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Matthew 5 
 

3 “Blessed are the poor in spirit, 
for theirs is the kingdom of heaven. 

 
5 Blessed are the meek, 

for they will inherit the earth. 
 

6 Blessed are those who hunger and thirst for righteousness, 
for they will be filled. 

 
7 Blessed are the merciful, 

for they will be shown mercy. 
 

9 Blessed are the peacemakers, 
for they will be called children of God. 

 
(From The Bible, New International Version) 
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PREFACE 
 
This handbook is the result of the initiative by the current leadership under Dr. 
Arturo E. Mendoza Jr. to come up with our own handbook on critical care. The 
assigned Committee on Critical Care and Nutrition took the challenge and this is 
the initial product. The main goal of this handbook is to update all surgeons, 
especially those involved with critical care practice, on the current principles of 
surgical critical care and changes in our knowledge as to what surgery should be. 
 
We are not claiming to come up with the complete handbook on critical care, in 
fact most of our materials are adapted from current guidelines, articles and 
updates in critical care management in each specialist’s focus area, but we are 
hoping this is the start from which all future editions will come.  
 
You will note that there are differences in principles and management 
approaches in some subjects among the authors in this handbook. This is a 
reflection of the dynamic state of critical care management practiced today in the 
different centers globally. Hopefully these differences will be the basis for future 
discussions on standards of care as well as the development of local consensus 
on the management of critical care patients. 
 
We hope you will find this handbook useful and enlightening to your practice 
since it contains information that are not only updated, but also raising new 
concepts in the practice of surgery. 
 
Respectfully yours, 
 
The Committee on Critical Care and Nutrition 2015 
Philippine College of Surgeons 
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WORDS FROM THE PRESIDENT 
 
While the spectrum and complexities of diseases have changed in all countries, 
advances in science and technology over the past 50 years have tremendously 
transformed medical practice as we now approach the era of Precision Medicine 
where management of diseases will soon be precise and specific using genomes 
and bio-molecular profiling. 
 
Accompanying these is the progressive gain in knowledge and concomitant 
advances in the care of patients admitted in the intensive care units. We have 
seen significant improvement in intensive care facilities worldwide using huge 
budgets to provide sophisticated and state of the art treatment. 
 
Critical care has indeed remained a very challenging field that in the midst of all 
these technological advances, practitioners and all health providers of this field 
must have special training, sufficient experience, and enough competency in 
handling and managing all complex problems, to achieve holistic care of the 
critically ill and the seriously injured. 
 
This Handbook on Critical Care will serve as an updated and indispensable 
guide for health providers for a precise and comprehensive appraisal of the very 
sick patient, using universally acceptable clinical information, important 
formulas, imaging and other ancillary tests, laboratory values and tables, in order 
to provide the highest standard of care.  
 
On behalf of the Board of Regents of the Philippine College of Surgeons, it is 
with extreme appreciation to express my sincerest thanks and congratulations to 
the Committee on Critical Care and Nutrition for bringing this useful handbook 
to completion.   
 
 
 
ARTURO E. MENDOZA, JR. MD, FPCS  
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RESPIRATORY SYSTEM 

•! Airway Management 
•! Respiratory Monitoring 
•! Principles of Mechanical Ventilation/When to Discontinue 

 
Kristine Mae Tan, MD 
UST Hospital 
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AIRWAY MANAGEMENT 
 
I.! ASSESSMENT 

Assessment of airway patency and spontaneous breathing effort is the 
crucial first step. 
•! In an unresponsive patient, verify true loss of consciousness (i.e. 

shout “Hey! Hey! Are you OK?” while tapping the patient’s 
shoulders). Observe for signs of breathing for <10 seconds. If there 
are no signs of breathing, check for pulse for < 10 seconds (carotid 
pulse in adults and brachial pulse for infants). If there is no pulse, 
proceed with high quality CPR. If pulse is present, this signifies 
respiratory arrest only. Proceed to manual support and assist 
ventilation using a bag-valve-mask device while preparing to insert 
an advanced airway. 

•! Identify injury to the airway or other conditions (i.e. cervical spine 
instability) that will affect assessment and manipulation of the 
airway. 

•! Observe for signs of respiratory distress (i.e. suprasternal, 
supraclavicular, or intercostal retractions, laryngeal displacement 
towards the chest during inspiration “tracheal tug”, nasal flaring) and 
airway obstruction. Auscultate over the neck and chest for breath 
sounds. Complete airway obstruction is likely when there is chest 
movement but absent breath sounds. Incomplete obstruction due to 
soft tissue, secretions, or foreign body in the airway may manifest 
with snoring, stridor, gurgling or noisy breathing. 

•! Assessment of protective airway reflexes (i.e. cough and gag reflex) is 
part of the initial survey. However, overly aggressive stimulation of 
the posterior pharynx while assessing these reflexes may precipitate 
emesis and aspiration of gastric contents. Absence of protective 
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airway reflexes implies a need for longer-term airway support if the 
cause cannot be immediately reversed. 

•! For pediatric patients, common causes of upper airway obstruction 
are infectious in nature and include viral croup, bacterial tracheitis, 
and epiglottitis.  

•! Infants are obligate nose-breathers until about 6 months of age. 
Suctioning the nares is an important first step in obtaining airway 
patency. 

Anatomic Differences Between the Pediatric and Adult 
Airways 

•! Proportionately smaller infant/child larynx 
•! Narrowest portion: cricoid cartilage in infant/child; vocal folds 

in adult 
•! Relative vertical location: C3, C4, C5 in infant/child; C4, C5, C6 

in adult 
•! Epiglottis: longer, narrower, and stiffer in infant/child 
•! Aryepiglottic folds closer to midline in infant/child 
•! Vocal folds: anterior angle with respect to perpendicular axis of 

larynx in infant/child 
•! Pliable laryngeal cartilage in infant/child 
•! Mucosa more vulnerable to trauma in infant/child 

 

II.! OXYGENATION AND VENTILATION 
Supplementary oxygen should be administered if the patient is dyspneic, 
hypoxemic, has obvious signs of heart failure, has an arterial oxygen 
saturation less than 94% or if the oxygen saturation is unknown. 
Supplementary oxygen administration should be titrated to the lowest 
concentration that can achieve an SpO2>94%. Various devices can 
deliver supplementary oxygen from 21 to 100%. 
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Table 1-1: Delivery of supplementary oxygen, flow rate and 
percentage of oxygen delivered 

Device Flow rates 
(L/min) 

Delivered Oxygen 
(%) 

Nasal cannula 1 
2 
3 
4 
5 
6 

21 to 24 
25 to 28 
29 to 32 
33 to 36 
37 to 40 
41 to 44 

Simple oxygen face 
mask 

6 to 10 35 to 60 

Venturi mask 4 to 8 
10 to 12 

24 to 40 
40 to 50 

Face mask with oxygen 
reservoir (non-
rebreathing mask) 

6 
7 
8 
9 

10 to 15 

60 
70 
80 
90 

95 to 100 
 

 
III.! BASIC AIRWAY OPENING TECHNIQUES 

In the unconscious or semiconscious patient, posterior displacement of 
the tongue and collapsed hypopharynx are the most common cause of 
airway obstruction.  The head tilt- chin lift maneuver is a basic airway 
opening technique that will relieve obstruction. It optimally aligns the 
oral, laryngeal and pharyngeal axes.  In the trauma patient with suspected 
cervical spine injury, use jaw thrust without head extension. However, if 
this fails to open the airway, use head tilt-chin lift maneuver instead. 
Maintaining an open airway and providing adequate ventilation are 
priority. 
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Figure 1-1. Alignment of three airway axes. With the patient supine, the 
oral, pharyngeal and laryngeal axes do not overlap. Extension of the 
atlanto-occipital joint maximally overlaps the three airway axes. 

 
IV.! BASIC AIRWAY ADJUNCTS 

A.! Oropharyngeal Airway (OPA) 
The OPA is a J-shaped device that fits over the tongue to hold it and 
the soft hypopharyngeal structures away from the posterior wall of 
the pharynx. The OPA is used in unconscious patients if the head tilt – 
chin lift or jaw thrust maneuver fail to open the airway. Do not use 
OPA in a conscious or semi-conscious patient because it can 
stimulate gagging and vomiting.  

 
An appropriate-sized OPA should be used. To determine 
appropriate size, place one end of the OPA at the angle of the 
patient’s mouth. The tip of the other end should be at the angle of 
the patient’s jaw. If the OPA is too long, it may press the epiglottis 
against the laryngeal entry and cause complete obstruction. If the 
OPA is too small or inserted incorrectly, it can push the tongue 
posteriorly into the hypopharynx and worsen the obstruction. 
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Figure 1-2. Oropharyngeal airway (OPA) 

 

 
 

Figure 1-3. Determining appropriate size and technique in inserting OPA 
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B.! Nasopharyngeal Airway (NPA) 
The NPA is a soft rubber or plastic uncuffed tube that provides a 
conduit for airflow between the nares and the pharynx. Unlike the 
OPA, it can be used for conscious or semi-conscious patients 
(patients with an intact cough and gag reflex).   

 
To determine the appropriate sized NPA to be used, place one end 
of the NPA at the tip of the patient’s nose, the other end should 
reach the patient’s tragus. If the NPA is too long, the tube may 
injure the epiglottis or vocal cords or may cause bradycardia through 
vagal stimulation.  

 
 

 
Figure 1-4: Nasopharyngeal airway 
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Figure 1-5: Determining appropriate size and technique in inserting NPA 
 

V.! SUCTIONING 

Suctioning is an integral component of maintaining airway patency. 
Suction the airway immediately if there are copious secretions, blood or 
vomit. Both soft flexible and rigid suctioning catheters are available. 
Monitor the patient’s heart rate, pulse, oxygen saturation and clinical 
appearance during suctioning. Suction for not more than 10 seconds. If 
bradycardia develops, oxygen saturation drops or clinical condition 
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deteriorates, stop suctioning at once. Administer high flow oxygen until 
heart rate returns to normal and the clinical condition improves.  
 

Table 1-2. Soft and Rigid Suction Catheters 
Catheter type Use for 
Soft •! Aspirating thin secretions from the oropharynx 

and nasopharynx 
•! Performing intratracheal suctioning 
•! Suctioning through an in-place airway (i.e. 

NPA, OPA) to access the back of the pharynx 
in a patient with clenched teeth 

Rigid •! More effective suctioning of the oropharynx, 
particularly if there is thick particulate matter 

 
VI.! BAG-MASK VENTILATION 

Manual assisted ventilation with a bag-valve-mask device is indicated: 
•! If the patient is apneic (no spontaneous breathing effort) 
•! If spontaneous ventilation is deemed to be inadequate (i.e. gasping 

or rapid, shallow breathing) 
•! To reduce the work of breathing by assisting the patient during 

spontaneous respirations 
•! If hypoxemia is associated with poor spontaneous ventilation 

The bag-mask device consists of a self-inflating bag and a non-
rebreathing valve. It may be used with a face mask or an advanced 
airway. Masks are transparent to allow easy detection of 
regurgitation.  
 
Successful manual mask ventilation with a bag-valve-mask device 
depends upon: 

•! Maintaining an open airway 
•! Establishing a seal between the mask and the patient’s face 
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•! Delivering optimal minute ventilation 

To create a leak-proof mask seal, apply the mask on the patient’s 
face with the apex placed over the bridge of the nose and the base 
over the patient’s chin. Use the thumb and index finger to make a 
“C” pressing the edges of the mask to the face. Be careful to avoid 
pressure on the eyes. Use the remaining fingers form an “E” to lift 
the angle of the jaw and open the airway.  
 

 
Figure 1-6. E-C clamp technique of holding the mask while lifting the 

jaw. 
 
In order to be effective, the hand holding the mask must perform 
multiple tasks simultaneously: maintain the head-tilt position, press the 
mask against the face and lift the jaw. 
 
Use an adult (1-2L) bag to deliver approximately 600ml tidal volume. 
This result in visible chest rise enough to maintain adequate oxygenation 
and normal carbon dioxide levels.  
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Figure 1-7. Two-rescuer use of bag mask device 

 
Overzealous compression of the bag at a rapid rate may produce 
hyperventilation with dangerous consequences: 
•! Gastric distention with resultant regurgitation and aspiration 
•! High intrathoracic pressures that decrease venous return and lower 

cardiac output 
•! Respiratory alkalosis with decreased PCO2 leading to cerebral 

vasoconstriction and reduced cerebral blood flow 

Table 1-3: Ventilation Rates 
Airway devices Ventilation during 

respiratory arrest 
Ventilation during cardiac 
arrest 

Bag-mask 1 ventilation every 5 to 
6 seconds (10 to 12 
breaths per minute) 

2 ventilations after every 
30 compressions 

Any advanced 
airway 

1 ventilation every 6 to 8 
seconds 
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VII.! ADVANCED AIRWAY 

Advanced airways include laryngeal mask airway (LMA), laryngeal tube 
(King’s tube), i-gel, esophageal-tracheal tube (combi-tube) and 
endotracheal (ET) tube. 
 
A.! Laryngeal Mask Airway 

The laryngeal mask airway is a supraglottic airway device composed 
of a tube with a cuffed mask-like projection at the end.  
Advantages of the laryngeal mask airway 

•! Regurgitation is less likely with a laryngeal mask airway than 
with a bag-mask device 

•! Aspiration is uncommon with laryngeal mask airway 
o! Requires less training and skill than endotracheal 

intubation since successful insertion of the laryngeal 
mask airway does not require laryngoscopy and the 
visualization of the vocal cords 

•! Easier to perform than endotracheal intubation when access 
to the patient is limited, there is a possibility of unstable neck 
injury 

A small proportion of patients cannot be ventilated with a 
laryngeal mask airway. Therefore it is important to have an 
alternative strategy for airway management. 

Table 1-4: Laryngeal mask airway size and cuff inflation 
Mask size Patient size Maximum inflation 

cuff volume 
Largest size 
DG/NG tube 

1 Neonates/infants 
up to 5 kg 

5 ml 6 French 

1.5 Infants 5-10 kg 8 ml 6 French 
2 Infants 10-20 kg 12 ml 10 French 
2.5 Children 20-30 kg 20 ml 10 French 
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3 Children 30-50 kg 30 ml 14 French 
4 Adults 50-70 kg 45 ml 14 French 
5 Adults 70-100 kg 45 ml 14 French 
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Figure 1-8: Steps for insertion of laryngeal mask airway 

Source: https://airwayjedi.files.wordpress.com/2015/05/lma-supreme-size-
recommendations.png?w=584&h=289 

  
B.! Laryngeal Tube (King’s Tube) 

The laryngeal tube is also a supraglottic airway device used as an 
alternative to an ET tube. It is available in single and dual lumen 
versions. Only trained personnel should perform laryngeal tube 
insertion. Advantages of laryngeal tube are similar to that of 
laryngeal mask airway. 
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Figure 1-9: Steps for insertion of laryngeal tube 
Source: http://what-when-

how.com/wpcontent/uploads/2012/04/tmp2A731.jpg 
 

C.! Esophageal-Tracheal Tube (Combitube) 
The esophageal-tracheal tube is an invasive airway devise with two 
inflatable balloon cuffs. It is inserted blindly. The tube is more likely 
to enter the esophagus than the trachea. If this occurs, ventilation 
occurs through side openings in the device adjacent to the vocal 
cords and trachea. If the tube enters the trachea, ventilation occurs 
through the opening at the end of the tube. Adequate training is 
required to ensure appropriate use. 
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The advantages of using an esophageal-tracheal tube are similar to 
that of the laryngeal mask airway. However, the esophageal-tracheal 
tube is available in only two sizes: 
The smaller size (37F) is used in patients 4 to 51/2 feet tall, and the 
larger size (41F) is used in patients more than 5 feet tall.  

 
Contraindications to its use are: 

•! Responsive patients with cough or gag reflex 
•! Age 16yrs or younger 
•! Height 4ft or shorter 
•! Known or suspected esophageal disease 
•! Ingestion of a caustic substance 

 

Figure 1-10. Insertion of an esophageal-tracheal tube 
Source: https://calsprogram.org/manual/volume2/ Section5_AirwaySkills/ 

AirSkGraphics/7_as_6a.jpg 
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D.! Endotracheal (ET) Tube 
An ET tube is a single use, cuffed tube that facilitates delivery of 
high concentrations of oxygen and selected tidal volume to maintain 
adequate ventilation. ET tube placement requires laryngoscopy and 
visualization of patient’s vocal cords. 

 
Indications for endotracheal intubation include the following: 

•! Airway protection 
•! Relief of obstruction 
•! Provision of mechanical ventilation and oxygen therapy 
•! Respiratory failure 
•! Shock 
•! Hyperventilation for the management of intracranial 

hypertension 
•! Reducing the work of breathing 
•! Facilitation of suctioning or pulmonary toilette 

            Advantages of endotracheal intubation 
•! Maintains a patent airway 
•! May protect from aspiration of stomach contents or other 

substances in the mouth, throat, or upper airway 
•! Permits effective suctioning of the trachea 
•! Facilitates delivery of positive end expiratory pressure 

(PEEP) 
•! Provides alternative route for administration of drugs when 

intravenous (IV) or intraosseus (IO) access cannot be 
obtained 

In preparation for endotracheal intubation, important issues include: 
•! Assessment of airway anatomy and function to estimate the 

degree of difficulty for intubation (See Table 1-5: Clinical 
parameters that determine difficult intubation/ Clinical 
predictors of difficult intubation) 

•! Assurance of optimal oxygenation and ventilation.  
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•! Decompression of the stomach with an existing oro- or 

nasogastric tube is useful. However, insertion of an oro-or 
nasogastric tube to decompress the stomach prior to 
intubation may be counterproductive because it may cause 
emesis and passive reflux of stomach contents. 

•! Provision of appropriate sedation, amnesia, analgesia, and 
neuromuscular blockade as required for a safe procedure 

Table 1-5:  Clinical Predictors of Difficult Intubation 
Clinical Anesthesia. Barash PG et al., 7th ed. 

Neck •! Possible cervical spine injury 
•! Limitations of neck mobility 
•! Short neck 
•! Large neck (obese) 

External Face •! Receding chin 
•! Facial trauma 
•! Nasal, oral or pharyngeal bleeding 

Mouth •! Limited mouth opening less than 3 fingerbreadths 
(i.e. due to temporomandibular joint disease, 
connective tissue disease like scleroderma, facial 
scarring) 

Tongue and 
Pharynx 

Tongue size relative to the posterior pharynx estimates 
the relative amount of room in the pharynx to visualize 
glottis structures 
(see Figure 1-11: Mallampati classification) 

Jaw •! Short thyromental distance (less than 3 finger 
breadths or approximately 6cm) 

•! Prominent thyroid cartilage 
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Figure 1-11:  Mallampati classification 

Source: https://www.tfaforms.com/forms/get_image/157009/ 
Mallampati_classification.jpg 

 
The presence of one or a combination of the physical characteristics listed above 
indicates the possibility of a difficult intubation. If time allows, other options for 
obtaining a secure airway and additional airway expertise should be considered. 
Failed intubation attempts can result in periglottic edema and create subsequent 
difficulty in mask ventilation, and a “can’t intubate, can’t ventilate” scenario 
ensues. When a difficult airway is anticipated, options for safe airway 
management include: 

•! Awake intubation by direct laryngoscopy or blind nasotracheal 
intubation 

•! Flexible fiberoptic intubation (expert consultation required) 
•! Awake tracheostomy (expert consultation required) 

If visualization of the glottis and mask ventilation are both impossible and there 
is no spontaneous breathing effort, options include: 

•! LMA or Esophageal-tracheal tube insertion 
•! Needle cricothyrotomy 
•! Surgical cricothyrotomy/ tracheostomy 
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Difficult Airway Algorithm 

 
1.! Assess the likelihood and clinical impact of basic management problems: 

•! Difficulty with patient cooperation or consent 
•! Difficult mask ventilation 
•! Difficult supraglottic airway placement 
•! Difficult laryngoscopy 
•! Difficult intubation 
•! Difficult surgical airway access 

2.! Actively pursue opportunities to deliver supplemental oxygen throughout 
the process of difficult airway management 

3.! Consider the relative merits and feasibility of basic management choices 
•! Awake intubation vs. intubation after induction of general 

anesthesia 
•! Non-invasive technique vs. invasive techniques for the initial 

approach to intubation 
•! Video-assisted laryngoscopy as an initial approach to intubation 
•! Preservation vs. ablation of spontaneous ventilation 

4.! Develop primary and alternative strategies 
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Figure 1-12: Algorithm for the management of a potential or confirmed difficult 
airway (SGA=SupraGlottic Airway) 

Source: American Society of Anesthesiologists Practice Guidelines for the Management 
of Difficult Airway. 2013 
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Assessment via clinical examination and with exhaled CO2 detectors 
(colorimetric and continuous waveform capnography) if available should 
be done to confirm tube position and should be performed immediately 
after placement. Assessment by physical examination consists of 
visualizing chest expansion bilaterally and listening over the epigastrium 
(breath sounds should be absent) and both lung fields (breath sounds 
should be present and equal). Exhaled CO2 detectors can be qualitative 
(colorimetric) or quantitative (continuous waveform capnography). The 
use of continuous waveform capnography in addition to clinical 
assessment is the most reliable method of confirming and monitoring of 
correct placement of an ET tube.  

 
After inserting the advanced airway and confirming correct placement, 
record the depth of the tube (as marked at the front teeth) and secure 
the ET tube with tape or a commercial device. There is significant 
potential for ET tube movement with head flexion and extension. Verify 
correct placement of all advanced airways immediately after insertion 
and whenever the patient is moved.  When securing an advance airway, 
avoid using ties that pass circumferentially around the patient’s neck as it 
may obstruct blood flow to the brain. 

 
VIII.! PHARMACOLOGIC PREPARATION FOR INTUBATION 

The pharmacologic goal prior to intubation of the patient is to provide 
optimal analgesia/anesthesia, amnesia and sedation without 
compromising cardiorespiratory stability. The selection of particular 
methods or drugs depends upon the clinical circumstances, and status of 
the patient, presence of allergies, and the experience and preferences of 
the clinician. 
 
A.! Topical anesthesia 

Lidocaine 10% spray – Care should be done not to exceed 
4mg/kg (Maximum dose 300 mg or 3 sprays for adults). Spray 
on the base of the tongue, posterior wall of the pharynx and 
bilateral tonsillar fossae. 
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B.! Sedation/Amnesia 

Rapid-acting, short-lived and potentially reversible agents are 
preferred. No single agent has all the desired properties. Often a 
combination of drugs is required to achieve a balanced technique 
for sedation. It is important to consider the cardiovascular and 
volume status of a patient prior to selection of the agent and 
dosage. Most agents may induce hypotension when heart failure 
or hypovolemia is present. The following are representative 
examples: 
•! Propofol – 2-3 mg/kg/IV fast onset, short duration sedative 

hypnotic. May produce apnea when given rapidly by bolus. 
It produces cardiac depression and may cause hypotension 
in susceptiple patients or when given in large doses. 

•! Fentanyl – 25 to 100 mcg IV bolus every several minutes 
until sedation is achieved. It is an opioid with potent 
analgesic effect, rapid onset of action, short duration of 
effect, reversed with naloxone. Chest wall rigidity may occur 
with rapid administration. Blunts sympathetic response but 
does not inhibit patient awareness of the procedure. 

•! Midazolam – 1mg IV bolus every several minutes until 
sedation is achieved. It is a benzodiazepine; provides 
amnesia, has rapid onset, short acting, reversed with 
flumazenil. 

•! Etomidate – 0.3 to 0.4 mg/kg IV bolus, a sedative hypnotic 
that is cardiac stable and does not produce hypotension. 
However, its use is associated with adrenal suppression. 

•! Lidocaine – 1 to 1.5 mg/kg IV bolus; useful in patients with 
head injury since it blunts the hemodynamic and tracheal 
response to intubation when administered 2-3 minutes prior 
to laryngoscopy 

C.! Neuromuscular Blockers 
The use of neuromuscular blockers is not always required prior 
to intubation. Often successful intubation can be carried out 
with topical anesthesia (i.e. awake intubation) or with sedation as 
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listed above. As the name imply, neuromuscular blockers 
produce paralysis of skeletal muscles including muscles of 
respiration (i.e. diaphragm) until the agent is metabolized and the 
paralysing effect is gone. Therefore, once administered manual 
ventilation must be continued via a bag-mask device until the 
airway is secured and the effect wears off. Short acting agents are 
preferable in this situation.  
•! Succinylcholine – 1 to 1.5 mg/kg IV bolus; a depolarizing 

muscle relaxant and may cause muscle fasciculations when 
given. It has rapid onset and has the shortest duration of 
action. Contraindicated in ocular injury (increase intraocular 
pressure), head injury (may increase intracranial pressure), 
burn and crush injury, upper motor neuron disorders or 
primary muscle disease (may cause massive potassium 
release). Effects are prolonged in patients with atypical 
cholinesterase or decreased pseudocholinesterase levels 

•! Non-depolarizing muscle relaxants – Examples are 
Vecuronium 0.1 to 0.3 mg/kg IV, Rocuronium 0.6 to 
1mg/kg IV, Cisatracurium 0.1 to 0.2 mg/kg IV. No 
fasciculations but with slower onset of muscle paralysis and 
significantly longer duration of effect than with 
succinylcholine. Only Rocuronium at 1mg/kg can provide 
intubating conditions in one minute after administration 
similar to succinylcholine.  
 

IX.! AIRWAY MANAGEMENT FOR PATIENTS WITH SEVERE 
TRAUMA 
 
Trauma poses special problems in airway control especially in patient 
with suspected spine injury. Excessive movement of the spine may 
produce or exacerbate a spinal cord injury.  A possible spine injury is 
suspected based on apparent injuries (i.e multiple trauma, head or neck 
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injury, or facial trauma) and the type and mechanism of injury (i.e motor 
vehicle crash, fall from height). If suspected, appropriate immobilization 
precaution should be taken until the patient can be evaluated properly. 
 
Techniques: 
•! The initial step in a patient with suspected neck injury is chin lift or 

jaw thrust without head extension. 
•! If the airway remains obstructed, airway adjuncts can be used. 

Oropharyngeal airway (OPA) if a patient is unconscious and without 
gag reflex and nasopharyngeal airway (NPA) if conscious or 
semiconscious. However, if the patient has occult basilar skull 
fracture or previous maxillofacial surgery, insertion of a 
nasopharyngeal airway is contraindicated because a tear in the dura 
may enable the tube to enter the brain. 

•! If the airway remains obstructed despite the use of airway adjuncts, 
add head tilt slowly and carefully until the airway is open. 

•! Stabilize the head in a neutral position. A trained provider should 
stabilize the patient’s head during any airway manipulation to 
prevent excessive extension, flexion or lateral movement of the head 
during airway control. 

•! If an advanced airway is indicated, a second provider is needed to 
stabilize the head and neck during intubation attempts. When 
endotracheal intubation cannot be performed, experienced experts 
should achieve airway control using alternative airway devices (i.e 
supraglottic airway device or flexible fiberoptic guided intubation) or 
perform cricothyrotomy. 
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RESPIRATORY MONITORING 
 
1.! MONITORING OXYGENATION, VENTILATION AND GAS 

EXCHANGE 
Monitoring is a continuous, or nearly continuous, evaluation of the 
physiologic function ofa patient in real time to guide management decisions, 
including when to make therapeutic interventions and assessment of those 
interventions. 

 
A.! Pulse oximetry 

Pulse oximeters measure pulse rate and estimate oxygen saturation of 
haemoglobin on a noninvasive, continuous basis. Pulse oximetry 
combines the technology of plethysmography and spectrophotometry. 
Plethysmography produces a pulse trace. Oxygen saturation is 
determined by spectrophotometry based on the Beer-Lambert Law. At 
a constant light intensity and haemoglobin concentration, the intensity 
of light transmitted  through a tissue is a logarithmic function of the 
oxygen saturation of haemoglobin. Two wavelengths of light are 
required to distinguish oxyhemoglobin from reduced haemoglobin – 
red (660nm) and infrared (940nm). The percentage of oxyhemoglobin 
and reduced haemoglobin is detected by measuring the ratio of infrared 
and red light sensed by a photodetector. Moreover, pulse oximeters use 
plethysmographic analysis to differentiate pulsatile arterial haemoglobin 
saturation from nonpulsatile venous absorption and other tissues. 

 
Factors that affect the accuracy and reliability of SpO2 reading: 
•! Presence of other haemoglobin moieties 

o! Methemoglobin absorbs red and infrared light with a 1:1 ratio 
which corresponds to an SpO2 of 85% 

o! Carboxyhemoglobin produces artifactually high SpO2 
•! Dyes (methylene blue, indocyanine green, indigo carmine) 
•! Nail polish 
•! Ambient light 
•! Light-emiting diode variability 
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•! Motion artefact (i.e. shivering) 
•! Low perfusion conditions 

 
Pulse oximetry is simple, noninvasive, continuous and autocalibrating. 
Its clinical accuracy is +/- 4% at 80% saturation, less accurate with 
saturations below 80%.  

 
B.! Capnography 

Monitoring the end-tidal CO2 concentration and the capnograph 
display is an important physiologic and safety monitor.  

 

 
Figure 1-13. Normal Capnogram 

 
 
Figure 1-14. Anatomy of a normal capnogram 
 

The capnogram is divided into four distinct phases. Phase 1 (A-B in Fig) 
represents initial expiration or anatomic dead space gas which is devoid 
of CO2. At point B, CO2 is sampled and is followed by a sharp upstroke 
(B-C) is seen. The slope of this upstroke is determined by the evenness 
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of expiration and alveolar emptying. Phase C-D represents the alveolar 
expiratory plateau. At this phase alveolar gas is sampled. Point D is the 
highest CO2 value and is called the end-tidal CO2 (ETCO2), the best 
reflection of alveolar CO2. Point D-E is a steep downstroke back to 
baseline as the patient inspires fresh gas. Baseline approaches zero unless 
rebreathing of CO2 occurs. The ETCO2-PaCO2 gradient typically is 5-
10mmHg. 

 

 
Figure 1-15. Capnogram waveform showing rebreathing of CO2 

 
Widening of the ETCO2-PaCO2 gradient occurs with dead space 
ventilation where alveolar ventilation is high but perfusion is 
disproportionately low or absent (i.e embolic phenomena, hypoperfusion 
states with reduced pulmonary blood flow, and chronic obstructive 
pulmonary disease). In contrast, conditions that increase pulmonary 
shunt (perfusion in the absence of ventilation) cause minimal change in 
the ETCO2-PaCO2 gradient. 

 
Uses of ETCO2: 
•! Determines appropriate placement of endotracheal tube. A 

continuous, stable ETCO2 indicates alveolar ventilation (the tube is 
not in the esophagus) but does not indicate proper position in the 
trachea (the tip could be positioned in a main stem bronchus) 

•! Monitors changes in perfusion or dead space 
•! Detects breathing circuit disconnection 
•! During CPR, monitors adequate chest compressions with ETCO2 > 

10mmHg and detects return of spontaneous circulation (ROSC) 
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Increases in ETCO2 occurs when CO2 production exceeds 
ventilation such as in hyperthermia or when exogenous CO2 is 
present (i.e. laparoscopic surgery using CO2 as insufflating gas). 

 

 
Table 1-6. Factors that may alter ETCO2 
 

Sudden drop in ETCO2 to near zero followed by the absence of a CO2 
waveform warns of a potentially life-threatening problem. It could 
indicate malposition of the endotracheal tube (i.e. accidental extubation), 
sudden severe hypotension, massive pulmonary embolism, cardiac arrest, 
or a disconnection or disruption of sampling lines.  

 
The size and shape of the capnogram waveform is informative. 
Slow upstroke in phase 2 (B-C) is suggestive of chronic obstructive 
pulmonary disease or acute airway obstruction (i.e. bronchoconstriction 
in asthma) 
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Figure 1-16. Analysis of capnogram waveform is a useful clinical tool 

 
C.! ARTERIAL BLOOD GAS 

Arterial blood gas analysis is often considered the gold standard for 
assessment of pulmonary gas exchange. 

 
The normal arterial PaO2 is 60 to 100 mmHg breathing room air at 
sea level. Decreased PaO2 (hypoxemia) occurs with pulmonary 
diseases resulting from hypoventilation, diffusion defect, shunt, and 
ventilation-perfusion mismatch. Increased PaO2 (hyperoxemia) may 
occur when breathing supplemental oxygen. The PaO2 also increases 
with hyperventilation. The PaO2 should always be interpreted in 
relation to the level of supplemental oxygen. For example, a PaO2 of 
95 mmHg breathing 100% oxygen is quite different from a PaO2 of 
95 mmHg breathing air (21% oxygen). 

 
The PaCO2 reflects the balance between carbon dioxide production 
(CO2) and alveolar ventilation such that, PaCO2 varies directly with 
carbon dioxide production and inversely with alveolar ventilation. 
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The arterial pH is determined by bicarbonate (HCO3

−) concentration 
and PaCO2, as predicted by the Henderson-Hasselbach equation. 

 
2.! MONITORING A PATIENT ON MECHANICAL VENTILATION 

Patients who receive mechanical ventilator support require continuous 
monitoring to assess the beneficial and adverse effect of treatment 
 

Recommendations for monitoring mechanical ventilator support 
 

1.! Chest radiographs after intubation and additional chest radiographs 
as indicated to evaluate any deterioration in status 

2.! Arterial blood gas measurements after initiation of mechanical 
ventilation and intermittently, on the basis of patient status 

3.! Intermittent measurement of vital signs and frequent direct patient 
observation (including evaluation of patient-ventilator reaction) 

4.! Measurement of inspiratory plateau pressure as clinically appropriate 
5.! Pulse oximetry 
6.! Ventilator alarms to monitor key physiologic and ventilator 

parameters 
 

A.! ALARMS 
Ventilators are equipped with alarms and monitors to assist patient 
management and adverse event detection. Usual alarm parameters 
present during initiation of mechanical ventilation include low and 
high minute ventilation, high inspiratory pressures, and low exhaled 
volumes and pressures.  

 
The low pressure alarm is intended to alert for a leak in the ventilator 
circuit or a ventilator disconnection. The high pressure alarm sounds 
when the set maximum peak airway pressure is exceeded. It is usually 
set 10 cmH2O above the patient’s baseline peak airway pressure.  
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B.! CONTINUING CARE DURING MECHANICAL 

VENTILATION 
Several parameters should be continually assessed in a patient on 
mechanical ventilator and changes on these parameters should be 
done to meet patient’s needs. 
 
•! Inspiratory Pressure 

During positive pressure ventilation, airway pressure rises 
progressively to a peak pressure which is reached at end-
inspiration. Peak pressure (Ppeak) is also called peak inspiratory 
pressure (PIP) or peak airway pressure. This pressure is the sum 
of two pressures – the pressure required to overcome airway 
resistance and the pressure to overcome elastic properties of the 
lungs and chest wall. If a pause is set at end-inspiration (zero gas 
flow with the airway closed), pressure falls slightly below Ppeak 
and the is called inspiratory plateau pressure (Pplateau). Since 
there is no gas flow, plateau pressure reflects only the pressure 
required to overcome the elastic recoil and is the best estimate of 
peak alveolar pressure, an important indicator of alveolar 
distention. Plateau pressure should be maintained at <30 
cmH2O. 

 
Potential adverse effects from high peak inspiratory pressure 
(PIP) include barotraumas, volutrauma, and reduced cardiac 
output. 

 
Elevated inspiratory plateau pressures can be reduced by the 
following interventions: 
•! Decrease PEEP (but this may decrease oxygenation) 
•! Decrease tidal volume (but this may reduce minute 

ventilation and lead to hypercapnea). Permissive hypercapnea 
(when PaCO2 is allowed to rise and pH fall) is accepted 
when high IPP must be reduced. However, permissive 
hypercapnea is contraindicated in patients with elevated 
intracranial pressure (ICP). Increase in CO2 levels produce 
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increase in cerebral blood flow which will aggravate the 
increased ICP. 

•! Inspiratory time: Expiratory time Relationship (I:E ratio) and 
Auto-PEEP 
To allow patients enough time to passively exhale the inflation 
volumes, the time for exhalation should be at least twice the time 
for lung inflation. The ratio of inspiratory time to expiratory time 
(I:E ratio) should be at 1:2 or higher especially in patients with 
expiratory flow limitation (i.e. chronic obstructive pulmonary 
disease (COPD). 

 
The inspiratory time during volume-cycled ventilation is 
determined by tidal volume (VT) and the inspiratory gas flow 
rate. Therefore, in large tidal volumes or slow inspiratory gas 
flow rate the inspiratory time is longer and the time available for 
expiration must shorten to maintain a constant cycle time. 

 
If the expiratory time is too short to allow full exhalation, the 
lungs are not able to completely empty. The next breath gets 
superimposed on the last breath, and “breath stacking”occurs. 
This will result in lung hyperinflation and an increasing level of 
PEEP. This is called auto-PEEP.  

 
Adverse effects of PEEP 
 

!! Barotrauma 
!! Hypotension and decreased cardiac output 
!! Increase in PaO2 (increase in dead space) 
!! Worsening oxygenation (especially with asymmetric ALI) 

 
Reduction in auto-PEEP can be accomplished by decreasing 
respiratory rate or by decreasing tidal volume since more time is 
available for exhalation. Increasing inspiratory flow rate for volume-
cycled breaths is less effective unless flow rates are set 
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inappropriately low. The effect of a decreased respiratory rate and 
tidal volume on the PaCO2, pH and minute ventilation should be 
considered. 
 

C.! FiO2 
High fractions of inspired oxygen are harmful to the lung 
parenchyma. However, the threshold value is unknown. If possible, 
it is best to reduce the FiO2 < 0.5 (50% oxygen) within the first 24 
hours. 

 
D.!Minute Ventilation 

The primary determinant of CO2 exchange is alveolar minute 
ventilation which is calculated as, 
 

VA = (VT – VD) f 
 

Where VD is dead space and f is respiratory rate. Dead space represents 
areas that have ventilation but no perfusion. Increase in dead space leads 
to hypercapnea. Dead space may result from a lung pathology or 
induced by high airway pressures, low intravascular volume, or low 
cardiac output. All three of which reduces perfusion. 
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PRINCIPLES OF MECHANICAL VENTILATION 
 

A.! INDICATIONS FOR INITIATION OF MECHANICAL 
VENTILATION 

 
Table 1-7: Indications for mechanical ventilation support 

 
•!  The indication for intubation and mechanical ventilation is 

thinking of it. 
If the patient’s condition is severe enough for intubation and 
mechanical ventilation to be considered, then proceed without 
delay. Delays in intubation create unnecessary dangers for the 
patient. 

•! Intubation is not an act of personal weakness. 
On the contrary, intubation carries the strength of conviction. 
No one will be faulted for gaining control of the airway in an 
unstable patient. 

