
A 6-month-old boy is brought to the emergency department for lethargy and poor feeding. For the past 4 

days, the infant has been sleepier than normal and eating less. His normal daily intake includes 26 oz of 

formula and a combination of fruit, cereal, honey, and yogurt; however, he has consumed only 10 oz of 

formula daily in recent days. This morning, when his mother lifted him from his crib, "he was completely 

floppy." The patient has had no vomiting, fever, abnormal movements, or known trauma. He has had 

frequent wet diapers daily but has not stooled for a week. Until this past week, the patient was able to sit 

unsupported and reach for toys. His prenatal course and delivery were uncomplicated, and he takes no 

daily medications. Immunizations are up to date. Weight and length are at the 25th percentile. 

Temperature is 36.7 C (98.1 F), pulse is 108/min, and respirations are 36/min. Examination reveals a 

severely hypotonic and lethargic infant who cries faintly while lying on the examination table. Which of the 

following additional findings would most likely be seen on physical examination of this patient? 

O A. Asymmetric patellar reflexes (3%) 

O B. Bulging fontanelle (5%) 

O C.Constricted pupils (2%) 

O D.Hyperactive bowel sounds (2%) 

O E. Muscle fasciculations (20%) 

✓O F. Ptosis (59%) 

O G.Sustained ankle clonus (4%) 

Omitted 
Correct answer I 1.1 59% 

L!!!!. Answered correctly 
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Infant botulism 
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• Ingestion of C/ostridium botulinum spores (eg, environmental dust/soil, honey) 

Pathogenesis • Spores colonize GI tract & produce toxin 

• Toxin inhibits presynaptic acetylcholine release 

• Age < 12 months 

Clinical 
• Constipation, poor feeding, hypotonia 

presentation 
• Oculobulbar palsies (eg, absent gag reflex, ptosis) 

• Symmetric, descending paralysis 

• Autonomic dysfunction (eg, decreased salivation, fluctuating HR/BP) 

• Clinical 
Diagnosis 

• Confirmation by stool C botulinum spores or toxins 

Treatment • Botulism immune globulin 

BP = blood pressure; GI = gastrointestinal; HR = heart rate. 

Infant botulism is a neurologic condition occurring in children age <1 often following ingestion of honey 

contaminated with C/ostridium botulinum spores. Whereas ingestion of preformed botulinum toxin 

results in foodborne botulism, infant botulism is caused by intestinal colonization of C botulinum spores that 

produce the toxin in situ. Infants are particularly vulnerable due to an immature digestive system lacking 

protective microbiota. C botulinum neurotoxin inhibits presynaptic acetylcholine release into the 

neuromuscular junction (NMJ), affecting the somatic nervous system (eg, skeletal muscles) and the 

autonomic nervous system (eg, smooth muscles). 

Autonomic signaling is impaired first, and constipation from hypoactive bowel, along with poor feeding and 

irritability, is often the earliest sign of disease (Choice D). Muscles innervated by cranial nerves are 

typically affected, causing oculobulbar weakness; absent gag reflex, ptosis, ophthalmoplegia, and impaired 

pupil constriction are common (Choice C). Muscular weakness may progress to a descending paralysis 

and respiratory failure. Symmetric findings of diminished or absent deep tendon reflexes, decreased 

strength, and hypotonia are present on examination, but sensory function remains intact (Choice A). 

Infant botulism is diagnosed by identifying C botulinum spores or toxin in stool. Treatment is intravenous 

botulism immunoglobulin and supportive care. 

(Choices B and G) Whereas botulism is a disorder of the neuromuscular junction, a bulging fontanelle 

and sustained ankle clonus indicate pathology of the central nervous system. This pathology is 

characterized by upper motor neuron findings such as hypertonia rather than the hypotonia seen in this 

patient. 

(Choice E) Muscle fasciculations are seen in organophosphate poisoning due to increased acetylcholine 

in the NMJ. However, twitching is not typical in botulism as acetylcholine release into the NMJ is reduced. 

Educational objective: 

Infant botulism occurs in children age <1 after exposure (eg, ingestion of honey) to C/ostridium botulinum 

spores. Impaired acetylcholine release into the neuromuscular junction causes constipation, irritability, 

oculobulbar weakness (eg, absent gag reflex, ptosis), hyporeflexia, progressive hypotonia, and eventual 

paralysis. 

References 

• Infant botulism: review and clinical update. 

Pediatrics 

Subject 

Poisoning & Environmental Exposure 

System 

Botulism 

Topic 

MedicalBooksVN.com 



An 8-year-old boy is brought to the emergency department due to a bee sting. The patient's mother reports 

he was playing in the family's treehouse yesterday when he saw a beehive and tried to knock it down. He 

received a bee sting to his right hand. His mother removed the stinger and applied ice last night, but upon 

waking this morning, she noticed the patient's right hand was swollen and mildly painful. He does not 

report difficulty breathing, vomiting, or swelling of the throat. Temperature is 36. 7 C (98.1 F), blood 

pressure is 110/60 mm Hg, pulse is 98/min, and respirations are 22/min. Pulse oximetry is 100% on room 

air. The patient is awake and alert, oropharyngeal examination is normal, and lungs are clear to 

auscultation bilaterally. On the dorsum of his right hand, there is swelling, redness, and induration 

extending 11 cm from a central clear area. It is painful to make a fist. Perfusion and sensation are intact in 

his fingers. Which of the following is the most likely cause of this patient's symptoms? 

Q A. Cellulitis (13%) 

O B.Compartment syndrome (2%) 

✓O C.Large local reaction (74%) 

0 D.Lymphangitis (3%) 

O E. Systemic anaphylaxis (0%) 

0 F. Toxic reaction (6%) 

Omitted 
I 1,1 74% 02/27/2021 
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C 

Explanation 

Large local reactions 

• Often due to bites from Hymenoptera species (eg, bees, ants, 

wasps) 

Epidemiology & • Exaggerated, lgE-mediated, local allergic response (~10% of 

pathophysiology stung individuals) 

• Associated with possible increased risk for future systemic 

reactions 

• Significant (~10 cm or more) localized swelling, erythema & 

warmth 
Manifestations 

• Swelling & erythema contiguous with site of the sting 

• Develop within 24 hr, peak within 24-48 hr, resolve in 5-10 days 

• Cold compresses 

Treatment 
• Oral &/or topical steroids 

• Antihistamines 

• Anti-inflammatory medications 

The exaggerated area (~10 cm) of swelling, induration, and redness on this patient's hand after a sting by 

a member of the Hymenoptera species (eg, bees, yellow jackets, wasps) is called a large local reaction 

(LLR). Reactions to Hymenoptera envenomation range from mild (1-5 cm or erythema and swelling at the 

sting site) to severe (anaphylaxis, toxic reactions), with approximately 10% of individuals developing LLR. 

LLRs, like many allergic responses, are lgE-mediated. Pain, swelling, and erythema begin at the site of 

the sting within minutes and can progress in size to approximately 10 cm or more. Symptoms usually 

climax between 24 and 48 hours and resolve over a few days. To be considered an LLR, the area of 

exaggerated swelling and erythema must be contiguous with the site of the sting. 

Treatment options include antihistamines, topical or oral steroids, and anti-inflammatory drugs. Patients 

with LLR may be at higher risk for developing a future systemic reaction ( <3%-16% ), but prescribing an 

epinephrine autoinjector remains debatable. 

(Choice A) Cellulitis is characterized by skin findings similar to LLRs (eg, erythema, warmth, tenderness). 

However, superinfections are uncommon in insect bites and would generally occur 3-5 days after the initial 

bite, not within the first 24 hours, as in this patient. 

(Choice B) Compartment syndrome presents with pain out of proportion, paresthesia, and pain with 

passive stretch. This patient's mild pain, intact perfusion, and sensation are inconsistent with this 

diagnosis. Compartment syndrome from insect bites has been reported but is very rare. 

(Choice D) Lymphangitis occurs when bacteria from a distal site seed the lymphatic channels, causing 

erythematous, painful streaks in the skin and fever (not seen in this patient). 

(Choice E) Systemic anaphylaxis is a sudden and life-threatening lgE-mediated response to certain 

substances. This patient's reaction is lgE-mediated but local, not systemic. Also, systemic symptoms seen 

in anaphylaxis (eg, vomiting, airway swelling, respiratory difficulty, shock) are absent in this patient. 

(Choice F) Toxic reactions occur in patients (usually infants or the elderly) who have sustained 

envenomation from numerous stings by members of the Hymenoptera species. Symptoms (nausea, 

vomiting, diarrhea, seizures, fever) are due to direct vasoactive properties of the venom. This patient lacks 

systemic symptoms (eg, no vomiting or fever) and experienced a single sting. 

Educational objective: 

Patients with stings from Hymenoptera species can develop exaggerated local allergic responses called 

large local reactions, characterized by swelling, erythema, and warmth (up to ~10 cm in size) contiguous 

with the site of the sting. 
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A 3-year-old boy is brought to the hospital after being found in a storage shed struggling to breathe. His 

parents are unsure of what has happened and note that multiple chemicals are stored in the shed. 

Temperature is 36.6 C (98 F), blood pressure is 98/65 mm Hg, pulse is 58/min, and respirations are 

40/min. Oxygen saturation is 86% on room air. On examination, the patient is lethargic; his body and 

clothes are soiled with vomit. The pupils are pinpoint bilaterally, and there is significant watering of the 

eyes. Auscultation of the lungs demonstrates widespread rhonchi with prolonged expiration. Muscle 

fasciculations are noted in the extremities. Following endotracheal intubation, which of the following is the 

most appropriate next step in management of this patient? 

O A. Administer physostigmine (30%) 

O B.Administer sodium bicarbonate (2%) 

O C. Initiate hemodialysis ( 1 % ) 

O D.Obtain an ECG to evaluate QRS interval (4%) 

✓O E. Remove clothing and irrigate the skin (60%) 

Omitted 
Correct answer 

I 1,1 60% 
L!!!!. Answered correctly 
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Common • Pesticide: farmer/field worker, pediatric ingestion, suicide attempt 

exposures • Nerve agent: multiple patients presenting with similar symptoms 

• Muscarinic: 

o Diarrhea/diaphoresis 

o Urination 

o Miosis 

Manifestations o Bronchospasms, bronchorrhea, bradycardia 

o Emesis 

o Lacrimation 

o Salivation 

• Nicotinic: muscle weakness, paralysis, fasciculations 

• Remove patient's clothes, irrigate skin 

Management 
• Atropine reverses muscarinic symptoms 

• Pralidoxime reverses nicotinic and muscarinic symptoms (administer after 

atropine) 

This pediatric patient with respiratory distress after a presumed chemical exposure has signs of 

cholinergic toxicity, likely from exposure to an organophosphate pesticide. In organophosphate 

poisoning, acetylcholinesterase is rendered nonfunctional, leading to hyperstimulation of the muscarinic 

and nicotinic cholinergic receptors. Muscarinic stimulation leads to widespread, increased visceral smooth 

muscle tone and glandular secretions (mnemonic: DUMBELS-see table), whereas nicotinic activation 

leads to muscle fasciculations, weakness, and paralysis, which can lead to rapid respiratory failure. 

Initial management includes patient stabilization (ie, airway, breathing, circulation) and decontamination. 

This includes removal of exposed clothes, which can be contaminated both from topical chemical 

exposure and by vomiting/diarrhea after chemical ingestion. This should be followed by copious irrigation 

of the skin and/or eyes to prevent cutaneous absorption. Health care personnel should use personal 

protective equipment (ie, gloves, gown) and work in a well-ventilated examination room to prevent 

accidental exposure. 

To counteract the effects of organophosphate poisoning, atropine, a competitive inhibitor of acetylcholine 

at the muscarinic receptor, should be administered immediately. This is typically followed by pralidoxime, a 

cholinesterase-reactivating agent that reverses the nicotinic (neuromuscular) symptoms of poisoning. 

(Choice A) Physostigmine, an acetylcholinesterase inhibitor, is sometimes used to treat anticholinergic 

toxicity, which is characterized by flushing, anhidrosis, hyperthermia, mydriasis, and urinary retention. It 

would worsen this patient's condition. 

(Choices B and D) Obtaining an ECG and analyzing the QRS interval are critical in a tricyclic 

antidepressant overdose, which typically presents with altered mental status and anticholinergic signs (ie, 

flushed skin, mydriasis). Patients with a prolonged QRS (>100 msec) require treatment with sodium 

bicarbonate to prevent ventricular arrhythmias. 

(Choice C) Hemodialysis is sometimes used to treat toxic alcohol poisoning, which usually presents with 

altered mental status as well as vision changes (methanol) or flank pain and hematuria (ethylene glycol). It 

is not indicated in cholinergic toxicity. 

Educational objective: 

Organophosphates are acetylcholinesterase inhibitors that are primarily used as agricultural pesticides. 

Toxicity is characterized by signs of cholinergic excess (eg, miosis, bronchospasm, muscle 

fasciculations/weakness, diarrhea, vomiting, lacrimation) and can rapidly lead to respiratory failure. 

Management includes decontamination (removal of clothes, irrigation of skin) to prevent cutaneous 

absorption and treatment with atropine followed by pralidoxime. 
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A 4-year-old boy is brought to the emergency department after drowning in a pool. The mother reports she 

was outside with her son in the back yard when she left him to go inside. She returned a few minutes later 

to find the boy submerged in the deep end of the pool. She removed him from the water and called 911. 

The patient was unresponsive but breathing when paramedics arrived. They placed him on oxygen and 

transported him to the hospital. Temperature is 33.9 C (93 F), blood pressure is 100/58 mm Hg, pulse is 

120/min, and respirations are 44/min. Pulse oximetry is 89% on high-flow oxygen. On examination, the 

patient is somnolent. The pupils are equal and reactive to light. Nasal flaring and intercostal retractions 

are noted. Wheezing is present on auscultation of the lungs. He moves all extremities but does not follow 

commands. Which of the following is the first step in management of this patient? 

O A. Cervical spine immobilization (4%) 

O B. CT scan of the head (1 %) 

✓O C.Endotracheal intubation (62%) 

O D.Noninvasive positive pressure ventilation (16%) 

O E. Warm intravenous fluids (14%) 

Omitted 
Correct answer 

C 

Explanation 

I I, I 62% 
L!!!!. Answered correctly 
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This patient who drowned is now hypoxic, in respiratory distress (eg, respirations of 44/min with nasal 

flaring and intercostal retractions), and unable to protect his airway (eg, somnolence). Endotracheal 

intubation should be performed, and mechanical ventilation should be initiated. 

Drowning often results in aspiration of a large amount of fluid, which may cause alveolar-capillary 

membrane damage, surfactant washout, and ventilation/perfusion mismatch, resulting in hypoxia. 

Correction of hypoxia is the primary goal in management of drowning victims. Respiratory support is 

tailored to maintaining oxygenation and ventilation and may include: 

• Supplemental oxygen (eg, high-flow oxygen) 

• Noninvasive positive pressure ventilation (eg, continuous positive airway pressure): This helps reduce 

atelectasis and ventilation/perfusion mismatch; however, because it does not protect against 

aspiration, it should not be used in somnolent patients (such as this one) who cannot protect their 

airway (Choice D). 

• Endotracheal intubation with mechanical ventilation: This is performed if airway protection is 

required (as in this patient) or if adequate oxygenation cannot be achieved with less invasive 

strategies. 

Following intubation, this patient will also benefit from the administration of bronchodilators (eg, albuterol) 

to treat bronchospasm (eg, wheezing), another common respiratory complication of drowning. 

(Choice A) Cervical spine injury is uncommon in drowning victims who have no signs of trauma (eg, head 

contusion/laceration) and no concerning mechanism (eg, diving into shallow water); therefore, 

immobilization is not routinely performed, particularly because it can interfere with airway management. In 

this patient who was found in deep water with no evidence of head/neck trauma, the risk of cervical spine 

injury is very low. 

(Choice B) CT scan of the head in patients with an abnormal neurologic examination (eg, somnolent, not 

following commands) due to hypoxic/ischemic injury is often appropriate. However, this patient has 

ongoing hypoxia, respiratory distress (eg, tachypnea, intercostal retractions), and the need for airway 

protection; he should be intubated prior to going to the CT scanner, where his condition may 

decompensate. 

