most developed countries, an aging population is being sustained by increasingly sophisticated medical technologies — and sepsis-induced mortality has been shown to increase with increasing age; there are more immunocompromised patients; there is increasing bacterial resistance to antibiotics; and there is the increasing prevalence of acquired immune deficiency syndrome (AIDS)4–6,14,24– 28.

Against this backdrop, it is a tribute to the successful development and implementation of treatment strategies that the overall mortality rate in sepsis has, to some degree, been reduced. A recent meta-analysis revealed only a modest decrease in septic shock-induced mortality over the last 30 years, despite the successful implementation of therapeutic strategies; the authors suggested that this might be explained by a worsening risk profile amongst affected patients25. Other data indicate that sepsis-induced mortality rates have remained the same or increased6,15. Data also predict that the overall incidence of sepsis is increasing by approximately 1.5% per year4. It thus appears that, without ongoing improvements in the way sepsis is managed, death rates from sepsis will escalate and the success of other life-saving therapies, such as chemotherapy and transplantation surgery, will continue to be undermined.

Incremental mortality reductions: the AMI example

In the 1960s, in-hospital AMI-associated mortality rates averaged approximately 25–30%17. Whilst death rates remain consistently high (~50%) in those patients who do not receive timely medical care, an overview of the literature shows that current 30-day in-hospital mortality rates range from 2.7% to 9.6%16–20.

This reduction in mortality was achieved by the development and implementation of successive life-saving interventions that have included the use of aspirin, fibrinolytics, and angiotensin-converting enzyme (ACE)-inhibitors, to name but a few (see Table 2). The benefits of each were demonstrated in clinical trials yielding important, but modest, mortality reductions. In the GUSTO (Global Use of Strategies to Open Occluded Coronary Arteries) I trial, for example, the benefit of accelerated tissue plasminogen activator (tPA) over streptokinase amounted to a significant, but less than 1%, absolute reduction in mortality29. Over the course of many years, however, the additive effect of many such incremental advances has been immense. 

Developments in the management of sepsis should be regarded in the same way as those in AMI, and never more so than in the current era when, for the first time, studies have reported distinct mortality reductions with new interventions.  

Implementation

Of course, the development of new and effective therapeutic strategies is worthless unless they are implemented. To this end, the increasing application of evidence-based medicine is proving invaluable, and again the example of AMI is instructive.

Some of the largest and most sophisticated clinical trials in modern medicine have been conducted for the management of AMI. Trials like GUSTO, ISIS (International Study of Infarct Survival), TIMI (Thrombolysis In Myocardial Infarction), and most recently HOPE (Heart Outcomes Prevention Evaluation) are recognised by physicians around the globe. Such trials have driven an evidence-based approach in the management of AMI with the introduction of guidelines for all aspects of AMI — from the early recognition and initiation of treatment in the ambulance and emergency room, to reperfusion strategies and secondary prevention with the use of aspirin, statins and ACE-inhibitors. Indeed, recent data indicate that the adoption of evidence-based approaches has considerably increased the use of pharmacologic therapies in hospital, thus representing a significant contribution to declining mortality rates post-AMI30.

To aid this progression, committees representing experts in the field and the key societies (including the American College of Cardiology [ACC], the American Heart Association [AHA], and the European Society of Cardiology [ESC]) were formed to agree on achievable goals and standard procedures for patient management.

Table 2. Current strategies and therapies for the management of AMI patients in hospital17, 31–33 

	Strategies
	Therapies

	Acute management
	Nitrates, analgesics (e.g. opioids), oxygen therapy, fluid resuscitation

	Cardiac monitoring 
	Echocardiography

	Fibrinolytics
	Streptokinase, urokinase, alteplase, reteplase, tissue plasminogen activator (tPA)

	Anticoagulants
	Heparin, low-molecular-weight heparins

	Antiplatelet therapies
	Aspirin, glycoprotein (GP) IIb/IIIa inhibitors, adenosine diphosphate- (ADP) receptor blockers

	Invasive procedures for diagnosis/monitoring
	Angiography, intravascular ultrasound (IVUS), vascular catheterisation

	Invasive procedures for tissue reperfusion and vessel revascularisation
	Percutaneous transluminal coronary angioplasty (PTCA), stenting, coronary artery bypass grafting (CABG)

	Secondary prevention strategies
	Angiotensin-converting enzyme (ACE) inhibitors, lipid-lowering agents (statins), 
additional anti-hypertensive agents


The actual implementation of proven AMI treatment strategies was, however, quite slow, especially at first. In the sepsis arena, more rapid uptake of new therapies must be aimed for, and in this respect the AIDS example is encouraging. The high public and political profile of AIDS in the 1980s and early 1990s enabled the provision of significant resource funds and the rapid evolution of therapies for this disease. The causative agent of AIDS was identified in 1984 and by the mid 1990s highly effective combination antiretroviral treatment strategies were in place, enabling significant improvements in disease management to be made34–39. 