•! Initiating mechanical ventilation is not the “kiss of death.” 
Being on a ventilator does not create ventilator dependence and 
this false perception should not influence the decision to initiate 
mechanical ventilation. 
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Mechanical ventilation may also prove beneficial in the following 
situations: 

•! To permit sedation and/or neuromuscular blockade (i.e patients 
with tetany) 

•! To decrease systemic or myocardial oxygen consumption 
•! To allow hyperventilation as a temporizing measure to reduce 

intracranial pressure 
•! To facilitate alveolar recruitment and prevent atelectasis 

 
B.! NEW STRATEGY FOR MECHANICAL VENTILATION 

a.! Set tidal volume at 6-8 ml/kg (ideal body weight) 
Previously the standard tidal volume during volume-controlled 
ventilation has been 10-15 ml/kg. This volume is even greater with 
the addition of mechanical sighs (15-30 ml/kg) delivered at 6-12 times 
per hour. 

 
Hyperinflation of normal lung tissue during mechanical ventilation 
can produce stress fractures at the alveolar-capillary interface. These 
fractures may be the result of excessive alveolar pressures 
(barotrauma) or excessive alveolar volumes (volutrauma). 

 
Alveolar rupture can have three adverse consequences: 

•! Accumulation of alveolar gas in the pulmonary parenchyma 
(pulmonary interstitial emphysema), mediastinum 
(pneumomediastinum), or pleural cavity (pneumothorax). 

•! The development of an inflammatory lung injury that is like 
ARDS. 

•! The release of inflammatory mediators in the bloodstream 
resulting to multiorgan injury, known as biotrauma. 

A study by The Acute Respiratory Distress Syndrome Network in 
2000 included over 800 patients with ARDS and compared 
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ventilation with tidal volumes of 6ml/kg vs. 12ml/kg. Ventilation 
with low tidal volumes was associated with 9% reduced mortality 
when the end inspiratory “plateau pressure” was <30 cmH2O. 
 
Thus, low volume or lung protective ventilation is now recommended for 
all patients with acute respiratory failure especially for patients with 
ARDS. 
 

b.! Add PEEP (Positive End Expiratory Pressure) 
Low tidal volumes can result in airway collapse. Repeated opening 
and closing of airways at the end of expiration can result to lung 
injury from the excessive shear forces generated. Adding positive 
end expiratory pressure (PEEP) can prevent this airway collapse. 
PEEP acts as a stent to keep small airways open at the end of 
expiration. 
 

c.! Allow “permissive hypercapnia” 
Another consequence of low volume ventilation is a reduction in 
CO2 elimination via the lungs which can lead to hypercapnia and 
subsequently respiratory acidosis. Allowing hypercapnia to persist in 
favor of maintaining low volume ventilation is permissive 
hypercapnia. However, arterial pH should not fall below 7.3. 
 

d.! Set lowest FiO2 possible. 
High FiO2 can lead to damage from oxidative stress. It is desirable 
to reduce FiO2 to <0.5 (50% oxygen) as soon as possible (ideally 
within the first 24hrs). Adjust FiO2 and PEEP to keep PaO2 >55 
mmHg or SaO2 >88%. 

 
C.! MONITORING LUNG MECHANICS 

a.! Proximal Airway Pressure 
i.! End Inspiratory Peak Pressure 

The peak pressure at the end of inspiration (Ppeak) is a function of 
the inflation volume, airway resistance, and elastic recoil of the 
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lungs and chest wall. At a constant inflation volume, the peak 
pressure varies directly with airway resistance and elastance 
(elastic recoil force). 

 
Ppeak = (Resistance + Elastance) 

 
Therefore, when the inflation volume is constant, an increase in 
peak inspiratory pressure indicates either an increase in airway 
resistance or an increase elastic recoil force of the lungs or both. 

 
ii.! End Inspiratory Plateau Pressure 

The contribution of resistance and elastance to inspiratory peak 
pressure can be distinguished by occluding the expiratory tubing 
at the end of inspiration. When the inflation volume is held in 
the lungs, the proximal airway pressure decreases initially and 
then reaches a steady level called the end inspiratory plateau 
pressure. Because there is no airflow when the plateau pressure is 
created, the pressure is not a function of airway resistance. 
Instead it is directly related to the elastic recoil force (elastance) 
of the lungs and chest wall. 

 
Pplateau = Elastance 

 
Therefore, the difference between end expiratory peak and 
plateau pressures is proportional to airway resistance. 

 
(Ppeak –Pplateau) = Airways Resistance 
 

iii.! Practical Application of Proximal Airway Pressures 
Changes in proximal airway pressures can guide us in the 
evaluation of ventilated    patients who develop a sudden 
deterioration in cardiopulmonary status. 
1.! If the peak pressure is increased but the plateau pressure is 

unchanged, the problem is an increase in airways resistance. 
Major concerns are obstruction of the tracheal tube, airway 
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obstruction from secretions (mucus plugging), and acute 
bronchospasm. Therefore, clear secretions by airways 
suctioning followed by aerosolized bronchodilator treatment 
if necessary. 

2.! If both peak and plateau pressures are increased, the 
problem is a decrease in the distensibility of the lungs and 
chest wall. Major concerns are pneumothorax, lobar 
atelectasis, acute pulmonary edema, worsening pneumonia 
or ARDS. Increased abdominal pressure can also decrease 
chest distensibility. Finally, a patient with obstructive lung 
disease who becomes tachypneic generates auto-PEEP and 
leads to increase in both peak and plateau pressures as well. 

3.! If the peak pressure is decreased, the problem may be an air 
leak in the system (e.g. tubing disconnection, cuff leak). 
Therefore, check tubing connections and manually inflate 
the lungs while listening for cuff leak. 

Proximal airway pressures can also be used to assess 
bronchodilator responsiveness in mechanically ventilated 
patients. Bronchodilation represents a decrease in airways 
resistance. A positive bronchodilator response should be 
accompanied by decreases in peak inspiratory pressure.  
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Figure 1-17: The use of proximal airway pressures to evaluate a patient with 

acute respiratory decompensation 
 

b.! Thoracic Compliance 
Compliance (distensibility) is the opposite of elastance (recoil or 
the natural tendency to collapse). Compliance can be determined 
by using the ratio of tidal volume to the elastic recoil pressure 
(plateau pressure). 
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C = VT/Pplateau 

 
In patients with stiff lungs (pulmonary edema or ARDS), 
compliance is low. 

c.! Airway Resistance 
The resistance to airflow during inspiration (Rinsp) can be 
determined as the ratio of the pressure gradient needed to 
overcome airway resistance (Ppeak-Pplateau) and the inspiratory flow 
rate (Vinsp): 
 

Rinsp = (Ppeak-Pplateau)/Vinsp 

 
This resistance represents the summed resistances of the 
connector tubing, tracheal tube, and the airways. Because the 
resistance of the connector tubing and tracheal tube should 
remain constant (assuming the tracheal tube is clear of 
secretions), changes in Rinsp represent changes in airways 
resistance.   
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MODES OF VENTILATION 
 
TYPES OF VENTILATOR BREATHS 
 
Types of ventilator breaths are best differentiated by their cycling mechanism. 
The cycle variable is usually the volume, time, or flow that terminates inspiration 
(closure of inspiratory valve and opening of expiratory valve.) When the set peak 
pressure limit is exceeded, pressure may be the cycling variable that terminates 
inspiration.   
 

A.! Volume-Cycled Breath (“Volume Breath”) 
This type of breath assures the delivery of a preset tidal volume. With 
most ventilators, the setting of peak inspiratory flow rate and choice of 
inspiratory flow waveform (square, sine or decelerating) determine the 
length of inspiration. Worsening airways resistance or decreased 
lung/chest wall compliance results in increases in peak inspiratory 
pressure in order to deliver the set tidal volume unless the peak pressure 
limit is exceeded. 

B.! Time-Cycled Breath (“Pressure Control Breath”) 
This type of breath applies a constant pressure for a preset time. The 
major advantage of PCB is the decelerating inspiratory flow pattern 
which reduces peak airway pressure. With this type of breath, changes in 
airways resistance or lung/chest wall compliance will alter tidal volume 
(i.e. increased airways resistance or poor lung compliance result in a 
decrease in tidal volume). 

C.! Flow-Cycled Breath (“Pressure Support Breath”) 
This type of breath is very similar to time-cycled breath where a constant 
pressure is applied during inspiration and the inspiratory flow waveform 
is decelerating. The difference is only in the cycling mechanism. Pressure 
support breaths are terminated when the flow rate decreases to a 
predetermined percentage of the initial flow rate (usually 25%). 
 
Ventilator breaths can also be classified as spontaneous or mandatory. 
Spontaneous breaths are both initiated and terminated by the patient. 
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When the ventilator either initiates or terminates inspiration, the breath 
is mandatory.   

 
MODES OF ASSISTED VENTILATION 
 
When mechanical ventilation is initiated, the optimum ventilator support for a 
given clinical circumstance and the specific needs of the patient must be 
determined. Commonly used modes of ventilation include assist-control (AC) 
ventilation, pressure support ventilation (PSV), synchronized intermittent 
mandatory ventilation (SIMV) and controlled mechanical ventilation (CMV). 
The most important goals of mechanical ventilation are 1) achieve adequate 
ventilation and oxygenation and 2) reduce the work of breathing and assure 
patient comfort and synchrony with the ventilator.  
 

A.! Assist- Control Ventilation 
This mode of ventilation allows the patient to initiate or “trigger” 
each mechanical breath (assisted ventilation) but can also deliver a 
preset level of minute ventilation if the patient is unable to trigger 
the ventilator (controlled ventilation). This combination is called 
assist-control ventilation. 
 
Assist-control ventilation can deliver either volume-cycled or time-
cycled (pressure control) breaths. A preset tidal volume (volume 
ventilation) or a preset applied pressure and time (pressure control 
ventilation) are delivered at a preset minimum respiratory rate. 
Additional ventilator breaths will be delivered with additional patient 
inspiratory effort. The patient receives a minimum number of 
ventilator breaths synchronized to spontaneous effort (if present) 
and can increase the number of supported breath on demand.  
 
Assist-control ventilation can be problematic for patients who are 
breathing rapidly or have reduced expiratory airflow because there 
may not be enough time to exhale the inflation volumes. This can 
lead to breath-stacking as the alveoli are not able to completely 
empty.    
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The air that remains in the alveoli at the end of expiration generates 
PEEP and is called auto-PEEP. This pressure can impair cardiac 
output and increase the risk of pulmonary barotraumas. 

 
B.! Synchronized Intermittent Mandatory Ventilation (SIMV) 

Synchronized intermittent mandatory ventilation delivers either 
volume-cycled or time-cycled breaths at a preset rate. Unlike AC 
ventilation, no additional ventilator breaths are possible. 
Synchronization optimizes patient-ventilator interaction by 
delivering the preset mechanical breaths in conjunction with the 
patient’s inspiratory efforts.  
 
SIMV is designed to provide only partial ventilator support. It 
combines periods of assist-control ventilation with periods where 
patients are allowed to breathe spontaneously. The periods of 
spontaneous breathing help prevent progressive lung hyperinflation 
and autoPEEP in patients who breathe rapidly and prevent 
respiratory muscle atrophy from prolonged periods of mechanical 
ventilation. 
 
The period of spontaneous breathing is poorly tolerated by patients, 
and it is now common practice to combine SIMV with pressure support 
ventilation (PSV) at 5-10 cmH2O during the spontaneous breathing 
periods. The addition of PSV augments spontaneous tidal volume 
breaths and offsets the increased work of breathing due to 
endotracheal tube resistance.   
 

C.! Pressure Support Ventilation 
Pressure support ventilation provides a preset level of inspiratory 
pressure assist with each spontaneous breath.  This method of 
ventilation is used to augment tidal volume during spontaneous 
breathing and not provide full ventilatory support. All breaths are 
flow-cycled. It allows the patient to determine both the duration and 
volume of lung inflation. The inspiratory assist helps overcome the 
increased work of breathing imposed by the disease process, 
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endotracheal tube, and ventilator circuit. PSV can be coupled with 
SIMV to augment tidal volume and decrease work of breathing 
during spontaneous breaths. In this respect, it is useful during 
weaning from the ventilator. Usual inflation pressures are between 5 
to 10 cmH2O. However, the amount of pressure support set should 
be able to achieve one or more of the following: 
•! An exhaled tidal volume of 6-10 ml/kg, depending on patient’s 

needs 
•! A slowing of spontaneous breathing rate to acceptable range 
•! The desired minute ventilation 

Absent patient respiratory effort leads to the absence of any 
ventilator support if PSV is used alone. Thus, a back-up ventilation 
setting is required in case apnea ensues. 
 

D.! Controlled Mechanical Ventilation 
Controlled mechanical ventilation delivers ventilator breaths at a preset 
rate with either volume-cycled or time-cycled (pressure control) breaths. 
All breaths are mechanical ventilator breaths and no spontaneous 
breaths are allowed. With current ventilators, there is no direct setting of 
CMV. This mode can only be achieved in patients who have no 
spontaneous breathing efforts (i.e. patients who are heavily 
sedated/under anesthesia or receiving neuromuscular blockade). 
Therefore, AC or SIMV becomes CMV in this subset of patients who do 
not generate spontaneous breaths.  
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Figure 1-18: Airway pressure and flow tracings for spontaneous breathing, for CPAP, and 
for commonly used modes of mechanical ventilation. The horizontal axis represents time 

and the vertical axis pressure. Zero line indicates atmospheric pressure 
 

Table 1-8: Potential advantages and disadvantages of selected 
modes of mechanical ventilation 

Mode Advantages Disadvantages 
Assist-control 
ventilation (AC) 

Patient can increase 
ventilator support; reduced 
work of breathing compared 
to spontaneous breathing 

Potential adverse 
hemodynamic effects; 
may lead to 
inappropriate 
hyperventilation 

AC volume control 
ventilation 

Guarantees delivery of set 
tidal volume (unless peak 
pressure limit is exceeded) 

May lead to excessive 
inspiratory pressures 

AC pressure 
control ventilation 

Allows limitation of peak 
inspiratory pressure 

Potential hyper- or 
hypoventilation with 
lung resistance/ 
compliance changes 

Pressure support 
ventilation (PSV) 

Patient comfort; improved 
patient ventilator interaction; 

Apnea alarm is the only 
back-up; variable 
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decreased work of breathing patient tolerance 

Synchronized 
intermittent 
mechanical 
ventilation (SIMV) 

Less interference with 
normal cardiovascular 
function 

Increased work of 
breathing compared to 
AC 

Controlled 
mechanical 
ventilation (CMV) 

Rests muscles of respiration Requires use of 
sedation/ 
neuromuscular 
blockade, potential 
adverse hemodynamic 
effects 

 
 
CONTINUOUS POSITIVE AIRWAY PRESSURE (CPAP) 
 
Continuous positive airway pressure (CPAP) allows spontaneous breathing from 
a fresh gas source at an elevated baseline system pressure throughout the 
respiratory cycle. Patient inspiration is initiated from the elevated baseline 
system pressure, and airway pressure returns to that level at the end of 
expiration. It is not a true mode of mechanical ventilation. CPAP allows the 
application of positive end expiratory pressure (PEEP) in a spontaneously 
breathing patient. The respiratory rate and tidal volume are completely 
dependent on the patient’s own inspiratory effort. 
 
CPAP can be used as a noninvasive form of ventilation through a specialized 
tight fitting face mask. It can be used to postpone intubation in patients with 
acute respiratory failure.  Nasal CPAP is popular among patients with 
obstructive sleep apnea. It acts as a stent that prevents upper airway collapse 
during sleep.  
  
POSITIVE END EXPIRATORY PRESSURE (PEEP) 
 
During end-expiration, there is a tendency for distal airways to collapse. This 
leads to atelectasis and results in impaired gas exchange. PEEP acts as a stent 
that keeps these small airways open. In addition, PEEP can also open collapsed 
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alveoli and reverse atelectasis. This is called lung recruitment. As collapsed lung 
become recruited, surface area for gas exchange increases and this may improve 
oxygenation. PEEP increases the functional residual capacity, decreases 
intrapulmonary shunt and improves lung compliance. However, not all effects 
of PEEP are beneficial. The addition of PEEP can overdistend normal lung 
regions and cause injury. Moreover, PEEP can decrease cardiac output by 
reducing venous return, reduce ventricular compliance, increase right ventricular 
outflow impedance, and ventricular external complaint by the hyperinflated 
lungs. A PEEP level of 5 to 10 cmH2O is enough for most patients. Higher 
levels of PEEP are not associated with better outcomes and in fact may 
compromise cardiac function especially in hypovolemic patients. 
 
INITIAL VENTILATOR SETTINGS 
 
Guidelines for the initiation of mechanical ventilation 
 

1.! Choose the ventilator mode with which you are most familiar. The 
primary goals of ventilatory support are adequate 
oxygenation/ventilation, reduced work of breathing, synchrony of 
patient and ventilator, and avoidance of high end-inspiratory alveolar 
pressures. 

2.! Initial FiO2 levels should be 1.0. The FiO2 thereafter can be titrated 
downward to maintain the SPO2 at 92%-94%. In severe acute respiratory 
distress syndrome, an SPO2 of 88% or more may be acceptable to 
minimize complications of mechanical ventilation. 

3.! Initial VT = 6 to 8 mL/kg. Patients with ARF from neuromuscular 
disease often require VT levels of 10-12 mL/kg to satisfy air hunger. In 
some patients with ARDS, a VT level of 5-6 mL/kg is recommended to 
avoid high inspiratory plateau pressures (>30 cmH2O). 

4.! Choose a respiratory rate and minute ventilation appropriate for the 
particular clinical requirements. Target pH not PaCO2. 

5.! Use PEEP in diffuse lung injury to support oxygenation and reduce the 
FiO2. If volume is held constant, PEEP increases peak inspiratory airway 
pressure, a potentially undesirable effect in ARDS. PEEP levels >15 
cmH2O are rarely necessary. 
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6.! Set the trigger sensitivity to allow a minimal patient effort to initiate the 

inspiration. Beware of the autocycling if the trigger setting is too 
sensitive. 

7.! In patients at risk, avoid choosing ventilator settings that limit expiratory 
time and cause or worsen auto-PEEP. 

8.! When poor oxygenation, inadequate ventilation, or excessively high peak 
inspiration pressures are thought to be related to patient intolerance of 
ventilator adjustment, consider sedation, analgesia, and/or 
neuromuscular blockade. 

9.! Call the critical care consultant or other appropriate consultant for 
assistance. 
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DISCONTINUING MECHANICAL VENTILATION 
 

I.! Readiness Criteria 

Table 1-9. Checklist for Identifying Patients who can be 
considered for a Trial of Spontaneous Breathing 

Respiratory Criteria: 
"! PaO2 of ≥ 60 mmHg on FiO2≤ 40-50% and PEEP ≤ 5-8 

cmH2O 
"! PaCO2 normal or baseline (except for permissive 

hypercapnia). 
"! Patient is able to initiate an inspiratory effort. 

Cardiovascular Criteria: 
"! No evidence of myocardial ischemia. 
"! Heart rate ≤ 140 beats per minute. 
"! Blood pressure normal without vasopressors or with 

minimum vasopressor support (e.g. dopamine <5 
mcg/kg/min). 

Adequate Mental Status: 
"! Patient is arousable or GCS is ≥ 13. (Table 8-1, GCS) 

Absence of correctible co-morbid conditions: 
"! Patient is afebrile. 
"! There are no significant electrolyte abnormalities. 

 
a.! Patient’s requirement for supplemental oxygen can be met by 

non-invasive means (i.e. nasal cannula, simple face mask, non-
rebreathing mask) 

b.! Hemodynamically stable with minimal or no vasopressor support 
c.! Should be aware of surrounding when not sedated 
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d.! Should be free of any reversible condition that can add to the 

difficulty in weaning from ventilator support (i.e. sepsis, 
electrolyte abnormalities) 

II.! Spontaneous Breathing Trial (SBT) 
a.! Rapid-Shallow Breathing Index 

Rapid and shallow breathing is common in patients who do not 
tolerate spontaneous breathing. It is determined by getting the 
ratio of respiratory rate to tidal volume (RR/VT). The normal 
ratio is 40-50/L. Above 100/L is predictive for patients who will 
not tolerate spontaneous breathing. 

b.! Maximum Inspiratory Pressure (Pimax) 
Inspiratory muscle strength can be evaluated by having the 
patient exhale to residual lung volume and then inhale as 
forcefully as possible against a closed valve. Healthy adults can 
generate a negative Pimax of 90-120 cmH2O. The threshold 
value for predicting ability to return to spontaneous breathing is 
20-30 cmH2O (negative pressure). 

 
Figure 1-19 Threshold value of selected parameters that predict a successful SBT 
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The spontaneous breathing trial (SBT) can be conducted while 
the patient is connected to the ventilator circuit or to a T-piece 
(the breathing circuit is shaped like the letter T). SBT done with 
the patient connected to the ventilator has the advantage of 
being able to monitor the tidal volume and respiratory rate and 
subsequently determine the RR/VT ratio. Pressure support 
ventilation is used routinely during SBT to provide enough 
inspiratory pressure to reduce the work of breathing through the 
endotracheal tube and ventilator circuit without augmenting the 
spontaneous tidal volume. A positive pressure of 5-7 cmH2O is 
sufficient for this purpose.  
SBT can also be done with the patient disconnected from the 
ventilator and hooked to a T-piece. 

 
Figure 1-20. T-piece 

 
With a T-piece, the inhaled gas is delivered at a high flow rate 
(greater than the patient’s inspiratory flow rate) through the 
upper arm of the apparatus. The high flow rate creates a suction 
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effect which carries exhaled gas out of the apparatus and 
prevents rebreathing of exhaled gas. Also, it prevents 
entrainment of room air. The disadvantage is that the patient’s 
tidal volume cannot be monitored. 
 
The recommended protocol for SBT is 30-120 minutes for the 
initial trial of spontaneous breathing. FiO2 should be increased 
by 10% for the duration of the trial. Success or failure is 
determined by a combination of patient appearance (comfortable 
vs. labored breathing) and gas exchange (i.e. ability to maintain 
SaO2 = 90% and normal or constant PCO2 during the trial). 
Around 80% of patients who tolerate SBT for 30-120 mins can 
be successfully weaned from the ventilator. 
 

III.! Continuous Positive Airway Pressure 
Adding CPAP can help facilitate weaning from mechanical 
ventilatory support. CPAP can be continued after extubation (by 
tight fitting face mask) if necessary. 
 

IV.! Approach to Rapid Breathing 
Patients who are being weaned from ventilator support often 
experience anxiety and dyspnea. These patients breathe rapidly even 
though they are ventilating adequately. Thus it is important to 
distinguish anxiety from respiratory failure requiring continued 
ventilator support.  
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Figure 1-21: An approach to a patient who is breathing rapidly through a 

spontaneous breathing trial 
  
Anxiety is accompanied by hyperventilation where the tidal volume 
is usually increased whereas ventilatory failure is accompanied by 
decrease in tidal volume (rapid, shallow breathing). When the tidal 
volume is unchanged, look at arterial PCO2. A decrease in PaCO2 
indicates adequate ventilation, suggests anxiety is the problem and 
judicious use of sedation should be considered. However, in the face 
of high minute ventilation, a normal or increased PaCO2 is a sign of 
ventilatory failure and ventilatory support should be continued. 
 
 
 

RAPID&
BREATHING 

TIDAL&
VOLUME 

ARTERIAL&PCO2 
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V.! Critical Illness Polyneuropathy and Myopathy 

These conditions often accompany cases of severe sepsis with 
multiorgan failure and can prolong the need for mechanical 
ventilation. They are often first recognized when the patients show 
continued dependence on mechanical ventilator support despite the 
resolution of the primary condition that prompted intubation and 
mechanical ventilation. There is no treatment for these disorders and 
recovery may take weeks to months. 
 

VI.! Electrolyte Depletion 
Respiratory muscle strength may be impaired with electrolyte 
depletion especially magnesium and phosphorous. Deficiencies in 
these electrolytes should be corrected prior to weaning from 
ventilator support. 
 

VII.! Airway Protection 
Patients should be alert and able to protect their own airway prior to 
removing the endotracheal tube. The ability to protect the airway is 
determined by the presence and strength of both gag and cough 
reflexes. Likewise, it is essential to determine volume of respiratory 
secretions and the patient’s ability to clear these secretions.  
 

VIII.! Upper Airway (Laryngeal) Edema 
Severe laryngeal edema is reported in as many as 40% of patients on 
prolonged intubation and about 5% of these patients develop severe 
upper airway obstruction after extubation. Laryngeal edema is a 
concern in cases of difficult or traumatic intubation, or multiple 
reintubation because of self-extubation. However, virtually all 
intubated patients can develop laryngeal edema. 
 
The cuff leak test can be done to identify patients with severe 
laryngeal edema prior to removal of the endotracheal tube. The test 
is performed as the patient is receiving volume-cycled ventilation. It 
involves measuring the exhaled tidal volume before and after 
deflating the cuff.  A decrease in exhaled tidal volume with the 
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endotracheal tube cuff deflated signifies that there is no obstruction 
at the level of the larynx as exhaled gas is able to escape through the 
sides of the endotracheal tube. However, there is lack of agreement 
on the magnitude of volume change that is considered significant. 
Different studies have used volumes of 110 ml, 140 ml, or 25% 
change in volume as significant. Moreover, other factors such as 
inspiratory volume leak, endotracheal tube diameter relative to 
tracheal diameter aside from upper airway patency can influence the 
volume change after cuff deflation. This creates doubt on the 
predictive value of the cuff leak test. 
 
The most important consideration in discontinuing mechanical 
ventilation is not how to do it, but when to do it. Recognize when a 
patient is ready to try spontaneous breathing (i.e. when the patient is 
alert, hemodynamically stable, with intact protective airway reflexes, 
requires FiO2 <50%, with minimum of applied PEEP). If the 
patient does well during spontaneous breathing trial whether 
connected to the ventilator or via T-piece, continue it as long as 
tolerated.  Consider extubation and make sure extubation can be 
done safely before proceeding. For patients who do not tolerate 
spontaneous breathing trials or who require prolonged ventilator 
support, be patient and provide general support measures while the 
primary disease process improves, repeat spontaneous breathing trial 
when patient is ready and reduce the risk of complications that can 
develop (i.e. DVT and PE from prolonged immobility). 
 
REFERENCE: 
 
Marino, Paul L. The ICU Book, 3rd edition. 2007. Lippincott 
Williams and Wilkins 
 

 
 
  

 



! 65!
 
2 
 
SEDATION AND ANALGESIA IN THE ICU 
 
Kristine Mae Tan, MD 
UST Hospital 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!66!
 
As doctors, one of our responsibilities is to relieve pain and suffering especially 
for our patients in the ICU. This chapter focuses on the use of intravenous 
analgesics and sedatives to achieve patient comfort in the ICU. 
 

•! Monitoring Pain 
Pain is a subjective sensation that can be described in terms of 
intensity, duration, location, and quality (e.g. sharp, dull, throbbing, 
electricity-like, etc.) The intensity of pain can be recorded using a 
variety of scales (i.e. Verbal Pain Intensity Scale, Numerical Rating 
Scale, Visual Analogue Scale, Wong Baker Faces Scale) 
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Figure 2-1. Various Pain scales 

Source: http://psycnet.apa.org/journals/rep/50/1/images/ 
rep_50_1_56_fig1a.gif 

 
Pain intensity can be used to monitor effectiveness of analgesic 
regimens. A numerical score of 3 or less on the Numerical Rating 
Scale or Visual Analog Scale is evidence of effective analgesia. 
However, assessment of pain becomes difficult when the critically ill 
patient is unable to communicate directly his pain intensity. Various 
physiological parameters (e.g. tachycardia, hypertension and 
sweating) or behavioral responses (e.g. grimacing, eye shutting, fist 
clenching) can indicate pain. If there is doubt, analgesics should be 
administered in preference to sedatives. Furthermore, postoperative 
pain varies widely from patient to patient and also changes over 
time. Thus, analgesic regimens must be individualized and drug 
therapy titrated to achieve patient comfort. 
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Table 2-1: Intravenous Opioid Analgesia 
Source: ICU Book, Marino 3rd edition 

 Morphine Hydromorphone Fentanyl 
Loading dose 5-10 mg 1-1.5 mg 50-100 mcg 
Onset of action 10-20 min 5-15 min 6-7 min 
Duration (after 
bolus) 2-3.5 hrs 2-3 hrs 30-60 min 

Infusion rate 1-5 mg/hr 0.2-0.5 mg/hr 50-350 
mcg/hr 

PCA    
Demand (bolus) 0.5-3 mg 0.1-0.5 mg 15-75 mcg 
Lock out 
interval 10-20 min 5-15 min 3-10 min 

Potency 1x 5x 100x 
Lipid solubility 1x 0.2x 600x 
Active 
metabolites Yes Yes No 

Histamine 
release Yes No No 

Dose 
adjustment Decrease None Decrease 

GFR <10 ml 
per minute By 50%  By 0-50% 

 
•! Opioid Analgesia 

 
Opioids produce their effect by stimulating the opioid receptors in 
the central nervous system. Stimulation of opioid receptors produces 
analgesia, sedation, euphoria, pupillary constriction, respiratory 
depression, bradycardia, constipation, nausea, vomiting, urinary 
retention and pruritus. 
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1.! Intravenous Opioids 

Morphine, fentanyl and hydromorphone are the most commonly 
used opioids in the ICU. The doses presented in Table 2-1 are the 
usual effective dose however individual dose requirements vary 
widely. Continued pain relief often requires continued administration 
of the drug either by infusion or given regularly as scheduled. Giving 
analgesics on an as-needed-basis (PRN) may lead to inadequate pain 
control and is not recommended. 

 
Morphine is the most commonly used opioid in the ICU but 
fentanyl may be preferred for several reasons. Fentanyl is more lipid 
soluble and has a faster onset of action and gives equivalent analgesia 
at a fraction (1/100) of the dose of morphine. Also fentanyl has no 
active metabolites and does not require dose adjustment even with 
renal failure; whereas morphine has several active metabolites 
(morphine 3 glucuronide) that can accumulate in renal failure. 
Fentanyl does not cause histamine release, unlike morphine, and is 
preferable for patients with hemodynamic compromise.    
 
Patient-controlled analgesia (PCA) can be considered for patients 
who are awake and are capable of drug self-administration. PCA uses 
an electronic infusion pump that can be programmed to deliver 
continuous drug infusion or can be activated by the patient to deliver 
a drug bolus or a combination of both. After each bolus, a lock out 
interval (a mandatory time period wherein the pump is not able to 
deliver additional drug bolus) is programmed to prevent overdosing. 
Written orders for PCA should include drug preparation, loading 
dose (if any), bolus dose, lockout interval, and a continuous infusion 
rate (if any). PCA is associated with more effective analgesia, 
improved patient satisfaction, and fewer side effects than traditional 
intermittent opioid administration. 

 
2.! Epidural Opioids 

Administration of opioids via the epidural route is a popular method 
of analgesia for thoracic and abdominal surgeries. Typical dose 
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regimens for epidural analgesia are shown in Table 2-2. Epidural 
opioids can be given as intermittent boluses or as continuous 
infusion or even both via PCEA (patient controlled epidural 
analgesia – programmed PCA pump connected to the epidural 
catheter). It is possible to add a dilute local anesthetic to epidural 
opioids. By synergism, it enhances the analgesic effect of opioids and 
decreases the risk of opioid side effects.  
 
Epidural analgesia is associated with improved analgesia, faster 
recovery of bowel function, fewer pulmonary complications and 
decreased risk of myocardial infarction, but it does not reduce 
postoperative mortality rates. 
 

Table 2-2: Epidural Analgesia. 
Source: ICU Book, Marino. 3rd ed. 

Agent Concentration 
Opioids 
Fentanyl 2 – 5 mcg/mL 
Morphine 22 – 100 mcg/mL 
Local anesthetics 
Bupivacaine 0.06 – 0.125% (0.6 – 1.25 mg/mL) 
Ropivacaine 0.1 – 0.2% (1 – 2 mg/mL) 
Note: 
•! Typical starting infusion rates are 4 – 8 mL/hour for thoracic epidural 

and 6 – 12 mL/hour for lumbar epidural. Dilute solutions of opioidds 
and local anesthetics should be used initially for patients age ≥ 65 
years. 

•! Prolonged infusion of local anesthetics at higher dose ranges can 
cause hypotension, lower extremity weakness, and urinary retention. 

 
Adverse effects of epidural opioids are more common with 
morphine than fentanyl. Respiratory depression can occur and the 
onset can be delayed up to 12 hours. More frequent side effects are 
pruritus (28%-100%), nausea (30%-100%) and urinary retention 
(15%-90%).  
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3.! Adverse Effects of Opioids 
Opioids have a long list of adverse effects which includes the 
following: 
a.! Respiratory depression – centrally mediated, dose-dependent 

decrease in both respiratory rate and tidal volume; can produce 
apnea at high doses. Patients with sleep apnea syndrome and 
those with chronic hypercapnea are particularly prone to 
respiratory depression from opioids. 

b.! Cardiovascular effects – decreases blood pressure and heart rate 
as a result of a decreased sympathetic and increased 
parasympathetic activity; usually well tolerated in the supine 
position but may be pronounced in patients with hypovolemia or 
heart failure especially when opioids are combined with 
benzodiazepines. Opioid-induced hypotension usually responds 
to intravenous fluids or small bolus dose of vasopressors. 

c.! Intestinal motility – decreases bowel motility; can be antagonized 
by oral naloxone 4 to 8 mg every 6 hrs (without antagonizing 
systemic analgesic effect) 

d.! Pruritus – most common adverse effect; 30% to 100% of 
patients receiving epidural opioids and <10% receiving 
intravenous opioids complain of generalized pruritus. Symptoms 
are unrelieved by antihistamines but can be treated with low dose 
naloxone infusion (0.25-1 mg/kg/hr) without loss of analgesic 
effects. 

e.! Nausea and vomiting – promote vomiting via stimulation of 
chemoreceptor trigger zone in the lower brainstem. Antiemetic 
agents or low dose naloxone can provide relief. 

 
•! Non-Opioid Analgesia 

a.! Non-steroidal Anti-Inflammatory Drugs/ NSAID 
Non-steroidal anti-inflammatory drugs are nonspecific inhibitors 
of cyclooxygenase, with strong analgesic and moderate anti-
inflammatory properties. Use of NSAID is limited because it has 
several adverse effects. It inhibits platelet aggregation and should 
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not be used in patients with high risk of bleeding. When 
administered for more than 5 days, there is increased risk of 
gastrointestinal and operative site bleeding. NSAID also inhibits 
renal prostaglandin synthesis which may lead to impairment in 
renal function. NSAID can provoke bronchospasm in patients 
with asthma. Ketorolac, Diclofenac sodium and Dexketoprofen 
are among the common parenterally administered NSAID.   

b.! Acetaminophen (Paracetamol) 
Acetaminophen is an analgesic and antipyretic that has almost no 
anti-inflammatory effects. It acts centrally through inhibition of the 
enzymes cyclooxygenase (COX) type 3 and COX 2b. It provides 
effective analgesia for mild to moderate pain and has an opioid-
sparing effect for severe pain. It can be administered via oral, 
intravenous or rectal route. Oral bioavailability is 100%. The dose is 
500-1000 mg every 6 hours. Maximum dose should not exceed 4g in 
24 hrs. It should be avoided in patients with hepatocellular 
dysfunction. 

 
•! Sedation 

Anxiety and related disorders such as agitation and delirium occur in 
around 85% of patients in the ICU. A common denominator is the 
absence of a sense of well being. This sense of well being or a 
state of calm can be achieved by sedation. The agents most 
frequently used are midazolam, propofol, dexmedetomidine and 
opioid analgesics. 
 
Indications for sedation 
•! To tolerate endotracheal intubation and mechanical ventilation 
•! To facilitate nursing care 
•! To minimize the stress response 
•! To reduce oxygen consumption 
•! To diminish recall of unpleasant experiences 
•! To prevent the development of post-traumatic stress disorder 
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However, excessive sedation contributes to hypotension and 
delayed awakening, thus prolonging the duration of intubation 
and mechanical ventilation. It may also mask the development of 
intracranial, intrathoracic and intraabdominal complications. 
Sedation reduces sympathetic tone and patients with high levels 
of endogenous catecholamines (i.e. hypovolemia and acute heart 
failure) may display marked hypotension with sedation. 
Moreover, tolerance may develop with prolonged infusions of 
sedatives and analgesics such that an increased dose is needed to 
elicit the same response. Abrupt discontinuation of sedatives, 
especially benzodiazepines, in a patient who developed tolerance, 
may provoke a withdrawal syndrome. Thus, the need for 
sedation should be evaluated continually and the depth of 
sedation should be regularly assessed.    

 
•! Monitoring Sedation 

Routine monitoring of sedation is important. Using protocols to 
guide sedation can decrease the time spent on mechanical 
ventilation by as much as 50%. The goal of sedation in the ICU 
is to have a patient who is calm but easily arousable. The use of 
sedation scales help achieve and maintain this goal with the 
lowest possible dose of a sedative agent and thus reduce the risk 
of harm to the patient. 

 
Table 2-3: Ramsay Sedation Scale. 

Ramsay Sedation Assessment Scale 
Awake Patient anxious or agitated or both 1 
Levels Patient cooperative, oriented and tranquil 2 
 Patient responds to commands only 3 
Asleep A brisk response to a light glabellar tap 4 
Levels A sluggish response to a light glabellar tap 5 
 No response 6 

Source: http://www.ijaweb.org/articles/2008/52/5/images/ 
IndianJAnaesth_2008_52_5_519_60668_sm8.jpg 
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Table 2-4: The Richmond Agitation Sedation Scale (RASS) 

Richmond Agitation Sedation Scale (RASS) 
Score Term Description 

+4 Combative Violent, immediate danger to staff 
+3 Very agitated Pulls/ removes tubes, catheters; aggressive 
+2 Agitated Frequent non-purposeful movement; patient 

ventilator asynchrony 
+1 Restless Anxious or apprehensive 
0 Alert and calm  
-1 Drowsy  Not fully alert but awakens for > 10 seconds 

with eye contact, to voice 
-2 Light sedation Briefly awakens ( < 10 seconds), with eye 

contact, to voice 
-3 Moderate sedation Any movement to voice but no eye contact 
-4 Deep sedation No response to voice but movement to 

physical stimulation 
-5 Unarousable No response to voice or physical stimulation 

Source: http://image.slidesharecdn.com/sedationin-icu-140809145141-
phpapp02/95/art-of-sedation-in-icu-16-638.jpg?cb=1407596455 

 
•! Sedation Techniques 

The ideal sedative agent would have a rapid onset and offset of 
action (even after prolonged infusion), cause minimal respiratory and 
cardiovascular depression, provide analgesia and be inexpensive. No 
single agent has all these properties. 
 
a.! Benzodiazepines 

Benzodiazepines are sedative-hypnotics that produce sedation, 
anxiolysis, amnesia, has anticonvulsant properties but has no 
analgesic properties. 
 
 
 
 



! 75!
Table 2-5: Sedation with intravenous benzodiazepines. 

Source: ICU Book. Marino, 3rd ed. 
 Midazolam Lorazepam1 Diazepam2 

Loading 
dose (IV) 

0.02 – 0.1 
mg/kg 

0.02 – 0.06 
mg/kg 

0.05 – 0.2 
mg/kg 

Onset of 
action 

1 – 5 mins. 5 – 20 mins. 2 – 5 mins. 

