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        The traditional defi nitions for advanced life support (ALS) techniques generally have 
been classifi ed as those interventions and procedures that would require physician 
orders, if not the physicians themselves, to deliver [ 1 – 6 ]. In most countries, these inter-
ventions traditionally would include the delivery of intravenous medications and inva-
sive procedures such as endotracheal intubation or intravenous access [ 4 ,  5 ]. While 
some jurisdictions have allowed nonphysicians, such as ALS-providing paramedics, 
emergency medical technicians and nurses, to employ these interventions, most of these 
providers still do so under physician orders, directions and prescribed protocols [ 7 ,  8 ]. 

 In addition to nonphysicians performing these invasive techniques, the tradi-
tional lines delineating basic from advanced life support techniques have blurred 
with the introduction of use of alternative airways by basic life support (BLS) pro-
viders, such as emergency medical technicians and the use of automated external 
defi brillators (AED) by laypersons [ 9 – 11 ]. Also, while not necessarily invasive in 
all circumstances, techniques for therapeutic hypothermia might be considered 
advanced techniques [ 12 ]. 

 This chapter will deal with concepts that are typically more invasive in nature 
and requiring physician-level authorisation or performance and most notably inva-
sive airway techniques and intravenous medication administration. 

98.1     Evidence for the Effectiveness of Advanced Life Support 

 Most of the data regarding ALS techniques, particularly in the pre-hospital setting, 
have come from the laboratory or from in-hospital care experience [ 2 ,  3 ,  5 ,  6 ,  12 ]. 
Preliminary clinical data do suggest the value of several medications such as 
 vasopressin and amiodarone in the pre-hospital setting [ 13 – 15 ]. However, to date, 
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there are no explicit clinical trials to prove their absolute value on a one-by-one 
basis [ 2 ,  3 ,  6 ]. Many investigators have even questioned their use altogether. In fact, 
there is no clinical evidence to prove positive effects of any ALS drug on long-term 
survival after cardiac arrest. Even time-honoured interventions such as endotracheal 
intubation have been questioned, particularly in paediatric resuscitation [ 16 ]. It has 
been recognised that initial training combined with current clinical experience 
affects success of a given airway intervention more than the airway device itself. 
Unfortunately, there are many reports where nonphysician and physician rescuers 
manoeuvred themselves into adverse airway management situations that they were 
subsequently not able to master, with substantial morbidity and mortality in turn. 
Thus, it has to be understood by rescuers that if they are unable to give up on unsuc-
cessful intubation attempts which in turn induces or prolongs hypoxia, patients do 
not die because of absent intubation. They die because of hypoxia if no assisted 
ventilation is being tried [ 17 ]. More relevant to this discussion is that it has become 
more and more evident that ALS interventions are still of very little value, if they are 
of any value at all, if BLS is not provided immediately at the scene by bystanders be 
they lay or professional [ 18 – 20 ] (Chaps.   90     and   91    ). 

 Nevertheless, there is some evolving suggestion that certain ALS interventions, 
while extremely effective in the laboratory, have not demonstrated to be effective in 
the clinical setting [ 21 – 23 ] perhaps because of confounding variables such as 
uncontrolled and overzealous ventilatory techniques during the trials [ 24 – 27 ]. It has 
also been made clear that some aspects of ALS must work, considering the number 
of survivors among out-of-hospital cardiac arrest patients who do not present with 
ventricular fi brillation (VT) and never receive defi brillatory countershocks [ 2 ,  13 , 
 28 ]. Since these patients do not respond to BLS and are resuscitated after ALS inter-
ventions, some aspect of ALS techniques apparently are effective. What is not clear 
is the specifi c intervention. However, it needs to be acknowledged that with the 
growing presence of automatic external defi brillators, occurrence of VF has 
decreased, and occurrence of asystole has increased by the time professional rescu-
ers arrive on the scene. Thus, rescuers need to understand that the degree of underly-
ing ischemia may determine long-term outcome more than the ALS intervention 
itself [ 29 ].  