(Choice E) Warm intravenous fluids can be used to treat hypothermia, and although they may be 

appropriate in this mildly hypothermic (ie, 32-35 C [89.6-95 F]) patient, along with other rewarming 

measures (eg, removal of wet clothing, warm blankets), management of the airway and breathing (ie, ABCs 

or resuscitation) takes precedence. 

Educational objective: 

Drowned patients often require respiratory support to correct hypoxia. In patients who are unable to protect 

their airway or who are hypoxic despite supplemental oxygen, intubation with mechanical ventilation should 

be performed. 
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A 13-year-old girl with cystic fibrosis is evaluated in the emergency department after developing 

lightheadedness and nausea during an outdoor soccer game. The patient bumped heads with another 

player 10 minutes into the game but did not lose consciousness and continued playing. Near the end of 

the second half, she developed profound generalized weakness, felt she was going to pass out, and had to 

be carried off the field. Her parents say that she has been well except for runny nose and congestion the 

past 4 days. Temperature is 39 C (102 F), pulse is 136/min, and respirations are 26/min. The patient is 

alert and oriented but is sweating profusely. While being assessed, she develops abdominal cramps and 

nausea and then vomits. Which of the following is the most likely diagnosis in this patient? 

O A. Cystic fibrosis exacerbation (2%) 

O B. Exertional heat stroke (25%) 

O C.Exertional hypernatremia (9%) 

✓O D.Heat exhaustion (41%) 

O E. Hyperchloremic dehydration (20%) 

Omitted 
Correct answer 

I 1,1 41% 
L!!!!. Answered correctly 

D 

Explanation 

(i'\ 04 secs 
\..::J nmeSpent 

Heat exhaustion 

• Strenuous activity during hot & humid weather 

• Dehydration, poor acclimatization 

Risk factors 
• Lack of physical fitness, obesity 

• Acute illness 

06/19/2021 
• Last Updated 

• Medications: anticholinergics, antihistamines, phenothiazines, tricyclics, 

anti psychotics 

• Hyperthermia <40 C (104 F) with normal mental status 

• Profuse sweating 

Manifestations • Nausea/vomiting 

• Headache, dizziness 

• Tachycardia, hypotension 

Management 
• Cool patient (eg, air conditioning, cool water shower) 

• Salt-containing oral fluids 

This patient with cystic fibrosis developed nausea and presyncope associated with hyperthermia, 

tachycardia, and tachypnea while playing soccer, suggesting an exertional heat illness. Although exertional 

heat stroke (EHS) may present in a similar manner, the absence of CNS dysfunction in this patient 

suggests she has heat exhaustion. 

Heat exhaustion typically occurs after prolonged exercise (eg, soccer) in high ambient temperatures, 

particularly in the setting of high humidity, which limits evaporative cooling from sweat. Like other heat

related illnesses, heat exhaustion risk factors include older age, obesity, poor physical fitness, infections 

(as are common in cystic fibrosis), and certain medications (eg, anticholinergics). In addition, cystic 

fibrosis may predispose patients to heat-related illnesses due to higher rates of sodium and chloride lost in 

sweat. 

Heat exhaustion is characterized by hyperthermia; typically the patient's temperature is moderately 

elevated but is usually :5i40 C (104 F). Common manifestations of heat exhaustion include weakness, 

dizziness, profuse sweating, headache, and nausea/vomiting. Tachycardia and tachypnea are common, 

and hypotension may occur. Unlike EHS, mentation remains normal. Management includes cooling the 

patient (eg, air conditioning, cool water shower); oral hydration with chilled salt-containing fluids should be 

encouraged due to fluid and sodium losses that occur with sweating. 

(Choice A) This patient may have mild rhinitis (eg, rhinorrhea, congestion), which can predispose her to 

heat exhaustion. However, acute cystic fibrosis exacerbation typically present with increased oxygen 

requirement, cough, dyspnea, or sputum production. 

(Choice B) This patient with no CNS dysfunction and hyperthermia <40 C (104 F) has heat exhaustion, 

not EHS. 

(Choices C and E) Individuals with cystic fibrosis excrete excessive sodium and chloride in their sweat. 

As a result, they are at increased risk for dehydration, exertional hyponatremia, and hypochloremic 

dehydration, not hypernatremia and hyperchloremic dehydration. Infants with cystic fibrosis are particularly 

susceptible to hyponatremic dehydration, even without heat stress. 

Educational objective: 

Heat exhaustion is characterized by hyperthermia (typically <40 C [104 Fl) associated with weakness, 

dizziness, profuse sweating, headache, and/or nausea. Mentation remains normal, unlike in exertional 

heat stroke. Management includes cooling (eg, cool water shower) and oral hydration with salt-containing 

fluids. 

References 

• Prevalence of hyponatremia at diagnosis and factors associated with the longitudinal variation in serum 

sodium levels in infants with cystic fibrosis. 

• Exertional heat illness: emerging concepts and advances in prehospital care. 

• Heat-related illness. 

• Heat-related illnesses. 

Pediatrics 

Subject 

Poisoning & Environmental Exposure 

System 

Heat related illness 

Topic 

MedicalBooksVN.com 



A 19-year-old man is brought to the emergency department due to suspected hypothermia. He was found 

by police after his family reported him missing 8 hours ago. He appeared to be intoxicated and was 

sleeping in the snow without gloves. On arrival, temperature is 35 C (95 F), blood pressure is 140/86 mm 

Hg, and pulse is 112/min. The patient is sleepy but arousable to verbal stimuli. Examination shows no 

signs of trauma to the head or neck. Pupils are equal and reactive to light. Heart and lung sounds are 

normal. The left hand is pale and cold; the fingers appear grayish, with sensory loss to the level of the 

metacarpophalangeal joints. Plain radiographs of the hand reveal no fractures. Rewarming with heated 

blankets and warm intravenous fluids is started immediately; the left hand is submerged in a 38 C (100.4 F) 

water bath. Thirty minutes later, body temperature is 36.5 C (97.7 F), but there is persistent sensory loss, 

and the left hand is still grayish. Which of the following is the best next step in management of this patient's 

condition? 

O A.Amputation of the fingers (14%) 

✓O B.Angiography of the left arm (60%) 

O C.lncreased water temperature to 50 C (122 F) (6%) 

O D.Nerve conduction study (12%) 

O E. Warmed peritoneal irrigation (6%) 

Omitted 
Correct answer 

B 

Explanation 

Clinical 

findings 

I 1,1 60% 
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Frostbite 

• Superficial pallor & anesthesia 

• Blistering, eschar formation 

• Deep tissue necrosis & mummification 

• Rapid rewarming in water bath at 37-39 C (98.6-102.2 F) 

• Analgesia & wound care 

F==I 01/29/2021 
IE!.) Last Updated 

Management • Angiography or technetium-99m scan to assess for thrombosis if rewarming is 

unsuccessful 

• Thrombolysis in severe, limb-threatening cases 

This patient has hypothermia that is improving with rewarming measures (eg, heated blankets, warm 

intravenous fluids) but a left-hand frostbite injury that is not improving. 

Frostbite is characterized by freezing of tissue, leading to disruption of cell membranes, ischemia, 

vascular thrombosis, and inflammatory changes. Initial management consists of rapid rewarming in a 

37-39 C (98.6-102.2 F) water bath, which is started immediately and often accompanied by aggressive 

analgesia due to the severe pain of rewarming. Frostbitten skin is typically pale or grayish and hard or 

waxy; thawing is considered successful when the skin becomes red/purple and pliable. 

Failure to improve with rewarming measures (eg, persistent sensory loss, gray color) may indicate 

continued ischemia due to vascular thrombosis. In such cases, angiography (most commonly 

fluoroscopic digital subtraction angiography) or technetium-99m scintigraphy can help assess perfusion 

within the affected tissues and identify patients who are candidates for thrombolysis (eg, tissue 

plasminogen activator). Thrombolysis may improve perfusion and help salvage tissue (ie, prevent eventual 

amputation of the fingers) when administered within 24 hours of injury. 

(Choice A) Some severe frostbite injuries may require amputation, but initial assessment often 

overestimates the extent of tissue damage. Amputation is not typically performed until all possible salvage 

options (eg, angiography, thrombolysis) have been exhausted and the affected tissues have been given 

time (often weeks to months) to fully demarcate. 

(Choice C) Increasing the water temperature to 50 C (122 F) is contraindicated because such high 

temperatures can cause thermal burns and further tissue damage without reestablishing perfusion. 

(Choice D) Nerve conduction studies can help investigate the cause (eg, nerve compression) of peripheral 

nerve dysfunction (eg, sensory loss in carpal tunnel syndrome). However, they have no role in the acute 

management of frostbite, in which sensory loss is due primarily to direct injury (from freezing) and 

ischemia. 

(Choice E) Warmed peritoneal irrigation is an invasive, active rewarming measure that can be used in 

severely hypothermic patients who are not responding to less invasive rewarming measures. It is not 

indicated in this patient whose core body temperature has already improved. 

Educational objective: 

Initial management of frostbite starts with rapid rewarming of affected tissues in a warm water bath. For 

patients with persistent signs of tissue ischemia (sensory loss, gray appearance, absent capillary refill), 

studies such as angiography or technetium-99m scintigraphy can help identify those who would benefit 

from thrombolysis. 
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A 35-year-old woman is brought to the emergency department after being rescued from inside a burning 

building by firefighters. She had a brief tonic-clonic seizure en route to the hospital. Her past medical 

history is unknown. She is confused and mildly agitated. Her temperature is 37 C (98.6 F), blood pressure 

is 100/60 mm Hg, pulse is 115/min, and respirations are 24/min. Her oxygen saturation is 96% on room air 

as measured by standard pulse oximetry. Physical examination shows no burns, and her skin color is 

normal. There are symmetric breath sounds bilaterally with scattered end-expiratory wheezes. Neurologic 

examination shows no abnormalities apart from confusion. The abdomen is soft and nontender. Which of 

the following is the best initial treatment for this patient? 

O A. 50% dextrose with thiamine (3%) 

✓O B.100% oxygen with facemask (88%) 

O C. Intravenous lorazepam (5%) 

O D. Intravenous naloxone (0%) 

O E. Intravenous phenytoin (2%) 

Omitted 
Correct answer 

I 1,1 BB% 
L!!!!. Answered correctly 
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Carbon monoxide poisoning 

• Smoke inhalation 

Epidemiology 
• Defective heating systems 

• Gas motors operating in poorly 

ventilated areas 

Mild-moderate 

• Headache, confusion 

• Malaise, dizziness, nausea 

Manifestations Severe 

• Seizure, syncope, coma 

• Myocardial ischemia, 

arrhythmias 

Diagnosis 
• ABG: carboxyhemoglobin level 

• ECG + cardiac enzymes 

• High-flow 100% oxygen 

Treatment • lntubation/hyperbaric oxygen 

(severe) 

ABG = arterial blood gas. 
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This patient presents with confusion, wheezing, and a seizure following smoke inhalation; this clinical 

picture suggests carbon monoxide (CO) poisoning. CO is a tasteless, colorless, and odorless gas 

produced by incomplete combustion of carbon-containing compounds. CO poisoning should be considered 

in all patients exposed to smoke in a closed space. The affinity of CO for binding hemoglobin (Hb) is >200 

times that of oxygen; once bound to Hb, CO forms carboxyhemoglobin, which impairs oxygen delivery to 

tissue by shifting the Hb-oxygen dissociation curve to the left. 

Manifestations of mild to moderate CO toxicity include headache, nausea, dyspnea, malaise, altered 

mentation, and dizziness. Severe CO poisoning can present with seizures, coma, syncope, heart failure, 

or arrhythmias. Bright cherry lips can be a sign of CO poisoning (not specific). The diagnosis is 

confirmed clinically and by documenting an elevated carboxyhemoglobin level (eg, >3% in nonsmokers, 

>10% in smokers). A standard pulse oxymetry is unreliable and may appear normal because it cannot 

differentiate carboxyhemoglobin from oxyhemoglobin (as seen in this patient). 

The treatment of CO poisoning involves administration of 100% oxygen via nonrebreather facemask to 

compete with CO binding to Hb and to decrease the half-life of CO (from ~5 hours on room air to 1-2 hours 

on 100% oxygen). Patients should then be monitored (for >4 hours) and hospitalized if their condition has 

not improved. Hyperbaric oxygen is sometimes used in severe cases that are unresponsive to facemask

administered oxygen. 

(Choice A) A bolus of 50% dextrose can be given for suspected hypoglycemia in an unconscious patient. 

Intravenous thiamine can be given for suspected Wernicke encephalopathy (delirium, oculomotor 

abnormalities, ataxia). This patient's presentation after being inside a burning building is more concerning 

for CO poisoning. 

(Choices C and E) Intravenous lorazepam and phenytoin are treatment options if the patient continues to 

have seizures or develops status epilepticus. 

(Choice D) Intravenous naloxone is indicated to reverse (suspected) opioid toxicity with respiratory 

depression, but this patient's respiratory rate of 24/min makes this less likely. 

Educational objective: 

All patients with smoke inhalation should be suspected to have acute carbon monoxide (CO) poisoning and 

treated with 100% oxygen via a nonrebreather facemask. Early symptoms of CO poisoning are typically 

neurological and include agitation, confusion, and somnolence. 

References 

• Carbon monoxide poisoning 
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A 29-year-old woman comes to the emergency department after spilling hot coffee on her left forearm. 

Medications include a daily oral contraceptive, and the patient has no other medical issues. Evaluation 

shows a full-thickness burn, and she is discharged with analgesics, topical antibiotics, and wound care 

instructions. Three days later, the patient returns due to worsening pain and swelling of the left hand. She 

describes the pain in her hand as severe and aching. Repeat examination shows previous burn injury 

healing with a circumferential eschar formation. Her left hand is tense and tender. Which of the following is 

the most likely cause of this patient's condition? 

O A. Clostridial myonecrosis (8%) 

O B. Inflammatory arthritis (0%) 

O C.Subcutaneous bacterial invasion (12%) 

✓O D.Vascular compromise (73%) 

O E. Venous thrombosis (4%) 

Omitted 
Correct answer 

D 

Explanation 

I 1,1 73% 
L!!!!. Answered correctly 

(i'\ 03 secs 
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Clinical features of compartment syndrome 

• Pain out of proportion to injury 

Common 
• Pain j on passive stretch 

• Rapidly increasing & tense swelling 

• Paresthesia (early) 

• ! Sensation 

Uncommon 
• Motor weakness (within hours) 

• Paralysis (late) 

• ! Distal pulses (uncommon) 

F==I 02/10/2021 
IE!.) Last Updated 

Acute compartment syndrome (ACS) occurs when excessive fluid accumulation in a confined 

compartment of the body (eg, upper leg, lower leg, upper arm, forearm, hand, foot, abdomen) causes an 

increase in compartment pressure to the point that blood flow is severely impaired. Pain out of 

proportion to clinical findings is often the first presenting symptom, and worsening pain may be elicited 

with passive stretch of the affected muscle compartment. Tissue tension, pallor, and decreased sensation 

may also be present. If elevated compartment pressure is allowed to persist, tissue ischemia and 

eventual tissue death will occur. The eschar that results from a circumferential, full-thickness (third 

degree) burn often leads to constriction of venous and lymphatic drainage, fluid accumulation, and 

resulting distal ACS. 

Overall, clinical findings for ACS can be unreliable, and a high clinical suspicion should be maintained in 

patients with significant injuries to the extremities, especially the distal extremities. Serial compartment 

pressure monitoring is useful in determining the need for definitive operative management, which consists 

of compartment decompression by fasciotomy or, in the case of circumferential burns, escharotomy. 

(Choices A and C) Subcutaneous bacterial invasion may lead to cellulitis or, in the case of C/ostridium 

perfringens, gas gangrene with myonecrosis. However, cellulitis is typically characterized by skin warmth 

and gas gangrene is characterized by crepitus. 