Duration 
(after bolus) 

1 – 2 hours 2 – 6 hours 2 – 4 hours 

Potency 3x 6x 1x 
 
•! Midazolam is the benzodiazepine of choice for short term 

sedation because it has the highest lipid solubility, fastest onset, 
and shortest duration of action of all intravenous 
benzodiazepines. Because of its short duration of action, it is 
given as a continuous infusion. The usual dose range is 2-10 
mg/hr. Prolonged infusion of midazolam can produce 
prolonged sedation due to a number of factors: drug 
accumulation in the central nervous system; accumulation of an 
active metabolite (hydroxymidazolam) especially in renal failure; 
inhibition of cytochrome P450 by other medications and hepatic 
insufficiency. Use ideal body weight rather than total body 
weight when determining infusion rate of midazolam.  
 

•! Lorazepam has a long duration of action and can be used for 
patients who require prolonged sedation (i.e. ventilator-
dependent patients). However, lorazepam should not be used 
when rapid awakening is required. 

 
•! Diazepam is not used for continuous infusion because of the risk 

of prolonged sedation caused by accumulation of parent drug 
and active metabolites.  
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•! Flumazenil is a specific benzodiazepine receptor antagonist that 

is used to reverse the effects of benzodiazepines and to help 
determine the cause of unexplained coma. The intravenous dose 
is 2-5 mcg/kg titrated in 100mcg boluses. The duration of effect 
is 1-3 hours after a single IV bolus. However, resedation may 
occur if the duration of action of the drug being reversed is 
longer. Moreover, acute anxiety and seizures can occur. 

 
Abrupt termination following prolonged benzodiazepine sedation 
can produce a withdrawal syndrome consisting of anxiety, agitation, 
disorientation, hypertension, tachycardia, hallucinations, and 
seizures. For patients maintained for several days on midazolam 
infusion, transitioning to propofol (mean dose 1.5 mg/kg/hr) 1 day 
prior to planned tracheal extubation may decrease the incidence of 
agitation observed after extubation. 
 

b.! Propofol 
 
Propofol is a sedative used for induction and maintenance of 
anesthesia and for short term sedation. It produces sedation and 
amnesia but has no analgesic properties. 

 
Use of propofol in the ICU is limited by its propensity to produce 
cardiac and respiratory depression. Table 2-6 lists the properties of 
propofol. 

 
Table 2-6: Sedation with Propofol and Dexmedetomidine 

ICU Book. Marino, 3rd ed. 
 Propofol Dexmedetomidine 
Loading dose 0.25 – 1 mg/kg 1 mc/kg over 10 mins. 
Onset of action 15 – 45 secs. 1 – 3 mins. 
Time to arousal 10 – 15 mins. 6 – 10 mins. 
Maintenance 
infusion 

25 – 75 mcg/kg/min. 0.2 – 0.7 mcg/kg/hour 

Active No No 
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metabolites 
Respiratory 
depression 

Yes No 

Side effects Hypotension 
Hyperlipidemia 
Contamination/sepsis 
Rhabdomyolysis 
Propofol infusion 
syndrome 

Hypotension 
Bradycardia 
Sympathetic rebound 
after >24 hour 
infusion 

 
A single intravenous bolus of propofol produces sedation in 30 
seconds to 1 minute and lasts between 5-8 minutes with minimal 
residual sedation.  Because of its short duration of action, propofol 
is given as a continuous infusion. After discontinuing infusion, 
awakening occurs in 10-15 minutes even after prolonged infusion. 
This makes propofol ideal for short term sedation especially when 
rapid awakening is desired. The dose range for sedation in the ICU 
is 0.3 -3 mg/kg/hr.  

 
Propofol is suspended in a 10% lipid emulsion, almost identical to 
that in parenteral nutrition formulas. The nutritive content of the 
emulsion is 0.1mg fat/ml or 1.1 kcal/ml and should be counted as 
part of the daily caloric intake. Hypertriglyceridemia occurs in up to 
10% of patients receiving propofol infusions for 3 days. The lipid 
emulsion also promotes bacterial growth. Unused portions of 
propofol should be discarded immediately. Infusion lines with 
propofol should be changed every 12 to 24 hours. Because propofol 
is very lipid soluble, dose should be based on ideal body weight 
(rather than actual body weight). No dose adjustment is required for 
renal failure or moderate hepatic insufficiency. 

 
Adverse effects of propofol include pain on injection, respiratory 
depression, apnea, and hypotension. Anaphylactoid reactions to 
propofol are uncommon but may be severe. Green urine is 
observed occasionally and is due to its phenolic metabolites. 
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Propofol infusion syndrome is a rare and often fatal idiosyncratic 
reaction characterized by abrupt onset of heart failure, bradycardia, 
lactic acidosis, hyperlipidemia and rhabdomyolysis. This syndrome is 
associated with prolonged, high dose propofol infusions (4-6 
mg/kg/hr for 24-48 hrs). Treatment involves prompt 
discontinuation of propofol, supportive care and cardiac pacing if 
needed. Mortality rate (>80%) is high despite therapeutic efforts. 

 
c.! Dexmedetomidine (Precedex) 

Dexmedetomidine is a highly selective alpha2 adrenergic agonist 
that produces sedation, anxiolysis, analgesia and sympatholysis. The 
absence of respiratory depression makes it appealing to use as 
sedative for patients who are prone to drug-induced respiratory 
depression (i.e. patients with obstructive sleep apnea, or chronic 
obstructive lung disease). Likewise, its sedation is unique as it 
produces a calm patient who can be easily roused. The infusion 
need not be stopped prior to extubation. Because it has analgesic 
effects, the requirement for supplemental opioid analgesia is 
reduced with dexmedetomidine compared with propofol. 

 
It is given as a loading dose of 1mcg/kg infused over 10-20 minutes 
followed by a continuous infusion of 0.2-0.7 mcg/kg/hr. Sedation 
occurs a few minutes after giving dexmedetomidine and the effect 
lasts for 10 minutes. Because of its short duration of action, it is 
usually given as a continuous infusion. Most common adverse 
effects include hypotension (30%) and bradycardia (8%). 
Dexmedetomidine infusion should not be continued for more than 
24 hours because there is a risk for agitation and “sympathetic 
rebound” following drug withdrawal.  

 
•! Interruption of Drug Infusions 

In recovering patients, daily interruption of sedative drug infusion is 
associated with a shorter duration of mechanical ventilation, a 
reduced length of ICU stay, and fewer diagnostic tests to evaluate 
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depressed consciousness. Prolonged infusions of sedatives and 
analgesics lead to drug accumulation and persistent sedation even 
with discontinuation of drug infusion. Thus, daily interruption of 
sedative infusion to allow patient awakening and assessment of 
sensorium is recommended. After assessment, patients can be re-
sedated if still indicated. 
 

•! An Approach to the Agitated Patient 
In the approach to the agitated patient, the first priority is to exclude 
an immediate threat to life (review patient’s ABCs – Airway, 
Breathing and Circulation). After which, consider the following 
conditions in successive order: pain, anxiety and delirium. For each 
condition, determine if it is present, and if present, assess the severity 
using an appropriate clinical scoring system. Identify and correct the 
cause and use the appropriate medication to alleviate symptoms. (See 
Figures 2-2A and 2-2B for the Approach to the Agitated Patient) 
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Figure 2-2A. Bedside approach to the patient with acute agitation. 
Source: Clinical practice guidelines for the sustained use of sedatives 
and analgesics in the critically ill adult. Jacobi, J. et. al. Critical Care 
Med. 2002 
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Figure 2-2B – Just connect the numbers on the right side of Figure 
2-2A and left side of Figure 2-2B to obtain continuity. 
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d.! Haloperidol 
Haloperidol is a sedative suited for calming patients with delirium, 
agitation or confusional anxiety. It produces its sedative and 
antipsychotic effects by blocking dopamine receptors in the central 
nervous system. After an intravenous dose of haloperidol, sedation 
takes effect in 10-20 minutes and lasts for several hours. Because of 
its long duration of action, it should not be used as a continuous 
infusion. Adding a benzodiazepine (midazolam 1mg) can speed up 
the onset of sedation. With haloperidol, there is little or no risk for 
cardiorespiratory depression.  Adverse effects include 
extrapyramidal reactions due to dopamine antagonism in the basal 
ganglia and should be avoided in patients with Parkinson’s disease. 
The most feared adverse effect is neuroleptic malignant syndrome (a 
rare, idiosyncratic reaction that presents with hyperthermia, severe 
muscle rigidity and rhabdomyolysis) and torsades de pointes (a 
polymorphic ventricular tachycardia precipitated by haloperidol’s 
tendency to prolong the QT interval).  

 
Table 2-7: Intravenous Haloperidol for Sedation. 

ICU Book, Marino, 3rd ed. 
Severity of anxiety Dose 
Mild 0.5 – 2 mg 
Moderate 5 – 10 mg 
Severe 10 – 20 mg 

1.! Administer dose by IV push 
2.! Allow 10 -20 minutes for response: 

a.! If no response double the drug dose or  
b.! Add lorazepam 1 mg 

3.! If still no response switch to another sedative 
4.! Give ¼ of the loading dose every 6 hours for 

maintenance of the sedation 
 

 
 



! 83!
 
REFERENCES: 

 
1.! Marino, Paul L. The ICU Book, 3rd edition. 2007. Lippincott Williams 

and Wilkins. 
2.! Sidebotham, D., McKee A., Gillham, M., and Jerrold Levy. 

Cardiothoracic Critical Care. 2007. Butterworth Heinemann Elsevier. 
Philadelphia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!84!
 
3 

 
ARDS – Acute Respiratory Distress Syndrome 
 
Olivia C. Flores, MD, FPBA, MEM 
St. Luke’s Medical Center – Global City 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



! 85!
 
Acute Respiratory Distress Syndrome (ARDS) 
 
Acute respiratory distress syndrome (ARDS) is defined as an acute onset of lung 
injury characterized by hypoxemia, non-cardiogenic pulmonary edema, and 
radiographic evidence of diffuse lung consolidation.  
 
Definition 
 
ARDS was known as Adult Respiratory Distress Syndrome before the change in 
its nomenclature.  The American European Consensus Committee on ARDS in 
1994 renamed the syndrome to Acute Respiratory Distress Syndrome (ARDS) 
to include the pediatric patient population with the same manifestations. They 
defined ARDS as “a syndrome of inflammation and increased permeability that 
is associated with a constellation of clinical, radiologic, and physiologic 
abnormalities that cannot be explained by, but may coexist with, left atrial or 
pulmonary capillary hypertension” (American European Consensus Committee 
on ARDS, 1994). They also introduced Acute Lung Injury (ALI), another 
disease entity that has similar characteristics as ARDS. The main difference is in 
the degree of hypoxemia determined by the ratio of arterial oxygen tension and 
fractional inspired oxygen concentration (PaO2/FiO2).  A ratio less than 300 is 
considered as ALI, while a value less than 200 is already ARDS.  
 
Risk factors 
 
The development of ALI and ARDS is associated with multiple risk factors. It is 
associated with an inciting pathology, which can be pulmonary or extra-
pulmonary in nature.  The most commonly cited are direct lung injury from 
infection, aspiration, or trauma, and indirect lung injury from sepsis, severe 
trauma, massive blood transfusion, and other severe extra-pulmonary disease 
process that ultimately affects the lungs (Ware LB, 2000).  
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Pathophysiology 
 
The progression of lung injury in ARDS/ALI appears to be divided into 3 
phases, exudative, proliferative, and fibrotic. In the exudative phase, the integrity 
of the alveolar and capillary endothelium becomes dysfunctional allowing 
proteins, red blood cells, and water to leak into the interstitium and alveolar 
lumen causing edema. Inflammatory substances mediate these changes. As type 
I alveolar cells are damaged, cellular debris, fibrin material and proteins 
accumulate on the epithelium, which later are replaced with hyaline membranes. 
The concomitant destruction of type II alveolar cells contribute to alveolar 
collapse that aggravates hypoxemia.  
 
In the proliferative phase, type II cells recover with some regeneration of the 
epithelium and remodeling but if the injury becomes irreversible, this phase 
progresses to fibrotic changes from collagen deposits in the alveolar, capillary 
and interstitial beds with development of microcysts (Tomashefski JF Jr, 1990).  
 
The hypoxemia in ALI/ARDS is caused by the interstitial and alveolar edema, 
lung consolidation, and alveolar collapse. Even with high FiO2 concentration, 
gas exchange (specifically oxygen going in) is hindered by the pathologic changes 
in the alveolar-capillary interface. This creates intrapulmonary shunting.  
 
Hypercapnia and respiratory acidosis sets in when dead space is increased, that 
is, low to no perfusion relative to ventilation. This is caused by a decrease in 
pulmonary blood flow and vascular thrombosis, both of which are 
consequences of activated coagulation cascade and vasoconstrictive mediators. 
Low perfusion may also be aggravated by hypovolemia and overdistension of 
alveoli secondary to mechanical ventilation. 
 
Chest wall and lung compliance, likewise are affected by ALI/ARDS. The 
former is decreased by co-existing factors limiting movement of the rib cage and 
abdomen such as tight chest bandage or abdominal distension. Lung 
compliance, on the other hand, is decreased by lung consolidation, edema, and 
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atelectasis. Abnormality in these mechanics will have to be considered in the 
ventilator management of ALI/ARDS patients. 
 
Clinical Manifestation 
 
Patients with ALI/ARDS initially present with dyspnea and tachypnea with or 
without auscultatory findings. As the disease progresses, diffuse rhonchi and 
coarse crackles can be appreciated. Blood gas would show significant hypoxemia 
from V/Q abnormality that usually necessitates ventilatory support.  
 
Imaging studies during the early phase ranges from nonspecific radiographic 
findings to congestion and effusions. This is followed later on by interstitial 
pulmonary edema and diffused alveolar and reticular opacities. CT scan of the 
chest also shows diffuse consolidation with air bronchograms, bullae, 
pneumomediatinum, and pneumothorax, which may not be evident in a 
radiograph in the presence of diffuse opacification of the lungs. Chest CT 
should be considered in these patients especially those whose pulmonary status 
shows no improvement even with correction of the inciting injury. 
  
Management 
 
a.! Treatment of the inciting event 
b.! Supportive management  

1.! Oxygen supplementation, monitor adequacy of ventilation and 
oxygenation 

2.! Institute ventilatory support: use low TV, low plateau pressure, 
PEEP, lung protective strategies 
•! Use of low tidal volumes (6ml per kg IBW) and low plateau 

pressure (<30 cmH2O) will prevent overdistension of the alveoli 
and further damage 

•! Application of PEEP keeps the alveoli open at the end of 
expiration preventing shear stress associated with repetitive 
opening and closing of the alveoli. It may also recruit atelectatic 
segments and decrease shunt effect. 
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•! The ideal PEEP should not result in an increase in the TV and 

hemodynamic compromise. 
•! Other lung protective strategies include permissive hypercapnia 

and titration of FiO2 to 60% to maintain an oxygen saturation of 
90 or higher. Permissive hypercapnia allows for use of low TV. It 
should be instituted gradually and modestly to permit pH 
compensation (PaCO2 50-77 mm Hg, pH 7.20-7.30 (Hirvela, 
2000). It is contraindicated in patients with high ICP, right 
ventricular failure, and ongoing severe acidemia. 

 
3.! Optimize nutritional support preferably by enteral feeding 
4.! Judicious fluid management 
5.! Optimize other organ system function 
6.! Other strategies 

•! Sedation and paralysis 
•! Prone ventilation 
•! ECMO 
•! Nitric oxide inhalation 

 
Prognosis 
 
Adequately managed patients start to recover within two weeks of onset of 
ARDS with varying residual pulmonary dysfunction (Valta P, Uusaro A, Nunes 
S, Ruokonen E, Takala J, 1999).  The over-all mortality rate is about 30-40% 
with the highest rate in the elderly, immunocompromised patients, and those 
with higher dead space fractions, while trauma as the inciting factor is associated 
with a more favorable outcome (Udobi KF, Childs E, Touijer K, 2003). The 
cause of death is usually due to a multi organ failure rather than the ARDS. 
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I.& TRAUMA EVALUATION 
•& Primary survey -  Quick examination to identify life threatening 

injuries 
A - Airway with C-spine control 

a.! Evaluation of airway patency 
b.! Determination of need to establish a definitive and 

secure airway 
B - Breathing:  Examination of quality of air movement with 
treatment of tension or open pneumothorax, flail chest, or 
massive hemothorax 
C - Circulation:  Assessment of the hemodynamic status with 
the establishment of vascular access, and electrocardiogram 
(ECG) monitoring 
D - Disability:  Evaluation of neurologic status including 
gross movement of extremities and Glasgow Coma Scale (See 
Table 8:1) 
E - Exposure/environmental control:  Undressing the 
patient for full evaluation while preventing hypothermia 

•& Secondary survey.  This is a head-to-toe examination that includes 
the axilla, back and perineum. Every part of the patient is 
examined for injury, deformity, and pain 

•& Tertiary survey.  Unrecognized injuries may occur in up to 65% 
of patients and are clinically significant in 15% of patients.  
Therefore, an additional thorough survey is done typically within 
24 hours of admission. 

 
II.& SPECIFIC INJURIES 

 
•& Neuro Trauma: (See Chapter 8:  Critical Care of the Neurologic 

Patient) 
 

•& Facial Trauma occasionally presents with life-threatening airway 
obstruction from swelling or massive bleeding.  Intubation, 
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tracheostomy, or anterior and posterior nasal packing may beC. 
necessary. 

1.!  Fractures may affect any region including mandible, zygoma, 
nose, orbit, and sinuses.  Patterns of injury are often seen 
including zygomatic-maxillary complex (ZMC or tripod 
fracture) and Le Fort I (maxillary separation), II 
(nasomaxillary separation), and III (craniofacial separation) 

2.! Specific treatment include: 
a.! Vigilance for nasal septal hematomas, which need 

drainage 
b.! Avoidance of all nasal intubations (nasotracheal, 

nasogastric, etc) in cases of skull base fractures 
c.! Evaluation for ophthalmologic emergencies including 

foreign bodies, globe entrapment, retrobulbar 
hemorrhage, hyphema (anterior chamber blood), 
ruptured globe, corneal abrasions and lacerations, 
and lacrimal duct injuries 

d.! Consideration for computed tomography (CT) 
angiogram studies in Le Fort II and III injuries 

e.! Careful examination of cranial nerves V and VII 
 

•& Neck Trauma mandates immediate intervention during the 
primary survey to secure the airway or control bleeding. 

1.! From a surgical standpoint, the neck is divided three (3) 
anatomic zones. 

a.! Zone I is between the clavicles and cricoid cartilage 
b.! Zone II is between the cricoids and the angle of the 

mandible 
c.! Zone III is between the angle of the mandible and 

skull base 
2.! “Hard signs” of major injury including active bleeding, 

expanding/expanded hematoma, bruit or thrill, and sucking 
wound require emergent exploration 

3.! Signs of aerodigestive injury warrant work-up (endoscopy, 
contrast studies) for possible exploration 
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4.! The absence of hard or soft signs merit no further work-up, 

but with close monitoring  
 

•& Chest Trauma 
1.& Penetrating cardiac injury. Any penetrating injury to the 

cardiac box should be suspected of having injured the heart 
until proven otherwise.   
•! Hemodynamically stable patients should undergo 

ultrasound to assess for pericardial fluid. 
a.! Patients with moderate to massive pericardial fluid 

should be expeditiously transported to the 
operating room 

b.! Patients with minimal fluid or equivocal results 
should undergo a subxiphoid pericardiotomy. This 
is based on local experience wherein almost all 
patients with minimal pericardial fluid turned out to 
have serous fluid on thoracotomy. 

c.! Unstable or borderline patients should undergo an 
emergent thoracotomy to relieve tamponade and 
then be transported to the operating room 
o! Pericardiocentesis has no role in the diagnosis 

of tamponade 
o! Pericardiocentesis may be attempted as a 

temporizing procedure to relieve the 
tamponade, while preparing for thoracotomy 
or sternotomy. 

2.! Blunt cardiac injury (BCI), formerly referred to as cardiac 
contusion, occurs in 8% to 71% of all patients with blunt 
chest trauma.  It can encompass a variety of injuries, 
including myonecrosis, valvular disruption, coronary artery 
dissection, and/or thrombosis.  Unfortunately, BCI has few 
reliable signs and symptoms.  One must therefore maintain a 
high index of suspicion. 
•! Evaluation 
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a.! All patients with suspected BCI should have a 12-

lead ECG performed o admission that has a negative 
predictive value of greater that 95% 
o! If the ECG is abnormal (arrhythmia, ST 

changes, heart block), the patient should be 
admitted for continuous ECG monitoring for 
24 to 48 hours. 

o! Measurement of cardiac enzymes is 
controversial.  

o! Creatine kinase and CK-MB fraction 
tend to have poor sensitivity and 
specificity 

o! Measurements of troponin I and T have 
shown an improved specificity and sensitivity.  
The ideal timing for measuring troponin has 
not been determined and a second set may 
need to be repeated in 4 to 6 hours after injury. 

o! Echocardiogram should be used as a 
complementary test in those patients 
with abnormal results on physical 
examination and in those with 
persistent symptoms for more than 12 
hours or in hemodynamically unstable 
patients 

•! Treatment 
a.! BCI is managed mostly symptomatically in stable 

patients 
b.! Severe cardiac dyskinesis may require hemodynamic 

support with inotropes and/or intra-aortic balloon 
pump. 

3.& Traumatic Aortic Disruption (TAD) 
•! The second most common cause of death after motor 

vehicle crashes 
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•! Most commonly, it occurs at the aortic isthmus (90%), 

where the descending aorta is relatively fixed to the main 
pulmonary artery by the ligamentum arteriosum. 

•! Evaluation 
a.! Physical findings and symptoms are nonspecific, 

with chest pain, back pain, and dyspnea being the 
most frequent 

b.! External chest trauma is evident in 70% to 90% of 
patients, but less than one-third of patients will have 
unequal pulses or blood pressures in extremities 

c.! Evaluation should begin with a chest radiogram 
demonstrating widening of the mediastinum 
o! Widening is considered when at the level of T4 

in a chest film, the mediastinum is more than 6 
cm (upright x-ray), or 8 cm (supine view).  

o! A normal chest radiogram does not rule out the 
diagnosis of TAD 

o! Angiography has been replaced at most centers 
with helical CT scan as a primary screening test. 
In equivocal cases, transesophageal 
echocardiogram may be needed.  

•! Treatment 
a.! Volume resuscitation is limited to maintaining 

systolic blood pressure around 100 mm Hg 
b.! Invasive hemodynamic monitoring should be 

instituted with a right radial a-line. 
c.! IV beta-blockade and a vasodilator such as sodium 

nitroprusside should be used to keep the systolic 
arterial blood pressure less than 100 mm Hg and the 
heart rate around 60 

d.! Adequate analgesia and sedation are also important 
(See Section 2: Sedation and Analgesia) 
o! Prompt surgical therapy is the best approach, if 

the general conditions of the patient allow it 
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o! Operative treatment may be delayed in 

multitrauma patients while other injuries are 
being stabilized 

o! A subset of patients who are elderly or have 
comorbidities that prohibit emergency thoracic 
surgery such as sepsis, extensive burns, or severe 
central nervous injury may be managed 
medically with strict antihypertensive therapy 
that is transitioned from parenteral to enteral 

o! The favored repair for stable patients is 
percutaneous aortic stent grafting 

o! Postoperatively, the patient should be closely 
observed for possible paraplegia related to 
occluding the anterior spinal artery 

 
•& Pulmonary injuries 

1.! Pneumothorax occurs when air becomes trapped within 
the pleural cavity outside the lung, causing the lung to 
collapse 
•! Chest tube placement is standard initial treatment for 

pneumothorax, although close observation or minimal 
pneumothoraces seen on CT only is acceptable 

•! Recent data show that for a pneumothorax <3 cm in 
maximal length from the lung to chest wall on CT scan, 
there is a 95% likelihood of spontaneous resolution 

2.! Hemothorax occurs when blood from a chest wall or lung 
injury accumulates in the pleural cavity 
•! Hemothorax should be treated promptly 
•! Return of greater than 1,000 cm3 of blood upon 

placement or continuous output of greater that 200 
cm3/h for 3 hours suggests the need for operative 
evaluation 

•! If evacuation is not complete by 48 to 72 hours, strong 
consideration should be given for further intervention 
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including installation of tissue plasminogen activator 
(TPA) or video-assisted thoracic surgery (VATS) 
intervention 

•! All efforts should be made to fully evacuate the 
hemothorax by day 7 since around this time the clot 
organizes with increased difficulty in evacuation and 
increased rate of empyema and fibrothorax 

3.! Pulmonary contusion is common with chest trauma.  The 
treatment involves judicious fluid resuscitation in 
conjunction with pain control and lund protective 
ventilation (See Section 1: Respiratory System) for intubated 
patients 

4.! Bronchopleural fistula occurs when air leaks from a larger, 
more proximal airway, and should be suspected with large 
and persistent air leaks in chest tube.  Immediate treatment 
requires bronchoscopic evaluation with surgical intervention 

5.& Diaphragmatic rupture 
•& At times can be easily noted on chest radiogram 
•! Is often more subtle and only detected by having a high 

index of suspicion 
•! Fine cut CT and contrast studies may be helpful 
•! The left side is involved more frequently than the right 

side 
•! Diaphragmatic paralysis may result from the injury and 

cause significant respiratory compromise 
 

•& Chest wall injuries can involve any part of the bony structure or 
soft tissue of the thorax 

1.! Rib fractures commonly complicate blunt thoracic trauma 
•! The first and second rib fractures indicate a high-energy 

mechanism of injury and a greater association with 
underlying pulmonary, neurologic, and vascular injuries 
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•! Fractures of the lower chest (ribs 8-12) should raise the 

suspicion for diaphragmatic, hepatic, splenic, or renal 
injury 

•! With multiple fractures, there may be mechanical 
instability (flail chest) resulting in respiratory compromise 
or even failure 
a.! Positive-pressure ventilation acts like a splint in these 

cases 
b.! Pain tends to be significant and can also cause 

significant respiratory compromise 
c.! For multiple rib fractures, epidural analgesia provides 

excellent relief.  Multiple intercostals blocks can be 
used to provide early temporary relief and to break 
the cycle of pain while systemic analgesia is achieved 

d.! For multiple fractures with extensive displacement of 
the bone, internal fixation can expedite healing and 
recovery 

2.! Scapular fractures also indicate a high-energy mechanism 
injury.  They do not typically require surgical intervention, 
unless the fracture extends into the glenoid fossa 

3.! Clavicular fractures occur commonly, do not tend to have 
associated injuries, and are most often treated with a figure-
of-eight sling 

 
•! Abdomen 

o! Solid organs 
•! Recent consensus from the Eastern Association for the 

Surgery of Trauma (EAST) has concluded that there are 
sufficient class II data to support the non-operative 
management of blunt hepatic and splenic injuries in 
hemodynamically stable patients (Table 4-1) 

•! Evaluation/ management: 
a.! Most trauma centers now use the FAST (Focused 

Assessment with Sonography for Trauma) 
examination instead of diagnostic peritoneal lavage 
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(DPL) to evaluate for the presence of 
intraperitoneal blood 

b.! Hemodynamically unstable patients with a positive 
examination should undergo operative exploration 

c.! Stable patients with a positive FAST examination 
should undergo CT of the abdomen with triple- 
contrast to further identify and assess the severity 
of injury and rule out the presence of hollow viscus 
injury. CT scans, however, miss hollow viscus 
injury in 2% to 15% of patients. 
o! However, the grade of injury and the degree of 

injury cannot fully predict the outcome of 
non-operative management 

o! If CT-scan is not available, then DPL may be 
used to look for signs of hollow visceral injury. 

d.! The hemodynamic status of the patient is the most 
reliable criterion for deciding on operative versus 
non-operative management 

e.! Another predictor is contrast pooling or active 
contrast extravasation on CT, which indicates active 
bleeding. Angiography has been increasingly used to 
both diagnose and threat (by embolization) bleeding 
in both hepatic and splenic injuries 

 
TABLE 4-1: Criteria for Non-Operative Management of Solid-Organ 
Injury 
•    Hemodynamic stability 
•    Documentation of injury by computed tomography scan 
•! No active contrast extravasation or pooling on computed 

tomography scan 
•! Absence of ongoing blood transfusion requirement or a 

persistently decreasing  hematocrit that is not explained by other 
non-abdominal injuries 

•    Ability to perform serial abdominal examinations 
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•! The liver is the most commonly injured abdominal organ 

in both penetrating and blunt trauma 
a.! The incidence of rebleeding following hepatic 

injury is less than 3% of all patients managed non-
operatively. 

b.! If bleeding recurs, it does not follow the pattern of 
catastrophic bleeding that can be associated with 
splenic injuries 

c.! Transfusion requirement has been shown to be 
actually higher in operative cases than in non-
operative ones 

 
•! Spleen 

a.! In contrast to hepatic trauma, the nonoperaive 
management of splenic injuries has a 5% to 10% 
failure rate and bleeding can be brisk, potentially 
causing hemodynamic instability. 

b.! Rebleeding most often occurs within days after 
injury, but may be delayed till several weeks later 

c.! A second peak in frequency occurs around 7 days 
after injury 

d.! A continued transfusion requirement may indicate 
the need for an operation or angiography and 
embolization 

e.! Patients who undergo splenectomy may have a 
transient thrombocytosis of 600,000 to 1,000,000.  
Aspirin, 325 mg/d, is recommended if the count is 
higher than 1,000,000 to try minimize thrombosis 

f.! Patients should also receive vaccination against 
Pneumococcus, Haemophillus influenza, and 
Meningcoccus, although the timing of vaccination 
is controversial.  Some advocate immediate 
postoperative vaccination (trauma patients do not 
always reliably return for follow-up) and others 
prefer to wait 2 weeks 
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g.! Antibiotics for these patients should be given at 

first signs of infection and with invasive procedures 
rather than as a daily prophylactic dose 

 
•! Follow-up: splenic injuries 

a.! In contrast to hepatic trauma, the non-operative 
management of splenic injuries has a 5% to 10% 
failure rate and bleeding can be brisk, potentially 
causing hemodynamic instability. 

b.! Rebleeding most often occurs within days after 
injury, but may be delayed till several weeks later 

c.! A second peak in frequency occurs around 7 days 
after injury 

d.! A continued transfusion requirement may indicate 
the need for an operation or angiography and 
embolization 

e.! Patients who undergo splenectomy may have a 
transient thrombocytosis of 600,000 to 1,000,000.  
Aspirin, 325 mg/d, is recommended if the count is 
higher than 1,000,000 to try minimize thrombosis 

f.! Patients should also receive vaccination against 
Pneumococcus, Haemophillus influenza, and 
Meningcoccus, although the timing of vaccination 
is controversial.  Some advocate immediate 
postoperative vaccination (trauma patients do not 
always reliably return for follow-up) and others 
prefer to wait 2 weeks 

g.! Antibiotics for these patients should be given at 
first signs of infection and with invasive procedures 
rather than as a daily prophylactic dose 

 
•! Follow Up: hepatic and splenic trauma 

•! Patients with both hepatic and splenic trauma 
should have serial abdominal examinations and 
hematocrit checks 
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•! Follow-up CT scans are not routinely indicated 

unless there is a charge in clinical status or an 
unexplained drop in hematocrit, which may 
represent ongoing bleeding 

•! There is no evidence that bed rest is necessary, 
however, the time to resuming normal activity is 
variable and depends on the extent and severity of 
injury 

 
•! Pancreatic injuries are often seen in conjunction with 

duodenal injuries and with upper lumbar fractures.  These 
carry a high rate of complications and mortality.  It is 
important to keep a high index of suspicion with 
elevations in amylase and lipase.  CT scans can be used to 
look for fracture of the pancreas, peripancreatic fluid, or 
fluid in the lesser sac. 

 
•! Hollow viscus injuries occur with both blunt and 

penetrating trauma       
a.! There is a high association with other injuries 
b.! The small bowel is the most commonly injured 

viscus in penetrating trauma.  Seat belts, when not 
appropriately worn across the iliac wings, can cause 
rupture of the small bowel or colon 

c.! Free air requires surgical exploration.  Free fluid on 
CT scan is most often blood and not enteric 
contents.  However, free fluid without solid-organ 
injury must raise the clinician’s level of suspicion.  
In this situation, serial abdominal examinations 
with careful evaluation of the patient’s vital signs, 
arterial blood gases, and complete blood count is 
crucial 

d.! Likewise, penetrating injuries, especially low-energy 
mechanisms such as stab wounds, are being 
followed non-operatively more frequently 



! 103!
e.! The expectant approach requires a high level of 

vigilance by the clinician looking for changes on 
the physical examination or on laboratory tests 

f.! A missed bowel injury will typically manifest itself 
within 12 to 18 hours 

 
•! Urethral injuries typically result from pelvic fractures or 

straddle injuries 
a.! The urethra in the man is longer, and therefore it is 

more vulnerable to injury 
b.! The injury most commonly occurs at the junction 

of the prostatic and membranous urethra 
c.! Urethral injuries can be suspected on the clinical 

examination.  Signs include blood at the meatus, 
perineal or scrotal hematoma, and a high-riding 
prostate 

d.! Initial treatment is long-term catheterization 
 

•! Pelvic fractures 
a.! Are often associated with other major trauma, 

especially brain injuries 
b.! High-volume blood loss is common and requires 

aggressive resuscitation with multiple large-bone IV 
access and massive transfusion protocol activation 

c.! Pelvic injuries are categorized by the mechanism of 
injury into anterior-posterior compression, lateral 
compression, and shear 

d.! Severe anterior-posterior and shear injuries cause 
the greatest damage by increasing the volume of 
the pelvis and disrupting the extensive plexus of 
retroperitoneal veins 

e.! Initial treatment involves decreasing the volume by 
extremely or internally fixating the pelvis.  This can 
be accomplished with a binder, external fixator, or 
internal plating 
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f.! Other treatment options include angiographic 

embolization and preperitoneal packing 
 

•! Extremity injuries frequently involve bone, muscle, 
nerves, and blood vessels 
o! The bones require stabilization through splinting 

followed by external fixation and ultimately internal 
fixation 

o! Open fractures require urgent operative 
intervention with irrigation, debridement, and 
coverage 

o! Long bone fractures can lead to large-volume 
blood loss, even if the fracture is closed 

o! A femur fracture can lead to loss of 1 L of blood in 
the thigh 

o! Additionally, long bone fractures can result in fat 
emboli syndrome (FES) either directly related to 
the fracture or following rearming and 
manipulation of the bone during repair 

o! A careful examination demonstrates petechial 
hemorrhages in the upper body as well as 
subconjunctival and retinal hemorrhages 

o! Neurologic symptoms include delirium, seizure, or 
altered level of consciousness with worsening 
Glasgow Coma Scale scores. (Table 8-1) 

o! As soon as the clinical situation permits, a careful 
neurologic examination should be completed to 
look for occult neurologic injury.  Table 4-3 
includes a list of fractures and nerve injuries 
commonly seen with the fracture. 
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TABLE 4-3 Common Fractures and Associated Nerve Injuries 
Injury Nerve involved 
Humeral neck fracture Axillary nerve 
Proximal humerus fracture Radial nerve 
Elbow fracture or dislocation Ulnar nerve 
Proximal tibial fracture Peroneal nerve 

 
o! Any suspicion of vascular compromise should be 

screened with measurement of an ankle-brachial 
index (ABI) or brachio-brachial index (BBI).  An 
ABI of less than 0.9 or BBI of less than 1 should 
prompt an angiographic evaluation of the vasculature 
of the extremity in question 
 

•! Soft tissue injuries can carry a high morbidity in terms 
of long term loss of function as well as having profound 
immediate systemic effects. 
o! Crush injury is the most severe form of soft tissue 

injury.  This can manifest as crush syndrome with 
cell membrane injury and release of intracellular 
contents producing systemic hypotension, circulatory 
shock, muscle swelling, and acute myoglobinuric 
renal failure.  Renal failure occurs secondary to shock 
and precipitation of myoglobin, urate, and phosphate 
in the distal convoluted tubules and form tubular 
casts. 

o! Evaluation for patients with crush injury includes 
monitoring serum CK levels.  Peak CK level has 
been shown to correlate with the development of 
renal failure, with highest risk in patients with CK 
levels greater than 75,000. 

o! Management.  After the initial evaluation, patients 
with crush injury should have a urinary catheter 
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placed to measure hourly urine production.  
Prevention of renal failure requires maintenance of 
urine output (>0.5ml/kg/h) and consideration for 
alkalinizing the urine with to 2-3ampoules of 
bicarbonate per liter of IV fluids and following the 
urine pH. 

 
III.& SPECIAL CONSIDERATIONS 

 
•! Abdominal compartment syndrome (ACS) 

1.& Although commonly associated with damage control 
laparotomy, ACS is not uniquely associated with trauma.  It 
can be seen in patients with ruptured abdominal aortic 
aneurysms, pancreatitis, neoplasms, massive ascites, liver 
transplantation, retroperitoneal hemorrhage, 
pneumoperitoneum, massive fluid resuscitation, or 
circumferential abdominal burns.  ACS is defined as elevated 
intra-abdominal pressure (IAP) associated with organ 
dysfunction.  Normal IAP is atmospheric pressure.  The 
level at which IAP causes ACS is not well defined, but 
pressure above 15 mm Hg is associated with physiologic 
changes, and vascular congestion probably occurs around 25 
mm Hg. 

2.& Pathophysiology 
•!  Cardiac Output: 

a.! Cardiac output is decreased secondary to decreased 
venous return from the inferior vena cava (IVC) 

b.! Extracardiac intrathoracic pressure also increases 
and impairs ventricular diastolic filling, further 
decreasing stroke volume and cardiac output 

c.! Central venous pressure and pulmonary artery 
wedge pressure both are elevated 

d.! Cardiac imaging will reveal a small but 
hyperdynamic left ventricle  
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•!   Pulmonary 

a.! The lungs are compressed by the elevated 
diaphragms, causing reduced lung volumes, 
ateectasis, and hypoxemia 

b.! Pulmonary compliance is reduced and airway 
pressures are increased 

•!  Renal perfusion and glomenular filtration  
a.& Renal perfusion and glomenular filtration 

progressively decrease as IAP increases 
b.& A decline in urine output occurs with oliguria than 

30 mm Hg 
c.& This occurs secondary to the decreased cardiac 

output and direct compression of the renal 
parenchyma 

d.& Elevated levels of rennin, antidiuretic hormone, 
and aldosterone further contribute to the low urine 
output 

•!   Perfusion to all abdominal viscera is compromised.  
This can lead to abnormalities in gut mucosal barrier 
function, bacterial translocation, and eventually gut 
ischemia. 

3.& Evaluation 
•!   IAP can be measured indirectly via an indwelling 

urinary catheter 
•! The easiest method is to instill 50 to 100 ml of sterile 

saline into the bladder connected to a T-connector 
•! The catheter is then clamped and intravesical pressure 

can be measured using a pressure transducer or a 
manometer connected to the other arm of the T-
connector 

•! The symphysis pubis is used as a zero reference point. 
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4.& Treatment 

•! Initial treatment involves pharmacological paralysis, 
which relaxes the abdominal wall musculature and is 
often sufficient to decrease the pressure. 