Thus, by raising public and political awareness of sepsis and by adopting evidence-based approaches, we hope to accelerate the implementation of new therapies for its management, and achieve significant, incremental reductions in mortality. 

Achieving mortality reductions in sepsis

We are reaching a critical point in the management of sepsis patients. Important studies have been completed in recent years that have identified successful evidence-based therapeutic and disease management strategies for critically ill patients, including those with sepsis.

This research has expanded our understanding of the biochemistry of sepsis, improved definitions of sepsis, and enabled more rapid identification of sepsis patients and more successful treatment of underlying infections40. Most importantly, for the first time, therapies have been developed that have shown consistent, positive effects on mortality. 

Currently, available strategies for the management of sepsis patients include: timely patient identification and diagnosis; rapid identification of causative organisms; appropriate, timely antimicrobial therapy; improved ventilatory techniques (low-pressure ventilation); appropriate (goal-directed) haemodynamic support; targeted pharmacological therapies (drotrecogin alfa [activated]), immunological therapy, and glycaemic control (intensive insulin therapy); appropriate nutrition; effective supportive therapies (prophylaxis against stress ulcers, administration of anticoagulants, and dialysis); and patient management by highly qualified clinicians and nursing staff6,10,26,28,40–48.

These strategies have helped to reduce the incidence of infections, support failing organs and prevent complications40, 43. They demonstrate that reductions in mortality are achievable, and that an incremental, combination therapy-based approach is the key to diminishing sepsis-associated mortality.

The following sections summarise the most recent developments in sepsis patient management strategies. Whilst we cannot address the problem of sicker patient populations, through the continued refinement and widespread adoption of such strategies, and the introduction of novel therapies, mortality rates may decline still further, in line with those achieved in AMI patients.

General strategies 

Haemodynamic support 
Haemodynamic therapy, in the form of rapid fluid resuscitation, should be commenced to reverse hypotension, hypovolemia and organ dysfunction, and to restore effective tissue perfusion and cellular metabolism in patients with sepsis and severe sepsis. If fluid resuscitation fails to restore adequate arterial pressure and organ perfusion, vasopressors, and potentially inotropes, should be administered26, 51. Care must be taken when commencing patients on vasopressor or inotropic therapy, since studies have indicated that their administration causes detrimental effects, including: impaired splanchnic blood flow and oxygenation; reduced pH; and negative effects on growth and thyroid hormones49,52,53. 

Antibacterial therapy
Timely administration of antibacterial therapy is crucial for the management of sepsis patients6,45. Approximately 10% of all sepsis patients do not receive prompt antibiotic therapy and face a mortality rate 10–15% higher than those receiving timely therapies28.

Since the common approach of initiating broad-spectrum antibiotic coverage promotes the development of resistant bacterial strains and reduces the number of available antimicrobial agents, it is suggested that the following strategies should be considered to maximize antibacterial efficacy: risk stratification of patients; restrictions on certain antibiotic drug classes; scheduled changes in antibiotics; combination antibiotic therapies; antibiotic rotation; and infection control practices28,40,45. 

Evaluation of the adequacy of source control in the critically ill patient can be difficult. As with other modes, of anti-infective therapy, effective source control measures are expected to result in clinical improvement. 62
Low-pressure ventilation
An estimated 25–42% of sepsis patients develop acute respiratory distress syndrome (ARDS), which requires mechanical ventilation (MV)26. Despite developments over the last decade, the mortality rate associated with ARDS may exceed 40%49.  Older approaches to MV employed high tidal volumes (10–15 ml/kg ideal body weight [IBW]), which have been associated with stretch-induced lung injury and mortality rates of 14.3–48%50. The use of low tidal volumes (6 ml/kg/IBW) has been shown to reduce the risk of mortality in ARDS patients by 22% and increase the number of ventilator-free days in the first 28 days (12 vs. 10; p=0.007) compared to conventional treatment42. 

Furthermore, whilst the benefits of low-volume ventilation are now widely accepted, many patients are still ventilated at high tidal volumes, resulting in unnecessary injury and mortality. It is hoped that the wider dissemination of study data and the development of standardised ventilatory strategies will reduce the rates of mortality associated with its use in sepsis patients.