98.2     Specific Indications for Advanced Life Support in 
Drowning Incidents 

 The indications for ALS techniques for drowning events are even less supported 
than they are for standard cardiac arrests [ 18 – 20 ]. However, the studies indicating 
BLS as the rate-limiting step in drowning resuscitation do not preclude the need for 
ALS. Although most survivors usually respond after BLS, particularly children, 
many survivors still receive ALS techniques following initial resuscitation. It is 
therefore assumed that such supportive care is worthwhile, especially as long-term 
outcome is extremely diffi cult to predict at the moment resuscitation has to start 
[ 30 ]. In fact, there may be laboratory indications that vasopressin [ 13 ] may be 
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somewhat effective in hypothermic states, a common complication of drowning 
events. However, the combination of vasopressin in hypothermia plus drowning has 
never been tested. Again, the best specifi c interventions are not clear and therefore, 
until proven otherwise, current ALS techniques for typical cardiac arrest are recom-
mended [ 4 ,  5 ]. 

 There are some caveats about such recommendations to follow techniques 
advised for standard cardiac arrest techniques. Drowning is often associated with 
hypothermia and sometimes with associated trauma and shock conditions, meaning 
that even standard rates of ventilation could be harmful, and so caution is warranted 
not to overzealously ventilate even though drowning is a primary respiratory event 
[ 26 ,  27 ,  31 ]. The main concern is that positive pressure breaths, and continuous 
positive pressure in particular, can inhibit venous return and signifi cantly compro-
mise cardiac output and coronary perfusion [ 26 ,  27 ,  31 ]. These effects are exacer-
bated with obstructive lung disease, reactive airways, hypovolaemia and severe 
circulatory compromise [ 26 ]. 

 The main issue to be considered is the appropriate tidal volume. In general, in the 
resuscitative phase of a drowning event, tidal volumes in the realm of at least 10 ml/
kg are probably useful with placement of an endotracheal tube and no application of 
positive end-expiratory pressure (PEEP). The pulmonary presentation of drowning 
in terms of chest röntgenogram, arterial blood gases and response to PEEP may 
resemble acute respiratory distress syndrome (ARDS). Therefore, tidal volumes of 
6–7 ml/kg may be advocated by some under these circumstances because of recent 
relevant studies of tidal volumes in ARDS patients [ 32 ,  33 ]. However, such studies 
were performed in patients in a post-resuscitation phase who had diffuse infl amma-
tory lung disease with heterogeneous distribution and who, for the most part, were 
also being ventilated with levels of PEEP above 10 cm H 2 O. Therefore, such 
restrained tidal volumes may not be as applicable in the out-of-hospital resuscitative 
phase of the drowning scenario in which surfactant loss and other physiological 
sequelae may make alveolar recruitment more diffi cult, particularly in the absence 
of PEEP. 

 In other words, in the resuscitative phase, there are no studies that would confi rm 
the need for a low tidal volume approach, especially since the pathophysiology of 
drowning is probably very different from the typical ARDS case and has a different 
natural history and response to therapy [ 34 ]. Low levels of PEEP may be useful in 
the fi eld if the patient is haemodynamically stable and can tolerate the application 
of PEEP. These are situation in which, in lieu of other invasive monitoring, there are 
no obvious effects on blood pressure and pulses. In turn, if pulse oximetry is oper-
able because of good circulation and warmed extremities, tidal volumes may be 
reduced accordingly if saturation is maintained above 95 %. 