(Choice B) Inflammatory arthritis (eg, rheumatoid arthritis) is characterized by pain and swelling often 

involving the bilateral metacarpal phalangeal joints. Unilateral swelling of the left hand following a forearm 

burn is not consistent with inflammatory arthritis. 

(Choice E) Venous thrombosis of the upper extremity can lead to pain and swelling of the hand, and burn 

trauma may increase the risk of venous thrombosis development. However, the combination of swelling, 

tissue tension, and severe pain in the setting of a circumferential, full-thickness burn with an eschar is more 

consistent with ACS. 

Educational objective: 

Circumferential, full-thickness (third degree) burns can result in eschar formation that restricts venous and 

lymphatic drainage, leading to acute compartment syndrome. 

References 

• Acute compartment syndrome in lower extremity musculoskeletal trauma. 

• Escharotomy and fasciotomy of the burned upper extremity. 

• The estimated sensitivity and specificity of compartment pressure monitoring for acute compartment 

syndrome. 

Surgery 

Subject 

Poisoning & Environmental Exposure 

System 

Thermal burn 

Topic 

MedicalBooksVN.com 



A 28-year-old woman comes to the urgent care center at a ski resort due to frostbite. She dropped one of 

her gloves while riding the chairlift and was unable to find it while skiing down the slope. By the time the 

patient returned to the resort, she was experiencing numbness and paresthesias in her left hand. Her 

medical history is unremarkable, and her only regular medication is an oral contraceptive. The patient does 

not smoke and drinks alcohol only on social occasions. Temperature is 36.7 C (98 F), blood pressure is 

108/65 mm Hg, and pulse is 88/min. Examination shows stiff, pale skin at the fourth and fifth digits of the 

left hand. Vesicles and small bullae are seen at the lateral aspect of the fingertips. The affected digits 

show absent light-touch sensation and capillary refill. Which of the following is the most appropriate next 

step in management of this patient's injury? 

O A. Debridement of devitalized tissue (5%) 

O B. Infusion of warmed fluids (6%) 

O C.Oral nifedipine (6%) 

O D.Rapid rewarming with dry heat (14%) 

✓O E. Rapid rewarming with warm water (66%) 

O F. Thrombolytic therapy (0%) 

Omitted 
Correct answer 

I 1,1 66% 
L!!!!. Answered correctly 

E 

Explanation 

(i'\ 03 secs 
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Frostbite 

Clinical 
• Superficial pallor & anesthesia 

findings 
• Blistering, eschar formation 

• Deep tissue necrosis & mummification 

• Rapid rewarming in water bath at 37-39 C (98.6-102.2 F) 

• Analgesia & wound care 

01/20/2021 
• Last Updated 

Management • Angiography or technetium-99m scan to assess for thrombosis if rewarming is 

unsuccessful 

• Thrombolysis in severe, limb-threatening cases 

Frostbite is characterized by freezing of tissue, leading to disruption of cell membranes, ischemia, vascular 

thrombosis, and inflammatory changes. Severity can range from superficial pallor and anesthesia to 

blistering, eschar formation, or deep-tissue necrosis and mummification. Affected tissues typically have a 

stiff or waxy texture. Most cases involve the face, ears, or distal limbs. 

Initial management of frostbite is based on rapid rewarming in a 37-39 C (98.6-102.2 F) water bath. 

Aggressive analgesia should be offered due to the potential of severe pain in the rewarming process. Hot 

air rewarming is not recommended due to the difficulty of maintaining precise temperature control (Choice 

D). In the field, rewarming can be accomplished by holding the affected limbs against the rescuer's 

abdomen. However, it should not be attempted if there is a possibility of refreezing before definitive care 

can be provided as it can worsen tissue damage. After rewarming, careful wound care should be provided 

to reduce the risk of secondary infection. 

(Choice A) Severe frostbite injuries may require multiple debridement procedures, but initial assessment 

may overestimate the extent of tissue damage. Debridement is not indicated until the tissue is rewarmed 

and an accurate survey of devitalized tissue can be performed. 

(Choice B) Intravenous infusion of warmed fluids is indicated in the management of systemic hypothermia 

but is not effective in frostbite injury. 

(Choice C) Calcium channel blockers (eg, nifedipine, amlodipine) are useful in the management of 

Raynaud phenomenon. Neurovascular injury in frostbite can lead to chronic Raynaud symptoms, but 

calcium channel blockers are not indicated in the acute injury. 

(Choice F) Thrombolytic therapy (eg, tissue plasminogen activator) can be considered for deep frostbite 

injury that is expected to require extensive amputation, although the evidence is limited. It is not advised in 

limited, distal frostbite. 

Educational objective: 

Initial management of frostbite is based on rapid rewarming of affected tissues in a 37-39 C (98.6-102.2 F) 

water bath. Hot air rewarming is not recommended, and rewarming should not be attempted if there is a 

possibility of refreezing before definitive care can be provided. 

References 

• Frostbite of the hand. 
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A 55-year-old electrician comes to the emergency department due to a wound to his right leg that started 3 

days ago. After crawling through an attic laying electrical wire, he developed a stabbing pain and burning 

sensation in his right thigh. The patient noticed a small, red area on his posterior right thigh, with 2 small 

dots in the middle. He thinks he was bitten by one of the small, brown spiders he saw in the attic. The pain 

lasted a few hours and then subsided. Several hours later a blister formed. Over the next 2 days, a black 

area appeared in place of the blister and has expanded toward his feet. Temperature is 36.7 C (98.1 F), 

blood pressure is 140/80 mm Hg, pulse is 76/min, and respirations are 16/min. On examination, the patient 

is awake and alert, and nontoxic in appearance. He has a 2-cm, dry eschar on his posterior right thigh. 

There is a surrounding outer ring of erythema. No significant swelling or fluctuance is present. He has 

normal pulses distal to the wound. Which of the following is the best next step in management of this 

patient? 

O A. Administer a corticosteroid injection (5%) 

O B. Prescribe hyperbaric oxygen therapy (10%) 

O C.Prescribe oral antistaphylococcal antibiotic (13%) 

✓O D.Provide supportive wound care only (70%) 

Omitted 
Correct answer 

D 

Explanation 

I I, I ?Oo/o 
L!!!!. Answered correctly 
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Bites from Loxosceles reclusa (brown recluse) 

• Southwestern, southern, midwestern United States 

Epidemiology • Dry, warm areas (eg, attics, basements) 

• Spider identification rare (initial bite usually painless) 

• Small erythematous papule that self-resolves (most common) 

• Burning pain ---+ blister ---+ eschar/necrosis 

Manifestations o Expands over days, heals over weeks 

• Systemic loxoscelism (eg, fever, hemolysis, DIC} 

o Uncommon; not correlated with lesion size 

• Cleanse wound & apply ice (reduces phospholipase activity) 

Management 
• No surgical debridement until lesion has stopped growing 

• Supportive management for systemic loxoscelism 

• Update tetanus 

DIC = disseminated intravascular coagulation. 

02/16/2021 
Last Updated 

This patient has a classic presentation of a Loxosce/es rec/usa (brown recluse) spider bite. L rec/usa 

spiders, common in the United States, are found in warm, dry areas (eg, attics, woodpiles, cellars). 

Although their bites can be painful, they are often initially painless, so spider identification rarely occurs. 

Burning pain due to local ischemia can start a few hours after the bite and become severe. A small, red 

papule appears first and often heals in days to weeks without intervention. In severe cases, blister 

formation occurs in the first 24 hours with a blueish discoloration; the area becomes necrotic (10% of 

bites) and expands in size over the next week, usually in a gravity-dependent manner. 

Initial treatment involves local wound care and pain control. The site should be cleaned and cold 

compresses applied. The activity of venom phospholipases, believed to be responsible for most local 

tissue necrosis, is decreased by cold therapy. Nonsteroidal anti-inflammatory drugs or opioids should be 

used for pain management. Most cases resolve with these measures. 

The only proven therapy is antivenom (not approved for use in the United States). Other researched 

therapies (eg, dapsone, tetracycline, glucocorticoids, hyperbaric oxygen) have not demonstrated a 

conclusive benefit. In some cases, surgical wound debridement can be helpful once the necrosis has 

stopped advancing; however, if performed too early, this procedure may cause increased pain and wound 

breakdown. 

(Choice A) Corticosteroids have anti-inflammatory properties and are administered in immune-mediated 

diseases. Oral steroids are useful in management {lgE-mediated) of large local reactions to insect stings 

(eg, bees), characterized by exaggerated local erythema and edema. However, the benefit of 

corticosteroids in patients with L rec/usa bites remains unclear, and their use is controversial. 

(Choice B) Hyperbaric oxygen therapy is sometimes used in nonhealing chronic wounds because it 

increases the amount of oxygen delivered to damaged tissue and promotes collagen synthesis, 

angiogenesis, and fibroblastic proliferation. When applied to patients with dermonecrosis from L rec/usa 

bites, it has not proven beneficial. 

(Choice C) Oral antistaphylococcal antibiotics are appropriate when evidence of infection is present (eg, 

fever, cellulitis, abscess). This patient is afebrile; swelling and fluctuance are not present. Skin findings are 

a result of ischemia, not infection. 

Educational objective: 

Patients with a Loxosce/es rec/usa (brown recluse) spider bite initially have a small, red papule that can 

progress to form a larger necrotic wound {loxoscelism). Most cases will resolve with the application of cold 

packs and local wound care. 
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A 56-year-old man comes to the emergency department with left hand pain that started 2 hours ago. He 

was reaching into some grass to move a large pipe on his ranch when he felt a sharp bite to his left hand. 

He did not see what bit him. Medical history includes hypertension. Upon arrival, his blood pressure is 

88/60 mm Hg, pulse is 118/min, and respirations are 22/min. Examination of the left hand reveals 2 

puncture wounds just distal to his left wrist. Persistent oozing is noted from the wound. There is 

pronounced swelling and ecchymosis present to the middle of his upper arm. There is significant pain with 

passive movement of the left wrist and elbow. Sensation is intact in the left arm. Capillary refill is 

decreased in all 4 extremities equally. Which of the following is the best initial treatment for this patient? 

✓O A. Administer Crotalidae polyvalent immune Fab (61 %) 

O B.Administer intravenous antibiotics (2%) 

O C.Arrange for immediate fasciotomy (14%) 

O D.lncise and suction out the wound (9%) 

O E. Place a tourniquet around the upper arm (12%) 

Omitted 
Correct answer 

A 

Explanation 

Clinical features 

I 1,1 61% 
L!!!!. Answered correctly 
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Snakebite envenomation 

• Effects due to venom toxins (may be delayed) 

• Tissue injury (eg, progression to necrosis) 

• Myotoxicity (eg, cardiovascular collapse) 

• Neurotoxicity 

• Coagulopathy 

• Limb immobilization & wound management 

• Frequent coagulation studies 

F==I 03/16/2021 
IE!.) Last Updated 

Management • Antivenom if indicated (not given in mild cases due to risk of life-

threatening allergic reaction) 

• Observation for 12-24 hr 

Antivenom 
• Unstable vital signs (eg, hypotension, tachypnea) 

indications 
• Rapidly progressing changes in wound 

• Abnormal coagulation studies 

This patient likely suffered a venomous snakebite (eg, puncture wounds from 2 fangs, swelling, 

ecchymosis) and should be treated with antivenom immediately due to signs of shock (eg, hypotension) 

and coagulation abnormalities (eg, persistent oozing). 

Venom from North American snakes contains toxins that can cause local tissue toxicity (eg, swelling), 

coagulation abnormalities (eg, oozing, ecchymosis), neuro/myotoxicity, and cardiovascular collapse (eg, 

hypotension, delayed capillary refill). Some effects may be delayed by several hours. Complete blood 

count, creatine kinase, prothrombin/partial thromboplastin time, INR, and fibrinogen should be obtained. 

Frequent wound examinations should assess for swelling, ecchymosis, and symptom progression. A 

decision should be made regarding antivenom administration. 

There are 2 types of antivenom for North American snake bites: Crotalidae polyvalent immune Fab 

(ovine), brand name CroFab (FabAV), which can be used for all North American snake bites, and 

Crotalidae Immune F(ab')2 (equine), brand name Anavip (Fab2AV), which can be used only for confirmed 

rattlesnake bites. Treatment with either carries a risk of anaphylaxis and should be done in consultation 

with a toxicologist or snake bite expert. 

• Given the risk of anaphylaxis, patients with mild envenomation (eg, mild, localized swelling; normal 

laboratory studies) should not receive antivenom but should be observed for 12-24 hours because 

delayed toxicity can occur. 

• Patients with progressing or pronounced symptoms (eg, pronounced swelling and ecchymosis), 

abnormal coagulation (eg, oozing}, or cardiovascular compromise (eg, hypotension) should 

receive antivenom and be admitted to the intensive care unit. 

(Choice B) Prophylactic antibiotics are sometimes indicated in animal and human bites, deep puncture 

wounds, or bites to high-risk areas (eg, hands). Infections related to snake bites are uncommon, and 

prophylactic antibiotics are not recommended. 

(Choice C) Snake bites can cause symptoms mimicking compartment syndrome (eg, pronounced 

swelling, pain with passive movement, decreased capillary refill). However, most swelling occurs outside 

the muscular compartment and does not affect intracompartmental perfusion pressure. Fasciotomies 

should involve expert consultation and should not proceed without intracompartmental pressure 

measurement. 

(Choices D and E) Tourniquets or pressure immobilization techniques are not recommended because 

they trap the venom in the involved extremity and can potentially cause ischemia. Suctioning (eg, local 

suction devices) only minimally reduces total body venom amount and may actually increase venom 

absorption by causing local tissue damage. Although these techniques were previously used, they should 

be avoided. 

Educational objective: 

Venomous snake bites should be managed with close observation and frequent coagulation studies and 

wound evaluations. Patients with mild envenomation and normal laboratory studies can be observed for 

12-24 hours. Patients with abnormal laboratory results, progressing symptoms, or signs of systemic 

toxicity should receive antivenom. 
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A 28-year-old man is brought to the emergency department after being found confused in his garage. 

Blood pressure is 110/64 mm Hg, pulse is 48/min, and respirations are 22/min. Oxygen saturation is 92% 

on room air. The patient is lethargic and diaphoretic. The pupils are constricted bilaterally, and significant 

drooling is noted. Lung auscultation reveals diffuse wheezing and scattered rhonchi. Which of the 

following is the best next step in management of this patient? 

✓O A.Atropine (80%) 

0 B. Buprenorphine (0%) 

O C.Epinephrine (3%) 

0 D.Hemodialysis (3%) 

0 E.Naloxone (11%) 

Omitted 
I 1,1 BO% 

Correct answer L!!!!. Answered correctly 

(i'\ 03 secs 
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A 

Explanation 

Organophosphate poisoning 

F==I 03/09/2021 
IE!.) Last Updated 

Common • Pesticide: farmer/field worker, pediatric ingestion, suicide attempt 

exposures • Nerve agent: multiple patients presenting with similar symptoms 

• Muscarinic: 

o Diarrhea/diaphoresis 

o Urination 

o Miosis 

Manifestations o Bronchospasms, bronchorrhea, bradycardia 

o Emesis 

o Lacrimation 

o Salivation 

• Nicotinic: muscle weakness, paralysis, fasciculations 

• Remove patient's clothes, irrigate skin 

Management 
• Atropine reverses muscarinic symptoms 

• Pralidoxime reverses nicotinic and muscarinic symptoms (administer after 

atropine) 

This patient with bradycardia, miosis, and excessive secretions (eg, diaphoresis, rhonchi, drooling) has 

evidence of cholinergic toxicity, likely due to accidental or intentional exposure to an organophosphate 

pesticide. Organophosphates inhibit acetylcholinesterase, leading to hyperstimulation of the muscarinic 

(mnemonic: DUMBELS-see table) and nicotinic (ie, muscle fasciculations, weakness, paralysis) 

cholinergic receptors. 