•! The next step is to reduce the intra-abdominal volume 
by removal of peritoneal blood foreign bodies such as 
laparotomy pads, fluid or tumor.  Commonly, the 
abdomen is left open with a sterile silo or vacuum 
dressing in place. 

•! Treatment should be instituted on an urgent basis. 
•! Relief of elevated pressure should produce almost an 

immediate improvement in cardio pulmonary 
paramenters. 

•! Renal and visceral impairments will improve as long as 
irreversible ischemic damage had not already occurred. 

 
•! Extremity compartment syndrome is caused by an increase in 

intracompartmental pressure with obstruction of the venous 
outflow and capillary beds in the extremity.  It results from a crush 
injury, a vascular injury with subsequent limb ischemia and 
reperfusion, or secondary to massive resuscitation following 
another injury. 

1.& Signs and symptoms 
•! Compartment syndrome is marked by pain (out of 

proportion to injury) and paresthesia. 
•! On examination, one or all of the compartments are 

swollen, there is sensory loss pain on passive movement 
of the muscle. 

•! Loss of pulses is a late sign.  Unfortunately, most of the 
signs and symptoms cannot be easily assessed in the 
sedated ICU patient and a high index of suspicion is 
necessary. 

•! Any question of elevated compartment pressure should 
prompt measurement using some form of manometry.  
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The normal pressure is between 0 and 8 mm Hg in 
resting muscle.  The critical pressure for diagnosis of 
compartment syndrome is debated.  Typically, sustained 
pressures greater than 25 mm Hg or a difference 
between the diastolic pressure and the ICP of less than 
30 mm Hg prompts surgical intervention. 

•! Of note, the clinical examination is notoriously 
insensitive. 

2.& Treatment  
•!  The primary treatment is by decompression with 

fasciotomies of all compartments in the affected 
extremity. 

•! The fasciotomy wounds are usually left to heal by 
secondary intention or undergo delayed skin closure 
several days after decompression. 

 
B.& Damage Control Surgery 

•& Introduction 
o! Over the last 20 years, definitive initial operative 

intervention with repair of all injuries has been 
abandoned in favor of damage control surgery. 

o! The goal of a damage control operation is to control 
bleeding and enteric contamination. 

o! The patient is then resuscitated in the ICU with the goals 
of restoring physiologic reserve and avoiding the 
development of hypothermia, coagulopathy, and 
metabolic acidosis. 

o! The patient is subsequently brought back to the operating 
room, sometimes on several occasions, for further 
therapy. 

o! The critical care team must be ready to address the 
consequences of massive bleeding and peritoneal 
contamination, to allow for as early as possible definitive 
repair of injuries. 
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•! Hypothermia 

o! Studies have shown that trauma patients with core 
temperatures of less than 32oC have 100% mortality. 

o! Hypothermia has an inhibitory effect on both the 
coagulation cascade and platelet function that is 
underestimated by the usual laboratory tests, because 
most laboratories rewarm the plasma to 37oC before 
measuring clotting times. 

o! External rewarming techniques such as blankets or 
convective hot air can help to decrease heat loss, but are 
not very efficient in transferring heat back to the patient. 

o! Pleural or peritoneal lavage with warm fluid can result in 
significant heat transfer, but large amounts of fluid are 
required. 

o! Administration of warm IV fluids and especially 
rewarming blood products, which are stored at 4oC, is 
critical 

o! Cardiopulmonary bypass and continuous arteriovenous 
rewarming are the most rapid methods available. 

•! Coagulopathy 
o! Trauma patients can develop clotting factor depletion 

leading to a consumption coagulopathy and activation of 
fibrinolysis 

o! Shock itself can lead to a dilutional thrombocytopenia 
that is independent of blood loss 

o! Treatment should begin with transfusions of fresh frozen 
plasma, clotting factors, and platelets. 

o! Early initiation of massive transfusion protocols (See 
Section 5: Transfusion) offers the best opportunity to 
avoid coagulopathy. 

o! The precise ratios of red cells to plasma to platelets is 
unknown, but it appears that early administration of 1U 
of plasma to 2U of blood and a 10-pack of platelets for 
every 10U of product administered improves 
coagulopathy and reduces mortality. 
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o! It is important to treat early and aggressively, which often 

means initiating massive transfusion protocols prior to 
return of laboratory values. 

•! Acidosis 
o! Hypovolemic shock can result in tissue hypoperfusion 

and metabolic acidosis. This in turn can lead to decreased 
cardiac output, hypotension, and arrhythmias, further 
worsening the shock rate. 

o! Failure to timely resuscitate the patient and correct the 
acidosis leads to a higher incidence of multisystem organ 
failure and death. 

 
IV.& RESUSCITATION CONSIDERATIONS 

 
A.& Permissive hypotension   

•! There is evidence to suggest that hypotension is an adaptive 
response to decrease bleeding and allow clot formation. 

•! Therefore, in the non-head-injured patient, many clinicians are 
recommending resuscitating to a systolic blood pressure of 70 
to 80 mm Hg until the bleeding is controlled. 

B.& Albumin versus crystalloid 
•! No data have definitely shown the superiority of albumin 

versus crystalloid for resuscitation of trauma patients. 
•! However, data exist to discharge the use of albumen in the 

head-injured patient. 
C.& Lactated Ringer’s (LR) solution versus saline 

•! For patients with closed head injuries, saline is the fluid of 
choice to help maintain plasma sodium concentrations. 

•! Otherwise, LR solution is preferred because saline tends to 
contribute to hyperchloremic metabolic acidosis. 

•! However, there is an increasing body of literature suggesting 
that all crystalloid fluids have side effects and they should be 
used carefully and in modest doses. 
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•! Most importantly, aggressive fluid resuscitation can worsen 

bleeding, making early hemorrhage control even more 
important. 

D.&Line placement considerations 
•! The traumatized patient offers several additional points of 

consideration when placing IV lines. 
•! Trauma lines placed emergently should be changed within 24 

hours of placement, if complete sterile precautions were not 
maintained the subclavian position has a lower rate of 
infection than does the femoral or internal jugular, and should 
be used preferentially. 

•! Care should be taken to not place IV cannulas in injured 
extremities and to administer fluids distal to a repaired or 
ligated vessel. 

•! Likewise, efforts should be made to avoid passing a catheter 
through a repaired vessel 

 
V.& PROCEDURES 
 

•! Percutaneous tracheostomy 
o! Is done commonly under bronchoscopic guidance. 
o! The tissue overlying the trachea is anesthetized and a vertical 

incision is made. 
o! The tissues are spread and Seldinger’s technique is used to 

dilate a tracheal hole and eventually pass a tracheostomy 
tube. 

o! The technique has been demonstrated to be as safe as an 
open tracheostomy. 

o! The track is mature by day 5 and the tube may be changed 
or downsized. 

o! Optimal timing for tracheostomy in trauma patients is 
debated. 

o! There is evidence to suggest that early tracheostomy (within 
the first week) reduces pneumonia and length of ventilation.  
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o! However, no survival difference has been demonstrated. 

 
•! Percutaneous endoscopic gastrostomy can be completed under 

ultrasound guidance or with direct visualization via a gastroscope. 
Complications include infection, often at the skin level, intra-
abdominal injury, or displacement of the tube. 

 
VI.& DEEP VEIN THROMBOSIS (DVT) PROPHYLAXIS 

 
•! Trauma patients are at increased risk for DVT due to immobility, 

altered vascular function secondary to injury and inflammation, 
and decreased blood flow. 

•! Low-molecular-weight heparin has been demonstrated in the 
elective orthopedic surgery population to be superior to 
unfractionated heparin for the prevention of DVT. 

•! The studies in the trauma population, however, have produced 
mixed results. 

•! Sequential compression devices are widely used but the evidence 
demonstrating effectiveness is lacking. 

•! Current EAST guidelines suggest using low-molecular-weight 
heparin with consideration of compression devices as a 
supplement only. 

•! In most cases, the-molecular-weight heparin should be started as 
soon possible, preferably within 24 hours of admission. 

•! IVC filter placement is also controversial.  While Class I data 
demonstrating long-term benefit in prevention of PE or survival 
are lacking, it has become a common procedure in the trauma 
population, with the accumulation of Class II and III data. 

•! IVC filters should be placed in patients who develop new emboli 
or who propagate old thrombus while anticoagulated, as well as 
patients with emboli or proximal thrombus in whom 
anticoagulation is contraindicated. 

•! The use of prophylactic filters in patients who are high risk but are 
not anticoagulation candidates is controversial. 
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VII.& SHOCK IN THE TRAUMA PATIENT 
  

•! Hypovolemic 
o! Sources of hemorrhage include external, intrathoracic, 

intraperitoneal, or retroperitoneal bleeding, and bleeding 
into extremities with long bone fractures. 

o! Additional, soft tissue shear injuries can create large spaces, 
which can be filled with massive volumes of blood. 

o! The treatment entails establishing multiple large-bore IV 
accesses and initiating massive transfusion protocols. 

o! Blood products should be warmed and administered in 
ratios described earlier. 

o! Most importantly, the source of bleeding must be addressed. 
•! Obstructive 

o! Pericardial tamponade with a cardiac injury or tension 
pneumothorax with rotation of the heart and blockage of 
the venous return can produce hypotension and shock 

•! Cardiogenic 
o! Shock can result from cardiac pump failure related to direct 

myocardial injury or injury to the coronary arteries 
o! Treatment is most frequently supportive in nature. 
o! Rarely, there is an injury to the heart itself to address 

•! Distributive 
o! Spinal cord injury can cause loss of vascular tone with 

subsequent inability to maintain blood pressure and 
perfusion. 

o! This is most commonly caused by a cervical injury, above 
the level of C5, but can occur even with thoracic injuries as 
low as T4. 

o! Treatment involves increasing the circulating volume 
through resuscitation and then using vasopressors to 
improve organ perfusion. 
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Indications for transfusion therapy 

 
I.   Anemia 

 
a.! Red cell mass 
•! The primary reason for transfusion is to maintain oxygen-

carrying capacity to the tissues by the normal mass of red 
blood cells. 

•! A patient with hypochromic normocytic anemia may have a 
hematocrit (Hct) within normal range but a decreased oxygen-
carrying capacity. 

•! For this reason, many institutions use Hemoglobin (Hgb g/dl) 
in lieu of Hct as an indicator of red blood cell mass. 

•! Estimating the volume of blood to transfuse can be 
calculated as follows: 

 
Volume to transfuse = ([Hct desired] – [Hct present]) 
x BV/[Hct transfused blood] 

 
Where BV is blood volume, which may be estimated 
at 70 ml/kg ideal weight in male adults and 65 mL/kg 
in female adults. 

 
b.! Anemia in critically ill adults is common, but the high level that 

should prompt red blood cell transfusion is controversial. 
•! Results from a large, controlled study of critically ill patients 

suggested that a “restrictive” transfusion policy (i.e., 
maintaining a Hgb level of 7-9 g/dL) improved hospital 
survival when compared with a more traditional transfusion 
regimen (i.e., maintaining Hgb at 10-12 g/dL)  
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II.! Thrombocytopenia 
 

a.! Spontaneous bleeding is unusual with platelet counts more than 
5,000 to 10,000 µL, but in the immediate postoperative period 
counts more than 50,000 are preferable. 

b.! Thrombocytopenia is due to: 
•& Decreased bone marrow production  
•& Increased utilization or destruction (e.g., hypersplenism, 

idiopathic thrombocytopenic purpura, and 
•& Drug effects such as heparin, histaminbe-2 blockers, and 

ticarcillin) 
•& It is also seen with massive blood transfusion 

 
III.    Blood component therapy 

 
a.! Whole blood has been largely replaced by component therapy 

because of storage and no demonstrable superiority of the 
former. 
•! The exceptions may be for children younger than 2 years 

undergoing complicated cardiovascular surgery, exchange 
transfusions, where whole blood may have an outcome 
benefit in reduced transfusions, and during warfare. 

•! Overall, component therapy is far more efficient and practical 
for transfusion. 

•! Whole blood must ABO and Rh identical 
 

b.& Red blood cells 
•! 1 unit of packed red blood cells (pRBC), volume 

approximately 250 ml, will usually raise the Hgb of a 
euvolemic adult by 1 g/dL once equilibiration has taken place. 

•! pRBCs must be ABO compatible. 
•! In emergency cases, full cross-matching may be waived.   
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•! If type-specific blood is unavailable, type O Rh-negative 

blood should be transfused. But this is rarely allowed by local 
blood banks.  

 
c.& Platelets 
•! 1U of random donor platelets increases the platelet count by 

5,000 to 10,000 µL.  A post transfusion platelet count drawn 
10 minutes after completion of platelet transfusion confirms 
platelet refractoriness if the count fails to increase by 5,000 µL 
per random donor unit transfused. 

•! ABO-compatible platelets are not required for transfusion, 
although they may provide a better response as measured by 
the post transfusion platelet count. 

 
d.! Fresh frozen plasma (FFP) in a dose of 10 to 15 mL/kg will 

generally increase plasma coagulation factors to 30% of normal – 
the minimum level needed for adequate hemostasis.  
•! Factors V and VIII are most labile and quickly become 

depleted in thawed FFP. 
•! Fibrinogen levels increase by 1 mg per ml of plasma 

transfused. Acute reversal of warfarin requires only 5 to 8 
mL/kg of FFP. 

•! 6 u of platelets contain the equivalent of 1 U FFP. 
•! Volume expansion, in itself, should not be an indication for 

FFP transfusion. 
 

e.! Cryoprecipitate is the material formed from thawing FFP at 1o 
to 6oC. 
•! Each unit of cryoprecipitate contains a minimum of 80 IU of 

factor VIII and approximately 200 to 300 mg of fibrinogen.  
It also contains factor XIII, von Willebrand’s factor, and 
fibronectin. 



!120!
•! Indications for cryoprecipitate include hypofibrinogenemia, 

von Willebrand’s disease, hemophilia A (when factor VIII is 
unavailable), and preparation of fibrin glue.  

•! The dose of cryoprecipitate is 1 U per 7 to 10 kg, which raises 
the plasma firbrinogen by approximately 50 mg/dL in a 
patient without massive bleeding. 

•! ABO compatibility is not required for transfusion of 
cryoprecipitate, but it is preferred because of the presence of 
10 to 20 ml. of plasma per unit. 
 

f.! Factor concentrates.  Individual coagulation factors are 
available for patients with discrete factor deficiencies.  These may 
be derived from pooled human plasma or synthesized by 
recombinant gene technology. 
•! Based on the most current literature, there is very limited role 

for factor VIIa in massively bleeding patients.  
 

g.& Technical considerations 
•! Compatible infusions:  

o! 5% dextrose solutions will cause hemolysis. 
o! Lactated Ringer’s contains calcium and may induce clot 

formation.  
o! Sodium chloride 0.9%, albumin 5%, and FFP are all 

compatible with pRBC. 
•! Blood filters (80 µm) should be used for all blood 

components, except platelets, to remove debris and 
microaggregates. 
o! Leukocyte filters may be used to remove white blood 

cells to prevent transmission of cytomegalovirus in the 
immunocompromised, to prevent alloimmunization to 
foreign leukocyte antigens, and to diminish the incidence 
of febrile reactions. 

o! Platelets should be transfused through a 170-µm blood 
filter. 
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h.! Transfusion compatibility is summarized in Table 5-1.  
 

Table 5-1: Transfusion Compatibility 
 Donor 
Recipient A B O AB Rh+ Rh- 
Red Blood Cells 
A X  X    
B  X X    
O   X    
AB X X X X   
Rh+     X X 
Rh-      X 
Fresh Frozen Plasma 
A X   X   
B  X  X   
O X X X X   
AB    X   
Rh+     X X 
Rh-     X X 

 
IV.     Pharmacologic therapy  
 

A.! Erythropoietin increases red cell mass by stimulating proliferation and 
development of the erythroid precursor cells.  
1.! It has been used to correct anemia in patients with chronic renal 

failure, and to increase red cell mass prior to pre-operative 
autologous donation. 

2.! In addition to Iron, folate supplementation is also recommended 
for patients taking erythropoietin. 

3.! At this time, the routine use of erythropoietin is not indicated in 
the critically ill – there was no difference in the amount of blood 
transfusions, with note of significant increase in the rate of 
thrombotic events, unless the patient was receiving heparin. 
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B.! Myeloid growth factors are useful for shortening the duration of 
neutropenia induced by chemotherapy. Treatment results in an initial 
brief decrease in the neutrophil count (due to endothelial adherence), 
then a rapid (usually after 24 hours) sustained leukocytosis that is 
dose dependent. 

1.! Granulocyte Colony-Stimulating Factor (GCSF) is specific for 
neutrophils. Dose is at 5 ug/kg/day. 

2.! Granulocyte-Macrophage Colony-Stimulating Factor 
(GMCSF) increases production of neutrophils, macrophages, 
and eosinophils. Dosage is at 250 ug/m2/day.  

3.! Endpoint of daily treatment is an absolute neutrophil count of 
> 10,000 mm3.  
 

 V.     Complications of blood transfusion therapy 
 

A.! Transfusion reaction 
1.! Acute hemolytic transfusion reactions are estimated to occur 

in 1 in 250,000 transfusions, and are usually due to clerical 
errors. 

2.! Non-hemolytic transfusion reactions are usually due to 
antibodies against donor white cells or plasma proteins.  Signs 
include fever, flushing, hives, tachycardia, and mild 
hypotension.  The transfusion should be stopped and a 
hemolytic transfusion reaction ruled out. 
a.! If the reaction is only urticaria or hives, the transfusion 

should be slowed, and antihistamines (diphenhydramine, 
25-50 mg IV) and glucocorticoids (hydrocortisone, 50-
100 mg IV) may be administered. 

b.! In patients with known febrile or allergic transfusion 
reactions, leukocyte-poor red cells (leukocytes removed 
by filtration or centrifugation) may be given and the 
patient pretreated with antipyretics (acetaminophen, 650 
mg) and an antihistamine. 
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c.! Anaphylactic reactions occur rarely and may be more 

common in patients with IgA deficiency.  These reactions 
are usually due to plasma protein reactions. 

d.! Table 5-2 lists the steps in managing suspected acute 
hemolytic transfusion reactions.  
 

TABLE 5-2:  Treatment of Suspected Acute Hemolytic 
Transfusion Reaction 

1 Stop transfusion 
2 Send remaining donor blood and fresh patient sample to blood bank 

for re-cross matching 
3 Send patient sample to laboratory for free hemoglobin, haptoglobin, 

Coombs’ test, DIC screen 
4 Treat hypotension with fluids and/or vasopressors as necessary 
5 Consider use of corticosteroids 
6 Consider measures to preserve renal function and maintain brisk 

urine output 
7 Monitor patient for DIC 

DIC: Disseminated Intravascular Coagulation 
 

B.! Metabolic complications of blood transfusion 
1.! Potassium concentration changes are common with rapid blood 

transfusion, but seldom of clinical importance. 
2.! Calcium is bound by citrate, which is used as an anticoagulant in 

stored blood products. 
a.! Rapid transfusion (1 U of packed red blood cells in 5 

minutes) may decrease the ionized calcium level. 
b.! An equal volume of an FFP transfusion is more likely to 

cause citrate toxicity compared with packed RBCs because 
citrate tends to concentrate plasma during blood processing. 

c.! Usually, the decreased ionized calcium level is transient 
because the citrate is rapidly metabolized by the liver. 

d.! Severe hypocalcemia, manifested as hypotension, QT-
segment prolongation on the electrocardiogram, and 
narrowed pulse pressure may occur in: 
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i.! Patients who are hypothermic, who have impaired liver 

function 
ii.! Patients who have decreased hepatic blood flow. 

e.! Ionized calcium levels should be monitored during rapid 
transfusions, and calcium replaced intravenously with 
calcium gluconate (30 mg/kg) or calcium chloride (10 
mg/kg), if signs or symptoms of hypocalcemia are present. 

3.! Acid-base status 
a.! Acidosis in the face of severe blood loss is more likely due 

to hypoperfusion and will improve with volume 
resuscitation. 

b.! Alkalosis (from metabolism of citrate to bicarbonate) is 
common following massive blood transfusion. 
 

C.! Infectious complications of blood transfusions have been markedly 
reduced due to improved testing of donated blood.  
1.! Hepatitis B.  The current risk of HBV transmission is estimated 

to be 1 to 220,000 U transfused. 
2.! Hepatitis C.  The risk of transfusion-related HCV is 

approximately 1 in 1,935,000 U. 
3.! HIV.  Because of improved screening and testing, the risk of 

transfusion-associated HIV has been estimated to be 
approximately 1 to 2 million units transfused in the United 
States. 

4.! Cytomegalovirus (CMV).  The prevalence of antibodies to CMV 
in the general population is approximately 70% by adulthood. 

5.! West Nile virus.  The current risk in these areas is estimated at 1 
in 1 million units transfused. 

6.! Bacterial infections. 
a.! Exclusion of donors with evidence of infectious disease and 

the storage of blood at 4oC reduces the risk of transmitted 
bacterial infection.  However, the necessity of room-
temperature storage of platelets to maintain functional 
integrity creates an ideal medium for bacterial growth. 
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b.! Infection rates for platelets are estimated at 1 to 1,000 to 

2,000 U, with an estimated 15% to 25% of infected 
transfusions causing severe sepsis. 

c.! Organisms likely to infect platelet concentrates include: 
i.! Staphylococcus aureus 
ii.! Coagulase-negative Staphylococcus 
iii.!Diptheroids 
iv.!Most commonly cultured organism is Yersinia 

enterocolitica, and the mortality rate from transfusion-
acquired sepsis is a striking 60% 

 
D.! Transfusion-related acute lung injury (TRALI) is a syndrome of 

severe hypoxemia, dyspnea, and pulmonary edema, often 
accompanied by fever and hypotension, which is associated with 
blood transfusion. 
1.! Incidence of TRALI is estimated at 1-2 in 5,000 transfusions, 

with a mortality rate of about 5%. 
2.! The pathophysiology is incompletely understood. 

 
VI.    Massive transfusions  

Massive transfusion is arbitrarily defined as the administration of at least 
8 to 10 U of   blood transfused within a 12-hour period.  These are the 
effects. 

1.! Transfusion of 10 to 12 U of red blood cells can cause a 50% 
drop in the platelet count and produce a dilutional 
thrombocytopenia that can result in diffuse oozing and failure to 
form clot. 

2.! There is an approximate 10% decrease in clotting factor 
concentration for each 500 ml. of replaced blood loss.  

3.! Additional complications of massive transfusion include 
hypothermia from the rapid infusion of blood, citrate toxicity 
and dysrhythmias secondary to hypocalcemia and 
hypomagnesemia. 

4.! Once bleeding has begun from a dilutional coagulopathy and 
thrombocytopenia, it can be very difficult to control 
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a.! Therefore, it is recommended that 1 U of FFP be 

administered for every 1 to 2 U of pRBCs. 
b.! Additionally, 6 U of platelets should be administered for 

every 10 U of pRBCs. 
5.! In addition to transfusion of appropriate blood products, the 

strategy for massive transfusion includes: 
a.! Maintaining intravascular volume. 
b.! Administering calcium as needed to offset the effects of 

citrate. 
c.! Use of vasopressors with inotropic properties as a 

temporizing measure to maintain systemic arterial pressure 
until euvolemia has been established. 

d.! Ongoing surgical bleeding is an indication for operative 
correction. 

e.! Antifibrinolytic agents may be considered and employed if 
fibrinolysis is contributing to bleeding. 

f.! Frequent laboratory measures of coagulation status are 
indicated because these parameters change rapidly in the 
setting of massive hemorrhage and transfusion. 

g.! Unfortunately, there are no good markers to determine 
when further transfusion is futile. 

 
An example of a Massive transfusion protocol, though abridged, is provided for 
in Appendix 5-1.  
 
APPENDIX 5-1 Abridged Massive Transfusion Protocol of the Massachusetts 
General Hospital Trauma Service  
 

1.! The protocol can be initiated at any time during the trauma patient’s 
hospitalization, including prior to arrival to MGH  

2.! Appropriate candidates include        
a.! Any patient with an initial blood loss of at least 40% of blood 

volume, or in whom it is judged that at least 10 U of blood 
replacement is immediately required        

b.! Any patient with a continuing hemorrhage of at least 250 
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ml/h        

c.! Any patient, when clinical judgment is made such that blood 
loss as identified in “A” and “B” is imminent  

3.! Once the decision is made to initiate this protocol, the appropriate 
physician needs to        
a.! Notify the blood bank with the age and gender of the 

patient        
b.! Ensure that a blood bank sample is obtained  

4.! The blood bank fellow is available to assist in decision-making.  
5.! RBC selection       

a.! At least 4 U of emergency-release, uncross-matched group O 
negative pRBCs will be released for all Rh-negative or Rh-
unknown patients.        

b.! All patients will receive Rh-negative cells as long as inventory is 
adequate. An effort will be made to provide Rh-negative cells to 
females age less than 50. The blood bank will decide to switch 
the patient to Rh-positive RBCs based on the available 
inventory and the anticipated requirement.        

c.! Group O RBCs will be used until the patient’s blood group is 
known after which the patient will be switched to group-
specific RBCs.  

6.! Blood components requests After the initial assessment, if >10 total 
units are expected to be needed, the clinical team should 
request:        
a.! 10 pRBCs        
b.! 10 FFPs        
c.! 1 dose of platelets  

7.! It is essential that the clinical team communicates to the blood bank 
when the patient is being moved to a different ward.  

8.! Laboratory monitoring for ongoing blood support in cases requiring 
>10 U of RBCs:        
a.! Transfusion support should be individualized for each 

patient.        
b.! The following general guidelines apply:              

•! Check Hb, platelet count, INR, and fibrinogen after each 
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blood volume lost/infused.              

•! Include the number of “cell saver” units in the tally of 
pRBCs.              

•! Target a ratio of 2 pRBCs to 1 FFP during the course of 
acute bleeding.              

•! Anticipate fibrinolysis and treat with antifibrinolytics if 
there is ongoing diffuse bleeding.              

•! Verify that the INR is <2 and fibrinogen >100. Values 
outside these ranges may indicate systemic 
fibrinogenolysis, DIC, or hemodilution.              

•! In the absence of platelet transfusion, anticipate a halving 
of the platelet count with each blood volume 
resuscitation. Transfuse platelets to maintain an 
anticipated platelet count >50,000 µl.              

•! A stat AST or ALT can be used to document shock liver 
(values >800), which is an independent indication for 
antifibrinolytic therapy.  

c.! Monitor and treat abnormalities of ionized Ca2+, K+, pH, 
and temperature. 

9.! Not all massively injured patients can be saved. The decision to 
withdraw support for the massively injured patient should be made 
by consensus of the treating team.  
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INTRODUCTION 
 
Hemodynamic monitoring may be defined as the collection and interpretation of 
parameters that determine: a) the volume status of a patient, and/ or b) the 
response of the cardiopulmonary system to interventions such as fluid therapy, 
vasoactive drugs or adjustments in positive pressure ventilation. This is most 
often accomplished by placement of an intravascular catheter, either at the 
superior vena cava or right atrium, with transduction of pressures, or 
determination of vascular flow by thermal dilution. 
 
The goal of hemodynamic monitoring is to maintain adequate tissue perfusion. 
Classical hemodynamic monitoring is based on invasive measurement of 
systemic and pulmonary arterial and venous pressures and of cardiac output. 
Although associated with potential flaws and complications, it still remains the 
most frequently employed means of monitoring patient hemodynamics in the 
Surgical Intensive Care Unit (SICU).  
 
This chapter summarizes the measured and derived hemodynamic variables, 
how they are determined, their normal values in resting adults, and key 
interpretations. 
 
HEMODYNAMIC PRESSURES 
 

1.! Mean arterial pressure (MAP) 
-! Refers to the average blood pressure in systemic arteries.  
-! Normal range: 85-100 mmHg 
-! Is determined by: 

a.! Indwelling arterial catheter and electronic pressure transducer 
b.! May be estimated from systolic (SBP) and diastolic (DBP) 

arterial pressure by either of the following formulas: 
 
•! MAP = [(2 x DBP) + SBP] /3, or 
•! MAP = 1/3 x SBP + 2/3 x DBP 
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-! Abnormal values define hypotension and hypertension 
-! The patient’s chronic baseline range need to be considered in 

determining what is an acceptable range 
 

2.! Central venous pressure (CVP) 
-! Is a measurement of pressure that reflects the volume of blood in 

the systemic venous reservoir 
-! Normal range: 1-7 mmHg 
-! Measured by central venous catheterization and manometry or 

electronic pressure transduction 
-! Is equivalent to right atrial pressure 
-! Can often be used as a proxy for PAOP if the right side of the heart 

and pulmonary vascular bed are normal 
-! Mean CVP less than 5 mmHg is consistent with hypovolemia 
-! Increased in RV failure, tricuspid stenosis, tricuspid insufficiency, 

excessive intravascular volume, restrictive cardiomyopathy, 
constrictive pericarditis, pericardial tamponade 

-! Of greater clinical significance is its response to infused volume 
a.! If the CVP increases substantially (>30%) to an adequate fluid 

challenge, this suggests that systemic venous reservoir is relatively 
noncompliant and therefore replete 

b.! If the CVP shows little or no response, then intravascular 
volume depletion is more likely 

 
3.! Right ventricular pressure 

-! Refers to the intracavitary pressure within the RV 
-! Measured during pulmonary artery catheterization 
-! Systolic RV pressure 

a.! Normal range: 15-30 mmHg 
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b.! Increased in pulmonary embolism and other causes of 

pulmonary hypertension 
c.! Decreased in most forms of circulatory shock 

-! Diastolic RV pressure 
a.! Normal range: 1-7 mmHg 
b.! Increased in intravascular volume overload, RV failure, cardiac 

tamponade, constrictive pericarditis, tricuspid or pulmonic 
insufficiency, restrictive cardiomyopathy 

c.! Decreased in tricuspid stenosis, hypovolemia, most forms of 
circulatory shock 

 
4.! Pulmonary artery (PA) pressure 

-! Refers to the intraluminal pressure within the proximal PA 
-! Normal range:  

a.! Mean PA pressure (MPA): 9-18 mmHg 
b.! Peak systolic PA pressure: 15-30 mmHg 
c.! End diastolic PA pressure: 5-13 mmHg 

-! Increased in pulmonary hypertension 
-! Decreased in circulatory shock 

 
5.! Pulmonary artery occlusion pressure (PAOP) 

-! Is the pressure measured by wedging a pulmonary catheter with an 
inflated balloon into a small pulmonary arterial branch 

-! Normal range:  4-12 mmHg 
-! Employed clinically to estimate left ventricular preload, pulmonary 

capillary pressure and relative intravascular volume 
-! Increased in LV failure, cardiogenic pulmonary edema, mitral 

stenosis or insufficiency, cardiac tamponade, fluid overload, and use 
of PEEP. 
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MEASURES OF CARDIAC FUNCTION 
 

1.! Cardiac Output (CO) 
-! Volume of blood pumped by the heart into the systemic circulation 

per minute 
-! Determined by: 

a.! Thermodilution  
•! The thermodilution method adapts the indicator dilution 

principle to injectates that cause changes in blood 
temperature detected downstream 

•! An injectate of known volume and temperature is 
injected just proximal to the right heart (in the superior 
or inferior vena cava) and sampled in a major vessel 
branch downstream (pulmonary artery near the tip of the 
pulmonary artery catheter) over a duration of time. 

•! The calculated cardiac output is inversely proportional to 
the mean blood-temperature depression and the duration 
of transit of cooled blood (i.e. area under the curve) 

b.! Fick method 
E.! Calculates CO using the patient’s total oxygen 

consumption and the arterial-venous oxygen difference 
across the lungs 

F.! The Fick Equation:  CO = VO2/ (CaO2 – CvO2) where 
VO2  = oxygen consumption per minute 
CaO2 = oxygen content of arterial blood 
CvO2 = oxygen content of venous blood 

•! More accurate than thermodilution in patients with 
moderate to severe tricuspid regurgitation 

-! Normal range:  4.5-6.0 L/ minute 
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-! Determinants: 

a.! Heart rate 
b.! Preload 
c.! Afterload 
d.! Contractility 

-! Decreased in cases wherein ventricular filling and/or left ventricular 
ejection are reduced 
 

2.! Cardiac Index (CI) 
-! Normalizes cardiac output to body surface area (BSA) 
-! CI = CO/ BSA 
-! Normal range:  2.6-4.0 L/minute per m2 
-! Increased in hyperdynamic states (i.e. sepsis, thyrotoxicosis, exercise, 

pregnancy, fluid overload), inotropic pharmacotherapy, 
arteriovenous fistula 

-! Decreased in most forms of cardiac failure, circulatory shock, severe 
valvular disease, pulmonary embolism, cardiac tamponade 

 
3.! Stroke Volume (SV) 

-! Volume of blood ejected by the ventricles with each heart beat 
-! Normalized cardiac output for heart rate 
-! SV = 100 x CO/ heart rate 
-! Normal range: 60-85 mL 
-! Is reflective of the combined effects of preload, afterload and 

contractility 
 

4.! RV ejection fraction (RVEF) 
-! An overall measure of RV function and indicator of RV contractility 
-! Normal range: 0.45-0.60 
-! May be determined by thermodilution or echocardiography 
-! Increased in some hyperdynamic states 
-! Decreased in pulmonary embolism, RV myocardial infarction, severe 

acute or chronic lung disease, global myocardial dysfunction 
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5.! RV end-diastolic volume index (RVEDVI) 
-! A direct measure of RV preload, normalized to body size 
-! Estimated by: 

a.! Echocardiography, by extrapolated planimetry 
b.! Thermodilution, using the formula  RVEDVI = SI/ RVEF 
c.! Normal range: 70-120 mL/m2 
d.! Increased in RV failure, fluid overload, tricuspid or pulmonic 

insufficiency 
e.! Decreased in absolute or relative hypovolemia 

 
 
HEMODYNAMIC RESISTANCES 
 

1.! Systemic vascular resistance (SVR) 
-! Used to estimate the following: 

a.! Overall degree of vasoconstriction or vasodilation of the 
systemic circulation 

b.! Left ventricular afterload 
c.! Systemic vascular impedance 

-! SVR = 79.9 x MAP – CVP/ CO 
-! Normal range: 900-1400 dyne • sec/cm5 

 
2.! Systemic vascular resistance index (SVRI) 

-! Basically SVR normalized to body size 
-! SVRI = SVR x BSA 
-! Normal range: 1600-2400 dyne • sec • m2/ cm5 
-! Increased in hypovolemia, low output states (including hypovolemic 

and cardiogenic shock), vasopressor administration 
-! Decreased in most forms of sepsis and septic shock, neurogenic 

shock, advanced liver disease, arteriovenous fistula, vasodilator 
administration 
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3.! Pulmonary vascular resistance (PVR) 
-! Used to estimate the following: 

o! Overall degree of vasoconstriction or vasodilation of the 
pulmonary circulation 

o! Right ventricular afterload 
o! Pulmonary vascular impedance 

-! PVR = 79.9 x MPA – PAOP/ CO 
-! Normal range: 30-150 dyne • sec/cm5 

 
4.! Pulmonary vascular resistance index (PVRI) 

-! Pulmonary vascular resistance normalized to body size 
-! PVRI = PVR x BSA 
-! Normal range: 50-270 dyne • sec • m2/ cm5 
-! Increased in acute lung injury, chronic lung disease, hypoxemia of 

any etiology, other causes of pulmonary hypertension (e.g. LV 
failure, mitral valve disease, pulmonary embolism, post lung 
resection surgery), vasoconstrictor administration 

-! Decreased in systemic vasodilator or inhaled nitric oxide 
administration 

 
 
CLINICAL POINTS 
 

1.! Waveform interpretation 
-! The waveforms obtained as the pulmonary artery catheter is 

advanced from the right atrium into the pulmonary artery are 
characteristic of the segment it traverses. Recognition of these 
waveforms is thus extremely helpful in positioning the catheter 
a.! Right atrial pressure (CVP) waveform 

•! The right atrial pressure waveform is notable for an a 
wave which represents atrial contraction; an x descent, 
representing atrial relaxation, a small c wave 
corresponding to tricuspid valve closure.  
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•! After the x descent, the v wave is generated by passive 

atrial filling during ventricular systole. 
•! Lastly, the y descent reflects the reduction in atrial 

pressure as the atrioventricular valves open      
 

 
b.! Right ventricular pressure 

•! The right ventricular pressure waveform is notable for an 
a wave representing atrial systole, followed by a large 
upstroke and a large downstroke, representing ventricular 
contraction and relaxation respectively. 
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c.! Pulmonary artery waveform 

•! The pulmonary artery pressure waveform has a systolic 
pressure wave and a diastolic trough. A dicrotic notch (d) 
representing closure of the pulmonic valve may be seen 
on the terminal portion of the systolic pressure wave 

 
 

d.! Pulmonary artery occlusion (wedge) pressure 
•! Contains 3 positive waves: a waves occur with atrial 

contraction, c waves representing mitral valve closure, 
and v wave due to atrial filling when the mitral valve is 
closed. 
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2.! Clinical scenarios: Table 6-1 illustrates the hemodynamic profiles of 

various clinical conditions 
 

Table 6-1: Key Interpretations 
 MAP CI CVP MPA PAOP SVRI PVRI RVEF RVEDI 
Left 
ventricular 
failure 

V ↓ 
N - 
↑ ↑ ↑ ↑ ↑ N N 

Cardiogenic 
shock ↓ ↓ ↑ V ↑ ↑ ↑ ↓ ↑ 

Massive 
pulmonary 
embolism 

↓ ↓ ↑ ↑ N ↑ ↑ ↓ ↑ 

Cor 
pulmonale N 

N 
- ↓ ↑ ↑ N N ↑ ↓ ↑ 

Pericardial 
tamponade ↓ ↓ ↑ ↑ ↑ ↑ ↑ ↓ ↓ 

Sepsis or 
septic 
shock 

N - ↓ ↑ V ↑ V ↓ ↑ ↓ ↑ 

MAP = mean arterial pressure; CI = cardiac index; CVP = central venous pressure; 
MPA = Mean pulmonary artery pressure; PAOP = pulmonary artery occlusion 
pressure; SVRI = systematic vascular resistance index; PVRI = pulmonary vascular 
resistance index; RVEF = right ventricular ejection fraction; RVEDI = right ventricular 
end-diastolic volume index; N = typically normal; ↑ = typically increased; ↓ = typically 
decreased; V = variable 
 

3.! Key principles 
-! Having presented the usual hemodynamic variables seen and used in 

clinical practice, below are some key principles which shoud to be 
considered in its evaluation and assessment. 
a.! Hemodynamic monitoring by itself cannot improve clinical 

outcomes 
•! Hemodynamic monitoring can improve outcomes if (1) 

the monitoring device is sufficiently accurate to influence 
therapeutic decision making, (2) the data obtained is 
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relevant to the patient being monitored, and (3) changes 
in the management made as a result of the data obtained 
need to be able to improve outcomes 