 The main concern in terms of ventilatory techniques is the situation of shock or 
circulatory arrest in which PEEP would be relatively contraindicated because of the 
adverse effects on cardiac output and yet oxygenation is still paramount. Tidal vol-
umes greater than 10 ml/kg and much slower rates would likely be the best recom-
mendations at this time, especially in the face of potential hypothermia in which 
ventilatory rates should be infrequent.  
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    Conclusion 
 The evidence for ALS in drowning resuscitation is obviously limited, and empiric 
at best, yet there are promising studies in the laboratory and, preliminary results 
in the clinical pre-hospital setting, particularly in terms of vasoactive drugs. 
Limited rewarming and controlled hypothermia may be of value. The compli-
cated issue of tidal volumes, PEEP application and respiratory rates in this 
unique resuscitative situation deserves focus considering that oxygenation is the 
primary problem in drowning events [ 35 ,  36 ]. Unfortunately, drowning is an 
academic pathophysiology with little or even absent industrial or pharmaceutical 
interest, thus limiting support to academic funders. Further, with all limitations 
and bureaucracy posed on clinical trials by guidelines for good clinical practice 
and national laws, signifi cant research progress is unfortunately unlikely despite 
about 450,000 drowning casualties annually.     

   References 

    1.    Youn CS, Choi SP, Yim HW et al (2009) Out-of-hospital cardiac arrest due to drowning: an 
utstein style report of 10 years of experience from St Mary’s Hospital. Resuscitation 
80:778–783  

      2.    Pepe P, Abramson N, Brown C (1994) ACLS – does it really work? Ann Emerg Med 
23:1037–1041  

     3.    Stiell IG, Wells GA, Field B et al (2004) Advanced life support in out-of-hospital cardiac 
arrest. N Engl J Med 351:647–656  

     4.    American Heart Association (2001) ACLS provider manual. American Heart Association, 
Dallas, pp 1–252  

      5.   American Heart Association (2000) American Heart Association guidelines 2000 for cardio-
pulmonary resuscitation and emergency cardiovascular care – international consensus on sci-
ence. Circulation 102:1–384  

      6.    Pepe PE (1995) ACLS systems and training programs – do they make a difference. Respir Care 
30:427–433; discussion 433–436  

    7.    Eisenberg M, Bergner L, Hallstrom A (1979) Paramedic programs and out-of-hospital cardiac 
arrest: I factors associated with successful resuscitation. Am J Public Health 69:30–38  

    8.    Pepe PE, Bonnin MJ, Mattox KL (1990) Regulating the scope of EMS services. Prehosp 
Disaster Med 5:59–63  

    9.    Pepe PE, Zachariah BS, Chandra N (1993) Invasive airway techniques in resuscitation. Ann 
Emerg Med 22:393–403  

   10.    White RD, Vukov FL, Bugliosi TF (1995) Early defi brillation by police: initial experience 
with measurement of critical time intervals and patient outcome. Ann Emerg Med 
23:1009–1013  

    11.    Caffrey SL, Willoughby PJ, Pepe PE et al (2002) Public use of automated external defi brilla-
tors. N Engl J Med 347:1242–1247  

     12.    Bernard SA, Buist M (2003) Induced hypothermia in critical care medicine: a review. Crit Care 
Med 31:2041–2051  

      13.    Wenzel V, Krismer AC, Arntz HR et al (2004) A comparison of vasopressin and epinephrine 
for out-of-hospital cardiopulmonary resuscitation. N Engl J Med 350:105–113  

   14.    Kudenchuk PJ, Cobb LA, Copass MK et al (1999) Amiodarone for resuscitation after out-of- 
hospital cardiac arrest due to ventricular fi brillation. N Engl J Med 341:871–878  

    15.    Dorian P, Cass D, Schwartz B et al (2002) Amiodarone as compared with lidocaine for chock-
resistant ventricular fi brillation. N Engl J Med 346:884–890  

V. Wenzel



639

    16.    Gausche M, Lewis RJ, Stratton SL et al (2000) Effect of out-of-hospital pediatric endotracheal 
intubation on survival and neurological outcome: a controlled clinical trial. JAMA 
283:783–790  

    17.    von Goedecke A, Herff H, Paal P et al (2007) Field airway management disasters. Anesth 
Analg 104:481–483  

     18.    Pepe PE, Wigginton JG, Mann DM et al (2002) Prospective, decade long, population based 
study of pediatric drowning related incidents. Acad Emerg Med 9:516–517  

