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Chapter 29  Water Emergencies

OEC Instructor Resources: Student text, Instructor’s Manual, PowerPoints, Test Bank, IRCD, myNSPkit (online resource)

OEC Student Resources: Student text, Student CD, myNSPkit (online resource)

Chapter Objectives

Upon completion of this chapter, the OEC Technician will be able to:
29-1.
Compare and contrast dry drowning and wet drowning.

29-2.
Describe the physiologic response of the mammalian diving reflex.

29-3.
Define the following terms:

(
submersion injury

(
drowning
(
near-drowning

(
arterial gas embolism

(
decompression sickness 

29-4.
Describe the following gas laws:

(
Boyle’s law

(
Henry’s law

(
Dalton’s law

29-5.
List three types of barotrauma and indicate their causes.

29-6.
List nine ways in which a water-based emergency may be prevented.

29-7.
List the signs and symptoms of the following water-related emergencies:

(
arterial gas embolism

(
decompression sickness

29-8.
Describe how to manage a patient who has suffered a water-related emergency.
Essential Content

I.
Anatomy and physiology

A.
When person’s airway is submerged under water or another liquid for more than a few seconds, the breathing process is interrupted and sets into motion series of events that immediately affects homeostasis; unless corrected can quickly lead to death by drowning


B.
Pathophysiology of drowning involves several body systems; respiratory and cardiovascular are chief

C.
Body’s natural instinct to survive forces a person to reflexively hold his breath


1.
Depending on person’s overall health and conditioning, may be sustained for only few seconds to several minutes


2.
Body’s demand for oxygen replenishment will overdrive any further attempts at breath holding



3.
Person will begin to gasp, causing small amounts of fluid to be aspirated, resulting in the larynx possibly going into spasms, closing the airway



4.
Anoxia will cause person to lose consciousness, followed by electrical disturbances within heart, leading to cardiac arrest



5.
Airway muscles relax, allowing fluids to rush into lungs




a.
Drowning may be “dry” or “wet”





i.
Dry is more common





ii.
Involves aspiration of small amount of fluid and violent laryngospasm which seals airway





iii.
Dry drowning usually precedes wet drowning although wet drowning may occur alone



iv.
Wet drowning is where laryngospasm is minor or airway muscles quickly relax, allowing inhaled liquid and material to flood lungs


D.
When exposed to extremely cold water, cardiovascular system can respond in unique way in attempt to save the body



1.
Blood vessels tightly constrict, shunting warmed blood to heart and brain



2.
Body metabolism and heart rate slow considerably, reducing oxygen demand and conserving oxygen



3.
This is the “mammalian diving reflex”



4.
Some patients survived more than 60 minutes under cold water due to this reflex



5.
Reflex is most prominent in young children and appears to diminish as persons get older for unclear reasons


E.
Barometric pressure affects the way gases within body react, especially at depths greater than 33 feet, or 1 atmosphere; there are three “laws” that affect gases


1.
Boyle’s law



a.
Volume of gas is inversely proportional to pressure exerted when temperature is constant





i.
As one descends, pressure inside chest cavity and lungs increases, causes volume of gas within lungs to decrease





ii.
Conversely, when pressure decreases, volume of a gas increases





iii.
As person ascends, volume of gas within lungs attempts to increase, but is fixed by the size of the chest; increase in pressure can result in rupture of lungs; same is true for any other air-filled body cavity or structure



2.
Henry’s law



a.
Given temperature, the amount of gas that will dissolve in a liquid is directly proportional to the partial pressure of the gas





i.
Gas, such as nitrogen, will remain dissolved in the blood so long as partial pressure remains constant





ii.
If pressure suddenly decreases, bubbles may form, and if form within bloodstream, can obstruct blood flow, resulting in a variety of problems


3.
Dalton’s law



a.
Pressure of a gas is the sum of the partial pressures of all gases present in that mixture




i.
At depth of 99 feet is 3 atmospheres of pressure




ii.
As one goes deeper under water, pressure from nitrogen is greatly increased

II. 
Common water emergencies

A.
Emergencies around water are virtually limitless

B.
Other forms of trauma can occur, caused by environment, equipment, or encounters with animals


C.
Emergencies may be brought on by physical exertion as well, especially in a person with a preexisting medical condition