Glycaemic control 
Hyperglycaemia associated with insulin resistance is common in critically ill patients and may lead to severe infections, polyneuropathy, multiple organ failure and death46. In a recent study of surgical ICU patients, intensive insulin therapy reduced in-hospital mortality by 34%, and yielded reductions in the following conditions: incidence of acute renal failure (41%); episodes of septicaemia (46%); incidence of bloodstream infections (46%); abnormal levels of inflammatory markers; prolonged use of antibiotics; median number of red cell transfusions required (50%); risk of polyneuropathy (44%); length of stay in the ICU (16.8% of patients in the intensive treatment group stayed for over 5 days vs. 26.3% of control patients); and requirements for prolonged mechanical ventilation46. In a comparable Belgian study, intensive insulin therapy reduced morbidity and mortality in critically ill surgical patients by 40%59. Finally, data indicate that the maintenance of normoglycaemia with insulin improves outcomes in critically ill patients and may reduce treatment costs46, 60.

Dialysis
The incidence of renal failure requiring dialysis is low in sepsis patients (<5%), however, the risk of mortality in sepsis patients with acute renal failure (ARF) exceeds 50%26. Renal replacement therapies in critically ill patients are primarily limited to intermittent renal replacement therapy (IRRT) and continuous renal replacement therapy (CRRT). Considerable debate surrounds the management of ARF patients and whether the more costly CRRT should be adopted. A recent meta-analysis suggested that CRRT was associated with a significant mortality reduction (p<0.01) when adjustments were made for study quality and severity of illness48.

Sepsis-specific strategies

Early goal-directed therapy
Rivers et al. (2001)10 recently showed that the early provision of therapy to maintain haemodynamic goals significantly reduced in-hospital mortality in severe sepsis and septic shock patients compared to standard haemodynamic therapy (30.5% vs. 46.5%; p=0.009). Significant reductions in 28-day (33.3%vs. 49.2%; p=0.01) and 60-day (44.3% vs. 56.9%; p=0.03) mortality rates were achieved and hospital length of stay was significantly reduced (18.4±15.0 vs. 14.6±14.5 days; p=0.04).

Drotrecogin alfa (activated)
Drotrecogin alfa (activated) is a recombinant human version of Activated Protein C that represents the first therapy against sepsis to show efficacy in a Phase III clinical trial8. This treatment exerts its affects by multiple modes of action: inhibition of coagulation; reduced inflammation; and promotion of fibrinolysis28,54,55.

In the large international Phase III PROWESS (recombinant human Activated Protein C Worldwide Evaluation in Severe Sepsis) trial (n=1690), administration of drotrecogin alfa (activated) to patients with severe sepsis resulted in 6% absolute reductions in 28-day all-cause mortality compared with control patients (24.7% vs. 30.8%; p=0.005)8. Furthermore, a subgroup analysis of efficacy data stratified by APACHE (Acute Physiology and Chronic Health Evaluation) II score showed a 13% absolute mortality reduction (31% vs. 44% with placebo) in patients with a high risk of death (APACHE II score ≥25)55 and questioned efficacy in the lowest APACHE II quartile.

In addition to the significant mortality reductions observed, treatment with drotrecogin alfa (activated) resulted in improvements in cardiovascular and respiratory organ dysfunction in the first seven days of treatment (p<0.05)56. Mortality reductions were achieved at the expense of a modest 1.4% increase in the risk of serious bleeding8. 

Immunological therapy — low-dose corticosteroids 
Despite doubts cast on the efficacy of corticosteroid therapy by trials in the 1980s, studies over the last decade have indicated that, in low doses, steroids reduce morbidity and mortality in septic shock patients11,12,44,47,57,58. These studies support the role of stress dose steroids in reducing mortality in septic shock patients 57,58.  A French multicentre trial (n=300) demonstrated that survival of patients with septic shock is significantly improved when low-doses of hydrocortisone and fludrocortisone are applied57. This 28-day survival benefit was seen only in patients with relative adrenal insufficiency (non-responders to the corticotrophin test). In non-responders, there were 73 deaths (63%) in the placebo group and 60 deaths (53%) in the corticosteroid group (p=0.02). Vasopressor therapy was withdrawn within 28 days in 46 patients (40%) in the placebo group and in 65 patients (57%) in the corticosteroid group (p=0.001). No increase of adverse events in the treatment group was found57.  

In conclusion, administration of stress dose steroids may play a significant role in the management of select patients with septic shock47, 57, 58. 

Additional measures

Team-based approaches to patient management
The importance of the healthcare team in managing patients with sepsis and severe sepsis cannot be overemphasised. Effective management in response to rapid fluctuations in patient health is impossible without highly skilled and devoted healthcare personnel.

Evidence suggests that leadership of critical care teams by full-time, board-certified intensivists improves patient outcomes and reduces patient mortality. Estimates suggest that intensivist-model staffing would save approximately 53,850 lives per year in the US alone43.  

Education of critical care teams in early patient identification
The rapid provision of appropriate therapies to critically ill sepsis patients is not possible without the availability of highly skilled and experienced critical care teams and outreach personnel. Key to this is the instruction of less experienced staff in the early identification of sepsis patients, both in critical care facilities and on general surgical and medical wards. 