•! It is not the monitoring itself that can improve outcomes 
but rather the changes in therapy guided by the data 
obtained 

b.! Monitoring requirements may vary over time 
•! Example: Invasive monitoring (i.e arterial line, CVP) may 

be necessary in the acute and critically ill. But once 
stabilized, less invasive monitoring should be employed. 

c.! There are no optimal hemodynamic values that are applicable to 
all patients 

•! Example: the acceptable arterial pressure in a young 
trauma patient may be different when compared to an 
elderly diabetic and hypertensive patient 

d.! Variables need to be combined and integrated 
•! A single variable (i.e. cardiac output) on its own provides 

little information. It needs to be combined with other 
variables to create a better clinical picture 

e.! Monitoring hemodynamic changes over short periods of time is 
important 

•! Example: Assessing response to fluid resuscitation to 
separate responders from non-responders 

f.! Continuous measurement of hemodynamic variables is 
preferable 
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1.! Bundles of Care 

a.! To be completed within 3 hours 
1.! Measure lactate level 
2.! Obtain blood cultures prior to administration of 

antibiotics 
3.! Administer broad spectrum antibiotics 
4.! Administer 30 mL/kg crystalloid for hypotension or 

lactate ≥4 mmol/L 
b.! To be completed within 6 hours 

5.! Apply vasopressors (for hypotension that does not 
respond to initial fluid  resuscitation) to maintain a mean 
arterial pressure (MAP) ≥65 mmHg 

6.! For hypotension refractory to volume resuscitation  
a.! Measure CVP (target: ≥8 mmHg or ≥10 cmH2O) 
b.! Measure central venous oxygen saturation (SCVO2) 

7.! Re-measure lactate if initial lactate was elevated 
 

2.! Fluid Therapy of Severe Sepsis 
a.! Crystalloids as the initial fluid of choice in the resuscitation of 

severe sepsis and septic shock. 
b.! Do not use hydroxyethyl starches for fluid resuscitation of severe 

sepsis and septic shock. 
c.! Use albumin in the fluid resuscitation of severe sepsis and septic 

shock when patients require substantial amounts of crystalloids. 
d.! Initial fluid challenge in patients with sepsis-induced tissue 

hypoperfusion with suspicion of hypovolemia to achieve a 
minimum of 30 mL/kg of crystalloids (a portion of this may be 
albumin equivalent). More rapid administration and greater 
amounts of fluid may be needed in some patients. 

e.! Fluid challenge technique be applied wherein fluid administration is 
continued as long as there is hemodynamic improvement either 
based on dynamic (e.g. change in pulse pressure, stroke volume 
variation) or static (e.g. arterial pressure, heart rate) variables. 
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3.! Vasopressors 

a.! Vasopressor therapy to target a mean arterial pressure (MAP) of 65 
mmHg  

b.! Choice of vasopressor 
1.! Norepinephrine first choice for refractory shock despite 

CVP ≥8mm Hg or ≥10 cmH2O 
2.! Epinephrine (only as substitute for norepinephrine 
3.! Vasopressin 0.03-0.04 units/minute can be added for 

shock requiring or unresponsive to norepinephrine  
4.! Dopamine not recommended except in bradycardic 

patients 
5.! Low-dose dopamine should not be used for renal 

protection 
6.! Vasopressor to be infused only via central line to prevent 

serious IV burns 
7.! Corticosteroids as salvage therapy for shock 

a.! Do not administer corticosteroids in sepsis in the 
absence of shock 

b.! IV hydrocortisone at 200 mg/day as continuous 
infusion for shock refractory to fluid resuscitation 
and vasopressor therapy 

c.! Taper from steroid therapy when vasopressors are 
no longer required 

 
4.! Diagnosis 

a.! Obtain cultures before start of antibiotic treatment but should not 
delay >45 minutes the start of antimicrobial(s) 

b.! Obtain at least 2 sets of blood cultures (both aerobic and anaerobic 
bottles): 1 drawn percutaneously and 1 drawn through each 
vascular access device 

c.! Imaging studies performed promptly to confirm a potential source 
of infection. 
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Table 7-1: Diagnostic Criteria for Sepsis 
Infection, documented or suspected and some of the following 
General variables: 
•! Fever > 38.3oC 
•! Hypothermia (core temperature < 36oC 
•! Heart rate > 90/min or more than two SD above the normal value 

for age 
•! Tachypnea 
•! Altered mental status 
•! Significant edema or positive fluid balance (> 20 mL/kg over 24 hr) 
•! Hyperglycemia (plasma glucose > 140 mg/dL or 77 mmol/L) in the 

absence of diabetes 
Inflammatory variables: 
•! Leukocytosis (WBC count > 12,000 uL-1) 
•! Leukopenia (WBC count < 4,000 uL-1)  
•! Normal WBC count with greater than 10% immature forms 
•! Plasma C-reactive protein more than two SD above the normal value 
•! Plasma procalcitonin more than two SD above the normal value 
Hemodynamic variables: 
•! Arterial hypotension (SBP < 90 mmHg, MAP < 70 mmHg, or an 

SBP decrease > 40 mmHg in adults or less than two SD below 
normal for age 

Organ dysfunction variables: 
•! Arterial hypoxemia (PaO2/FiO2 < 800) 
•! Acute oliguria (urine output < 0.5 mL/kg/hr for at least 2 hrs despite 

adequate fluid resuscitation 
•! Creatinine increase >0.5 mg/dL or 44.2 umol/L 
•! Coagulation abnormalities (INR > 1.5 or aPTT > 60 seconds) 
•! Ileus (absent bowel sounds) 
•! Thrombocytopenia (platelet count < 100,000 uL) 
•! Hyperbilirubinemia (plasma total bilirubin > 4 mg/dL or 70 umol/L) 
Total perfusion variables: 
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•! Hyperlactatemia ( > 1 mmol/L) 
•! Decreased capillary refill or mottling 

 
Table 7-2. Severe Sepsis 
Severe sepsis definition = sepsis induced tissue hypoperfusion or organ 
dysfunction (any of the following thought to be due to infection) 
Sepsis induced hypotension 
Lactate above upper limits of normal laboratory values 
Urine output < 0.5 mL/kg/hr for more than 2 hours despite adequate 
fluid resuscitation 
Acute lung injury with PaO2/FiO2 < 250 in the absence of pneumonia as 
infection source 
Acute lung injury with PaO2/FiO2 < 200 in the presence of pneumonia as 
infection source 
Creatinine > 2.0 mg/dL (176.8 umol/L) 
Bilirubin > 2 mg/dL (34.2 umol/L) 
Platelet count < 100,000 uL 
Coagulopathy (international normalized ratio > 1.5) 

 
5.! Antimicrobial Therapy 

a.! Administration of effective intravenous antimicrobials within the 
first hour of recognition of septic shock and severe sepsis without 
septic shock. 

b.! Initial empiric anti-infective therapy of one or more drugs that have 
activity against all likely pathogens (bacterial and/or fungal or viral) 
and that penetrate in adequate concentrations into tissues presumed 
to be the source of sepsis. 

c.! Combination empirical therapy for neutropenic patients with severe 
sepsis (grade 2B) and for patients with difficult-to-treat, multidrug-
resistant bacterial pathogens such as Acinetobacter and Pseudomonas 
spp.  

1.! For patients with severe infections associated with 
respiratory failure and septic shock, combination therapy 
with an extended spectrum beta-lactam and either an 
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aminoglycoside or a fluoroquinolone is for P. aeruginosa 
bacteremia. 

2.! A combination of beta-lactam and macrolide for patients 
with septic shock from bacteremic Streptococcus pneumoniae 
infections. 

d.! Empiric combination therapy should not be administered for more 
than 3–5 days. De-escalation to the most appropriate single therapy 
should be performed as soon as the susceptibility profile is known. 

e.! Duration of therapy typically 7–10 days; longer courses may be 
appropriate in patients who have a slow clinical response, 
undrainable foci of infection, bacteremia with S. aureus; some fungal 
and viral infections or immunologic deficiencies, including 
neutropenia. 

f.! Antibiotic recommendations for severe intraabdominal infections 
 

Table 7-3 Community-acquired infection in 
adults 

Regimen Community 
acquired 

infection in 
pediatric patients 

Mild-to-moderate 
severity: 

perforated or 
abscessed 

appendicitis and 
other infections 

of mild-to-
moderate severity 

High risk or 
severity: severe 

physiologic 
disturbance, 

advance age, or 
immunocomprised 

state 

Single  
Agent 

Ertapenem, 
meropenem, 
imipenem-
cilastatin, 
ticarcillin-
clavulamate and 
piperacillin-
tazobactam 

Cefoxitin, 
ertapenem, 
moxifloxacin, 
tigecycline, and 
ticarcillin-
clavulanic acid 

Imipenem-
cilastatin, 
meropenem, 
doripenem, and 
piperacillin-
tazobactam 

Combination Ceftriaxone, 
cefotaxime, 

Cefazolin, 
cefuroxime, 

Cefipime, 
ceftazidime, 
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cefepime, or 
ceftazidime, each 
in combination 
with 
metronidazole or 
clindamycin, and 
with or without 
ampicillin 

ceftriaxone, 
cefotaxime, 
ciprofloxacin, or 
levofloxacin, in 
combination with 
metronidazole 

ciprofloxacin, or 
levofloxacin, each 
in combination 
with 
metronidazole 

 
g.! Initial intravenous adult dosages of antibiotics for empiric 

treatment of complicated intra-abdominal infection  
 

Table 7-4 
Antibiotic Adult dosage (a) 
B-lactam/B-lactamase  
inhibitor combination 

 

•! Piperacillin-tazobactam 3.375 g every 6 h (b) 
•! Ticarcillin-clavulanic 

acid 
3.1 g every 6 h; FDA labeling indicates 
200 mg/kg/day in divided doses every 6 h 
for moderate infection and 300 
mg/kg/day in divided doses every 4 h for 
severe infection 

Carbapenems  
•! Doripenem  500 mg every 8 h 
•! Ertapenem 1 g every 24 h 
•! Imipenem/cilistatin 500 mg every 6 h or 1 g every 8 h 
•! Meropenem 1 g every 8 h 
Cephalosporins  
•! Cefazolin  1-2 g every 8 h 
•! Cefepime 2 g every 8-12 h 
•! Cefotaxime 1-2 g every 6-8 h 
•! Cefoxitin  2 g every 6 h 
•! Ceftazidime 2 g every 8 h 
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•! Ceftriaxone  1-2 g every 12-24 h 
•! Cefuroxime  1.5 g every 8 h 
Tigecycline 100 mg initial dose, then 50 mg every 12 h 
Fluoroquinolones  
•! Ciprofloxacin  400 mg every 12 h 
•! Levofloxacin  750 mg every 24 h 
•! Moxifloxacin 400 mg every 24 h 
Metronidazole 500 mg every 8-12 h or 1500 mg every 24 

h 
Aminoglycosides  
•! Gentamicin or 

Tobramycin 
5-7 mg/kg (c) every 24 h (d) 

•! Amikacin 15-20 mg/kg (c) every 24 h (d) 
Aztreonam 1-2 g every 6-8 h 
Vancomycin 15-20 mg/kg (e) every 8-12 h (d) 

 
6.! Source Control 

a.! A specific anatomical diagnosis of infection requiring consideration 
for emergent source control be sought and diagnosed or excluded 
as rapidly as possible, and intervention be undertaken for source 
control within the first 12 hr after the diagnosis is made, if feasible. 

b.! When infected peripancreatic necrosis is identified as a potential 
source of infection, definitive intervention is best delayed until 
adequate demarcation of viable and nonviable tissues has occurred. 

c.! When source control in a severely septic patient is required, the 
effective intervention associated with the least physiologic insult 
should be used (eg, percutaneous rather than surgical drainage of an 
abscess). 

d.! If intravascular access devices are a possible source of severe sepsis 
or septic shock, they should be removed promptly after other 
vascular access has been established. 
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7.! Mechanical Ventilation of Sepsis-Induced Acute Respiratory Distress 

Syndrome (ARDS) 
a.! Target a tidal volume of 6 mL/kg predicted body weight in patients 

with sepsis-induced ARDS. 
b.! Plateau pressures be measured in patients with ARDS and initial 

upper limit goal for plateau pressures in a passively inflated lung be 
≤30 cm H2O. 

c.! Positive end-expiratory pressure (PEEP) be applied to avoid 
alveolar collapse at end expiration. 

d.! Strategies based on higher rather than lower levels of PEEP be 
used for patients with sepsis- induced moderate or severe ARDS. 

e.! Recruitment maneuvers be used in sepsis patients with severe 
refractory hypoxemia. 

f.! Prone positioning be used in sepsis-induced ARDS patients with a 
Pao2/Fio2 ratio ≤ 100 mmHg in facilities that have experience 
with such practices. 

g.! That mechanically ventilated sepsis patients be maintained with the 
head of the bed elevated to 30-45 degrees to limit aspiration risk 
and to prevent the development of ventilator-associated pneumonia 
(grade 1B). 

h.! That a weaning protocol be in place and that mechanically 
ventilated patients with severe sepsis undergo spontaneous 
breathing trials regularly to evaluate the ability to discontinue 
mechanical ventilation when they satisfy the following criteria:  

1.! Arousable 
2.! Hemodynamically stable (without vasopressor agents) 
3.! No new potentially serious conditions 
4.! Low ventilator and end-expiratory pressure requirements 
5.! Low Fio2 requirements which can be met safely delivered 

with a face mask or nasal cannula. If the spontaneous 
breathing trial is successful, consideration should be given 
for extubation. 
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i.! A conservative rather than liberal fluid strategy for patients with 

established sepsis-induced ARDS who do not have evidence of 
tissue hypoperfusion. 

j.! In the absence of specific indications such as bronchospasm, not 
using beta 2-agonists for treatment of sepsis-induced ARDS. 

8.! Glucose Control 
a.! A protocolized approach to blood glucose management in ICU 

patients with severe sepsis commencing insulin dosing when 2 
consecutive blood glucose levels are >180 mg/dL. This 
protocolized approach should target an upper blood glucose ≤180 
mg/dL rather than an upper target blood glucose ≤ 110 mg/dL. 

b.! Blood glucose values be monitored every 1–2 hrs until glucose 
values and insulin infusion rates are stable and then every 4 hrs 
thereafter. 

c.! Glucose levels obtained with point-of-care testing of capillary blood 
be interpreted with caution, as such measurements may not 
accurately estimate arterial blood or plasma glucose values. 

 
9.! Renal Replacement Therapy 

a.! Continuous renal replacement therapies and intermittent 
hemodialysis are equivalent in patients with severe sepsis and acute 
renal failure. 

b.! Use continuous therapies to facilitate management of fluid balance 
in hemodynamically unstable septic patients. 

 
10.!Bicarbonate Therapy 

Do not use sodium bicarbonate therapy for the purpose of improving 
hemodynamics or reducing vasopressor requirements in patients with 
hypoperfusion-induced lactic acidemia with pH ≥7.15. 

 
11.!Deep Vein Thrombosis Prophylaxis 

a.! Patients with severe sepsis receive daily pharmacoprophylaxis 
against venous thromboembolism (VTE) with daily subcutaneous 
low-molecular weight heparin (LMWH). 
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b.! If creatinine clearance is <30 mL/min, use dalteparin or another 

form of LMWH that has a low degree of renal metabolism or UFH.  
c.! Septic patients who have a contraindication for heparin use (eg, 

thrombocytopenia, severe coagulopathy, active bleeding, recent 
intracerebral hemorrhage) should receive mechanical prophylactic 
treatment, such as graduated compression stockings or intermittent 
compression devices, unless contraindicated 

 
12.!Stress Ulcer Prophylaxis 

Stress ulcer prophylaxis using H2 blocker or proton pump inhibitor be 
given to patients with severe sepsis/septic shock who have bleeding risk 
factors. 

 
13.!Nutrition 

a.! Administer oral or enteral (if necessary) feedings, as tolerated, 
rather than either complete fasting or provision of only intravenous 
glucose within the first 48 hours after a diagnosis of severe 
sepsis/septic shock. 

b.! Avoid mandatory full caloric feeding in the first week but rather 
suggest low dose feeding (e.g. up to 500 calories per day), 
advancing only as tolerated. 

c.! Use intravenous glucose and enteral nutrition rather than total 
parenteral nutrition (TPN) alone or parenteral nutrition in 
conjunction with enteral feeding in the first 7 days after a diagnosis 
of severe sepsis/septic shock. 

d.! Use nutrition with no specific immunomodulating supplementation 
rather than nutrition providing specific immunomodulating 
supplementation in patients with severe sepsis (grade 2C). 

 
14.!Setting Goals of Care 

a.! Discuss goals of care and prognosis with patients and families 
(grade 1B). 

b.! Incorporate goals of care into treatment and end-of-life care 
planning, utilizing palliative care principles where appropriate 
(grade 1B). 
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c.! Address goals of care as early as feasible, but no later than within 

72 hours of ICU admission. 
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Traumatic Brain Injury (TBI) 

Initial Resuscitation of Blood Pressure and Oxygenation� 

•! In head injured patients, both hypotension (defined as a systolic BP <90 
mmHg) and hypoxia (defined as apnea, cyanosis, or a PaO2 <60 mmHg) 
are associated with worse clinical outcome.  

•! Possible mechanisms: hypotension and hypoxia cause secondary injury 
in vulnerable brain tissue. While these insults may occur at any point in 
the clinical course of a patient with head injury, they often occur in the 
pre- hospital setting or during Emergency Department (ED) 
resuscitation.  

•! Patients with severe TBI may mask hypovolemic hypotension because of 
the Cushing’s response to intracranial hypertension.  

a.! As such, patients may benefit from, minimally, central venous 
monitoring during the period of acute fluid resuscitation to 
adequately assess their intravascular volume.  

b.! A gradual increase in blood pressure associated with a gradual 
decrease in pulse (even if both are within normal limits) should 
suggest the development or progression in intracranial 
hypertension.  

Goals of Therapy  

•& To avoid hypotension and hypoxia in patients with severe head injury. � 
•& To urgently treat hypotension and hypoxia, thus minimizing exposure of 

vulnerable brain tissue to these secondary insults. � 
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Cerebral Perfusion Pressure (CPP)� 

Background: 

1.! Cerebral perfusion pressure (CPP) = MAP – ICP. (MAP = 
Mean Arterial Pressure; ICP = IntraCranial Pressure) 

2.! Cerebral ischemia may be the most important secondary event 
affecting outcome after severe traumatic brain injury.  

3.! Cerebral perfusion pressure therapy is designed to prevent 
secondary ischemic insults to vulnerable traumatized brain 
tissue.  

4.! While the optimal CPP may vary from individual to individual, 
evidence from studies using transcranial Doppler ultrasound 
(TCD) and from the Traumatic Coma Data Bank suggest that a 
CPP of 60 to 70 mmHg is an appropriate goal. This target may 
vary according to the patient’s individual autoregulatory set 
point.  

Goals of Therapy  

1.! To avoid secondary cerebral ischemia of traumatized brain by 
ensuring adequate cerebral perfusion. � 

2.! To maintain euvolemia or slight hypervolemia, in order to 
ensure adequate cerebral and systemic organ perfusion. � 
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Table 8-1: Glasgow Coma Scale 
CATEGORY RESPONSE SCORE INTERPRETATION 
Eye opening None 1 •! Best score is 15 and the 

lowest is 3. 
•! Glasgow Comma Scale has 

some relation to outcome 
after closed head injury.  

•! Scores of 6 or less have a 
high likelihood of poor 
outcome. 

•! Scores between 6 and 9 are 
somewhat indeterminate 
with regard to outcome. 

•! Scores of 10 or greater 
usually have a reasonable 
outcome. 

•! Severe head injury is GCS 
< or = 8, moderate is 9-12 
and mild is > or = 12.  

To Pain 2 
To Voice 3 
Spontaneous 4 

Verbal None 1 
Incomprehensible 2 
Garbled Words 3 
Confused Speech 4 
Oriented Speech 5 

Motor Flaccid 1 
Abnormal 
Extension 

2 

Abnormal Flexion 3 
Withdraws 4 
Localizes 5 
Follows Commands 6 

 

The following flow sheet will help guide in the management of traumatic brain 
injury and cerebral perfusion pressure maintenance. It starts with the 
determination of the GCS (Glasgow Coma Scale) 

Legend: MAP = Mean Arterial Pressure; ICP = Intra-Cranial Pressure; CVP = 
Central Venous Pressure; NMB = Neuro Muscular Block; PAC = Pulmonary 
Artery Catheter; Hct = Hematocrit; HOP = Head of Patient 
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The next step in management is the determination of the CPP (Cerebral 
Perfusion Pressure) 

 

Legend: PbtO2 = Brain oxygen pressure; SjvO2 = Jugular venous oxygen 
saturation 
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The next step will be performed when the perfusion index shows the following: 

 

The following options of therapy will be done if the ICP (Intra Cranial Pressure) 
is more than 30 mmHg. 
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The final level of management for ICP > 30 mm Hg is the Second Tier Therapy. 

 

 

Legend: PAC = Pulmonary Artery Catheter; IBW = Ideal Body Weight; PaCO2 
= arterial carbon dioxide saturation 

Source: Severe TBI and CPP Management Flow Sheet. Handbook of Critical Care 
2009. University of Florida College of Medicine, Shands Hospital, UF. 
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Reflexes 

Table 8-2: Types of Reflexes and Description 
REFLEXES DESCRIPTION 
Corneal This measures function at the level of the pons. It measures 

the 5th afferent and 7th efferent cranial nerves. 
Pupillary One dilated pupil can often represent transtentorial 

herniation. Pupillary function measures midbrain activity. 
Doll’s Eyes This measures activity at the midbrain and level of the pons. 

This test requires rapid movement of the supine head from 
the right and left positions. Eyes which stay in the midline 
indicate normal function. Eyes that do not move but track 
with the head represent a lesion. This test should not be 
performed in patients with suspected or known cervical 
injury. 

Oculo-vestibular 
 (Cold-calorics) 

This test also measures function at the midbrain and pons. 
One hundred (100) mL of iced saline is injected into each 
ear. Intact function is indicated by both eyes moving to the 
side of the stimulus. Do not perform in patients with 
perforated tympanic membrane, otorrhea, or basilar skull 
fracture. 

Apnea Measures medullary function. � 
Gag This also measures medullary function, as well as the 9th 

afferent and 10th efferent cranial nerves. 
Peripheral 
sensory 
Innervation 
Levels 

2.! Nipples - T4, Umbilicus – T10. � 

 
Brain Death Criteria:� 
 
In order to test for brain death, the following criteria must first be met:  

1.! Irreversible brain damage without any likelihood of functional recovery. � 
2.! Patient must be normothermic, and have laboratory parameters that are 
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within approximately normal limits. � 

3.! Patient must be areflexic to all the usual stimuli. This includes absence of 
corneal, pupillary, and gag reflex; no response to cold calorics and / or 
absent doll’s eyes. Patients should be unresponsive to all painful stimuli. � 

4.! When the above criteria are met, brain death may be termed present IF 
one of two studies are also positive: � 
•!   Blood Flow Study:�Radio-labeled technetium is injected and nuclear 

medicine scans performed to detect blood flow within the brain. This 
study requires evaluation by a certified radiologist familiar with the 
technique. At times, blood within the venous system can be mistaken 
for cerebral blood flow. If herniation has already occurred, and even 
though brain death has taken place, there may be the appearance of 
blood flow within the brain again. This study is to be read only by a 
nuclear radiologist. � 

•! Apnea Test:�Brain death can also be determined by apnea test.  
•! To Perform the Apnea Test:  

a.! Baseline blood gas results. � 
b.! Place patient on T-piece on 100% O2. Place a Wright 

respirometer in line. A Mapleson-D device may be used if CPAP 
is required for maintenance of saturations. � 

c.! Nurse, respiratory therapist and attending physician at bedside to 
detect any respiration. The test continues until the pCO2 >60 
mmHg and pH <7.25.  

d.! Based on the initial blood gas, it can be assumed that the PaCO2 
will increase by 3 mmHg/min. In addition to direct observation, 
the spirometer can detect even small breaths. Occasionally the 
spirometer may move, because of high flow rates through the T-
tube; not due to any patient effort. 

5.! In addition to #1 through #3 above, the following criteria should be met 
in advance:  

•! Blood pressure must be within 20% of the patient’s usual blood 
pressure. 

•! Temperature greater than 36° C. � 
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•! Serum sodium between about 128 and 155 mEq/L. � 
•! Patient has not received any drugs, which may cause respiratory 

depression. � 
•! Oxygen saturation greater than 85%. � 
•! Failure of the apnea test will require a combination of a PCO2 > 

60 mmHg and a pH < 7.25. � 
•! Failure to breathe shall be determined by a board certified or 

board eligible neurologist, �neurosurgeon, internist, surgeon, or 
anesthesiologist at the bedside. � 

•! Respiratory attempts will be determined either by direct 
observation or movement of a Wright respirometer placed in line 
in the airway. � 

� 
Seizures:  

1.! Causes: � 
a)! Hypoxemia 
b)! Hyponatremia 
c)! Hypoglycemia 
d)! Low Dilantin level� 
e)! Intra-cerebral bleed 
f)! Drug / alcohol withdrawal 
g)! Trauma � 

2.! Treatment:� 
a)! Maintenance of oxygenation and airway with intubation, if necessary 
b)! Versed at 1 to 10mg IV 
c)! Pentothal at 50 to 500 mg IV 
d)! If actively seizing, load with Phosphenytoin at 1000 mg IV, if not 

previously on Dilantin.�Phosphenytoin at the same dose may be 
given more rapidly than phenytoin (Dilantin).  

e)! Correction of electrolytes. � 
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Spinal Shock 
 

Spinal shock can occur with a spinal cord injury from level T4 up.  
This is due to a sympathetic blockade and also results in bradycardia 
from blockage of the cardio-accelerator fibers.� 
1.! Treatment of Spinal Shock  

a.! Fluid administration, often as much as 3 to 6 L of isotonic 
crystalloid solution may be required.  

b.! Pressors – Once intravascular volume has been restored 
(CVP 10 to 15 mmHg, minimally), vasoconstriction may be 
required with the use of 1 to 5 mcg/kg/min of 
neosynephrine or 0.01 to 0.04 units/minute vasopressin.  

 
SIADH (Syndrome of Inappropriate Anti-Diuretic Hormone) 

Usually occurs with and is related to head trauma.  
1.! Diagnosis: 

a.! Serum osmolarity: 280 mOsm / kg /H2O. 
b.! Urine osmolarity: 400 mOsm / kg / H2O (or otherwise 

inappropriately high in face of low serum osmolarity). 
c.! Serum Na = 130 mEq/L.  
d.! Urine Na concentrations cannot always be relied on to make 

the diagnosis but are often in the low double digits. 
2.! Treatment: 

a.! Fluid restriction, when able. Usually, this is not possible in 
surgical patients. 

b.! 3% saline at 30 to 40mL/hr to raise serum Na to 
130mEq/L. 

c.! If not contraindicated, loop diuretic to reduce free water. 
d.! If Na = 125 mEq/L, correct no faster than 0.5mEq/L/hr 

(12mEq/day) 
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Diabetes Insipidus� 

 
This usually follows head trauma or severe hypoxemia.  
1.! Diagnosis:  

a.! Urine volume > 200 mL / hr. 
b.! Urine Na < 20mEq/L 
c.! Serum Na > 145mEq/L. � 
d.! Urine specific gravity < 1.004 � 

2.! Treatment:  
a.! Fluid replacement – D5W at amounts calculated to restore 

free water deficit. � 
•! To calculate free water deficit: � 

a)! Assume goal is serum Na of 140 mEq / L.  
b)! Total Body Water (TBW) = Weight in Kg x 0.6  

Then: Free H2O Deficit = (TBW) x [(Current pNa – 
140)/140] 

•! To calculate the percentage of UOP that is Free 
Water (as DI begins to be corrected): � 

% Free H2O = Urine Volume (mL) x [1 – (Na + K)urine 
/ (Na + K)plasma]  

This gives an indication of the amount of UOP that is 
free H2O and thus needs to be repleted with water, as 
opposed to being UOP resultant from the replacement 
process itself. 

b.! Oral intake, if able. 
c.! D5W as a continuous infusion (50 to 150 mL / hr) – follow 

glucose closely. 
d.! Usually, urine can be replaced each hour with D5W at 0.5 to 
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0.75 mL per 1.0 mL of urine loss. 

e.! Pitressin at 1 to 5 units IV q6h; this should be used prior to 
DDAVP to prevent possible inducement of �SIADH. 

f.! DDAVP at 1 to 5 units IV every 12 hrs. 

Cerebral Salt Wasting Syndrome 
This usually develops after aneurysmal SAH. It is a hypovolemic 
syndrome.  
1.! Diagnosis:  

a.! Serum Na < 130 mEq/L. � 
b.! Urine Na > 100 mEq/L. � 
c.! Serum osmolarity is usually at the low end of normal. � 

2.! Treatment:�3% saline at 30 to 40 mL/hr to maintain serum Na at 
130 mEq/L.  

 

MAIN SOURCES: 

1.! Neurosurgery/Neurology. Handbook of Critical Care 2009. University 
of Florida College of Medicine, Shands Hospital at the University of 
Florida: 11-21. 

2.! Kevin Sheth and Lee Schwamm. Chapter 10: Critical Care of the 
Neurologic Patient. Massachusett’s General Hospital Critical Care 
Handbook. 5th edition; Luca Bigatello, editor.  
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Total Body Fluid 
 

#! Example: 70 kg male 
60% 42 L total body fluid  
40% 28 L ICF 
20% 14 L ECF 
  5% 3.5 L plasma 
  8% 5.6 L blood volume 

 
Water losses  

#! Urine:  800 to 1500 ml/day 
#! Stool:  250 ml/day 
#! Insensible:  8 to 12 ml/kg/day 
#! Cutaneous insensible losses increase by 10% for every 1° increase above 

37°C 
 
Fluid management: 
 3 components to consider 

1.! Correction of pre-existing deficits: Resuscitation 
a.! Past:  unreplaced volume losses 
b.! Delivered rapidly 
c.! Example: hypotensive patient given a 2 liter bolus as initial 

treatment 
2.! Replacement of on-going losses: Pay as you go. 

a.! Present: replace losses as they are incurred 
b.! Fluid given based on composition, tonicity of fluid lost 
c.! Example: ileostomy losses replaced volume per volume every 

4 hrs with Lactated Ringer’s solution 
3.! Maintenance requirements 

a.! Future: Based on normal physiologic requirements 
b.! Example:  daily fluid requirement = kg BW x 30 cc/kg/day 

 
 
 



!174!
 
Table 9-1A 
Solution 

Tonicity 
(mOsm/L) 

Na+ 
(mOsm/L) 

Cl- 
(mOsm/L 

K+ 
mOsm/L 

ECF 280-310 135-145 95-105 3.5-5.3 
D5W Hypotonic 

253    

NSS Isotonic 
308 154 154  

LRS Isotonic 
273 130 109 4 

Sterofundin Isotonic 
309 140 127 4 

D5NR Hypertonic 
493 140 98 5 

D50W Very 
hypertonic 

2505 
   

Table 9-1B 
Solution 

Tonicity 
(mOsm/L) 

Ca+2 
(mOsm/L) 

Mg+2 
(mOsm/L) 

Glucose 
(g/L) 

Lactate 
(mEq/L) 

ECF 280-310 4.5-5.5 1.5-2.4 3.9-5.8 24-32 
HCO3 

D5W Hypotonic 
253   50  

NSS Isotonic 
308     

LRS Isotonic 
273 3  0 28 

Sterofundin 
Isotonic 

309  1  

24 
(acetate) 

5  
(malate) 

D5NR Hypertonic 
493  1.5 50  

D50W Very 
hypertonic 

2505 
  500  
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Hypovolemia 
 

#! Volume of total body water below normal 
#! Most common fluid disorder in surgical patient 
#! Excessive loss / inadequate intake 

•! G.I. losses from vomiting, nasogastric suction, diarrhea, and 
fistular drainage 

•! Fluid sequestration 
#! Preoperative Deficits 

•! NPO 
•! Bowel prep 
•! Vomiting, NGT losses  
•! Ileus, obstruction 
•! Peritonitis  

 
Table 9-2: Volume and electrolyte composition of common GI fluids 

Source Volume 
(mL/day) 

Na+ 
(mEq/L) 

K+ 
(mEq/L) 

Cl- 
(mEq/L) 

HCO3
- 

(mEq/L) 
Gastric 1500 60 10 130 --- 
Ileal 3000 140 5 104 30 
Pancreatic 400 140 5 75 115 
Biliary  400 140 5 100 35 
 

Table 9-3: Grading of Severity of Hypovolemic Shock 
Variables Class I Class II Class III Class IV 
Blood Loss 
(ml) Up to 750 750-1500 1500-2000 >2000 

Blood Loss (% 
blood volume) 

Up to 
15% 15%-30% 30%-40% >40% 

Pulse Rate <100 100-120 120-140 >140 
Blood Pressure Normal Normal Decreased Decreased 

Pulse Pressure Normal or 
increased Decreased Decreased Decreased 
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Respiratory 
Rate 14-20 20-30 30-40 >35 

Urine Output 
(ml/hr) >30 20-30 5-15 Negligible 

CNS/ Mental 
Status 

Slightly 
anxious 

Mildly 
anxious 

Anxious, 
confused 

Confused, 
lethargic 

Initial fluid 
replacement Crystalloid Crystalloid Crystalloid 

and blood 
Crystalloid 
and blood 

 
 
ELECTROLYTE DISTURBANCES 
 
#! Hyponatremia  

#! Hyponatremia:  serum sodium less than 135 mEq/L 
#! Causes 

#! Excessive hypotonic fluid intake 
#! Salt losses in excess of water losses 
#! Free water shifts into intracellular compartment 

#! Manifestations 
#! Increased intracranial pressure 
#! Muscle twitching, hyperactive tendon reflexes, convulsions 
#! Hypertension 
#! Tissue signs 
#! Salivation, lacrimation  
#! ‘Fingerprinting’ of skin  

#! Correction: 
1.! Determine volume status: 

a.! Use 0.9% NaCl solution for hypovolemic patients 
ONLY 

b.! Water restriction (0.5 to 1.5 L/day) in hypervolemic 
patients (evidence of peripheral edema, ascites, pleural 
effusion. Avoid giving diuretics as these would worsen 
urinary Na+ losses 
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c.! Correct using hypertonic 3.0% NaCl (513 mEq/L) for 

euvolemic patients  
2.! Calculate for total sodium deficit in mEq = (135 – serum Na) x 

0.6 x kg body weight 
3.! Rate of correction 

#! Risk of demyelinating encephalopathy with rapid correction 
of hyponatremia  

#! Maximum rate of correction is 0.5 mEq/L/hr 
 

Example: Normovolemic 50 kg woman Na = 120mEq/L  
Na+ deficit = [135 – serum Na+] x 50 kg x 0.6 = 450mEq 
  3% NaCl = 513 mEq/L 
Volume of 3% NaCl = 450 mEq/513 mEq/L = 0.877L = 877cc  
Rate of correction: 15mEq/L ÷ 0.5 mEq/L/hr = 30 hrs → 29cc 3% 
NaCl/hr x 30 hrs 

 
#! Hypernatremia  

#! Serum sodium >145 mEq/L 
#! Manifestations 

#! Associated with hypertonic states 
#! Dry, sticky mucous membranes 
#! Dry mouth 
#! Elevated body temperature  
#! Vomiting, diarrhea, and forced diuresis cause hypovolemic 

hypernatremia  
#! Euvolemic hypernatremia results from free water loss via the 

lungs, skin, or open wounds, or from diabetes insipidus  
#! If central diabetes insipidus suspected as cause, check urine and 

serum osmolarity. (+) DI if urine osmolariy <200 mOsm and serum 
osmolarity >320 mOsm. 

#! Treatment for hypernatremia, regardless of its cause, is free water 
replacement.  

#! H2O deficit (liters) = 0.60 x weight (kg) x (serum Na – 140) 
÷ 140 
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#! One half of the water deficit should be given over the first 

24 hours, with the remainder given over the next 24 to 48 
hours  

#! If diabetes insipidus: give DDAVP (Desmopressin), an ADH 
analogue 

#! Minirin 100 mcg tablet every 12 hrs 
#! DDAVP nasal spray 1µg/spray, 2-4 µg BID 
 

#! Hypokalemia 
#! Serum potassium less than 3 mEq/L 
#! Common problem in the surgical patient 
#! Causes 

#! Loss in gastrointestinal secretions: diarrhea, GI fistulae 
#! Excessive renal excretion: loop diuretics 
#! Movement of K+ into cells: alkalosis, insulin therapy, β-

agonists, methylxanthines 
#! Artifact of alkalosis: Correction factor: 0.6 mEq K+ /L 

for every  0.1↑ in pH 
#! Administration of K+-free fluids 
#! Rarely due to inadequate intake 

#! Manifestations: 
#! Arrhythmias 
#! ECG changes (wide QRS, ST depression, flat T-waves, U-

waves) 
#! Weakness, cramps 
#! Respiratory failure 
#! Ileus 
#! Confusion  

#! Correction: 
#! Measured extracellular potassium represents only a small 

proportion of total body potassium 
#! Small changes in serum concentrations correspond to 

significant alterations in total body potassium 
#! No reliable equation to compute for K deficit 
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#! Estimate of K+ deficit: 

#! If serum K+: 3.0 to 4.0 mEq/L → total deficit: 100 
to 200 mEq 

#! If serum K+:  2.0 to 3.0 mEq/L → total deficit: 200 
to 400 mEq 

#! Maximum rate of KCl infusion 10 mEq/hr (floors) to 20 
mEq/hour (ICU under cardiac monitor) 

#! Use central vein for KCl incorporation >40 mEq/L  
 

Example: serum K is 3.1, estimated deficit 190 mEq: give correction of 
90mEq over 12 hrs [correction rate 7.5mEq/hr] via central line then 
recheck K levels before giving further K+ correction 

 
#! Oral: Kalium durule 0.75 mg (10mEq), 3 durules q 4 hrs 
#! NGT: do not crush Kalium! Use oral KCl solution (1 

mEq/cc) 
#! Total max dose: 3 mEq/kg/day 
#! If persistently low K+ despite correction, check Mg levels for 

concurrent hypomagnesemia 
 
#! Hyperkalemia 

#! Serum K+ greater that 5.5 mEq/L 
#! Causes: 

#! Exogenous intake (supplements, stored blood) 
#! Decreased excretion (renal insufficiency) 
#! Cellular shift (acidosis, catabolism, familial hyperkalemic 

periodic paralysis) 
#! Cellular necrosis: (electrical burns, crush syndromes, tumor 

lysis, rhabdomyolysis) 
#! Signs & symptoms: 

#! Paresthesias  
#! Weakness 
#! Paralysis 
#! Confusion 
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#! Arrhythmias, heart block 
#! ECG changes (peaked T-waves, small P-waves, 

prolonged PR, wide QRS) 
#! Hyperkalemia  

#! Treatment: 
#! Cardiac monitoring indicated 
#! Renal excretion can be enhanced by the 

administration of loop diuretics 
#! K+ binding resins: ex. Kalimate 5g/sachet 3 sachets 

in ½ glass of water BID 
#! Hemodialysis in renal failure 
#! Immediate treatment required if: 

o! K+ > 6.0 mmol/L with ECG changes or 
o! K+ > 6.5 mmol/L with or without ECG 

changes 
#! Calcium gluconate 10% soln, 10mL IV over 2 to 5 

minutes: to decrease myocardial excitability. Does 
not decrease K levels 

#! NaHCO3 44 to 132 mEq (1 to 3 amps of 7.5%) IV 
over 5 min, given after calcium in a separate line, 
repeat in 10 to 15 minutes, ff by infusion of 2 to 3 
amps in D5W titrated over 2 to 4 hours 

#! Insulin 10 to 20 U regular in D10W 500 mL over 1 
hour, or 10 U IV push with 1 amp 50% glucose (25 
gm) over 5 mins. 

