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   Foreword   

 After 40 years of working as an anesthesiologist, I occasionally fool myself into 
believing I have “seen it all.” The truth: no one ever sees every possible clinical 
scenario. Unique presentations can occur whether it’s your fi rst day of anesthesia 
residency training or the last day of a long and eventful career. Only by sharing 
experiences can everyone learn from them. Dr. John Brock-Utne has had his share 
of unique cases. However, unlike most of us, he has recorded and collected them in 
this very useful book. Combining his talents as both a superb clinician and an 
award-winning teacher, he is able to describe a clinical situation, explain his 
thoughts in arriving at a diagnosis, and then describe how to apply the appropriate 
management. Thus, even after 40 years of practicing anesthesiology, I still continue 
to learn from him. Just as he has been a source of knowledge and information for 
me and the faculty and house staff at Stanford University, the reader can also now 
benefi t from his knowledgeable and entertaining approach to the anesthetic man-
agement of unusual cases. 

 Stanford, CA, USA Jay B. Brodsky  
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   Preface to the Second Edition   

 Dear Reader, 

 Some of you may have read the fi rst edition of  Near Misses in Pediatric Anesthesia , 
published by Heinemann-Butterworth in 1999. I thought this would be the only edi-
tion. But thanks to Shelley Reinhardt, Senior Editor, Springer Science+Business 
Media, the fi rst edition has been revived. This is therefore the second edition with 
40 new additional cases. The original 47 cases have been revised and updated. 
I hope you will fi nd the cases interesting and educational. 

 Again, each individual case starts with a short introduction. You are provided 
with the essential information to solve the problem. On the following page, you are 
given the solution and suggested management. 

 As with the fi rst edition, the management of the cases may be controversial. 
Hence, I hope they will provide a basis for a discussion between a faculty member 
and an anesthesia resident, an anesthesia assistant, a CRNA, or a medical student as 
to other and possibly better alternative solutions. 

 Anesthesia has become much safer since I started my training in Oslo, Norway, 
on July 1, 1970. Now, 43 years later, I often cover up the anesthesia monitor, includ-
ing information from the anesthesia machine about tidal volume, etc., when I work 
with new trainees. I say, “Now give the anesthetic. This is what it was like when I 
started.” The response is utter disbelief. But the reason I do this is to stress the 
importance of examining your patients. This is especially true when the patient’s 
vital signs are unstable. Remember not to solely rely on the monitors, as they are 
only an aid in your ongoing clinical assessment of your patient’s well-being. 

 To paraphrase Hippocrates:

   The art is long,  
  Life is short,  
  Experiments perilous,  
  Decisions diffi cult.    

 Stanford, CA, USA John G. Brock-Utne  
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   Preface to the First Edition   

 Anesthesiologists sometimes face diffi cult decisions in “near miss” situations. The 
risk-to-benefi t ratios in these cases are often unknown. Fortunately, near misses 
occur rarely. The near misses reported in this book come mostly from my 30 years 
experience in clinical anesthesia in the United States, Scandinavia, and South Africa. 

 Each of the 47 cases starts with a short introduction to the clinical problem. The 
reader is provided with all the essential information necessary to prevent a disaster. 
The next page provides a solution and analysis of the problem, makes recommenda-
tions, and provides references for further reading. 

 Some of the sequences in the management of these cases may be controversial. 
As such, they may form the basis for a teaching discussion between a faculty mem-
ber and a resident in anesthesiology. Most of all, the book is designed to alert the 
reader to various precarious situations that can arise and how best to prevent or deal 
with them. To paraphrase Hippocrates:

    The art is long,   
   Life is short,   
   Experiments perilous,   
   Decisions diffi cult.     

 Stanford, CA, USA John G. Brock-Utne  
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                    A 23-month-old, previously healthy girl (16 kg) is scheduled for endoscopy and 
removal of an esophageal web. Her medical history is unremarkable except for mild 
dysphasia. Her vital signs are normal. 

 General anesthesia is induced via face mask using sevofl urane 1–4 % in nitrous 
oxide and 30 % oxygen after all necessary monitoring equipment is placed on the 
child. After the child is asleep, an intravenous (IV) line is inserted, and 0.15 mg 
atropine and 1.6 mg vecuronium are administered to facilitate tracheal intubation 
with a 5-mm internal diameter (i.d.) tracheal tube. Breath sounds are equal bilater-
ally, and a leak around the tube in the trachea is present at 20 cm H 2 O peak infl ation 
pressure. The endotracheal tube (ETT) is securely taped. The patient’s lungs are 
hand ventilated using peak inspiratory pressures of 15–35 cm H 2 O. The patient is 
draped from the neck down, and the endoscopist places the gastroscope into the 
esophagus without diffi culty. A few minutes later, the lungs become less compliant, 
and the child’s blood pressure (BP) decreases over a 5-min period from 90/50 to 
70/35 mmHg. The electrocardiogram (ECG) is judged to be normal, and the heart 
rate increases from 110 to 130 beats per minute [ 1 ] (bpm) with a regular sinus 
rhythm. The capnograph demonstrates a CO 2  waveform. The shape has not changed; 
however, the peak airway pressure now increases from 22 to 38 cm H 2 O. The 
peripheral oxygen saturation decreases from 100 % to 86 %. You do the following:

    1.    Increase the FIO 2  to 100 %.   
   2.    Continue hand ventilation.   
   3.    Ascertain the correct position of the ETT.   
   4.    Pass a suction catheter successfully down the whole length of the ETT.    

     Question 

 No improvement is seen. What will you do, and what is the cause of the dilemma?     

    Chapter 1   
 Case 1: Upper Gastrointestinal Endoscopy 
Under General Anesthesia 
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    Solution 

 The patient was undraped so her chest could be examined. The epigastrium was 
seen to be markedly distended. Unknown to the anesthesiologist, the endoscopist 
had injected air to dilate the esophagus and the stomach for better visualization. 
With gastric decompression, the patient’s respiratory and cardiovascular parameters 
immediately returned to normal. The case proceeded without diffi culty, and the 
patient made an uneventful recovery.  

    Discussion 

 This problem has been noted in both pediatric [ 1 ] and adult cases [ 2 ]. In the adult 
case, severe respiratory distress occurred during upper gastrointestinal endoscopy in 
a 30-year-old man. The procedure was performed under local anesthesia and seda-
tion, and the cause of the respiratory distress was thought to be excess air insuffl a-
tion into a stomach positioned within the chest through a hiatal hernia. The case 
reported here differs in that the patient was anesthetized with a normally positioned 
stomach. Excess insuffl ation of air into the esophagus dilated the stomach and 
markedly decreased chest compliance. The desaturation noted in this case most 
likely refl ected the effect of ventilation/perfusion (V/Q) mismatch in a lung being 
compressed by a distended stomach. 

 Excessive gastric air insuffl ation has also been reported in neonates with tracheo-
esophageal fi stulas, at times associated with cardiac arrest presumed secondary to 
the same mechanism [ 3 ]. Hence, use of a preoperative gastrostomy tube has been 
recommended in these cases to vent excess air. 

 This case would not have occurred had the anesthesiologist had the opportunity 
to observe the child’s abdomen. It is not essential to cover patients for nonsterile 
procedures.  

    Recommendation 

 The epigastrium must be seen at all times during upper gastrointestinal endoscopy 
to prevent the possibility of excessive gastric distension.     

   References 

     1.    Brock-Utne JG, Moynihan RJ. Patient draping contributing to the near disaster (desaturation 
during endoscopy in a 2-year-old) (case report). Paediatr Anaesth. 1992;2:333–4.  

    2.    Narendranathan M, Kalam A. Respiratory distress during endoscopy—report of an unusual 
case. Postgrad Med J. 1987;6:805–6.  

    3.    Baraka A, Slim M. Cardiac arrest during IPPV in a newborn with tracheoesophageal fi stula. 
Anesthesiology. 1970;32:564–5.    
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                    A 1-year-old patient, American Society of Anesthesiologists (ASA) physical status 
II, is to undergo removal of a cerebral tumor under general anesthesia. An anesthe-
sia machine and breathing system check is performed before the patient’s arrival. 
Noninvasive monitors are placed, and after preoxygenation the patient is anesthe-
tized in a routine manner. Invasive monitors are placed, the operating table is turned 
180°, and the operation begins. About 2 h into the operation, the surgeon requests 
that the operating table be elevated. Three to fi ve minutes later, warning lights fl ash 
on the anesthesia machine (Narkomed 2 B, North American Drager). The warning 
indicates low minute volume, apnea, and no ventilation of the patient. The rotame-
ters show adequate fl ow of oxygen and nitrous oxide, and the oxygen pipeline pres-
sure is 50 psi. 

 Manual ventilation is attempted using the anesthesia machine’s collapsible 
breathing bag but is unsuccessful because no air fi lls the bag despite using the oxy-
gen fl ush control button. You do the following:

    1.    Provide self-infl atable bag ventilation. Confi rm bilateral air entry. Keep the 
patient’s oxygen saturation and vital signs stable.   

   2.    Call for assistance.   
   3.    Search for a cause of the breathing system failure in the anesthesia machine.     

    Question 

 You    and your colleagues fi nd nothing wrong with the machine. So what could be the 
cause of this dilemma?  

    Chapter 2   
 Case 2: Sudden Anesthesia System Failure 

J.G. Brock-Utne, Near Misses in Pediatric Anesthesia, 
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    Solution 

 The cause of the acute distress was a kinked and compressed fresh gas fl ow 
tube between the railing of the operating room table and the bottom of the inspira-
tory pipe on the absorber (Fig.  2.1 ). This occurred when the operating table was 
raised [ 1 ].

       Recommendation 

 The fresh gas fl ow tube from the anesthesia machine to absorber should always be 
short and not hanging loose. It should always be positioned behind the upright sup-
port brace (D) of the absorber, thereby preventing a kink in the tube. 

 A self-infl atable bag should be available in every operating room.     

a

bd

e

c

  Fig. 2.1    ( a ) Fresh gas- 
locking device. ( b ) Fresh 
gas hose with 15-mm fi tting. 
( c ) Breathing bag. 
( d ) Upright support brace. 
( e ) Inspiratory pipe of the 
absorber       
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   Reference 

    1.    Silver L, Lopes N, Brock-Utne JG. Raising the operating table causing a sudden anesthesia 
system obstruction. Anesth Analg. 1996;82:1107–8.    

Reference



7

                    A 43-day-old (1.3-kg) girl born at 27 weeks is scheduled for a Broviac catheter 
replacement in the neonatal intensive care unit (NICU). She is in the NICU because 
of respiratory failure, bronchopulmonary dysplasia, right lower lobe pneumonia, 
and sepsis. She has failed extubation twice in the past due to postextubation stridor 
and desaturation. The day before surgery, the patient was intubated with a 2.5 
 endotracheal tube (ETT) by the NICU staff and ventilated for 12 h before surgery. 
A large leak has been suspected around the endotracheal tube (ETT), as the nurse 
has noted hearing the patient cough and cry. At present, the ventilator is working 
and the settings include an FIO 2  of 30 %, respiratory rate of 14, and the pressure 
setting of 24/5. The patient’s vital signs include a respiratory rate of 60, heart rate of 
150 bpm, and oxygen saturation by pulse oximetry of 92–95 %. Her gastric tube is 
in place and open to air. Coarse breath sounds are heard bilaterally without evidence 
of leakage around the ETT. Standard monitoring devices are placed except for an 
end-tidal CO 2  monitor, which is not available. A preoperative radiography of the 
chest had been taken earlier in the morning but is unavailable for viewing. 

 Immediately after induction of anesthesia with intravenous (IV) pancuronium 
and fentanyl, the patient’s oxygen saturation falls precipitously to 0, with a decrease 
in heart rate to the 1990s and with ST segment elevations. The patient is immedi-
ately ventilated via the ETT with 100 % oxygen. The breath sounds remain coarse 
and unchanged. A new pulse oximetry probe is placed by a nurse to rule out probe 
malfunction. There is no improvement in the oxygen saturation reading. No abdom-
inal distension is noticed. IV atropine is administered to treat the bradycardia, and a 
call for help is made. Noninvasive blood pressure (BP) measurements remain within 
normal limits throughout this time. The heart rate responds to atropine, and the ST 
segment elevation partially resolves over the next minute. 

    Question 

 Oxygen    saturation is still inadequate. What will you do now?  

    Chapter 3   
 Case 3: Broviac Catheter Placement 
in a Neonatal Intensive Care Unit 

J.G. Brock-Utne, Near Misses in Pediatric Anesthesia, 
DOI 10.1007/978-1-4614-7040-3_3, © Springer Science+Business Media New York 2013
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    Solutions 

     1.    Perform a direct laryngoscopy to confi rm correct placement of the ETT. In this 
case, the ETT is found to be in the esophagus. The ETT is placed in the trachea 
and the lungs ventilated with a rapid rise in oxygen saturation.   

   2.    If the ETT was found to be in the trachea, transillumination of the chest with a 
torch could eliminate a possible pneumothorax.      

    Discussion 

 The preoperative detection of the esophageal-placed ETT proved elusive in this case 
[ 1 ]. Physical examination was not helpful in detecting esophageal intubation 
because the patient’s breath sounds were transmitted throughout the thorax and 
abdomen. Even if we had reviewed the chest radiography preoperatively, we prob-
ably would have missed the esophageal positioning of the ETT because attention 
would have been focused primarily on the relative position of the tip of the ETT and 
the carina. Because the patient appeared to be adequately ventilated and oxygenated 
before induction of anesthesia, a pre-existing esophageal position ETT was not an 
obvious cause of postinduction desaturation.  

    Recommendation 

 Clamping or kinking the nasogastric tube while the patient was being ventilated 
with the intensive care unit (ICU) ventilator could have led to gastric distension 
within a few minutes. In our case, this was not done. We believe that the gastric 
distension was not seen because the patient’s stomach was continuously decom-
pressed by the nasogastric tube. The nasogastric tube therefore prevented a buildup 
of gastric pressure that could have led to an obvious degree of abdominal distension 
and the sounding of the high pressure alarm on the ventilator.     

   Reference 

    1.    Crockett DE, Tays R, Brock-Utne JG. Twelve hours of gastric ventilation. A recipe for disaster 
(a suggested remedy). Paediatr Anaesth. 1998;8:171–3.   
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                    An 8-year-old boy is presented for a major ear, nose, and throat (ENT) procedure. 
A reinforced endotracheal tube (ETT) (Mallinckrodt, St. Louis, MO) is used to 
secure the airway after induction of general anesthesia. Normally, these tubes are 
removed at the end of the procedure once the tracheostomy has been performed. In 
this case, however, due to surgical reasons, a tracheostomy is not done, and the 
patient is taken to the intensive care unit (ICU) with the reinforced ETT in place. 
You decide to leave the ETT in the trachea and to ventilate the child mechanically 
overnight because he exhibits marked head and neck edema after 10 h of surgery. 
The possibility of potential severe laryngeal edema makes you decide not to change 
the reinforced ETT with a standard ETT over a tube changer. The next morning, on 
awakening from the sedation, the patient bites down vigorously on the reinforced 
ETT. Due to the nature of the reinforced ETT, the lumen becomes completely 
occluded and will not re-expand. The patient cannot breathe nor can the lungs be 
ventilated. This results in oxygen desaturation to 80 %. Cyanosis becomes evident. 
The jaw can easily be opened. 

    Question 

 What will you do now?     

    Chapter 4   
 Case 4: Occluded Reinforced (Armored) 
Endotracheal Tube 

J.G. Brock-Utne, Near Misses in Pediatric Anesthesia, 
DOI 10.1007/978-1-4614-7040-3_4, © Springer Science+Business Media New York 2013
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    Solution 

 The best solution is to use a hemostat to manipulate the reinforced ETT into its 
original shape by placing the hemostat at 90° to the occlusion. In this way, you open 
the ETT lumen [ 1 ]. 

 You could also cut the ETT below the obstruction and pass a tube changer or a 
gum-elastic bougie through the cut ETT. When that is done, you could pass a new 
non-reinforceable ETT into the trachea [ 2 ].  

    Recommendation 

 A hard bit block, not an oral airway, should always be used with an armored 
ETT [ 1 – 3 ]. This is to prevent the occlusion of the ETT and even biting the ETT in 
half [ 4 ].     

   References 

     1.    Vogel T, Brock-Utne JG. Solution to an occluded reinforced (armored) endotracheal tube. Am 
J Anesthesiol. 1997;2:58–61.  

    2.    Robles B, Hester J, Brock-Utne JG. Remember the gum-elastic bougie at extubation. J Clin 
Anesth. 1993;5:329–31.  

    3.    King H-K, Lewis K. Guedel oropharyngeal airway does not prevent patient biting on the endo-
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                    A 12-year-old boy (70 kg) with right bronchial obstruction is scheduled for 
 fi ber- optic bronchoscopy and rigid bronchoscopy with laser treatment. His history 
and physical examination are unremarkable. A tumor of unknown origin is thought 
to partially obstruct the right main bronchus. The patient has no known drug or food 
allergies and no previous anesthesia/surgery. The family history is negative for 
anesthesia-related complications. The patient is classifi ed as American Society of 
Anesthesiologists physical status II (ASA 2). 

 The patient is brought to the operating room. The vital signs include blood 
 pressure (BP) of 100/60, regular heart rate of 80 bpm, and 100 % oxygen saturation 
by pulse oximetry. After an intravenous (IV) line is placed, the patient is given 
 propofol and vecuronium in usual doses. The trachea is intubated with a No. 7 
 endotracheal tube (ETT), and the fi ber-optic bronchoscopy is performed without 
any complications. Thereafter, the ETT is removed and a rigid bronchoscope (size 
3.5 mm i.d. [internal diameter], 5 mm outer diameter [o.d.], 5.7 mm; Karl Storz, 
Germany) is inserted. This scope is obviously too small for the trachea, but the 
appropriate size is unavailable. A large leak is created. It becomes impossible to 
oxygenate the patient adequately. You inform the surgeon and suggest that the pro-
cedure be aborted and attempted again in the future when the appropriate equipment 
is available. This suggestion is declined by the surgeon who suggests jet ventilation. 
Unfortunately, the latter is not available. The surgeon still wants to proceed. 

    Question 

 What will you do to perform this anesthetic safely?     

    Chapter 5   
 Case 5: The Too-Small Rigid Bronchoscope 
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    Solution 

 The problem can easily rectifi ed by packing the pharynx with a 2-in. moist vaginal 
pack [ 1 ]. I have used this several times with success.  

    Discussion 

 In these cases, the availability of a vaginal pack can be life saving. These packs are 
also useful in cases in which an endotracheal cuff develops a leak after a successful 
but very diffi cult intubation. The reluctance to remove a correctly placed ETT in 
these circumstances is understandable. Even changing the ETT over a tube changer 
may be considered potentially dangerous. Packing the throat in these cases may 
prove the better part of valor. The pack will “buy time” to stabilize the patient’s vital 
signs. I have used this technique in the emergency room many times.  

    Recommendation 

 The throat packs come in two sizes: 1 or 2 in. Moisten the pack in water and squeeze 
the water out. Tie a single knot in what will be the distal end of the pack. Having 
done this, you know the pack is fully removed when you take the pack out. 

 Since packs are often not placed into the throat, it is imperative to remember its 
presence at the time of extubation. As a reminder, write “PACK” on two pieces of 
tape and place them on the patient’s forehead and on the ETT.     

   Reference 
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                    A 14-year-old healthy girl (weight 60 kg, height 150 cm) with idiopathic scoliosis 
is scheduled for a spinal instrumentation with Harrington rod placement for cos-
metic reasons. She has no known drug or food allergies. The patient and her family 
have no history of anesthesia-related complications. The patient is taking no medi-
cations, is classifi ed as American Society of Anesthesiologists physical status I 
(ASA 1), and has a hematocrit of 36 %. (She has donated 1 unit of blood.) In the 
operating room, the following drugs are given intravenously: midazolam (1 mg), 
thiopental (250 mg), fentanyl (100 μ[mu]g), and vecuronium (6 mg). An erythema-
tous rash confi ned to the upper body is noted within 2 min of induction. Vital signs 
do not change. Her trachea is intubated without diffi culty. Anesthesia is maintained 
with nitrous oxide 70 % in oxygen and isofl urane 0.6–0.8 %. The patient is given 
cefazolin (1 g) without any adverse effect over a 10-min period after being given a 
100-mg test dose. Invasive monitors are placed. Fifteen minutes after induction, the 
rash has completely resolved. Three hundred milliliters of her own blood is col-
lected from the central line before surgery for autotransfusion. The patient is turned 
prone and surgery commences. Ninety minutes after induction of anesthesia, the 
surgeon complains that the patient is moving. At this time, the vital signs are mean 
arterial pressure (MAP): 70 mmHg; heart rate: 72; and central venous pressure 
(CVP): 8 mmHg. The total IV crystalloids given at that time is 1,000 ml and the 
estimated surgical blood loss is 500 ml. Immediately after the second dose of 
vecuronium (2 mg), the patient becomes severely hypotensive with an MAP of 25, 
a pulse of 140 bpm, and an oxygen saturation of 86 %. There is no change in peak 
inspiratory pressure. No expiratory stridor or wheezing is heard. There is a decrease 
in the end-tidal CO 2  from 30 to 18 mmHg. No rash is noted on face or arms. The rest 
of the body is draped and is unavailable for examination. 

    Question 

 What will you do?     

    Chapter 6   
 Case 6: Anaphylaxis, Anaphylactoid Reaction, 
or What Was It? 
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    Solution 

 Call a code, increase FIO 2  to 100 %, hand ventilate, and give vasoactive agents. In 
this case, 15 mg of ephedrine (the only pressor already drawn up) was given, and the 
MAP rose to 88 mmHg within 45 s and slowly returned to pre-event levels (Fig.  6.1 ). 
An arterial blood gas taken 5 min after the ephedrine showed a pH of 7.38, PCO 2  of 
36 mmHg, and PO 2  of 143 mmHg (FIO 2  of 50 %). The surgery continued and an 
intraoperative wake-up test was done successfully. Further neuromuscular relax-
ation was achieved with pancuronium without any adverse effects. The operation 
proceeded uneventfully and the endotracheal tube (ETT) was removed at the end of 
surgery with the patient awake, cooperative, and breathing spontaneously. No neu-
rodefi cit or rash was seen.

       Discussion 

 The sudden hypotension was most likely due to relative hypovolemia because of 
the patient’s rapid response to ephedrine (15 mg). Forgetting to take into account 
the blood taken from the CVP line as part of the blood loss was a mistake. In fact, the 
blood loss was at least 800 ml. When the patient’s muscles relaxed after the second 
dose of vecuronium, there was no compensatory mechanism. 

 Another cause could have been an air embolism, but no nitrogen was seen on the 
Rascal mass spectrometer. 

 The neuromuscular-blocking agents are a group of drugs known to stimulate 
histamine release. Cutaneous reactions are frequent, and anaphylactoid and anaphy-
lactic reactions also occur but are uncommon. Vecuronium has been promoted as an 
agent that does not cause histamine release in clinical doses [ 1 ]. However, there has 
been one case report of anaphylactic shock including bronchospasms [ 2 ], one case 
of bronchospasm [ 3 ], and two cases of histamine release due to the drug [ 4 ,  5 ]. 
Fisher and Munroe [ 6 ] think that life-threatening anaphylactoid reactions to muscle 
relaxants occur more commonly than previously thought.  

  Fig. 6.1    Transient hypotension due to hypovolemia, corrected with 15 mg of ephedrine       
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    Recommendations 

     1.    Blood from a CVP line for later transfusion should, at the time of withdrawal, be 
recorded as blood loss.   

   2.    It is essential to analyze the reasons for any hypotension and not to jump to inap-
propriate conclusions. In this case the patient could have been labeled as allergic 
to vecuronium, for example.   

   3.    If allergies from any cause are expected, it is imperative to have allergy testing 
performed postoperatively [ 7 ].         
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                    A 16-year-old boy (50 kg) is admitted in the early hours of the morning for repair of 
a cut right ulnar nerve. He is under the infl uence of alcohol and states that he has 
neither eaten nor drunk anything for 5 h. His vital signs are stable and his hemoglo-
bin is 11 g%. He has no fi xed address and denies any medical problems or illicit 
drug use. He comes to the operating room with an intravenous (IV) infusion of 
lactated Ringer’s solution. He has received a total of 1 l since admission 2 h earlier. 
At 4:00 a.m., a supraclavicular brachial plexus block is performed with a mixture of 
1.5 mg/kg (20 ml) bupivacaine 0.5 % and 1.5 mg/kg lidocaine 1 % (10 ml). At 
4:20 a.m., surgery starts. Five minutes later (4:25 a.m.), the patient develops what 
appear to be generalized convulsions. However, he is breathing, and oxygen satura-
tion remains within acceptable limits above 95 %. His heart rate is 94 regular, and 
his blood pressure (BP) is 140/90. 

 You provide oxygen via face mask and wonder what to do next as the surgeons 
have stopped working because the patient, but not the injured arm, is moving. 

    Question 

 What is the possible diagnosis and what will you do?     

    Chapter 7   
 Case 7: Generalized Convulsions After 
Regional Anesthesia 
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    Differential Diagnosis 

     1.    Toxic reaction to the local anesthetic drugs. Unlikely. The length of time from 
the injection of the drugs to the onset of convulsions is too long even for a 
delayed onset caused by slow absorption (25 min).   

   2.    Undiagnosed epileptic. Unlikely. He did not show the classic signs of an epilep-
tic convulsion such as incontinence and tongue biting.   

   3.    Hypoglycemic coma caused by excessive and prolonged alcohol intake. Likely.      

    Solution 

 You decide on the third option and inject 50 % dextrose solution with good effects. 
The patient stops convulsing and becomes rational.  

    Discussion 

 In a previous case, it was reported that a 22-year-old man with a history of excessive 
alcohol intake developed delayed convulsions after a regional block [ 1 ]. In that 
case, the convulsions subsided over a 10-min period after administration of IV glu-
cose. The patient’s blood glucose level after receiving 60 ml of 50 % dextrose was 
2.5 mmol/l (normal fasting levels, 3.33–6.60 mmol/l). He made an uneventful 
recovery, and his ulnar nerve was repaired under the supraclavicular block.  

    Recommendations 

     1.    Excessive alcohol intake can cause hypoglycemia. If this diagnosis is missed and 
the patient is given a general anesthetic without glucose or wrongly treated for a 
toxic reaction to local anesthetics (e.g., paralyzing and ventilating the patient), 
serious brain damage could ensue.   

   2.    Chronic alcohol intoxication is not age restricted.         
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                    A 16-year-old girl (American Society of Anesthesiologists physical status I [ASA 
1]) is scheduled for a bilateral L4–L5 microdiscectomy. Aside from her back com-
plaint, she is healthy with no known allergies. She has donated 1 unit of her own 
blood. She weighs 67 kg and measures 5 ft 4 in.; her starting hematocrit (Hct) is 
35 %. In the operating room, after standard monitoring is placed, she is anesthetized 
in a routine manner and turned prone for the surgery. Ninety minutes into the sur-
gery, with blood loss estimated to be 200 ml, sudden onset of tachycardia from 76 
beats per minute (bpm) to 120 bpm occurs. The blood pressure (BP) decreases from 
a mean arterial pressure (MAP) of 80 mmHg to 50 mmHg. The surgeon is informed. 
He sees no evidence of any acute blood loss. The hypotension is treated with ephed-
rine and 750 ml of albumin with good result. An intraoperative Hct taken after the 
event is 25 %. As a precaution, a 16-gauge intravenous (IV) line is placed in her 
external jugular vein, and her right radial artery is cannulated. One hour later, the 
surgeon fi nishes the operation. Estimated blood loss per suction bottle is 600 ml, 
and a repeat Hct is 21 %. The vital signs are stable. The surgeon wants a quick 
changeover, so he can start his next case.

    1.    You decide to delay the next case and keep the patient anesthetized in the supine 
position with an endotracheal tube (ETT) in situ. You are concerned about a 
potential catastrophic hypovolemic situation.   

   2.    You give the autologous unit.   
   3.    You measure the abdominal girth regularly.   
   4.    One hour later, you terminate the general anesthesia and take the patient to the 

recovery room. She is observed there for 2 h.   
   5.    The family is informed of the high probability of a severe bleed from an epidural 

vein.   
   6.    With vital signs stable (Hct at 22 %), you discharge the patient to the ward. No 

abdominal distension is seen.   
   7.    The patient is discharged home 3 days later with no back pain.     