Studies from the 1980s have indicated that specialist staff training in critical care medicine reduces mortality in critically ill patients, including those with septic shock41,61. The Rivers study10 (see page 9) provides an excellent example of the mortality reduction benefits of early intervention in patients with severe sepsis and septic shock. Data indicate that delays in the administration of therapies should be avoided in order to reduce mortality rates in sepsis patients.

Goals for mortality reductions in sepsis

Like AMI, effective strategies to combat sepsis are already in place within healthcare systems and, for the first time, new therapies are showing positive results in clinical trials. The Rivers study10 highlighted the benefits of maintaining patient-specific goals (see page 9). Such goals should be selected carefully to ensure that they are challenging, yet achievable.

But what about the bigger goal? What should that goal be? Should we be arguing for a mortality rate as low as 20% within 10 years, or 10% within 25 years? Will the adoption of such goals help us to structure our efforts of discovery and invention in ways that will speed these advancements? 

The setting of such goals will require leadership from national and international societies, and professional bodies, ideally working in collaboration. It will be necessary for these bodies to make appropriate recommendations concerning the management of sepsis, and to drive forward efforts to promote increasing public, professional and governmental awareness of these challenging issues.

Monitoring mortality rates

If we are to set such goals, then periodic observational studies or ongoing patient registries may be necessary to monitor the critical steps of each successive advance from clinical trial to clinical practice.

Most of the available data concerning the impact of new therapies and developments in supportive care, have been derived from carefully conducted and controlled clinical trials. These results cannot always be applied easily to everyday hospital populations, since mortality rates may vary widely, both between countries and between institutions. The increasing application of evidence-based medicine is crucial if effective strategies are to be implemented rapidly. 

Many registries are ongoing around the globe to determine the efficacy of patient management strategies in reducing sepsis-associated mortality. These include: ANZICS (Australia/New Zealand); EPISEPSIS  (France); GiViTi (Italy); ICNARC (UK); NICE (The Netherlands); Project Impact (USA); and SICSA (Scotland). In addition, the following registries are currently being established: ERIC (Europe); CCRNet (Canada); SepNet (Germany); The PROGRESS Study (international); and SCCTG (Sweden).  Inclusion of all severely septic patients in these registries is encouraged.

Summary

Sepsis is an increasingly prevalent condition that is associated with a serious risk of irreversible organ dysfunction and death. Numerous highly successful strategies are already in place for the management of sepsis, and additional new therapies are under development. These methods are affording healthcare teams the opportunity to stem, and even reduce, sepsis-associated mortality rates. Unchecked, and in the face of an aging and more at-risk global population, these rates will only rise.

Multifaceted approaches to patient management, the use of evidence-based methods and the adoption of incremental, goal-oriented strategies are vital if we are to combat this complex, aggressive and increasingly prevalent condition. The importance of the whole-hearted involvement of the entire healthcare team and the provision of strong public and political support in achieving these objectives cannot be stressed enough.
References available on Request (CNE Emergency)

What is Central Venous Oxygenation (SV02)?

Mixed venous oxygen saturation (SVO2) monitoring is performed to measure the oxygen saturation of the venous blood in the pulmonary artery (PA).  In Emergency, a quick way to measure a patient’s SV02 is to take the oxygen saturation value of mixed venous blood (from distal line of a triple lumen). Continuous SVO2 monitoring allows the minute-to-minute assessment of total tissue oxygen balance (i.e., the relationship between oxygen delivery and oxygen consumption). 

Anatomy and physiology of the cardiopulmonary system, physiologic principles related to invasive hemodynamic monitoring, physiologic concepts of oxygen delivery, oxygen demand, and tissue oxygen consumption should be understood.

SVO2 is the percentage of venous O2 saturation. Because the blood in the pulmonary artery is a mixture of all venous blood, it represents a measurement of overall venous oxygen saturation. Clinically, SVO2 provides an index of overall oxygen balance because it is a reflection of the dynamic relationship between the patient's oxygen delivery (DO2) and oxygen consumption (VO2). Whenever there is a threat to the oxygen balance, the body's primary compensatory mechanisms are to increase delivery by increasing cardiac output or to increase extraction at the tissue level.

SVO2 varies directly with cardiac output, Hg, and SaO2, and inversely with VO2 (oxygen consumption.). The normal SVO2 is 75%, which indicates that under normal conditions, tissues extract 25% of the oxygen delivered. An increase in VO2 or a decrease in arterial oxygen content (SaO2 x Hg) is compensated by increasing CO or tissue oxygen extraction. When the SVO2 is less than 30%, tissue oxygen balance is compromised, and anaerobic metabolism ensues. A normal SVO2 does not ensure a normal metabolic state but suggests that oxygen kinetics are either normal or compensated.