 
 

#! Hypocalcemia 
#! Serum Ca < 2.2 mmol/L 
#! Artifact of hypoalbuminemia: serum calcium predominantly bound 

to albumin. 
#! For every 1 g /L decrease in albumin, serum Ca decreases by 

0.02 mmol/L.  
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Example: if measured serum is Ca 1.9mmol/L in setting of 
serum albumin 24g/L, 
Corrected Total Ca = Serum albumin difference [40 – 24] x 0.02 
mmol/L + Measured serum Ca  [1.8] = 2.22 mmol/L [normal] 

 
#! Causes 

#! Renal failure 
#! Hypoparathyroidism 
#! Acute pancreatitits 
#! Severe 

hypomagnesemia 
#! Vitamin D deficiency 

#! Symptoms 
#! Peripheral and perioral 

paresthesias 
#! Carpal spasms 
#! Seizures 
#! Bronchospasm, 

laryngospasm 
#! Prolonged QT interval 
#! Chvostek’s sign 
#! Trousseau’s sign 
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#! Treatment 

#! Calcium gluconate 10% soln, 10 – 20 mL IV bolus over 10 
to 15 minutes. Followed by 6-8 10mL ampoules of 10% 
calcium gluconate in 1L D5W 

#! Maintenance: Calcium carbonate 1-2g P.O. TID with 
Vitamin D3 (Calcitriol; brand name:Rolcaltrol) 0.25 mcg 
capsule/day  

 
#! Hypercalcemia serum Ca > 3.0 mmol/L 

#! Causes 
#! Hyperparathyroidism 
#! Bone metastases (breast, lung, thyroid, colon, multiple 

myeloma) 
#! Vitamin D intoxication 

#! Manifestations 
#! Muscle weakness, fatigue 
#! Nausea and vomiting 
#! Weight loss 
#! Confusion, drowsiness 

#! Treatment 
#! Hydration with normal saline 
#! Diuretics (except thiazide diuretics) 
#! Chronic therapy 

#! Bone metastases: biphosphonate therapy 
#! Paresthesias  

 
#! Hypophosphatemia 

#! Serum phosphate < 2.5mg/dl (Normal levels 2.5-4.5 mg/dl or 0.80-
1.45 mmol/L) 

#! Classified as 
#! Moderate: 0.32 – 0.65 mmol/L 
#! Severe: < 0.32 mmol/L 

#! Causes 
#! Transcellular shift (Refeeding syndrome) 
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#! Diminished intake (long-term TPN, alcoholism) 
#! Renal replacement therapy 

#! Manifestations 
#! Muscle dysfunction: respiratory failure, myocardial 

dysfunction, skeletal muscle weakness, rhabdomyolysis 
#! Altered mental status, seizures, encephalopathy 
#! Arrhythmia: ventricular tachycardia, supraventricular 

tachycardia 
#! Hemolysis 

#! Treatment 
#! Moderate:  
#! Severe or symptomatic: use of IV phosphate4 
#! Risks of IV phosphate: severe/fatal hypocalcemia, 

arrhythmia, ectopic calcification, nephrocalcinosis, AKI 
#! See Treatment Table below: 

 
Table 9-4: Treatment for Hypophosphatemia 

Phosphorus Level Weight 40-60 kg Weight 61-80 kg Weight 81-120 kg 
< 1.0 mg/dL 30 mmol Phos IV 40 mmol Phos IV 50 mmol Phos IV 
1.0-1.7 mg/dL 20 mmol Phos IV 30 mmol Phos IV 40 mmol Phos IV 
1.8-2.2 mg/dL 10 mmol Phos IV 15 mmol Phos IV 20 mmol Phos IV 
If the patient’s potassium is < 4.0 use potassium phosphorus; if the patient’s 
potassium is > 4.0 use sodium phosphorus | IV = intravenous | Phos = 
phosphorus  
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A general surgeon or resident in training must be competent in resuscitation for 
both adult and pediatric patients. A minimum of BLS certification is needed, 
with routine recertification to maintain your skills. Additional basic knowledge in 
advanced cardiopulmonary life support will enable you to deliver immediate care 
in the ICU and to assist surgical patients requiring resuscitation in the hospital 
setting. 
 
This chapter aims to provide essential knowledge and skills in resuscitation for 
adult and pediatric patients, including airway management, fluid resuscitation, 
and blood replacement. 
 
 
MANAGEMENT OF CARDIAC and RESPIRATORY ARREST 
 
Immediate recognition of sudden cardiac arrest and rapid defibrillation must be 
done using the following appropriate measures: 
 
1.! On initial assessment, check for responsiveness and breathing. 

•! Assess for unresponsiveness, and/or an absence of breathing or 
presence of abnormal breath sounds. 

•! There has been a significant change in sequence in the 2010 
guidelines for Basic Life Support (BLS). The sequence of A-B-C 
(Airway, Breathing, Compression) has been replaced with the new 
sequence of C-A-B (Compression, Airway, Breathing)   

2.! If respirations are present, the victim should be attached to a cardiac 
monitor. In the pediatric patient, the normal respiratory rate is inversely 
related to age, and a consistent respiratory rate of <10 or >60 breaths/min 
in a child of any age is abnormal. 

3.! If patient is unresponsive, with no breathing or only gasping —> check for 
a carotid pulse (no less than 5 seconds and no more than 10 seconds) 

•! If No pulse —> start compressions at the rate of 100 compressions 
per minute, alternating with ventilation in a 30:2 ratio.  

•! The patient may or may not already have a secured airway. 



! 187!
•! If none —> Open the airway —> do a head tilt-chin lift, jaw thrust, 

or insert an artificial airway 
4.! An airway can be established with bag and mask as the first line of support. 

•! Begin ventilation and administer oxygen - give each breath over 1 
second and check for chest rise 

•! Breaths should be maintained at a rate of 10 to 12 breaths per 
minute. 

  
5.! High quality CPR emphasizes adequate depth and number of chest 

compressions. 
a.! Position patient on hard surface in supine position 
b.! Minimal interruptions for ventilation 
c.! 18 seconds per cycle 
d.! Adequate number of compressions: >100/minute 
e.! Adequate depth of compressions: 1.5 to 2” or 5 cm / or 1/3 of AP 

diameter of chest 
f.! Allow complete recoil of chest 
g.! Do not overventilate 

 
6.! In the pediatric patient:  

a.! If no pulse or pulse <60/min with poor perfusion despite 
oxygenation and ventilation —> start CPR (C-A-B) 

b.! 1 rescuer: 30:2           2 rescuer 15:2 
c.! Adequate compressions requires the following depth: 

  child: 2 inches or 5 cm 
  baby: 1 1/2 inches or 4 cm 

d.! Rhythm detection should take place as soon as a defibrillator is 
available, and in adults, subsequent shock is delivered as indicated. In 
the ICU, abnormalities in circulation and dysrhythmias are 
immediately identified because of cardiac monitoring. 

e.! Reevaluate after every 5 cycles of CPR, or 2 minutes. 
Cardiopulmonary resuscitation (CPR) should be continued until 
return of spontaneous circulation (ROSC) or until termination of 
efforts. 
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7.! Intravenous access is important to administer medications and fluids. A 
central line is ideal to deliver medications for resuscitation.  

8.! When pulse is present, drugs are used to optimize cardiac output, coronary 
circulation, and cardiac function. 

•! Identify the primary disease process(es) and use the appropriate 
drugs, if any, to optimize the deranged process(es). Common causes 
of cardiac arrest include myocardial infarction, pericardial 
tamponade, tension pneumothorax, hypoxemia, acid-base 
derangements, and hypovolemia. Hypothermia, electrolyte 
abnormalities (in potassium, calcium, and magnesium) and adverse 
drug reaction should also be considered. 

9.! Commonly used Emergency Drugs 
•! Epinephrine - primary drug for cardiac arrest 

Dose - 1mg (10 ml of a 1:10,000 solution) every 3-5 minutes 
during cardiac arrest 

  - via endotracheal route: 2-2.5 mg per dose 
- In children: bradycardia, 0.01 mg/kg; pulseless arrest, 
0.01 mg/kg 

•! Atropine - to reverse hemodynamically significant bradycardia or AV 
block 

Dose - 0.5 mg, repeated every 3-5 minutes to a maximum dose 
of 0.04 mg/kg 

- in children: 0.02 mg/kg, minimum of 0.1 mg, maximum 
dose 0.5 mg in child 

•! Dopamine - can be used to increase heart rate in the event of 
bradycardia refractory to atropine treatment, and to increase vascular 
tone to raise the blood pressure and end-organ perfusion. 

  Initial dose: 150ug/min, or 2-3 ug/kg/min) 
•! Lidocaine - used as an adjunct to defibrillation and prevent VF after 

myocardial infarction 
Dose:  1 to 1.5 mg/kg IV, with additional doses at 0.5 to 0.75 
mg/kg IV, at 5 to 10-minute  intervals 

  -In children: 20 ug/kg 
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•! Magnesium - to correct hypomagnesemia 
 Dose - 1 to 2 g diluted in 10 ml D5W over 5 to 20 minutes 
  - In children: 20 to 50 mg/kg, maximum of 2 g 
•! Vasopressin - useful as an alternative to epinephrine during 

treatment of VF and requires less frequent dosing. 
 Dose - 40U IV, replacing the first or second dose of 
epinephrine. 
•! Sodium bicarbonate is not recommended for routine use due to its 

harmful effects, including paradoxical worsening of intracellular 
acidosis. 

 
10.!Termination of CPR is warranted after a prolonged trial of CPR and ACLS. 

The likelihood of survival to discharge is small in the absence of return of 
spontaneous circulation (ROSC) after a prolonged BLS and ACLS interval 
of 15 to 20 minutes. Document the decision to terminate efforts. 

 
ENDOTRACHEAL INTUBATION 
 
1.! A definitive airway is done without interfering with other resuscitative 

measures, and should be done by an experienced person. 
2.! Indications for Endotracheal intubation: 

a.! Airway obstruction 
b.! Oxygenation failure (hypoxia)  
c.! Mental status alteration (GCS<8/15) (GCS, Table 8-1) 
d.! Cardio pulmonary resuscitation 
e.! Respiratory distress 
f.! Ventilation failure (hypercarbia)  
g.! Flail chest/Pulmonary contusion 

3.! In a child, consider intubation if unable to maintain an effective airway, 
oxygenation or ventilation   despite initial bag-mask ventilation.  

4.! Endotracheal intubation can usually be performed with minimal or no 
sedation. If needed, the short acting agent Propofol may be given in 30-60 
mg increments and Midazolam 1-5 mg. 

5.! An intubating Laryngeal Mask Airway (LMA) may also be used. 
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FLUID RESUSCITATION 
 
1.! Intravenous replacement fluids are the first-line treatment for hypovolemia 

which can be life saving and provide some time to control bleeding.  
2.! Crystalloids are the recommended intravenous fluid for volume 

resuscitation. Rapid administration of crystalloid solutions through large 
bore (up to 14 gauge) peripheral cannulae often controls hypovolemia .  

3.! Use Lactated Ringer’s solution or 0.9% saline solution in a bolus of 500 ml 
given over 15 minutes, which can be repeated several times. Dosage is at 
least 3 times the blood volume lost. 

4.! For children and neonates, resuscitation fluid is 0.9 NS, given in boluses of 
10-20 ml/kg, which may also be repeated. 

5.! The Use of Colloids 
a.! All colloid solutions (albumin, dextrans, gelatins and hydroxyethyl 

starch solutions) are replacement fluids but are not shown to be 
superior to crystalloids in resuscitations. Colloid solutions should be 
infused in a volume equal to the blood volume deficit.  

b.! Plasma should never be used as a replacement fluid. Plasma-derived 
colloids are all prepared from donated blood or plasma and should 
NOT be used simple as replacement fluids.  

c.! Gelatins (Haemaccel, Gelofusine) can be used for replacement of 
blood volume. Precaution in its use since it may precipitate heart 
failure, caution in renal insufficiency and do not mix haemaccel with 
citrated blood because of its high calcium concentration. It is 
contraindicated among patients with established renal failure. 

d.! Dextran 60 and Dextran 70 can be used for replacement of blood 
volume and prophylaxis of post operative venous thrombosis. Pre-
cautions for its use include occurrence of coagulation defect, 
inhibition of platelet aggregation and some preparations may 
interfere with compatibility testing of blood. Do not use in patients 
with pre-existing disorders of hemostatis and coagulation. Dextran 
60 should not exceed 50ml/kg body weight in 24 hours while 
Dextran 70 should not exceed 25 ml/kg body weight in 24 hours. 
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Dextran 40 and Dextran 110 are not recommended as replacement 
fluids. 

e.! Hydroxyethly starch (Hetastarch or HES) can be used for 
replacement of blood volume. Precautions include occurrence of 
coagulation defects and may precipitate volume overload and heart 
failure. This should not be used in patients with pre-existing 
disorders of hemostasis and coagulation among patients with 
established renal failure. Dosage should not exceed 20 ml/kg body 
weight in 24 hours. 

 
GENERAL PRINCIPLES IN BLOOD COMPONENT TRANSFUSION 
  
1.! The use of FWB and WB should be discouraged and patients should be 

given the specific blood products as indicated.  
2.! Indications for WHOLE BLOOD and FRESH WHOLE BLOOD 

transfusion (See Section 5: VI Massive Transfusions, page 125) 
a.! Evident massive blood loss and coagulopathy 

Massive blood loss = the loss of 1 to 1.5 times the whole blood 
volume within a 24 hour period; or, 50% of blood volume loss 
within 3 hours or a rate of loss of 150 ml/min.  

b.! Trauma casualties who will be requiring massive transfusion, but 
only when specific blood products are not available or when blood 
products are not enough to resuscitate the patient. 

c.! Patients with hemorrhagic shock when optimal specific blood 
product therapy is not available or when blood products are not 
enough to resuscitate the patient. 

d.! Neonatal exchange transfusion. Use Group O or group-compatible 
erythrocytes suspended  in group compatible or AB plasma.  

3.! Transfusion of PACKED RED BLOOD CELLS 
a.! Should be based on: hemoglobin level, the patient’s clinical 

condition, and, the risk for inadequate oxygenation.  
b.! Transfusion is rarely indicated when the hemoglobin concentration 

is greater than 10 g/dl and is almost always indicated when it is less 
than 6 g/dl.  
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c.! Between 6 and 10 g/dl, RBC transfusion should be based on the 

patient’s risks for complications or inadequate oxygenation.  
d.! The use of PRBC is likely to be inappropriate when Hgb levels is 

greater than 10 g/L. 
e.! Surgical Indications for PRBC Transfusion 

•! Aggressive and early control of hemorrhage should be 
done together with volume resuscitation using crystalloids 
and colloids. PRBC is preferred in patients with acute 
blood loss > 2,000 ml or a 40% loss of blood volume. 

f.! Adult Indications for PRBC Transfusion 
•! PRBC may be given in patients with hemoglobin 

concentration of <10 g/dl if in such cases there is: 
1.! disabling angina pectoris 
2.! myocardial infarction 
3.! congestive heart failure due to severe anemia 
4.! end-stage renal disorder 

g.! Pediatric Indications for PRBC Transfusion 
•! PRBC is indicated in neonates and premature infants with: 

1.! hemoglobin level of < 8 – 10 g/dl (hematocrit 0.25 – 
0.30) accompanied by tachypnea, tachycardia, 
recurrent apnea, poor feeding and poor weight 

2.! hemoglobin level of < 130 g/dl in acutely ill neonates 
with cardiorespiratory disease 

3.! hemoglobin <80 g/L or hematocrit <25% in a stable 
neonate with clinical manifestations of anemia 
(tachycardia, tachypnea, poor feeding). 

4.! neonates and premature infants when there is shock 
associated with blood loss or sepsis, and a cumulative 
loss of 10% 

•! Above 4 months, the general indication for PRBC 
transfusion as discussed above applies. 

h.! Infusion of 1 unit of packed RBC increases the hemoglobin of 1 
gm/dl and hematocrit by 3%. In patients who are not actively 
bleeding, repeat hemoglobin determination may be done 15 minutes 
after transfusion. 
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4.! Indications for Platelet Transfusion 

a.! ongoing massive bleeding to maintain platelet count between 50,000 
to 100,000. 

b.! patients with massive blood transfusion and with platelet count 
<20,000. 

c.! patients with qualitative platelet dysfunction with bleeding or will be 
undergoing surgical intervention 

d.! The number of platelet units to be administered depends on the 
clinical situation of each patient. Usually 6 to 10 units are infused. In 
neonates it is given at 5-10 ml per kilo and in children it is given at 1 
unit per 10 kg.  

5.! Indications for FRESH FROZEN PLASMA (FFP) 
a.! Used to correct elevated PT (>1.5X mid-range of normal), INR > 

1.5, or PTT > 45 secs. 
b.! Infuse 2 to 4 units, then repeat PT, INR and PTT.  

•! multiple coagulation factor deficiencies associated with 
severe bleeding or disseminated intravascular coagulation 
with bleeding. 

•! severe bleeding due to warfarin or patients taking warfarin 
who will undergo emergency surgical procedure. 

•! special situation like open heart surgery with more than 6 
units PRBC transfused 

•! for trauma casualties with 30% or more blood loss and 
who will be requiring massive transfusion 

•! In children: 
1.! bleeding due to hemorrhagic disease of the newborn, 

neonates with coagulopathy who are 
2.! bleeding or about to undergo an invasive procedure 
3.! for neonatal exchange transfusion AB or type 

specific FFP may be used to reconstitute maternal 
blood type specific PRBC (AABB)  

6.! Massive transfusion protocols involve the administration of red cells and 
plasma initially, then adding platelet units or cryoprecipitate later. The 
purpose is to prevent coagulopathy rather than wait for coagulopathy to 
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develop then treat it. Transfusion with more than five units of red cells 
together with crystalloid inevitably leads to dilutional coagulopathy.  

7.! Plasma should be administered in doses calculated to achieve a minimum of 
30% of plasma factor concentration and is usually achieved with the 
administration of 10-20 ml/kg. 

8.! Indications for CRYOPRECIPITATE transfusion 
a.! Cryoprecipitate contains concentrated levels of fibrinogen, Factor 

VIII:C, Factor VIII:vWF (von Willebrand factor), Factor XIII and 
fibronectin. Usually 6 units are transfused. 

b.! Cryoprecipitate may be considered in patients with: 
•! Fibrinogen deficiency (levels < 100mg/dL) where there is 

clinical bleeding, an invasive procedure, trauma  
•! DIC with bleeding 

9.! Blood Component Administration (OPTIONAL) 
a.! Blood or components must be administered safely through a 

peripheral or central venous access device.  
b.! A peripheral vein cannula 18- 20G size is recommended for adults 

while 22-24G or larger is recommended for pediatric patients. 
Smaller gauge devices can be used but restrict the flow rate resulting 
in a much longer time to infuse. When blood is being administered 
by syringe to small infants or neonates, the blood should be drawn 
into the syringe via a 170-200 micron filter. 

c.! A new transfusion set should be used for every new unit of blood 
product.  

d.! In an emergency or operating room procedure where several units 
may be administered in a short time, the transfusion set should be 
changed every 6 hours.  

e.! The standard set to be used in a blood transfusion should be primed 
with normal saline (0.9 NSS) or the blood component. Dextrose 
containing solutions should not be used for priming the blood 
transfusion set.  

f.! The only fluids that can be given concurrently through the same IV 
device as a red cell transfusion are: (1) normal saline; (2) 4% albumin; 
(3) plasma protein fractions; or (4) ABO-compatible plasma. 
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Electrolyte and colloid solutions containing calcium or 5% dextrose 
should NOT be given with blood components.  

g.! Blood transfusion sets should not be ‘piggy- backed’ into other lines.  
h.! Medication should not be added to any blood component prior to its 

transfusion. 
10.!General Blood Transfusion Rates 

a.! Unless otherwise indicated by the patient’s clinical condition, the rate 
should be no greater than 5ml/minute for the first 15 minutes. All 
blood components should be infused within 4 hours unless 
otherwise specified.  

11.!Blood Warming Indications and Devices 
a.! A blood warmer is indicated when: 

•! at flow rates of > 50 mg/kg/hour in adults 
•! at flow rates of 15 mg/kg/hour in children 
•! for exchange transfusion in infants 
•! when transfusing patients with clinically significant cold 

agglutinins 
b.! Blood and blood components shall not be warmed above 41 degrees 

C.  
12.!Surgical Strategies to Minimize Need for Blood Transfusion (OPTIONAL) 

a.! An anesthesiologist or a surgeon prescribing a transfusion of any 
blood products should be familiar with the indications for and the 
benefits and risks from their use.  

b.! Correct anemia and replace depleted iron stores before planned 
surgery.  

c.! Use intravenous fluid replacement with crystalloids or colloids in 
cases of acute blood loss. 

d.! Good anesthesia and surgical management are recommended 
including: 

•! using the best anesthetic and surgical techniques to 
minimize blood loss during surgery 

•! stopping anti-coagulants and anti-platelet drugs before 
planned surgery 

•! minimizing the blood taken for laboratory use 
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•! salvaging and reinfusing surgical blood losses 
•! using alternative approaches such as desmopressive, 

aprotinin or erythropoetin 
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INTRODUCTION 
 
The management of fluids in a critically ill pediatric surgery patient can be a 
challenge as they are more vulnerable to changes in fluid and electrolyte 
imbalances than adults..  It is crucial not only to have the knowledge in the 
basics of the fluid and electrolyte needs of a child but to also initiate timely 
interventions because children adjust less promptly to these disturbances. 
Infants and children also have a greater proportional amount of extracellular 
fluid volume.   
 
Fluid therapy is divided into maintenance, deficit, and replacement requirements. 
Maintenance fluids is defined as that amount of water and electrolytes that 
approximates the volume of normal physiologic urine output and insensible 
losses in children who are not receiving the required volume orally. This should 
maintain an overall net balance of water or electrolytes. Replacement fluids are 
prescribed for abnormal losses from the gastro-intestinal tract and other extra-
cellular compartments and IV fluids with similar composition to that being lost 
should be used. Deficit therapy addresses the need to expand a markedly 
depleted circulating volume. Salt and water homeostasis is frequently abnormal 
in hospitalized patients and hyponatremia is the most commonly occurring 
electrolyte abnormality. 
 
 NORMAL DISTRIBUTION OF BODY WATER AND ELECTROLYTES 
  
Total body water (TBW) varies with an individual’s age and amount of muscle 
mass and body fat. The more fat an individual has, the smaller the proportion of 
body weight attributed to body water. 
 

Table 11-1: Total Body Water By Age Group 
Premature infants 80%-85% 
Full-term infant 70% 
1 year of age 60% 
Young adult – Male 50%-60% 
Young adult – Female 52% 
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BODY FLUID COMPARTMENT and ELECTROLYTE DISTRIBUTION 
 

 
 

 
 

Table 11-2: Electrolyte Distribution (13) 
 ECF (mEq/L) ICF (mEq/L) 

Cations Na+ 140-145 Na+ 10-12 
K+ 6-10 K+ 140-142 
Mg+2 2-3 Mg+2 30-35 
  Ca +2 4-5 

Anion Cl 110-115 Cl 3-5 
 Protein 15-18 Protein 50 
 SO4 2-4 SO4 18-20 
 HCO3 30 HCO3 10-12 
 Organic acids 10 Organic acids 2-5 
 Organic PO4 4-5 PO4 95 

140 140 145 115 

16 8 
75 

10 
110 
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FLUID MANAGEMENT FOR THE PEDIATRIC SURGICAL PATIENT: 
 

1.!DEFICIT THERAPY 
2.!MAINTENANCE THERAPY 
3.!REPLACEMENT THERAPY 

 
DEFICIT THERAPY 
 
Deficit therapy is defined as the providing for fluid and electrolyte losses that 
occur prior to patient’s admission or care. The aim for this therapy is to preserve 
intravascular fluid volume, restore effective tissue perfusion and re-establish the 
balance between tissue oxygen demand and supply. Bolus therapy in children 
should only be used in children with significant ECF contraction or impending 
shock and only in the form of isotonic saline (0.9% NaCl or Ringer’s Lactate).  
The injudicious use of IV bolus therapy will transiently over-expand the ECF 
compartment and result in an increase in the renal sodium excretion. 
 
There are three components to this form of therapy: 

•! Presence of volume contraction or dehydration 
•! Type of fluid deficit 
•! Correction of the deficit 

Dehydration is estimated from the patient’s history and physical examination.  
 

Table 11-3: Clinical Signs of Dehydration (1) 
Clinical Sign  Mild  

Dehydration 
Moderate  

Dehydration 
Severe  

Dehydration 
Weight loss (%) 3-5 6-9 ≥ 10 
Behavior Normal Normal to listless Normal to 

lethargic or 
comatose 

Thirst Slight Moderate Intense 
Mucous 
membranes 

May be normal Dry  Dry  
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Anterior 
fontanelle 

Flat  Sunken  Sunken  

Eyes  Normal  Sunken  Deeply sunken  
Skin turgor Normal  Decreased  Decreased  
Blood pressure Normal  Normal  Normal to 

decreased 
Heart rate Normal rate Increased  Increased  
Urine output Decreased  Markedly 

decreased 
Anuria  

 
Table 11-4: Degrees of Dehydration 

Age Group Mild  
Dehydration 

Moderate 
Dehydration 

Severe 
Dehydration 

Older child 3% 
(30 mL/kg) 

6% 
(60 mL/kg) 

9% 
(90 mL/kg) 

Infant 5% 
(50 mL/kg) 

10% 
(1000 mL/kg) 

15% 
(150 mL/kg) 

 
The type of fluid deficit is determined by the patient’s history, physical findings, 
serum electrolytes and serum tonicity. There are three possible types: 
 

Table 11-5: Type of Fluid Deficit 
Type of Deficit Serum Osmolarity Serum Na+ concentration 
Isotonic dehydration 270-300 mOsm/L 130-150 mEq/L 
Hypotonic dehydration < 270 mOsm/L < 130 mEq/L * 
Hypertonic dehydration >310 mOsm/L > 150 mEq/L 
*May need special attention as cerebral edema may occur during dehydration 
 
Correction of Deficit: 
 
The primary objection in the initiation of correction of dehydration is the 
restoration of the function of essential organs such as the cardiovascular system, 
the central nervous system and the kidneys. Restoration of fluid deficit is 
initiated with isotonic fluid volume expanders and may require considerable 
time. When there is urine output, Potassium is incorporated into the IV fluids.  
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Monitoring is carried out by assessing clinical condition, urine output and urine 
specific gravity..  
 

Table 11-6: Method for Calculating Rehydration Fluid 
 in Isotonic or Hypotonic Dehydration 

Rehydration Phase Fluid Volume Example: 10 kg child 
with 1 kg weight loss 
(deficit = 1000 mL) 

Phase 1  
Emergency Phase 

20 mL/kg; may repeat if 
necessary 

200 mL (remaining 
deficit = 800 mL) 

Phase 2  
First 8 hours 

1/2 remaining deficit + 
1/3 daily maintenance 

400 mL + 333 mL =  
733 mL = 92 mL/hr 

Phase 3 
Next 16 hours 

1/2 remaining deficit + 
2/3 daily maintenance 

400 mL +666 mL = 
1066 mL = 67 mL/hr 

 
Rapid rehydration therapy.   

1.! In volume-depleted children, rapid replacement of ECF losses is carried 
out. (2) 

2.! Moderate dehydration: administer Lactated Ringers at 40 ml/kg in 1-2 
hours 

3.! Severe dehydration: administer LR, 0.9% NaCl or both at a rate of 40 
ml/kg over 1-2 hours. If skin turgor or alertness and pulse rate do not 
return to normal at the end of the infusion, additional doses of 20-40 
mL/kg should be infused over the next 1-2 hours 

 
Colloids vs Crystalloids 
 
In patients in the ICU, use of either Albumin 4% or normal saline for fluid 
resuscitation results in similar outcomes at 28 days. (3) No evidence suggested 
that resuscitation with colloids reduced the risk of death compared with 
resuscitation with crystalloids in patients with trauma or burns or in those who 
underwent surgery. (4)  
 

1.! Crystalloids are preferred. 
2.! Albumin 5% seems safe but needs more evidence in children 
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3.! Post resuscitation Fluid overload >10% affects organ functions (lung, 

kidney, CNS) and worsens outcome 
 
MAINTENANCE THERAPY 
 
Maintenance fluids replace losses of fluids and electrolytes under normal 
conditions. Until serum electrolyte values are known, when starting IV 
maintenance fluids, 0.9% NaCl or Ringers Lactate are recommended. Solutions 
with added dextrose may be required based on patient age and the blood glucose 
level.  This solution should be adjusted when serum electrolyte results become 
available 
 
Table 11-7: Guide for Early Post-operative and Maintenance Therapy: (5) 

Age 
(month) 

<12 Hours After Surgery Maintenance Fluids 

<6 10% dextrose in water 
(D10W) with 0.45 NaCl at 1.5 
times maintenance rate 

D10W with 0.2% NaCl plus KCl 
10-20 mEq/L at maintenance rate 

>6 5% dextrose in water (D5W) 
with Lactated Ringer solution 
at 1.5 times maintenance rate 

D10W with 0.45% NaCl plus KCl 
10-20 mEq/L at maintenance rate 

 
Table 11-8: Daily Fluid Requirements During First Week of Life 

 
 
ADMINISTERING MAINTENANCE FLUID (6) 
 
The Holliday-Segar equation remains the standard method for calculating 
maintenance fluid requirements. Accounting for deficits when determining the 
fluid infusion rate is an important factor in treating dehydrated patients; deficit 
fluid is generally administered over the first 24 hours of hospitalization. (7) 
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Table 11-9: Pediatric Daily Fluid Requirements 
Age/Weight Fluid Goal Calories  

(kcal/kg) 
Dextrose 
(D5W) 

Infants  
(>1 month) 

100-120 mL/kg 120 5-10% 

< 10 kg 100 mL/kg 110 5% 
10-20 kg 1,000 mL + 50 mL/kg > 10 kg 80 5% 
>20 kg 1,500 mL + 20 mL/kg > 20 kg >=45  

 
Table 11-10 Changes to Holliday and Segar Volumes 

Humidified inspired gas x 0.75 
Basal state (e.g. paralysed) x 0.7  
High ADH (common if sick) x 0.7 
Hypothermia -12% per 0C 
Fever +12% per 0C 
Radiant heater x 1.5 
Phototherapy x 1.5 
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DAILY ELECTROLYTE REQUIREMENTS in the Pediatric Age Group. (8) 

 
Table 11-11: Daily Electrolyte Requirements 

Electrolyte Preterm Neonates 
(mEq/kg) 

Infants/Children 
(mEq/kg) 

Adolescents and 
Children >50kg 

(mEq/kg) 
Sodium 2-5 2-5 1-2 
Potassium 2-4 2-4 1-2 
Calcium 2-4 0.5-4 10-20 
Phosphorus 1-2 0.5-2 10-40 
Acetate As needed to 

maintain acid-
base balance 

  

Chloride As needed to 
maintain acid-
base balance 

  

 
General guidelines in Maintenance therapy: 

1.! The higher metabolic rate of children require a greater caloric 
expenditure which translates into higher fluid requirements. 

2.! Oral fluids:  Most oral fluids are very hypotonic. Volume and 
concentration should be factored in the determination of the daily fluid 
requirement of a child. 

3.! Prepared nutritional fluids:  Enteral and parenteral solutions are low in 
sodium and can be a substantial source electrolyte free water.  

4.! Infants and young children have limited glycogen stores.  Saline 
solutions with added dextrose are required to prevent hypoglycemia and 
ketosis. 

5.! All children receiving IV fluids should have an accurate daily intake and 
output record, or more frequently as needed.  Daily weight of the child 
should be recorded early in the morning. 

6.! Children especially infants, have a much higher body surface are to 
weight ratio, and this translates into relatively more water loss from skin 
compared to adults. 
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7.! D5 W or D10 W contain a substantial amount of electrolyte free water 

and must not be used as maintenance fluids.  
8.! Peri-operative fluids should only be in the form of isotonic (0.9% NaCl 

or Ringers Lactate). Solutions with added dextrose may be required 
based on patient age and the blood glucose level. In the absence of the 
need to continue with IV fluids for the replacement of ongoing losses, 
the IV should be discontinued or reduced to minimum and patients 
encouraged to take enteral fluids.  

9.! Children, especially infants have higher respiratory rates (9) 
 

Table 11-12: Respiratory Rates in Children 
AGE (months) Mean Respiratory Rate 

(breaths per minute) 
< 2 48 

2 to < 6 44.1 
6 to < 12 39.1 
12 to < 18 34.5 
18 to < 24 32 
24 to < 30 30 
30 to 36 27.1 

Data from Rusconi F (9) 
 

Table 11-13: Suggested Maintenance Therapy for  
Critically-ill Pediatric Patients 

PROBLEM MAINTENANCE THERAPY 
Shock Isotonic solutions 
Head trauma Hypertonic saline 
Excess free water losses 
(DI, increased skin losses) 

Free water 
Hypotonic fluid replacement 

Cardiac failure/renal failure Salt and water restriction 
Malnutrition Slow filling with hypotonic fluids 
Post-operative patients 
Pain, Stress Restricted volumes of isotonic fluids 
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ASSESSMENT and PRESCRIBING RECOMMENDATIONS 

 
Table 11-14: Assessment and Laboratory Tests 

Condition/Situation Laboratory Tests Needed Frequency 
Prior to fluid 
administration 

Serum sodium, potassium 
Glucose 
Urea, creatinine 

 

Patients receiving 50% 
of calculated 
maintenance fluids or 
replacement of 
ongoing losses or 
given bolus therapy 

Serum sodium and 
potassium 

Daily  

Fluid intake Every shift 
Urine output Every shift or more 

frequently when 
providing replacement 
or bolus therapy 

Other output (drains, tubes, 
dressings) 

Every shift 

Weight   
 
 
REPLACEMENT THERAPY 
 
Replacement fluid therapy is designed to replace ongoing abnormal fluid and 
electrolyte losses from the Gastro-intestinal tract, drains and other focus of fluid 
loss. Because the composition of these losses often substantially differ from the 
composition of maintenance fluids, simply increasing the volume of 
maintenance fluids to compensate for these losses may be hazardous. IV fluid 
therapy to replace losses from the GI tract should only be in the form of 
isotonic saline (0.9% NaCl or Ringers Lactate). Solutions with added dextrose 
may be required based on patient age and the blood glucose level. (Incidence of 
hyponatremia is 21% when hypotonc solution is given in the first 24 hours at 
the PICU, compared with 5% in patients given isotonic solution. (10) 
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Table 11-15: Typical Electrolyte Composition of Body Fluids for Child 
with Abnormal Fluid and Electrolyte Losses and of Common IV Fluids 

Body or IV Fluid Electrolytes (mEq/L) 
 Na+ K+ Cl- HCO3- 
Gastric 70 5-15 120 0 
Pancreas 140 5 50-100 100 
Bile 130 5 100 40 
Ileostomy 130 15-20 120 25-30 
Diarrhea 50 35 40 50 
Lactated Ringer’s solution 130 4 109 28 
0.9% NaCl 154 0 154 0 
0.45% NaCl 77 0 77 0 

 

Table 11-16: Fasting guidelines for elective surgery 

INGESTED MATERIAL MINIMUM FASTING  
PERIOD (hours) 

Clear Liquids 2 
Breast Milk 4 

Infant Formula 4 (<3 months of age) 
6 (>3 months of age) 

Non-human milk 6 
Light meal 6 

 
Practice guidelines for preoperative fasting and the use of pharmacologic agents 
to reduce the risk of pulmonary aspiration: application to healthy patients 
undergoing elective procedures: a report by the American Society of 
Anesthesiologist Task Force on Preoperative Fasting. (11) 
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Table 11-17: The clinical assessment for degree of dehydration 

Severity of 
dehydration 

Percentage 
dehydration Clinical signs and symptoms Infant  
(%) 

Child  
(%) 

Mild 5 3-4 Increased thirst, tears present, mucous 
membrane moist, external jugular visible 
when supine, capillary refill >2 seconds 
centrally, urine specific gravity > 1.020 

Moderate 10 6-8 Tacky to dry mucous membranes, 
decreased tears, pulse rate may be 
somewhat elevated, fontanelle may be 
sunken, oliguria, capillary refill time 
between 2 and 4 seconds, decreased skin 
turgor 

Severe 15 10 Tears absent, mucous membranes dry, eyes 
sunken, tachycardia, slow capillary refill, 
poor skin turgor, cool extremities, 
orthostatic to shocky, apathy, somnolence 

Shock >15 >10 Physiological decompensation: insufficient 
perfusion to meet end-organ demand, poor 
oxygen delivery, decreased blood pressure 

Fluid therapy for children: facts, fashions and questions. (12) 
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Goal in critical care nutrition 
 
The primary goal in critical care nutrition is to provide adequate nutrient(s) and 
energy to the patient in order to achieve the following results: 

•! Restore essential vital signs through resumption of cardiopulmonary, 
hemodynamic, gastrointestinal, renal and neurologic organ systems to 
normal or near normal status 

•! Restore normal body composition and function to normal or near 
normal status. 

•! Achieve optimal inflammatory status and metabolic functions that lead 
to good wound healing, infection control, and adequate response to the 
effects of trauma and/or injury  

Adequate provision of energy and nutrients go hand in hand with strict fluid and 
electrolyte control since the status of the cell’s health is dependent on both 
optimal microcirculatory environment and adequate nutrient delivery. 
 
Principles in nutrition management of the critical care patient 
 

•! Injury, trauma and infection cause an increased inflammatory response 
to the patient which are shown by the following: (1) 

o! Increased energy expenditure (hypermetabolism) 
o! Increased secretion of counter-regulatory hormones (glucagon, 

glucocorticoids, and catecholamines) 
o! Increased production of inflammatory mediators (cytokines and 

acute phase proteins) 
o! Rise of other hormonal regulators such as vasopressin    

•! Insulin resistance is the rule due to increased hepatic glycogenolysis, 
gluconeogenesis, and peripheral resistance of tissues to insulin thus 
manifesting as hyperglycemia.       