Management of organophosphate toxicity includes stabilization (ie, airway, breathing, circulation), 

decontamination to prevent continued exposure (ie, removal of soiled clothes, irrigation of skin), and 

reversal of cholinergic hyperstimulation. Atropine, a competitive inhibitor of acetylcholine at the 

muscarinic receptor, should be given immediately and leads to resolution of muscarinic symptoms (eg, 

bronchospasm). Because atropine does not act on the nicotinic receptors, patients with evidence of 

neuromuscular dysfunction should then receive pralidoxime, a cholinesterase-reactivating agent that can 

relieve both the muscarinic and nicotinic effects. 

(Choice B) Buprenorphine is a partial agonist of the mu-opioid receptor and is used to suppress 

withdrawal in opioid use disorder. It would worsen this patient's somnolence. 

(Choice C) Epinephrine is an adrenergic receptor agonist used to treat anaphylaxis, a type I 

hypersensitivity response to an allergen (eg, insect sting). Although airway edema often results in 

wheezing, anaphylaxis usually also presents with skin or mucosal manifestations (eg, tongue swelling, 

rash) and tachycardia, not bradycardia. Miosis is unexpected. 

(Choice D) Hemodialysis, in addition to fomepizole, is indicated for toxic alcohol (ie, methanol, ethylene 

glycol) ingestion. However, this condition usually presents with altered mental status and vision changes 

(in methanol) or flank pain and hematuria (in ethylene glycol). Hemodialysis is not indicated in cholinergic 

toxicity. 

(Choice E) Naloxone is a opioid receptor antagonist used to treat opioid overdose, which can cause 

pinpoint pupils and sedation but would not be expected to cause hypersalivation, wheezing, or diaphoresis. 

Educational objective: 

Organophosphates are acetylcholinesterase inhibitors that are commonly used as agricultural pesticides. 

Toxicity is characterized by signs of cholinergic excess (eg, miosis, bronchospasm, muscle 

fasciculations/weakness, diarrhea, vomiting, lacrimation). First-line therapy is atropine, a competitive 

inhibitor of acetylcholine at the muscarinic receptor. 
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A 22-year-old man is brought to the emergency department after developing acute weakness, nausea, and 

vomiting. The patient is a farmer and was working in the fields when the symptoms began. Blood pressure 

is 100/62 mm Hg, pulse is 60/min, and respirations are 16/min. On physical examination, he is diaphoretic, 

and his clothes are soiled with vomit and feces. The pupils are 1 mm bilaterally. Lung auscultation reveals 

diffuse wheezing. Neurologic examination shows diffuse weakness, hyporeflexia, and muscle 

fasciculations. The patient is treated with the appropriate initial medication, which improves his wheezing, 

but he remains weak. Administration of which of the following medications is the most appropriate next 

step in management? 

0 A.Antitoxin therapy (1%) 

0 B. Naloxone (0%) 

O C.Physostigmine (17%) 

O D.Plasma exchange (0%) 

✓O E. Pralidoxime (79%) 

Omitted 
I 1,1 79% 

Correct answer L!!!!. Answered correctly 

(i'\ 34 secs 
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Explanation 

Organophosphate poisoning 

F==I 05/08/2021 
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Common • Pesticide: farmer/field worker, pediatric ingestion, suicide attempt 

exposures • Nerve agent: multiple patients presenting with similar symptoms 

• Muscarinic: 

o Diarrhea/diaphoresis 

o Urination 

o Miosis 

Manifestations o Bronchospasms, bronchorrhea, bradycardia 

o Emesis 

o Lacrimation 

o Salivation 

• Nicotinic: muscle weakness, paralysis, fasciculations 

• Remove patient's clothes, irrigate skin 

Management 
• Atropine reverses muscarinic symptoms 

• Pralidoxime reverses nicotinic and muscarinic symptoms (administer after 

atropine) 

This patient who developed diaphoresis, nausea and vomiting, fecal incontinence, and diffuse weakness 

with muscle fasciculation after working in an agricultural field has signs of cholinergic toxicity, likely due 

to organophosphate pesticide exposure. Organophosphates inhibit acetylcholinesterase, leading to 

overstimulation of the muscarinic (mnemonic: DUMBELS-see table) and nicotinic (ie, muscle 

fasciculations, weakness, paralysis) cholinergic receptors. 

Management of organophosphate toxicity includes patient stabilization (ie, airway, breathing, circulation), 

decontamination (ie, removal of soiled clothes and irrigation of skin to prevent continued exposure), and 

reversal of cholinergic hyperstimulation. Atropine, a competitive inhibitor of acetylcholine at the muscarinic 

receptor, should be given immediately and leads to resolution of muscarinic symptoms (eg, 

bronchospasm). 

However, atropine does not have activity at the nicotinic receptors and cannot treat neuromuscular 

dysfunction. Therefore, pralidoxime, a cholinesterase-reactivating agent that has both nicotinic and 

muscarinic activity, should be given to treat neurotoxicity. Pralidoxime should be given only after 

atropine, because pralidoxime can cause transient acetylcholinesterase inhibition, which can momentarily 

worsen symptoms. 

(Choice A) Antitoxin therapy is used for the treatment of botulism, which usually occurs after the ingestion 

of contaminated food. Although botulism can manifest with gastrointestinal symptoms, it typically causes 

cranial nerve abnormalities followed by descending muscle weakness. Wheezing and diaphoresis are 

unexpected. 

(Choice B) Naloxone is used to treat opioid overdose, which can cause pinpoint pupils but would not be 

expected to cause nausea/vomiting, diarrhea, wheezing, or diaphoresis. 

(Choice C) Physostigmine is an acetylcholinesterase inhibitor that is sometimes used for the treatment of 

anticholinergic toxicity (ie, flushing, mydriasis, anhidrosis, fever, urinary retention). It would worsen this 

patient's symptoms. 

(Choice D) Plasma exchange may be used for Guillain-Barre syndrome, which can cause weakness but is 

not associated with signs of cholinergic excess. In addition, the weakness in this condition is typically 

ascending (ie, progresses from feet to involve the chest and upper extremities) and less abrupt in onset. 

Educational objective: 

Organophosphates inhibit acetylcholinesterase, leading to symptoms of muscarinic (mnemonic: 

DUMBELS) and nicotinic (neuromuscular dysfunction) cholinergic hyperstimulation. Management includes 

atropine, a competitive inhibitor of acetylcholine at the muscarinic receptor (reverses muscarinic 

symptoms), followed by pralidoxime, a cholinesterase-reactivating agent that has both nicotinic and 

muscarinic activity (reverses neurotoxicity). 
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A 39-year-old man is brought to the emergency department after immediately collapsing at the finish line 

when he completed a marathon. Although he was unable to stand or walk, the patient did not lose 

consciousness. He says he has run multiple marathons in the past without any problems. Medical history 

includes mild intermittent asthma. He uses albuterol as needed and last took it a week ago. Temperature 

is 38 C (100.4 F), blood pressure is 98/52 mm Hg, pulse is 118/min, and respirations are 22/min. The 

patient is alert and oriented and does not report any pain. Neurologic examination is normal. Which of the 

following is the most likely cause of this patient's collapse? 

O A.Acute severe asthma exacerbation (0%) 

O B. Cardiac arrhythmia (2%) 

✓O C.Exercise-associated postural hypotension (38%) 

O D.Exertional heat stroke (28%) 

O E. Exertional hyponatremia (30%) 

Omitted 
Correct answer 

C 

I 1,1 38% 
L!!!!. Answered correctly 

Explanation 

(i'\ 05 secs 
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Exercise-associated postural hypotension 

• Cessation of exercise results 

Pathophysiology in sudden decrease in venous 

return to the heart (preload) 

• Athlete collapses immediately 

after cessation of exercise 

• No loss of consciousness 
Manifestations 

• Dizziness or lightheadedness 

• Normal to minimally elevated 

core temperature 

• Trendelenburg positioning (ie, 

Management feet inclined above the head) 

• Oral hydration 

06/04/2021 
• Last Updated 

This patient who collapsed after running a marathon but did not lose consciousness most likely has 

exercise-associated postural hypotension (EAPH). 

EAPH is thought to occur due to physiologic adaptations in endurance athletes, who have significantly 

higher cardiac output than unconditioned individuals due to hypertrophy and hyperplasia of the left ventricle 

(ie, athlete's heart). During strenuous exercise, skeletal muscles, particularly in the lower extremities, exert 

significant pressure on the venous system, which increases venous return to the heart. When an athlete 

abruptly stops exercising (eg, finishes a marathon), the muscles are no longer exerting pressure, and 

venous return dramatically decreases. The sudden decrease in cardiac preload fails to meet increased 

cardiac demand and results in transient postural hypotension and collapse. This condition may be 

compounded by inhibition of the baroreflex and dehydration, which often occur with intense exercise. 

Unlike many other causes of exercise-associated collapse (eg, exertional heat stroke, sweat-induced 

hyponatremia), patients with EAPH remain alert with normal mental status. Collapse or inability to walk is 

typically associated with a sensation of lightheadedness or dizziness. Core temperature may be normal 

or mildly elevated (as in this patient) from prolonged exercise. Management of EAPH is primarily 

supportive; patients should be placed in Trendelenburg position and offered oral hydration. 

(Choice A) Although severe asthma exacerbations can cause tachypnea, and hypoxia or hypercarbia may 

result in altered mentation with collapse, patients are expected to develop severe dyspnea and wheezing. 

(Choice B) Cardiac arrhythmia is a rare but potentially fatal cause of collapse in athletes. However, 

cardiac arrhythmia typically occurs during exercise, not immediately afterward; patients may lose 

consciousness (unlike this patient who collapsed without losing consciousness); and arrhythmia would not 

explain the patient's inability to stand or walk. 

(Choice D) Exertional heat stroke presents with elevated core temperature {>40 C [104 F]) associated with 

altered mental status (eg, confusion, syncope, seizure). Although this patient's core temperature is mildly 

elevated, his mental status is normal, making this diagnosis unlikely. 

(Choice E) Exertional hyponatremia results from excessive fluid intake (weight gain). It presents with 

confusion, headache, and swollen hands after prolonged heat exposure during an athletic event; a 

resultant seizure may induce collapse. This patient's normal mental status and consciousness make this 

diagnosis unlikely. 

Educational objective: 

Exercise-associated postural hypotension occurs in conditioned athletes and is caused by the sudden 

decrease in venous return after cessation of exercise, which fails to meet increased cardiac demand. It is 

characterized by collapse (with no loss of consciousness) immediately after completion of exercise. 

References 
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A 34-year-old roofer is brought to the emergency department due to an electrical injury. He was 

maneuvering an extended ladder when it contacted an overhead power line. The patient is alert and 

cooperative but has no recollection of the accident. Temperature is 37.8 C (100 F), blood pressure is 

124/80 mm Hg, pulse is 92/min, and respirations are 20/min. Examination reveals that bilateral hands are 

charred, leathery, and insensate, and large, open wounds are present on the soles of both feet. ECG 

shows normal sinus rhythm. Based on these findings, the patient is at greatest risk for developing which of 

the following complications over the next several days? 

O A. Brain herniation (0%) 

O B.Cardiac tamponade (1%) 

✓O C.Rhabdomyolysis (87%) 

0 D.Seizures (8%) 

O E. Thrombocytosis (1 %) 

Omitted 
Correct answer 

C 

I I, I B?o/o 
L!!!!. Answered correctly 
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This patient whose ladder contacted an overhead power line became part of the pathway for electricity 

traveling from the power line to the ground, likely entering his hands (eg, charred, insensate hands) and 

exiting his feet (eg, large, open wounds on his soles). 

In patients with high-voltage electrical injuries, tissue damage occurs from both the direct injury caused 

by electricity and from the secondary conversion of electrical energy to thermal energy. Because bone 

(with its high resistance to electrical current) generates the most heat as current passes through the body, 

thermal injury to internal tissues surrounding the bone (eg, skeletal muscle) often exceeds the visible 

injury to external tissues (eg, skin). Skeletal muscle necrosis in patients with high-voltage electrical 

injuries often leads to the following clinical features: 

• Acute compartment syndrome from intracompartmental muscle swelling 

• Rhabdomyolysis, with leakage of muscle contents, including heme pigment, into the circulation 

• Heme pigment-induced acute kidney injury (eg, intratubular cast formation) 

Patients should be monitored for these conditions and should receive aggressive IV fluid resuscitation. 

Because of the risk of hyperkalemia from rhabdomyolysis, potassium-containing IV fluids should be 

avoided. 

(Choices A and D) Electrical current that injures the brain can result in seizures or, very rarely, brain 

herniation (eg, from severe brain damage and subsequent increased intracranial pressure). However, 

neither is likely in this patient because of the lack of evident brain injury (ie, patient is alert and cooperative) 

and because of the currant's path from the overhead power line (hands) to the ground (feet). 

(Choice B) The most common cardiac complication of electrical injury is interruption of normal cardiac 

impulse conduction, resulting in arrhythmias (eg, ventricular fibrillation) or cardiac arrest. Acute cardiac 

tamponade is more commonly caused by chest trauma (blunt or penetrating) and/or aortic dissection. 

(Choice E) Severe tissue injury, as occurred in this patient, often causes acute coagulopathy that is both 

consumptive (from tissue factor activation of the coagulation pathway) and dilutional (from aggressive fluid 

resuscitation), resulting in thrombocytopenia rather than thrombocytosis. 

Educational objective: 

High-voltage electrical injuries frequently cause more severe damage to internal structures (eg, muscle) 

than external structures (eg, skin). Skeletal muscle necrosis is a frequent complication that can result in 

acute compartment syndrome, rhabdomyolysis, and heme pigment-induced acute kidney injury. 

References 

• High-voltage electrical injury complicated by compartment syndrome and acute kidney injury with 

successful limb salvage: a case report and review of the literature. 

• Electrical injuries in the emergency department: an evidence-based review. 
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A 4-year-old boy is brought to the emergency department due to fire ant bites. The patient's mother states 

he was wearing flip flops and playing in the park yesterday evening when he started screaming because 

his feet were covered with fire ants. She brushed them off immediately, washed his feet, and applied some 

ice. She is concerned today because the patient has approximately 10 bites on each foot, and his feet are 

red, swollen, and painful. Temperature is 36.7 C (98.1 F), blood pressure is 110/60 mm Hg, pulse is 

108/min, and respirations are 20/min. The patient is awake and alert. He has a normal oropharyngeal 

examination. Lungs are clear to auscultation bilaterally. There are approximately 10 small pustules on 

each foot that are surrounded by a large area of erythema and swelling contiguous to the pustules. The 

patient can bear weight but cries when he is asked to walk. Perfusion and sensation are normal. Which of 

the following is the best next step in management of this patient? 

O A. Administer intramuscular epinephrine (1 %) 

✓O B. Give oral antihistamine and topical corticosteroids (76%) 

O C.Prescribe oral clindamycin (8%) 

O D.Unroof pustules and apply topical antibiotic cream (13%) 

Omitted 
Correct answer 

B 

Explanation 

I I, I 76% 
L!!!!. Answered correctly 
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• Often due to bites from Hymenoptera species (eg, bees, ants, 

wasps) 

Epidemiology & • Exaggerated, lgE-mediated, local allergic response (~10% of 

pathophysiology stung individuals) 

• Associated with possible increased risk for future systemic 

reactions 

• Significant (~10 cm or more) localized swelling, erythema & 

warmth 
Manifestations 

• Swelling & erythema contiguous with site of the sting 

• Develop within 24 hr, peak within 24-48 hr, resolve in 5-10 days 

• Cold compresses 

Treatment 
• Oral &/or topical steroids 

• Antihistamines 

• Anti-inflammatory medications 

This patient has developed a local allergic response (swelling and erythema contiguous to the site of the 

sting) to multiple stings from imported fire ant (IFA) bites. Local and systemic reactions can occur in 

response to a sting. 

• Wheal-and-flare reactions occur within a few minutes of the encounter and are accompanied by a 

burning, stinging pain. Sterile pustules develop within 24 hours due to venom alkaloids. They should 

be left intact and will resolve within a week. These minor reactions do not require treatment. 