In the critically ill patient, if cardiac output is limited, increased extraction occurs in order to meet the demand for oxygen at the tissue level. The result is a decreased level of oxygen returning to the heart, and a lower Svo2 measurement. Many factors can affect the requirements for oxygen and, subsequently, SVO2.

SVO2 does not correlate directly with any of the determinants of oxygen delivery or consumption. Because the critically ill patient is in a dynamic state with rapidly changing oxygen demand and VO2, SVO2 must be viewed in the light of these changing determinants and considered an index of oxygen balance.

A normal SVO2 is generally considered to be between 60% and 80% , and a clinically significant change in SVO2 (greater than 10%) can be an early indicator of physiologic instability. SVO2 values of less than 60% may result from either inadequate DO2 or excess VO2. SVO2 monitoring is used in critically ill patients for earlier detection of oxygenation instability than that obtained through traditional PA monitoring.

Quick Reference (Rarely cooling these days)
Controlled Hypothermia Post-cardiac arrest

Purpose:

• Cool pt. providing a neuroprotective effect by reducing cerebral metabolism and slowing the destructive biochemical processes that occur following an episode of anoxia.
Cooling reduces cerebral metabolism 5-7% for every decrease of 1°C. Cooling has also been shown to prevent cell injury progressing to cell death. It improves ion homeostasis and inhibits neuroexcitory processes. It suppresses ischemia-induced inflammatory reactions and the release of proinflammatory cytokines, slows free radical production and provides a stabilizing effect on the blood- brain barrier. There is reduced intracellular acidosis and cell membrane disintegration.  Cooling may also mitigate cerebral thermopooling where an injured area has a higher temperature.

	Indications:

• Witnessed VF or pulseless VT

• Less than 15 minutes from collapse

to CPR

• Less than 60 minutes from collapse

to return of spontaneous circulation

(ROSC)

• Age > 18

• GCS < 8 following return of

circulation


	Contraindications:

· Following commands following

ROSC

· Hypothermic following arrest

· (<30°C)

· Recurrent VT/VF

· Pregnancy

· Coma preceeding arrest

· Active bleeding

· Hypotension depite fluid/inotropes

Cautions:

·  Coagulopathy

·  Decreased O2 sats following ROSC


Cooling may also improve outcome in patients outside this group but no studies have been done to support this. Side effects include hypotension and bleeding. Risks must be weighed against benefits. Patients with other underlying conditions may be excluded.

Goal:

• Aim is to cool to between 32- 34°C within four hours of return of circulation.

Outcome is better the quicker the goal is achieved but cooling can still provide benefit even when goal is not achieved within optimal time frame.

Cooling protocol:

• Perform complete neurological exam prior to sedation and cooling

• Ventilate (if not already)

• Keep NPO

• Apply cooling blankets ± ice packs

• Draw baseline bloodwork

• Give sedation and analgesia until pt. unresponsive to light stimuli (Start with bolus then place on infusions)

• Give neuromuscular blocker if necessary to prevent shivering (Start with bolus then place on infusion for maintenance). Give minimum amount necessary to prevent shivering.

The body’s normal response is to maintain normothermia by vasoconstricting the periphery and shivering to generate heat production. To overcome these mechanisms it is often necessary to apply cooling blankets above and below patient ± ice packs. Paralysis is necessary to block shivering. There is no need to monitor train of four as short term paralysis has low risk of prolonged neuromuscular complications. Paralysing agent is titrated to the minimum levels necessary to prevent shivering. Sedation/analgesia must be maintained while under paralysis (see protocol for neuromuscular blockers). Enteral feeds are usually deferred until patient is rewarmed)

Monitoring:

• Continuous cardiac monitoring

• Continuous temperature monitoring
• Continuous monitoring for involuntary signs of breakthrough pain or awareness (increased HR/BP, sweating or tearing) that might indicate need for increased sedation/analgesia

• Maintain MAP> 80.

• Keep BS 5-7.

• NPO until rewarmed

Patient may be initially tachycardic as a result of hypothermia-induced increase in adrenaline/ noradrenaline but then may become bradycardic due to ↓metabolism and afterload. Severe tachyarrhythmias occur only when temp < 30°C. The initial arrhythmia seen is usually AF. Patients may experience a hypothermia-induced diuresis that can lead to hypotension. Fluid and electrolytes should be monitored. MAP should be supported to optimize cerebral perfusion. Hypothermia can cause decreased insulin sensitivity. Hyperglycemia is detrimental post-arrest and can also contribute to risk of infection.

Termination of cooling:

• Discontinue blankets/ice packs 24hrs after start of cooling process

(Blankets must be removed from patient)

• Allow to passively rewarm. *Do not actively warm*

May need to consider active rewarming if not normothermic after 8 hours.