 Two weeks later, the patient is airlifted back to the hospital by helicopter in 
 hypovolemic shock. At operation, a traumatic iliac artery aneurysm is repaired. 

    Chapter 8   
 Case 8: Hypotension During Microdiscectomy 
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    Question 

 What should you have done differently?     

8 Case 8: Hypotension During Microdiscectomy
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    Solution 

 In this case, a computed tomography (CT) scan of the patient’s abdomen should 
have been performed postoperatively to rule out a retroperitoneal bleed. The 
 aneurysm could then have been repaired immediately.  

    Recommendation 

 The lesson from this case is that unexplained, severe, intraoperative hypotension 
should be taken seriously. 1        

1   This case is similar to the case of Jeff Chandler, a famous actor from Los Angeles, who died from 
hypovolemic shock in the recovery room after a laminectomy. The cause of death was a surgically 
traumatized iliac artery. 

Recommendation
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                    A 4-year-old boy (12 kg) presents for surgical excision of a kidney tumor. His 
 history includes severe asthma that is treated with prednisone, 2 mg per day. Two 
days before surgery, he was given bronchodilator therapy to optimize pulmonary 
function. The patient is anesthetized by an inhalation induction with sevofl urane. 
An intravenous (IV) line is inserted, and vecuronium and hydrocortisone 50 mg are 
given. Endotracheal intubation is performed uneventfully. Anesthesia is maintained 
with fentanyl and isofl urane in an oxygen-air mixture. Surgical resection of the 
kidney proves diffi cult, and surgical bleeding ensues. Blood loss (1,000 ml) is 
replaced. The internal jugular vein and right radial lines are cannulated. Bleeding 
continues (blood loss now 1,500 ml). Blood and crystalloid are given. A moderate 
acidosis (base excess 7) and a low serum calcium are corrected. Eventually the 
bleeding is under control and the central venous pressure (CVP) is 10 mmHg, but 
the blood pressure (BP) decreases precipitously, despite multiple IV doses of ephed-
rine, phenylephrine, epinephrine, and dopamine infusion to support the BP. 

    Question 

 While you are considering a pulmonary artery catheter and giving magnesium, is 
there anything else you would do?     

    Chapter 9   
 Case 9: Intraoperative Hypotension 
in a Patient Receiving Chronic Steroids 
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    Solution 

 A repeat dose of steroid should bring the BP up to normal levels if the cause of the 
hypotension is due to lack of systemic hydrocortisone.  

    Discussion 

 In a previous case of an adult patient with steroid-dependent chronic obstructive 
pulmonary disease, severe hypotension developed intraoperatively [ 1 ] during 
 excision of a bladder tumor, despite an appropriate preoperative dose of hydrocorti-
sone. The vascular collapse occurred after massive hemorrhage, even with adequate 
volume resuscitation. The vasoactive agent was also unsuccessful in restoring vas-
cular tone, until a repeat dose of hydrocortisone was given. This repeat dose caused 
an immediate sustained improvement in arterial pressure (Fig.  9.1 ).

       Recommendation 

 A repeat dose of hydrocortisone is necessary to prevent severe operative hypotension 
in patients recovering from chronic steroid therapy when massive blood loss ensues.     
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  Fig. 9.1    The effect of IV hydrocortisone, 100 mg, on arterial blood pressure is shown at D. At A, 
B, and C, IV epinephrine boluses of 20 μ   g, 60 μg, and 100 μg, respectively, were administered. 
Prior doses of phenylephrine had no clinical effect. Reproduced with permission from Ratner EF, 
Allen R, Mihm FG, Brock-Utne JG. Failure of steroid supplementation to prevent operative hypo-
tension in a patient receiving chronic steroid therapy. Anesth Analg. 1996;82:1–3       
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                    A 10-year-old boy, otherwise healthy, is admitted to the trauma center after a motor 
vehicle accident. He has suffered a fracture of the second cervical vertebrae without 
neurologic defi cit. The fracture is managed with the application of a halo-fi xator, 
and he is observed in the intensive care unit (ICU). Twenty-four hours later, he 
develops respiratory distress and pulmonary congestion. An electrocardiogram 
(ECG) reveals moderate aortic valve regurgitation, probably as a result of the blunt 
chest trauma. A decision is made to treat the pulmonary edema with tracheal intuba-
tion and intermittent positive pressure ventilation. The halo-fi xator makes direct 
laryngoscopy impossible. A nasal endotracheal intubation is undertaken using the 
fi ber-optic bronchoscope, without incident. 

 Several days later, a diagnosis of maxillary sinusitis is made. The ICU team asks 
you to change the nasotracheal tube for an oral tube. How will you safely and 
quickly change the nasal endotracheal tube (ETT) for an oral one? To leave the 
nasal ETT in and discount fear of disseminated sepsis is not an option. 

 You discard the following options because they are considered hazardous:

    1.    Remove nasal ETT over bougie or tube changer followed by fi ber-optic oral 
reintubation.   

   2.    Pass an oral fi ber-optic scope along the side of the existing nasal ETT. When the 
scope is safely in the trachea, remove the nasal ETT.     

    Question 

 What else can you suggest?     

    Chapter 10   
 Case 10: Changing a Nasotracheal Tube for 
an Oral Tube in the Intensive Care Unit 
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    Solution 

 Pass one fi ber-optic bronchoscope down the existing nasal ETT. A second 
fi ber- optic bronchoscope directs a gum-elastic bougie along the side of the existing 
ETT into the trachea. The nasal fi ber-optic scope confi rms the correct placement of 
the gum-elastic bougie, the nasal ETT can be removed, and an oral tube can be 
placed over the bougie.  

    Discussion 

 To suggest two bronchoscopies was unheard of in the mid-1980s. Today, when most 
hospitals have at least three to four fi ber-optic carts, such a procedure is no longer a 
problem. The solution, in this case, is similar to a case reported by Hambly and 
Field [ 1 ].  

    Recommendation 

 When faced with diffi cult airway problems, it is important to be creative in the 
 interest of safety.     

   Reference 
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                    An 8-year-old, previously healthy boy (30 kg) is scheduled for an emergency 
 appendectomy. The patient is taken to the operating room. An intravenous (IV) line 
(20- gauge) in the antecubital fossa has already been started in the emergency room 
and is working fi ne. Routine monitoring equipment is placed on the child (electro-
cardiogram [ECG], pulse oximeter, noninvasive blood pressure [BP], and precordial 
stethoscope). General anesthesia is induced with thiopental (100 mg) followed by 
rocuronium (20 mg) with cricoid pressure. Precipitation is noted in the IV tubing. 
The precipitation is so severe that the IV is completely occluded. The patient is 
asleep, but no effect of neuromuscular relaxation, as per nerve stimulator, is seen 
after 90 s. You attempt laryngoscopy but fail to see the epiglottis because the child 
is moving his head and upper limbs. Vital signs remain stable. 

    Question 

 What will you do now?     

    Chapter 11   
 Case 11: Blocked Intravenous Line During 
Rapid-Sequence Induction 
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    Solution 

     1.    Maintain cricoid pressure.   
   2.    Give succinylcholine under the tongue in the usual IV dose. The onset is as quick 

as with IV succinylcholine. Intramuscular (IM) injection of the drug could also 
be used, but the onset is longer than with sublingual administration. It takes at 
least 2 min for the full effect of IM succinylcholine to take place.      

    Discussion 

 Rocuronium has been considered an appropriate alternative to suxamethonium in 
certain circumstances when rapid-sequence in induction is indicated. Unfortunately, 
if mixing of rocuronium and thiopental does occur, a dense, white precipitate forms 
within the IV tubing. This precipitate has been known to cause complete obstruction 
of fl ow [ 1 ].  

    Recommendations 

 If thiopental and rocuronium are used together, as in a rapid-sequence technique, it 
is imperative to fl ush the IV thiopental with the carrier fl uid before rocuronium is 
given. This can be done by a saline fl ush or by squeezing the bulb on a 
blood-giving set. 

 If one does not have a free-fl owing IV, an alternative induction agent or succinyl-
choline should be considered.     

   Reference 
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                    A 4-year-old, previously healthy boy is scheduled for tonsillectomy under general 
anesthesia. The patient is taken to the operating room, and routine monitoring 
equipment is placed on the child. An inhalation induction with sevofl urane is 
uneventful. An intravenous (IV) line is inserted, and vecuronium in a usual dose is 
given. RAE tubes (nasal preformed endotracheal tube [ETT]) of suitable size are not 
available. A (cut to size) standard uncuffed No. 5 nasal tube is inserted through the 
right nostril. The nasal tube is cut so that only the tube’s connector is seen outside 
the nostril. The connector is attached to a catheter mount, placed toward the fore-
head, and connected to a breathing system. The child’s lungs are manually venti-
lated. The surgeon covers the patient’s head, nose, and breathing system with a 
“turban.” Immediately thereafter the lungs become less compliant, and manual ven-
tilation is considered very diffi cult. Listening to the chest confi rms bilateral air 
entry, but breath sounds are decreased. The turban is immediately removed. This 
results in the immediate disappearance of the problem. A suction catheter is passed 
easily through the whole length of the nasal tube, and only minimal secretions are 
aspirated. As ventilation is now deemed to be adequate, the patient’s head is 
redraped. However, manual ventilation again becomes diffi cult, and you know that 
if you persist with this inadequate ventilation, then desaturation, hypoxia, and so 
forth will result. The surgeon is not pleased and you are now wondering what to do.    

    Chapter 12   
 Case 12: Postinduction Diffi cult Intubation 
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    Solution 

 You replaced the ETT connector with a Magill’s curved nasal connector and no 
further problems occur [ 1 ].  

    Discussion 

 It is not unusual for the weight of drapes to kink an ETT at the point where it 
emerges from either mouth or nose. If transparent drapes are used, the problem can 
quickly be detected. In this case, however, the ETT was kinked  inside  the nose by 
the weight of the turban. To solve this problem, the Magill connector creates a mini-
mal gap between the breathing system and the forehead; hence, the ETT is less 
likely to kink. A small armored tube could be a useful alternative; however, the 
Magill connector is a more economical and easier solution.  

    Recommendation 

 When RAE endotracheal tubes are not available, the Magill connector is very useful 
to reduce the incidence of kinking of the ETT. This is especially true when the con-
nector and breathing systems are over the forehead and covered by heavy drapes.     

   Reference 
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                    An 18-year-old man is an unrestrained driver who is rear-ended. He states that he hit 
his neck on the steering wheel and he has diffi culty in swallowing. A computed 
tomography (CT) scan of the neck shows a fracture of the thyroid cartilage without 
other evidence of signifi cant airway injury. An emergency operative examination 
under general anesthesia is planned with repair of the thyroid fracture followed by 
tracheostomy. 

 Additional history reveals that the patient regularly consumes the following:

    1.    Up to 12 cans of beer daily (his last drink was 2 h ago).   
   2.    Cocaine intranasally, the last time about 12 h ago.   
   3.    Inhaled amphetamines, the last time 3 days before surgery.   
   4.    Intravenous (IV) narcotics, the last time in the not-too-distant past.     

 He also smokes one pack of cigarettes daily and has mild asthma treated with 
inhaled beta-agonist medication. 

 On examination, the patient is found alert and cooperative with no apparent 
respiratory distress. Vital signs are blood pressure (BP) 129/71, pulse 75, respira-
tory rate (RR) 18, temperature 36.9 °C. He has a class 1 airway with no damaged 
teeth. The neck shows no gross deformity. However, swelling and tenderness are 
found over the right side thyroid cartilage. He exhibits no stridor or subcutaneous 
emphysema, no hoarseness, and no tracheal deviation. He has good cervical neck 
motion. 

 Examination of the chest reveals no other injury and clear bilateral chest sounds 
with normal heart tones. His hematocrit (Hct) is 45 %, and his chest X-ray is within 
normal limits. 

    Question 

 How would you anesthetize this patient?     

    Chapter 13   
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    Solution 

 In this case, a tracheotomy was performed under local anesthesia. Lidocaine  without 
epinephrine was used. A 7.0 anode tube was inserted and secured, and general anes-
thesia was induced with propofol and maintained with nitrous oxide in oxygen, 
isofl urane, and fentanyl. Panendoscopy showed moderate edema of the left and 
right false vocal cords, and a small hematoma of the left true vocal cord. The frac-
ture was repaired, the anode tube was removed, and a No. 4 tracheostomy tube was 
inserted over a gum-elastic bougie [ 1 ]. The patient had an uneventful postoperative 
course and was discharged the next day.  

    Discussion 

 At least two potential anesthetic problems exist in this case:

    1.     Airway : The safest method to achieve control of the airway is to perform a tra-
cheostomy under local anesthesia. The possibility of losing the airway during 
induction of general anesthesia is real, as is the chance of further damaging the 
thyroid cartilage. Most surgeons prefer to have no endotracheal tube (ETT) near 
their fi eld. Also, the increased chance of postoperative laryngeal edema should 
not be forgotten.   

   2.     Cocaine : Cocaine toxicity may lead to sudden death [ 2 ]. After nasal or oral 
ingestion, a delay of up to an hour can occur before convulsions and demise [ 3 ]. 
Existing heart disease is not a prerequisite for developing cardiac problems due 
to cocaine. The majority of deaths from cocaine are the result of deliberate or 
accidental overdose. The cardiac problems include vasospasm, myocardial 
infarction, myocarditis, cardiomyopathy, arrhythmias, and pulmonary edema 
[ 4 ,  5 ]. Neurologic problems include seizures, malignant hyperpyrexia, hyperten-
sion, encephalopathy, stroke, and respiratory arrest [ 6 ]. Other concerns include 
thrombocytopenia, mesenteric ischemia, and increased platelet aggregability [ 7 ]. 
We have described a case of preoperative marijuana inhalation causing severe 
uvular edema [ 8 ].     

 The use of lidocaine without epinephrine is more likely to be a theoretical con-
cern than a real practical issue. In the interest of safety, however, it should be 
excluded. Marked hypertension and tachycardia could result from absorption of the 
epinephrine. Should severe hypertension result, an alpha blocker should be avail-
able. It has been suggested that beta blockade alone may worsen hypertension by 
unopposed alpha stimulation [ 9 ]. Calcium antagonists for arrhythmias should be 
considered [ 10 ]. 

 If convulsions occur before anesthesia, then benzodiazepines or thiopental are 
indicated. However, control of the airway with adequate oxygenation is paramount 
during convulsion. Development of convulsion, in this case, could have proved to be 
a serious problem because of the patient’s airway.  

13 Case 13: Blunt Upper Airway Trauma in a Patient…
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    Recommendation 

 Although this patient’s airway was class 1, the safest anesthetic technique for this 
patient is a tracheostomy under local anesthesia followed by general anesthesia.     
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                    A 6-year-old girl falls out of a car (traveling 35 mph) onto her left side. She is taken 
to the hospital with C-spine precautions. On arrival, the patient is alert and oriented. 
The C-spine fi lms are negative. The patient is hemodynamically stable in the 
 emergency room without evidence of external injuries other than superfi cial 
 abrasion. She has no long-bone fractures, and two peripheral (18-gauge) intrave-
nous (IV) lines are inserted. Her hematocrit (Hct) is 30 %. Just as she is about to be 
discharged she complains of abdominal pain. An abdominal computed tomography 
(CT) scan reveals intraperitoneal fl uid and a ruptured splenic capsule. The patient is 
scheduled for an emergency laparotomy and transported to the operating room with 
oxygen, 6 l per minute, breathing spontaneously with a mask airway. A Jackson 
Rees modifi cation of the Ayres T-piece is used to provide oxygen. In the elevator, 
the patient complains of sudden onset of chest pain and diffi culty in breathing. 

 At that point, the elevator stops between two fl oors. You do the following:

    1.    Press the alarm bell in the elevator.   
   2.    Examine the patient. No cyanosis is seen (as far as you can tell in the artifi cial 

light—you have no oximeter with you). There is minimal air entry bilaterally but 
no adventitious sounds.   

   3.    The patient feels she is not getting enough air. You attempt to assist ventilation 
with your mask airway using the Jackson Rees modifi cation of the Ayres T-piece, 
only to discover that your collapsible ventilation bag has a large hole in it and is 
therefore useless. You have no drugs, laryngoscope, endotracheal tubes (ETTs), 
or self-infl ating (Ambu) bags.     

    Question 

 What will you do to try to assist ventilation in this patient without resorting to 
mouth-to-mouth resuscitation?     

    Chapter 14   
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    Solution 

     1.    Reassure the patient.   
   2.    Take the damaged collapsible bag off and intermittently occlude the corrugated 

tubing of the Jackson Rees modifi cation (Fig.  14.1 ).
       3.    Help her sit up in the bed.      

    Discussion 

 The chest pain and the shortness of breath were believed to be secondary to intra- 
abdominal blood with diaphragmatic referral. By sitting the patient up, the symp-
toms improved, and by the time the elevator was operational again (10 min), the 
patient did not complain of pain. The patient made an uneventful recovery from her 
ruptured spleen.  

    Recommendation 

 During transport of potentially problematic patients, it is essential that emergency 
drugs, ETTs, oxygen supply, a Jackson Rees modifi cation (Mapleson    F), and an 
oximeter are readily available.    

  Fig. 14.1    Ayres T-piece (Mapleson E) is shown without a collapsible bag as it was originally 
described. Ayres ventilated the children by occluding, with his thumb, the distal end of the corru-
gated tubing (exhalation tube) and watching the chest exertions. Jackson Rees modifi ed the Ayres 
T-piece by placing a collapsible bag with a pressure relief valve at its end. This system is now also 
known as a Mapleson F. Although it is diffi cult to scavenge from a Mapleson E, it is easier with a 
Mapleson F ( FGI  fresh gas intake)       
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                    A 16-year-old boy (80 kg) is scheduled for outpatient arthroscopy of his left knee. 
He is classifi ed as an American Society of Anesthesiologists physical status I (ASA 1) 
and has no signifi cant medical history. He takes no medication or illicit drugs. He is 
a high school wrestling champion. In the preoperative area, an intravenous (IV) 
infusion is started and midazolam, 1 mg, is given as a premedicant. In the operating 
room, his vital signs are heart rate 64 regular, blood pressure (BP) 130/70, respira-
tory rate (RR) 12; his chest is clear. After preoxygenation, anesthesia is induced 
with propofol, 150 mg, and a laryngeal mask airway (LMA) is inserted atraumati-
cally. The surgical procedure is uneventful. On awakening from the anesthetic, the 
patient coughs violently and develops laryngospasm. Oxygen saturation falls below 
80 %. Positive pressure mask ventilation with 100 % oxygen breaks the laryngo-
spasm after a few minutes, but a few minutes after that, he is unable to get suffi cient 
air into his lungs. Vital signs are normal, but the oxygen saturation is 92 % on 100 % 
FIO 2  via a Jackson Rees modifi cation of the Ayres T-piece (see Chapter       14    ). 
Examination of the chest reveals bilateral crepitations all over his lung fi elds, and 
now he is coughing up pink frothy sputum. 

    Question 

 What is the cause of the problem and what will you do?     

    Chapter 15   
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    Solution 

 A chest X-ray showed pulmonary edema and you gave furosemide, 20 mg. There 
was rapid clinical improvement. The electrocardiogram (ECG) was normal. The 
patient was admitted overnight for observation and discharged the next day.  

    Discussion 

 This is a classic case of negative pressure pulmonary edema (NPPE), which was 
fi rst described by Oswalt et al. [ 1 ]. NPPE is a rare form of noncardiogenic pulmo-
nary edema that may complicate upper airway obstruction [ 2 ]. It has been described 
as having two components. First, forceful inspiratory efforts against an obstruction 
may cause capillary damage. This mechanism is akin to that of re-expansion pulmo-
nary edema [ 3 ] and creates a large transpulmonary pressure gradient favoring tran-
sudation of fl uid from the pulmonary capillaries into the alveoli. Resultant hypoxia 
and sympathetic discharge induce vasoconstriction [ 4 ], increasing the pulmonary 
fi ltration pressure and thereby worsening the pulmonary edema. Second, NPPE 
 usually occurs after the relief of the airway obstruction. Expiration against the 
obstruction creates an “auto-PEEP” (positive end-expiratory pressure) effect, pre-
venting pulmonary fl ooding [ 5 ]. When the obstruction is removed, this protective 
effect is lost and pulmonary edema results. However, NPPE is usually self-limiting, 
resolving within 12–24 h of supportive therapy. 

 The main differential diagnosis is pulmonary aspiration; however, improvement 
in clinical symptoms after the correction of an airway obstruction merits the diag-
nosis of NPPE.  

    Recommendation 

 NPPE is uncommon, but awareness of this complication allows for early recogni-
tion and prompt treatment. Although more common in strong, healthy adults [ 6 – 8 ], 
it has also been reported in infants [ 9 ].     
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                    A 3-day-old boy is scheduled for repair of a tracheoesophageal fi stula. No other 
abnormalities are noted. Anesthesia is induced with sevofl urane, and suxametho-
nium is given to place an endotracheal tube (ETT) (3 mm) in the trachea. Anesthesia 
is maintained with 70 % nitrous oxide in oxygen and halothane. Vecuronium is 
given as a muscle relaxant. A thoracic epidural is inserted via the caudal canal to 
approximately T6 [ 1 ]. During the operation, the catheter is infused with bupivacaine 
0.125 % at a rate of 0.5 ml per hour. The operation is completed uneventfully, and 
the ETT is removed from the baby’s trachea. During the fi rst 24 h, the baby’s vital 
signs are stable. The surgeon is keen to remove the epidural catheter and start the 
child on oral/rectal nonsteroidal anti-infl ammatory drugs (NSAIDs). You agree but 
leave the epidural catheter in situ. After 2 h, the respiratory rate increases from 45 
to 55 breaths per minute. The baby’s saturation decreases from 95 % to 90 %. The 
inspired oxygen is increased to 30 % and more rectal analgesic is administered. 
Continuous positive airway pressure (CPAP) (5 cm H 2 O) is given, and some 
improvement is seen in the vital signs. You feel happier about the baby until the 
nurse brings you a chest X-ray of the patient taken 5 min previously. This shows a 
right middle and lower lobe collapse. The oxygen saturation is now 88 %. 

    Questions 

 Will you wait and see, or will you do something? If so, what will you do?     

    Chapter 16   
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    Solution 

 The epidural infusion was restarted with bupivacaine. After 5–10 min, the vital 
signs improved signifi cantly. The baby continued to receive the epidural infusion up 
to 40 h postoperatively and after that made an uneventful recovery.  

    Discussion 

 Before 1975, very few pediatric patients received regional anesthesia for intraopera-
tive or postoperative pain relief. Since then, there has been great interest in this fi eld 
and much has been learned [ 2 ,  3 ]. Perioperative epidural bupivacaine has been 
shown to attenuate the stress response to surgery better than do systemic opioids [ 4 ]. 

 In this case, the too-early termination of an adequate epidural anesthetic and 
replacement with an inferior analgesic led to pain, splinting of the rib cage, and col-
lapse of the lung. This case is similar to a previous report [ 5 ].  

    Recommendation 

 When a call is made to remove an adequate epidural, it is prudent to leave the epi-
dural in situ until alternate analgesics are seen to work satisfactorily. To do other-
wise can, in certain cases, lead to serious clinical problems [ 5 ].     

   References 

    1.    Bosenberg AT, Bland BAR, Schulte-Steinberg O, Downing JW. Thoracic epidural anaesthesia 
via the caudal route in infants. Anesthesiology. 1988;69:365–9.  

    2.    Berde C. Regional anesthesia in children: what have we learned? Anesth Analg. 1996;83:
897–900.  

    3.    Giaufre E, Dalens B, Gombert A. Epidemiology and morbidity of regional anesthesia in 
 children: a one-year prospective survey of the French-language society of pediatric anesthesi-
ologists. Anesth Analg. 1996;83:904–12.  

    4.    Rowe P, Simon L. Effect of extradural analgesia on stress responses to abdominal surgery in 
infants. Br J Anaesth. 1993;70:654–60.  

     5.    Cass LJ, Howard RF. Respiratory complications due to inadequate analgesia following 
 thoracotomy in a neonate. Anaesthesia. 1994;49:879–80.    

16 Case 16: Postoperative Respiratory Complications in a Neonate



49

                    A 17-year-old primigravida (85 kg) is admitted to the hospital at 7 p.m. She is 39 
weeks pregnant and in labor. Fetal distress is diagnosed and an emergency cesarean 
section is scheduled. The patient    refuses both spinal and epidural anesthesia. She is 
taken to operating room No. 4 and routine monitors are placed. She is very nervous 
and does not want the oxygen mask for preoxygenation. You anesthetize her with a 
rapid-sequence technique consisting of metoclopramide; an antacid, 30 ml per os; 
etomidate, 18 mg; and succinylcholine, 100 mg, with cricoid pressure. After the 
endotracheal tube (ETT) is placed in the trachea, anesthesia is maintained with 
50 % nitrous oxide in oxygen with isofl urane 0.8 %. Further muscle relaxation is 
provided by intravenous (IV) injection of vecuronium, 7 mg. At delivery, the child 
cries immediately and has an Apgar score of 8/8 at 1 min after delivery. After deliv-
ery of the infant, the mother receives morphine, 10 mg IV, and the nitrous oxide is 
increased to 70 % in oxygen. At the end of the surgery, the isofl urane is turned off. 
The residual effect of the nondepolarizing drug is antagonized with neostigmine, 
5 mg, mixed with atropine, 1.2 mg, IV. The patient starts to breathe spontaneously. 
The nitrous oxide is turned off and 100 % oxygen is given. Three to four minutes 
later, the oxygen saturation alarms. The saturation is now 88 %, down from 100 %. 
You check the monitor but it seems to be working as the heart rate per the oximeter 
and electrocardiogram (ECG) is identical at 100 beats per minute (bpm) up from 
82 bpm. You examine your patient and discover that she is cyanosed and, despite all 
attempts to resuscitate her, she is declared dead 20 min later. You and the whole 
team are devastated. 

   Question 

 What could have gone wrong?     

    Chapter 17   
 Case 17: Pregnant Teenager 
with a Bad Outcome 
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   Solution 

 This tragic case happened to a friend of mine. A maintenance crew had worked on 
the oxygen and nitrous oxide pipelines supplying operating room No. 4 that 
 afternoon, from 5 to 6 p.m. This event was unknown to the operating room staff at 
7:10 p.m., when the pregnant teenager was wheeled into the operating room. 
Unfortunately, the workers had switched the pipes so that nitrous oxide was oxygen 
and oxygen was nitrous oxide. The lack of preoxygenation in this case precluded 
the anesthesiologist making the diagnosis. Adding to the anesthesiologist’s prob-
lems was the fact that the oxygen analyzer was later found to be defective. 

 Later that night, a small child was admitted in respiratory distress to the same 
hospital. The mother thought a peanut was lodged in the trachea. The child was 
taken to operating room No. 4. When another anesthesiologist attempted to induce 
the child with 100 % oxygen (which was actually 100 % nitrous oxide), the child 
quickly desaturated. The anesthesiologist decided to try another machine in another 
operating room. Here, induction with 100 % oxygen was uneventful and the peanut 
was successfully removed. Operating room No. 4 was closed. The next morning the 
room was inspected and the fault found.  

   Recommendations 

 There are two good reasons for preoxygenating any patient:

    1.    To increase the oxygen reserve.   
   2.    To make certain that the gas labeled “oxygen” actually is oxygen. If it is 100 % 

nitrous oxide, you will soon fi nd out.        

17 Case 17: Pregnant Teenager with a Bad Outcome
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                    A 16-year-old girl is admitted to the hospital with increasing abdominal pain. Her 
history is unremarkable and she is on no treatment. A diagnosis of a perforated 
viscous is made. Abdominal X-rays show a large pneumoperitoneum with elevation 
of the diaphragm. She is transferred to the operating room with a 4-l oxygen mask 
for an emergency laparotomy. She is unable to lie fl at because of her respiratory 
distress. Her vital signs include a sinus tachycardia of 110 beats per minute (bpm), 
blood pressure (BP) 150/90, respiration shallow with a rate of 32, and oxygen satu-
ration 95 %. She complains of severe abdominal pain, cannot get enough air, and is 
very worried. 

    Question 

 How will you anesthetize this patient, who should be treated as a full stomach?     

    Chapter 18   
 Case 18: Tension Pneumoperitoneum 
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    Solution 

 You can either (1) do a tracheal intubation with the patient in the sitting position 
using a fi ber-optic laryngoscope or (2) do a rapid-sequence induction. 