D.
Submersion injuries


1.
Defined as being beneath the water’s surface—only the airway needs to be submerged



a.
Drowning





i.
Suffocation by submersion in a liquid, resulting in death within 24 hours following removal from water





ii.
Second leading cause of accidental death in children 1 month to 14 years old and leading cause of death in children aged 5 years and younger





iii.
Nearly one-third of all drownings occur in non-summer months





iv.
Contributing factors associated with drowning include panic, poor judgment, fatigue, muscle or stomach cramps, inability to swim, trauma, spinal cord injuries, disorientation, and physical immobility from cold or something acting as a physical restraint





v.
Alcohol is leading contributing factor and is implicated in more than 50 percent of all adolescent and adult drowning deaths





vi.
Males are four times more likely to drown than females





vii.
Preexisting illness can increase one’s risk of drowning, such as history of seizure activity





viii.
Boating activities can increase the risk for drowning, which can be preventable with use of personal flotation devices (PFDs)





ix.
Can occur after diving into shallow or obstacle-filled water; person may sustain head or spine injury from striking the bottom or an unseen object, rendering person unable to self-rescue



b.
Near drowning/secondary drowning




i.
Survival for more than 24 hours after being suffocated by submersion in a liquid; patient may initially present in respiratory or cardiac arrest but is resuscitated





ii.
Patients who die within 24–72 hours are said to die from secondary drowning





iii.
Water temperature plays significant role in overall morbidity and mortality as rate of survival from cold-water submersion is higher than that for warm-water submersion due to mammalian diving reflex






a)
Resulting bradycardia and preservation of oxygen reserves can lead to increased rate of survival in submerged victims






b)
Cold-water submersion can occur any time of year, but most occur in winter months, associated with victim falling through the ice






c)
During summer months, victims may fall into high mountain lake, river, or stream






d)
Warm or hot water, such as with a bath tub or hot tub, can cause blood vessels to dilate and quickly lead to distributive shock





iv.
Water salinity affects movement of internal body water





a)
Fresh water has lower tonicity than fluid in alveolar tissue; causes aspirated fluid to move into lung tissue, then into bloodstream, possibly causing low blood sodium and hypervolemia






b)
Salt water has higher tonicity than body tissues; fluid shifts out of bloodstream and into lungs, causing hypovolemia and high blood sodium levels






c)
In both cases, large volumes of fluid need to be aspirated for this to cause significant problems





v.
Water, especially moving water, contains millions of suspended particles per liter that may be aspirated, causing host of problems depending on size and biological composition






a)
Items may become lodged anywhere along air passageways, reducing airflow and oxygenation






b)
Pathogens may be aspirated deep into delicate pulmonary tissues, resulting in local or systemic infections






c)
Organic matter can also block or damage lower airways


E.
Barotrauma



1.
Form of trauma that results in tissue damage within any of the air-filled structures of the body, including lungs, blood vessels, small and large intestine, and middle ear



2.
Also known as decompression illness




a.
Caused by the difference of pressure within structures and external environment, resulting in an expansion or compression of gas




b.
If pressure becomes too great, structure can rupture




c.
If pressure lessens, vacuum is created, causing medical maladies



3.
Common disorder among divers




a.
Can occur during rapid descent or ascent



4.
Three basic types of dive injuries




a.
Decompression sickness




i.
Also known as DCS or “the bends”





ii.
Buildup of nitrogen bubbles in the body





iii.
Occurs primarily in scuba divers who ascend too rapidly





iv.
May occur if diver travels to high altitude too quickly after diving





v.
Causes dissolved nitrogen within the blood to form bubbles






a)
Following an ascent from a depth, nitrogen bubbles form from dissolved nitrogen in blood as pressure is released on the body






b)
Bubbles then migrate into tissues, causing severe muscle and joint pain





vi.
Large nitrogen bubbles can act as an embolism and block blood flow to critical organs






a) Type I DCS is less serious form and resolves within a few minutes






b) Type II is immediately life threatening and affects multiple body systems




b.
Arterial gas embolism (AGE)




i.
A serious medical problem caused by rapid ascent in which a diver does not exhale properly






a)
Gas within lungs expands and alveoli rupture






b)
Air from ruptured lung then enters pleural space, mediastinum, or bloodstream, resulting in pneumothorax, pneumomediastinum, or air emboli, respectively




c.
Squeeze and reverse squeeze




i.
Generic term used to describe the effects of too much external pressure on various parts of the body





ii.
Reverse squeeze occurs when there is too much pressure inside a body compartment or organ





iii.
External ear squeeze occurs if Eustachian tube is obstructed when descending to a depth






a)
Pressure in the middle ear cannot increase and equilibrate with outside pressure on eardrum