Twenty-four hours has been shown in studies to be long enough to provide a neuroprotective effect. Longer periods of hypothermia carry increased risk of infection. Rapid rewarming may negate benefits so patients should warm passively.

*** May need to terminate early is patient hypotensive and unresponsive to inotropes or if recurrent arrhythmias. ***

Termination of Paralysis/sedation:

• Continue paralyzing until temp > 36°C (if necessary to prevent shivering)

• Titrate down then discontinue sedation when signs of neuromuscular function recover.
Royal Columbian Hospital ICU December 2005

RCH Emergency Major Burn Guidelines

1. Indication of intubation:

a.    inhalational burn

b.    facial and neck burn

c.    respiratory distress

d.    impending airway obstruction

Note:  Do not cut ETT length post-intubation!!

2. Apply 100% oxygen via a non-rebreathing face mask in victims of house fire or when carbon monoxide poisoning is suspected.
3. Establish 2 large bore peripheral intravenous access. Bolus with Ringers Lactate if appear to be in a shock state.
4. Apply Parkland formula if TBSBA > 20%. (Indicate burn on diagrams on next page).

First 8 hours: Run IV Ringer’s Lactate at (4cc/kg x TBSBA % x wt)/16 =

____________cc/h x 8 hours

Following 16 hours: Run IV Ringer’s Lactate at (4cc/kg x TBSBA % x wt)/32 =

____________cc/h x 16 hours

(Add hourly maintenance fluid requirement in pediatric patients. 1st 10kg - 4cc/kg/h;

2nd 10kg – 2cc/kg/h; each kg over 20kg – 1cc/kg/h)

5. Consider escharotomy in circumferential chest if difficulty to ventilate or if circulation compromised in circumferential extremity burns.

6. Remove watch, rings, or any source of peripheral constriction.

7. Elevate head of bed 45 degrees with facial burn and elevate burned limbs on pillows.

8. Cover burn with dry sterile dressing. Do not apply topical antibiotics until discussion with Plastic surgeon or Burn Surgeon. Keep patient warm!

9.  Foley catheter, NGT/ OGT

10. Titrate IV rate to maintain urine output at 05-1 cc/kg/h

11. Tetanus 0.5 cc IM if last immunization > 10 years ago

12. Analgesics

13. Sedation
14. CBC, E7, CK, COHb (if CO poisoning suspected), urine dip, CXR, ECG

15. Other investigations: ___________________________

16. transfer to burn center if:

a. 2 and 3 burn > 10% BSA in patients <10 and > 50 years old

b. Burns involving > 20% of BSA in any patients

c. Full thickness burn > 5 % BSA

d. Burn involving face, hands, feet, perineum, and major joints

e. Electrical, chemical, and inhalational burn

f. Circumferential burn of an extremity or chest

g. Burns involving trauma

h. Complicating comorbid medical disorders
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	Autotransfusion Devices: Pleur-Evac
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Nursing Alert 

	Following unit training, an RN can perform autotransfusion in the emergency department with a physician's order. 





	Quick Sheet 
	


	RCH Protocol

        Autotransfusion is contraindicated in suspected thoracic-abdominal injuries with possible enteric contamination (e.g., diaphragmatic disruption from penetrating or blunt trauma).

        Autotransfusion is contraindicated in the presence of coagulopathy, malignant neoplasm, renal or hepatic insufficiency, or infection.

        Blood collected in the Autotransfusion Bag must be reinfused within 4 hours of the beginning of collection.

Procedure
1. Unwrap the Autotransfusion Bag 

2. Close the two clamps on the top of the Autotransfusion Bag. 

3. Close the clamp on the PLEUR-EVAC patient tube and milk blood from the patient tube in the PLEUR-EVAC unit 

4. Separate the red and blue connectors on the patient tube 

5. Remove the red protective cap from the collection tube on the Autrotransfusion bag.  Connect this tube, using the red connectors to the PLEUR-EVAC patient tube. 

6. Remove the blue protective cap from the connection tube on the Autotransfusion Bag.  Connect this tube, using the blue connectors to the short PLEUR-EVAC tube 

7. OPEN ALL CLAMPS.  Make sure all connections are secure.  

8. Attach the Autrotransfusion bag to the PLEUR-EVAC Unit using the foot hook and autotransfuion hanger on the side of the Unit. 

9. If prescribed, anticoagulants may be added as directed by the physician. 

10. To discontinue collection: 

a.       Use the high-negativity relief valve on the PLEUR-EVAC unit to reduce excessive negative pressure. 
b.      Close the white clamps on the patient tubing and on top of the autotransfusion bag. 
c.       Detach all the red and all the blue connectors. 

d.      Attach together the red and the blue connectors on top of the autotransfusion bag. 

e.       If further collection is indicated, take a new Autotransfusion bag and connect it following steps 1-9.

f.        If no further collection is indicated, securely attach the red and the blue connectors by joining the patient tube (red) to the PLEUR-EVAC tube (blue). Open the white clamps on the patient tube so that the drainage can be collected in the PLEUR-EVAC.

