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Temperature 
abnormalities 
may occur in all 
of the following 
patients EXCEPT:

A. A patient having laser interstitial thermal therapy 

B. A patient who is s/p Transphenoidal hypophysectomy

C. A patient with a ruptured intracranial aneurysm receiving a 
preoperative blood transfusion

D. A Neurosurgical patient in the preoperative holding area 
with a forced-air warming blanket on

QUESTION 1



EXPLANATION

Sorry! Incorrect.

A. A patient having laser interstitial thermal therapy 

 This is true. Laser interstitial thermal therapy (LITT) delivers heat through a fiberoptic probe to tumor or 
non-tumoral lesions in the CNS. Above temperature of 43 °C enzyme induction, vessel sclerosis, and 
coagulation necrosis are used to treat metastatic and primary CNS tumors, radiation necrosis, and 
refractory epilepsy.

 Intraoperative complications include:
 Malposition of the probes
 Hyperthermia
 Intracranial hemorrhage
 Technical failures

Jimenez-Ruiz, F et al  Preoperative and anesthetic considerations for neurosurgical laser interstitial thermal therapy 
ablations. JNA. 2018;30:10-17
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to Question



EXPLANATION

Sorry! Incorrect.

B. A patient who is s/p Transphenoidal hypophysectomy 

 This is true. Fever associated with meningitis in these patients is often instigated by a CSF leak 
or could be due to lumbar drain placement.

 The nasal cavity is a reservoir for Staphylococus, H flu., Streptococcus pneumonia, 
staphylococcus epidermidis, and other streptococcal species.

Berker M, Hazer DB. Complications of endoscopic surgery of the pituitary adenomas: analysis of 570 patients and review of the literature. Pituitary. 
2012;15:288-300

Mehta GU, et al. Prevention of intraoperative cerebrospinal fluid leaks by lumbar cerebrospinal fluid drainage during surgery for pituitary macroadenomas. J 
Neurosrug. 2012;116:1299-1303
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EXPLANATION

Sorry! Incorrect.

C.   A  patient with a ruptured intracranial aneurysm receiving a preoperative blood 
transfusion 
This is true. Fever is the most common presenting symptom of acute hemolytic transfusion reaction (AHTR) or febrile non -
hemolytic transfusion reactions (FNTR).  It is essential to rule out AHTR (after STOPPING transfusion) by:

 confirming that the patient is receiving the intended unit of blood
 drawing a sample of the patients blood for a free Hb and Coombs’ test 

AHTR – results from binding of donor red blood cell antigens with recipient Ab to form immune complexes.  Complexes trigger 
complement attaching to red cell membranes resulting in hemolysis and release of cellular debris which may trigger DIC

 immune complexes induce formation of cytokines which results in fever in addition to hypotension
 AHTR is also associated with hemoglobinuria, hypotension or bleeding diathesis. FNTR is diagnosed after AHTR is ruled 

out and there no evidence of bacterial contamination 
 Mortality is 10%

Proctor, L. Blood and Blood Products: Transfusion reaction, in Atlee Complication in Anesthesia, 2nd ed. 2007.
Saunders, PA
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EXPLANATION

Great Job!! Correct.

D. Neurosurgical patient in the preoperative holding area with a forced-air warming 
blanket on 
This is not true.  Preoperative forced-air convective warming combined with intraoperative forced 

air warming results in greater preservation of normothermia compared with intraoperative forced 
air warming alone.  Preoperative forced-air warming reduces the potential for heat loss that occurs 
during post-induction redistribution by cutaneously transferring heat to peripheral tissues, thereby 
decreasing the core to periphery temperature gradient and decreasing hypothermia.

In a RCT of 200 adult pts. (preop forced air for 30 min. vs warm blankets) for elective non-cardiac 
surgery under general anesthesia, patients treated with forced-air convective warming had a lower 
incidence of intraoperative hypothermia (core<36°C) than in the control group. 

Lau A, Lowlaavar N et al Effect of preoperative warming on intraoperative hypothermia: a randomized-controlled 
trial. Can J Anesth. 20118;65:1029-1040
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Which of the 
following is the 
most effective 
response to 
changes in body 
temperature? 

A. Cutaneous vasoconstriction  

B. Cutaneous vasodilation 

C. Behavioral changes  

D. Non-shivering thermogenesis

QUESTION 2



EXPLANATION

Sorry! Incorrect.