    Fiber-Optic Laryngoscope 

 Intragastric pressures measured in normal fasting adult patients may reach 30 cm 
H 2 O [ 1 ,  2 ]. The distance between the lower esophageal sphincter (LES) and the 
upper esophageal sphincter exceeds 25 cm in most adults. Hence, even if the LES 
provides little resistance to the effl ux of gastric content, it is considered unlikely that 
normal intragastric pressure, responsible for passive regurgitation, would be suffi -
cient to force the gastric contents into the oropharynx in a patient sitting fully 
upright. Before securing the airway fi ber-optically, it is imperative to decrease gas-
tric volume and acidity and increase LES tone [ 2 – 7 ]. Adequate topical anesthesia 
should be provided, preferably with the atomizer (Magill spray), using a combina-
tion of lidocaine 4 % (8 ml), tetracaine 20 % (2 ml), and cocaine 2 % (2 ml). If the 
patient can tolerate it, 2 ml of the aforementioned mixture can be injected through 
the cricothyroid membrane to provide intratracheal anesthesia. Thereafter, a stan-
dard oral fi ber-optic intubation can be performed. 

 It is important to remember that topical anesthesia abolishes the laryngeal pro-
tective refl exes.  

    Rapid-Sequence Induction 

     1.    Intravenous (IV) sedation (if considered safe).   
   2.    A 60 % head-up tilt.   
   3.    Preoxygenation.   
   4.    Several fl oor lifts for the anesthesiologist to be able to stand suffi ciently tall to 

visualize the vocal cords and therefore intubate the trachea safely.   
   5.    IV induction with ketamine.   
   6.    Cricoid pressure. This may be one of the drawbacks of a rapid-sequence induc-

tion in this position because anesthesiologists have problems with its safe and 
effi cient application even with the patient supine [ 8 – 10 ]. One should also con-
sider the possibility of carotid body stimulation.   

   7.    No nitrous oxide, at least before the pneumoperitoneum tension is released.   
   8.    Be prepared for a potential associated pneumothorax (see Chap.       20    ).       

18 Case 18: Tension Pneumoperitoneum
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    Discussion 

 At laparotomy, a perforated gastric ulcer is found and repaired. The development of 
the tension pneumoperitoneum is thought to be caused by a fl aplike mechanism fed 
by aerophagy. Pneumoperitoneum is caused in 90 % of cases by perforation of an 
intestinal viscus and in 10 % by pulmonary barotrauma. In one adult case, fatal 
 tension pneumoperitoneum with associated pneumothorax was reported [ 11 ].  

    Recommendation 

 In these cases, securing the airway with a fi ber-optic technique may be the safest 
solution.     
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                    An 8-year-old girl presents to the emergency room with exacerbation of her asthma. 
She has been hospitalized fi ve times previously, requiring salbutamol via nebulizer, 
oral slow-release theophylline preparation, and chest physiotherapy. She presents 
now with increased shortness of breath and wheezing that has gradually worsened 
over the past 24 h. On examination, she is pale, distressed, and hardly able to speak. 
Her vital signs are the following: heart rate: 136 beats per minute (bpm); blood pres-
sure (BP): 140/60; and respiratory rate: 30 breaths per minute with poor air entry to 
both lung fi elds and soft, high-pitched wheezes heard all over. 

 The initial management includes oxygen via mask at 10 l per minute, salbutamol 
0.5 % via nebulizer, aminophylline via intravenous (IV) infusion, and a bolus dose 
of hydrocortisone, 250 mg IV. Initial blood gas shows a pH of 7.31, PCO 2  of 
50 mmHg, and PO 2  of 77 mmHg. The patient does not respond to the therapy and 
appears tired and listless. A repeat blood gas shows the PCO 2  has risen to 90 mmHg. 
A decision to mechanically ventilate the patient is made. An awake blind nasotra-
cheal technique is used. The tube is passed with some diffi culty through the right 
nostril but readily enters the trachea. The patient is sedated with morphine and mid-
azolam. Vecuronium is given for muscle relaxation. The nasotracheal intubation is 
complicated by a moderately severe epistaxis requiring nasal and oral packing, with 
good effect. However, the peak airway pressure is higher than 100 cm H 2 O, and it is 
diffi cult to ventilate the patient’s lungs by hand because the chest is found to be very 
“tight.” There are audible wheezes bilaterally. A chest X-ray confi rms the correct 
placement of the endotracheal tube (ETT), and no evidence of pneumothorax is 
found. Salbutamol is administered continuously via nebulizer and infused by IV, 
together with aminophylline. Epinephrine, 1 ml (1:10,000), is administered via the 
nasotracheal tube. The above treatment elicits very little improvement in peak 
 airway pressures. An arterial blood gas reveals pH of 7.10, PCO 2  of 96 mmHg, and 
PO 2  of 200 mmHg. 

    Chapter 19   
 Case 19: A Patient with Status Asthmaticus 
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    Question 

 Besides trying other drugs, what will you do now?     

19 Case 19: A Patient with Status Asthmaticus
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    Solution 

 A tracheal suction catheter should always be passed in these cases to assess patency 
of the ETT. The catheter meets with serious obstruction at what is perceived to be 
the distal end of the ETT. Firm pressure is applied to the catheter and the obstruction 
is eliminated. The suction catheter is removed with some blood seen in the catheter. 
Immediately thereafter, the peak inspiratory pressures fall to high-normal levels, 
and the arterial blood gas shows improvement.  

    Discussion 

 Magill [ 1 ] described the technique of blind nasotracheal intubation in an awake 
patient. This is considerably safer than endotracheal intubation after sedation and 
muscle relaxation in many of the aforementioned cases. Hypoxia, caused by inad-
vertent esophageal intubation or prolonged and diffi cult endotracheal intubation, 
together with the potential for aspiration of gastric content, is inherent with the 
use of the sedation and muscle relaxation. However, complications of the Magill 
technique are also well documented [ 2 – 5 ]. Epistaxis is seen in up to 13 % of cases 
[ 3 ]. Obstruction of the ETT by sputum plugs [ 6 ], blood clots [ 7 ], dried lubricant 
jelly [ 8 ], inferior [ 9 ] and middle [ 10 ] turbinates, and nasal polyp [ 11 ] are well 
described. 

 The case reported here is similar to a previous report [ 12 ], in which a turbinate 
was dislodged from the tip of the ETT to the right main bronchus after the passing 
of the suction catheter. The turbinate later led to a right lung collapse, which was 
resolved after the removal of the turbinate at bronchoscopy. Another case report [ 9 ] 
mentioned the avulsion of an inferior turbinate during blind nasal intubation in 
which the subsequent obstruction of the ETT led to the sudden appearance of 
bronchospasm.  

    Recommendation 

 During blind nasal intubation, partial or total obstruction of the ETT can occur—a 
fact that can easily be forgotten during the often highly charged treatment of an 
asthmatic. One automatically could assume that the increased peak pressures and 
audible wheeze are due solely to the asthma and not due in whole or in part to an 
obstructed ETT. 

 To prevent the avulsion or impaction of material at the tip of the ETT during 
the passage through the nose, a Foley catheter has been suggested for use as an 
obturator [ 11 ].     

Recommendation
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                    A 3-year-old boy (28 lb) is scheduled for a left nephrectomy for a Wilms’ tumor. 
His medical history is unremarkable except for hematuria and an abdominal mass. 
The patient has no known drug allergies, and the family history is negative for 
anesthesia-related problems. 

 General anesthesia is induced via face mask with sevofl urane 1–4 % in nitrous 
oxide 70 % and 30 % oxygen after all necessary noninvasive monitoring equipment 
is placed on the child. After the child is asleep, an intravenous (IV) line is inserted 
and 2 mg vecuronium is administered to facilitate tracheal intubation. Ninety min-
utes into the operation, the lead II electrocardiogram (ECG) tracing is noted to be 
dramatically reduced in amplitude when compared to the preinduction tracing 
(Fig.  20.1 ). The heart rate, blood pressure (BP), end-tidal CO 2 , and airway pressures 
have not changed. Breath sounds continue to be equal bilaterally.

      Questions 

 Are you concerned? If so, what could the problem be?     

    Chapter 20   
 Case 20: Intraoperative Decrease 
in Electrocardiogram Amplitude: 
Cause for Concern? 

J.G. Brock-Utne, Near Misses in Pediatric Anesthesia, 
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    Solution 

 You are concerned because you think a possible pneumothorax is developing.

    1.    You change the anesthetic gases from 70 % nitrous oxide in oxygen to 100 % 
oxygen with sevofl urane 1–2 %.   

   2.    A portable chest X-ray is requested.   
   3.    A chest drain should be made available. An emergency chest drain can be made 

from available anesthesia equipment within a minute should the need arise [ 1 ].      

    Discussion 

 Decreased ECG amplitude produced by spontaneous pneumothoraces has been 
described as a diagnostic aid in the awake breathing patient [ 2 – 4 ]. In our case [ 5 ], 
after having diagnosed a pneumothorax, we elected not to put in a chest drain 

a

b

     Fig. 20.1    ( a ) The electrocardiogram (ECG) before induction of anesthesia. ( b ) The ECG after 
nephrectomy. Reproduced with permission Botz G, Brock-Utne JG. Are electrocardiogram 
changes the fi rst sign of impending peri-operative pneumothorax? Anesthesia. 1992;47:1057–9       
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immediately because the patient’s general condition remained stable. However, 
25 min later, without any further change in the amplitude of the ECG, there was a 
sudden decrease in oxygen saturation to less than 95 %. The mean arterial pressure 
decreased to 40 mmHg and peak inspiratory pressure rose from 25 to 58 cm H 2 O. 
Decreased air entry was noted on the left. The chest drain had not yet arrived so the 
emergency chest drain (Fig.  20.2 ) was used [ 1 ]. After the placement of the chest 
drain, the ECG amplitude reverted to baseline levels. The patient made an unevent-
ful recovery and was discharged 1 week later.

   A right-sided intraoperative pneumothorax may not show such a dramatic 
decrease in amplitude for obvious reasons [ 6 ].  

    Recommendation 

 Intraoperative decreased ECG amplitude should be taken seriously [ 5 – 7 ].     

  Fig. 20.2    The equipment necessary for the rapid construction of an underwater seal apparatus 
includes the following: one 250 ml glass or plastic container of IV fl uid, a primary IV set, scissor, 
IV 14-gauge catheter, and an 18-gauge or larger needle. The method includes cutting the primary 
IV set in half as shown in the fi gure. The piercing pin of the primary IV set ( on the left ) is inserted 
into the IV plastic container after having removed the white stopper. The other cut end of the pri-
mary IV set ( on the right ) is inserted into the outlet of the 250 ml plastic container. This is the 
outlet that has been pierced with the pin of the primary IV set. The end of the primary IV tubing is 
introduced well below the fl uid level. The 14-gauge IV catheter is inserted into the pleural cavity 
on the affected side through the second intercostal space in the mid-clavicular line. The proximal 
end of the 14-gauge catheter is then attached to the male adapter on the primary IV. The other end 
of this primary IV set that is attached to the male adapter is in the 250 ml container. The large bore 
needle (>18-gauge) is inserted through the medication injection port of the plastic container to act 
as a vent       

 

Recommendation
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                    A 10-year-old boy (30 lb) is scheduled for a left hernia repair. His medical history is 
otherwise unremarkable. The patient has no known drug allergies, and the family 
history is negative for anesthesia-related problems. An intravenous (IV) line (20 
gauge) in the back of the hand is seen to be adequate; it was placed by the pediatric 
resident for preoperative IV antibiotic. The patient is taken to the operating room, and 
monitoring equipment is placed on the child (electrocardiogram [ECG], pulse oxim-
eter, a nerve stimulator, noninvasive blood pressure [BP], and precordial stetho-
scope). General anesthesia is induced with propofol, 75 mg, and the patient falls 
asleep. The patient is easily ventilated via a face mask with sevofl urane 1–4 % with 
100 % oxygen, and vecuronium, 4 mg, is given by the 20 gauge IV. After 3 min, the 
nerve stimulator indicates that the patient is not adequately relaxed. The IV is checked 
and found to be nonfunctioning. A new IV is inserted and a repeat dose of vecuronium 
is administered. Within 3 min, the patient is adequately relaxed, and an endotracheal 
tube (ETT) is inserted into the trachea atraumatically. Breath sounds are equal bilat-
erally. Anesthesia is maintained with nitrous oxide 70 % in oxygen with isofl urane 
0.6 % and with meperidine, 15 mg. The surgery commences and concludes unevent-
fully. At the end of the surgery, with the patient breathing spontaneously, the ETT is 
removed from the patient’s trachea. The child is taken to the postanesthesia care unit 
(PACU) asleep but arousable. Twenty minutes later, when you are about to induce 
anesthesia in your next case, you get a call from the PACU. You are told that your 
previous patient is not breathing and the oxygen saturation is now 76 %. You tell the 
nurse to commence artifi cial ventilation and you run to the PACU. In the PACU, the 
nurse is successfully administering oxygen 100 % via a face mask using a Jackson 
Rees modifi cation of the Ayres T-piece. The oxygen saturation is now 96 %, and his 
vital signs include a heart rate of 140 beats per minute (bpm) and a BP of 80/50 mmHg. 

    Question 

 What will you do and what could be the cause of the respiratory arrest?     

    Chapter 21   
 Case 21: Potential Disaster: An Intravenous 
Line That Stops Working in the Perioperative 
Phase 

J.G. Brock-Utne, Near Misses in Pediatric Anesthesia, 
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    Solution 

 You go to the head of the bed and reintubate the child. Vital signs continue to be 
normal. You note that the IV that had failed in the operating room now seems to 
be working. The nurse informs you that she has managed to get it to work. A nerve 
stimulator shows that the child is completely relaxed. The cause of the respiratory 
failure was most likely the vecuronium that remained in the original IV. This drug 
got into the systemic circulation when the nurse fl ushed the IV to get it working 
again.  

    Discussion 

 An intraoperative malfunctioning or nonfunctioning IV is not an uncommon 
 problem. Although the aforementioned case is unusual, other intraoperative prob-
lems can also occur. At times during surgery, when the IV insertion into the vein is 
hidden from view, it is impossible to see if the IV is infi ltrating. I have seen a case 
of a 60-year-old man who had to have his left arm amputated after a 4-h routine 
coronary artery bypass operation because of excessive IV infi ltration. I have also 
seen a hidden IV unintentionally severed by a surgeon [ 1 ]. This led to a near disas-
ter. If I cannot fully see the catheter, where it enters the vein, I will not use it unless 
absolutely necessary. If I must use it, I regularly check it for patency.  

    Recommendation 

 From the case presented, it would seem prudent to remove immediately any IV that 
is deemed nonfunctioning. This should prevent a potentially serious mishap.     
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                    A 17-year-old boy is admitted to the emergency room after a single 30-cm machete 
injury to his right chest. The incision extends from the right of the sternum at the 
level of T6 toward the midaxillary line. He states he had previously been in good 
health and is on no medical treatment. On examination, he is fully conscious, vital 
signs are stable, and the hematocrit (Hct) is 30 %. An intravenous (IV) line is started 
and an intercostal chest drain inserted. The latter is seen to be working well, but a 
great deal of white-pink froth is noted in the underwater seal bottle. The patient is 
taken to the operating room for exploration of the chest. 

    Questions 

 How would you anesthetize this patient? Would you consider using a double-lumen 
tube? If so, why?     

    Chapter 22   
 Case 22: Ventilatory Management in Major 
Thoracic Incisional Injury 
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    Solution 

 In this case, a rapid-sequence technique was used with cricoid pressure, and a left 
double-lumen tube passed easily into the trachea. Initially, both lungs were venti-
lated, but the patient suddenly became cyanotic with an unrecordable oxygen satu-
ration. The right lumen of the double-lumen tube ventilating the right lung was 
occluded by a clamp at the mouth end, leaving only the left lung to be ventilated. 
The patient’s color immediately improved, and the oxygen saturation rose above 
97 %. A large single laceration of the lung, a 15-cm laceration of the diaphragm, 
and a 5-cm laceration of the liver were found. The diaphragm and the liver lacera-
tions were repaired. The chest was closed. The right lung was seen to expand ade-
quately, but again, when both lungs were ventilated, the oxygen saturation fell. The 
patient’s left lung was ventilated for the next 10 h, and his vital signs remained 
stable. When he was able to ventilate spontaneously with both lungs via the double- 
lumen tube, it was removed. He continued to improve and was discharged 4 days 
later.  

    Discussion 

 A double-lumen tube was used in this case because of the clinical suspicion of a 
bronchopleural fi stula. Had a single-lumen tube been used, a potential disaster 
could have occurred due to an inability to isolate the right lung quickly. If the injury 
had been to the left side, one could have placed the single lumen tube into the right 
main stem. 

 The use of a double-lumen tube in a rapid-sequence technique in patients with 
airway classes 1 and 2 should not be an added hazard to getting control of the air-
way. I have used the double-lumen tube many times in similar situations with no 
adverse effect. It is, however, important to have at least two smaller double-tube 
versions in the room. The verifi cation of the correct position of the tube can be done 
either with the Brodsky technique [ 1 ] or by using fi ber-optic laryngoscopy [ 2 ]. This 
case is similar to a previously reported incident [ 3 ]. In that case, we believed that the 
patient had a bronchopleural fi stula. However, in retrospect, it is more likely that 
hundreds of secondary and tertiary bronchioles were cut, causing a clinical picture 
similar to that seen with a bronchopleural fi stula. In our case, considerable frothing 
was seen, unlike cases of bronchopleural fi stulas.  

    Recommendation 

 When a bronchopleural fi stula is suspected, a double-lumen tube may prove to be 
invaluable.     

22 Case 22: Ventilatory Management in Major Thoracic Incisional Injury
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                    A 16-year-old boy (200 lb) is scheduled to donate his bone marrow under general 
anesthesia. The history of the donor is unremarkable except for his obesity. The 
patient has had no previous anesthesia/surgery, and his family history is negative for 
anesthesia-related complications. The patient is taking no medication and has no 
drug allergies. He is classifi ed as an American Society of Anesthesiologists physical 
status II (ASA 2) with a class 2 airway. A 20-gauge intravenous (IV) line is placed 
in his left hand, and midazolam (2 mg) is given by IV in the preoperative holding 
area with good effect. In the operating room, after standard monitoring is placed 
(pulse oximetry, Dinamap, and a fi ve-lead electrocardiogram [ECG]), he is anesthe-
tized in a routine manner using fentanyl, thiopental, and vecuronium. Mask ventila-
tion is found to be more diffi cult than was anticipated. However, when one person 
applies jaw thrust and another ventilates the lungs with the collapsible bag, the chest 
is seen to rise and the capnograph shows end-tidal CO 2 . Seven minutes after the 
vecuronium is administered, on the third attempt, the endotracheal intubation is 
 successful. After the airway is secured, the patient is turned prone for the surgery. 
Mechanical ventilation is instituted but an air hissing sound is heard stemming from 
the mouth. You check the pilot tubing, which seems in order. You put more air into 
the pilot tubing balloon, but the air leak does not go away. On auscultation, there is 
bilateral equal air entry. The patient’s vital signs remain stable with the oxygen satu-
ration at 100 %. The peak airway pressure is 36 cm H 2 O. The air leak can still be 
heard 5 min after the patient is turned prone and does not seem to diminish. The leak 
is heard only on inspiration and not on expiration. 

    Questions 

 Will you ignore it (after all the vital signs are stable), or will you turn the patient 
supine and reintubate with another endotracheal tube (ETT)? Or, what will you do?     

    Chapter 23   
 Case 23: Airway Leak in a Prone Patient 
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    Solution 

 You pass an orogastric tube and suck out the air that has been introduced during 
mask ventilation. The air leak immediately disappears. The case proceeds unevent-
fully, and the patient is discharged later that day.  

    Discussion 

 Gastric distension during mask ventilation is common. This is especially true for 
prolonged and diffi cult ventilation. As long as the vital signs are stable, it is worth-
while to pass an orogastric tube before considering turning the patient supine.  

    Recommendation 

 When air may have been introduced into the stomach during mask ventilation, an 
orogastric tube to vent the air is recommended. Even if the patient is not turned 
prone, decompressing the stomach may help decrease the incidence of postopera-
tive nausea and vomiting.    

23 Case 23: Airway Leak in a Prone Patient
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                    A 14-year-old boy (120 lb) is scheduled for an emergency appendectomy. His 
 history is unremarkable. The patient has no previous anesthesia/surgery, and his 
family history is negative for anesthesia-related complications. The patient is taking 
no medication and is classifi ed as an American Society of Anesthesiologists physi-
cal status I (ASA 1). General anesthesia is induced with a rapid-sequence technique 
including thiopental and succinylcholine after all necessary monitoring equipment 
is placed on the child (electrocardiogram [ECG], pulse oximeter, noninvasive blood 
pressure [BP], and precordial stethoscope). After the child is asleep, the trachea is 
intubated with a cuffed 5-mm internal diameter (i.d.) endotracheal tube (ETT). 
Breath sounds are equal bilaterally, and the ETT is securely taped. Anesthesia is 
maintained with isofl urane and nitrous oxide in oxygen, meperidine, and vecuronium. 
The operation proceeds uneventfully, and at the end of the surgery the neuromuscu-
lar blockade is reversed. Spontaneous respiration returns, but the patient is unable to 
follow commands. He is therefore transported to the postanesthesia care unit 
(PACU) recovery room with the ETT still in place. 

 Shortly after arriving in the PACU, the patient becomes alert. He attempts to 
remove the ETT from the trachea. In your attempt to rapidly defl ate the ETT cuff, 
the pilot balloon and the valve assembly are pulled off the pilot tube. In so doing, 
the pilot tube is stretched, occluding the stump of the tube that is still attached to the 
infl ated cuff. The cuff is therefore still infl ated and, despite several attempts, the 
ETT cannot be removed. 

    Questions 

 What will you do initially? How will you remove the ETT atraumatically?  

    Chapter 24   
 Case 24: Diffi culty in Extubation 
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    Solution 

 The patient must be verbally reassured and encouraged to breathe easily through the 
ETT. Sedation may be necessary. 

 You have the following options:

    1.    Defl ate the cuff with a syringe and needle inserted past the occlusion in the 
stump of the pilot tube.   

   2.    Puncture the cuff with a needle either during direct observation using a laryngo-
scope or indirectly through the cricothyroid membrane.   

   3.    Cut the pilot tube proximal to the obstruction, thereby letting the air out.      

    Discussion 

 This case is similar to a previous report [ 1 ]. Other causes of diffi cult extubation 
include inadvertently having the ETT wired to facial bones [ 2 ], sutured to the pul-
monary artery [ 3 ], transfi xed by a screw [ 4 ], stuck to the tracheal mucosa because 
of absence of lubricant [ 5 ], wrapped up in the nasogastric tube [ 6 ], and fi xed below 
the cords by folds in the defl ated cuff [ 7 ,  8 ]. Another case of diffi cult extubation 
involved an ETT with a self-infl ating cuff that became trapped when the cuff tube 
broke off, preventing defl ation [ 9 ].  

    Recommendation 

 The practice of pulling off the pilot balloon and valve assembly to defl ate the tra-
cheal cuff should be strongly discouraged. Besides the complication recorded here, 
there is the situation in which an emergency reintubation of a recently extubated 
patient is needed. If no other ETT    is available, then the ETT, which is just removed 
from the patient and intact, can be used again.     
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                    Today the pharmacy tells you that there is no sevofl urane available. Fortunately, the 
bioengineer fi nds a halothane vaporizer and after checking the anesthesia machine 
you agree to proceed. 

 The fi rst case of the day is a 2-year-old boy who presents for tonsillectomy. 
His medical history is negative with the exception of numerous bouts of tonsillitis. 
A hernia repair under general anesthesia at the age of 1 year was uneventful. He is 
classifi ed American Society of Anesthesiologists physical status I (ASA 1). An oral 
midazolam premedication is given with good effect. His vital signs in the operating 
room show a heart rate of 90 beats per minute (bpm), regular sinus rhythm, blood 
pressure (BP) of 110/50, and oxygen saturation of 100 %. A mask induction, as per 
patient’s request, is commenced with 100 % oxygen in halothane up to 4 %. Within 
2–3 min, the patient is asleep with normal vital signs. Mask ventilation with halo-
thane 2 % commences and an intravenous (IV) line is inserted. Before any drugs are 
given, there is a sudden loss of oximetry pulseform and the alarm goes off. Adequate 
chest exertion is seen with manual ventilation. The electrocardiogram (ECG) shows 
a regular sinus heart rate of 76 bpm. You feel for pulses superfi cial temporal, carotid, 
and femoral artery. But there is none. The ECG still shows 76 bpm. 

    Questions 

 Are you concerned? If so, what will you do?     

    Chapter 25   
 Case 25: Tonsillectomy 
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    Solution 

     1.    Turn the halothane off.   
   2.    Commence cardiopulmonary resuscitation with 100 % oxygen via mask 

airway.   
   3.    Call for a defi brillator.   
   4.    Perform endotracheal intubation.     

 After these measures, the femoral pulse reappeared, and the oxygen saturation 
improved to 100 % with rebound hypertension. Despite the fact that you could feel 
the pulse to be over 120 bpm, the ECG still showed a regular sinus heart rate of 
76 bpm. The oximeter also showed a pulse of 126 bpm. A decision to proceed with 
the operation was made after a new ECG machine was attached to the patient. This 
machine now showed the pulse to be also 126 bpm. No further problems arose dur-
ing the operation, and the patient was awakened and seen to be neurologically 
intact. A benign course in the hospital followed, and the patient was discharged the 
next day.  

    Discussion 

 One can only speculate as to what happened, but it is most likely that an overdose 
of halothane (without preoperative atropine) led to a severe, rapid-onset bradycardia 
and arrhythmia. On inspection of the ECG machine, it was noted to be a demonstra-
tion model on loan to the hospital. The monitor was confi gured such that if no pulse 
was detected, it automatically went into a demonstration mode (e.g., sinus rhythm 
of 76 bpm). If the physical examination had not been done, or delayed, the outcome 
of this case would have been very different.  

    Recommendation 

 When in doubt, examine your patient. If you fi nd no pulses, then there are no pulses 
despite an ECG that tells you otherwise.    

25 Case 25: Tonsillectomy
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                    A 17-year-old boy (American Society of Anesthesiologists physical status II [ASA 
2]) with a diagnosis of a chronic pain syndrome involving his right chest as a result 
of a motorbike accident is scheduled for a dorsal root entry zone (DREZ) lesion 
placement at right T10, T11, and T12 with dermatomal evoked potential monitoring. 
The patient’s history includes several back surgical procedures. In the preoperative 
area, midazolam, 4 mg intravenous (IV), is given for sedation. Monitors are placed 
on the patient in the operating room, and anesthesia is induced using thiopental, 
fentanyl, and vecuronium. After the airway is secured, the patient is turned prone 
onto a Wilson frame, and all pressure points are padded. Anesthesia is maintained 
with isofl urane, nitrous oxide, vecuronium, and meperidine. Anesthesia monitors 
consist of noninvasive blood pressure (BP), electrocardiogram (ECG), pulse oxime-
try, esophageal stethoscope, temperature probe, oxygen analyzer, and end-tidal CO 2 . 
The neurologist uses the Hewlett-Packard Component Monitoring System, model 
M10948 (Mountain View, CA). The ECG skin electrodes from 3M Health Care Red 
Dot, model 2238 (St. Paul, MN), are placed as follows: right arm lead (white) at the 
right posterior shoulder, left arm lead (black) at the left posterior shoulder, right leg 
lead (green) at the right midaxillary line at the sixth intercostal space, left leg lead 
(red) at the left midaxillary line at the eighth intercostal space, and the V 5  lead 
(brown) at the left midaxillary line at the fi fth intercostal space. Evoked potential 
stimulator skin electrodes are placed at the right T8, T10, T12, and the left T10 der-
matomes by the neurologist. Using a Nicolet Viking IV (Madison, WI), the neurolo-
gist will monitor evoked potentials, after dermatomal electrical stimulation, to help 
evaluate the effi cacy of the placement of the DREZ lesions by the surgeons. 

 Forty minutes after surgery begins, ECG changes consistent with supraventricular 
tachycardia (282 beats per minute [bpm]) are observed (Fig.  26.1 ); however, his 
pulse by palpation, esophageal stethoscope, and pulse oximeter is 84 bpm and regu-
lar. Furthermore, the patient’s oxygen saturation is 100 %, and his BP is unchanged 
at 120/80. A search for possible causes is undertaken, but within 60 s the ECG returns 
to normal sinus rhythm with a rate of 84 bpm (Fig.  26.2 ). His vital signs continue to 
remain stable, but a few minutes later the phenomenon reappears and, again, lasts 
less than 1 min. No surgery is being done nor is the electrocautery being used.