•! The above changes cause reduction in the lean body mass (=total 
protein mass responsible for structure and function) due to the following 
factors:  

o! Skeletal muscle protein is preferentially used for gluconeogenesis 



! 213!
during stress (particularly glutamine and alanine) immediately 
after the trauma/injury and this condition will persist during the 
first week.        

o! Increased lipolysis (fat becomes the primary energy source) 
usually occurs in the second week post trauma/injury. 

•! Non-utilization of the gut for more than three days will produce 
the following: (2,3) 

o! Increased loss of lean body mass due to gluconeogenesis 
especially when minimum nutrition (e.g. dextrose) is given 
through parenteral nutrition. 

o! Deterioration of the gut mucosa barrier through diminution of 
antibody IgA secretion to the lumen, the GALT (Gut Associated 
Lymphoid Tissue) and mucosa regeneration with changes in the 
gut microbiota thus leading to bacterial translocation into the 
systemic circulation 

o! The pulmonary system MALT (Mucosa Associated Lymphoid 
Tissue) is strongly influenced by the GALT thus any diminution 
of GALT functions will affect the lungs making it susceptible to 
infections. 

•! To avoid this vicious cycle of continued loss of lean body mass and 
increased susceptibility to infections and failure of healing the following 
approaches are recommended: 

o! Avoid NPO (Nothing Per Orem) for more than 24 hours 
o! Start enteral feeding within 24 hours of the management period  
o! The best way of stimulating gastric and small intestinal motility is 

through feeding due to stimulation of the local motility peptides 
plus the effects of the muscle intrinsic pacemakers, 
parasympathetic nervous system and gastro-enteric reflexes 

o! If enteral feeding is contraindicated give parenteral nutrition with 
incorporation of glutamine, which will keep the maintenance of 
gut mucosa competence and immune cell activity. 

o! These are the contraindications to enteral nutrition: 
#! Intestinal obstruction 
#! Severe ileus  

•!  Fluid shifts to the intercellular space and edema occur due to water 
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retention and increased vascular permeability, which interfere with 
perfusion, nutrient delivery, healing and resumption of full activity (e.g. 
gut motility). 

 
Primary requirements in critical care nutrition: 
 

•! Availability of nutrient access either through oral, enteral and/or 
parenteral route. This means initial and follow up evaluation of the 
critical care patient requires the patient’s capacity of oral intake is fully 
assessed. If oral intake is not seen to be possible then there is the need 
to do the following: 

1.! Place a nasogastric or nasoenteric tube making sure the tip of the 
tube is inside the stomach or small bowel (duodenum or 
jejunum) 

2.! If tube access is not possible, to make sure an intravenous line is 
in place. The requirement for optimal nutrition through 
intravenous route is to have at least a line with a minimum of 
two ports in order to assure continuous supply of nutrients 

•! Achievement of hemodynamic stability (=stable vital signs) before 
nutrition delivery can be started. These are the criteria of stable vital 
signs: (4) 

1.! Respiratory rate: 14-20 breaths/min 
2.! Pulse rate: 100 beats/min 
3.! Blood pressure: systolic blood pressure of 100 mm Hg 
4.! Urine output: 0.5ml/kg/hour 
5.! Consciousness: anxious 

•! Achieve adequate energy, protein and micronutrient delivery 
1.! Get the actual weight. If post-resuscitation, actual weights 

are not accurate due to retention of intravenous fluids; use 
the ideal body weight. If the weight cannot be taken (=no 
bed scale) then the ideal body weight may also be used. 
This is how to compute for the ideal body weight: 

a.! Tannhauser formula: Get the height in centimeters > 
subtract 100 from the height > multiply the result (1) by 
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10% > subtract this result(2) from result(1) > this is now 
the ideal body weight in kilograms  

b.! Example: height 5 feet 8 inches > convert this to 
centimeters > (5 feet x 12 inches/foot) + 8 inches > 68 
inches x 2.54 cm/inch > height = 172.7 cm > subtract 
100 from height in cm > result(1) = 72.7 > multiply 
result(1) x 10% = 72.7 x 0.1 = result(2) = 7.27 > 72.7 (-) 
7.27 = 65.4 kg, this is the ideal body weight of the 
patient. 

2.! Total Calorie Requirement (TCR) is best calculated using the 
indirect calorimeter, but in the absence of one, the actual or ideal 
body weight may be used.  

a.! TCR = weight x 25-30 kcal/kg; This is how to choose 
the calorie values: 

Calorie Values Condition 
20 kcal/kg If the patient is in the initial phase of resuscitation 

and critical care within the first two to three days 
25 kcal/kg On the second to third day if the patient’s vital signs 

are stable 
30 kcal/kg If the patient is on the third day and onwards and 

vital signs are stable 
 

3.! Total Protein Requirement (TPR) is dependent on the following 
conditions: 

a.! If the nutritional assessment shows the patient to be 
normal then the increase in requirements is not high;  

•! Protein Dose = 1-1.5 gm/kg/day 
b.& If the patient is shown to be severely malnourished then 

there is a need for both lean body mass maintenance in 
the first few days and lean body mass build-up once 
recovery is achieved; Protein Dose: 

•! First two to three days: 1-1.2 gm/kg/day 
•! Recovery and build up: 1.2-1.5 gm/kg/day 
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c.! If the patient has acute or chronic renal failure and is 

either on dialysis (hemodialysis, renal replacement 
therapy or peritoneal dialysis) 

•! Not on Dialysis; Protein Dose: 0.8 
gm/kg/day or 0.5 to 0.6 gm/kg/day with 
added ketoanalogs at 100 mg/kg/day 

•! On Dialysis; Protein Dose: 1-2 gm/kg/day 
(may even give 2.5 gm/kg/day when 
aggressive protein build up is required) 

4.! Non-Protein Calories (NPC): this comprises the carbohydrate 
and fat component of the macronutrients. This is calculated by 
subtracting the protein component in calories from the 
computed total calorie requirement for the day.  

a.! Example: weight = 70 kg; Total Calorie Requirement = 
70 kg x 25 kcal/kg = 1,750 kcal/day; Total Protein 
Requirement = 70 kg x 1.2 gm/kg = 84 gm/day; Non-
protein kilocalorie = 1,750 kcal (-) [84 gm x 4 kcal/gm] = 
1,750 kcal (-) 336 kcal; NPC = 1,414 kcal 

b.! Usually these are the ratios: 
Condition Carbohydrate Fat 
Trauma or burns 70% 30% 
Normal 60% 40% 
critical care or high inflammatory states 50% 50% 
Diabetes or with pulmonary problem 40% 60% 

 
c.! How to compute: 

•! 70% Carbohydrates: basing on the previous 
example: carbohydrates = 1,414 kcal  x 70% = 
989.8 kcal divided by 4 kcal/gm for carbohydrates 
= 247.4 gm of carbohydrates 

•! 30% fat: 1,414 kcal x 30% = 424.2 kcal divided by 
9 kcal/gm for fat = 47.1 gm of fat 

 
5.! Micronutrients: these are mainly the vitamins and trace elements 
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a.! See Table 12-1 for the vitamin requirement and Table 

12-2 for the trace element requirement 
 

Table 12-1: Vitamins 
Vitamins Dose (Recommended/Usual) 
Vitamin C 70-75 mg/d 
Vitamin B1 (Thiamine) 1.1-1.2 mg/d 
Vitamin B6 (Pyridoxine) 1.3-1.7 mg/d 
Vitamin B2 (Riboflavin) 1.1-1.3 mg/d 
Niacin 14-16 mg/d 
Pantothenic acid 5 mg/d 
Biotin 30 ug/d 
Folic acid 400 ug/d 
Vitamin B12 2.4 ug/d 
Vitamin A 3300 IU/d 
Vitamin D 400 IU/d 
Vitamin E 15 mg/d 
Vitamin K 90-120 ug/d 

 
Table 12-2: Trace Elements 

Trace Elements Dose (Recommended/Usual) 
Zinc 8-11 mg/d 
Copper 900 ug/d 
Selenium 55 ug/d 
Chromium 20-35 ug/d 
Manganese 1.8-2.3 ug/d 

 
b.! Micronutrients are to be given daily: 

•! For enteral nutrition or tube feeding formulations 
these already have micronutrients 

•! For parenteral nutrition give micronutrient 
supplements (use Tables 12-1 and 12-2 values) 



!218!
6.! Electrolytes: 

a.! See Table 12-3 for the list of electrolytes required 
 

Table 12-3: Electrolytes 
Electrolytes Dose (Recommended/Usual) 
Sodium 100-150 mEq/d 
Potassium 60-120 mEq/d 
Calcium 10-20 mEq/d 
Phosphate 15-30 mM/d 
Magnesium 8-24 mEq/d 
Chloride or acetate anion for sodium or potassium 

 
b.! The basic laboratory tests for electrolytes are: sodium, 

potassium, chloride, magnesium and phosphorus 
c.! These became important due to the complication of 

Refeeding Syndrome (=please go to the section on 
Refeeding Syndrome) 

•! Achieve strict fluid balance: 
1.! The intraoperative fluid loss will amount only to around 300 

ml/hour which means most of intraoperative fluid balances are 
on the positive side (5) 

2.! Current evidence show that strict fluid balance makes a 
difference in outcome; these are the observations: (6) 

a.! Reduced major and minor complications 
b.! Reduced tissue healing complications 
c.! Reduced mortality 

3.! This means when a patient has positive accumulated fluid 
balance, the goal of subsequent fluid management is to remove 
the excess accumulated fluids daily through a negative fluid 
balance. 

•! Monitoring parameters: 
1.! Laboratory values to be taken: 

a.! Sodium, potassium, chloride, magnesium and 
phosphate to be done before any feeding is given and 
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on the first three days of intensive care; when the 
laboratory values show stabilization then may be done 
once a week or when indicated 

b.! When these values are in the lower limits of normal 
delivery of nutrition should be slow in order to avoid 
Refeeding Syndrome (See below) 

c.! Serum albumin: this is only a marker of illness, not of 
nutritional status so when this is low the following may 
be done: 

•! 2-3 gm/L: increase the protein dose and may or 
may not add glutamine or fish oils 

•! Below 2 gm/L: if there are signs of edema or 
oncotic pressure improvement is needed, give 
intravenous albumin (one vial every 12 to 24 
hours) 

d.! Any infusion of albumin to correct the plasma levels is 
directed to correct the oncotic pressure, not the 
nutritional status 

2.! Daily weight if there is a bed-scale available; if not once a week. 
3.! Calorie and protein counting with daily and accumulated fluid 

balance 
4.! How to check if there is protein build-up: nitrogen balance; this 

is how to do a nitrogen balance: 
a.! Measure 24-hour urine urea nitrogen (UUN).              
b.! Nitrogen loss (g/d) = 1.2 [UUN (g/dL) × urine output 

(mL/d) × (1 g/1,000 mg) × (1 dL/100 mL)] + 2 
g/d.              

c.! Nitrogen balance (g/d) = [total protein intake (g/d)/6.25 
(g protein/g nitrogen)] − [Nitrogen loss (g/d)]              

d.! Goal is a positive nitrogen balance (anabolic state). 
Negative nitrogen balance indicates muscle breakdown 
(catabolic state), and protein intake should be 
increased.              
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•! Refeeding Syndrome 

1.! Condition arising from sudden drop of these key electrolytes: 
sodium, potassium, magnesium or phosphate below normal 
levels after initiating enteral and/or parenteral nutrition in 
severely malnourished elderly and/or critical care patients who 
have been on prolonged low nutrient intake. 

2.& Manifested by: drowsiness, coma, arrhythmia, cardiac arrest, 
acute ventilator failure, ventilator muscle rupture and acute renal 
failure.  

3.& The underlying mechanism is the entry of these key electrolytes 
into the cells after glucose and amino acids enter the cells 
resulting to low levels in the intercellular fluid (=plasma);  

a.! These will lead to hypokalemia and subsequent 
arrhythmia and cardiac arrest or gastrointestinal ileus 

b.! Hypomagnesemia and hypokalemia will lead to muscle 
protein disruption resulting to ventilator muscle failure 
thus to respiratory failure or arrest 

c.! Combination of the above would lead to loss of 
consciousness or coma. 

4.! To avoid this problem these procedures should be done: 
a.! Be wary when the patient is elderly and in critical care 

state 
b.! Check the key electrolytes (Na, K, Mg, P) 
c.! When the key electrolytes are on the lower range of 

normal, START FEEDING SLOWLY (e.g. 20-25 
ml/hr), then increase rate and volume when the 
electrolyte levels are still normal within 48 to 72 hours 
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Route of Nutrient Delivery:  
 
•! Figure 12-1 shows the approach to feeding the critical care patient 
 

Figure 12-1 

 
•! The next procedure that has to be done is to perform a calorie and protein 

count in order to know how much intake the patient has achieved. The cut-
off value for adequate intake is 75% and if this is not achieved, supplemental 
feeding through oral supplementation, tube feeding or parenteral feeding 
may be given. 

•! Enteral Nutrition 
1.! This is feeding through the oral route using oral nutrition 

supplements or through tube feeding. Tube feeding may be through: 
a.! Nasogastric tube 
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b.! Gastrostomy tube, which is inserted either percutaneous or 

open surgical 
c.! Jejunostomy tube 

2.! This is the preferred route since the gut is primarily designed for 
digestion and absorption of nutrients 

3.! Full immune-competence is achieved when the gut is fully utilized 
for feeding 

4.! Vasopressor support does not affect gut mucosa perfusion after 
resuscitation or surgery (3) 

5.! Tube feeding is delivered in the following manner: 
a.! Continuous or intermittent strict volume delivery per hour 

(e.g. 30 ml/hr or 60 ml/hr) which is designed to achieve 
adequate feeding within 24 hrs;  

i.! This can be done through:  
1.! Drip containers with control valves 
2.! Enteral pump 

ii.! Continuous or intermittent feeding is the preferred 
manner of feeding since this does not cause gastric 
intolerance (nausea, vomiting, pain, diarrhea) or 
intestinal diarrhea 

b.! Bolus feeding which delivers the full volume dose within 
minutes is to be mentioned for its complications related to 
large volume delivery which are: nausea, vomiting, 
gastroesophageal regurgitation, pain and diarrhea;  

i.! Bolus feeding may be done through the stomach, but 
definitely not to the jejunostomy tube or 
nasojejunostomy tube. 

c.! Jejunostomy feeding requires continuous or intermittent drip 
feeding using the drip bag or enteral pump; bolus feeding is 
not allowed 

d.! When giving tube feeding these are the basic requirements: 
•! Place the patient in a semi-recumbent position 
•! Wash your hands 
•! Check the gastric residual volume 
•! Deliver the nutrients 
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•! When giving medications flush before and after 

usually giving 15-20 ml/flush 
•! Keep patient recumbent for an hour 

6.! Gastric residual volume (GRV) 
a.! This is the regularly measured gastric content while the tube 

feeding is given; the usual schedule is one measurement 
every four hours; some institutions which have protocols on 
feeding with a focused nursing unit (e.g. ICU) do not 
perform this anymore. 

b.! When there is presence of GRV above 150 to 200 ml it is 
indicative of gastroparesis or gastrointestinal dysmotility, 
which are secondary to the trauma, severe inflammatory 
response, severe septic state or side effects of the drugs.  

c.! Repeated, persistent or increasing large volumes indicate a 
worsening condition/prognosis for the patient 

d.! These are procedures to do when GRV measurement is 
done: 

•! Wash your hands 
•! Aspirate the GRV 
•! When the volume is around 150 to 200 ml do the 

following: 
1.! Reduce the rate of feeding flow 
2.! Check GRV after two hours, if volume is 

lesser, then sustain adjusted rate for an hour 
or two then recheck; if volume is lesser then 
resume the original flow rate 

3.! If the GRV is persistently around 150-200 ml 
then give prokinetics like erythromycin. 

ii.! Do not throw away the GRV – put it back. 
  

•! Parenteral Nutrition 
1.! This is nutrient delivery through the intravenous route. These are the 

usual access routes: 
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a.! Peripheral vein: most commonly used for formulas with 

osmolality within 300 mOsm/kg 
b.! Central vein: used for hyperosmolar solutions 

•! Cut down: avoid the technique that destroys veins 
•! Peripherally inserted central catheter (PICC) 
•! Subclavian vein 
•! Internal jugular vein 

2.! Main indications: when the gut cannot be used as in: 
a.! Intestinal obstruction 
b.! Severe ileus 

3.! Supplemental parenteral nutrition is given whenever the oral or 
enteral route is inadequate in achieving 75% of calculated 
requirements 

4.! Components of the parenteral nutrition solution 
a.! Complete macronutrients and micronutrients:  

•! Usually a three-in-one bag with amino acids, glucose 
and fat separated by compartments which are mixed 
when feeding is initiated 

•! Micronutrients (=vitamins and trace elements, see 
Tables 12-1 and 12-2) are incorporated when the 
feeding is initiated 

b.! Individual components: 
•! When the enteral nutrition delivery is deficient in one 

or two macronutrients, individual amino acid or lipid 
solutions singly or in combinations may be given 

•! Micronutrients may or may not be incorporated, 
depending on the need 

 
Table 12-4: Pharmaconutrients 

PHARMACONUTRIENT DOSE ROUTE 
Glutamine 0.3-0.5 gm/kg/day Enteral, 

intravenous 
Fish Oils (EPA/DHA) anti-arrhythymia = 500mg/day;  Enteral, 
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•! Immuno-nutrition or pharmaconutrition: 
•! Evidence base regarding enteral, parenteral nutrition and immunonutrition 

or pharmaconutrition: 
1.! Parenteral nutrition is more associated with infectious complications 

compared to enteral nutrition (7) 
2.! Enteral nutrition is associated with inadequate intake leading to poor 

intake within the first 3-4 day of critical care management – this is 
considered a failure to maximize the role of the gut in the recovery 
process and in achieving adequate protein and energy intake and 
utilization (8) 

3.! Inadequate intake in energy and protein is associated with increased 
morbidity and mortality (9) 

4.! There is a need to combine the two with the primary aim of 
achieving adequate intake within the first 24 to 48 hours of 
admission or transfer to the ICU (8) 

5.! Recent studies which questioned the value of early parenteral 
nutrition (first 3-6 days of ICU admission) (10) were “corrected” by 
new meta-analysis. (11) 

6.! Contrary to recent meta-analysis (12), use of glutamine, fish oils and 
antioxidants improve the immune function, optimize the 
inflammatory status, reduce complications and improve lean body 
mass. (8) 

 
 
 
 

anti-inflammatory = 1-2 gm/day;  
cancer = >2 gm/day 

intravenous 

Antioxidants Double the average daily dose Enteral, 
intravenous 

HMB (Hydroxy-methyl-
butyrate) 

7 gm/day Enteral 

Branch chain amino acids 
(BCAA) 

1 gm/kg/day Enteral, 
intravenous 
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Issues on critical care management outcomes: 
 

•! Some patients will die despite the best medical therapy 
•! In the Philippines the reported mortality is 11.4% (1), while in the US a 

10% mortality is to be expected (2) 
•! It is now part of hospital protocol to make the attending physician sit 

down and discuss with the family the prognosis and outcome of the 
critical care status of the patient (=Family Conference) including 
decisions to withhold or withdraw some form of therapy. Thus, 
imminent or sudden death is now an event that has been discussed 
among the critical care team, patient’s family, and patient. (2) 

•! There are still some institutions where this practice has to be 
implemented and as such these decisions ultimately rest on the patient 
and attending physician. (2) 

 
Treatment Decisions: 
 

•! When one is called to attend to an emergency or critical care situation 
one has to ask these questions: 

1.! Is the patient already in a terminal or palliative care status? 
2.! Is there an advance directive from this patient or the family? 

•! If there is no advance directive and the patient’s family or representative 
wants you to perform life-sustaining management then go ahead and 
perform all means to either revive or sustain the life of the patient. 

 
•! What is an advance directive? 

o! It is a written directive instructing such person’s physician to 
withhold or withdraw life-sustaining treatment in the event of a 
terminal condition or permanent unconscious condition. A 
person’s right to control his or her health care may be exercised 
by an authorized representative who validly holds the person’s 
durable power of attorney for health care.  
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o! This definition is taken from the Natural Death Act of 2005 of 

the Philippines (3). Once you are informed that there is an 
advance directive, then follow what it requested. 

 
o! The next question is: What is meant by “life-sustaining 

treatment”? 
•! According to the Natural Death Act of 2005 or Senate Bill 1488 

introduced by Senator Miriam Defensor-Santiago (3) 
o! Life-sustaining treatment means any medical or surgical 

intervention that uses mechanical or other artificial means, 
including artificially provided nutrition and hydration, to sustain, 
restore, or replace a vital function, which, when applied to a 
qualified patient, would serve only to prolong the process of 
dying.  

o! "Life-sustaining treatment" shall not include the administration 
of medication or the performance of any medical or surgical 
intervention deemed necessary to alleviate pain. 

o! Legally these are the areas allowed or not allowed: 
Treatment Allowed Not allowed 
Artificial nutrition  Yes 
Artificial hydration  Yes 
Mechanical ventilation  Yes 
Pain management (all areas) Yes  
Oxygen/respiratory medications* Yes  
Blood pressure medications Yes  
Fever medications Yes  
* Please see specific life sustaining treatments section below 

 
 
Guidelines for withdrawing life-sustaining therapies    

•! Goals for withdrawing life-sustaining therapies:              
o! Promoting comfort and respecting the wishes of the 

patient.              
o! Promoting comfort of the family.              
o! Maintaining or achieving the patient’s ability to 
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communicate.              

o! Withdrawing burdensome therapies.              
o! Allowing death to occur.        

•! Palliative (2). Physician orders should be reexamined with a goal toward 
palliative and comfort care. 

o! A palliative care consult may be done if care of the patient will 
continue outside the ICU.  

o! Therapies that increase patient comfort or relieve pain, anxiety, 
or agitation are either continued or added (See Table below, [2]).  
 

Clearance of oral secretions 
Continuation of general nursing care and cleanliness  
Offering of food/water to alert patients 
Antiseizure or antiepileptic regimens 
Narcotics  
Sedatives  
Antipyretics  
Nonsteroidal anti-inflammatory drugs 
Prophylaxis for gastrointestinal bleeding 
Antiemetics  
Humidified air 

 
o! Therapies that support physiologic homeostasis or treat the 

underlying disease process is no longer indicated and may be 
discontinued. The benefit-to-burden ratio of each 
intervention should be used to determine which interventions 
should be eliminated.  

o! The specific order of discontinuation is often determined by the 
patient’s or family’s preference or the patient’s situation.  

#! A stepwise approach is followed, with mechanical 
ventilation discontinued only after the withdrawal of 
vasopressors, antibiotics, or enteral feedings.  

o! There is no substitute for the continued presence of a concerned 
and caring medical staff, especially the physician, at the bedside.  

o! Clear plans for monitoring the patient’s level of discomfort and 
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intervening with additional medications should be made and 
shared with the family in attendance.  

o! The decision to withdraw life-sustaining treatment should be 
accompanied by an increased vigilance and bedside attention, not 
withdrawal, of the medical staff.  

 
•! Specific Life-Sustaining therapies that may be withdrawn: (2)           

•! Vasopressor and inotropic medications 
•! Extracorporeal support therapies like hemodialysis.  

o! Decisions regarding removal of vascular access devices should 
reflect patient comfort, family preference, but also may take into 
account the risk of excessive bleeding due to uncorrectable 
coagulopathy.              

•! Antibiotics and other curative pharmacotherapy like 
chemotherapy. It may be reasonable to continue treatments such as 
topical antifungal agents used for oral hygiene or antibiotics aimed at 
treating painful lesions.              

•! Supplemental oxygen. Because the avoidance of hypoxemia is no 
longer a therapeutic goal, supplemental oxygen may be discontinued 
and the patient returned to breathing room air. This is reasonable 
even if it is decided that mechanical ventilation will be continued.  
o! If the patient is removed from the ventilator but continues to 

have an artificial airway in place (e.g., endotracheal tube or 
tracheostomy), humidified air can be administered to avoid the 
irritation of drying of the airway and tracheal secretions.              

•! Mechanical ventilation. Mechanical ventilation does not differ 
morally or legally from other life-sustaining treatments such as 
dialysis, and can be discontinued if the patient or his/her proxy 
believe it is “unwanted therapy”.                   

•! Nutrition (enteral or parenteral), fluid resuscitation, blood 
replacement, and intravenous (IV) hydration may be discontinued. 
Nasogastric and orogastric tubes may be discontinued. These are 
therapies that have the goal of returning the patient to health or 
prolonging life, but found to have minimal effects if removed. 
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•! When some qualifications or criteria within the advance directive are not 
clear, especially pertaining to life sustaining treatment, then the following 
may be done: 
•! Ask the family what type of life sustaining treatment they want to do 

for the patient and work within this area only. In the Philippines 
there is a strong influence coming from the family, thus it is 
imperative that their wishes or requests be fully addressed. 

•! When the patient or the family asks for your advice, be guided by the 
Palliative Care Definition of WHO (4) when the patient is a 
terminally ill patient. Palliative care provides the following: 

o! relief from pain and other distressing symptoms 
o! affirms life and regards dying as a normal process 
o! intends to neither hasten nor postpone death 
o! integrates the psychological and spiritual aspects of patient 

care; 
o! offers a support system  

#! to help patients live as actively as possible until death 
#! to help the family cope during the patient’s illness 

and later in their bereavement 
o! uses a team approach  

#! to address the needs of patients and their families  
#! to do bereavement counseling, if indicated 

o! will enhance quality of life 
o! may positively influence the course of illness - applicable 

early in the course of illness, in conjunction with other 
therapies that are intended to prolong life, such as: 

#! chemotherapy 
#! radiation therapy 
#! includes those investigations needed to better 

understand and manage distressing clinical 
complications. 
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•! Once all the above procedures are clarified then you will be assured 

of a smooth management of the dying or terminally ill cancer 
patient. 

 
IN THE HOSPITAL SETTING THE FOLLOWING PRINCIPLES APPLY: 
 

•! Patient autonomy (i.e., respect for an individual’s preferences) is the 
guiding ethical principle in medicine.  

o! Competent adults can and may choose to accept or refuse 
offered/suggested medical therapies.  

o! If a patient’s competence is questionable, a psychiatrist should 
evaluate the patient to determine whether he/she has decision-
making capacity. This requires an ability to receive and 
understand medical information, to discern the various options 
presented, and to choose a course based on the information 
offered and one’s values.      

 
•! Informed consent is standard requirement for hospitals to be able to 

perform all manner of management to the patient’s health issues. This is 
a freely agreed arrangement between the patient, the attending physician 
and the hospital.  

o! Ideally, informed consent should be obtained for              
1.! Procedures (e.g., endotracheal intubation, mechanical 

ventilation, central venous cannulation, flexible fiberoptic 
bronchoscopy)    

2.! Therapies (e.g., vasopressors, blood transfusions, 
chemotherapy) 

3.! Research 
o! These are the persons who can make the informed consent 

1.! Patient 
2.! Surrogate decision makers like parents, children, closest 

relative, appointed lawyer or guardian 
•! Advance Directive is a statement specifying the patient’s health care 

wishes should he/she become unable to communicate for 
himself/herself. These are the different forms of advance directives: 
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o! A health care proxy or durable power of attorney for health 

care – a legal document prepared by the patient in advance of an 
incapacitated state. It delineates the person (Health Care Agent) 
whom he/she would wish to make health care decisions under 
these circumstances. 

o! A living will - a document describing the therapies or 
interventions that a patient would wish to receive or refuse under 
specific circumstances. These can elucidate a patient’s prior 
expressed wishes and should be considered as part of the 
decision-making process 

o! The judicial system is recognizing that advance directives may 
be verbal in nature, and what a patient stated to family, close 
friends, or health care providers regarding treatment preferences 
can provide an acceptable framework for care decisions in the 
absence of written documents. 

•! What can be done if there is no written document like an advance 
directive? Decision making will ultimately rest on the following: 

o! A de-facto surrogate: next of kin or a trusted friend 
o! A court-appointed legal guardian, who may be the last resort 

when no family member or friend exists or is able to make 
decisions in the best interest of the patient. 

 
Family Conferences 

•! This process is strongly encouraged for patients in the critical care state 
to enable smooth therapy decision making and consequent steps as the 
patient’s condition worsens or goes into a vegetative state 

•! It is important for the health care team to discuss the patient’s prognosis 
and arrive at a consensus before meeting with the family 

•! What are to be discussed? 
o! Current management approach and prognosis 
o! The goals of ICU therapy should be confirmed with the family: 

#! Prognosis 
#! Therapeutic options and possible outcomes 
#! Time-limited trials of therapies may be suggested like 

dialysis or transplants 
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#! Quality of life or longevity issues like: Is ICU care given 

to prolong a patient’s life long enough for close relatives 
to arrive to pay last respects or consent to organ 
donation? 

#! Values of the patient should be elicited and emphasized 
during discussions of goals 

o! Financial status and options for transfer to other institutions 
o! Requirements for an acceptable discussion are: 

#! Consistency in the message is important – variant 
opinions are discouraged so as not to confuse the family 

#! Patience is required during family discussions. Presenting 
a poor prognosis can be devastating; care should be 
taken to express compassion and empathy.  

#! Adequate time must be allowed for the family to 
contemplate what has been said and to ask questions. 

o! Once the prognosis has been discussed, the family may 
request or the physician may suggest a limitation of life-
sustaining treatment status for the patient, also defined as “do 
not resuscitate” (DNR).  

#! The DNR status seeks to clarify what therapies will be 
offered to the patient in case of acute, life-threatening 
instability that requires immediate treatment to prevent 
death.  

#! Clear instructions should be given and documented 
in the chart regarding preferences for specific 
interventions such as cardiopulmonary resuscitation, 
endotracheal intubation, electrical therapy, and medical 
therapy in case of sudden cardiac or respiratory failure.  

#! The simple phrase “DNR” in the physician’s orders is 
insufficient because the meaning will vary to different 
caregivers. 

o! Decision to withdraw or withhold therapies may be made. 
The majority of critically ill patients are incompetent to make this 
decision, and, thus, a surrogate is involved. What can a 
surrogate do? 
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#! In deciding the possible limitations of care, the patient’s 

surrogate should approach this decision using substituted 
judgment or determining what type of care the patient 
would have wanted for himself/herself.  

#! The surrogate should refer to written indications of the 
patient’s preferences or to past conversations concerning 
end-of-life wishes.  

#! Surrogates should refrain from incorporating their own 
preferences or values into decision-making.  

#! If the patient’s wishes regarding end-of-life care are 
unknown, the principle of relative benefit versus burden 
may be used. In this process, the potential helpful versus 
harmful effects of each therapy are weighed, resulting in 
a choice to accept or reject each therapy.  

o! What are the critical care teams interests when a decision to 
withdraw therapy is given? 

#! Does the patient desire for an autopsy? To donate body 
or any organ for research? Although discussion may be 
viewed as awkward while the patient still lives, most 
families appreciate honest attempts by the care team to 
prepare them for what lies ahead. In addition, it is often 
easier to have such discussions in advance, separate from 
the often intense grief which occurs at the time of death. 

#! All members of the ICU team should agree that further 
treatment of the patient is futile before meeting with the 
family. If conflict arises, the input of the institutional 
ethics committee is advisable 

 
ROLE OF THE INSTITUTIONAL ETHICS COMMITTEE 
 
The institutional ethics committee is generally made up of a group of health care 
professionals trained in medical ethics.              

•! The purpose of the ethics committee is to educate and advise clinicians 
regarding ethical dilemmas and to enable resolution of ethical conflicts. 
The ethics committee offers an objective analysis of the patient’s case 
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and may draw on basic ethical principles to guide the patient, clinicians, 
and family to a consensus about the therapeutic course. The ethics 
committee should:                  

o! Be accessible to all members of the health care team and to the 
patient and family. This diminishes inequalities of power present 
in the hospital environment and promotes a climate of respect 
for all viewpoints.                   

o! Be presented with a specific question to be answered. The 
patient’s condition and prognosis should be 
documented.                   

o! Not be a substitute for communication with the family 
regarding end-of-life issues.              

•! Mandate. Hospital or institutional policy may mandate input of the 
ethics committee in certain circumstances. For example, withdrawal of 
care decisions in traditionally “vulnerable” populations such as children 
or those lacking any surrogate decision-maker may be assisted by ethics 
consultation.              

•! Conflict-Resolution Policy.  
o! Ethics committees may be involved with formulating and 

implementing the institutional conflict-resolution policy. This 
policy is useful in those rare situations where irreconcilable 
differences exist between the physician and the patient and/or 
family and where the usual mechanisms for decision-making 
(e.g., informal discussions, team/family meetings, assistance of 
social workers, clergy, or ethics consultants) have proven 
ineffective.  

o! The policy should describe a specific, stepwise process toward 
achieving accord or, if none can be achieved, may describe the 
process whereby the patient’s care may be transferred to another 
accepting physician, care team, or institution.  
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•! Brain death (See also Section 8 on Brain Death, Critical Care of the 
Neurologic Patient, page 166)  

o! Means that death has been determined via evaluation of brain 
function, and as such is distinct from cardiac death.  

o! Ethically and legally, brain death is equivalent to death, even 
when other organs, such as the heart, may still be functioning.  

o! Occasionally, this concept presents difficulties in patients and 
families from cultures and religions that do not consider the 
concept of brain death as outlined here.  

o! Because these patients are dead, clinicians are obligated to end 
care, even though this may be stressful to the family. (Whether 
this is acceptable to Filipinos remains to be seen, more studies 
are needed) 
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SPIRITUAL CARE 
 
Everyone dies and the question whether the person has a spirit that lives on 
forever has been the source of discussion and debate throughout the centuries 
of man’s existence. A great majority of the human population believes in life 
after death (except for the atheist, of course) and this life ends either in eternal 
joy (=heaven) or in eternal pain (=hell). How this will happen depends on what 
religion one is in – just check Google/Wikipedia and type “eternal life” followed 
by the religion (e.g. Buddhist, Muslim, Jehovah’s witness . . .) and you will see 
these different perspectives.  
 
How one cares for the dying patient or the patient who has just died to prepare 
them for the “next life” will depend on their religious belief. It is the role of the 
critical care specialist to identify these important areas of care and allow the 
patient or their families to have the “best” or “maximum” way of reaching this 
point. These include the discussion on spiritual aspects of life, reading the “holy 
scriptures” and prayer. This also involves coordination with the persons 
recognized or designated by the patient or family as spiritual adviser(s) or 
spiritual support/strength. 
 
THE CHRISTIAN PERSPECTIVE 
 
For the Christian the Bible is the source of all truth since this is the only book in 
history that has stood the test of time as to God’s relationship with man. All 
other knowledge/literature pales in comparison when placed beside it (i.e. “Is 
there a God?”, theory of evolution, life and death, nutrition . . .) and why not? It 
is the Word of God. (1,2)  
 
These are the main principles that will guide a Christian critical care specialist in 
the spiritual care of a dying patient, giving the patient a broad perspective on his 
current life, end of life and life after death: 

1.! Before creation God was already there (3) 
2.! He created the heavens and the earth and then man (4) 
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3.! Man was originally designed to live forever, but Satan came to subvert 

this and caused man to sin, hence man cannot go to heaven (5,6) 
4.! God promised to send a savior who came in the person of Jesus Christ, 

who undertook all penalty of sin, died on the cross and rose from the 
dead (=resurrection) (7) – All authority in heaven and earth was 
bestowed on Jesus by God the Father. (8) This sin-tainted creation will 
have an end and this will be replaced by an eternal new heaven and earth 
where there is no more sin. (9) 

5.! Only those who accept Jesus as Savior and Lord will go to have eternal 
life of joy in heaven (i.e. their names will be written in the book of life). 
(10,11) The rest who died/will die will have eternal torment (=their 
names are not written in the book of life) (12) 

By going through this process with a patient and/or the family a Christian 
critical care specialist will be able to provide quality spiritual care with eternal 
consequence(s) to the patient. 
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•! Prevalence of Obesity 
 

Obesity is considered to be one of the major public health risks of the 21st 
century. The prevalence of obesity remains high in developed westernized 
countries and it is also growing rapidly in numerous developing nations. It 
has been estimated that obesity has nearly doubled worldwide since 1980. 
Approximately 2.3 billion adults are overweight and more than 700 million 
are obese. In 2010, around 43 million children (less than 5 years old) were 
found to be overweight. Every year around 2.8 million adults die as a result 
of being overweight or obese. 

 
o! U.S. - Obesity has reached epidemic proportions in the United States 

with an age-adjusted prevalence of 30% in adults. Up to 26% of 
patients in a medical–surgical intensive care unit are obese, and the 
prevalence of morbid obesity in the ICU is up to 7%.  

o! In the Philippines, prevalence of obesity among adults 20 years old 
and above is around 6.8%. (11) 
 

•! Issues of obesity 
o! Obesity is a known risk factor for several disease conditions like 

heart disease, hypertension, stroke, osteoarthritis, certain forms of 
cancer, infertility, fatty liver, sleep apnea and most especially type 2 
diabetes. Around 90% of type 2 diabetics are overweight and it has 
also been estimated that by the year 2025, around 333 million people 
will develop type 2 diabetes as well. The presence of diabetes, in 
addition to obesity, raises the death rate by five to eight fold.  

o! Not only do obese patients often present with multiple 
comorbidities, which complicate their perioperative course, but also 
obesity is an independent risk factor for many postoperative 
complications. Hence, special consideration must be given to this 
population.  
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•! Definition of obesity (based on BMI, WHO classification) 

o! The Body Mass Index (BMI) is commonly used to define overweight 
and obesity. It is expressed as weight in kilograms divided by height 
in meters squared. 

o! How to compute for BMI = Weight (kg)/Height(m)2 
 

Table 14-1: BMI and Weight Classification 
BMI Classification 
18.5 – 24.9 Healthy weight 
25 – 29.9 Overweight 
30 – 34.9 Class 1 (moderate) obesity 
35 – 39.9 Class 2 (severe) obesity 
≥40 or 35 with co-morbidities Class 3 (morbid) obesity 

 
o! Obesity is BMI ≥ 30 
o! Morbid obesity is defined as body mass index (BMI) ≥40 
o! However, in the Asian population lower BMI levels were already 

noted to be associated with significant risk of comorbidities. 
Nevertheless, as the BMI increases, the risk of death also increases. 
In fact, one study has shown that in non-cancer patients, the risks of 
dying were two and three times greater for the overweight and obese 
but then rose exponentially for the morbidly obese.  
 

•! Physiologic changes associated with obesity    
A.! Cardiovascular              

1.! Hypertension is the most common overweight- and obesity-
related health condition.  

2.! Heart failure                   
a.! Excess adipose tissue and increased loading of 

supporting muscle and bone elevate metabolic 
demand.                   

b.! Circulating blood volume and cardiac output increase 
to meet this demand. The increased blood volume 
results in increased ventricular wall stress, which can 
eventually lead to left ventricular enlargement and, 
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coupled with hypertension, left ventricular 
hypertrophy.                   

c.! The resulting systolic and diastolic dysfunction, often 
in association with ischemic heart disease, can lead to 
left ventricular failure.  

d.! Left ventricular failure, combined with chronic 
hypoxemia and hypercapnia, leads to pulmonary 
arterial hypertension and right ventricular 
failure.              