• Large local reactions (LLRs), as seen in this patient, are an exaggerated, local lgE-mediated 

response to proteins in the venom of IFAs, characterized by erythema, warmth, and swelling. LLRs 

develop within the first 24 hours (as in this case) and extend to ~10 cm or more contiguously from 

the site of the sting. Swelling can be significant enough to cause vascular compromise (absent in this 

patient with normal perfusion and sensation), but this is rare. The lesions contain fibrin, eosinophils, 

neutrophils, and lymphocytes. They are treated with topical high-potency corticosteroids (eg, 

clobetasol 0.05% ointment) and oral antihistamines. In patients with severe local symptoms, a short 

course of oral prednisone can be prescribed. 

• Systemic reactions (eg, vomiting, urticaria, swelling of the airway, bronchospasm, shock, hypotension) 

can also occur and should be treated similarly to anaphylaxis with intramuscular or intravenous 

epinephrine. This patient's localized swelling in the feet with no systemic manifestations of 

anaphylaxis (eg, normal vital signs, clear lungs, normal oropharyngeal examination) makes a systemic 

reaction unlikely (Choice A). 

(Choice C) Oral clindamycin is used to treat cellulitis. The skin findings of cellulitis and LLRs (eg, 

erythema, warmth, tenderness) overlap; however, superinfections are uncommon in insect bites and would 

generally occur 3-5 days after the initial bite, not within the first 24 hours, as in this patient. Other infectious 

symptoms (eg, fever) would more likely be present in cellulitis. 

(Choice D) Unroofing the sterile pustules caused by stings from IFAs can lead to a secondary infection. 

Topical antimicrobial cream is not indicated unless an infection is present (unlikely in <24 hr, as in this 

case). Infections are uncommon in part because IFA venom contains antimicrobial properties. 

Educational objective: 

Bites from imported fire ants cause sterile pustules that should be left intact to prevent secondary 

infections. Pustules and small local reactions require no treatment. Large local reactions can be treated 

successfully with antihistamines and topical steroids. 

References 
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A 28-year-old man in the hospital burn unit has been febrile for the past 48 hours. He was admitted to the 

hospital 4 days ago after sustaining inhalational injury and burns over 40% of the total body surface area in 

a methamphetamine laboratory explosion. There were no signs of wound infection 4 hours ago in the 

operating room, where the patient underwent dressing changes and a second stage of burn excision and 

skin grafting under general anesthesia. Temperature is 38.5 C (101.3 F), blood pressure is 146/92 mm Hg, 

and pulse is 118/min. The patient is sedated and intubated and on mechanical ventilation. He arouses to a 

loud voice and follows simple commands, moving the extremities symmetrically. Telemetry shows sinus 

tachycardia. Multiple wound and blood cultures taken since admission are negative. Which of the 

following is the most likely explanation for this patient's condition? 

O A. Adrenal insufficiency (1 %) 

O B.Cyanide poisoning (4%) 

O C. Elevated intracranial pressure ( 1 % ) 

✓O D.Hypermetabolic state (77%) 

O E. Malignant hyperthermia (9%) 

O F. Methamphetamine withdrawal (5%) 

Omitted 
Correct answer 

I 1,1 ??% 
L!!!!. Answered correctly 
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Explanation 
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• Moderate to severe burn injury (eg, inhalational, high-voltage 

Etiology 
electrical, TBSA >20%) 

• j Inflammatory mediators, which result in j catecholamines, 

glucocorticoids & glucagon 

• Hyperdynamic circulatory response: tachycardia, hypertension 

Clinical features 
• j Gluconeogenesis & insulin resistance: hyperglycemia 

• j Basal metabolic rate: j basal body temperature 

• j Protein & lipid catabolism: j lean muscle wasting 

• Early burn excision & grafting 

Treatment 
• Beta blockade (eg, propranolol) 

• Glycemic control (eg, insulin) 

• Nutritional support & anabolic steroid therapy (eg, oxandrolone) 

TBSA = total body surface area. 

This patient with severe burns now has persistent fever, tachycardia, and hypertension. In the absence of 

infection (eg, negative blood and wound cultures), the most likely cause is a hypermetabolic response to 

severe burn injury. 

The severity of the hypermetabolic response increases proportionally with burn size. It typically arises 

within the first 5 days postinjury, after an initial 24-48 hours of shock (eg, increased capillary permeability, 

myocardial depression). It is likely triggered by the profound release of inflammatory mediators from 

damaged tissue, leading to increased levels of catecholamines and glucocorticoids, with the following 

clinical features: 

• Tachycardia and hypertension due to a hyperdynamic circulatory response 

• Hyperglycemia due to increased gluconeogenesis and insulin resistance 

• Elevated basal body temperature (often up to 38.5 C [101.3 Fl) and lean muscle wasting due to an 

increased basal metabolic rate with increased protein and lipid catabolism 

Strategies to attenuate the hypermetabolic response include decreasing the inflammatory source (eg, early 

burn excision and grafting), blunting the catecholamine effect (eg, beta blockers), reducing lean muscle 

mass loss (eg, nutritional support, anabolic steroid therapy), and controlling hyperglycemia (eg, insulin). 

(Choice A) Severe physiologic stress (eg, severe burn injury) can lead to acute adrenal insufficiency (ie, 

adrenal crisis) with nonspecific symptoms, including fever; however, hypotension (vs hypertension) is a 

primary manifestation of adrenal crisis. 

(Choice B) Cyanide poisoning impairs aerobic metabolism and may initially cause catecholamine

mediated compensatory hypertension and tachycardia to increase oxygen delivery; however, this typically 

lasts only minutes (vs 2 days) before degenerating into bradycardia and hypotension from cardiovascular 

toxicity. 

(Choice C) The shock wave from a large explosion can cause traumatic brain injury, which may be 

complicated by elevated intracranial pressure (ICP); however, hypertension due to elevated ICP is 

classically accompanied by bradycardia and irregular respirations (ie, Cushing triad), as well as significantly 

depressed global consciousness (eg, patient would not follow commands). 

(Choice E) Malignant hyperthermia can cause fever and tachycardia but also causes diffuse muscle 

rigidity (vs symmetric extremity movement). In addition, it typically occurs within minutes of anesthetic 

agent administration (vs fever lasting 48 hours). 

(Choice F) Methamphetamine intoxication, rather than withdrawal, can cause fever, hypertension, and 

tachycardia due to its sympathomimetic effect. Methamphetamine withdrawal is typically characterized by 

depression, fatigue, and increased appetite, without significant vital sign disturbances. 

Educational objective: 

Severe burn injury often leads to a hypermetabolic response characterized by a hyperdynamic circulatory 

response, causing tachycardia and hypertension; increased gluconeogenesis and insulin resistance; and 

increased protein and lipid catabolism, causing elevated basal body temperature. 

References 

• Long-term persistence of the pathophysiologic response to severe burn injury. 

• Management of critical burn injuries: recent developments. 
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A 53-year-old man with alcohol use disorder is brought to the emergency department after being found in a 

park on a cold day in winter. He was unresponsive when found and was intubated in the field by 

paramedics. On arrival, his body temperature is 31 C (88 F), blood pressure is 77/48 mm Hg, and pulse is 

31/min. ECG shows sinus bradycardia and QT interval of 560 msec. Which of the following is the best 

next step in managing this patient's hemodynamic status? 

✓O A.Active rewarming (76%) 

O B.Atropine (12%) 

0 C.Levothyroxine (0%) 

0 D.Magnesium (6%) 

O E. Transvenous pacing (4%) 

Omitted 
Correct answer 

A 

I I, I 76% 
L!!!!. Answered correctly 
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Explanation 

Clinical features of hypothermia 

Classification Mild: 32-35 C (90-95 F) 

Treatment 

• Tachycardia, tachypnea 

• Ataxia, dysarthria, increased shivering 

Moderate: 28-32 C (82-90 F) 

• Bradycardia, lethargy, hypoventilation, decreased shivering, 
atrial arrhythmias 

Severe: <28 C (82 F) 

• Coma, cardiovascular collapse, ventricular arrhythmias 

General 

• Warmed (42 C [107 Fl) crystalloid for hypotension 

• Endotracheal intubation in comatose patients 

Rewarming techniques 

• Mild hypothermia: Passive external warming (remove wet 
clothing, cover with blankets) 

• Moderate hypothermia: Active external warming (warm 
blankets, heating pads, warm baths) 

• Severe hypothermia: Active internal rewarming (warmed 
pleural or peritoneal irrigation, warmed humidified oxygen) 

This patient's unresponsiveness, temperature of 31 C (88 F), and bradycardia are consistent with 

moderate hypothermia from cold exposure. Mild hypothermia (32-35 C [90-95 Fl) causes an increase in 

heart rate with peripheral vasoconstriction. Moderate hypothermia (28-32 C [82-90 F]) causes progressive 

bradycardia and hypotension due to decreased reactivity of pacemaker cells and salt/water loss from cold

induced diuresis. 

Primary therapy for moderate hypothermia is active external rewarming, which includes use of warmed 

blankets, warm baths, and warmed intravenous fluids. 

(Choices B and E) Due to decreased reactivity of the pacemaker cells, the bradycardia associated with 

hypothermia is often refractory to treatment with atropine and cardiac pacing. However, it usually will 

improve with treatment of the hypothermia. 

(Choice C) Levothyroxine is used to treat hypothermia caused by myxedema. 

(Choice D) Intravenous magnesium sulfate is typically used to treat polymorphic ventricular tachycardia 

associated with acquired QT prolongation (torsades de pointes). 

Educational objective: 

Primary therapy for moderate hypothermia includes active external rewarming and warmed intravenous 

fluids. Bradycardia associated with hypothermia is often refractory to treatment with atropine and cardiac 

pacing, but it usually improves with correction of hypothermia. 

References 

• Diagnosis and treatment of hypothermia. 
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The following vignette applies to the next 2 items 

A 27-year-old woman is brought to the emergency department by local paramedics. The patient was found 

unconscious at the scene of a house fire. On examination, she does not appear to have any burns. Black 

soot is present near the patient's nares and mouth. Her capillary refill time is 4 seconds. Blood pressure is 

132/90 mm Hg, heart rate is 122/min and regular, and respirations are 24/min. Supplemental oxygen by a 

non-rebreather mask is administered. Laboratory results are as follows: 

Item 1 of 2 

Arterial blood gases 

pH 

Pa02 

PaC02 

7.15 

114 mm 

Hg 

33mm 

Hg 

Blood, plasma, and serum 

Bicarbonate 

Lactic acid, 

venous 

12 mEq/L 

20 mg/dL 

Which of the following should be empirically treated in this patient? 

✓O A. Cyanide poisoning (36%) 

O B. Methanol exposure (2%) 

O C.Methemoglobinemia (55%) 

O D.Salicylate poisoning (3%) 

O E.Status epilepticus (1%) 

Omitted 
I 1.1 36% Correct answer l!!!!. Answered correctly 
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A 

Explanation 

Treatment overview for suspected cyanide poisoning 

Dermal exposure 

• Removal of clothing 
• Skin decontamination 

Ingestion 

• Activated charcoal 
Decontamination All exposures 

• Antidote 
o Hydroxocobalamin preferred 
o Sodium thiosulphate as alternate therapy 

• Antidote not available 
o Nitrites to induce methemoglobinemia 

Respiratory 
• No mouth-to-mouth resuscitation 
• Supplemental oxygen 

support 
• Airway protection (intubation) 

Cardiovascular 
• Intravenous fluids for hypotension support 

©UWOl1d 

05/19/2021 
• Last Updated 

This patient is the victim of a house fire and most likely has a smoke inhalation injury; such injuries are 

estimated to cause 60%-80% of deaths during fire incidents. Smoke injury results in glottic edema from 

heat and airway irritation due to particulate matter found in smoke. Smoke also contains multiple toxins 

that are absorbed systemically. Hydrogen cyanide (HCN) and carbon monoxide (CO) are the 2 major 

products of combustion in closed spaces. HCN is produced from the combustion of nitrogen-containing 

synthetic polymers (eg, foam, cotton, paint, silk). 

HCN is a potent and fast-acting poison, and blood levels cannot be measured rapidly to confirm diagnosis 

prior to treatment. Toxic exposure can be inhalational, dermal, or intestinal. Exposure to moderate to high 

concentrations causes symptoms to develop within seconds to minutes. Early acute toxicity causes 

neurologic and cardiorespiratory stimulation, and patients develop headache, vertigo, dizziness, 

hyperventilation, tachycardia, nausea, and vomiting. Neurologic, respiratory, and cardiovascular 

depression eventually occurs and manifests as coma, seizures, bradycardia, hypotension, and 

cardiorespiratory arrest. HCN can also cause anoxic brain injury leading to permanent neurologic deficits. 

Cyanide toxicity can be treated with an antidote such as hydroxocobalamin or sodium thiosulfate, which 

directly binds cyanide molecules. An alternate treatment is induction of methemoglobinemia with nitrites to 

increase ferric iron (Fe3+) in circulating hemoglobin. Cyanide binds avidly to Fe3+, and so 

methemoglobinemia provides an alternate binding site. 

(Choice B) Methanol is found in antifreeze solutions (eg, windshield wiper fluid, fuels, solvents). 

Poisoning occurs after ingestion of such compounds. 

(Choice C) Methemoglobin is formed by the oxidation of ferrous (Fe2+) to ferric (Fe3+) iron in 

hemoglobin. Fe3+ is unable to bind oxygen, and it also increases the affinity of Fe2+ to oxygen, causing a 

left shift in the oxygen dissociation curve. The result is functional anemia due to reduced oxygen delivery 

to tissues. Methemoglobinemia occurs after exposure to oxidizing agents (eg, dapsone, nitrates, 

topical/local anesthetics). 

(Choice D) Salicylate toxicity usually results from intentional or accidental ingestion of 10-30 g of salicylic 

acid in adults (3 g in children). Because levels can be readily measured, there is no need to treat salicylate 

toxicity empirically in this patient, who is more likely to have suffered HCN and CO poisoning. 

(Choice E) Antiepileptics may be needed if seizures or status epilepticus develops as a complication of 

cyanide toxicity. This patient has no symptoms of ongoing seizure activity. Early decontamination with an 

antidote is crucial in the prevention and treatment of this complication. 

Educational objective: 

To prevent cardiorespiratory arrest and permanent neurologic disability, victims of smoke inhalation injury 

should be treated empirically for cyanide toxicity with an antidote, such as hydroxocobalamin or sodium 

thiosulfate, or with nitrites to induce methemoglobinemia. 

References 
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Item 2 of 2 

Which of the following is the primary cause of this patient's acid-base disturbance? 

O A. Impaired excretion of lactic acid (7%) 

O B. Increased gut absorption of lactic acid (0%) 

O C. Increased ketoacid production (3%) 

O D.lncreased metabolic rate (5%) 

✓O E. Reduced oxygen utilization by tissues (82%) 

Omitted 
Correct answer 

I I, I 82% 
L!!!!. Answered correctly 
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Cyanide is a potent inhibitor of cytochrome oxidase a3 in the mitochondrial electron transport chain. It 

binds to ferric iron (Fe3+), inhibiting its reduction to ferrous iron (Fe2+) and blocking production of ATP from 

oxidative phosphorylation. Cells then switch to anaerobic metabolism, leading to lactic acid formation and 

causing metabolic acidosis. Serum bicarbonate levels fall in an attempt to buffer excess acid. Metabolic 

acidosis also triggers central and peripheral chemoreceptors, increasing alveolar ventilation and then 

presenting as tachypnea. This leads to a fall in arterial PC02 (PaC02). 

(Choice A) Impaired excretion of lactic acid and other serum acids occurs in renal failure and results in 

anion gap metabolic acidosis. 

(Choice B) Increased gut absorption of lactic acid may occur in blind loop syndrome, in which excessive 

production and absorption of D-lactate causes hypochloremic metabolic acidosis. 

(Choice C) Increased ketogenesis occurs during starvation and with lack of insulin in insulin dependent 

diabetics. 

(Choice D) An increased metabolic rate may cause lactic acidosis if insufficient oxygen is present in 

tissues and anaerobic metabolism ensues. It is common in post-seizure lactic acidosis. 