    Chapter 26   
 Case 26: An Unusual Cause of a Serious 
Cardiac Arrhythmia 
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    You check the blood gas and electrolyte levels, which are all within normal 
 limits, but the ECG changes consistent with supraventricular tachycardia reoccur 
and disappear at intervals, with all other parameters remaining normal. 

    Questions 

 What will you do? Ignore it or treat it?     

  Fig. 26.1    Electrocardiographic changes observed in lead II ( upper trace ). Lead V 5  is shown in 
 lower trace . Reproduced with permission from Diachun CAB, Brock-Utne JG, Lopez JR, Ceranski 
J. Evoked potential monitoring and EKG: a case of a serious “cardiac arrhythmia”. Anesthesiology. 
1998;89;1270–2       

  Fig. 26.2    Electrocardiographic trace with lead II ( upper trace ) shows return to normal sinus 
rhythm. Lead V 5  is shown in  lower trace . Reproduced with permission from Diachun CAB, Brock- 
Utne JG, Lopez JR, Ceranski J. Evoked potential monitoring and EKG: a case of a serious “cardiac 
arrhythmia”. Anesthesiology. 1998;89;1270–2       
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    Solution 

 The best thing to do is ask the neurologist who is monitoring the evoked potentials 
to stimulate the dermatomes. Most likely, you will see a supraventricular tachycar-
dia–like ECG (see Fig.  26.1 ). This has been reported in an adult patient [ 1 ]. In that 
case, we believed that the positioning of our ECG electrodes in close proximity to 
the evoked potential–stimulating electrodes caused the nearly equal amplitude of 
the evoked potential defl ections to that of our QRS complex in our inferior leads.  

    Discussion 

 During ECG recording, the skin electrodes detect voltage changes that are displayed 
graphically. These voltage changes refl ect the electrical current produced during car-
diac depolarization and repolarization. Interference patterns are often observed on 
ECG monitors, even with signal fi ltering [ 2 ]. Most commonly, interference is observed 
with electrocautery use [ 2 ]. However, Kimberly et al. [ 3 ] and Sliwa and Marinko [ 4 ] 
have described interference on ECGs from transcutaneous nerve stimulators (TENS) 
with electrodes placed parasternally and at the lower thoracic and lumbar regions. 

 Somatosensory evoked potentials are produced by electrical stimulation of a 
selected peripheral nerve at an intensity suffi cient to cause a twitch of the muscles 
supplied by that nerve. Recording electrodes placed over the peripheral nerve, lum-
bar spine, brachial plexus, cervical spine, and scalp detect the electrical potentials 
that traverse the sensory neural tracts from the periphery to the central nervous 
system. Changes in the amplitude or latency of these potentials may indicate dam-
age to the neural tracts. During previous cases in which evoked potential monitoring 
has been used, we have often observed interference patterns represented by small 
sharp defl ections on the ECG trace. In those instances, the stimulating electrodes 
were placed at the wrists, in contrast to this case, in which the electrodes were 
placed on the patient’s torso. A similar electrical interference pattern was reported 
by Sliwa and Marinko with TENS electrode stimulation [ 4 ]. The most frequent 
interference pattern we have observed during past evoked potential monitoring is 
shown in the lateral lead V 5  trace (see Figs.  26.1  and  26.2 ). This more usual interfer-
ence pattern can easily be misinterpreted as pacemaker spikes. In fact, Sliwa and 
Marinko [ 4 ] report that this type of interference was interpreted by a reading 
 cardiologist as a malfunctioning pacemaker.  

    Recommendation 

 This case cautions the reader that evoked potential monitoring can lead to false 
signals of cardiac arrhythmias that should be confi rmed as interference. The case 
illustrates the all-important dogma: “Always treat the patient and  not  the monitors.” 

Recommendation



80

It is of great importance not to overreact to an “abnormal” monitoring parameter. 
When in doubt   , examine the patient and then review all other monitors to confi rm 
possible disaster. Serious problems can occur when one elects to treat a nonexistent 
arrhythmia.     
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                    A 2-year-old child is scheduled for pharyngoscopy and biopsy for a pharyngeal 
mass. The child is breathless but has no stridor. The mouth opening is adequate, 
with a good view of the uvula. The chest X-ray is normal, and the lateral X-ray of 
the soft tissues of the neck shows a large supraglottic soft-tissue mass. This mass 
projects from the posterior pharyngeal wall into the larynx, which is narrowed by 
approximately 70 %. 

 The patient is taken to the operating theater, where an intravenous (IV) line and 
standard monitoring are started. In the event of an airway crisis, an emergency tra-
cheostomy set is available. Inhalation induction with sevofl urane and oxygen is 
commenced. Induction of general anesthesia is well tolerated. Airway obstruction 
occurs suddenly as muscle tone is lost. Repositioning of the jaw and head does not 
improve the obstruction, nor does the introduction of an oral airway, and a laryngeal 
mask airway (LMA) cannot be passed. The patient’s oxygen saturation continues to 
fall, sevofl urane induction is stopped, and the child is awakened from the general 
anesthetic. 

 A tracheostomy under regional block with sedation is not considered an option 
because sedation could cause severe respiratory depression. The pediatric  fi ber- optic 
laryngoscope is found to be nonfunctioning. 

    Question 

 What will you do now?     

    Chapter 27   
 Case 27: A Patient with Supraglottic Mass 
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    Solution 

 Inhalation induction with sevofl urane and oxygen was again performed. When the 
muscle tone was lost, airway obstruction occurred again. The skin over the entire 
cartilage was grabbed and gently lifted upward. The obstruction was immediately 
relieved. Spontaneous ventilation resumed, and anesthesia was deepened further. 
When the skin over the laryngeal cartilage was released, obstruction reoccurred. 
The skin was again lifted up, and the airway became patent. When anesthesia 
depth was considered adequate, laryngoscopy was performed and the postsupra-
glottic mass was seen overlying the glottis. A 3.5-mm internal diameter (i.d.) 
uncuffed tracheal tube was passed easily. Oxygen desaturation did not occur, and 
no muscle relaxation was administered. The tumor was biopsied and debulked. 
After return of consciousness, extubation was performed with the child in the right 
lateral position.  

    Recommendation 

 This simple technique should be tried when airway obstruction occurs during 
 inhalation induction in a patient with a supraglottic tumor.    

27 Case 27: A Patient with Supraglottic Mass
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                    A 2-year-old child is taken to the operating room for an emergency laparotomy. 
Four hours earlier, the child had a kidney tumor removed, uneventfully, under gen-
eral anesthesia. On examination, the child is pale, cold, and clammy, with a heart 
rate of 150 beats per minute (bpm) and a systolic blood pressure (BP) of 60 mmHg. 
The intravenous (IV) line in his left arm is seen to work adequately. Air is noted in 
the half-fi lled 6 % Hetastarch bag (Abbott Laboratories, North Chicago, IL). The 
child is anesthetized with ketamine, suxamethonium, and cricoid pressure. An 
endotracheal tube (ETT) is inserted atraumatically, and breath sounds are equal 
bilaterally. Anesthesia is maintained with air in oxygen 50/50, fentanyl, and isofl u-
rane. After the abdomen is opened, the BP falls precipitously and the Hespan bag is 
pressurized. Blood that was requested has not arrived. Suddenly the end-tidal CO 2  
falls from 46 to 20 mmHg. The pulse is 140 and the BP is 50/30. The oxygen satura-
tion (99 %) remains unchanged. 

    Questions 

 Are you concerned? If so, what will you do?     

    Chapter 28   
 Case 28: Pressurized Intravenous Hetastarch 
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    Solution 

 You notice air in the IV tubing and stop the Hetastarch infusion. The air seen in the 
Hetastarch bag preoperatively was overlooked and forgotten at the time of induction 
and subsequent pressurization of the bag [ 1 ]. Normally, IV bags have no air, only 
fl uid. If the IV bags are punctured with a giving set more than once, there is a high 
risk of getting air into the bag. In this case, the air volume infused was considered 
small (no more than 40 ml) and the end-tidal CO 2  gradually recovered over a period 
of minutes.  

    Discussion 

 The lethal dose of intravascular air in humans is unknown, but accidental injections 
of between 100 and 300 ml have been known to be fatal. The cause of death from 
massive air embolus is circulatory obstruction with cardiovascular collapse result-
ing from air trapped in the right ventricular outfl ow tract. 

 I have seen a patient die from air embolism caused by air infused from a 500-ml 
glass blood bottle (an unknown amount of air, but thought to be at least 500 ml). Be 
aware that in many parts of the world, human blood is still provided in glass bottles. 
Blood in glass bottles can only be forced out rapidly into the patient by pressurizing 
the inside of the bottle with air. If a watchful eye is not kept on the blood levels in 
the giving set, air can easily be forced into the patient’s circulation. Failure to be 
observant in these cases can lead to large quantities of air being forced into the 
patient—quantities suffi cient to cause death.  

    Recommendation 

 All air must be expelled from all plastic IV bottles before they are used, especially 
if the bag is pressurized. If all the air cannot be removed, then throw away the IV 
bag. This is especially true in pediatrics.     
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                    A 5-year-old boy (12 kg) with a 36-h history of nausea and vomiting is admitted to 
the hospital. The child has a history of hydrocephalus and seizure disorder. A ven-
triculoperitoneal shunt, placed uneventfully under general anesthesia several years 
before, is seen to be working adequately. His medication consists of carbamazepine, 
20 mg/kg per day. The patient has no history of drug allergy, nor is there any adverse 
family history of anesthetic complications. On examination, the child is listless, 
with other clinical signs of hypovolemia (skin turgor, mucous membranes, periph-
eral shut down). A chest X-ray shows bowel in the left hemithorax, and a presump-
tive diagnosis of a hernia of Morgagni is made. A pediatric surgeon is called. The 
child is rehydrated over a 2-h period and the blood electrolytes are normal. A rapid- 
sequence induction/intubation is performed without any diffi culty (ketamine, 
20 mg, and rocuronium, 20 mg) at 3:00 AM. Anesthesia is maintained with oxygen 
in air and isofl urane 0.3–0.5 %. A thoracic epidural catheter is placed 15 min later, 
and 9 ml of 0.25 % bupivacaine with 0.2 mg hydromorphone (Dilaudid) is injected. 
At 3:30 AM, cefazolin (Kefzol), 500 mg intravenous (IV), is administered, and at 
4:15 AM, the surgeons have full exposure of the hernia through a laparotomy inci-
sion. At 4:20 AM, the blood pressure (BP) drops precipitously, with hardly a change 
in heart rate. Peak inspired pressure and tidal volume are not changed. The SPO 2  is 
100 % on 100 % FIO 2 , and his temperature is normal. Ephedrine, 2 mg, has no 
effect, and the BP drops to 50 mmHg. Epinephrine, 5–20 μ   (mu)g, is used to main-
tain the BP. The heart rate drops from 110 to 80. You consider the following causes 
of this intraoperative hypotension: overdose of bupivacaine and/or of inhalation 
anesthetic and allergic reactions to muscle relaxants and/or antibiotics. 

    Questions 

 Are there any other causes you would consider? If so, what will you do?     

    Chapter 29   
 Case 29: Intraoperative Hypotension 
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    Solution 

 Consider latex allergy. If possible, attempt to see if the patient has any generalized 
rash or fl ushing of the skin. Although not specifi c for latex allergy, it does point to 
the fact that you most likely have a patient with serious intraoperative anaphylaxis. 
In this case, the patient was severely fl ushed. The suggested management of a 
potential latex allergy is as follows:

    1.    Remove any latex materials. The surgeon must change gloves.   
   2.    Ventilate with 100 % oxygen.   
   3.    Consider aborting procedure.   
   4.    Administer non-sugar-containing fl uid (5–10 ml/kg IV bolus followed by 

10–20 ml/kg per hour).   
   5.    Administer epinephrine, 2–6 μg/kg IV bolus, for hypotension, then 0.1–0.5 μg/

kg in 250 ml normal saline IV infusion; titrate to effect for hypotension or 
bronchospasms.   

   6.    Take several samples of blood for tryptase measurements [ 1 ], IgE antibodies, 
and complement C3 and C4.      

    Discussion 

 Latex is the milky sap that comes from a tree in the Amazon River region and is 
used in the manufacture of natural rubber products. Latex products include catheters 
and surgical gloves. Even so-called hypoallergenic gloves have small quantities of 
latex in them. 

 In a study of 18 cases of intraoperative anaphylaxis attributed to latex, the earli-
est time of onset occurred 40 min after induction of anesthesia. Many reactions 
occurred much later [ 2 ]. In this case, it took 75 min. In contrast, 80 % of most other 
anesthetic drug-induced anaphylactic reactions occurred at or shortly after induc-
tion of a general anesthesia, within a few minutes of administration of the offending 
drug [ 3 ,  4 ]. 

 An adverse reaction to latex requires a period of time before a systemic reaction 
is seen, because the responsible allergenic protein must be eluted from the rubber 
gloves and absorbed into the circulation in suffi cient amounts before a systemic 
reaction is seen. Slater et al. [ 5 ] found that 34 % of children with spina bifi da had 
serum antibodies specifi c for latex rubber protein. The    case of contact urticaria due 
to latex rubber was fi rst reported in 1979 [ 6 ], and intraoperative anaphylaxis associ-
ated with latex sensitivity was fi rst reported in 1984 [ 7 ]. 

 A patient who has previously suffered systemic reaction should not be given prov-
ocation tests [ 8 ]. Skin prick testing is often used when one suspects a latex allergy. 

 Braude et al. [ 9 ] identifi ed a specifi c group of pediatric patients at risk for latex 
anaphylaxis, including patients with either spina bifi da or congenital urologic 
abnormalities who have been exposed to latex products on an intermittent basis.  

29 Case 29: Intraoperative Hypotension
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    Recommendation 

 Information that patients are latex sensitive or suspected of having a latex sensitivity 
(as indicated if the child is allergic to balloons) should always be taken very 
 seriously. A pretreatment regimen is not advisable, as one study has shown it is not 
effective [ 2 ].     
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                    A 17-year-old girl (120 lb) presents with hematuria and is scheduled for a  cystostomy. 
Her history is unremarkable except for interstitial cystitis. The patient has had 
numerous anesthesia/surgery procedures for her complaints. The family history is 
negative for anesthesia-related complications. The patient is taking no medication 
and is classifi ed as an American Society of Anesthesiologists physical status I (ASA 1). 
The patient requests an epidural anesthetic, and as there are no contraindications, an 
epidural is placed in L3–L4 interspace. Lidocaine 2 % (15 ml) produces a good 
block, and the operation proceeds uneventfully. Thirty-fi ve minutes after the start of 
the surgery, the patient complains that she is feeling unwell. You have given no 
drugs for the last 50 min. You note that the electrocardiogram (ECG) shows a 
 sudden onset of ventricular tachycardia and the Dynamap alarms, indicating no 
blood pressure (BP). The oxygen saturation has dropped from 100 % to 76 %. The 
patient is now unconscious and, although you do not know what happened, you 
quickly place a face mask with 100 % oxygen and assist her respiration. The carotid 
pulse is present but very weak. The Dynamap still indicates no BP. The saturation 
has increased to 86 %. You call for a defi brillator and proceed to deliver a shock at 
100 J. There is a rapid return to sinus tachycardia, and the BP returns to normal as 
does oxygen saturation. The patient complains of pain in the chest and inquires 
as to what happened. You are at a loss to explain the cause. The epidural lidocaine 
that you gave 35 min ago is highly unlikely to be the cause. 

    Question 

 What do you think the possible cause is for this sudden turn of events?     

    Chapter 30   
 Case 30: Hematuria 
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    Solution 

 In this case, the surgeon was asked if he had done anything. After some time and 
several prompting questions, the surgeon admitted that he had injected epinephrine 
(1,000 μ[mu]g) into the bladder wall. This he had done for hemostasis.  

    Discussion 

 When unexplained problems arise intraoperatively, it is important that you make 
certain that you have not done anything that can be the cause of the problem. Having 
exhausted all of your causes, it is time to ask the surgeon. 

 The surgeon and the anesthesiologist should always keep each other informed 
during the intraoperative period as to problems or concerns. If the surgeon    had told 
the anesthesiologist that the patient had excessive bleeding and was considering 
using epinephrine, then this problem could have been avoided. Needless to say, this 
patient will always remember that she had a shock during surgery.  

    Recommendation 

 Surgeons should always inform the anesthesiologist about the drug concentration 
and amount they are giving intraoperatively.    

30 Case 30: Hematuria
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                    A 10-year-old boy (25 kg) with signs and symptoms of acute appendicitis is  admitted 
to the hospital. The child has a history of congenital complete heart block (CCHB). 
The heart condition, however, does not interfere with the child’s activity. There is no 
history of cardiac failure or syncope. The patient has no history of drug allergy or 
previous general anesthesia, nor any adverse family history of anesthetic complica-
tions. On examination, the child is found to be otherwise healthy. Heart rate is 50 
beats per minute (bpm). A low-grade systolic murmur is heard at the apex. Blood 
pressure (BP) is 100/60 mmHg, and the chest is clear. The electrocardiogram (ECG) 
shows a complete heart block. The chest X-ray is normal. You request a transvenous 
pacemaker, but none is available. Transferring the patient to another hospital is not 
an option because it is more than 4 h away. 

    Question 

 How will you proceed?     

    Chapter 31   
 Case 31: Congenital Complete Heart Block 
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    Solution 

 The following drugs and equipment should be readily available: atropine and iso-
proterenol to treat bradycardia, and lidocaine and a direct current (DC) defi brillator 
in case of ventricular arrhythmia. Remember that many of the new DC defi brillators 
have the ability to act as transcutaneous external pacemakers. These are very useful 
in cases of extreme bradycardia or cardiac standstill. No preoperative orogastric 
tube should be used because it can cause bradycardia. 

 A previous case report [ 1 ] has recommended the following general anesthesia 
regimen with some modifi cations: (1) atropine and meperidine given preoperatively, 
(2) a rapid-sequence induction/intubation with ketamine and rocuronium, and (3) 
anesthesia maintained with oxygen in nitrous oxide and isofl urane. 

 In the aforementioned case report, the pulse was kept at 100 bpm. At the end of 
the procedure, the neuromuscular block was reversed with atropine (1.0 mg), fol-
lowed a minute later by neostigmine (2 mg). The patient had an uneventful recovery 
with a pulse rate remaining between 60 and 70 bpm, with complete atrioventricular 
dissociation persisting throughout his hospital stay.  

    Discussion 

 Uncomplicated forms of CCHB are compatible with completely normal develop-
ment. Some patients exhibit acceleration of a junctional pacemaker, producing a 
near-normal heart rate with exercise [ 2 ]. This is presumed to be the case reported 
here. Usually, however, CCHB may be associated with serious congenital cardiac 
defects like a single ventricle, ventricular septal defects, or transposition of the great 
vessels [ 3 ]. The majority of children with CCHB can be managed successfully with 
adequate vagolysis and avoidance of drugs that have negative chronotropic effects 
[ 4 ]. Steward and Izukawa have recommended that all patients with CCHB have 
transvenous pacemakers inserted before induction of general anesthesia [ 5 ]; 
 however, transvenous pacemakers are not without problems. Diza and Friesen 
 recommend that it may be more logical to use transvenous pacemakers if there is a 
history of exercise intolerance, congestive cardiac failure, and a QRS interval of 
more than 0.1 s. Whatever the plan adopted, one must always have isoproterenol 
and preferably a transcutaneous external pacemaker readily available. How impor-
tant drugs like atropine, meperidine, and isofl urane are in producing tachycardia 
during anesthesia is speculative.  

31 Case 31: Congenital Complete Heart Block
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    Recommendation 

 In patients with CCHB who are to undergo general anesthesia, a detailed history and 
examination are mandatory. Depending on the above fi nding, a general anesthesia 
plan that may include a transvenous pacemaker should be made. In any case, isopro-
terenol intravenous (IV) drip and a transcutaneous external pacemaker/defi brillator 
must be readily available.     
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                    A premature (32 weeks’ gestation), 2.1-kg boy is admitted to the pediatric intensive 
care unit (ICU) shortly after birth. He has intercostal and substernal recession. 
Cyanosis is evident even with FIO 2  of 0.5. No congenital abnormalities are seen. 
Auscultation of the chest confi rms the presence of bilateral air entry with  widespread 
crepitations. Chest X-ray shows that most of the lungs are not aerated. A diagnosis 
of respiratory failure (hyaline membrane disease associated with prematurity) is 
made. Despite treatment, the infant does not improve and the condition becomes 
grave, with an arterial pH of 7.0, PaO 2  of 55 mmHg, and a PaCO 2  of 90 mmHg. You 
intubate the infant’s trachea with a 3-mm tube and provide intermittent positive 
pressure of the lungs. The FIO 2  is 0.6, the rate is 30 per minute, and a 3-cm positive 
end-expiratory pressure is provided. There is dramatic improvement in the infant’s 
condition within 1–2 h. A new chest X-ray also shows improvement. You note that 
there seems to be evidence of bifi d spines in the lower cervical and upper thoracic 
regions. 

    Question 

 Would you investigate the bifi d spines further and, if so, what will you do?     

    Chapter 32   
 Case 32: Neonatal Respiratory Distress 
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    Solution 

 A lateral chest X-ray should be taken. In this case, the esophagus and trachea were 
seen to be displaced anterior from the vertebral column. These fi ndings, together 
with the bifi d spines, make the diagnosis of a large neuroenteric cyst very likely. In 
a previous case report [ 1 ], a large cyst was removed. The cyst appeared to originate 
from the upper thoracic vertebrae, where it was narrow, and from there expanded to 
fi ll the space posterior to the mediastinum. In that case, the recovery was uneventful, 
and the child was discharged on day 10.  

    Discussion 

 The rapid improvement after intermittent positive pressure ventilation made the 
diagnosis of hyaline membrane disease unlikely. Hence, this case illustrates the 
importance of reviewing the information on which the fi rst diagnosis was based. 
Neonatal distress due to mediastinal tumors is extremely uncommon [ 2 ] and neuro-
enteric cysts account for only 3 % of all mediastinal tumors [ 3 ]. Neuroenteric cysts 
are considered to originate from a split notochord [ 4 ] and are associated with spinal 
abnormalities [ 3 ,  5 ]. The diagnosis of these cysts is usually made on the basis of the 
presence of a fl uid-fi lled cyst, abnormal vertebrae, and a forward displacement of 
the mediastinum. Air bronchogram, a feature of hyaline membrane disease, does 
not occur.  

    Recommendation 

 When a dramatic, unexpected clinical improvement occurs, a review of the diagno-
sis is imperative. In a case such as this, always remember to look at the bony 
 structures, even in a chest X-ray.     
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                    A 16-year-old boy is admitted to the intensive care unit (ICU) after a motor vehicle 
accident. He has suffered a concussion and contusion of the left lung. He is receiv-
ing assisted ventilation via an endotracheal tube (ETT). In the ICU, a hemopneumo-
thorax is diagnosed and a left chest tube is placed. An extensive tracheobronchial 
toilet is performed, and 200 ml of bloodstained fl uid is aspirated. The patient is very 
restless and is sedated with midazolam, vecuronium, and morphine. After 3 days, an 
attempt is made to wean him from the ventilator. Unfortunately, he bites on the ETT 
so that the ETT obstructs. A bite block is inserted, but the patient spits it out. 
A Fergusson mouth gag is used with good effect as the jaws are kept apart. Further 
reduction in sedation is now possible; however, a few hours later he suddenly 
becomes very restless and manages to extubate the ETT himself. The mouth gag is 
removed. Initially, his respiration is adequate. Within a few hours, however, there is 
clinical evidence of collapse of the left lung. Chest X-ray shows hyperinfl ation of 
the right lung and collapse of the left lung with a possible foreign body lodged in the 
left main bronchus. At bronchoscopy, a foreign body is removed. 

    Question 

 What is the foreign object and what could have been done to prevent this mishap?     

    Chapter 33   
 Case 33: Respiratory Distress 
in the Intensive Care Unit 
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    Solution 

 The foreign body was a rubber sleeve from one of the jaws of the mouth gag. This 
case is similar to a reported case (shown in Fig.  33.1 ) [ 1 ].

       Discussion 

 There are a number of reports of various pieces of anesthetic equipment that have 
been lodged in the tracheobronchial tree with potentially dangerous ramifi cations 
[ 1 – 3 ]. In this case, the mouth gag was removed, but no one noticed that one of the 
rubber sleeves was missing. We have reported a case in which the tip of the Bullard 
laryngoscope was left behind, with potentially serious complications [ 4 ]. Stressed 
in the Bullard manuscript is the need for understanding any equipment and its limi-
tations, and to always read the instructions before using it.  

    Recommendation 

 All items that have been in the airway should always be inspected to see if they are 
intact on removal. Anything left behind can have potentially serious consequences.     

  Fig. 33.1    Fergusson mouth 
gag. Reproduced with 
permission from Mulligan IP, 
Marshall RD. Inhalation 
of a foreign body. A hazard 
of protective rubber sleeves 
on the jaws of mouth gags. 
Anesthesia. 1981;36:800–2       
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                    A 3-year-old boy (34 lb) is scheduled for an urgent manipulation of a fractured 
forearm. He has just come from a birthday party and has eaten cake and other sweets 
within the last hour. His medical history is unremarkable. The patient has no known 
drug allergies, and the family history is negative for anesthesia-related problems. 
An intravenous (IV) (25-gauge) Butterfl y needle is established in the back of the 
hand with the help of lidocaine/prilocaine (EMLA cream). Monitoring equipment is 
placed on the child (electrocardiogram [ECG], pulse oximeter, a nerve stimulator, 
noninvasive blood pressure [BP], and precordial stethoscope). General anesthesia is 
induced with propofol (35 mg) followed by succinylcholine (20 mg) using the 
Butterfl y needle to good effect. The patient’s trachea is easily intubated, and general 
anesthesia is initially maintained with isofl urane 1–3 % with 70 % nitrous oxide in 
oxygen. After 10 min, with the patient breathing spontaneously, meperidine, 10 mg, 
is injected again through the Butterfl y needle. A few seconds later, the pulse 
 oximeter alarms and the ECG shows a bradycardia of 40 beats per minute (bpm). 
You are puzzled because meperidine, being an atropine derivative, should produce 
a tachycardia, not a bradycardia. 

    Question 

 What is the cause of the bradycardia and what will you do?     

    Chapter 34   
 Case 34: The Butterfl y Needle (Abbott) 
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    Solution 

 In this case, the dead space in the Butterfl y needle fi lled with succinylcholine from 
the last injection was the cause of the bradycardia. The injection of meperidine 
pushed the succinylcholine into the vein before the meperidine. This last dose of 
succinylcholine thus became a second dose. The dead space of a Butterfl y needle 
has been reported at approximately 0.3 ml. Giving atropine, 0.1 mg, reverses the 
bradycardia, and the case proceeds uneventfully.  

    Discussion 

 Equipment dead space has been shown to be a hazard [ 1 ]. In a study by Macfi e [ 2 ], 
the dead spaces of various cannulae, syringes, and epidural catheters were measured 
by displacing the dead space volume with water and measuring the weight gain. He 
found that 10–30 % of a 1-ml IV dose will remain in the dead space, depending on 
the type and gauge of the cannulae. The dead space of an epidural catheter was 
approximately 1 ml.  

    Recommendation 

 To avoid the complication reported here, all cannulae should be fl ushed with normal 
saline to ensure that no drug is retained in the dead space.     
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                    A 12-year-old boy (50 kg) is admitted to the emergency room after a fall of 30 m 
while climbing in the local mountains. On admission he is pale, drowsy but con-
scious, and oriented for time and place. On examination, multiple abrasions are 
found all over his body. A large hematoma is found on the back of his head. His 
neurologic examination is normal. He has a compound fracture dislocation of his 
right ankle. His upper lumbar vertebrae are tender and so is the front of his sternum, 
but rib springing is pain free. His vital signs are stable (pulse 96 beats per minute 
(bpm), sinus rhythm, blood pressure [BP] 110/70, and hematocrit [Hct] 30 %). An 
intravenous (IV) line is started and crystalloids given. His chest and skull X-rays are 
normal. A compression wedge fracture of the body of the tenth thoracic vertebrae is 
found. The surgeon wants to proceed with internal fi xation of the ankle fracture, and 
the patient is taken to the operating room. After all monitors are placed on the child, 
anesthesia is induced with a rapid-sequence technique consisting of ketamine, 
75 mg, and succinylcholine, 80 mg. A 6-mm cuffed oral endotracheal tube (ETT) is 
inserted into the trachea and the lungs ventilated via a Narkomed 2B machine. The 
tidal volume is 500 ml. Shortly after induction of anesthesia, with no change in 
electrocardiogram (ECG) shape and form, the BP rapidly falls to 40 mmHg but the 
pulse remains unchanged. No other drugs have been given. The chest is seen to 
expand equally, and bilateral air entry is good, with no evidence of bronchospasm. 
The infl ation pressure remains unchanged, there is no cutaneous manifestation of 
any allergy, and no abdominal distension is seen. 