b)
Results in excessive pressure on outside of eardrum, causing its rupture






c)
The opposite occurs in reverse squeeze






d)
When ascending, eardrum can rupture from too much pressure in middle ear pushing outward






e)
Inner ear barotrauma is generally caused by severe pressure changes between middle and inner ear and most commonly occurs during rapid ascent





iv.
Other forms of squeeze include sinus squeeze where trapped air within sinus cavity expands; tooth squeeze where air trapped in a cavity or filling expands—both can occur during ascent or descent





v.
Mask reverse squeeze occurs inside diver’s face mask upon descent, causing a suction-like effect that can cause blood vessels in eyes to rupture


F.
Nitrogen narcosis


1.
Also called “rapture of the deep”; is condition that generally affects divers who descend to depths greater than 100 feet (30 m)


2.
Described as altered responsiveness and impaired judgment with effects similar to alcohol intoxication



3.
Effects increase in severity the deeper the diver descends



4.
Cause is not fully understood, but thought to be due to effects of nitrogen on nerve transmission



5.
Condition easily reversed by ascending, sometimes as little as 10 feet


G.
Swimmer’s ear


1.
Acute bacterial infection of external ear canal



2.
Occurs when skin barrier within canal is disrupted, which provides excellent area for bacteria to grow



3.
Commonly occurs when ear canal remains wet for prolonged period of time, also caused by sticking an object into the ear, repeated use of ear plugs, and dry cracked skin



4.
Patients present with severe ear pain, yellowish discharge from ear, and tenderness on pushing on the tragus



5.
Children and teenagers more prone as are diabetics and those with immune system disorders



6.
Treatments rely on mildly acidic or alcohol-based solution to make ear canal inhospitable to bacteria


H.
Breath holding


1.
Swimmers sometimes intentionally hyperventilate to dramatically increase amount of oxygen in lungs, which allows them to hold breath longer



2.
This also decreases amount of carbon dioxide, which can cause patient to lose the stimulus to breathe, resulting in person possibly passing out and drowning



3.
Most commonly affects children and young adults; swimming pools are most frequent setting


I.
Trauma



1.
Accidental injury in and around water is common



2.
Soft-tissue injuries are most common type, followed by neurological injuries involving cervical spine or upper thoracic spine



3.
Sources include sharp rocks, sticks, abrasive surfaces, and fish hooks



4.
Spine injuries usually caused by diving into shallow water



5.
Boating accidents, especially involving powered watercraft, can result in many of same injury patterns encountered with other high-speed, deceleration-type injuries such as those with snow machines, ATVs, and autos


J.
Injuries by aquatic animals


1.
Fresh and salt waters contain great variety of marine life than can inflict serious traumatic or toxicologic injuries



2.
See Chapter 27, Plant and Animal Emergencies, for more information

K.
Aggravation of existing conditions


1.
Physically demanding activities that increase metabolic needs can worsen underlying medical disorders, especially cardiac, pulmonary, and diabetic conditions

III.
Preventing water emergencies

A.
Most commonly cited recommendations 

1. Avoid alcohol when around water

2. Use proper safety equipment, including personal flotation devices (PFDs) 

3. Never swim alone

4. Monitor anyone who is in the water 

5. Never enter swiftly moving water 

6. Confirm water depth before diving; never dive into water for which you cannot see bottom

7. Check ice thickness before traversing

8. Scuba dive conservatively, ascending slowly while breathing normally

9. Watch for rip currents 

IV.
Patient assessment

A.
Assessment is not remarkably different from assessment of any other patient


B.
Ensure your own and others’ personal safety, including donning PFD, helmet, and other safety equipment as directed by your area management or as situation requires


C.
If not trained in water rescue techniques, or do not have proper equipment, wait for arrival of specialized water rescuers


D.
ABCDs must be quickly assessed and all potential life threats corrected before proceeding to secondary survey


E.
Care should be taken to carefully assess and protect the spine to prevent additional neurologic injury


1.
Whenever possible, initiate before the person is removed from the water; it’s easier to apply a cervical collar and backboard in shallow water than attempting to remove the person from the water and then applying spinal immobilization


F.
Unless patient has serious or life-threatening injuries, perform a secondary survey using DCAP-BTLS and a neurologic exam; assess vital signs and level of responsiveness frequently, skin condition, and capillary refill because each may provide early clues indicating presence of serious underlying injury