Educational objective: 

Cyanide binds to ferric iron in cytochrome oxidase a3 in the mitochondrial electron transport chain. This 

activity blocks oxidative phosphorylation and promotes anaerobic metabolism, causing lactic acidosis. 

References 

• Carbon monoxide and cyanide toxicity: etiology, pathophysiology and treatment in inhalation injury. 
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A 74-year-old man is brought to the emergency department after he was found unconscious in a hot sauna 

at his home. The family is unsure how long he has been there, but he was not seen for at least 3 hours. 

The patient was in his usual state of health until this incident. His medical history is significant for 

hypertension. The patient usually drinks 2 or 3 glasses of whiskey every night but has been drinking more 

for the last 3 months, since his wife's death. Temperature is 41 C (106 F), blood pressure is 90/60 mm Hg, 

pulse is 130/min and regular, and respirations are 22/min. BMI is 43 kg/m 2 • The patient appears restless 

and not oriented. His pupils are 4 mm, symmetric, and reactive to light. Lung examination shows rales at 

both lung bases. The patient's abdomen is soft and nontender, and normal bowel sounds are present. 

There is no neck stiffness. His skin is warm. Reflexes are 1 + in the upper and lower extremities. Muscle 

tone and bulk is decreased. His initial laboratory results are as follows: 

Hemoglobin 16.0 g/dL 

Platelets 320,000/mm 3 

Leukocytes 11,000/mm 3 

Blood urea nitrogen 40 mg/dL 

PT 17 sec 

Activated PTT 40 sec 

Which of the following is the most likely cause of the patient's current condition? 

O A.Alcohol withdrawal (1%) 

✓O B. Heat stroke (90%) 

O C.Hemorrhagic stroke (1%) 

O □ .Malignant hyperthermia (3%) 

O E.Sepsis (3%) 

Omitted 
Correct answer 

I 1.1 90% 
L!!!!. Answered correctly 
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Explanation 
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Nonexertional {classic) heat stroke 

• Elderly, obesity, poor physical fitness 
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Risk factors • Alcohol, medications (eg, diuretics, beta blockers, anticholinergics, stimulants) 

• High temperatures, high humidity, lack of air conditioning 

• Temperature 2:40 C (104 F) with CNS dysfunction (eg, encephalopathy, 

seizure) 

Manifestations 
• Tachycardia, tachypnea, + hypotension 

• Flushing, + diaphoresis 

• End-organ dysfunction (eg, DIC, pulmonary edema, renal/hepatic dysfunction) 

• Hemoconcentration (i hemoglobin, leukocytes, platelets, BUN) 

• Stabilization (ie, airway, breathing, circulation) 

Management 
• Rapid cooling (evaporative techniques are best tolerated in the elderly) 

o Antipyretics/dantrolene are NOT indicated 

• Management of end-organ complications 

BUN = blood urea nitrogen; DIC = diffuse intravascular coagulation. 

This elderly patient with obesity has hyperthermia and altered mental status (AMS) after being found in a 

hot sauna. These clinical features are consistent with nonexertional (classic) heat stroke (NHS}, 

characterized by a temperature 2:40 C (104 F) with CNS dysfunction (eg, encephalopathy). 

NHS typically occurs in elderly patients due to age-related changes that impair the normal 

thermoregulatory response (eg, tonic peripheral vasoconstriction, fewer sweat glands). Other risk factors 

include obesity, alcohol, and certain medications (eg, diuretics, as this patient with hypertension may be 

receiving). High humidity, which occurs in wet saunas, further increases the risk, because > 75% 

atmospheric humidity impairs evaporative cooling from sweat. 

In addition to hyperthermia and CNS dysfunction, further manifestations may include tachycardia, 

tachypnea, and hypotension. Diaphoresis may or may not occur, depending on volume status. 

Complications include acute disseminated intravascular coagulation {DIC} (prolonged coagulation 

markers), pulmonary edema (rales), and hepatic or renal failure. Laboratory analysis may also reflect 

hemoconcentration (ie, elevated hemoglobin and leukocyte counts) due to dehydration. Management 

includes rapid cooling; evaporative techniques (eg, spraying lukewarm water while fans blow air on the 

patient's skin) are best tolerated in the elderly, as well as fluid resuscitation and management of end-organ 

complications. {In contrast, in exertional heat stroke [eg, following strenuous exercise in a hot, humid 

environment], ice water immersion should be considered rather than evaporative techniques.) 

(Choice A) Alcohol withdrawal can cause tachycardia and occasional fever but typically causes delirium, 

hallucinations, and seizures rather than syncope. In addition, hypertension, not hypotension, is expected, 

and DIC is atypical. 

(Choice C) A hypothalamic stroke may disrupt normal neural thermoregulatory mechanisms and result in 

neurogenic fever. However, an expanding hypothalamic hemorrhage would likely result in herniation with 

Cushing triad (bradycardia, Cheyne-Stokes breathing, hypertension). DIC and pulmonary edema are not 

typical. 

(Choice D) Malignant hyperthermia can cause elevated temperature, AMS, and DIC but is usually 

triggered by certain anesthetic agents (eg, halothane); furthermore, patients have diffuse muscular rigidity. 

(Choice E) Severe sepsis causes fever, tachycardia, tachypnea, and leukocytosis and may result in AMS 

and DIC. However, this patient was in his normal state of health hours prior, and although meningitis may 

cause a rapid decompensation, his examination does not demonstrate meningismus. Furthermore, 

temperatures >40 C (104 F) are atypical, and NHS is more likely in the setting of prolonged heat exposure. 

Educational objective: 

Nonexertional (classic) heat stroke most commonly affects elderly patients and is characterized by body 

temperature >40 C (104 F) with CNS dysfunction (eg, encephalopathy). Other common manifestations 

include tachycardia, tachypnea, hypotension, and end-organ dysfunction (eg, diffuse intravascular 

coagulopathy, pulmonary edema). 

References 
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A 44-year-old previously healthy man is brought to the emergency department in early December by his 

girlfriend due to confusion. When the girlfriend went to the patient's mobile home yesterday, she found him 

feeling unwell with headache, nausea, and dizziness. The patient did not seek medical care because he 

began feeling better after they went out later in the day. This morning when the girlfriend went back, the 

patient was confused and disoriented on the bed. He had also urinated on himself. Temperature is 36.8 C 

(98.2 F), blood pressure is 140/84 mm Hg, pulse is 92/min, and respirations are 20/min. Oxygen saturation 

is 96% on room air. On physical examination, the patient is somnolent but rouses to voice. Pupils are 

equal and briskly reactive. There is no facial droop, but a small laceration on the lateral border of the 

tongue is present. The lungs are clear on auscultation and heart sounds are normal. The abdomen is 

nondistended, soft, and nontender. Extremities are without edema or cyanosis. Muscle strength and deep 

tendon reflexes are normal throughout and there is no neck stiffness. Fingerstick blood glucose is 118 

mg/dl and non-contrast CT scan of the head is normal. What is the best next step in management? 

✓O A.Arterial blood gas co-oximetry (52%) 

O B. Electroencephalogram (29%) 

0 C.Lumbar puncture (4%) 

Q D.MRI of the brain (9%) 

O E.Serum ammonia level (3%) 

Omitted 
Correct answer 

I I, I 52% 
L!!!!. Answered correctly 

A 

Explanation 

(i'\ 05 secs 
\..::J nmeSpent 

Carbon monoxide poisoning 

• Smoke inhalation 

Epidemiology 
• Defective heating systems 

• Gas motors operating in poorly 

ventilated areas 

Mild-moderate 

• Headache, confusion 

• Malaise, dizziness, nausea 

Manifestations Severe 

• Seizure, syncope, coma 

• Myocardial ischemia, 

arrhythmias 

Diagnosis 
• ABG: carboxyhemoglobin level 

• ECG + cardiac enzymes 

• High-flow 100% oxygen 

Treatment • lntubation/hyperbaric oxygen 

(severe) 

ABG = arterial blood gas. 

F==I 07/07/2021 
IE!.) Last Updated 

This patient likely has acute carbon monoxide (CO) poisoning. Unintentional CO poisonings most 

commonly result from smoke inhalation (eg, house fires) or from faulty indoor heating systems during the 

winter months. Following inhalation, CO binds to hemoglobin with great affinity, readily displacing oxygen 

(02) to create carboxyhemoglobin. This both reduces 0,-carrying capacity and causes a left shift in the 

hemoglobin dissociation curve to decrease 02 unloading in the tissues. CO also impairs 02 utilization via 

disruption of mitochondrial oxidative phosphorylation. 

Accordingly, patients with excessive CO exposure develop manifestations of cerebral hypoxia, including 

headache, nausea, dizziness, and confusion. Severe intoxication can cause myocardial ischemia, seizure 

(evidenced by urinary incontinence and lateral tongue biting in this patient), coma, and death. Patients 

sometimes have "cherry red" mucous membranes caused by high carboxyhemoglobin levels. 

Pulse oximetry shows normal O, saturation because it cannot differentiate between oxyhemoglobin and 

carboxyhemoglobin. Diagnosis is best confirmed via co-oximetry of arterial blood gas showing elevated 

carboxyhemoglobin levels {>3% for nonsmokers, >10% for smokers) in a symptomatic patient. Initial 

treatment with 100% 02 by nonrebreather facemask increases blood 02 level and enhances the rate of CO 

removal via the lungs. 

(Choice B) This patient's seizure (eg, tongue laceration, urinary incontinence) was likely due to CO 

poisoning. Electroencephalogram findings in CO poisoning are nonspecific and would not help make the 

diagnosis or change management. 

(Choice C) Lumbar puncture is used to evaluate for encephalitis or meningitis, which can cause 

headache, seizure, and confusion but are unlikely in the absence of fever ( encephalitis, meningitis) or neck 

rigidity (meningitis). Furthermore, the patient's symptoms would not have improved when he left the mobile 

home for a walk (unlike symptoms of CO poisoning). 

(Choice D) MRI is more sensitive than CT scan for detecting early acute stroke; however, stroke is less 

likely in this patient with confusion in the absence of focal neurologic findings (eg, focal weakness, 

abnormal reflexes). 

(Choice E) Hepatic encephalopathy can cause somnolence but is less likely in this patient with no 

hyperreflexia (eg, asterixis) or findings of advanced liver disease (eg, abdominal distension, peripheral 

edema). Also, due to significant variability in levels, serum ammonia testing should not be used to 

diagnose hepatic encephalopathy. 

Educational objective: 

Carbon monoxide poisoning can occur due to faulty indoor heating systems during the winter months. Both 

oxygen delivery and usage are disrupted, causing clinical manifestations of cerebral hypoxia (eg, 

headache, confusion, seizure, coma, death}. Diagnosis is made by co-oximetry of arterial blood gas 

showing an elevated carboxyhemoglobin level, and treatment is with 100% oxygen. 
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A 26-year-old man is brought to the emergency department after collapsing 2 hours into basketball 

practice. Immediately prior to collapse, the patient developed a headache and dizziness. His parents 

report that he has a history of atypical depression, for which he takes quetiapine; he also underwent 

laparoscopic appendectomy 3 months ago. Temperature is 41 C (105.8 F), blood pressure is 88/48 mm 

Hg, pulse is 136/min, and respirations are 26/min. The patient is disoriented but protecting his airway. 

Mucous membranes are dry. Cardiac examination shows tachycardia with a regular rhythm. Lungs are 

clear bilaterally. The abdomen is soft and nontender. Muscle tone and reflexes are normal. Which of the 

following is the best next step in management of this patient? 

✓O A. Cold water immersion (61 %) 

O B.Cyproheptadine (7%) 

O C.Dantrolene (15%) 

O D.High-dose ceftriaxone (2%) 

O E. Trendelenburg and oral hydration (13%) 

Omitted 
Correct answer 

A 

Explanation 

I 1,1 61% 
L!!!!. Answered correctly 

(T"\ 05 secs 
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Exertional heat stroke 

• Strenuous activity during hot & 

humid weather 

• Dehydration, poor 

acclimatization 
Risk factors 

• Lack of physical fitness, obesity 

• Medications: anticholinergics, 

antihistamines, phenothiazines, 

tricyclics, antipsychotics 

• Core temperature >40 C (104 

F) with CNS dysfunction (eg, 

Clinical 
AMS, seizure) 

manifestations 
• Organ or tissue damage: renal 

or hepatic failure, disseminated 

intravascular coagulation, acute 

respiratory distress syndrome 

• Rapid cooling: ice water 

immersion preferred; can 

consider high-flow cold water 

dousing, ice-wet towel rotation, 

Management 
evaporative cooling 

• Fluid resuscitation, electrolyte 

correction 

• Management of end-organ 

complications 

• No role for antipyretic therapy 

AMS = altered mental status. 

F==I 03/20/2021 
IE!.) Last Updated 

This patient with hyperthermia, disorientation, and hypotension that occurred during prolonged exercise 

has exertional heat stroke (EHS). EHS is a heat-related illness characterized by a core temperature >40 

C (104 F) associated with CNS dysfunction (eg, altered mental status [AMS], seizure); these features help 

differentiate EHS from heat exhaustion (no CNS dysfunction, hyperthermia <40 C [104 Fl). EHS typically 

occurs in otherwise healthy persons who are exercising in extreme heat or high humidity, which interferes 

with the body's ability to undergo evaporative cooling from sweat. Other risk factors for EHS include 

obesity, poor exercise tolerance, limited acclimatization to current weather conditions, and certain 

medications (eg, anticholinergics, antipsychotics such as quetiapine) that interfere with thermoregulatory 

mechanisms. 

Other signs and symptoms of EHS include hypotension, tachycardia, hyperventilation, flushing, and 

diarrhea. Diaphoresis may occur, depending on volume status. Oxidative stress and tissue hypoxia can 

result in rhabdomyolysis, disseminated intravascular coagulation, and end-organ dysfunction (eg, renal or 

hepatic failure, pulmonary edema). 

First-line management involves rapid cooling with ice water immersion. If an ice water bath is not 

available, alternative cooling methods (eg, cold water shower) should be used. Because EHS is primarily 

due to impaired thermoregulatory mechanisms rather than cytokine production, there is no role for 

antipyretic therapy (eg, acetaminophen). Morbidity and mortality are directly associated with the duration of 

hyperthermia; therefore, fluid resuscitation and correction of electrolyte abnormalities should be considered 

only after cooling has begun. 

(Choice B) Cyproheptadine is used to treat serotonin syndrome, which can occasionally occur with 

quetiapine use but is more commonly seen with serotonin-modulating medications (eg, selective serotonin 

reuptake inhibitors, tramadol). Although serotonin syndrome also causes hyperthermia and AMS, 

hyperreflexia is typical, and EHS is more likely in a patient performing prolonged exercise. 

(Choice C) Dantrolene is used in neuroleptic malignant syndrome (NMS), which can develop in patients 

taking antipsychotic agents (eg, quetiapine), and malignant hyperthermia (MH), which occurs in genetically 

susceptible individuals given inhalation anesthetics. Both can cause hyperthermia, tachycardia, and AMS. 

However, muscle rigidity is typically present. In addition, NMS symptoms generally develop over several 

days (not 2 hours), and MH occurs within minutes of anesthesia administration (not months later). 

(Choice D) High-dose ceftriaxone with vancomycin is first-line therapy for bacterial meningitis, which 

presents with high fever, neck stiffness, and AMS. Meningitis is unlikely in this patient who was well prior to 

basketball practice. 

(Choice E) Oral hydration and Trendelenburg positioning are appropriate for exercise-associated collapse, 

which occurs in conditioned athletes immediately after cessation of exercise due to a sudden decrease in 

cardiac preload. Although syncope can occur, prolonged AMS and severe hyperthermia are unexpected. 