    Question 

 You give incremental doses of phenylephrine with some improvement in BP; 
 however, the BP continues to decrease. The end-tidal CO 2  trace is measurable but 
low (values of 20 mmHg are recorded). What is the likely cause of this hypotension 
and what will you do now?     

    Chapter 35   
 Case 35: Hypotension on Induction 
of Anesthesia in a Trauma Patient 
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    Solution 

 Cardiac tamponade should always be considered in these cases. The surgeon should 
be informed and asked to help. In this case, the surgeon performed an upper midline 
laparotomy, which revealed a bulging inferior pericardium. When the pericardium 
was incised, a gush of 100 ml of dark blood and clot was released. There was an 
immediate increase in both pulse rate and arterial BP. The patient had an uneventful 
postoperative course and was discharged home after 8 days.  

    Discussion 

 The only important factor in the diagnosis of cardiac tamponade during anesthesia 
is a high index of suspicion. As in this case, the only sign present was hypotension. 
Symmes and Berman [ 1 ] state that in a case of cardiac tamponade, all of the com-
mon features of cardiac tamponade may be absent. The common features are an 
increase in pulse, pulsus paradoxus, hypotension, elevated jugular venous pulse, 
friction rub, Kussmaul’s sign, and decreased heart sounds. In this case, the pulse 
remained unchanged at 90 bpm despite severe hypotension. However, bradycardia 
has been observed during acute tamponade in anesthetized dogs [ 2 ]. These authors 
suggest that the sinoatrial node may be rendered ischemic, causing the shift of the 
pacemaker with a resultant bradycardia. Indeed, bradycardia may be protective in 
these cases as it prevents myocardial damage by allowing longer ventricular fi lling 
when the preload is decreased [ 3 ]. Vagal slowing from acute blood loss has also 
been reported in hypotensive patients. Blood transfusion not only restores BP, it also 
causes an increase in heart rate [ 4 ]. 

 Other causes of sudden hypotension such as a concealed large hemorrhage, 
pneumothorax, or acute anaphylaxis must also be considered. In this case, a com-
pression fracture of L1 suggests major trauma and, in retrospect, a potential cardiac 
tamponade or severe retroperitoneal bleed should have been considered. The preop-
erative insertion of a central venous line could have clinched the diagnosis much 
earlier. The sternal tenderness was minimal, but one wonders if lateral X-ray views 
of the sternum should always be done in these cases.  

    Recommendation 

 In cases of major trauma, it is imperative to have a high index of suspicion that a 
cardiac tamponade, pneumothorax, or concealed hemorrhage may suddenly occur.     

35 Case 35: Hypotension on Induction of Anesthesia in a Trauma Patient
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                    A 2-year-old boy (12 kg) is admitted as an outpatient for electroretinography under 
general anesthesia. His medical history is unremarkable. He underwent, unevent-
fully, a similar procedure under general anesthesia at the age of 6 months. He has no 
known allergies and is on no drug therapy. He has had a recent upper respiratory 
tract infection, but his preoperative physical examination is normal. He is premedi-
cated with oral midazolam (0.07 mg/kg) with an antacid for faster onset of sedation 
[ 1 ]. The child is anesthetized with sevofl urane in oxygen, and an intravenous (IV) 
infusion is established. Atropine and vecuronium are given in usual doses, and the 
trachea is intubated atraumatically with a 4.5-mm internal diameter (i.d.) tracheal 
tube. Anesthesia is maintained with sevofl urane and nitrous oxide in 30 % oxygen. 
One hour later, the procedure is completed and the child is awakened from the anes-
thetic. The pharynx is suctioned with a soft, rubber catheter without vision and the 
tracheal tube is removed. The postoperative course is uneventful. Suddenly after 
20 min in the recovery room, the child stands up in bed. He has an episode of chok-
ing and coughing that leads to cyanosis. He is quickly placed in the right lateral 
position and given oxygen 100 % via mask. The child resumes normal breathing 
and the oxygen saturation is now 100 %. You carefully listen to the child’s chest and 
fi nd no abnormality. You lift him up to show the anxious parents that there is  nothing 
to worry about but as you do that he coughs and retches and the oxygen saturation 
falls to 88 %. You put the child down and he recovers again. 

    Question 

 What will you do now and what can be the cause of this desaturation?     

    Chapter 36   
 Case 36: Delayed Postoperative Respiratory 
Obstruction 
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    Solution 

 Always remember that you must examine the throat too. When you do so, you see a 
large, swollen uvula. The treatment of choice is mist, nebulized racemic epinephrine, 
and IV dexamethasone. In a previous case report [ 2 ], it took approximately 24 h 
before the child’s uvula was decreased to normal size. Thereafter he was discharged.  

    Discussion 

 There are many causes of uvulitis. The main causes include mechanical and thermal 
trauma, chemical and allergic reactions, infection, and nonallergic complement- 
mediated disorders. In a previous case report, a healthy 17-year-old who inhaled 
marijuana before general anesthesia developed an acute uvular edema that resulted 
in respiratory obstruction and admission to the hospital [ 2 ]. Dexamethasone was 
very successful in treating his edema, and he was discharged the next day. Most 
cases of postanesthetic uvular edema have involved adult patients [ 3 – 6 ]. The dis-
concerting fact of these cases is that the edema can develop any time from 45 min 
to 24 h after an anesthetic is administered.  

    Recommendations 

     1.    Always examine a child’s throat before anesthesia. Although, in this case, noth-
ing abnormal was noted in the throat despite a history of upper respiratory tract 
infection, it is reassuring when a normal uvula and upper airway is seen prior to 
induction of anesthesia.   

   2.    Should postoperative respiratory obstruction occur, always remember to exam-
ine the throat and not just the chest.   

   3.    Uvular edema can be delayed (90 min [ 1 ]) and can get potentially worse before 
it gets better.   

   4.    Treatment must be aggressive, and the child should be admitted to the intensive 
care unit (ICU).         
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                    A 7-year-old boy (41 lb) (American Society of Anesthesiologists physical status I 
[ASA 1]) is scheduled for an emergency appendectomy. The patient has had no 
previous anesthesia/surgery, and his family history is negative for anesthesia-related 
complications. General anesthesia is induced, and after the child is asleep, the tra-
chea is intubated. Positive pressure ventilation is then instituted using the ventilator 
on the anesthesia machine. Both the initial end-tidal CO 2  value (40 mmHg) and the 
capnograph tracing are within normal limits, with an inspiratory CO 2  of zero. 
Anesthesia is maintained using meperidine and vecuronium with isofl urane and 
nitrous oxide in oxygen. Approximately 20 min into the case, the inspired end-tidal 
CO 2  increases and the capnogram is noted to be abnormal (Fig.  37.1 ). The CO 2  
absorbent canister is visually inspected. The upper compartment has a slightly blu-
ish cast, and no color change is seen in the bottom compartment to indicate exhaus-
tion of the CO 2 -absorbent granules. Other causes of the abnormal tracing are sought. 
The expiratory and inspiratory valves are examined and changed without improve-
ment in the capnogram. Rebreathing continues to be apparent. The patient’s vital 
signs remain stable with a normal blood pressure (BP) and heart rate and 100 % 
oxygen saturation.

    Chapter 37   
 Case 37: An Abnormal Capnogram 
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      Questions 

 Are you concerned and, if so, what will you do? If there is a problem, what could 
the cause be   ?  

mmHg
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  Fig. 37.1    Capnogram tracing after approximately 20 min. Note the increase in inspired end-tidal 
CO 2.  Reprinted with permission from Pond D, Jaffe RA, Brock-Utne JG. Failure to detect CO 2  
absorbent exhaustion. Seeing and believing. Anesthesiology April 2000; 92(4);1196–11971       
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    Solution 

 You call for a new anesthesia machine. While you wait, you increase the fresh gas 
fl ow and manually ventilate the patient. There is some improvement in the capno-
gram. After you attach the new anesthesia machine, the end-tidal CO 2  capnogram is 
again normal. The operation is concluded uneventfully, and the patient is trans-
ported to the postanesthesia care unit (PACU), with stable vital signs. You now 
examine the initial machine and the source of the problem is identifi ed as exhausted 
CO 2  absorbent in both compartments. The dye indicator reaction in the lower com-
partment was obscured by the yellow discoloration of the plastic canister producing 
the appearance of fresh white CO 2  absorbent in the bottom canister.  

    Discussion 

 Chemical neutralization of CO 2  by absorbent granules is the method of eliminating 
CO 2  from an anesthetic breathing system. Neutralization of CO 2  is achieved by a 
chemical reaction with water and alkaline hydroxides in the granules. The reaction 
results in the formation of carbonic acid. Accumulation of carbonic acid results in 
the lowering of the pH of the granules and changes in the color of the pH-sensitive 
dye (ethyl violet) to violet blue. The color change is readily apparent on visual 
inspection. Each absorber unit contains two interchangeable transparent canisters 
(compartments) that are fi lled with absorbent. In this case, the color change was not 
detected because of the yellowing of the transparent plastic absorbent canisters. The 
yellowed plastic   , which is fi ltered out the blue/violet wavelengths, gives the gran-
ules the appearance of the original white color. It was not until opening the canisters 
that the intensely purple color of completely exhausted absorbent was discovered. 
This case is similar to a case we have previously described in an adult [ 1 ]. 

 The expected capnogram tracing resulting from exhausted CO 2  absorbent is seen 
in Fig.  37.2  [ 2 ]. Our tracing had an additional second peak for which we propose the 
following explanation: On inspiration (indicated with an arrow in Fig.  37.1 ), gas 

50

  Fig. 37.2    Computer-assisted capnogram analysis showing the expected capnogram tracing result-
ing from exhausted CO 2  absorbent. Reproduced with permission from Genderingen HR, 
Gravenstein N, Gravenstein JS. Computer assisted capnogram analysis. J Clin Monit. 
1987;3:198–2022       
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enters the inspired limb from two sources—namely, fresh gas fl ow from the 
 anesthesia machine and gas from the bottom of the canister. The dip in the trace 
seen on inspiration is most likely due to dilution of the fresh gas fl ow with saturated 
CO 2  from the canisters. It is important to remember that nearly depleted soda lime 
can regain white/yellow color when not used for many hours. When used again, 
however, the soda lime very quickly becomes exhausted, leading to the problem 
described in this case.

   Remember that with an exhausted CO 2  absorbent at fault, the high fresh gas fl ow 
rate should markedly decrease or eliminate the amount of CO 2  rebreathing [ 2 ]. If the 
problem is an incompetent expiratory valve, increasing the fresh gas fl ow will mini-
mally affect the amount of CO 2  observed [ 2 ].  

    Recommendation 

 When an abnormal capnogram occurs with an increased inspired end-tidal CO 2 , 
increase fresh gas fl ow and change the CO 2  absorbent even if it does not look to be 
exhausted. If changing the absorbent does not help, change the anesthesia machine.     
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                    A 1-year-old girl (18 lbs.) presents with an acute retropharyngeal abscess. The child 
has great diffi culty in swallowing. She is able to maintain a reasonable airway by 
holding her head in full extension with her mouth wide open (oxygen saturation 
96 % on room air). Her history is unremarkable. The family history is negative for 
anesthesia-related complications. The patient is receiving a cephalosporin 
IV. Monitors are placed in the operating room. The child is very worried and will 
not let you examine her mouth. Fiber-optic intubation is not an option. An experi-
enced Ear, Nose, Throat (ENT) surgeon is available with a tracheostomy set. 
Because the patient has her mouth wide open, you can see the uvula. She is allowed 
to sit forward resting her elbows on a Mayo stand. After preoxygenation for 3 min 
in the sitting position, a rapid-sequence induction with thiopental (25 mg) and suc-
cinylcholine (15 mg) is performed. The vocal cords are not seen due to severe swell-
ing of the oropharynx. Despite this, you safely place a 4-mm internal diameter (i.d.) 
endotracheal tube (ETT) in the trachea. Anesthesia is maintained with fentanyl and 
sevofl urane in nitrous oxide (70 %) in oxygen. A fl uctuating mass is seen bulging 
forward from the posterior pharyngeal wall. The abscess is incised and drained. The 
surgeon insists that he has made the oropharynx space larger and, hence, it is safe to 
extubate the patient. You are concerned and would rather leave the ETT in over-
night. You state that although you got the ETT in at the start of the procedure, you 
may not be able to do it again if it should prove necessary. The surgeon insists that 
you attempt to extubate the patient. You let the cuff down and the patient can breathe 
around the tube. 

    Questions 

 Are you happy to take the ETT out? If you did take it out, is there anything you 
would want to do before extubation that may increase the patient’s safety?     

    Chapter 38   
 Case 38: Retropharyngeal Abscess 
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    Solution 

 A pediatric gum-elastic bougie should be inserted through the ETT before 
 extubation. This is in anticipation of a possible reintubation. If the airway becomes 
compromised, the trachea can rapidly be reintubated using the bougie. This tech-
nique eliminates the need for direct laryngoscopy, fi ber-optic bronchoscopy, or, 
worse, emergency tracheostomy.  

    Discussion 

 This case is similar to an adult case [ 1 ] in which a gum-elastic bougie was used to 
reintubate a patient when respiration became inadequate during the postoperative 
period. 

 In cases such as this, the gum-elastic bougie can only be used when you are sure 
that the neuromuscular blockade is fully reversed and that the person can breathe 
around an occluded ETT with cuff defl ated. Bedger and Chang [ 2 ] have described 
the use of a jet-stylet catheter (hollow), which has the added advantage of allowing 
jet ventilation of the patient’s lungs. Bronchial tears have been described with 
 plastic guides and bougies when used blindly in the airway [ 3 ]. In a study compar-
ing endotracheal intubation by direct vision with and without a gum-elastic bougie, 
no difference in the occurrence of postoperative sore throat and hoarseness could 
be detected between the two groups [ 4 ]. However, used with care, the bougie is a 
valuable tool when urgently securing a diffi cult airway [ 5 – 9 ].  

    Recommendation 

 When removing an ETT in cases with diffi cult airways and likely reintubation, do 
not forget the gum-elastic bougie.     
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                    A 6-year-old boy (20 kg) is admitted to hospital with a compound fracture of his 
right elbow after a fall from a tree. He has had lunch 1 h before admission. His his-
tory is otherwise unremarkable. As a 3-year-old, he underwent a tonsillectomy 
under general anesthesia without any problem. There is no adverse family history of 
anesthetic complications. On examination, the child is found to be otherwise 
healthy. Heart rate is 100 beats per minute (bpm). There is a low-grade systolic 
murmur at the apex. Blood pressure (BP) is 100/60 mmHg, and the chest is clear. 
The patient is taken to the operating room and all monitors are placed. General 
anesthesia is induced with propofol, 50 mg, and succinylcholine, 20 mg. Endotracheal 
intubation is performed with a No. 6 cuffed endotracheal tube (ETT). Breath sounds 
are equal bilaterally, and gastric breath sounds are not heard. The proximal end of 
the ETT is attached to a Bain system using the adapter on the Narkomed 2B machine. 
Anesthesia is maintained with intermittent boluses of fentanyl, vecuronium, and 
isofl urane 0.5–1.0 %. The fresh gas fl ow is 6 L (4 L of nitrous oxide and 2 L of 
oxygen). The lungs are mechanically ventilated using the ventilator on the Narkomed 
machine. Over a period of 30 min, you observe a gradual increase in end-tidal CO 2  
with minimal changes in vital signs. The tympanic and esophageal temperatures 
record a temperature of 36.1 °C. Bilateral air entry can still be heard, and no abnor-
mal breath sounds are heard. The peak inspiratory pressure reading is 20 cm H 2 O 
and has not changed. 

    Question 

 Are you concerned and, if so, what will you do?     

    Chapter 39   
 Case 39: Rising End-Tidal Carbon Dioxide 
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    Solution 

 You inspect the Bain system more closely and note that the inner tubing carrying the 
fresh gas fl ow to the distal end of the system has been disconnected. You replace the 
Bain system with your absorber system and the case proceeds without further 
problems.  

    Discussion 

 The Bain system is a streamlined modifi cation of the Mapleson    D System [ 1 – 3 ]. In 
the Bain system, the fresh gas fl ow is delivered via an inner tube close to the con-
nection with the ETT. Previous case reports [ 4 ,  5 ] have highlighted the potential 
problem that can occur if the inner tube is avulsed or the system has not been con-
nected correctly. Regarding problems with the inner tube, the simplest check is to 
visually inspect the system. Gross avulsions or disconnects should be seen. If there 
is no obvious sign of problems, then deliver into the Bain system 2 L per minute 
fl ow. The plunger from a small syringe is inserted into the distal end of the outer 
tube, thereby occluding the inner tube. If the system is intact, the fl owmeter indica-
tor should fall. If the machine has a relief valve, it should open [ 6 – 9 ]. Note that if 
the system has side holes at the patient’s end of the inner tubing, this test will not 
work [ 10 ]. An alternative test by Pethick [ 11 ] has also been used [ 7 ,  12 ,  13 ]. 

 In this case, the gradual rise of end-tidal CO 2  is caused by much of the fresh gas 
supply being diverted into the outer tube. During inhalation, the patient therefore 
breathes in a mixture of the expired CO 2  and fresh gas fl ow.  

    Recommendation 

 A check of the Bain system before use is imperative. An observed increase in end- 
tidal CO 2  caused by a faulty capnogram is extremely rare. When end-tidal CO 2  
increases, action must be taken to rectify the situation.     
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                    A 13-year-old girl (120 lbs) presents with acute colicky abdominal pain and is 
scheduled for an emergency appendectomy. Her history is unremarkable. The 
mother informs you that the onset of the pain may be related to the patient having 
her fi rst menses. Neither the patient nor the immediate family has had a general 
anesthetic. The mother informs you that she believes that the girl’s father’s family 
has an “upset metabolism.” She knows nothing more about this abnormality except 
to say that she is sure it has nothing to do with succinylcholine. The father is unavail-
able for comment. The patient is taking no medication and is classifi ed as an 
American Society of Anesthesiologists physical status II (ASA 2). The patient com-
plains of severe abdominal pain and is very nauseous. You examine the patient and 
nothing abnormal is detected. The abdominal wall is lax. Some rebound tenderness 
is noted in the right iliac fossa, but much less than would be expected from acute 
appendicitis. No blood analysis or urinalysis is done. The surgeon is anxious to 
proceed. 

    Questions 

 Are you concerned? If so, what will you do? How will you proceed with the 
anesthetic?     

    Chapter 40   
 Case 40: Acute Abdomen 
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    Solution 

 You elect to do a rapid-sequence induction using propofol and rocuronium. The 
patient has an uneventful anesthetic and a normal appendix is removed.  

    Discussion 

 This case illustrates several important points:

    1.    A family history about an “upset metabolism” should never be taken lightly. The 
two problems you are very interested in are succinylcholine apnea and acute 
intermittent porphyria. With regard to succinylcholine, it is the better part of 
valor to avoid its use even though the mother tells you she does not think succi-
nylcholine is a problem. With regard to porphyria, this is the only disease for 
which thiopental is contraindicated. Barbiturate administration in these patients 
may be followed by lower motor neuron paralysis, mental disturbances, or even 
death. Barbiturates stimulate the enzyme delta-aminolevulinic acid synthetase, 
increasing the formation of porphobilinogen, leading to progressive neuropathy. 
Propofol [ 1 – 5 ], ketamine, and etomidate [ 6 ] can be used as induction agents 
together with morphine and meperidine (Demerol). Nitrous oxide, oxygen vola-
tile agents, relaxants, and reversal agents can also be used.   

   2.    You may not think this girl has an acute appendicitis. You may be right in 
 considering acute intermittent porphyria. Menstruation can bring on the disease, 
and the physical examination described in this case is classic. A urine sample 
should be taken and left standing. It will begin to turn dark within 20 min if acute 
intermittent porphyria is the correct diagnosis.      

    Recommendations 

     1.    If you think a specifi c drug or drugs may cause harm, use alternatives.   
   2.    Talk to your surgeon about your concern with his diagnosis.         
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                    A 16-year-old boy (115 kg, 165 cm) is admitted for investigation of hematuria. 
Other than his obesity, he has no medical problems. There is no history of drug 
allergy or previous general anesthesia, nor any adverse family history of anesthetic 
complications. On examination, the child is found to be otherwise healthy. His chest 
is clear. The patient is transported to the operating room after an intravenous (IV) 
line is placed in his right arm. He moves himself over to the operating room table, 
taking care to bring his gown with him. He does not want to have his gown removed 
due to shyness. You assess the airway as a Mallampati grade 2 with good neck 
mobility. A rapid-sequence induction with propfol and succinylcholine is performed. 
The vocal cords are seen and a size 8 oral, disposable, high-volume, low- pressure 
cuff is inserted into the trachea and secured. Bilateral air entry is heard and the cap-
nogram shows end-tidal CO 2 . Further muscle relaxation is given with mivacurium 
0.05 mg/kg. Anesthesia is maintained with fentanyl and isofl urane (1.5 %) in nitrous 
oxide (70 %) in oxygen. Automatic ventilation commences with a tidal volume of 
1,000 ml and respiratory rate of 8. This generates a peak pressure of 25 cm H 2 O. He 
is pulled down the operating table and placed in lithotomy position. His buttocks lie 
on the edge of the table. You notice that the airway pressure has risen to 60 cm H 2 O. 
You attempt to ventilate by hand, but it is diffi cult to get air into his lungs. The other 
vital signs remain stable, but you are concerned and ask the surgeon to put the legs 
down on the operating table. There is minimal improvement in peak pressures. The 
nerve stimulator shows that the patient is relaxed. (You check the nerve stimulator 
on yourself with good effect.) You pass a suction catheter down the whole length of 
the endotracheal tube (ETT) without any problem. The cuff on the ETT is let down 
with no improvement. You ascertain that your ventilator is working adequately with 
normal peak pressure using a “dummy lung.” You exclude bronchoconstriction 
 anaphylaxis and pneumothorax. In desperation, you change the ETT with no 
improvement. Throughout this whole procedure, the oxygen saturation is 94 %. 

    Chapter 41   
 Case 41: Diffi culty in Ventilation 
in the Postinduction Period 
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    Questions 

 What will you do now? What can the problem be?     
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    Solution 

 To better examine the patient’s chest, you attempt to take off the patient’s gown. You 
fi nd the gown tightly fi xed around his chest. The gown’s knot, behind his back, 
 cannot be undone. You cut the front of the gown with a pair of scissors and tear the 
gown off him. This immediately returns the ventilation to normal. The rest of the 
case proceeds without incident, and the patient has an uneventful anesthetic.  

    Discussion 

 This case is similar to the one described in a 58-year-old man weighing more than 
160 kg [ 1 ]. He underwent an elective hemorrhoidectomy. As the patient was pulled 
down on the operating room table into the appropriate position, the gown became 
fi xed tightly around his chest. The chest expansion was severely restricted. When 
the gown was removed, the ventilation immediately returned to normal.  

    Recommendation 

 Always undo the back of the gown before the patient lies down on the operating 
table.     
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                    A 16-year-old boy (180 lb) is scheduled for a repair of hand tendons after an injury 
caused by a saw. His vital signs are stable, with a heart rate of 100 and blood pres-
sure (BP) of 90/60. His mother thinks he has lost a considerable amount of blood. 
The hematocrit (Hct) is 28 %. The patient has a history of malignant hyperthermia 
(MH) after a general anesthetic for a hernia repair at age 2 years. At that time, a 
positive family history of MH was found. His medical history is otherwise unre-
markable. The patient has no known drug allergies. After discussion with the mother 
and the boy, an interscalene block [ 1 ] is performed with 60 ml of 1 % prilocaine and 
10 ml of 0.5 % bupivacaine. Sedation with midazolam, 2 mg intravenous (IV), is 
given before the procedure. The usual monitoring equipment is placed, including a 
liquid crystal temperature strip on his forehead and a tympanic ear probe. Twenty- 
fi ve minutes after the interscalene block, there is a good sensory block, a sympa-
thetic block, and an ipsilateral Homer’s syndrome. The surgeon infi ltrates locally 
10 ml of plain 0.25 % bupivacaine and the surgery commences. The pulse oximeter 
shows a gradual decrease over a few minutes to a saturation of 75 %. The FIO 2  is 
increased to 100 % via a face mask from a “clean” anesthesia machine. The satura-
tion remains at 75 %. The patient’s other vital signs are unchanged. His temperature 
is normal. The breath sounds are equal bilaterally with no adventitious sounds. The 
respiratory rate is 14. You are concerned and take an arterial blood gas measurement 
from his radial line. This shows a PaO 2  of 78 mmHg and a PaCO 2  of 36 mmHg with 
a base excess of −1 mmol/l with a derived oxygen saturation of 96 %. 

    Question 

 Are you concerned and, if so, what will you do?     

    Chapter 42   
 Case 42: Unexplained Low Oxygen Saturation 
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    Solution 

 Prilocaine-induced methemoglobinemia should be suspected. Samples for both 
methemoglobin and prilocaine levels should be done. The treatment of choice is IV 
methylene blue 1 % in a dose of 1.2 mg/kg IV over a 10-min period. Usually the 
oxygen saturation will rise into the 1990s after approximately 15–20 min. However, 
it can take 45–60 min before it is above 96 %. In extreme cases, blood transfusion 
may be considered.  

    Discussion 

 IV dyes can cause transient, apparent desaturation [ 2 – 4 ] (topical anesthetics [prilo-
caine, benzocaine, lidocaine], nitrates, and aniline dyes). Cyanosis with hemoglobin 
desaturation caused by methemoglobinemia is rare. It is imperative to fi rst rule out 
the more common causes of hemoglobin desaturation such as airway obstruction, 
tension pneumothorax, cardiovascular collapse, pulmonary embolus, and so forth. 
Most individuals with methemoglobin levels below 30 % are asymptomatic. Between 
30 % and 40 % of patients complain of headache, lethargy, and dizziness. Signifi cant 
hypoxia occurs above 60 %, and levels higher than 70 % are frequently lethal. The 
pulse oximetry usually indicates desaturation, with methemoglobin levels below 
1 %. Pulse oximetry is an unreliable indicator of hemoglobin saturation in the pres-
ence of elevated methemoglobin levels. The pulse oximeter uses only two wave-
lengths of light and uses an associated algorithm to determine arterial oxygen 
saturation. Methemoglobin has an absorption spectrum that overlaps with that of 
both oxyhemoglobin and deoxyhemoglobin. As a result, the pulse oximeter will 
indicate a desaturation that does not accurately refl ect the true degree of hemoglobin 
desaturation. Laboratory co-oximetry, which reads light absorbency at various wave-
lengths, can detect the true fraction of oxygenated hemoglobin. The arterial blood 
gas will show a high oxygen partial pressure in the presence of a low saturation, 
indicating the presence of dyshemoglobinemia. The development of induced methe-
moglobinemia in anemic patients can have serious effects on oxygen delivery. 

 Methemoglobinemia can also be inherited. Hemoglobin M is a congenital abnor-
mality of the hemoglobin structure. It is an autosomal dominant trait and is usually 
diagnosed in infancy due to asymptomatic cyanosis. The diagnosis is made by 
hemoglobin electrophoreses. This disorder does not respond to normal pharmaco-
logic intervention. The other inherited    methemoglobinemia is a nicotinamide ade-
nine dinucleotide, reduced (NADH)-methemoglobin reductase defi ciency, which is 
an autosomal recessive trait. It is a rare enzymatic defi ciency found mostly in 
Alaskan Indians and Eskimos. 