11. Remove the autotransfusion bag from the PLEUR-EVAC by removing the collection-bag frame from the hanger on the side of the unit. Disconnect the foot hook from the PLEUR-EVAC unit and slide the bag off the wire frame.  

12. Prepare for reinfusion as follows: 

a.       Slide the bag off the wire frame. Make sure the red and blue connectors on top of the unit are secure.  Ensure clamps are closed.

b.      Invert the bag, remove the protective cap, and spike the bag with a Pall blood transfusion filter using a constant twisting motion.  Attach infusion set 

c.       Remove the air from the bag. Keeping the unit inverted, squeeze all the air from the bag carefully through the filter and the drip-chamber assembly. 

d.      Close the infusion set clamp, invert the Autotransfusion Bag, and suspend it from an IV pole using the plastic strap. 

e.       Open the infusion set and flush the administration line carefully to remove all of the air. 

f.        For each Autotransfusion Bag infused, use a new Pall Blood transfusion filter.

13. Initiate infusion as prescribed. Attach the distal end of the infusion set to the IV line and infuse the blood using gravity or pressure. Be sure to remove all air from the bag before infusing under pressure.  

 Monitoring and Documentation
· Ongoing ECG monitoring and assessment of cardiopulmonary status. 
· VS q 15 minutes during Autotransfusion process. If VS unstable, monitor more frequently until stabilized.  
· Document date and time when collection of blood started, amount of drainage system loss, amount and time of blood autotransfused, amount of anticoagulant used 
· Monitor/ document as per protocol for management of patient with chest tube
June 2008

 

Excerpted and adapted from Emergency Nursing Procedures, Third Edition, by Jean A. Proehl, RN, MN, CEN, CCRN, St. Louis: Saunders, 2004.



For additional information including rationales, images, illustrations, and references please refer to the Extended Text section for this nursing skill. 
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Illustrations 


	Figure 1  Pleur-Evac autotransfusion unit, set up to collect blood. (Courtesy Deknatel, Fall River, MA.) 
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	Intraosseous Infusion
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Nursing Alert 

	The Intraosseous device can be inserted by a physician in an emergency. 




	Quick Sheet 
	

	· The physician will insert the intraosseous needle for rapid access to the circulation in a resuscitation situation. A CDST is being developed so that nurses with department training can initiate I/O.
· EZ IO Driver and needles are located in EZ IO bin in Emergency Trauma Room.  

· Manual insertion can be performed with Illinois Sternal/Illiac Aspiration Needles (located in trauma room IO bin and Pediatric Broselow cart). 

· After unit training Emergency RNs will maintain and monitor Intraosseous infusions and can remove the Intraosseous needle after 24 hours or sooner if adequate IV access is obtained. 

· Crystalloids, colloids, blood products and medications may be given via IO route. 

· Laboratory tests may be obtained via IO route.
Procedure for Assisting with Insertion:


1. Physician to select the potential site for the infusion. 

a. Consider the patient's age, size, site accessibility, and any other procedures that may be needed. 

i. The tibial plateau (approximately 2 cm below the tibial tuberosity and medially on the tibial plateau) is the most popular and common site for insertion because it is a relatively flat surface and there is very little overlying soft tissue, which facilitates stabilizing the needle. 

ii. The distal femur and the iliac crest are occasionally used, but they may be more difficult to access because of greater amounts of overlying tissue and rounded bone. The needle should be inserted 2 to 3 cm above the femoral condyles at an angle of 10 to 15 degrees from the vertical position. 

iii. In the adult patient, the manubrium on the midline and 1.5 cm below the sternal notch can be accessed for IO insertion (not recommended for Pediatric or Geriatric patients).  An additional access site includes the anterior head of the humerus.
2. Assist with positioning of the patient (depending on the site of the insertion) and stabilize the area for insertion. For tibial insertion, support the flexed knee by placing a towel under the calf. 

3. Prepare infusion system: 

· Prime IV tubing (10gtts/ml) with NS.  Pressure bag may be required for adequate flow of infusion.

· Attach 10cc prefilled NS syringe to extension tubing and prime.

· EZ IO Driver has EZ IO extension tubing included in needle packages.  Attach 10cc prefilled NS syringe to EZIO extension tubing and prime with NS.
· Cleanse the area with an antiseptic solution (e.g., 2% chlorhexidine-based solution).  

· Anesthetize the area for conscious patients.    

· Physician will perform insertion of Intraosseous needle: 

. EZ IO Driver: 

. Select appropriate sized needle: Adult (>40kg).  Ped’s (3-39 Kg) 

. Attach needle to EZ IO Driver and remove cap from needle. 