3.! Coronary artery disease. Hypertension, hypercholesterolemia, 
and type II diabetes mellitus are all significantly correlated 
with obesity and are all risk factors for the development of 
atherosclerosis. Obesity is an independent risk factor for 
coronary artery disease.      

 
4.! Dysrhythmias. Hypoxemia, hypercapnia, electrolyte 

abnormalities, coronary artery disease, increased circulating 
catecholamines, and heart failure predispose the obese 
patient cardiac dysrhythmias and sudden cardiac death.        

 
B. Respiratory (see Section 1: Airway Management) 

1.! Altered respiratory mechanics                   
2.! Gas exchange                   
3.! Obstructive sleep apnea (OSA) and obesity hypoventilation 

syndrome (OHS)                   
a.! OSA is characterized by frequent episodes of apnea 

or hypopnea, snoring, excessive daytime somnolence, 
and psychological changes.                   

b.! OSA causes hypoxemia and an increase in circulating 
catecholamines, which lead to pulmonary and 
systemic hypertension. The presence of polycythemia 
suggests long-standing hypoxemia.                   

c.! Patients with suspected OSA should be referred to a 
sleep specialist for evaluation and polysomnography 
before elective surgery.                   
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d.! OHS is characterized by central (nonobstructive) 

apneic/hypopneic episodes resulting in sustained 
hypercarbia and hypoxemia.                   

e.! Long-standing hypoxemia and hypercarbia from 
OSA and OHS can lead to pulmonary hypertension 
and right ventricular failure.        

C. Other pathophysiologic changes              
1.! Gastrointestinal - increased gastric volume, diaphragmatic 

hernia, and gastroesophageal reflux.              
2.! Hepatobiliary                   

a.! Abnormalities in lipid and cholesterol metabolism 
b.! Cholelithiasis is common and found in up to 27% 

preoperatively. Up to 41% of gastric bypass patients 
will need cholecystectomy.              

3.! Renal. Increased circulating blood volume and cardiac output 
results in an increased glomerular filtration rate           

4.! Hematologic                   
a.! Hypercoagulable state and impaired fibrinolysis.  
b.! Vena caval compression and immobility lead to 

venous engorgement and stasis.                   
c.! Risk of deep venous thrombosis (DVT) and 

thromboembolism in the obese.              
5.! Endocrine - hyperglycemia, insulin resistance, and 

hyperinsulinemia resulting in type II diabetes 
mellitus.              

6.! Metabolic syndrome                   
a.! The metabolic syndrome is defined by the presence 

of three or more of abdominal obesity, high 
triglyceride level, low HDL cholesterol level, 
hypertension, and/or high fasting plasma glucose 
level. The incidence increases with waist 
circumference and BMI.                   

b.! This cluster of coronary artery disease risk factors has 
in common insulin resistance and is likely due to 
obesity and/or an inherited genetic defect.              
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7.! Immunologic.  

a.! Inflammatory cytokines such as tumor necrosis 
factor-α and interleukin-6 and markers of 
inflammation such as C-reactive protein are 
produced by adipose tissue.              

8.! Skin - Intertriginous dermatitis is common.  
9.! Psychobehavioral - Most of these obese people feel 

discriminated and depressed. Their behavior pattern, social 
life and emotional stability are greatly affected. That is why 
during their treatment, such psychosocial issues should be 
evaluated and addressed accordingly early on because these 
could greatly influence the outcomes of their management. 

 
o! Management of the obese patient in the critical care setting  

1.! Is challenging due to technical difficulties encountered, pre-existing 
comorbidities, as well as biases of clinicians and other providers who 
care for these patients.        

2.! Airway Management (See Section 1: Airway Management) 
o! Difficulty with laryngoscopy and intubation.  
o! Redundant soft tissue can compromise mask 

ventilation.              
o! Proper positioning is critical to securing an 

airway                   
o! Preoxygenation with the patient in a 25° head-up position 

increases FRC and allows a longer time to 
desaturation.              

o! Respiratory failure              
1.! Postoperative pulmonary complications are twice as 

likely in the obese patients.              
2.! Mechanical ventilation (see Section 1: Mechanical 

Ventilation)                  
o! Hemodynamic monitoring Due to pre-existing 

cardiovascular comorbidities, the critically ill obese patient is 
often a candidate for invasive hemodynamic 
monitoring.                   
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3.! Vascular access                 
4.! Sedation and analgesia (see Section 2: Sedation and 

Analgesia)            
5.! Pharmacology             

o! Pharmacokinetics. Little information exists regarding the 
pharmacokinetics and pharmacodynamics of drugs in obese 
individuals. Alteration in distribution, binding, and 
elimination necessitates titration of dose based on clinical 
endpoints and serum concentrations as opposed to 
weight.              

o! Obesity decreases the enzymatic activity of cytochrome P-
450. Steatosis and/or biliary dysfunction may decrease 
hepatic metabolism and clearance.              

o! Increased circulating blood volume increases the initial 
volume of distribution for a given drug.              

o! Renal clearance may be decreased by chronic renal 
insufficiency in the presence of congestive heart failure or 
atherosclerotic vascular disease.              

o! Plasma protein binding is affected by increased 
concentrations of α-1 acid glycoprotein and 
hyperlipidemia.              

o! Drug dosing is complicated. Some suggest dosing drugs 
based on ideal body weight or ideal body weight plus some 
fraction of the difference between total body weight and 
ideal body weight.              

o! Sensible Approach. A sensible approach is to use short-
acting, readily titratable drugs such as propofol and fentanyl 
and muscle relaxants with predictable kinetics such as 
cisatracurium.              

o! Specific drugs                   
a.! Succinylcholine dosing should be based on total body 

weight when used for rapid sequence 
induction.                   

b.! The volume of distribution of certain antibiotics, 
such as vancomycin, correlates with total body 
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weight and thus should be dosed accordingly. 
Fluoroquinolones and aminoglycosides should be 
based on adjusted body weight.                   

c.! Sedatives may have a prolonged effect in the obese 
patient.                         

(1)!Midazolam has a prolonged effect due to 
accumulation in adipose tissue and 
inhibition of cytochrome P-450 by other 
drugs and/or obesity.                         

(2)! Fentanyl, but not morphine, shows a 
cumulative effect after prolonged use in the 
obese.                   

d.! Drugs with narrow therapeutic indices such as 
aminophylline, aminoglycosides, and digoxin may 
become toxic if dosed based on weight.        

6.! Wound infection is twice as common in the obese due to several 
factors. The thick, hypovascular adipose layer provides a rich 
substrate for bacterial growth. Hyperglycemia as well as chronic 
inflammation leads to impaired neutrophil migration and 
activation.       

7.! Skin            
o! Thorough assessment and monitoring of skin integrity is a 

must in the obese.              
o! Multiple deep skin folds harbor moisture and bacteria, and 

are commonly infected with fungus. Frequent washing with 
thorough drying and application of an antifungal powder 
may prevent skin-related complications.              

o! Large, open wounds are effectively treated with vacuum-
assisted closure.              

o! Mobilization of the patient is critical to prevent skin 
breakdown and decrease risk of DVT. Special equipment 
may be required, including beds, lifts, and a dedicated “lift 
team.”        

8.! DVT prophylaxis should be started preoperatively and continued 
until the patient is ambulatory with low-molecular-weight heparin 
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and serial compression devices. The use of subcutaneous 
enoxaparin 40 mg twice daily is most extensively studied in the 
bariatric surgical population and is preferred. Placement of an 
inferior vena cava filter should be considered when anticoagulation 
is contraindicated, but its value as an adjunct to standard 
prophylaxis is not proven at this time.     

    
9.! Nutrition (See Section 12: Nutrition)             

o! During periods of metabolic stress, the obese are unable to 
mobilize their fat stores.  

o! Nutritional adequacy in the form of enteral or parenteral 
nutrition in the critically ill obese is a necessity.              

o! Nitrogen balance should be maintained by providing 1.5 to 
2.0 g/kg of ideal body weight of protein.              

o! Indirect calorimetry is the only validated method to measure 
the energy expenditures in the obese patient and should be 
used if possible.             

o! Most enteral feeding regimens recommend patients receive 
20 to 30 kcal/kg of ideal body weight per day; however, the 
use of weight-based protocols may lead to overfeeding the 
obese patient.  

o! Bypass procedures lead to malnutrition (mostly 
micronutrient deficiency). Other malabsorptive procedures 
may lead to bacterial overgrowth and protein calorie 
malnutrition.              

o! Steatorrhea may cause a fat-soluble vitamin 
deficiency.              

o! Gastrectomy may lead to an acquired intrinsic factor/B12 
deficiency and iron deficiency anemia.        

10.! Elimination              
1.! A Foley catheter should be placed until the patient can 

control micturition.             
2.! Fecal incontinence appliances often fail to fit properly, which 

may lead to soiling and infection. Rectal tubes are an option 
but may cause rectal necrosis. When used, the balloon should 
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be deflated every 2 hours for 15 minutes.        

 
o! Outcomes: The influence of obesity on outcomes among critically ill 

patients remains controversial, with some studies suggesting increased 
mortality and other studies showing either a decrease or no association. 
The most likely reason for the conflicting data is that these studies 
represent a heterogeneous patient population with multiple different 
etiologies of critical illness.              

1.! The relationship between BMI and mortality is best 
described with a U-shaped curve (Fig. 14-1). The highest 
odds of mortality occur at the lowest BMIs and decline to a 
minimum between BMIs of 35 to 40. Mortality increases 
thereafter with higher BMIs.              

 
Figure 14-1 

2.! Obese patients undergo a longer duration of mechanical 
ventilation when compared to non-obese patients.              



! 251!
3.! Obese patients have longer ICU length of stay when 

compared to nonobese patients.              
4.! Complications such as respiratory failure, pneumonia, urinary 

tract infections, and decubitus ulcers are more common in 
obese patients. Patients with BMI >40 have twice the 
number of complications when compared to patients with 
BMI <25.  

 
o! Bariatric surgery. Surgical treatment for obesity is the most effective 

treatment for weight loss.        
1.! Indications include BMI ≥40 or >35 with serious coexisting 

conditions, failure of nonsurgical attempts at weight loss, 
absence of endocrine disorders that cause obesity, and 
psychological stability.        

2.! There are different techniques and procedures performed 
for bariatric surgery. Basically, these surgical operations are 
centered on the stomach and the small intestines. These 
procedures are either considered strictly restrictive, strictly 
malabsorptive or a combination of both. However, the three 
most performed procedures worldwide are Adjustable 
Gastric Banding (AGB), the Sleeve Gastrectomy (SG) and 
the Roux-en-Y Gastric Bypass (RYGBP). All of these 
procedures are done under laparoscopy (minimally invasive 
surgery). 

3.! Bariatric Surgery: The benefits of bariatric surgery include 
improved quality of life as well as reduction in obesity-
related comorbidities.              
#! Diabetes resolves in 77% of patients and improves in up 

to 86% of patients.              
#! Hyperlipidemia resolves or improves in up to 70% of 

patients.              
#! Hypertension resolves in 66% and improves in up to 

79% of patients.              
#! OSA resolves in up to 86% of patients.        
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4.! Complications              
 

a.! The risk of DVT and PE in the obese patient having 
nonmalignant abdominal surgery is twice that of the lean 
patient.              

b.! Obese patients are at risk of postoperative respiratory failure 
due to underlying OSA, and OHS, as well as postoperative 
respiratory muscle insufficiency, splinting, and 
atelectasis.               

c.! Poor wound healing in the obese leads to anastomotic 
breakdown and gastrointestinal leaks, stomal stenosis and/or 
obstruction, and bleeding.                   

•! Anastomotic leak complicates approximately 1% to 
2% of cases of bariatric surgery.                   

•! The most frequent perioperative complication 
associated with both laparoscopic and OGB is 
wound infection.                   

•! The most frequent late complication after LGB is 
anastomotic stomal stenosis and after OGB is 
incisional hernia.              

d.! Mortality. Perioperative mortality associated with bariatric 
surgery is approximately 0.5%.              

e.! Risk factors                   
•! The patient’s age, degree of obesity, coexisting 

medical conditions, and type of surgery affect risk of 
perioperative complications.                   

•! Patients with respiratory insufficiency, venous stasis, 
higher BMI, male sex, diabetes, cardiovascular 
disease, age >50, or those experiencing intraoperative 
complications are at higher risk for postoperative 
complications and should be considered for triage to 
an ICU.  
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INTRODUCTION 

This chapter was developed specifically for the surgical residents who are 
involved in organ transplantation during their subspecialty rotations while in 
residency training.  

A multidisciplinary team is recommended for the care of organ recipients. The 
complexity in management should alert the resident the need for prompt referral 
to specific sub-specialties. 

This chapter will not include various indications for transplantation as well as 
pre-operative management but will focus on the immediate post-operative care 
of transplant patients and the common complications among transplant 
recipients, which should be recognized during surgical intensive care unit (ICU) 
recovery. 

This manuscript is a basic guide for post-transplant care. The reader is advised 
to refer to specific guidelines in certain issues mentioned in this chapter 
recognizing the center-to-center variations in management protocol.  

 

GENERAL POSTOPERATIVE CARE 

Immediately following transplantation, patients are returned to the ICU.  

•! The general principles on post-operative care for patients undergoing major 
surgery serve as the foundation for post-transplant management. Organ 
recipients are maintained on a ventilator until fully awake and able to breathe 
on their own, capable of protecting their airway (refer to Section 1: 
Mechanical Ventilator Guidelines for weaning).  

•! During the ICU stay, there is a need for careful attention to the management 
of fluid and electrolytes 

o! These could be significantly abnormal as a result of the prolonged 
operation and massive fluid shifts. 

o! Fluids are needed for support to maintain adequate intravascular 
volume and replace on-going loses 
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#! Intravascular volume requirement is based on objective 

parameters (i.e. blood pressure, heart rate and central venous 
pressure (CVP) 

#! Volume replacement should cover for losses from surgical 
drains which may need to be replaced volume per volume 

#! Fluid overload is avoided to prevent graft engorgement 

o! All attempts should be made to maintain patient normothermia  

•! Nutritional requirements should be met  

o! Nutrition support should be started immediately as indicated (see 
Section 12: Nutrition) 

o! Protein intake should be improved by early feeding  

#! Enteral route is preferred and should be started when 
possible 

#! Intravenous albumin infusion should not be utilized to 
address daily protein requirement 

•! Acid-Base balance should be routinely checked and addressed  

o! Metabolic acidosis could be the result of renal tubular dysfunction, 
impaired liver function, pre-existing metabolic derangements, and 
CNIs 

o! Intraoperative hypotension and massive fluid shifts exacerbate 
perioperative metabolic derangements 

#! Treatment to correct the acidosis should be promptly 
initiated  

#! Bicarbonate infusion to keep pH > 7.1 is an appropriate 
temporizing measure for use in severe metabolic acidosis 
while concurrently treating the underlying cause 

•! Fluid and electrolyte status, complete blood count, blood glucose, PT-INR, 
and kidney and liver function need to be monitored at least daily. 
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o! Transfusion support should be guided using standard guidelines (see 

Section 5: Transfusion and Section 10: Resuscitation) 

#! Component therapy is preferred 

o! Irradiated blood components are recommended for patients 
receiving immunosuppressive therapy  

•! Ultrasound and doppler studies of the graft need to be monitored 

o! Allograft perfusion should be noted and integrity of all anastomoses 
should be evaluated 

#! This should include ureteral anastomosis for kidney 
transplant, and bile duct anastomosis for liver transplant 

o! Operative site is evaluated for fluid collections  

#! Minimal collections need not be aspirated or drained  

o! Signs of graft dysfunction should prompt immediate examination as 
vascular compromise may be present 

•! Immunosuppressive agents, based on specific protocols, are started early 
after the transplant. 

o! Calcineurin inhibitors (CNI) —tacrolimus (TAC) and cyclosporine 
(CsA)— remain the cornerstone of immunosuppressive therapy.  

o! The most commonly used non-CNI immunosuppressive agents in 
transplantation are corticosteroids (prednisone).  

o! The dosages and combinations with other adjunctive 
immunosuppressant medications (e.g. Basiliximab, azathioprine 
(AZA), mycophenolate mofetil (MMF)) are dependent on protocols 
utilized by each center  

#! Dosages of immunosuppressive agents are adjusted 
according to blood levels and organ (graft) function  

o! Residents should be familiar with drug interactions and possible side 
effects associated with respective protocols. 
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#! CsA and TAC decrease potassium excretion and increase 

magnesium excretion in the urine, with resultant 
hyperkalemia and hypomagnesemia. 

o! De novo diabetes may occur in transplant recipients.  

#! Corticosteroids, cyclosporine, and tacrolimus contribute to 
this complication.  

#! Special attention should be given to this problem due to the 
risk of diabetic ketoacidosis that necessitates ICU care. 

#! Insulin therapy should be started per individual center 
guideline 

o! These patients are at risk for infections particularly in the early post-
operative period. 

#! Appropriate anti-bacterial, anti-fungal and anti-viral 
prophylaxis should be considered to cover for their particular 
risk status (see Infectious Guidelines on Therapeutic and 
Prophylaxis Recommendations for Transplant Recipients – 
may refer to Section on Infection if this is covered under 
immunosuppressed patients).  

•! Trimethoprim-sulfamethoxazole prophylaxis should 
be given for at least 6 months after transplantation. 

 

POST-OPERATIVE COMPLICATIONS 

The organ transplant recipient is prone to post-operative general surgery risks as 
well as to a number of transplant-specific complications. Critical care physicians 
must understand these medical complexities, including drug regimens and 
interactions, and involve the transplant surgeon in a timely manner. 
Complications maybe classified into two major categories: surgical and medical.  

•! Graft Dysfunction  
o! Allograft Rejection  
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#! Corticosteroids are recommended for the initial 

treatment of acute cellular rejection.  
•! Prednisone should be added or restored as 

maintenance in patients not on steroids who have 
a rejection episode. 

#! The evaluation of acute renal failure in renal transplant 
recipients, as evidenced by elevation in serum creatinine, 
should follow the same approach as in non-transplanted 
kidneys, which should exclude correctable prerenal and 
postrenal factors 

•! Ultrasonography is important in assessing the 
cause of allograft dysfunction 

•! Kidney allograft biopsy is recommended when 
there is a persistent, unexplained increase in 
serum creatinine, new onset or unexplained 
proteinuria, or when serum creatinine has not 
returned to baseline after treatment of acute 
rejection. 

#! Liver Transplant: The pattern of liver function test (LFT) 
results are monitored for early signs of dysfunction, 
which can require further study or intervention.  

•! Any major alteration in liver function should 
initiate further studies 

o! Doppler ultrasound to evaluate vascular 
patency of the new liver 

o! Bile duct studies (e.g. ERCP, 
percutaneous cholangiography or T-tube 
cholangiogram) to evaluate any 
abnormality of the biliary system 

o! Liver biopsy may be needed to rule out 
rejection. 

o! Thrombosis 
#! Renal artery thrombosis usually manifests with sudden 

oliguria and rapidly increasing creatinine 
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•! Anastomoses of small vessels or of very different 

sizes or twisting of the vessels during 
implantation predispose to thrombosis 

•! Doppler ultrasound is the most useful study 
•! Absence of perfusion in the graft parenchyma is 

the hallmark of renal artery thrombosis. 
•! Loss of the graft is the most common 

consequence and immediate surgical exploration 
may allow in a few cases, revascularization and 
recovery of the graft with early diagnosis 

#! Hepatic artery thrombosis 
•! Hepatic artery pathology is detected by 

ultrasonography  
o! Low resistive index, <0.5, often with 

increased focal peak velocity is the first 
clue of stenosis 

o! Lack of arterial flow should raise 
suspicion for thrombosis. Clinically, 
patients might show no symptoms and 
generally have abnormal LFT 

•! Efforts should be made to rescue the liver grafts 
through urgent revascularization (surgical and/or 
endovascular) depending on patient's condition 
and interventional expertise at the transplant 
center  

•! Retransplantation is still the option reserved for 
failure of intervention, severe dysfunction or 
graft failure. 

•! Anastomotic Leak 
o! Anastomotic leaks are the most common complications specific 

to the organ being implanted and represent a significant cause of 
morbidity 

o! Urinary leaks are the result failure of ureterovesical anastomosis 
or ischemia and necrosis of the distal ureteral stump. 
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#! Present with constant discharge of liquid through the 

drain, which may surpass the diuresis through the urinary 
catheter. 

•! Unexplained graft dysfunction, fluid collection, 
fever, graft tenderness, or lower extremity edema 

#! Creatinine and urea levels may be high 
#! Surgical treatment has to be performed in all patients 

with significant leak or disruption  
•! Endoscopic intervention and stenting  

o! Bile leaks should be considered in any bilious secretions 
#! Leaks are generally treated via diversion of bile through 

endoscopic stenting. 
•! PTBD is used if ERCP cannot be performed 

#! Primary surgical revision might be indicated, especially in 
early leaks (<1–2 weeks after transplant), large defects or 
if bile duct necrosis is suspected. Surgical intervention is 
also indicated after failure of interventional therapy. 

#! The majority of anastomotic stenosis are treated by 
ERCP plus balloon dilatation with or without stent 
placement  

•! Bleeding in transplant patients should be approached in a similar manner 
to non-transplant surgical patients 

o! Post-transplant coagulopathy, which may result from 
immunosuppression therapy, should be ruled-out as the cause of 
bleeding and should be corrected by appropriate blood 
component therapy 

o! Surgical intervention should be part of the resuscitative measures 
in major bleeding 

•! Infections are the leading cause of morbidity and mortality in the early 
post-transplant period 

o! The diagnostic approach to fever is similar to that in non-
transplant patients 

#! Special considerations take into account opportunistic 
infections 
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#! Noninfectious causes of fever include pulmonary 

atelectasis, acute rejection, reaction from antilymphocyte 
antibodies, and post-transplant lymphoma 

o! Leukocytosis maybe steroid-induced 
#! These laboratory results should be correlated with the 

clinical findings in these patients 
#! Presence of bands signify the presence of infection  

o! Wound infections, urinary tract infections, catheter-related 
infections, pneumonias, and colitis can be bacterial, fungal or 
viral 

#! Appropriate prophylaxis should be observed in the 
anticipatory care of these immunosuppressed patients 

o! Fever should be monitored and should trigger for appropriate 
cultures (e.g. blood, sputum, wound, urine) 
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Burns remain to be a global health problem.  Prevalent in low- and middle-
income countries in Southeast Asia, burn injury causes more than a quarter of a 
million deaths every year.  Occurring most often in homes and workplace, adult 
women and children are particularly vulnerable.   The Department of Health - 
Health Emergency Management Staff (DOH-HEMS) reported 824 fire-related 
casualties from 2010-2012, almost 70% of those involved were injured and 
33.5% died.  But data from the UP-PGH ATR Burn Center, in the last two 
decades, show mortality rate among admitted patients decreasing, from 33% to 
4%, reflecting advances in burn injury management.  Along with diligent critical 
care, early removal of full thickness burns and achievement of biologic closure 
will ease the eventual occurrence of wound sepsis.  The ultimate goal of 
specialized intensive burn management is patient reintegration into society with 
the most “normalcy” as possible in terms of form and function. 
 
Burn Centers in the Philippines: (as of January 2015) 

•! University of the Philippines – Philippine General Hospital 
•! Jose Reyes Memorial Medical Center 
•! East Avenue Medical Center 
•! Southern Philippines Medical Center 

 
Phases of Burn Care (Table 16-1) 

Phase Objective Time Period 
Initial Evaluation and 
Resuscitation 

Accurate fluid 
resuscitation and 
thorough evaluation 

0 – 72 hours 

Initial wound excision 
and biologic closure 

Identify and remove all 
full thickness wounds 
and achieve biologic 
closure 

Days 1 - 7 

Definitive wound closure Replace temporary with 
definitive covers and 
close small complex 
wounds 

Day 7 – Week 6 
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Rehabilitation, 
reconstruction, and 
reintegration 

To maintain range of 
motion and reduce 
edema; and then 
subsequently to 
strengthen and facilitate 
return to normal 
activities and 
functionality 

Day 1 through discharge 

 
Assessment: 
 
A.& Primary Survey 
 

•! All burn patients should be assessed similar to a trauma patient in order 
to detect other associated injuries. 

 
A irway maintenance with cervical spine protection 

o! Secured early with maneuvers such chin lift, jaw thrust, insertion 
of oropharyngeal airway (unconscious patient) or assessment for 
possible endotracheal intubation if edema is suspected 
(suspected inhalational injury) 

o! In-line cervical immobilization 
B reathing and ventilation  

o! Auscultation  
o! 02 inhalation by mask 

C irculation with hemorrhage control  
o! Evaluation of blood pressure, pulse rate 
o! Insert 2 large bore catheters and initiate fluid resuscitation 
o! Doppler examination for circumferentially burned extremity 
o! Indicators of a circulation deficit: decreased sensation, 

diminished distal pulses, and slow capillary refill 
 
 
 
 



!268!
 

D isability (assess neurologic deficit) 
o! Determine patient’s level of consciousness 

•! A – Alert 
•! V – Responds to verbal stimuli 
•! P – Responds only to painful stimuli 
•! U – Unresponsive 

o! Patients with decreased level of consciousness may have 
associated injury, carbon monoxide poisoning, substance abuse, 
hypoxia, or pre-existing medical conditions.  

E xposure (completely undress the patient, but maintain temperature)  
 
B.& Secondary Survey 
 

•! Management is dictated by the mechanism, duration, and severity of the 
injury.  Thus, a complete history regarding the circumstances of the 
accident should be obtained (High index of suspicion for possible 
inhalational injury for those that happen in enclosed spaces). 

•! Complete physical examination (head-to-toe) to assess the extent of the 
burn and other possible associated injuries.  

•! Mnemonic to help in information gathering 
o! A llergies 
o! M edications 
o! P ast medical history, pregnancy 
o! L ast meal/ drink 
o! E vents/ environment related to the injury 

 
C.! Classify the type of burn  

•! Contact, Flash, Flame, Scald, Chemical, Electrical 
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D.&Assessment of Burn Depth (Table 16-2) 
 
Thickness Degree Depth Characteristics 

Superficial First Epidermis 
Painful, erythematous, dry, mild 
swelling, will heal in 7 – 10 days, no 
scarring; e.g.: sunburn 

Superficial 
Partial Second Dermis: 

Papillary region 

Very painful, skin is moist and pink 
with blisters/blebs, severe swelling, 
will heal in 14 – 21 days, minimal 
scarring 

Deep 
Partial  Dermis: 

Reticular region 

Relatively painless, pale pink to 
white skin, waxy, will heal in 3 – 6 
weeks possibly resulting to 
hypertrophic scarring and 
contractures 

Full Third Epidermis + 
Dermis 

White, brown or gray skin with 
leathery feel, charred, insensate, 
eschar formation 
Presence of thrombosed veins is 
pathognomonic; will not heal 
spontaneously – surgery required 

 Fourth  

Extending to 
the muscles, 
joints and 
bones 

Usually seen in electrical injury 

 
*** Depth may be progressive depending on the acuteness of the injury 
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E.& Estimation of Burn Size: Figure 16-1 

 
 
**** May be flawed but still very practical in measuring surface extent of burn 
injuries 
 
F.& Tertiary Survey 

•! Systematic re-evaluation of a multiple-injury patient done within 24 
hours of admission and also prior to discharge to reassess identified 
injuries, to confirm suspected injuries, and to identify occult injuries 

 
 
 



! 271!
 
Work Ups (minimum) 

1.! Initial Laboratory examinations: 
o! CBC, blood typing, platelet count 
o! BUN, Creatinine, serum electrolytes (sodium, potassium, 

chloride) 
o! ABG (for inhalational injury) 
o! Chest x-ray 
o! Urinalysis (include myoglobin for electrical burns) 
o! 12-lead ECG (for electrical burns) 

2.! Patients should have an initial body weight upon admission and 
weekly thereafter. 

 
Resuscitation 

A.! Physiology of the immediate post-burn period 
o! In the first hour after an extensive burn, patients experience little 

derangement in intravascular volume.  
o! This worsens after this time period up to 18-24 hour later when 

for reasons yet unknown, this leak abates between 18 and 24 
hours later in those successfully resuscitated.      

B.! Recognition and management of resuscitation problems  
o! The volume of infusate required by patients with large injuries 

can be enormous.  
o! It is essential to promptly recognize when resuscitation is not 

proceeding as it should, and what to do if this is found to be the 
case.  

o! At any point during resuscitation, the total 24-hour volume can 
be predicted based on the known volume infused so far and the 
current rate of infusion.  

o! If this number exceeds 6 mL/kg/% burn/24 hours, it is likely 
that the resuscitation is not proceeding optimally.  

o! At this point, one can consider further administration of colloids, 
or the placement of a pulmonary artery catheter to gather 
additional information. 
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C.& Resuscitation targets 
Table 16-3: Resuscitation End Points 

End Point Target 
Sensorium Comfortable, arousable 
Urine output Infants; 1-2 ml/kg/h 

Children: 0.5-1 ml/kg/h 
All others: 0.5 ml/kg/h 

Base deficit Less than 2 
Systolic pressure Infants: 60-70 mmHg 

Children: 70-90 + (twice age in years) mm Hg 
Adolescents and adults: 90-120 mm Hg 

Adapted from Sheridan RL, Tompkins RG. Burns. In: Greenfield LJ 
et al, eds. Surgery: scientific principles and practice. Philadelphia: J.B. 

Lippincott Co. 1996. 
 

Fluid resuscitation approaches 
Table 16-4: Parkland Formula (Baxter) 

4 ml x kg body weight x % TBSA (Total Body Surface Area) 
o! 1/2 in first 8 hours 
o! 1/2 in next 16 hours 
o! Example: 60 kg male with 30% TBSA burn 

•! 4 x 60 kg x 30% = 7,200 ml 
•! First 8 hours: 3,600 ml (450 ml/hr) 
•! Next 16 hours: 3,600 ml (225 ml/hr) 

Pediatric: 
o! D5LR 
o! 3-4 ml x kg body weight x %TBSA 
o! Maintenance: 

•! 100 ml/kg for the first 10 kg of body weight PLUS 
•! 50 ml/kg for each kg of body weight from 11-20 kg, PLUS 
•! 20 ml/kg body weight above 20 kg 

o! Example: 
•! 25 kg child with 30% TBSA 
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•! 4 x 25 x 30 = 3,000 ml 

•! First 8 hours: 1,500 ml (187.5 ml/hour) 
•! Next 16 hours: 1,500 ml (93.75 ml/hour) 

•! Maintenance: 
•! (100 ml x 10 kg) + (50 ml x 10 kg) + (20 ml x 5 kg) 
•! 1,000 + 500 +100 = 1,600 ml for 24 hours 
•! 66.7 ml/hour 

From: “Burn Module” slides of Jose Joven V. Cruz, MD 
 
 

Table 16-5: Modified Brooke’s Formula 
First 24 h Adults and children > 10 kg: 

o! Ringer’s lactate: 2-4 ml/kg/% burn/24 h (first half in first 8 h) 
o! Colloid: none 
Children ≤ 10 kg: 
o! Ringer’s lactate: 2-3 ml/kg/% burn/24 h (first half in first 8 h) 
o! Ringer’s lactate with 5% dextrose: 4 ml/kg/h 
o! Colloid: none 

Second 24 h All patients: 
1.! Crystalloid: To maintain urine output. If silver nitrate is used, 

sodium    leeching will mandate continued isotonic crystalloid. 
If other topical is used, free water requirement is significant. 
Serum sodium should be monitored closely. Nutritional 
support should begin ideally by the enteral route 

2.! Colloid: 5% albumin in Ringer’s lactate: 
a.! 0%-30% burn: none 
b.! 30%-50% burn: 0.3 ml/kg/% burn/24 h 
c.! 50%-70% burn: 0.4 ml/kg/% burn/24 h 
d.! >70% burn: 0.5 ml/kg/% burn/24 h 

Adapted from Sheridan RL, Tompkins RG. Burns. In: Greenfield LJ et al, eds. 
Surgery: scientific principles and practice. Philadelphia: J.B. Lippincott Co. 1996. 
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Monitoring and maintenance: (Table 16-6) 
First 24 hours: 
•! Urine output 

o! Adults: 30-50 ml/hr (0.5-1.0 ml/kg/hr) 
o! Children: (<30 kg): 1.0 ml/kg/hr 
o! 75-100 ml/hour in patients with electrical injury 

•! If the urine output falls below or exceeds these limits by 1/3 for 2-3 
hours 
o! Fluid may be increased or decreased by 1/3  

Second 24 hours: 
•! Adults 

o! 0.3-0.5 ml colloid-containing fluids x kg body weight x 30% 
TBSA 

o! Electrolyte free water (e.g. D5W) to maintain adequate urine 
output 

o! D5NR 
•! Children 

o! 0.3-0.5 ml colloid-containing fluids x kg body weight x % TBSA 
o! Half normal saline to maintain adequate urine output 

From: “Burn Module” slides of Jose Joven V. Cruz, MD 
 
•! Inaccurate volume administration is associated with substantial morbidity.  
•! Burn resuscitations must be guided by hourly reevaluation of resuscitation 

endpoints (Table 16-3).  
•! A simple and effective parameter to guide resuscitation after burns is the 

urine output, but other resuscitation endpoints, including acid–base status, 
mixed venous oxygen saturation, are often used as for the resuscitation of 
other unstable trauma patients (see Section 4: Trauma).  

 
Airway Management (See Section 1: Airway Management) 
•! Inhalation injury              

o! Diagnosis of inhalation injury.  
#! Inhalation injury is a clinical diagnosis based on a history of 
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closed spaced exposure, and presence of singed nasal 
vibrissae and carbonaceous sputum.  

#! Fiberoptic bronchoscopy facilitates diagnosis in equivocal 
cases and may help document laryngeal edema.  

#! When the airway edema seems to have decreased, it is 
important to evaluate before proceeding with extubation 
with a fiberoptic scope, as it may decrease the risk of 
reintubations.              

o! Clinical consequences and management. Five events with major 
clinical implications occur predictably in patients with inhalation 
injury.                   

•! Acute upper airway obstruction is anticipated and managed 
with endotracheal intubation.  

•! Bronchospasm from aerosolized irritants is a common 
occurrence during the first 24 to 48 hours, particularly in 
young children. This is managed with inhaled β2-
adrenergic agonists. Some children will require intravenous 
bronchodilators such as terbutaline or low-dose 
epinephrine infusions and occasionally steroids.           

•! Small airway obstruction occurs as necrotic endobronchial 
debris sloughs and complicates clearance of secretions. 
Therapeutic bronchoscopy facilitates clearance of the 
airways.                   

•! Pulmonary infection develops in 30% to 50% of patients.  
a.! A patient with newly purulent sputum, fever, and 

impaired gas exchange should be treated 
b.! Antibiotic coverage is adjusted according to the 

results of sputum Gram stain and culture 
c.! Secretion clearance is a particularly important 

component of management, because inhalation injury 
to bronchial mucosa greatly impairs mucociliary 
clearance.                   

•! Respiratory failure is common in those sustaining 
inhalation injury.       
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Burn Wound Management (Table 16-7) 

 Burn Severity 
Minor Moderate Major 

Size 
Partial 

Thickness 

<15% in adults   
<10% in 
children 

15-25% in adults   
10-20% in 
children 

> 25% in adults 
> 20% in 
children 

Full Thickness <2% 2-10% > 10% 
Involvement of Primary 
Areas 
(face, perineum, hands, 
feet, joint areas, neck) 

Not Involved Not Involved + 

Inhalational Injury - - + 
Other associated 
injuries - - + 

Co-morbid factors - - + 
Electrical/ Lightning/ 
Chemical Injury - - + 

Treatment Facility Out Patient 
Treatment 

Treatment in 
General Hospital 

Treatment in 
Specialized 
Burn Unit 

***
 Patients requiring special social, emotional, and/or long term rehabilitative 

support are also recommended to be referred to Specialized Burn Units capable 
of handling them 
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Physiologic Changes in Burn Patients (Table 16-8) 
Period Physiologic Change Clinical Implications 

Resuscitation Period  
(Day 0 -3) Massive capillary leak  Closely monitor fluid 

resuscitation 

Post-resuscitation Period 
(Day 3 up to 95% 
definitive wound 
closure) 

Hyperdynamic and 
catabolic state with high 
risk of infection 

Close wounds and 
remove full thickness 
burns to prevent sepsis; 
Nutritional intervention 
is essential 

Recovery Period 
(95% of wound closure 
to 1 year after injury) 

Continued catabolic state 
and non-wound septic 
events 

Accurate nutritional 
support needed; 
anticipate and treat 
complications 

 
Goals of Therapy: 

•! Wound healing 
•! Minimize risk of infection 
•! Preserve physical function 
•! Minimize cosmetic deformity 
•! Patient comfort 
•! Effective physical and psychosocial rehabilitation 

 
Topical Agents 

•& Mafenide Acetate 
o! Has good coverage of gram (+) and gram (-) bacteria, but with 

poor coverage of yeast 
o! Effective even in the presence of eschar  
o! Painful on partial thickness burns 
o! Systemic absorption: METABOLIC ACIDOSIS, due to 

carbonic anhydrase inhibition 
•! Silver Nitrate 

o! Broad spectrum antimicrobial activity 
o! Solution used must be diluted (0.5% in aqueous solution) 
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o! Topical application may lead to electrolyte extravasation, 

resulting in hyponatremia 
o! Methemoglobinemia: possible but rare complication  
o! May stain equipment, environment and skin 

•! Silver Sulfadiazine 
o! Most widely used in clinical practice as prophylaxis for burn 

wound infection   
o! Silver nitrate + sodium sulfadiazine = Silver Sulfadiazine 
o! Bactericidal against gram (+) and gram (-) bacteria 

 
Antibiotic Use 

•! Burn physiology includes the routine occurrence of moderate fever, 
which is not necessarily a sign of infection.  

•! When unexpected fever occurs these are to be done:  
o! Complete physical assessment - wounds are inspected for 

evidence of sepsis 
o! Directed labs and radiographs 
o! Cultures of blood, urine, and sputum 
o! If the patient appears unstable, empirical broad-spectrum 

coverage is reasonable pending return of culture data. If no 
infectious focus is identified, antibiotics should be stopped.  

o! Allow prompt treatment prior to the development of systemic 
sepsis.        

•! Infection control - Patients referred from other facilities often harbor 
highly resistant bacterial species. Proper infection control practices are of 
particular importance to avoid cross contamination of vulnerable 
patients with these organisms. Universal precautions and compulsive 
hand washing are essential components of practice.  

 
Rehabilitation efforts in the burn ICU        

1.& Physical and occupational therapists play important roles in the burn 
ICU. Initially, twice-daily passive ranging of all joints and static anti-
deformity positioning is begun to prevent the development of 
contractures.        

2.& Perioperative therapy.  
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a.! Physical and occupational therapists should be informed of the 

sequence of planned operations and the modifications of therapy 
plans that these imply.  

b.! Therapists should be encouraged to range patients under 
anesthesia in conjunction with planned operations and to 
fabricate custom face molds and splints in the operating room, 
particularly in children who often poorly tolerate these activities 
when awake.  
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