 Another clinically important, frequent cause of methemoglobinemia is topical 
benzocaine [ 5 ,  6 ]. Care should be taken not to excessively spray this agent into the 
oropharynx.  
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    Recommendation 

 When cyanosis with hemoglobin desaturation occurs, remember to rule out  common 
causes before considering methemoglobinemia.     
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                    A prematurely born boy of 28 weeks’ gestation (780 g) with respiratory distress is 
admitted to your neonatal intensive care unit (NICU). Routine ventilatory treatment 
is given with good result. On the third day, shortly after endotracheal suctioning, his 
respiratory parameters deteriorate. The peak pressures are seen to increase signifi -
cantly, and hand ventilation confi rms decreased compliance. You pass a suction 
catheter down the endotracheal tube (ETT), but this time you note an obstruction at 
the distal end of the ETT. A chest X-ray confi rms the correct placement of the ETT 
but also shows a foreign object extending from the distal part of the ETT into the 
right main bronchus. Your thoracic surgical colleague says it is impossible to 
remove the object from the ETT with a fi ber-optic bronchoscope. You know that 
you must remove the object. 

    Question 

 What would you suggest?     

    Chapter 43   
 Case 43: Occlusion of an Endotracheal 
Tube in a Neonate 
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    Solution 

 If you apply continuous negative pressure to the proximal end of the ETT, there is a 
good chance that you may be able to remove the object with the ETT. A previous 
case report [ 1 ] indicates successful removal of a suction catheter fragment by that 
means; however, this is a potentially dangerous maneuver. If not done rapidly, seri-
ous collapse of the lungs may occur. To minimize the collapse, the vacuum pressure 
should not be higher than 40 cm H 2 O. Before ETT removal, the patient should be 
ventilated with 100 % oxygen for up to 3 min [ 2 ].  

    Discussion 

 Tracheal obstruction is not uncommon in preterm infants on ventilators. The com-
mon causes are tracheobronchial secretions that are often bloody and thick. 
Obstructions have also occurred during ETT surfactant instillation [ 3 ,  4 ]. The obvi-
ous treatment of these cases is to replace the ETT. Fracture of suction catheters and 
retention within the ETT are rare. A high index of suspicion must be maintained 
when prolonged desaturation occurs after ETT suctioning.  

    Recommendation 

 When a foreign object causes obstruction in an ETT, consideration should be given 
to removing the object by applying continuous negative pressure to the proximal 
end of the ETT.     
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                    A 16-year-old boy (65 kg) is admitted to the hospital after a motor vehicle accident 
in which he was a passenger in the front seat. The boy was thrown toward the dash-
board because he was not wearing a seatbelt. His only medical complaint is that he 
is partially deaf and wore a hearing aid that was lost on arrival to the hospital. He 
can therefore neither hear nor understand what is being said to him. His mother is 
there to comfort him. His ability to use sign language is poor. The patient has no 
history of drug allergy. On examination, the boy is found to be otherwise healthy 
with stable vital signs, except for a fractured right clavicle and surgical emphysema 
over his anterior neck and right supraclavicular fossa. There are many abrasions. 
Hematocrit (Hct) is 38 %, and the electrocardiogram (ECG) is normal. The chest 
X-ray shows a fractured right clavicle and mediastinal emphysema. The right lower 
lobe is collapsed. A computed tomography (CT) scan of his cervical spine and 
abdomen is normal. The thoracic CT scan reveals, again, air in the anterior chest 
wall and superior and anterior mediastinum. The thoracic surgeon diagnoses a bron-
chial tear that now has hopefully sealed and elects to observe him in the intensive 
care unit (ICU). Initially he does well, but on the third day after admission he 
becomes febrile and develops a productive cough. You take him to the operating 
room and induce general anesthesia. Through an endotracheal tube (ETT), the tho-
racic surgeon performs a fi ber-optic bronchoscopy and sees no bronchial tear. The 
surgeon aspirates thick secretions and old blood from the right lower lobe. After this 
procedure, the patient improves suffi ciently to be discharged 5 days later. Four days 
after his discharge, he arrives back in your emergency room with inspiratory stridor. 
He is transferred to the ICU where you meet him again. Arterial blood gas on room 
air is pH 7.38, PO 2  is 52 mm Hg, PCO 2  is 46 mm Hg, and base excess is −3 mmol/l. 
A chest X-ray reveals a small left pneumothorax and persistent mediastinal emphy-
sema. He still does not have a hearing aid. 

    Chapter 44   
 Case 44: Surgical Emphysema After a Motor 
Vehicle Accident 
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    Questions 

 What would you do? Treat it and send him home? Or do you think his inspiratory 
stridor has anything to do with his previous accident? If so, what would you recom-
mend to do?     

44 Case 44: Surgical Emphysema After a Motor Vehicle Accident
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    Solution 

 A rigid bronchoscopy is performed under general anesthesia. A midtracheal 
 structure (most likely scar tissue) is seen approximately 3 cm below the sternal 
notch. This was due to the complete transection of the trachea at the time of the 
accident. An end-to-end repair of the trachea is performed, and the patient is 
 discharged 1 week later.  

    Discussion 

 Although a diagnosis was made as to a possible bronchial tear, the investigation 
in this case, as in a previous case [ 1 ], was inadequate. It is recommended that a 
rigid or fl exible diagnostic bronchoscopy be done  without  an ETT. If the tracheal 
disruption is proximal to the distal end of the ETT, it will be missed. The diffi -
culty in diagnosis of the tracheal transection in this case was further compounded 
by the patient’s deafness and accompanying poor speech. In Pembroke et al. [ 1 ], 
when the patient was questioned more closely on his fi nal discharge from the 
hospital, he admitted to diffi culty in breathing when turning his head from side 
to side. 

 It is important in these cases to make an early diagnosis and repair a tracheal 
rupture as soon as possible [ 2 – 5 ]. Nuclear magnetic resonance imaging may prove 
very useful. 

 Tracheal transection is usually seen approximately 2–3 cm from the carina. All 
or one of the following may be present: neck pain, cough, hemoptysis, subcutane-
ous emphysema, dysphonia, dyspnea, tachypnea, and diffi culty in breathing when 
moving the head from side to side. The anesthetic management of these cases is 
with gaseous induction rather than with fi ber-optic intubation. Fiber-optic intuba-
tion is more an aid to diagnoses than it is a method of securing an airway in an 
emergency situation.  

    Recommendations 

     1.    Remember that the clinical picture of tracheobronchial disruption is not 
uniform.   

   2.    Any patient with evidence of extrapulmonary air leak after trauma should have a 
bronchoscopy performed  without  an ETT.         

Recommendations
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                    A 14-year-old boy (72 kg) with idiopathic scoliosis is scheduled for spinal 
 instrumentation with Harrington rod placement. His history and physical examina-
tion are unremarkable. The patient has had no previous anesthesia/surgery, and his 
family history is negative for anesthesia-related complications. The patient is taking 
no medication and is classifi ed as American Society of Anesthesiologists physical 
status I (ASA 1). General anesthesia is induced with propofol, fentanyl, and 
vecuronium after all necessary monitoring equipment is placed. After the boy is 
asleep, the trachea is intubated with a cuffed endotracheal tube (ETT). Breath sounds 
are equal bilaterally, and the ETT is securely taped. Anesthesia is maintained with 
isofl urane and nitrous oxide in oxygen, meperidine, and vecuronium. A blood sal-
vage system is used throughout the operation. During the procedure, he loses approx-
imately 1 l of blood. One unit of directed blood is given intraoperatively. The 
operation proceeds uneventfully and, at the end of the surgery, the neuromuscular 
blockade is reversed. Spontaneous respiration returns and the patient follows com-
mands. The ETT is removed and he is transported to the postanesthesia care unit 
(PACU). On arrival in the PACU, he is alert and vital signs are stable. Because his 
hematocrit (Hct) is 30 %, the surgeons ask that you to retransfuse the 500 ml of sal-
vaged blood cells. 

 Approximately 20 min later, you come back to the PACU. You note that the 
transfusion of the salvaged blood is complete; however, you also note that the boy 
is hardly breathing. His oxygen saturation is 88 % and falling, and the heart rate has 
increased from 82 to 110 beats per minute (bpm). The blood pressure (BP) is 
100/60 mmHg. You immediately commence artifi cial ventilation with a face mask 
using a Jackson Rees modifi cation of the Ayres T-piece with 100 % oxygen. His 
oxygen saturation comes up to 100 %. 

    Questions 

 What will you do next? What can be the cause of the respiratory arrest?     

    Chapter 45   
 Case 45: Postoperative Respiratory Arrest 
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    Solution 

 The nerve stimulator shows that the boy is completely relaxed. You reassure the boy 
and give him another dose of neostigmine and glycopyrrolate with good effect. The 
reason for this dilemma can be attributed to the retransfusion of the cell saver blood, 
which contained a suffi cient amount of vecuronium to cause respiratory depression.  

    Discussion 

 Currently, two types of equipment are available for retransfusion of autologous 
blood: (1) the centrifuge-based cell salvage instrument in which the blood is washed 
and centrifuged before retransfusion as an erythrocyte concentrate and (2) the can-
ister collection system in which the blood is collected and either concentrated and 
washed with standard blood bank washing instruments or transfused after fi ltration. 
These systems reduce the risks that accompany homologous blood transfusions. 
However, a study [ 1 ] has shown that the collection of wound drainage blood during 
orthopedic surgery is associated with activation of complement and release of poly-
morphonuclear elastase and cytokines. 

 This case highlights the possibility of recurarization with cell saver blood. In a 
study by Montefi ore et al. [ 2 ], the risk of secondary neuromuscular blockade was 
higher with vecuronium than with atracurium from cell saver blood. This was attrib-
uted to the organ-independent Hoffmann elimination of the latter drug. The liver 
and the kidney play only a minor role in the elimination of atracurium. However, 
these organs are the primary pathways for the elimination of atracurium’s metabo-
lites, including laudanosine.  

    Recommendation 

 The practice of giving the cell saver blood in the PACU may not be safe. If transfu-
sion is done in the PACU, the nursing staff should be informed about the possible 
risk of secondary neuromuscular blockade. The infusion of cell saver blood should 
be completed before the patient leaves the PACU.     
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                    A 14-month-old boy is scheduled to undergo repair of a cranial dysostosis. His 
 history is unremarkable. There is evidence of increased intracranial pressure, but no 
hydrocephalus. The patient has had no previous anesthesia/surgery, and his family 
history is negative for anesthesia-related complications. He takes no medication and 
has no drug allergies. He is classifi ed as American Society of Anesthesiologists 
physical status I (ASA 1) with a class 2 airway. Monitors include pulse oximetry, 
electrocardiogram (ECG), liquid crystal temperature indicator (LCTI), noninvasive 
blood pressure (BP) cuff, and precardial stethoscope. The child is kept warm with 
two heating lamps. General anesthesia is induced via face mask using sevofl urane 
1–4 % in 100 % oxygen. After the child is asleep, the LCTI on the forehead is seen 
to increase quickly to 41.0 °C from 36.5 °C. All other parameters are within normal 
limits. You are concerned and alert the surgeons and call for the malignant 
 hyperpyrexia cart. 

    Question 

 Is there anything else you would like to do before treating the patient as a potential 
case of malignant hyperpyrexia?     

    Chapter 46   
 Case 46: Rapid Increase in Body Temperature 
After Induction of General Anesthesia 
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    Solution 

 Remove the heating lamps away from the child. 
 In this case, the dramatic temperature rise was due to one of the heating lamps 

being placed too close to the patient’s head [ 1 ]. The prescribed distance is 28 in. 
(71 cm).  

    Discussion 

 One should always confi rm the presence of a rapidly rising temperature by also 
 feeling the patient. In this case, the child was not very warm. Checking the tempera-
ture from other sites, including the tympanic membrane [ 2 ] and the esophagus, is 
imperative. The latter should be checked only after an ETT has been positioned and 
secured. Rectal temperature is not recommended because it gives a variable refl ec-
tion of core temperature [ 2 ]. 

 The expiration date of the dantrolene in the malignant hyperpyrexia cart must be 
checked before use. On one occasion, when we had to use dantrolene, we found that 
all the vials of dantrolene in the malignant hyperpyrexia cart had expired. When one 
is in a rush, it is so easy to forget to check this elementary but important fact.  

    Recommendation 

 When all other parameters are normal in a case of hyperthermia, do look for other 
causes. They may be closer than you think.     
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                    Today you are a volunteer faculty in a nearby university hospital. You have one 
senior resident and two medical students working with you. Your fi rst case is a 
3-year-old boy (10 kg) who is scheduled for removal of a Wilms’ tumor (nephro-
blastoma). The child has no medical problems other than a large mass in the loin. 
There is no history of drug allergy, previous general anesthesia, or any adverse fam-
ily history of anesthetic complications. On examination, the child is found to be 
otherwise healthy. Vital signs are stable. General anesthesia is induced via face 
mask using sevofl urane in 100 % oxygen after all necessary monitoring equipment 
is placed on the child. After the child is asleep, an intravenous (IV) line is inserted 
and 0.15 mg atropine and 1 mg vecuronium are administered to facilitate tracheal 
intubation with a 5-mm internal diameter (i.d.) endotracheal tube (ETT). Bilateral 
air entry is heard, and the ETT is taped. Anesthesia is maintained with sevofl urane 
2 % in air and 30 % in oxygen and fentanyl. The operation starts, but surgical dif-
fi culties are encountered. Signifi cant blood loss (250 ml) is seen. The hematocrit 
(Hct) has fallen from 38 % to 20 %. There is blood in the urine. You call for the 
father’s directed blood and it arrives with an orderly. You give the blood to your resi-
dent to check and administer. You continue your discussion of airway management 
of children to the medical students. The blood transfusion starts and the surgeon 
states that he has the bleeding under control. 

 Approximately 15 min later, the attending surgeon looks over the drapes and 
says to you: “There is a lot of ‘oozing’ in the surgical fi eld.” 

    Questions 

 Are you concerned? What will you do?     

    Chapter 47   
 Case 47: Intraoperative “Oozing” 
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    Solution 

 You walk up to the operating table and stop the blood transfusion. You ask your resi-
dent if he checked the blood and he says, “No, I thought you did.” At that moment, 
the orderly comes into the room and says, “I have the right blood for you now, Doc. 
Sorry.” This case actually happened to me, but it had a happy outcome. The patient 
had received approximately 75 ml of A Rh-positive blood, but he was B Rh-positive. 
The operation concluded and he was taken to the intensive care unit (ICU), venti-
lated overnight, and treated with fl uids and furosemide. A central line was inserted 
for monitoring of the central venous pressure (CVP). Hourly urine samples were set 
aside in the window in the ICU to see any decrease in hematuria. By the next morn-
ing (22 h later), his urine was clear and he made an uneventful recovery. 

 In awake patients who get the wrong blood, the signs and symptoms of a hemo-
lytic transfusion reaction include chills, tachycardia, hypotension, nausea, fever, 
urticaria, hematuria, and loin pain. In the anesthetized patient, the diagnosis of 
hemolytic transfusion is much more diffi cult. Only a high index of suspicion can 
save the day. Hemoglobinuria (not caused by surgery), bleeding diathesis (oozing), 
or an unexplained hypotension may raise the alarm. In this case, the sudden 
increase in oozing noted by the surgeon shortly after the blood was given was the 
important sign.  

    Discussion 

 The incidence of fatal hemolytic transfusion reactions (HTRs) is 1 in 300,000–
700,000 red blood cell transfusions [ 1 ]. ABO-incompatible red blood cell transfu-
sions are reported to be approximately 1 in 3,000 units [ 2 ]. The signs and symptoms 
of HTRs may follow as little as 10–20 ml of incompatible blood [ 3 ]. The severity of 
a reaction is generally proportional to the amount of the incompatible blood infused 
and the type of incompatibility and length of time before treatment is initiated [ 3 ]. 
When an acute HTR is suspected, the transfusion must be stopped and the transfu-
sion service immediately notifi ed. All cross-matched units must be rechecked. 
Treatment is directed toward the most serious sequelae—namely, acute renal failure 
and coagulopathy. Urine output should be maintained at a minimum of 1–2 ml/kg 
per hour with IV fl uids, furosemide, and low-dose dopamine. 

 The possible transmission of hepatitis and/or human immunodefi ciency 
virus (HIV) is the principal concern of patients and physician [ 4 ]. However, transfu-
sion errors are 50–100 times more likely to occur than transfusion-transmitted 
HIV [ 5 ,  6 ]. 

 Laboratory evaluations include urine and plasma hemoglobin determinations, 
other tests verifying hemolysis, and baseline coagulation studies.  

47 Case 47: Intraoperative “Oozing”
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    Recommendation 

 An increase in oozing shortly after blood is given intraoperatively should be a 
 warning signal that an incompatible blood transfusion may be in progress.     
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                    You are an attending anesthesiologist in a large university hospital. Today you are 
to anesthetize an otherwise healthy 5-year-old boy. He is to undergo a prolonged 
facial maxillary surgery to correct facial bone damage caused by a motor car acci-
dent 6 months ago. The surgeon is requesting a nasal intubation and the table is 
turned 180°. He does not want the endotracheal tube (ETT) over the head but 
straight from the nose and down over the mouth and chin. 

 Even though there are formulas to be used to work out the required length of a 
nasotracheal tube [ 1 ,  2 ], your resident has already cut the ETT to a predetermined 
length, using his clinical judgment. He rightly states that increasing the length of the 
endotracheal tube will increase the work of breaking [ 3 ,  4 ]. 

 Your resident has attached the ETT connector to the proximal end. His rationale 
is that if you cut the ETT after the placement of the tube, it is very diffi cult to get the 
ETT connector into the ETT as there is no ETT to hold onto. 

    Question 

 You agree with him, but ask him if there is another way to attach the ETT connector 
to the ETT after the ETT is placed?     

    Chapter 48   
 Case 48: A Tip for Nasotracheal Intubation 
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    Solution 

 After induction of anesthesia, an uncut ETT with its connector is placed nasally into 
the trachea. The correct placement is achieved by observing the ETT entering the 
trachea and by listening for bilateral chest air entry. The ETT is marked with a pen 
where it is to be cut outside the nose. A surgical blade or scissors are used to cut the 
ETT, but only 2/3 across its lumen [ 5 ] (Fig.  48.1 ). The tube connector is then placed 
in the proximal ETT by holding the “proximal handle.” The “handle” prevents the 
ETT from getting malpositioned and makes it easier to insert the connector and 
prevent malposition.

   This procedure obviates the need to pull out the ETT in order to obtain a grip 
while inserting the connector. Furthermore, it prevents unnecessary length remain-
ing outside the nares. If the ETT is too long, it can inadvertently become kinked, and 
its extra length outside the nose can be an annoyance to the surgeon. The technique 
can also be used if the nasal ETT is judged to be too long after it has been placed.  

    Recommendation 

 The technique should help get the correct length for the nasal ETT.     

  Fig. 48.1    A tip for 
nasotracheal intubation. 
Reproduced with permission 
from Soni AK Paes ML., 
Fetting the length rifght. 
Anaesthesia. 1994;49:549       
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                    A 12-year-old boy (American Society of Anesthesiologists physical status II [ASA 
2]) (62 kg and 5′) is scheduled for a repair of a pectus excavatum (funnel chest). His 
preoperative laboratory values and chest X-ray are normal. After adequate sedation 
with oral midazolam (0.07 mg/kg), you take him to the operating room where an 
intravenous (IV) line is placed. Routine general anesthesia is induced using propo-
fol, fentanyl, and vecuronium. The airway is secured and anesthesia maintenance is 
with    N 2 O/O 2  with sevofl urane. Another IV is placed together with a right radial 
arterial line. Attempts to cannulate the right internal jugular vein (IJV) prove diffi -
cult, as the ultrasound machine intermittently stops working. A new ultrasound 
machine is brought in and the IJV is successfully cannulated. 

 Fourteen hours later, the boy is in the intensive care unit (ICU). He is extubated, 
and his vital signs are stable. His pain level is 2–3. The ICU nurse notices anisocoria 
of the right pupil (2 mm) compared to the left (4 mm). Both pupils react briskly to 
light, but the right pupil dilates poorly under conditions of dim illumination (dilata-
tional lag). You are called and confi rm the fi ndings but also note a 1–2 mm ptosis on 
the right. There are no other abnormal ocular or neurological signs. You call for an 
ophthalmic consult, but you are told he will not be able to get there before next 
morning. 

    Questions 

 What is the diagnosis? Is there a simple test you would suggest to make the diagno-
sis while you wait for the ophthalmologist?     

    Chapter 49   
 Case 49: A Case of Anisocoria Following 
General Anesthesia 
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    Solution 

     1.    Acquired Horner’s syndrome.   
   2.    Dripping cocaine (4 %) in the right eye. If there is no dilation of the pupil, then 

the patient has an acquired Horner’s syndrome.      

    Discussion 

 Damage to the oculosympathetic pathway following the IJV insertion is an unusual 
cause of Horner’s syndrome. In a previous case report [ 1 ], the Horner’s syndrome 
had not gone away at 7 months. Fortunately, the boy had no symptoms from the 
Horner’s and was only minimally concerned about its cosmetic effect. In another 
case report [ 2 ], the anisocoria was still present 5 weeks later but much improved 
after IJV insertion.  

    Recommendation 

 When your ultrasound machine does not function properly—stop, wait, and get a 
new one.     
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                    A 7-year-old immigrant boy is admitted for removal of tonsils and adenoids (T-A). 
The child was born at full-term delivery but needed tracheal intubation and suction 
at birth. He has always been a poor feeder and gets asthma attacks regularly. Despite 
that, according to the mother, he was doing well until after his arrival in the USA, 4 
months ago. Since coming here, his asthma has worsened. He often gets severe 
episodes of coughing and vomiting and becomes tachypnoeic, tachycardic, and cya-
notic. He also has had two episodes of pneumonia for which he was admitted to the 
hospital. 

 On exam, he is small for his age. With the exception of his lungs that are slightly 
wheezy, his exam is normal. Since he has no fever, it is decided to go ahead with the 
procedure. 

 The child is taken to the operating room and adequately sedated with oral mid-
azolam. An intravenous (IV) line is established and a routine IV induction ensues 
with propofol and rocuronium. Laryngoscopy showed a normal supraglottic airway. 
A #6 endotracheal tube (ETT) with cuff is passed atraumatically into the trachea, 
and the cuff is infl ated just below the vocal cords. Bilateral air entry is heard and 
end-tidal CO 2  is seen. 

 However, it is impossible to obtain an adequate seal (for ventilation) despite 
infl ating the functioning ETT cuff. You confi rm that the ETT is in the trachea but 
you now see a lot of secretions in the back of the pharynx that seem to be bubbling 
during inspiration. 

 You suspect a possible tracheoesophageal fi stula (TEF). 
 There is still bilateral air entry and end tidal CO 2 . The vital signs are stable but 

the O 2  saturation has fallen from 97 % to 92 %. The patient is fully paralyzed and 
asleep. 

    Question 

 What will you do now?     

    Chapter 50   
 Case 50: A Routine    Tonsillectomy 
and Adenoidectomy 
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    Solution 

 This happened to me and I let the cuff down, advanced the ETT further down into 
the trachea, and blew up the cuff. Luckily I got a seal. The operation was abandoned. 

 A few days later, the patient underwent a repair of an H-type TEF. Six months 
later, the symptoms of asthma had disappeared.  

    Discussion 

 TEFs are usually diagnosed in the neonatal period with a triad consisting of cough-
ing associated with feeding, gaseous distention of the stomach, and asthma or recur-
rent chest infections. TEF can also be diagnosed later [ 1 ,  2 ] as an outpatient or 
diagnosed when the child is admitted to an ICU for intermittent positive pressure 
ventilation. In these cases, distention of the stomach can be a telling sign [ 2 ].  

    Recommendation 

 Always be aware of any child presenting with asthma-like symptoms and recurrent 
unexplained pulmonary pneumonia/aspiration. They may have an undiagnosed TEF.     
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                    A 16-year-old girl is admitted to the emergency room (ER) following an overdose 
of unknown drugs and amount. Her parents tell you that she has been depressed 
after a breakup with her boyfriend. She is otherwise healthy but has been taking 
antidepressants for about 4 weeks; the parents cannot recall what they are called. 
Although she is asymptomatic, gastric lavage is performed in the ER and activated 
charcoal is instilled into her stomach. 

 She is kept in the ER for observation. Unfortunately over the next 2 h the girl 
becomes progressively drowsier. You are called to secure the airway. 

 You examine the patient. Charcoal is visible on her lips and tongue. After review-
ing the chart and routine laboratory results you declare her an ASA 1E (American 
Society of Anesthesiologists physical status I emergency). The anesthesia  equipment 
including the laryngoscope is working. 

    Questions 

 Are there any concerns prior to doing an RSII (rapid sequence induction and 
 intubation) in this patient in the ER? 

 If so, what?     

    Chapter 51   
 Case 51: Drug Overdose 
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    Solution 

 Turn off the ambient light in the ER prior to RSII.  

    Discussion 

 In a previous case [ 1 ], after an RSII, laryngoscopy was performed; gross charcoal 
staining of the entire upper airway was seen. Despite a good light from the laryngo-
scope, everything was black. It was virtually impossible to see the laryngeal inlet. 
The very limited light refl ection was compounded by the “superb” ambient lighting 
in the ER. In the previously reported case [ 1 ], the recommendation was to turn off 
the ambient lighting prior to RSII, thereby allowing a degree of dark adaption to 
occur. 

 Attempting to intubate in bright sunlight can be very diffi cult. I know from per-
sonal experience in Africa. Dr. van der Heyden, a German doctor I was working 
with in Zululand, taught me that in those cases always secure the airway by covering 
your head and that of the patient’s with a dark blanket. Dark adaption does make 
securing the airway easier.  

    Recommendation 

 Activated charcoal can make what seems an easy intubation, diffi cult. Always turn 
off operating room (OR) or ER lights a few minutes prior to induction. Have a blan-
ket ready to cover yours and the patient’s heads. A fi ber-optic intubating scope and 
other airway devices should always be readily at hand.     
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                    You are an intensive care unit (ICU) pediatric attending called    to assist with a 
 cardiac arrest in a neonate. The infant has just been brought back to the ICU follow-
ing a repair of tracheoesophageal atresia. The patient’s history, physical examina-
tion, and laboratory results (30 min before arrival in the ICU) were all within normal 
limits. 

 The child has been left intubated with 3.0 endotracheal tube (ETT) postopera-
tively as he is cold (34.5 °C). Just before the cardiac arrest, the child had lost his 
only intravenous (IV) line. The diagnosis of cardiac arrest was made by the ICU 
nurse based on loss of the pulse oximetry trace, ST segment depression, and a 
decrease in heart rate (sinus rhythm) from 138 to 98 beats per minute (bpm). The 
arterial blood pressure has stopped working an hour ago. Attempts to get a new one 
inserted have failed. The noninvasive BP reading is 40/25 mmHg. You diagnose a 
pulseless electrical activity (PEA). Cardiopulmonary resuscitation (CPR) is started 
with insuffl ation of 100 % oxygen. On listening to the lungs, you diagnose a right- 
sided pneumothorax. 

 You place an underwater drain rapidly [ 1 ] and order epinephrine to be given 
through the ETT. Your medical student hands you an atomized sprayer (MADgic, 
Wolfe Tory Medical Inc. Salt Lake City, UT, USA) and asks if you can use that. He 
tells you that MADgic has been recommended to deliver drugs further down the 
tracheobronchial tree rather than injecting drugs directly with a syringe at the 
Y-junction or into the ETT. The MADgic, he states, provides a more consistent 
delivery of the entire injected amount beyond the tip of the ETT. 

 You ignore the student and inject epinephrine into the ETT with a syringe. By 
using epinephrine and    relieving the tension pneumothorax the neonate’s vital signs 
are improved immediately. The child makes an uneventful recovery. 

 You turn to the medical student and say, “I know about the MADgic. But there 
are several reasons why you should not use it.” 

    Chapter 52   
 Case 52: Cardiac Arrest in a Neonate 
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    Question 

 Can you think of any?     

52 Case 52: Cardiac Arrest in a Neonate
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    Solution 

 In a study [ 2 ], we found that rather than delivering the intended atomized spray of 
drug into the trachea the MADgic failed for the following reasons:

    1.    The device is not long enough to protrude at the end of the ETT ( unless the ETT 
is cut).   

   2.    The device will not fi t into a minimum size 5 ETT.   
   3.    The small caliber of pediatric tubes inhibits the velocity of the drug delivery, 

leading the drug to collect in the distal end of the tube.   
   4.    The MADgic contains an inherent dead space. If you elect to use this device, 

then you must take that into account when choosing drug volume.    