A.  Cutaneous Vasoconstriction 

 This is not true. Cutaneous vasoconstriction is 2nd to behavior in effectiveness for heat 
conservation from convection and skin surface radiation. The arterio-venous shunts located in 
the fingers and toes (distinct from capillaries for nutrition) conserve heat through 
thermoregulatory constriction mediated by local α-adrenergic sympathetic nerves. Piloerection
and thermogenesis (heat production) are also helpful for heat conservation.

Kurz, A. Physiology of Thermoregulation. Best Practice and resrach Clinical Anaesthesiology, 2008;22(4): 627-644
Morrison S. central neurocontrol of thermoregulation and brown adipose tissue. Auton Neurosci. 2016;196:14-24
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EXPLANATION

Sorry! Incorrect.

B. Cutaneous vasodilation 
 This is not true.  Cutaneous vasodilation in addition to sweating are also not as effective as behavioral 

changes as efferent responses to heat. Inhibition of sympathetic nerve activity to cutaneous blood 
vessels cause cutaneous vasodilation increasing skin blood flow and brings heat to the body surface 
where it is transferred to the environment. Sweating is mediated by post-ganglionic, cholinergic 
nerves which terminate in our glands. 

Kurz, A. Physiology of Thermoregulation. Best Practice and research Clinical Anaesthesiology, 2008;22(4): 627-644
Morrison S. central neurocontrol of thermoregulation and brown adipose tissue. Auton Neurosci. 2016;196:14-24
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EXPLANATION

Great Job!! Correct.

C.  Behavioral changes
 This is True. Changes in human behavior like dressing warmly or adjusting ambient temperature 

are the most effective responses to changes in body temperature.  The emotional distress of 
being too hot or too cold is commonly a significant factor in motivating human behavior to seek 
or produce an ambient temperature that is more “comfortable. 

Kurz, A. Physiology of Thermoregulation. Best Practice and reseach Clinical Anaesthesiology, 2008;22(4): 627-644

Morrison S. central neurocontrol of thermoregulation and brown adipose tissue. Auton Neurosci. 2016;196:14-24
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EXPLANATION

Sorry! Incorrect.

D. Non-shivering thermogenesis 
This is not true. Non-shivering thermogenesis which helps with the production of heat in 
infants and to a lesser degree in adults is less effective.  Sympathetic stimulation of β-
adrenergic nerves that terminate in brown fat lead to oxidation of fat to heat  through the 
stimulation of uncoupling protein (UCP1). 

Kurz, A. Physiology of Thermoregulation. Best and research Clinical Anaesthesiology, 2008;22(4): 627-
644
Morrison S. central neurocontrol of thermoregulation and brown adipose tissue. Auton Neurosci. 
2016;196:14-24
Practice
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A 70 year old obtunded patient 
(GCS =9) presents from an 
outside hospital for emergent 
evacuation of an occipital lobe 
hematoma after an MVA. The 
patient presented with Sinus 
bradycardia in the 40’s (BP 70/35) 
which was treated in the ED with 
atropine and pressors. Hb is 9.  
Intraoperatively, after induction 
the heart rate and blood pressure 
continue to be labile. While 
considering additional 
interventions, a survey of the 
patient reveals a Sat. 100%, EtC02

29 and temperature of 37.7⁰ C. 
Which of the following is least 
likely to have contributed to this 
patient’s elevated temperature?

A. Succinylcholine

B. Atropine 

C. Intracerebral hematoma

D. Propofol 

QUESTION 3

Question contributed by 
Adrian Anthony, MD, CA3, Oregon Health & 

Science University, Portland, Oregon



EXPLANATION

Sorry! Incorrect.

A. Succinylcholine 

 This is not true. Succinylcholine is a depolarizing neuromuscular blocking agent which in some 
patients may cause malignant hyperthermia (MH), a pharmacogenetic disorder of skeletal muscle 
that presents as a hypermetabolic response to potent volatile gases (sevoflurane, desflurane, 
isoflurane) in addition to succinylcholine and in some people in response to stressors like vigorous 
exercise.  Intraoperatively, with MH one would expect to see increased end tidal C02 despite 
adequate ventilation (early sign) in addition to tachycardia, acidosis, hyperkalemia, 
rhabdomyolysis. tachyarrhythmias, and a greater degree of hyperthermia secondary to the 
hypermetabolic state (1–2 °C increase every five minutes)

Rosenberg, H., Pollock, N., Schiemann, A. et al. Malignant hyperthermia: a review. Orphanet J Rare Dis 10, 93 (2015). 
https://doi.org/10.1186/s13023-015-0310-1.