. Position driver at insertion site with needle set at 90 degree angle to bone.  Gently power or press needle set until needle set tip touches bone. 

. Ensure at least 5 mm of the catheter (black line on needle) is visible.   

. Penetrate bone cortex by squeezing the driver’s trigger and applying gentle, steady, downward pressure. 

. Release driver’s trigger and stop insertion process when a sudden “give” or “pop” is felt upon entry into the medullary space or when a desired depth is obtained.  Do not use excessive force. 

. Remove power driver from needle.

a. Manual insertion: With the needle pointed slightly away from the joint or at a 90-degree angle, puncture the skin, and use a rotary motion to push the needle into the bony cortex. Feel for a "pop". The needle should feel firm in the bone, but not stable. 

a. Remove the stylet and connect primed extension set to catheter hub’s luer lock.  Do not attach syringe directly to EZ IO catheter hub.
a. Confirm the placement by aspirating small amount of blood, then flush with 10 cc Normal Saline. NS Flush may be proceeded with lidocaine, as I/O infusion can be painful. This will depend on patient sedation level.  

a. Connect the IV tubing to the extension set.  Fluid may run by gravity, however the rate may be too slow for resuscitation. Fluid can be infused under gentle pressure by inflating a pressure bag around the infusion bag, using an infusion pump, or manually by using a 50ml syringe filled with appropriate fluid (also provides accurate administration to small infants). 

a. Apply drain gauze dressing around site, and stabilize the needle and the tubing with tape. 

a. The intraosseous route should be replaced as soon as a normal vein can be cannulated. (The longer the period of use the greater the risk of complications). 

Monitoring
1. Vital signs pre-insertion and post-insertion.  If stable q 1h or as appropriate. 

2.  Perform assessment of site post-insertion and q1h, which includes the following: 

a. Patency of the site 

b. Signs of extravasation and/or infiltration of the site: 

1. Edema surrounding the insertion site. 

2. Expanding hematoma with fluid infusion. 

3. Dependent edema or sudden pain to the posterior aspect of an extremity (if extremity placement utilized).

Document
1. Document assessment of the site prior to procedure. 

2. Record: 

a. Insertion site 

b. Size and type of IO catheter

c. Manual vs. Power Driver Insertion 

d. Time infusion begun 

e. Type of fluid infused and flow rate

3. Patient response to procedure.

 

Removal of Intraosseous needle:

1. Remove IV tubing from needle and attach 10 cc syringe.  Gently twist clockwise while slowing applying traction and pulling back on catheter.  Do not rock or bend catheter during this procedure.  Place needle in appropriate sharps container.
2. Apply pressure to site to minimize bleeding.
3. Apply dressing to site as required.
4. Document removal of IO needle and patient response


Intraosseous- Tibial Insertion
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Please provide feedback on the Resuscitation Activation process and the pre-resuscitation checklists to the CNE’s for update/improvements
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Quickly check head and tube position


Use head tilt, jaw lift to open oral airway,


Insert oral airway or bite block,


Re-position head/neck to avoid kinking off ET/INT/Trach tube


Check 02 delivery system for kink and obstructions.





Anticipate


Re-intubation





Notify Physician





Anticipate 


Intubation





Prepare for tracheostomy tube change/intubation





Insert oral airway of sufficient size





Assist ventilation as required with bag & mask covering nose & mouth.


		Note:	Trach stoma/tube may need to be covered to seal airway 


			(e.g. – dislodged trach)





Deflate cuff (e.g. – Portex) & attempt to bag via tracheostomy





Cut ET/NT ties &


Remove ET/NT Tube





TRACHEOSTOMY





ORAL/NASAL AIRWAY





ET/NT TUBE





Remove oral/nasal airway


(If cause of obstruction)





Remove or replace inner cannula (double-lumen trach) & attempt to bag via tracheostomy 


Use trach adapter if needed.





Deflate cuff with syringe:


if necessary cut off cuff-line cuffed tube)





SUCCESSFUL


Continue to bag with 100% 02 instill & suction until airway clear. Notify Physician





UNSUCCESSFUL


Call for help e.g. – call for additional RN, RT or MD help, STAT. Call for MD or Call Code 21





Attempt to bag with 100% 02 and suction
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Anterior - Anterior Pad Placement












































Anterior - Posterior Pad Placement











Hydrogen ion





Bicarb





Carbonic Acid





Carbon        Dioxide





     Water
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Ensure Pall filter is attached between Autotransfusion bag and IV tubing
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EZ IO Extension Tubing


(located in needle kit)





Dressing


Drain Gauze around IO site


& tape to limb








Remove IO within 24 hrs or sooner if IV access obtained.  The longer the period of use the greater the risk of complications
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