  Added to these points above is the fact that MADgic is “off label” for pediatrics. 
 The study [ 2 ] concluded that injecting drugs with a syringe directly at the 

Y-junction or into the ETT provides a more consistent delivery of the entire injected 
amount beyond the tip of the ETT. 

 In the above case, relying on the use of MADgic during the cardiac arrest may 
not have had the desired effect or at best minimal effect. However, in one study the 
effectiveness of ETT installation of drug is rarely effective in the setting of CPR or 
cardiac arrest [ 3 ]. It is interesting to note that the intraosseous route has been shown 
to be more reliable and faster than the ETT [ 4 ].  

    Recommendation 

 Using any off-label device is not recommended.     
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                    Today you are anesthetizing an 18-year-old male (60 kg, 175 cm) American Society 
of Anesthesiologists physical status II (ASA 2) for bilateral knee arthroscopies. He 
has been worked up for possible cardiomyopathy. The note from the cardiologist 
tells you it is mild and his ejection fraction (EF) is 50 %. On physical exam, he has 
no heart murmurs. His electrocardiogram (EKG) shows fl attened T waves and some 
evidence of ventricular hypertrophy. He requests no premedication. A routine 
 general anesthetic with propofol ensues and a laryngeal mask airway (LMA) #4 is 
inserted with a good seal. Spontaneous breathing resumes and he is maintained on 
N 2 O 70 % in oxygen and sevofl urane 1 % with meperidine up to 2 mg/kg. No anti-
biotic is given as per surgeon’s preference   . 

 Since there are two surgeons working, one fellow and one attending, both lower 
limbs are elevated and exsanguinated with an Esmarch bandage at the same time. 
Bilateral pneumatic tourniquets are applied and infl ated to 300 mmHg. 

 Just before surgery starts, the patient’s breathing becomes labored. There is pro-
longed expiration and the neck veins are distended. You listen and diagnose moder-
ate to severe bronchospasm. His saturation falls from 100 % to 89 % and the heart 
rate increases from 72 to 97 beats per minute (bpm). His blood pressure (BP) is 
cycling. You remove the LMA and ventilate with O 2  100 % and sevofl urane 3 %. 
Unfortunately, there is no improvement in his vital signs. You give 100 mcg of 
 epinephrine IV—still no improvement. 

    Question 

 Before you administer more epinephrine, what will you do?     

    Chapter 53   
 Case 53: Bilateral    Tourniquets. Beware 
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    Solution 

 In a previous case, both tourniquets were let down and the bronchospasm resolved 
within 1–2 min [ 1 ].  

    Discussion 

 Bronchoconstriction can be mediated via vagal afferents (J-receptors). The receptors 
respond to pulmonary congestion and increased pulmonary capillary pressure. This 
can occur in left ventricular failure or fl uid overload. In this case [ 1 ], substantial 
autotransfusion was thought to be the cause of the bronchospasm with a concurrent 
rise in central venous pressure (CVP). The latter seen    by the distended neck veins. A 
subsequent increase in pulmonary capillary pressure may have caused activation of 
the J-receptors resulting in overt bronchospasm. By letting the tourniquet down, the 
bronchospam improved. It is well documented that in acute pulmonary edema there 
can be bronchospasm. Although there was no evidence that this patient was in pul-
monary edema, the author [ 1 ] argues that a state of subclinical left ventricular failure 
was in fact present and that the bronchospasm was the only clear manifestation. 

 It is interesting to note that in the above case, the procedure was not abandoned 
and both tourniquets were again reinfl ated. Again bronchospasm occurred but the 
surgery carried on. Some improvement was seen when one tourniquet was defl ated. 
Complete resolution of the bronchospasm was seen when the last tourniquet was 
defl ated. 

 Bilateral lower limb tourniquets are known to cause arterial hypertension [ 2 ], 
and dangerous intracranial pressure (ICP) increases can occur both during infl ation 
and defl ation of the tourniquet. During reperfusion of the ischemic limbs, there is an 
increase in PaCO 2  [ 3 ,  4 ].  

    Recommendation 

 Remember that bronchospasm can be caused by the infl ation of tourniquets.     
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                    A 16-year - old boy was diagnosed with neurofi bromatosis (NF) at the age of 14 
because of rapidly progressive weakness and wasting of his right arm. A magnetic 
resonance imaging (MRI) at the time showed multiple NF from C4-7. 

 Four months previously, he underwent a cervical laminectomy (C4-T1) and ante-
rior fusion from C3-T1. He made a good recovery. But he still had the residual hand 
muscle weakness and wasting of both thenar and hypothenar eminences. He was 
admitted this time for tendon transfers to his right hand. 

 Speaking to him and his parents, the boy claimed he felt fi ne with no neck 
problems. 

 On exam, he was otherwise healthy with a Mallampati grade 1. The neck exten-
sion was reduced to 50 % of normal. Otherwise, the exam was normal. 

 A lateral cervical spine X-ray done 5 months ago only showed the previous 
fusion. 

    Question 

 In this case, would you repeat the cervical spine X-ray or are you happy to proceed 
without one?     

    Chapter 54   
 Case 54: Neurofi bromatosis   . A Warning 
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    Solution 

 In a case [ 1 ], the patient was anesthetized without a preoperative cervical spine 
X-ray   . The patient received a routine general anesthetic with a laryngeal mask air-
way (LMA). Postoperatively, he was fi ne and had no complaints. On the second day 
after the surgery, he complained of a sore neck. He was examined and there were no 
sensory or neurological defi cits. A cervical spine X-ray was ordered and showed: 
“A grossly unstable dislocation at C4-5.” He then admitted that he had heard a “loud 
crack” in his neck a few weeks before.  

    Discussion 

 Neurofi bromatosis cases are not routine cases. All these patients should have a rou-
tine cervical spine X-ray. This is especially important if they have had previous 
cervical surgery. 

 A serious injury to the spinal cord could have occurred if this patient had been 
paralyzed and intubated.  

    Recommendation 

 All patients with neurofi bromatosis should have a routine cervical spine X-ray and 
especially if they have had previous cervical surgery.     
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                    A 16-year-old boy (American Society of Anesthesiologists physical status I [ASA 
1], weight 60 Kg and height 5′7″) was scheduled for a knee arthroscopy. He was the 
fi rst case of the day. The anesthesia machine passed the daily checks, using the 
machine’s electronic system. The breathing circuit was manually checked using the 
thumb-occlusion test. The patient was pre-oxygenated. The reservoir bag was seen 
to move appropriately with inspiration and expiration. Anesthesia was induced with 
propofol and when there was no response to the jaw thrust, a laryngeal mask 
 airway—LMA—Unique (Laryngeal Mask Company Ltd., San Diego, CA)—was 
inserted without diffi culty. However, manual ventilation was not possible. The res-
ervoir bag remained empty despite closing the adjustable pressure limiting (APL) 
valve and activating the oxygen fl ush. The oxygen pipeline pressure was 50 psi. An 
Ambu bag (Ambu, Copenhagen, Denmark) was used to ventilate the patient. 
Continuous infusion of propofol kept the patient asleep. A new anesthetic machine 
was brought in and the operation concluded successfully. 

    Question 

 What is it that you must do prior to the faulty machine being removed from the 
room?     

    Chapter 55   
 Case 55: A Machine Failure 
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    Solution 

 Write down the machine’s number and inform your colleagues about your dilemma. 
Failing to do that can lead to a potential disaster.  

    Discussion 

 A friend of mine who worked in a surgery center had a similar anesthesia machine 
problem (described on the previous page). It occurred in the last case of the day. 
Luckily, the anesthetic was short and was concluded satisfactorily. He informed the 
charge nurse that the machine must be taken out to be serviced and a new one 
replaced by the morning. This was because all four rooms were to be used the next 
day. The next day my pal was working in a different room. All anesthetic machines 
in the surgery center were of the same make and model. After having put the fi rst 
patient of the day asleep, the same problem recurred. Again, the Ambu bag came to 
the rescue. The surgery was completed uneventfully. My pal requested a new 
machine, only to be told there were none. In short, last night’s charge nurse had 
simply switched the two anesthesia machines, as she did not have a reserve. Had my 
friend taken the faulty machine number, he would have discovered the next day that 
the machine he was about to use was the one he had declared faulty. Failure to ven-
tilate with modern anesthesia workstations have been described [ 1 ]. 

 When working in surgical centers, there are two main problems. There is limited 
bioengineering presence and very often no extra anesthesia machine.  

    Recommendation 

 Always make sure you identify a faulty machine. Failure to do that could prove 
disastrous.     
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                    You have just anesthetized a 17-year-old boy (American Society of Anesthesiologists 
physical status I [ASA 1], weight 70 kg, height 5′11′′) for a knee arthroscopy. Mask 
ventilation was easy. You placed a #7 endotracheal tube (ETT) (high volume low 
pressure tube) atraumatically in his trachea and infl ated the cuff with 5 ml of air. To 
your dismay, when you attempted to manually ventilate you discover there was 
severe bronchospasm bilaterally. The peak pressures are over 50 cm H 2 O. 

 You remembered from your residency that if the ETT is too far down the trachea, 
it can “tickle” the carina and cause bronchospasm. You pulled the ETT back to 
22 cm from 24 cm at the teeth, but there was no improvement. 

 You passed a suction catheter, but it did not seem to go through the whole length 
of the ETT and stopped at about 28 cm. Obviously there was no reason to give any 
bronchodilators, as there seemed to be a mechanical obstruction within the ETT. 

    Question 

 Besides taking the ETT out and reintubating with another, what else would you 
 suggest and what can the problem be?     

    Chapter 56   
 Case 56: A Severe Case of Bronchospasm 
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    Solution 

 Let the cuff down.  

    Discussion 

 Immediately there is an improvement as you have diagnosed the cuff has herni-
ated into the lumen of the ETT [ 1 ]. This was very common when in the old days we 
used red rubber tubes (high pressure low volume). These tubes were autoclaved and 
reused again and again. With all the autoclaving, the rubber became softer and 
softer. Eventually, when infl ating the cuff, it would herniate into the ETT. This can 
also occur with the modern high volume low pressure tubes [ 1 ,  2 ]. This is most 
commonly seen some time after initiation of anesthesia when there is a sudden 
inability to ventilate. The main reason for this delayed obstruction is the slow expan-
sion of the cuff with N 2 O [ 3 – 6 ]. When using an ETT, the lowest cuff pressure must 
be maintained to prevent leakage. Cuff pressures greater than 30 cm H 2 O (22 mmHg) 
compress mucosal capillaries and impair blood fl ow. Pressures above 50 cm H 2 O 
(37 mmHg) produce total occlusion [ 7 ,  8 ]. Obviously kinking of the ETT in the 
trachea can occur and could have been the cause in the above case. This has been 
reported [ 9 ].  

    Recommendation 

 When faced with a case of bronchospasm during anesthesia, always pull the ETT 
back and suction the ETT. If there seems to be an obstruction in the lower end of the 
ETT, try letting the cuff down.     
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                    A 2-year-old boy is brought into the emergency room with wheezing and stridor. 
The parents accompanying the child tell you that they are sure there is a peanut 
stuck in his windpipe. This happened 3–4 h prior to admission. The time is now 
6 p.m. Chest exam exhibits classical laryngeal obstruction and with decreased bilat-
eral air entry. The child is frightened and very distressed. He will not have any 
noninvasive monitors put on, including the oxygen saturation. You are comforted by 
the fact that he does not look cyanosed. He is using his accessory muscles and 
everyone can hear that he is wheezing with each forced exhalation. 

 The emergency physician would like a chest X-ray but the ENT surgeon says, 
“Forget about that. We need to go to the operating room ASAP.” With that he picks 
up the child and marches off to the operating suite. 

    Questions 

 You as the anesthesiologist follow along but wonder what the rush is all about. Does 
the surgeon have a party to go to or is there something you do not know? 

 Why is the ENT surgeon treating this as a real airway emergency?     

    Chapter 57   
 Case 57: A Peanut in the Airway 
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    Solution 

 Peanuts, being an organic matter and very salty will absorb water, swell, and cause 
a sudden airway obstruction. Furthermore, peanuts will also cause infl ammation of 
the airway and exacerbate the obstruction. 

 I have personally seen such a case in the AG Kahn hospital in Durban, South 
Africa [ 1 ]. The ENT surgeon Dr. Naidu carried the child up to the operating room 
from the emergency room. After having placed the child on the operating table, 
there was a sudden onset of cyanosis with several episodes of stress coughing. 
Inhalation induction with halothane in 100 % oxygen commenced. Spontaneous 
breathing became labored. Both the oxygen saturation and heart rate fell from 96 % 
to 89 % and 140 beats per minute (bpm) to 100 bpm, respectively. The child had 
become limp; Dr. Naidu without any lidocaine topicalization quickly inserted a 
ridged bronchoscope. A foreign body was seen in the lower end of the trachea. With 
the small straight metal suction, he applied negative pressure to the foreign body. He 
then quickly removed (from the trachea) both the ridged bronchoscope and the suc-
tion. Much to everyone’s surprise and relief, the small peanut was removed intact. 

 The child made an uneventful recovery.  

    Discussion 

 This case is somewhat similar to case #43 in this book. In that case, a large foreign 
object that had stuck to the end of the endotracheal tube (ETT) and caused a severe 
obstruction and could not be removed by a fi ber-optic bronchoscope. In that case, 
the foreign body was removed successfully by applying continuous negative pres-
sure to the proximal end of the ETT trachea. 

 Foreign body aspiration is a common emergency and causes more than 300 
deaths per annum in the USA. The most common age group is 1–2 year-olds [ 2 ,  3 ]. 

 In a retrospective study by Ramierz-Figueroa et al. [ 4 ], it was found that of 59 
children with foreign body aspiration, removal of an organic foreign body (38/59) 
from the airway was more successful with a rigid bronchoscope than a fl exible fi ber- 
optic bronchoscopy. When a forceps is used to grab the peanut, as compared to the 
Naidu technique (as described on the previous page) of suctioning, usually the pea-
nut breaks into fragments. This leads to a prolonged intervention with often severe 
postoperative subglottic edema. Despite this, the use of forceps is considered a safer 
option [ 5 ]. 

 In a case report of a 24-month-old boy who got a peanut in his airway [ 6 ], air 
trapping occurred. This was caused by the distention and narrowing of the airways 
during respiration. 

 There are two schools of thought as to how a child with a foreign body in the 
trachea should be managed. The instrumentation of larynx and trachea/bronchi may 
cause laryngospasm, coughing, bucking, arrhythmias, and hypertension. The 
 problem can be avoided or minimized with using muscle relaxation and ventilation. 
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I prefer inhalational anesthetic without the use of muscle relaxation as ventilation 
can force the foreign body deeper into the small bronchi. This can cause a ball valve 
obstruction and, added to that, the foreign body may be diffi cult to remove [ 7 ]. 
Despite that, Kosloske in 1982 [ 8 ] recommended muscle paralysis and ventilation. 
Others [ 9 ] have indicated that, while the spontaneous breathing technique was used 
initially, muscle paralysis was employed after the foreign body was removed. The 
reason for paralyzing the patient was because of inadequate ventilation and/or 
laryngospasm.  

    Recommendation 

 Peanut inhalation in children is a serious airway concern. Remember that peanuts 
are organic and will swell, causing a sudden obstruction of the airway. Cooperation 
between the anesthesiologist and the ENT specialist is mandatory for a successful 
outcome.     
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                    A 6-year-old boy is admitted to a university medical center emergency room. He has 
fallen on his head and a metal sprinkler spike has penetrated his skull. The spike 
enters the head at an angle in the left temporal region, just above his ear. The length 
of the spike is 6–8 in. It is sticking straight back extending from his occipital region 
by at least 2 in. The computed tomography (CT) scan shows the spike is about 1 in. 
inside the brain. The child is lying on his right side, as the spike prevents him from 
lying fl at or on his left side. 

 On examination he is awake, vital signs are within normal limits, but he com-
plains about a pain in his head. His last meal was 4 h previously. Further exam 
revealed no other injuries and his heart and lungs are normal to auscultation. His 
airway exam shows a Mallampati 1 with good mouth opening. The child is moved 
carefully to the operating table where a rapid sequence induction and intubation 
(RSII) is planned with etomidate and succinylcholine in the right lateral position. 
The spike is supported by massive amount of gauze and towels. 

    Question 

 You have never done an RSII in the right lateral position. You would rather have him 
supine. But is there anything you can do to make that happen?     

    Chapter 58   
 Case 58: A Sprinkler Spike Lodged 
in a Patient’s Head 
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    Solution 

 Take an orthopedic rod cutter and cut the sprinkler about 1 in. from the skin. This 
would make it possible to place the patient fl at.  

    Discussion 

 In a previous case report, the sprinkler was cut as described above [ 1 ]. In that case, 
the RSII was uneventful in the supine position. The patient made a good recovery 
and was discharged on day 4. 

 Intubating a patient in the lateral position is known to result in a poor laryngo-
scopic view, with decreased time for successful intubation [ 1 ]. However, in a study 
[ 2 ] we found that the left lateral tilt had a superior laryngoscopic view, due mainly 
to the tongue falling out of the way. 

 We had a case in South Africa where an unfortunate worker fell off a scaffolding 
and got impaled on a rebar (a 1 × 1-in. and 8-ft long stainless steel bar). The rebar 
entered the chest at about 2 in. posterior to the axillary midline on the right and 
exited on the left side also posterior to the midaxillary line. Hanging there, he was 
cut down by rebar cutters and gently lowered to the ground. When attempting to 
place him in the ambulance, the rebar was too wide to let him get in. Again the rebar 
cutters were used. When he arrived with us, he was still very much alive. Bilateral 
hemopneumothoraxes were quickly treated, and he was taken to the operating room 
(OR). However, the patient with his rebar proved too wide to enter the OR suite. 
Professor LeRoux, the cardiothoracic surgeon, used the rebar cutter with great 
gusto. However, he left the left side of the rebar 2–3 ft out on that side while the 
right side was cut close to the skin. My attending at the time, Dr. Alison Holloway, 
performed a successful RSII. The rebar was pulled out in one piece. The patient 
tolerated the procedure well and was taken to the intensive care unit (ICU) intu-
bated. We had expected that he had damaged his aorta or his pulmonary vessels and 
were ready as much as possible to deal with a major hemorrhage when the bar was 
removed. But as luck would have it, nothing happened. We were amazed. Three 
days later, he was out of ICU and left the hospital 7 days later. 

 There was another caveat to this case. Cutting metal so near to a patient’s skin, 
there is always a risk that sawing metal could heat and thereby causing the patient 
to suffer a burn. Dr. Holloway, I recall, placed packing towels containing ice cubes 
around the metal before attempts were made to shorten them.  

    Recommendation 

 If you are ever faced with this dilemma, remember to cut the offending rod so you 
can do your job more safely. Be aware that metal when heated can cause a burn.     
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                    A 2½-year-old boy is admitted to a university hospital for wound debridement, 
dressing change, and skin graft. Two weeks earlier, he had sustained a 14 % total 
body surface burn. At the other hospital, the child had undergone several uneventful 
general anesthetics for wound dressing. He is otherwise healthy and the physical 
exam reveals no abnormalities. His hematocrit (Hct) is 22 % and his platelets count 
is normal. 

 A routine general anesthetic ensues and an intravenous (IV) line is inserted in the 
back of the left hand. The oxygen saturation monitor is on the left index fi nger, and 
the blood pressure (BP) cuff is placed on the right arm. The operating room tem-
perature is set at 40 °C. Since the preoperative Hct was low, one unit of warmed 
packed red blood cells is transfused via gravity. After transfusion, the esophageal 
temperature increases from 37.1 °C to 39.6 °C. The vital signs are HR 180 beats per 
minute (bpm), BP 85/35 mmHg, and oxygen saturation 100 %. An arterial blood 
gas shows a pH 7.47, CO 2  34, oxygen 162, and Hct of 24 %. The blood loss at the 
time is 300 ml and a new unit of packed cells is given. The unit is not warmed as 
the child is febrile. The blood is given relatively fast, by manually pressurizing the 
blood giving set intermittently. 

 Suddenly, during transfusion, there is a rapid decrease of oxygen saturation from 
100 % to 60 %. The pulse tracing is very good and unchanged. You increase the 
inspired oxygen to 100 %. You stop the pumping of the blood and listen to the chest. 
You confi rm bilateral air entry and hear no adventitious sounds. His mucosa looks 
pink and the oxygen saturation comes back to 100 %. You pump the blood again and 
to your dismay the oxygen saturation falls to 40 %. 

 As a good anesthesiologist you examine the patient. The fi ngers of the left hand 
appear dark blue. While the fi ngers on the right hand are pink. A new oxygen satura-
tion probe on the right hand shows an oxygen saturation of 100 % while the left has 
an oxygen saturation of 50 %. The latter is shown to increase slowly to 100 %. You 
have stopped pumping blood and wonder what is going on? 

    Chapter 59   
 Case 59: Infusion of Cold Blood   . Should 
We Worry? 
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    Question 

 What do you think the problem is?     

59 Case 59: Infusion of Cold Blood   . Should We Worry?
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    Solution 

 Raynaud’s phenomenon.  

    Discussion 

 Raynaud’s phenomenon has been known to be triggered by rapid transfusion of cold 
blood [ 1 ]. In that case, the blood was simply allowed to drip in slowly and no further 
desaturation occurred. The rest of the anesthetic was uneventful. A small portion of 
the transfused blood was sent to the blood bank to be tested for possible transfusion 
reaction. This was negative. Later the child’s mother informed the anesthesiologist 
that during cold weather, the child’s fi ngertips did reversibly turn blue. 

 In the case above, it was just fortuitous that the IV was on the same hand as the 
oxygen saturation. If the IV was placed on the other hand, this problem could have 
remained undiagnosed. A prolonged period of vasoconstriction can cause a poten-
tial temporary or permanent injury. 

 Raynaud’s phenomenon has also been reported in adults during blood transfu-
sion [ 2 ]. 

 Infusion of cold blood has been known to produce marked prolongation of S-T 
segments, QRS complex distortion, peaked T-waves, premature ventricular contrac-
tions, ventricular fi brillation, and fi nally bradycardia followed by cardiac arrest 
[ 3 – 5 ].  

    Recommendations 

     1.    Raynaud’s phenomenon should be suspected when a sudden desaturation occurs 
when blood is transfused into the same extremity as the oxygen saturation monitor.   

   2.    Blood should always be warmed when given rapidly. Other means of cooling the 
patient should be used.   

   3.    Having both arms out during a surgical procedure has many advantages includ-
ing being able to check color, pulses, confi rm working of IV, etc.         
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                    It is late in the evening. You are taking over a case from one of your colleagues. 
The patient is an American Society of Anesthesiologists physical status I (ASA 1), 
14-year-old girl, 52 kg, and 5′5″. She is having an operation for nonunion of a  fractured 
tibia. The patient is supine and the head is beside the anesthesia machine. Your col-
league gives you a full report. You note gas fl ows, the anesthetic record, and the vital 
signs. The oxygen tank is full and the pipeline pressure is normal. The suction is 
attached and working. The patient is otherwise healthy and she has no allergies. There 
has been minimal blood loss, due to the use of a tourniquet. She is intubated with a #7 
endotracheal tube (ETT) and mechanically ventilated. You note no Guedel airway in 
her mouth, but an esophageal stethoscope with a temperature sensor (DeRoyal, 200 
DeBusk Lane, Powell. TN 37849). 

 Twenty minutes before the surgery ends, you let the patient resume spontaneous 
breathing and turn the sevofl urane off. Reversal is given and meperidine is titrated 
to a respiratory rate between 8 and 12 breaths per minute. She is now breathing on 
N 2 O (70 %) in oxygen. The postoperative X-ray of the tibia, done on the operating 
table, is to the surgeon’s satisfaction. He informs you that you can wake up the 
patient. The N 2 O is turned off, the esophageal stethoscope and temperature sensor 
are removed and the patient awakens. She follows commands and can lift her head. 
You suck “blindly” in her mouth with a Yankauer suction. A minimal amount of 
secretion from her oral pharynx is seen. You remove the ETT using the “artifi cial 
cough maneuver” [ 1 ]. In this maneuver, you close the pop-off valve. When the 
reservoir bag is distended, you squeeze it, let the ETT cuff down, and quickly 
remove the ETT, all at the same time. The forced expiration that results with this 
technique should expel secretions and/or blood around the vocal cords, hence the 
name. This technique reduces vocal irritation and laryngospasm [ 1 ,  2 ]. However, 
in this case, after the patient has made a big cough, she attempts to take a big breath 
but cannot do it. Unable to inhale, she quickly turns cyanotic with tachycardia and 
hypertension. 

    Chapter 60   
 Case 60: Respiratory Arrest After Extubation 
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    Question 

 What will you do and what can the problem be?     

60 Case 60: Respiratory Arrest After Extubation
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    Solution 

 A quick look with the laryngoscopy discovers a soft bite block obstructing the 
laryngeal inlet. The bite block was correctly placed by the initial anesthesiologist. 
But as mentioned, it had fallen back into the pharynx and was therefore out of view 
when you removed the tube. It did not help that, when you suctioned the pharynx, 
you inadvertently pushed the bite block further down.  

    Discussion 

 The use of gauze rolls, as soft bite blocks have many supporters. However, soft 
blocks have several potential problems. Among these are airway obstruction at 
extubation [ 3 ] and the accidental passing of the bite block into the stomach [ 4 ]. 

 A potential solution to the problem of dislodgement/misplacement is to make a 
soft bite block from vaginal packing (either 1′′ × 12 ft or 2′′ × 15 ft) (National Hospital 
Packaging, 710 Stimson Avenue, City of Industry, CA 912745). The packing is latex 
free and is X-ray detectable. The bite block, resembling a cigar, can be made to any 
size leaving a tail of the packing outside the mouth (Fig.  60.1 ). The tail can hang free 
outside the mouth or it can then be secured by tying it to the endotracheal tube (ETT) 
or attached to a hemostat [ 5 ].

   A harder bite block can be made from one 4 × 4 gauze, rolled again to look like 
a cigar, with the use of a rubber tourniquet   . 1  The end of the tourniquet can be 
secured, either to the ETT or to a hemostat.  

  Fig. 60.1    A soft bite block is 
made from vaginal packing to 
any size that is needed. The 
tail that is attached to the bite 
block can be left outside the 
mouth. Reproduced courtesy 
of Brock-Utne and Jaffe [ 5 ].       

1    Dr. Richard Jaffe personal communication 2012.  
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    Recommendation 

 Soft bite blocks have many supporters. However, dislodgement/misplacement can 
occur. Prevention of these problems can be minimized by adding a tail to the soft 
bite block.     
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                    Today your fi rst case of the day is a 2-year-old boy (15 Kg and American Society of 
Anesthesiologists physical status I [ASA 1]) for an inguinal hernia repair. This is to be 
his fi rst general anesthetic. His biological parents have not had a general anesthetic, 
and there is no family history of anesthetic complications. 

 After being adequately sedated, he is taken to the operating room where the vital 
signs are HR 112 beats per minute (bpm) sinus rhythm, blood pressure (BP) 85/35, 
and respiratory rate is 20 breaths per minute. He is given a routine mask induction 
with sevofl urane in 100 % oxygen, an intravenous (IV) line is placed, and the airway 
is secured with an endotracheal tube (ETT). Maintenance of anesthesia is with fen-
tanyl, rocuronium, sevofl urane (2 %) in 70 % nitrous oxide in oxygen. The fresh gas 
fl ow is 1.5 min. An upper body Bair Hugger (Augustine medical Inc. Eden Prairie, 
MN) is placed and a heat moisture exchanger (HME) (Kimberley Clark Ballard 
1000) is inserted between the ETT and the Y-piece of the circle system. The patient 
is ventilated with a peak inspiratory pressure of 17 cm and a tidal volume of 95 ml. 
His vital signs are HR 100, BP 80/40, esophageal temperature 36.5 °C, and end- tidal 
carbon dioxide (CO 2 ) 32 mmHg. 

 Thirty-fi ve minutes into the case, the end-tidal CO 2  increases rapidly to 52 mmHg 
and the HR goes to 128 bpm. The temperature is 36.2 °C. The peak airway pressure 
remains at 17 cm H 2 O. Examination of the chest shows bilateral air entry with no 
adventitious sounds. His pupils are constricted and you consider him adequately 
anesthetized. The CO 2  absorber is only slightly discolored, meaning that your soda 
lime is not exhausted. You increased the fresh gas fl ow to 4 l/min, tidal volume to 
110 ml, and the ventilator rate to 22 bpm, but there are only slight decreases in both 
end-tidal CO 2  and heart rate. 