Click to Return 
to Question



EXPLANATION

Sorry! Incorrect.

B.. Atropine 
 This is not true. Anticholinergic toxicity or anticholinergic syndrome is caused by antagonism of peripheral and central 

muscarinic receptors and is manifest with symptoms from central cholinergic blockade like delirium, restlessness, 
seizures, coma, and peripheral manifestations like hyperthermia, tachycardia, dry mouth, and urinary retention.  This 
disorder is not unusual in the perioperative period and there have been reports in the ICU in ventilated and sedated 
patients. This patient presented with depressed LOC and may have received atropine at the OSH in addition to the 
atropine received after transfer placing her at risk for anticholinergic toxicity.  

 Additionally, anticholinergic drugs like atropine increase the thermoregulatory setpoint by increasing the thresholds for 
sweating, vasoconstriction, and shivering limiting efforts at achieving hypothermia when needed. 

Schneck, H et al. Central anticholinergic syndrome (CAS) in anesthesia and intensive care. Acta Anaestheiol Belg. 
1989;40(3):219-28

Doufas A, Sessler. Physiology and clinical relevance of induced hypothermia. Neurocritical Care. 2004;4:489-498
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EXPLANATION

Sorry! Incorrect.

C. Intracerebral hematoma 
This is not true. Fever is quite common after all types of brain injury including intracerebral 
hematoma where it has been seen in up to 91% of patients.  Physiological mechanisms 
include breakdown of the blood-brain barrier, vasogenic edema, neuronal and glial cell 
death due to apoptosis and inflammation.  The increase in metabolism of the brain 
exacerbating neuronal injury requires attention to other causes of intraoperative 
hyperthermia in this patient like excessive warming, infection, blood in the 4th cerebral 
ventricle, and mismatched blood transfusion.

Rincon F, Lyden P et al. Relationship between temperature, hematoma growth, and functional outcome after intracerebral 
hemorrhage. Neurocritical Care, 2013;18:45-53

Sessler D. Perioperative temperature monitoring. Anesthesiology, 2021;134(1):111-118
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to Question



EXPLANATION

Great Job!! Correct.

D. Propofol 

This is True. All general anesthetics impair thermoregulation (especially thresholds for the major cold defenses, 
i.e. arterio-venous shunt constriction and shivering ) causing patients to cool during the first hour of 
anesthesia. Propofol induces systemic vasodilation leading to core-to-periphery redistribution of body heat, 
particularly at induction.. In a study of 20 ASA I and II patients for oral surgery  randomly assigned to induction 
with propofol vs sevoflurane, one hour after induction, core temperature (measured from tympanic 
membrane) in patients in the propofol and Sevoflurane group had decreased 1.5 ± 0.3°C vs 0.8±0.2°C. 

Ikeda T, Less core hypothermia when anesthesia is induced with inhaled 
sevoflurane than with intravenous propofol. Anesth Analg, 1999;88:921-4

Sessler D. Perioperative temperature monitoring. Anestheisology, 2021;134(1):111-118
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Temperature 
monitoring at all of 
the following sites 
are most reliable for 
informing us about a 
patient’s CORE 
temperature EXCEPT:

A. The Pulmonary artery

B. The nasopharynx  

C. Bladder

D. Tympanic membrane 

QUESTION 4



EXPLANATION

Sorry! Incorrect.

A. The Pulmonary artery 

 This is true. Temperature measured from the pulmonary artery is probably the best 
estimate of core temperature as it is well perfused with blood from the core, however it 
is rarely available today. Another reliable core temperature monitoring site is the 
esophagus. The esophageal temperature probe should be positioned at the point of 
maximal heart sounds to avoid cooling from the respiratory tree

Sessler, Perioperative Temperature monitoring, 2021,Anesthesziology;134:111-117

Click to Return 
to Question



EXPLANATION

Sorry! Incorrect.

B. The nasopharynx 

 This is true. Correctly positioned nasopharyngeal probes can serve 
as an excellent alternative for core temperature monitoring when 
esophageal monitoring is not possible. For accuracy, the probe 
should be inserted between 10 and 20 cm past the nares. 

Sessler, Perioperative Temperature monitoring, 2021,Anesthesiology;134:111-117
Click to Return 

to Question



EXPLANATION

Great Job!! Correct.

C. Bladder

This is not true. The Bladder as well as the rectum are less reliable sites for monitoring core 
temperature as these tissues are poorly perfused and therefore lag behind core temperature. 
Additionally bladder temperature especially lags behind core when urine flow is low. 