G.
Determine what occurred 


1.
How long person was submerged



2.
Water temperature and salinity



3.
How the person appeared immediately after being removed from water


H.
Determine any preexisting medical condition or medications


I.
Carefully assess patient who appears fine after a near-drowning as symptom onset may be delayed


J.
See if patient is breathing without unusual noise


K.
Patients with history of recent scuba diving or deep-water snorkeling should be further assessed for possible AGE or DCS




1.
Signs and symptoms of AGE 

a. Itchy, mottled skin

b. Bloody, frothy sputum

c. Altered LOC, confusion

d. Dyspnea

e. Chest pain

f. Muscle and joint pain

g. Blurred vision

h. Nausea, vomiting

i. Numbness, paralysis

j. Decreased coordination

k. Staggered gait




2.
Signs and symptoms of decompression sickness depend on severity of injury





a.
Type I DCS is characterized by joint pain, itchy or burning skin, and blotchy skin rash





b.
Pain can be mild to intense and usually resolves in short period of time




c.
Type II DCS can be immediately life threatening and presents with severe dyspnea, hypovolemic shock, spinal paralysis, or coma

V.
Patient management

A.
Treatment depends on nature of injury and severity of patient’s symptoms


B.
Establish an airway and begin CPR on any patient who is not breathing and does not have a pulse



1.
Rescue breaths may be given in water, but chest compressions are not practical in water


C.
Remove patients from water as quickly as possible


D.
Call for advanced medical providers and transportation when appropriate


E.
Spinal precautions should be initiated, preferably while patient is still in water, for patient with possible spinal injury


F.
Correct all potential life threats using standard procedures when patient is removed from water


G.
Abdominal thrusts and finger sweeps may be needed, especially after repositioning head using jaw-thrust and still unable to ventilate


H.
If no concern for spinal cord injury, place patient on side to facilitate removal of water and debris from upper airway


I.
If attaching to spine board with cervical collar in place, tip board and remove water and debris


J.
Suction as needed


K.
Thoroughly dry patient and cover with blankets, jackets, or sleeping bag to reduce chance of hypothermia


L.
Place patient on high-flow oxygen


M.
Treat for shock if present


N.
Seriously ill patients and all who have a submersion injury require ALS care and rapid transport to hospital for further evaluation and treatment

O.
Patients with suspected AGE or DCS require specialized care to a facility with a hyperbaric chamber for repressurization and supplemental oxygen


P.
Contact the Divers Alert Network for additional information


Q.
Patients who appear dead after being removed from cold water should be transported to hospital



1.
Cold water can cause severe bradycardia which can cause heart rate to drop so low person appears pulseless



2.
Patients can often be successfully resuscitated, even after extended time under water

Case Presentation
You and several friends are hiking near a local lake on a beautiful spring day when you hear shouts for help. As you near the scene, you come upon bystanders who tell you they did not see what happened. When you and your companions reach the water’s edge, you see a 14-year-old male floating in the water, approximately four feet from shore. You can clearly see the bottom of the lake, which is littered with rocks of various sizes. Looking up, you see a rock ledge extending approximately ten feet above the water’s edge. You identify yourself as an OEC Technician and quickly assess the patient. He is unresponsive and cyanotic. He is not breathing, has a weak carotid pulse, and his skin is cool to the touch. You notice that he has a large gash on the top of his head.

What should you do?

Case Update
You assist in removing the patient from the water while maintaining C-spine precautions. You direct some of your companions to summon help and then immediately begin rescue breathing using a pocket mask.

What should you do now?

Case Disposition
You continue rescue breathing while others dry the patient off and cover him with towels, all the while ensuring that full spinal immobilization is maintained. Within a few minutes, he starts to breathe on his own. Other rescuers who have arrived transport the patient to a trauma center, where he is diagnosed with a cervical spine fracture. Although his road to recovery will be long, he is expected to regain full neurologic function after spinal surgery.

Discussion Points
Have you or a family member ever helped in a water rescue?
Does your area have a body of water that could result in you having to participate in a water rescue?

If your area has a swimming pool, pond, or lake, what kind of rescue equipment is available for a rescue attempt?

Does your area have a specialized water rescue team? If not, who would you call? How long would it take for the team to reach you?

When boating or if you are on or near a body of water, do you wear a PFD?  

What is the average temperature of the water at your area when you would be patrolling?

Have you ever been snorkeling or on a diving trip? What kinds of preparations did you do beforehand?

Have you or a family member ever suffered from the “bends” or other disorders associated with diving?
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