   19.    Kyriacou D, Arcinue E, Peek C et al (1994) Effect of immediate resuscitation on children with 
submersion injury. Pediatrics 94:137–142  

     20.    Goh SH, Low B (1999) Drowning and near-drowning – some lesions learned. Acad Med 
Singapore 28:183–188  

    21.    Brown CG, Martin DR, Pepe PE et al (1992) A comparison of standard-dose and high dose 
epinephrine in cardiac arrest outside the hospital. The multicenter high-dose epinephrine study 
group. N Engl J Med 327:1051–1055  

   22.    Callaham M, Madsen CD, Barton CW et al (1992) A randomized clinical trial of high dose 
epinephrine and norepinephrine vs. standard-dose epinephrine in prehospital cardiac arrest. 
JAMA 268:2667–2672  

    23.    Stiell IG, Hebert PC, Weitzman B et al (1992) A study of high-dose epinephrine in human 
CPR. N Engl J Med 237:1047–1050  

    24.    Pepe PE, Fowler R, Roppolo L et al (2004) Re-appraising the concept of immediate defi brilla-
tory attempts for out-of-hospital ventricular fi brillation. Crit Care 8:41–45  

   25.    Menegazzi J, Seaberg D, Yealy D et al (2000) Combination pharmacotherapy with delayed 
countershock vs. standard advanced cardiac life support after prolonged ventricular fi brilla-
tion. Prehosp Emerg Care 4:31–37  

      26.    Roppolo L, Wigginton JA, Pepe PE (2004) Emergency ventilatory management as a detrimen-
tal factor in resuscitation practices and clinical research efforts. In: Vincent JL (ed) 2004 
Yearbook of intensive care and emergency medicine. Springer, Berlin, pp 139–151  

      27.    Aufderheide TP, Sigurdsson G, Pirrallo RG et al (2004) Hyperventilation-induced hypotension 
during cardiopulmonary resuscitation. Circulation 109:1960–1965  

    28.    Pepe PE, Levine RL, Fromm RE et al (1994) Cardiac arrest presenting with rhythms other than 
ventricular fi brillation: contribution of resuscitation efforts toward total survivorship. Crit Care 
Med 21:1838–1843  

    29.    Kreutziger J, Wenzel V (2009) Overcoming frustration about neutral clinical studies in cardio-
pulmonary resuscitation. Resuscitation 80:723–725  

    30.    Eich C, Brauer A, Timmermann A et al (2007) Outcome of 12 drowned children with attempted 
resuscitation on cardiopulmonary bypass: an analysis of variables based on the “Utstein Style 
for Drowning”. Resuscitation 75:42–52  

     31.    Pepe PE, Raedler C, Lurie K et al (2003) Emergency ventilatory management in hemorrhagic 
states: elemental or detrimental. J Trauma 54:1048–1057  

    32.    The Adult Respiratory Distress Network (2000) Ventilation with lower tidal volumes as com-
pared to traditional tidal volumes for acute lung injury and the acute respiratory distress syn-
drome. N Engl J Med 342:1301–1308  

    33.    Bierens JJLM, Knape JTA, Gelissen HPMM (2002) Drowning. Curr Opin Crit Care 
8:578–586  

    34.    Pepe PE (1986) The clinical entity of adult respiratory distress syndrome: defi nition, predic-
tion and prognosis. Crit Care Clin 2:377–403  

    35.    Layon AJ, Modell JH (2009) Drowning: update 2009. Anesthesiology 110:1390–1401  
    36.    Szpilman D, Bierens J, Handley T et al (2012) Current concepts: drowning. N Engl J Med 

366:2102–2110    

98 Advanced Life Support


	98: Advanced Life Support
	98.1 Evidence for the Effectiveness of Advanced Life Support
	98.2 Specific Indications for Advanced Life Support in Drowning Incidents
	 Conclusion
	References