Educational objective: 

Exertional heat stroke is characterized by temperature >40 C (104 F) and CNS dysfunction (eg, altered 

mental status, seizure). First-line treatment is rapid cooling with ice water immersion. 
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A 45-year-old man is brought to the emergency department due to a progressively worsening headache 

and difficulty breathing. Yesterday morning, he arrived in Colorado from Kansas for a ski vacation. The 

patient was feeling well until last night, when he began experiencing a headache and shortness of breath 

with exertion. The headache came on gradually, is generalized, and affects his ability to sleep. This 

morning, he developed vomiting and dizziness. The patient has had no fever, neck pain, or chest pain. He 

has no significant medical history and exercises daily. Temperature is 37.2 C (99 F), blood pressure is 

130/80 mm Hg, pulse is 99/min, and respirations are 22/min. Pulse oximetry is 96% on room air. The 

patient is mildly drowsy but can converse. He is oriented to time, place, and person. Cardiopulmonary 

examination is normal. There are no focal neurologic findings. The skin is normal. Which of the following 

is the most appropriate next step in management? 

✓O A. Dexamethasone (40%) 

0 B. Doxycycline (6%) 

0 C.Furosemide (31%) 

O D. Intubation and mechanical ventilation (9%) 

O E.Low-molecular-weight heparin (12%) 

Omitted 
Correct answer 

I 1,1 4o% 
L!!!!. Answered correctly 

A 

Explanation 
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High-altitude illness 

F==I 05/09/2021 
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Pathogenesis • Reduced Pi0 2 at high altitude (>2,500 m [~8,000 ft]) 

• AMS 

o Headache, fatigue, nausea 

• HACE 

Complications 
0 l Pa0 2 ---+ i cerebral blood flow 

o Lethargy, confusion, ataxia 

• HAPE 

o Uneven hypoxic vasoconstriction 

o Dyspnea, cough + hemoptysis, respiratory distress 

• Supplemental oxygen 

Treatment • Acetazolamide for AMS, dexamethasone for HACE 

• Descent to lower altitude (definitive treatment for all HAI) 

AMS = acute mountain sickness; HACE = high-altitude cerebral edema; HAI = high-altitude illness; HAPE = 

high-altitude pulmonary edema; Pi0 2 = partial pressure of inspired oxygen. 

This patient's initial symptoms (ie, gradual headache, sleep difficulty, dyspnea with exertion) are likely due 

to acute mountain sickness (AMS). The development of drowsiness suggests progression to high

altitude cerebral edema (HACE), a rare, life-threatening emergency. 

High-altitude illness results from abrupt ascent to high altitude without acclimatization. AMS and HACE 

share the same pathophysiology, which is believed to involve hypoxia-induced (eg, low Pa0 2) cerebral 

vasodilation, causing capillary leakage and eventually cerebral edema. Many patients whose condition 

progresses to HACE also have evidence of high-altitude pulmonary edema. 

• AMS occurs within the first 24 hours of arrival at high altitude and involves relatively mild symptoms of 

fatigue, headache, and disturbed sleep. It is common and generally resolves within a few days with or 

without treatment (eg, oxygen, acetazolamide). 

• HACE can be viewed as end-stage AMS, generally occurring 12 hours to 3 days after AMS onset. The 

development of encephalopathic symptoms (eg, drowsiness, confusion, ataxia) signals this 

progression. If left untreated, coma and death due to brain herniation can occur within 24 hours. 

HACE is diagnosed clinically; treatment is aided by dexamethasone, which can decrease cerebral 

swelling and is administered at the first sign of symptoms. Definitive management requires immediate 

descent to lower altitude. 

(Choice B) Doxycycline is used to treat Rocky Mountain spotted fever (RMSF), a tick-borne rickettsial 

infection. Patients can have headache and confusion, but fever and rash are also common. RMSF usually 

occurs during the summer and is rarely seen in winter. 

(Choice C) Furosemide, a loop diuretic, is used to treat edema from volume overload. The edema in 

HACE is believed to involve hypoxia-induced vascular permeability, not volume overload. Volume 

depletion occurs in many patients at high altitude because of bicarbonate diuresis, fluid shift from the 

intravascular space, and suppression of aldosterone. 

(Choice D) Intubation and mechanical ventilation are indicated for respiratory failure or airway protection. 

This patient has no evidence of significant respiratory difficulty or inability to protect the airway. 

(Choice E) Low-molecular-weight heparin can be used to treat cerebral sinus venous thrombosis, which 

presents with signs of increased intracranial pressure (eg, headache, drowsiness, vomiting) but not 

shortness of breath. In addition, imaging should be performed before initiating anticoagulation. 

Educational objective: 

Acute mountain sickness can progress to high-altitude cerebral edema, a life-threatening condition 

characterized by ataxia and declining mental function that can occur after rapid ascent to high altitude. 

Early treatment with dexamethasone can improve symptoms; definitive treatment requires immediate 

descent. 

References 

• Acute high-altitude illness: a clinically orientated review. 

Medicine 

Subject 

Poisoning & Environmental Exposure 

System 

High altitude illness 

Topic 

MedicalBooksVN.com 



A 67-year-old man is brought to the office by his wife due to a month of increasing forgetfulness. Over the 

last 2 weeks, she has noticed that his gait has been unsteady. The patient reports increased fatigue. He 

has hypertension and hyperlipidemia, and is compliant with all medications. Over the last month, the 

patient has taken over-the-counter stool softeners for constipation. He worked as an automobile mechanic 

for 30 years before retiring last year. The patient smokes a pack of cigarettes daily and usually has a beer 

after dinner, but recently started drinking home-distilled whiskey. Blood pressure is 120/80 mm Hg, and 

pulse is 76/min. Examination shows clear lung fields and normal first and second heart sounds. The 

abdomen is soft and nontender without organomegaly. There is weakness on dorsiflexion of bilateral wrists 

and feet. Pinprick sensation is reduced over the hands and feet. Upper and lower limb deep tendon 

reflexes are 1 +. Laboratory results are as follows: 

Complete blood count 

Hemoglobin 

Hematocrit 

9.0 g/dl 

28% 

Mean corpuscular volume 74 fl 

Serum chemistry 

Blood urea nitrogen 

Creatinine 

Uric acid, serum 

14 mg/dl 

1.1 mg/dl 

11 mg/dl 

Which of the following underlying mechanisms is most likely associated with this patient's clinical 

presentation? 

O A. Cerebral amyloid deposition (4%) 

O B. Degeneration of substantia nigra (3%) 

O C. Impaired amino acid metabolism (16%) 

O D. Impaired demethylation of tetrahydrofolate (20%) 

✓O E. Impaired heme synthesis (45%) 

O F. Increased glycosylation of end-products (6%) 

O G.Lacunar basal ganglia infarctions (3%) 

Omitted 
Correct answer 

E 

I 1,1 45% 
l!!!!. Answered correctly 

Explanation 
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Lead poisoning in adults 

Risk 

06/13/2021 
• Last Updated 

factors 
• Occupational exposure (eg, lead paint, batteries, ammunition, construction) 

Clinical 
• Gastrointestinal {abdominal pain, constipation, anorexia) 

features 
• Neurologic (cognitive deficits, peripheral neuropathy) 

• Hematologic (anemia) 

• Anemia 

Laboratory • Elevated venous lead level 

findings • Elevated serum zinc protoporphyrin level 

• Basophilic stippling on peripheral smear 

This patient's presentation suggests acute lead toxicity, which can include: 

• Gastrointestinal manifestations (eg, abdominal pain, constipation) 

• Neuropsychiatric manifestations (eg, forgetfulness), motor and sensory neuropathies (eg, extensor 

weakness, stocking-glove distribution) 

• Hematologic manifestations (eg, microcytic anemia) 

Nonspecific symptoms (eg, fatigue, irritability, insomnia) are common. Chronic lead exposure can also 

cause hypertension and nephropathy. Diagnosis hinges on eliciting a history of exposure through 

occupation (eg, battery manufacturing, plumbing, home restoration) or other means (eg, distillation of 

alcohol through parts with lead soldering). 

Lead is primarily absorbed via the respiratory tract in adults but may otherwise be absorbed through the 

skin or gastrointestinal tract. It is 99% bound to erythrocytes and can disrupt heme synthesis to cause 

microcytic anemia. Diagnosis is made via blood lead levels, complete blood count with blood smear, and 

x-ray fluorescence to measure bone lead concentration. Peripheral blood smear can show basophilic 

stippling. Hyperuricemia (due to impaired purine metabolism) is also typical. 

(Choices A and B) Cerebral amyloid deposition is the pathogenic mechanism of Alzheimer disease. It is 

associated with impairment of memory and executive function and insidious neuropsychiatric disturbances 

but with an otherwise normal gait and neurological examination, especially in the early stages. Neuronal 

degeneration in the substantia nigra is responsible for Parkinson disease, characterized by bradykinesia, 

resting "pill-rolling" tremor, rigidity, shuffling gait, and postural instability. Neither is usually associated with 

peripheral neuropathy, hyperuricemia, or microcytic anemia. 

(Choices C and D) Thiamine (vitamin B,) deficiency is seen with alcohol abuse or white-rice/cereal-based 

diets and manifests as Wernicke-Korsakoff syndrome (eg, nystagmus, ophthalmoplegia, ataxia, 

confabulation) or beriberi (eg, distal and symmetric peripheral neuropathy, cardiomyopathy). Cobalamin 

(vitamin B,2) deficiency (from pernicious anemia, gastrectomy, or intestinal malabsorption) leads to 

macrocytic anemia and subacute combined degeneration (eg, spasticity, incontinence, paraplegia). Neither 

deficiency is usually associated with microcytic anemia or hyperuricemia. 

(Choice F) Diabetes leads to glycosylation of many end-products, increasing the risk of cardiovascular 

disease, nephropathy, retinopathy, and neuropathy (eg, peripheral neuropathy, gastroparesis). It typically 

does not cause prominent forgetfulness, gait unsteadiness, microcytic anemia, or hyperuricemia. 

(Choice G) Recurrent lacunar basal ganglia infarcts lead to subcortical vascular dementia, which can 

cause gait disturbance, unsteadiness, and mild memory impairment. However, it is often characterized by 

a stepwise decline with focal motor deficits and sometimes personality changes. 

Educational objective: 

Lead toxicity is usually due to lead exposure at work or home. Patients may present with nonspecific (eg, 

fatigue, irritability, insomnia}, neuropsychiatric (eg, neurocognitive deficits, peripheral neuropathy}, or 

gastrointestinal manifestations. 

References 

• Clinical, toxicological, biochemical, and hematologic parameters in lead exposed workers of a car 

battery industry. 

• Buyers beware: lead poisoning due to Ayurvedic medicine. 
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A 40-year-old man comes to the office due to a month of progressively worsening burning and tingling 

sensations in the hands and feet. He works building outdoor fences but recently has had difficulty handling 

heavy tools. The patient has no medical issues and takes no medications. He does not use tobacco or 

alcohol. Blood pressure is 100/70 mm Hg, and pulse is 70/min. The skin over the neck has patchy areas 

of hyperpigmentation and hypopigmentation. Hyperkeratoses and scaling are present on the palms and 

soles. There is increased sensitivity to pinprick and light touch over the fingers and toes. Plantarflexion 

and dorsiflexion are weak at the ankle, and there is weakness of the interossei and wrist flexors and 

extensors. Upper and lower limb deep tendon reflexes are 1 +. Laboratory results are as follows: 

Complete blood count 

Hemoglobin 

Leukocytes 

Platelets 

Liver function studies 

10.4 g/dL 

4, 100/mm 3 

130,000/mm 3 

Aspartate aminotransferase 50 U/L 

Alanine aminotransferase 62 U/L 

Which of the following is the most likely diagnosis for this patient? 

✓O A.Arsenic poisoning (30%) 

O B. Guillain-Barre syndrome (0%) 

O C.lntermittent porphyria (14%) 

O D.Lead poisoning (40%) 

O E. Vitamin A deficiency (5%) 

O F. Vitamin 812 deficiency (7%) 

Omitted 
I 1.1 3D% 

Correct answer L!!!!. Answered correctly 

IT\ 04 secs 
~ TimeSpent 

A 

Explanation 

Arsenic poisoning 

• Binds to sulfhydryl groups 
Mechanism 

• Disrupts cellular respiration & gluconeogenesis 

• Pesticides/insecticides 
Sources • Contaminated water (often from wells) 

• Pressure-treated wood 

• Acute: Garlic breath, vomiting, watery diarrhea, 

Manifestations 
QTc prolongation 

• Chronic: Hypo/hyperpigmentation, hyperkeratosis, 
stocking-glove neuropathy 

• Dimercaprol (British anti-Lewisite) 

• 

Treatment 
• DMSA (meso-2,3-dimercaptosuccinic acid, succimer) 

07/18/2021 
Last Updated 

This patient, who is routinely exposed to pressure-treated wood through building outdoor fences, has 

polyneuropathy, pancytopenia, mild transaminase elevation, and a variety of skin lesions characteristic of 

chronic arsenic toxicity. 

Arsenic is a metalloid element that exists in numerous forms, including both natural and manmade 

compounds. Although humans are often exposed to low levels through diet and water, toxic exposure is 

more likely through mining, pesticide manufacturing, metalworking, and working with pressure-treated 

wood (eg, used in outdoor fences) preserved with arsenic. Arsenic binding to sulfhydryl groups and 

interfering with various enzymes is likely responsible for the clinical manifestations of acute and chronic 

arsenic toxicity. 

Patients chronically exposed to arsenic develop a sensorimotor neuropathy in a stocking-glove distribution 

with burning, painful hypersensitivity, distal weakness, and hyporeflexia. Hypo- and hyperpigmentation of 

the skin occurs early in arsenic toxicity, and hyperkeratosis and scaling of the soles and palms is often 

seen later. Mees lines {horizontal striation of fingernails) are characteristic. Acute, severe arsenic toxicity 

can lead to profound pancytopenia and hepatitis, and chronic exposure leads to these manifestations to a 

smaller degree. Diagnosis is made through history, physical examination, and measurement of urine 

arsenic levels. Chelation (eg, dimercaprol, dimercaptosuccinic acid) is the treatment of choice for severe 

toxicity. 

(Choice B) Guillain-Barre syndrome presents with progressive motor neuropathy and decreased/absent 

deep-tendon reflexes. However, it is not typically associated with hypersensitivity to tactile sensation, skin 

changes, or liver enzyme abnormalities. 

(Choice C) Acute intermittent porphyria is caused by a partial deficiency of porphobilinogen deaminase, an 

enzyme involved in heme synthesis. Acute attacks are triggered by a number of factors and are associated 

with patchy sensorimotor neuropathy and autonomic dysfunction. However, severe abdominal pain is 

typical, and skin involvement or cytopenias are rare. 

(Choice D) Chronic lead poisoning can lead to sensorimotor neuropathy in a stocking-glove distribution 

along with microcytic anemia. Although the neuropathy is similar to arsenic toxicity, gastrointestinal 

complaints are typical and skin changes are not usually seen. 

(Choice E) Vitamin A deficiency is associated with xerophthalmia (pathologic eye dryness), night 

blindness, follicular hyperkeratosis (rather than on palms and soles), and immunity impairment. It is rare in 

developed countries and not generally associated with polyneuropathy. 

(Choice F) Vitamin B,2 deficiency can lead to macrocytic anemia, loss of position and vibration sensation, 

ataxia, spasticity, and incontinence. It is not associated with liver enzyme abnormalities or hyporeflexia. 

The skin changes seen in this patient are also more suggestive of arsenic toxicity. 

Educational objective: 

Arsenic toxicity should be suspected in a patient with possible environmental exposure (eg, pressure

treated wood, pesticides) who has painful sensorimotor polyneuropathy, skin lesions {hypo- and 

hyperpigmented, hyperkeratotic), pancytopenia, and mild transaminase elevation. Diagnosis is confirmed 

with elevated urine arsenic levels. 

References 

• The broad scope of health effects from chronic arsenic exposure: update on a worldwide public health 
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A 63-year-old man is brought to the emergency department along with multiple other people who 

developed rapid-onset shortness of breath at a crowded shopping mall. The patient reports smelling a 

faint, fruity odor prior to developing symptoms. Temperature is 36. 7 C (98 F), blood pressure is 106/60 mm 

Hg, pulse is 54/min, and respirations are 22/min. On physical examination, the patient is diaphoretic and 

drooling. The pupils are pinpoint and unreactive. Diffuse rhonchi and wheezing are present in the bilateral 

lung fields. Which of the following would most likely confirm the diagnosis? 