Sessler, Perioperative Temperature monitoring, 2021,Anesthesiology;134:111-117

Next QuestionBack to Q4



EXPLANATION

Sorry! Incorrect.

D. Tympanic membrane 

This is true.  Another site for measurement of true core temperature is the 
tympanic membrane.

 Problems with obtaining accurate temperatures from this monitoring site are:
 The probes are often not inserted far enough (should reach the tympanic membrane)
 The probes are too flexible

Sessler, Perioperative Temperature monitoring. Anesthesiology 2021;134:111-117
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to Question



75 year old patient with 
history of stable CAD and  
hypertension has just 
emerged neurologically 
intact after general 
anesthesia with volatile 
agents for right tempo-
parietal brain tumor 
resection. In the PACU, 
she is shivering with a 
Temperature of 35.8°C. 
All of the following are 
true regarding 
considerations of 
shivering in this patient 
EXCEPT : 

A. Shivering increases metabolic heat production by ~200% in 
adults

B. Treatment with Clonidine at the end of surgery could have 
helped to prevent this

C. Treatment with Meperidine is ideal for this patient 

D. Blankets and warming devices will help with post-op 
shivering

QUESTION 5



EXPLANATION

Sorry! Incorrect.

A. Shivering increases metabolic heat production by ~200% in adults 

 This is true.  Consequences of shivering include: increase in cardiac energy demand 
which may place this patient at risk for a postoperative cardiac event, raised oxygen 
consumption and carbon dioxide production.  Without a commensurate increase in 
ventilation and CO, the patient becomes hypoxemic and acidotic leading to increased ICP. 

Bilotta, P et al. Effect of shivering prevention on haemodynamic and metabolic 
demands in hypothermic postoperative neurosurgical patients. Anaesthesia, 
2001;56:514-519

Kurz, A. Physiology of Thermoregulation. Best and resarch Clinical Anaesthesiology, 2008;22(4): 627-644
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EXPLANATION

Sorry! Incorrect.

B. Treatment with Clonidine at the end of surgery could have helped to prevent this

This is true. Clonidine is effective for preventing postoperative shivering after mild hypothermia in 
neurosurgical patients by decreasing the  shivering threshold.  This  α- 2 agonist, has sympatholytic, 
sedative, and opioid sparing properties. Additionally, in a study of 34 pts in a RCT (saline vs 
Clonidine), clonidine administered to neurosurgical patients 1 hour before the end of anesthesia did 
not delay emergence from anesthesia nor did it have clinically significant hemodynamic effects. 

Stapelfeldt C, Intraoperative clonidine administration to neurosurgical patients. Anesth Analg, 2005;100:226-32
Nicolaou G, Clonidine decrease vasoconstriction and shivering threshiolds without affecting the sweating threshold. Can J 
Anesth.1997;44(6):636-642 Click to Return 

to Question



EXPLANATION

Great Job!! Correct.

C. Treatment with Meperidine is ideal for this patient 

While Meperidine is effective in treating postoperative shivering, its metabolite, 
normeperidine is neurotoxic and can decrease the seizure threshold which is to 
be avoided in this patient. Meperidine a µ-opioid and α 2 receptor agonist, is 
among the most effective treatments for postoperative shivering through its 
disproportionate decrease in the shivering threshold (2x more decrease in 
shivering threshold compared to vasoconstriction threshold) and possibly 
through its ҡ-receptor agonist activity.   

Doufas A, Sessler D. Physiology and clinical relevance of induced hypothermia. Neurocritical Care. 2004;1:489-498
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EXPLANATION

Sorry! Incorrect.

D. Blankets and warming devices will help with post-op shivering 

 This is true. Postoperative shivering can be treated in the PACU by warming the skin.  Cutaneous 
warming is effective because thermoregulatory tolerance for core hypothermia increases at higher 
skin temperature. 

 Data from 6 men and 6 women maintained at different skin temps (core hypothermia induced with 
cold Lactate Ringers administered centrally to induce peripheral vasoconstriction and shivering) 
revealed that skin and core temperature contribute linearly to the control of vasoconstriction and 
shivering in men and the cutaneous contribution averaged about 20% in both men and women. 

Cheng C, Matsukawa, T et al. Increasing mean skin temperature linearly reduces the core-temperature thresholds for
vasoconstriction and shivering in humans. Anesthesiology. 1995;82:1160-1168
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