O A.Arterial blood gas test with carboxyhemoglobin level (14%) 

O B. Basic metabolic panel and plasma osmolality (6%) 

O C.Geiger-Muller counter (3%) 

O D.Methemoglobin level test (12%) 

✓O E. Red blood cell acetylcholinesterase activity test (62%) 

Omitted 
Correct answer 

E 

Explanation 

I I, I 62% 
L!!!!. Answered correctly 
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Organophosphate poisoning 

F==I 07/03/2021 
IE!.) Last Updated 

Common • Pesticide: farmer/field worker, pediatric ingestion, suicide attempt 

exposures • Nerve agent: multiple patients presenting with similar symptoms 

• Muscarinic: 

o Diarrhea/diaphoresis 

o Urination 

o Miosis 

Manifestations o Bronchospasms, bronchorrhea, bradycardia 

o Emesis 

o Lacrimation 

o Salivation 

• Nicotinic: muscle weakness, paralysis, fasciculations 

• Remove patient's clothes, irrigate skin 

Management 
• Atropine reverses muscarinic symptoms 

• Pralidoxime reverses nicotinic and muscarinic symptoms (administer after 

atropine) 

This patient with bradycardia, diaphoresis, hypersalivation, miosis, and bronchorrhea with wheezing has 

signs of cholinergic toxicity. Most cases of cholinergic toxicity are due to organophosphate pesticides. 

However, the occurrence in multiple patients in a crowded city setting suggests intentional 

organophosphate exposure, possibly due to a chemical weapon (eg, sarin, soman). These agents have 

been used in multiple military and terrorist attacks; the gas is colorless, tasteless, and often has a slight, 

fruity odor. 

Organophosphates inhibit cholinesterase in the muscarinic and nicotinic cholinergic synapses, leading to 

decreased acetylcholine degradation and overstimulation of the corresponding receptors. In addition to 

widespread increased visceral smooth muscle tone and glandular secretions due to muscarinic 

hyperactivity (mnemonic: DUMBELS-see table), nicotinic hyperactivity causes muscle weakness and 

paralysis that can lead to rapid respiratory depression and death. 

Organophosphate poisoning can be confirmed with the measurement of red blood cell 

acetylcholinesterase activity. Atropine, a competitive inhibitor of acetylcholine at the muscarinic 

receptors, can also be used for both diagnosis and treatment. The absence of anticholinergic signs (eg, 

mydriasis, erythema, tachycardia) after a small dose of atropine (ie, 1 mg) supports the diagnosis of 

organophosphate poisoning. Treatment usually requires much larger doses. Further management 

includes pralidoxime, a cholinesterase-reactivating agent that treats both the muscarinic and nicotinic 

effects of organophosphates. 

(Choice A) An arterial blood gas with carboxyhemoglobin level is used to confirm carbon monoxide 

toxicity. Patients with carbon monoxide poisoning typically have headache, nausea, confusion, and cherry 

red-appearing lips and skin. Signs of cholinergic excess are unexpected. 

(Choice B) A basic metabolic panel and plasma osmolality test can support toxic alcohol ingestion (eg, 

methanol, ethylene glycol), which results in both anion and osmolal gaps. In addition to altered mental 

status, methanol causes visual blurring and blindness, whereas ethylene glycol causes flank pain and 

hematuria. 

(Choice C) A Geiger-Muller counter can help diagnose radiation exposure. Acute radiation syndrome 

typically causes tachycardia, nausea, vomiting, and diarrhea and progresses to include anemia and 

encephalopathy. 

(Choice D) Methemoglobin levels are elevated in patients with methemoglobinemia, which typically occurs 

with administration of dapsone and some topical anesthetics (eg, benzocaine). Affected patients have 

cyanosis, dyspnea, and tachycardia. 

Educational objective: 

Organophosphates inhibit cholinesterase in both the muscarinic and nicotinic cholinergic synapses, leading 

to increased visceral smooth muscle tone and glandular secretions (mnemonic: DUMBELS} as well as 

muscle fasciculations, weakness, and paralysis. Organophosphate poisoning can be confirmed with the 

measurement of red blood cell acetylcholinesterase activity. 
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A 41-year-old woman is brought to the emergency department after being rescued during an open-water 

swim. She became weak and disoriented after swimming 2 miles but did not lose consciousness. The 

patient's past medical history is unremarkable, although she is taking amoxicillin for streptococcal 

pharyngitis that was diagnosed 4 days ago. Temperature is 33.3 C (92 F), blood pressure is 86/45 mm Hg, 

and pulse is 106/min. The heart has regular rate and rhythm. The patient is shivering and vomiting. She 

responds to questions sluggishly, but neurologic examination is otherwise normal. Laboratory results are 

as follows: 

144 
Sodium 

mEq/L 

102 
Chloride 

mEq/L 

24 
Bicarbonate 

mEq/L 

86 
Glucose 

mg/dl 

Which of the following is the most appropriate next step in management of this patient? 

O A. Dopamine infusion (0%) 

O B. Intravenous (IV) ampicillin and gentamicin (0%) 

✓O C.IV fluids and passive warming (91%) 

O D. IV methylprednisolone (0%) 

O E. Oral fluids and glucose supplements (1 %) 

O F. Warmed peritoneal irrigation (5%) 

Omitted 
Correct answer 

C 

Explanation 

I 1,1 91% 
L!!!!. Answered correctly 

(i'\ 06 secs 
\..::J nmeSpent 

Clinical features of hypothermia 

Classification Mild: 32-35 C (90-95 F) 

• Tachycardia, tachypnea 

• Ataxia, dysarthria, increased shivering 

Moderate: 28-32 C (82-90 F) 

02/26/2021 
• Last Updated 

• Bradycardia, lethargy, hypoventilation, decreased shivering, 
atrial arrhythmias 

Treatment 

Severe: <28 C (82 F) 

• Coma, cardiovascular collapse, ventricular arrhythmias 

General 

• Warmed (42 C [107 Fl) crystalloid for hypotension 

• Endotracheal intubation in comatose patients 

Rewarming techniques 

• Mild hypothermia: Passive external warming (remove wet 
clothing, cover with blankets) 

• Moderate hypothermia: Active external warming (warm 
blankets, heating pads, warm baths) 

• Severe hypothermia: Active internal rewarming (warmed 
pleural or peritoneal irrigation, warmed humidified oxygen) 

This patient is suffering from mild hypothermia and likely mild hypovolemia. Endurance athletes may be 

at risk for hypothermia due to cool ambient temperatures, lightweight clothing, and excessive sweating. 

Characteristic features of mild hypothermia (core body temperature 32-35 C [90-95 F]) include increased 

shivering, confusion, ataxia, slurred speech, tachycardia, and tachypnea. Patients with moderate 

hypothermia (core temperature 28-32 C [82-90 F]) may have significant central nervous system depression 

along with decreased shivering, hypoventilation, hypotension, bradycardia, and cardiac conduction 

abnormalities. Severe hypothermia (core temperature <28 C [82 F]) can cause marked hypotension, 

areflexia, coma, malignant ventricular arrhythmias (ventricular fibrillation), and significant acidosis. 

Most patients with mild hypothermia will respond to conservative measures, including fluid resuscitation 

and passive warming (ie, removing wet clothes and covering with blankets). Treatment should target a 

warming rate of approximately 1-2 C/hr. Core temperature may initially fall slightly due to increased return 

of blood from cold extremities. Once patients are euthermic and hemodynamically stable, they may be 

transitioned to oral fluids and nutrition (Choice E). 

(Choice A) lnotropic support with dopamine may be necessary for hypothermic patients if intravenous 

fluids and rewarming measures are ineffective in restoring normal blood pressure. 

(Choice B) Empiric antibiotics are not needed for patients with mild hypothermia unless there is concern 

for infection as the cause. This patient is receiving effective therapy for her pharyngitis and has no other 

history or signs of infection. 

(Choice D) Intravenous glucocorticoids are occasionally used in the management of acutely ill athletes, 

usually in the context of severe asthma or anaphylaxis (eg, Vespidae allergy). However, glucocorticoids 

are not indicated for hypothermia. 

(Choice F) Active internal rewarming with pleural or peritoneal irrigation may occasionally be needed for 

patients with severe hypothermia (core temperature <28 C [82 Fl). External warming is more appropriate 

for patients with mild to moderate hypothermia. 

Educational objective: 

Endurance athletes are at risk for thermal illness, both hyper- and hypothermia. Mild hypothermia is 

generally managed with passive rewarming. More severe hypothermia requires aggressive treatment, 

including active external (heated blankets) and internal (heated peritoneal irrigation) rewarming. 

References 

• Pathophysiology, management and complications of hypothermia. 

• Hypothermia in open-water swimming events: a medical risk that deserves more attention. 
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A 25-year-old woman comes to the office due to a small ulcer on the right upper thigh. She went camping 

yesterday and while she was putting her pants on she suddenly had a feeling of being bitten over her right 

upper thigh. She ignored it, but the pain has been increasing. She has had no abdominal pain or difficulty 

breathing. The patient has no medical problems and takes no medications. Temperature is 36.8 C (98.2 

F), blood pressure is 116/72 mm Hg, and pulse is 74/min. Physical examination shows an erythematous 

and painful ulcer on the lateral aspect of the right upper thigh; the remainder of the examination is 

unremarkable. Which of the following complications is most likely to develop in this patient over the next 

few days? 

O A. Abdominal rigidity and muscle cramps (8%) 

O B.Arthritis, arrhythmias, and facial palsy (18%) 

O C.Hemoglobinuria and bleeding (3%) 

0 D.Muscle paralysis (6%) 

✓O E. Necrosis and eschar (64%) 

Omitted 
Correct answer 

I 1,1 64% 
L!!!!. Answered correctly 

E 

Explanation 

(i'\ 03 secs 
\..::J nmeSpent 

F==I 01/23/2021 
IE!.) Last Updated 

This patient's clinical presentation, with a small ulcer developing at the site of a recent bite, is highly 

suggestive of a brown recluse spider bite. Such bites commonly occur as patients are putting their 

clothes on. They are often painless and may initially go unrecognized, but some bites are painful or cause 

a burning sensation. Many cases result in a small papule that heals in days to weeks. However, in some 

cases, a deep skin ulcer develops at the bite site over the course of a few days, with an erythematous halo 

and a necrotic center that can progress to an eschar. 

With basic wound management, the lesion often heals without scarring. Debridement should be avoided in 

the early stages of necrosis but may facilitate healing once the lesion is stable and well-demarcated; 

severe cases may require skin grafting. 

(Choice A) By contrast to brown recluse spider bites, black widow spider bites often lead to more 

pronounced local and systemic manifestations due to effects of the toxin. These include muscle pain (a 

prominent finding), abdominal rigidity (sometimes mimicking a surgical abdomen), and muscle cramps 

(seen in >60% of patients). Wound ulceration is uncommon, and patients commonly develop nausea and 

vomiting within hours of the bite, making this an unlikely diagnosis in this patient. 

(Choice B) Arthritis, arrhythmias, and facial palsy can occur as late complications of Lyme disease; these 

typically do not develop until months after the tick bite. The initial rash, erythema migrans, is classically a 

target lesion with central clearing (not ulceration) at the site of tick bite. The tick must remain attached for 

~48 hours before transmission occurs. 

(Choices C and D) Hemoglobinuria, bleeding, and muscle paralysis may be seen with snakebites, which 

would cause severe local pain, swelling, and discoloration within hours of the bite. 

Educational objective: 

Brown recluse spider bites can cause a deep necrotic ulcer at the bite site. The ulcer can progress over 

days to an eschar. 
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A 32-year-old man comes to the emergency department due to joint pains that began about an hour after a 

scuba diving excursion and have been worsening over the past 12 hours. He describes significant pain in 

his shoulders and elbows that does not change with movement. The patient has no medical history and 

takes no medications. Blood pressure is 122/80 mm Hg, pulse is 104/min, and respirations are 20/min. 

Pulse oximetry is 97% on room air. The patient is alert and oriented but appears uncomfortable. 

Cardiopulmonary examination is normal. The joints are nontender with full range of motion. He has normal 

strength and sensation in the extremities. The patient is placed on 100% oxygen, and intravenous fluids 

are administered. Which of the following is the best next step in management? 

✓O A. Hyperbaric oxygen therapy (77%) 

O B. Intravenous acetazolamide (8%) 

O C.Oral dexamethasone (4%) 

O D.Subcutaneous low-molecular-weight heparin (7%) 

O E. Sublingual nifedipine (2%) 

Omitted 
Correct answer 

A 

Explanation 

I 1,1 ??% 
L!!!!. Answered correctly 
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Pathophysiology 
• Abrupt l in ambient pressure causes formation of nitrogen gas bubbles within 

the body 

• Rapid ascent to surface following deep dive 

Risk factors • Obesity (nitrogen is fat soluble), male sex 

• Air travel soon after diving (may further reduce ambient pressure) 

Presentation 
• Type 1 (mild illness): musculoskeletal (the bends), cutaneous & lymphatic 

• Type 2 (severe): neurologic (the staggers) & pulmonary (the chokes) 

Treatment 
• Intravenous fluids & 100% oxygen 

• Hyperbaric oxygen therapy as soon as possible 

This patient with worsening joint pain (shoulders and elbows) after scuba diving 12 hours ago most likely 

has decompression sickness, an environmental emergency that occurs when dissolved gases (mostly 

nitrogen) form bubbles within the body. 

To keep divers' lung inflated during their dive, air from scuba tanks, consisting of a mixture of nitrogen and 

oxygen, is administered at high pressures. During the descent phase, increased ambient pressure causes 

a greater amount of the gases to be dissolved into the bloodstream, resulting in excess dissolved 

nitrogen accumulating within the bloodstream and tissues. Slow return to the lower ambient pressure at 

the surface allows time for the excess dissolved nitrogen to return to the lungs and be removed with 

exhalation. However, with rapid ascent, the more abrupt decrease in ambient pressure may cause much 

of the dissolved nitrogen to come out of solution and form gas bubbles throughout the tissues and 

bloodstream, leading to pain and obstruction of blood flow. 

Symptoms usually start within an hour of ascent but can develop up to 24 hours later. Type 1 

decompression sickness is relatively mild and includes: 

• Musculoskeletal involvement ("the bends") consists of painful joints that are nontender to palpation 

and have normal range of motion. The elbows and shoulders are most commonly affected. 

• Cutaneous involvement consists of pruritus and erythema. 

• Lymphatic involvement is sometimes present and may cause lymphadenopathy and localized edema. 

Type 2 decompression sickness is severe and includes neurologic symptoms ("the staggers"), which 

consist of ataxia, dizziness, visual disturbance, and possibly spinal cord involvement (eg, weakness, 

paresthesia, loss of bladder control). Pulmonary involvement ("the chokes") is rare but can lead to 

obstructive shock due to venous gas embolism occluding the pulmonary vasculature. 

To prevent decompression sickness, slow ascent and delay of flying ( eg, for 12 hr} after diving are 

recommended. Initial treatment with intravenous fluids and 100% oxygen helps improve blood flow and 

increase oxygen delivery to the tissues. Hyperbaric oxygen therapy (eg, in a hyperbaric oxygen 

chamber) facilitates the resorption of gas bubbles and should be initiated as soon as possible. A delay in 

therapy is associated with poorer outcomes. 

(Choices B, C, and E) Acetazolamide, dexamethasone, and nifedipine are used in the treatment of high

altitude illness (HAI} but have no role in the management of decompression sickness. Although HAI is 

associated with a change in pressure (due to a change of altitude), its pathophysiology is related mostly to 

responses to hypoxia (including edema) and it presents with symptoms similar to an alcohol hangover, 

encephalopathy, or noncardiogenic pulmonary edema. 

(Choice D) Low-molecular-weight heparin is used in the treatment of pulmonary embolism, which is 

unlikely in the absence of hypoxia and does not typically cause joint pains. 

Educational objective: 

Decompression sickness in divers is caused by rapid ascent to the surface that leads to formation of 

nitrogen bubbles in the tissues and bloodstream. It is diagnosed clinically, and the definitive treatment is 

hyperbaric oxygen therapy. 
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