    Chapter 61   
 Case 61: Sudden Increase in End-Tidal CO 2  
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    Question 

 What is the fi rst thing to do, to try to normalize the end-tidal CO 2  and heart rate and 
what would you include in your list of differential diagnoses?     

61 Case 61: Sudden Increase in End-Tidal CO 2 
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    Solution 

 Remove the HME. 
 In a previous case [ 1 ], there was a prompt normalization of both abnormal 

parameters within <3 min after the removal of the HME.  

    Discussion 

 The differential diagnoses included faulty expiratory valve, thyroid storm, hypoventila-
tion, increased dead space, light anesthesia, exhausted soda lime, and a malfunctioning 
CO 2  absorber. 

 The fact that the end-tidal CO 2  and the heart rate improved so quickly after 
removal of the HME can only be attributed to an increased dead space within the 
HME [ 2 ,  3 ]. The tachycardia was thought to be due to respiratory acidosis, which 
stimulated the sympathetic nervous system [ 1 ]. 

 It is interesting that in this case [ 1 ] there was no associated increase in inspiratory 
and expiratory resistance. Also in this case, the administration of the HME to the 
circuit increased the dead space by nearly 70 % [ 1 ]. For more information about the 
anatomic dead space in infants, see the paper by Numa and Newth [ 4 ].  

    Recommendation 

 HMEs in pediatric anesthesia can cause hypoventilation and tachycardia during 
intermittent positive-pressure ventilation (IPPV).     
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                    A 5-year-old boy (20 kg) with a diagnosis of acute lymphoblastic leukemia (ALL) 
is scheduled for a lumbar puncture with intrathecal injection of methotrexate and 
placement of a Port-a-Cath. The boy was diagnosed with ALL 4 weeks before. At 
that time, a chemotherapy regimen was commenced (vincristine, dexamethasone, 
and asparaginase). Previous anesthetic before the diagnosis of ALL had been 
uneventful. His preoperative hematology and clotting studies were normal. 
Electrolyte panel was not done. 

 After a midazolam premedication, he is taken to the operating room. An intravenous 
line (IV) is placed and you induce him with 20 mcg of fentanyl and propofol 100 mg. 
After this dose, the child does not seem to be “asleep” and you give another dose of 
propofol 50 mg and another 50 mg. A total of 200 mg is now given over a 2–4-min 
period. His vital signs remain stable and he is easy to mask ventilate. A  non-depolarizing 
muscle relaxation (atracurium 10 mg) is given and the trachea intubated with an endo-
tracheal tube #5. Positive pressure ventilation ensues and bilateral air entry is heard. 
The anesthetic is maintained with 50–50 mixtures of air and oxygen and isofl urane. 
You note that the inspired isofl urane concentration is 2.5 % while the end-tidal isofl u-
rane concentration has only reached 0.75 %. You recheck the anesthesia machine. You 
fi nd no leaks or other concerns. Peak pressures remain the same and there is bilateral 
air entry. Just to be sure a second anesthesia gas monitor is brought in, but the same 
differences between the inspired and end- tidal isofl urane concentrations are seen. Since 
the patient appears “light” (moving in response to surgical stimulus), you increase the 
inspired isofl urane concentration to >4 %. With this concentration, you see end-tidal 
isofl urane concentrations rise to 1.2–1.5 %. However, the patient remains somewhat 
reactive to surgical stimulus despite no twitches with a total of 3 mcg/kg of fentanyl. 

 At the end of the procedure, which lasted 75 min, the patient is reversed and 
spontaneous breathing resumes. He is, however, slow to awaken. It is then that the 
surgeon comments that he thought the blood looked very “milky.” You dismiss the 
comment as you do not know what that has to do with a slow wake up. The patient 
is taken to the recovery room where he slowly wakes up over a 30-min period. The 
rest of his postoperative course is uneventful. 

    Chapter 62   
 Case 62: A Case of Acute Lymphoblastic 
Leukemia (ALL) 
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 Your second child (American Society of Anesthesiologists physical status I [ASA 1]) 
in the same room with the same machine and anesthetic technique is totally uneventful. 
In this case, the inspired and expired isofl urane concentrations are similar. 

    Question 

 You are at a loss to understand what the problem could have been with the fi rst case. 
Do you have any idea?     

62 Case 62: A Case of Acute Lymphoblastic Leukemia (ALL)
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    Solution 

 In a case, like the one previously cited, Moore and Smith [ 1 ] from Great Ormond 
Street Hospital, London, UK, suggested that the problem was due to preexisting 
severe hyperlipidemia.  

    Discussion 

 In their case [ 1 ], the preoperative blood results showed signifi cant hyperlipidemia. 
The cholesterol was 11.7 mmol/L (Normal range 2.8–4.8 mmol/L) and his  triglyceride 
was 14.4 mmol/L (Normal range 0.36–4.8 mmol/L). The current treatment of ALL 
including dexamethsone and asparaginase causes transient hyperlipidemia [ 2 ,  3 ]. 
Asparaginase is suggested to affect lipid metabolism by increasing synthesis of VLDL 
(very low  density lipoprotein) and inhibiting lipoprotein lipase activity. The latter will 
increase plasma triglycerides. Moore and Smith [ 1 ] suggest that the patient’s severe 
 hyperlipidemia  signifi cantly increased the solubility of isofl urane in the blood. This 
leads to a wide  difference in inspired and end-tidal isofl urane concentrations. This could 
 therefore explain the slow onset of anesthesia and a delay in recovery. 

 Fentanyl action can also have been affected by hyperlipidemia as it is also relatively 
lipid soluble [ 4 ]. Hyperlipidemia will therefore act rather as a reservoir for fentanyl [ 4 ]. 

 Note that hyperlipidemia can also effect the measurement of electrolytes and 
urea [ 5 ].  

    Recommendation 

 This case highlights the possibility that hyperlipidemia could potentially cause a 
slow onset of anesthesia and a delay in recovery.     
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                    A 22-month-old (15 kg) boy is scheduled for an orthopedic procedure on his right 
foot in a prone position. The boy is otherwise healthy with normal milestones. This 
is his fi rst operation. His family history is negative for anesthesia complications. 

 After adequate sedation, he is taken to the operating room. Routine American 
Society of Anesthesiologists (ASA) monitors are placed. A mask induction with sevo-
fl urane and nitrous oxide in oxygen is uneventful. An intravenous (IV) line is placed in 
his left hand and his trachea intubated with an endotracheal tube 4.0 (ETT) under 
 propofol sedation. Bilateral air entry is heard and normal end tidal carbon dioxide 
(ETCO 2 ) waveforms are noted. The child’s head is lying on a foam pad. Before turning 
the patient prone you make a passage, with a scissors, for the ETT in the foam face pad. 
From previous experience, you have found this useful when the patient is in the prone 
position. The patient is disconnected from the anesthesia circuit and positioned prone. 
His face is placed in the foam pad above and the anesthesia circuit reconnected. 
However, you see that the peak pressure is now dramatically increased and the tidal 
volume and ETCO 2  go to zero. You confi rm high peak pressures by attempting to 
 ventilate manually. There is no kink in the ETT. You pass an 8F soft suction catheter, 
but it stops halfway down the ETT. You suspect a foreign body in the ETT and quickly 
turn the child over, remove the offending ETT, and reintubate with a new one. The vital 
signs return to normal and the patient is again placed in the prone position. The operation 
is concluded uneventfully. 

    Question 

 You inspect the ETT that has been removed and discover a foreign body lodged 
inside it. What can the foreign body be?     

    Chapter 63   
 Case 63: Intraoperative Airway Obstruction 
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    Solution 

 In a previous case, the foreign body was a 12 × 4 × 5 mm piece of foam [ 1 ]. This foam 
piece could only have come from the face pad that had been cut.  

    Discussion 

 In the case above [ 1 ], the authors elected to use a 10F soft suction catheter after using 
the 8F catheter. With the 10F, they were able to suck the piece of foam from the ETT 
without turning the patient supine. Throughout their management, the oxygen 
 saturation was above 96 % and the heart rate never went below 100 beats per minute 
(bpm). After the foam was removed from the ETT, the case proceeded uneventfully. 

 Personally, I would have dealt with this problem the way I outlined on the previous 
page. What would they have done if the use of the 10F suction catheter had been 
unsuccessful? They would then have to turn the child supine, remove the ETT, and 
reintubate. But as we know, all that takes time. 

 The other danger in a case like this one is the positive pressure ventilation could 
have pushed the foam into the bronchial tree and cause a serious life-threatening 
complication. This may have occurred if you had not diagnosed the foreign body, 
but thought the patient had a bronchospasm and ventilated with albuterol.  

    Recommendation 

 Foam face pads have proved to be safe and effective. However, if you elect to modify 
the pad with a scalpel or a scissors, be aware that small pieces of foam may become 
dislodged and enter into your patient’s ETT.     
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                    An 18-year-old boy is an “add on” in a large university hospital. It is 6 p.m. He is 
scheduled for a thoracoscopy and biopsy. He has recently been diagnosed with a 
13 cm anterior mediastinal mass. The mass on computed tomography scan shows 
the arch vessels, superior vena cava, and trachea all encasing these structures. The 
distal trachea and the right main bronchus are 60 % compressed. You go and see the 
patient. He is surrounded by his family who are all very concerned. The surgeon is 
also at the bedside. He introduces you by saying, “This anesthesiologist will make 
sure that you get a safe general anesthetic.” 

 The young man (55 Kg) denies dyspnea, orthopnea, or coughing when lying 
down. You examine in his neck and discover a few small and one big cervical lymph 
gland. There are decreased breath sounds of the right apical lung fi eld. The breath 
sounds are normal and there is no evidence of stridor. His vital signs, including the 
oxygen saturation on room air (97), are within normal limits. 

    Question 

 As mentioned, it is late in the day and the surgeon is keen to get going ASAP. How 
would you proceed?     

    Chapter 64   
 Case 64: An Anterior    Mediastinal Mass. 
What Will You Do? 
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    Solution 

 Suggest to the surgeon that the cervical lymph glands should be removed under 
local anesthesia.  

    Discussion 

 A similar case [ 1 ] has been described. In that case, general anesthesia was induced with 
an inhalation technique using sevofl urane (8 %) in 100 % oxygen. The patient was left 
breathing spontaneously through an endotracheal tube (ETT). No muscle relaxants 
were used when placing the ETT. While the surgeon performed bronchoscopy and the 
patient was breathing spontaneously, the oxygen saturation and end- tidal CO 2  fell 
 precipitously. On examination, it was noted that the air entry into the entire right lung 
was decreased. The bronchoscope was removed and the surgical team prepared for an 
emergency cardiopulmonary bypass (CPB). The anesthetic gas was turned off and 
 various maneuvers were instituted to improve oxygenation. As the patient began to 
wake up, the vital signs improved and air entry was again heard in the patient’s right 
lung fi eld. The patient made an uneventful recovery. Next day, the cervical lymph 
nodes were biopsied under local anesthesia. 

 Airway and vascular collapse are well-known complications in patients with an 
 anterior mediastinal mass [ 2 ]. Other anesthetic problems in these cases include 
 diffi culty in extubation and/or diminished lung volumes [ 3 ]. It is recommended that 
local anesthesia is used in these cases when there is an accessible cervical lymph 
node [ 2 – 4 ]. 

 Unfortunately, there are cases where there are no extrathoracic lymph nodes, and in 
these cases, general anesthesia must be induced. As a precaution, one should always 
have a rigid bronchoscope available (however in this case it seemed to have initiated the 
problem). Also it is essential to have the option to place the patient rapidly on CPB. 

 One case report has reported no adverse events in the perioperative period when 
using dexmedetomidine and ketamine for a large anterior mediastinal mass biopsy in a 
4-year-old [ 5 ]. It is interesting to note that ketamine is not associated with loss of airway 
patency or with a decrease in airway muscle activity. On the other hand, midazolam is 
associated with a signifi cant decrease in muscle activity with an increase in airway 
obstruction [ 6 ]. Dexmedetomidine’s effect on airway muscle tone is unknown [ 5 ].  

    Recommendation 

 Remember we as anesthesiologists are physicians, not technicians to do what we are 
told. Always examine your patient. In this case, a discussion with the patient, the 
family, and the surgeon about doing this case under local anesthesia would have been 
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not only correct, but potentially lifesaving. Also, take into account that in this age 
group, an anterior mediastinal mass is most likely a curable disease. To submit the 
child to a near lethal procedure by administrating a general anesthetic is obviously 
not good care.     
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                    Today you are scheduled to work with a Certifi ed Registered Nurse Anesthetist 
(CRNA) in the magnetic resonance imaging (MRI) suite. The patient is a 17-year- old 
boy (72 kg). He was diagnosed 3 weeks ago with acute transverse myelitis. He 
 presented with acute and progressive bilateral leg weakness and bladder dysfunction. 
Since he suffered from severe claustrophobia, he underwent an MRI of his spine and 
head under propofol  infusion. The propofol recovery was very delayed due to exces-
sive somnolence. His vital signs remained stable. Otherwise, the procedure was 
uneventful. He was started on intravenous (IV) steroids and IV immunoglobulin. 
Now 3 weeks after the onset, he is showing signs of neurological recovery. A repeat 
MRI is requested. 

 You see and examine the boy in the preoperative area. He is alert and orientated 
for time and place. His vital signs are normal. On physical exam, you note 3/5 
weakness of his lower limbs. There is no paraesthesia. The CRNA suggests dexme-
detomidine as the sole anesthetic/sedative agent, because of the previous slow 
recovery with propofol. 

    Question 

 You agree that this seems like a good idea, but is it?     

    Chapter 65   
 Case 65: A “Routine” MRI Case 
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    Solution 

 It may not be, as a previously similar case report [ 1 ] reported severe hypertension 
and bradycardia within 8 min of infusing dexmedetomidine.  

    Discussion 

 In the previous report [ 1 ], a loading dose of 2 mcg/kg of dexmedetomidine led to severe 
hypertension (230/120) and bradycardia (dropping from 70 to low 30s). The dexme-
detomidine was stopped and the MRI was completed successfully with propofol 
infusion. 

 Acute transverse myelitis is a focal infl ammatory disease of the spinal cord. It 
results in motor, sensory, and autonomic dysfunction [ 2 ]. The authors [ 1 ] theorized 
that the cause of their patient’s hypertension and bradycardia was the patient’s lack of 
inhibiter    spinal refl exes. Without the inhibitory refl exes, dexmedetomdine led to an 
exaggerated response causing peripheral vasoconstriction. 

 In healthy adult volunteers, a biphasic effect following dexmedetomidine is usually 
seen [ 1 ]. Initially there is an increase, lasting 5–10 min, in systolic blood pressure 
(SBP) and refl ex bradycardia. The reason for this change is that the drug initially stimu-
lates the peripheral postsynaptic (alpha) 2B adrenergic receptor, causing peripheral 
vasoconstriction with the resultant increase in SBP. Eventually, after 5–10 min, the 
drug decreases SBP and normalizes the heart rate as a result of central presynaptic 
(alpha) 2A adrenergic receptor’s stimulation [ 3 ].  

    Recommendation 

 One of my early teachers of anesthesia (Jon Gjessing, 1971, Sundsvall, Sweden) 
always said, “A sedated patient in the recovery room is a good thing. That it lasts a 
little longer than normal, when everything else is normal, is still a good thing. Don’t 
worry about it.” 

 He also said, “In the same patient never change a previously winning anesthetic 
technique.” 

 We will never know what would have happened if the second MRI had been done 
with propofol initially, but we do know that propofol was successful in the second 
MRI, when dexmedetomidine was not.     
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                    It is late in the evening and you are taking over the anesthetic management of a patient 
from one of your colleagues. The case is a 6-year-old female (American Society of 
Anesthesiologists physical status II [ASA 2], 15 kg) who has been undergoing a 3 h 
craniotomy in the prone position for a cerebellar tumor. The child is turned 180° away 
from you. There are no other medical or surgical issues with the patient. She has been 
started on Tegretol for seizures. 

 Your colleague gives you a report. The last dose of rocuronium was at induction. 
There has been minimal blood loss. The vital signs are normal. You crawl under the 
operating table and with your gloved hands feel that the endotracheal tube (ETT) is 
secure and the eyes are not being pressurized. It is impossible to verify anything by 
sight. As you crawl back to the anesthesia machine, you notice that there is blood on 
your gloved fi ngers from having touched the ETT. You presume that the blood must 
be from the operating site. 

 Your colleague leaves and you settle down to do your charting. Suddenly you 
notice that there is a neurologist in the room, something that your colleague forgot 
to mention. The neurologist tells you that he has been doing motor-evoked potential 
monitoring (MEPM) for the last several hours. You now understand why no more 
rocuronium was given. 

    Question 

 Should you be concerned and what will you do?     

    Chapter 66   
 Case 66: A Serious Problem During 
Neurosurgery 
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    Solution 

 Check what type of bite block has been used and if it is still there.  

    Discussion 

 This happened to a friend of mine. When he went under the operating table again to 
investigate what sort of bite block was used, he found none. A soft block was seen 
on the fl oor. He inserted a BiteGard (Hudson RCI, Telefl ex Medical, Research 
Triangle Park, NC 27709, USA) between the molars. In Stanford, we have used the 
BiteGard for more than 4 years with no adverse events. The BiteGard has a handle 
attached to the teeth guard. The handle protrudes from the mouth and can be secured 
to the ETT, teeth, or face with tape or silk. At the end of the above case, fortunately, 
the damage to the tongue was slight and no further treatment was needed. 

 In anesthetized/sedated intubated patients, it is necessary to maintain the lumen of 
the ETT. Biting on the tube may obstruct, damage, or cut the ETT in half. The use of 
a strong bite block or an oropharyngeal (Guedel) airway should be employed to keep 
the ETT lumen patent [ 1 ]. However, it has been reported that the Guedel airway is 
not without problems. These include edema of lips and tongue, bleeding, hoarseness, 
and sore throat [ 2 – 4 ]. However, of more concern is the article by Monroe et al. [ 5 ] 
that states that the Guedel airway may compress the base of the tongue, resulting in 
ischemia and venous congestion, causing macroglossia and ischemic necrosis of the 
tongue. I have seen macroglossia but no ischemia of the tongue. The correct size of 
the Guedel is the key in the prevention of ischemia from happening. 

 It is imperative that a soft bite block is not used in any case where motor-evoked 
potential monitoring (MEPM) will be used. A soft bite block will not prevent trauma to 
teeth or tongue or lips [ 6 ]. Furthermore, the block that is employed must not fall out or 
move during general anesthesia. This is especially true when MEPM is being used. 
Should the tongue or lips get between the teeth instead of the bite block, severe tongue 
laceration can occur [ 7 ]. This is due to repetitive jaw muscle contractions during MEPM. 

 No more is this a problem when the patient is prone, as the bite block may fall out 
and the tongue protrudes out of the mouth. 

 Lastly, the protruding handle of the BiteGard block reminds the physician that it 
has been used and must be removed intact prior to extubation.  

    Recommendation 

 A soft bite block should not be used in cases where MEPM is being employed in 
neurosurgery or spine cases. Commercially available bite blocks should be employed 
in these cases and secured (so they do not fall out) when the patient is in the prone 
position [ 8 ].     
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                    You are on a mission trip to an underdeveloped country providing anesthesia to elective 
cleft lip repair. You have just arrived and it is late at night. The local hospital surgeon 
fi nds you and wonders if you could come and help with an emergency. He is unable to 
fi nd the anesthesiologist on call. 

 The case is a 3-year-old boy (14 kg) who was an unrestrained passenger in a 
motor vehicle accident (MVA). It is reported that the MVA happened more than 48 h 
ago. But it is more likely to be at least 3 days ago, as the accident happened in a 
remote part of the country and far away from this hospital. 

 The surgeon carries the child into the operating room (OR) as you are getting 
ready. He places the child on the OR table. The boy’s Glasgow coma scale is 
11/15. His vital signs are as follows: the heart rate (HR) 140 beats per minute 
(bpm), respiration 40/min, blood pressure (BP) 80/60 mmHg, and the oxygen 
saturation is 80–84 % on room air. A very distended and tender abdomen is felt. 
On percussion, it does not sound like air. With a fl ashlight (shining through the 
abdomen from the lateral side) you establish that it looks like fl uid, most likely 
urine. You diagnose a ruptured bladder. The surgeon concurs. The child is breath-
ing spontaneously, but labored, via an oxygen face mask. Examination of heart 
and lung is normal, except air entry is poor in the lower and middle lung fi elds, 
both anterior and posterior. Preoxygenation only brings the oxygen saturation 
to 92 %. 

 You do a rapid sequence induction with ketamine and succinylcholine. Cricoid 
pressure is maintained and the endotracheal tube (ETT) is rapidly passed into the 
trachea. The cuff is infl ated. Unfortunately it is virtually impossible to manually 
ventilate the child, as the airway pressures are over 70 cm H 2 O. You confi rm that 
the ETT is patent with a suction catheter and that the tube is in the correct place, 
as anteriorly you hear distant breath sounds bilaterally. The oxygen saturation 
declines further and very little end-tidal CO 2  is seen. The HR is now falling to 
70 bpm. 

    Chapter 67   
 Case 67: A Case of Severe Intra-abdominal 
Pressure 
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    Question 

 What will you do?     

67 Case 67: A Case of Severe Intra-abdominal Pressure
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    Solution 

 Ask the surgeon, without waiting for proper prep and drape, to make an incision in 
the lower abdomen to release the pressure caused by the urine.  

    Discussion 

 This case is similar to a case described [ 1 ]. After the lower abdominal incision was 
made, a large amount of fl uid shot out. Ventilation improved with a suction placed 
in the abdominal cavity. Oxygen saturation increased to 99 % and end-tidal CO 2  
increased and returned to normal within minutes. The fl uid collected in the case [ 1 ] 
was 2.3 l consisting mainly of urine. The bladder was repaired and the child made 
an uneventful recovery. 

 With muscle paralysis, the muscle tone of the diaphragm disappears. The intra- 
abdominal volume, in this case mainly urine, pushed the diaphragm cephalad. To 
attempt to ventilate against this resistance, the peak airway pressures increased 
 dramatically resulting in decreased tidal volume, oxygen saturation, venous return, 
and cardiac output. 

 It is more common to encounter blood in the peritoneal cavity than urine. This can 
occur following a trauma or an ectopic pregnancy. In these cases, as the intra- abdominal 
pressure increases, it often prevents exsanguination. The increased free blood in the 
peritoneal cavity acts as a “pressure bandage.” After an anesthetic induction the BP 
may drop, but more usually it falls precipitously after the surgeon has made his/her 
incision. In these cases, it is imperative that you have blood in the room and at least two 
working large bore IVs. 

 I have seen a similar case (ASA 4E—American Society of Anesthesiologists 
 physical status IV emergency) in which the abdomen was so distended by a ruptured 
bowel from typhoid. After induction, it became nearly impossible to ventilate. Dr. Bob 
Mickel (Professor of Pediatric Surgery, University of Natal, Durban, South Africa), a 
wonderful and gifted pediatric surgeon, saved the child by rapidly making a surgical 
incision and releasing both gas and fl uid. The child survived the operation, only to die 
a few days later of the disease. 

 As mentioned in Case 1 of this book, excessive air insuffl ation during gastroin-
testinal endoscopy can also increase peak airway pressures, leading to oxygen 
desaturation, etc. [ 2 ].  

    Recommendation 

 When faced with a massive increase in peak airway pressure, caused by excessive 
intra-abdominal fl uid, it is imperative to have a competent surgeon in the room.     

Recommendation
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                    A 4-year-old girl (American Society of Anesthesiologists physical status I [ASA 1], 
20 kg) is scheduled for elective tonsillectomy. She is otherwise healthy. There is no 
family history of anesthetic mishaps or concerns. Four weeks before, she had an 
upper respiratory tract infection. 

 You see her in the preoperative area. On exam her chest is clear and enlarged tonsils 
are seen, but they are not infl amed. She has been fasting for 6 h. She is taken to the 
operating room (OR) having been adequately sedated with oral midazolam. Her vital 
signs are normal, heart rate (HR) 105 beats per minute (bpm), blood pressure (BP) 
80/50, and oxygen saturation is 99 % on room air. 

 Routine inhalational induction with sevofl urane ensues and an intravenous (IV) 
line is placed. The patient is paralyzed and manually ventilated with a mask. A grade 
1 view is seen on laryngoscopy and endotracheal intubation is accomplished.  End-tidal 
CO 2  is seen and bilateral air entry is heard. The surgery is completed within 1 h and 
the sevofl urane is turned off. Reversal is given and spontaneous ventilation resumes in 
nitrous oxide 50 % in oxygen. IV meperidine is administered to get a respiratory rate 
of 8–12 per min. The respiration is seen to be regular and rhythmic. The nitrous oxide 
is turned off and the child opens her eyes. You remove the endotracheal tube (ETT) 
with the child in the right lateral position. Immediately there is evidence of airway 
obstruction with inspiratory stridor and suprasternal retraction. You do your jaw thrust 
and apply manual positive pressure with 100 % oxygen. Despite these efforts, the 
oxygen saturation drops from 98 % to 86 % and the HR decreases to 80 bpm. The 
values are seen to decrease as you look at the monitors. You consider various options 
for treating laryngospasm, like (1) the gold standard succinylcholine 1–2 mg/kg with 
atropine 0.02 mg/kg if there is bradycardia or (2) just a smaller dose of  succinylcholine 
(0.1 mg/kg). You dismiss the ideas of a small dose of propofol (0.5–0.8 mg/kg) as its 
role in breaking a laryngospasm in the presence of bradycardia is not proven to be 
either safe or effective [ 1 ]. Since you do not have any IV nitroglycerine, you dismiss 
a small dose of this drug (4 μg/kg) [ 2 ]. 

    Chapter 68   
 Case 68: A Case of Severe Laryngospasm 
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    Question 

 Is there any other maneuver you would suggest before giving your succinylcholine?     

68 Case 68: A Case of Severe Laryngospasm
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    Solution 

 A gentle chest compression that produces exhalation.  

    Discussion 

 In my early days of training (1972), an older and wiser man called Geoffrey (Geoff) 
Barwise (senior consultant, King Edward 8 Hospital, Durban, South Africa) came to 
my aid in a similar case. Geoff told me to continue with the jaw thrust but to stop for 
2–4 s giving positive pressure with the tight-fi tting face mask with 100 % oxygen. 
With no positive pressure, Geoff gently gave a few chest compressions. The results 
were miraculous. Since then, I have always used this technique with great success. 
Only twice I have had to resort to succinylcholine. 

 Recently, in a prospective study of 1,226 children, gentle chest compression with 
100 % oxygen via the mask was successful in the immediate management of postex-
tubation laryngeal spasm [ 3 ]. It was interesting that none of the children in the chest 
 compression group developed gastric distention, compared to 86.5 % in the non- 
compression group. 

 Sometimes in cases of severe laryngospasm, you may lose the airway and also have 
no IV. Succinylcholine may be indicated. I recommend you read the editorial entitled: 
“Which port in a storm? Use of suxamethonium without intravenous access for severe 
laryngospasm” [ 4 ]. Despite the fact that there is a reported increased incidence of 
arrhythmias with the intralingual/submental routes, it has worked successfully for me 
many times. It is most important to remember that in these cases, a rapid decision to 
give succinylcholine may save the day. Don’t hesitate.  

    Recommendation 

 Gentle chest compression (Barwise) with a jaw thrust may prove to be a simple and 
effective technique for the management of postextubation laryngeal spasm in children. 
If that does not work, give succinlycholine.     
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                    A 5-week-old girl (4 kg) is admitted from a rural hospital via helicopter. She is 
diagnosed with a lower respiratory tract infection, which, after 2 days in the rural 
hospital, has now progressed to respiratory failure. You see the child immediately 
on arrival in the emergency room (ER). The child is struggling and the oxygen satu-
ration has fallen to 84 % in the last few minutes. You quickly place an orally 3.5 
endotracheal tube (ETT) and the vital signs improve dramatically. The ETT was cut 
by you prior to the insertion to get the correct length of the ETT. Prior to the ETT 
being placed in the trachea, the International Organization for Standardization 
(ISO) connector is attached to the ETT, however with some diffi culty. (See Case 48 
for a better way to put the ISO connector on the ETT after the tube has been cut). 
Two hours later, you get a call from the intensive care unit (ICU) telling you that it 
is not possible to pass any sized suction catheter down the ETT. 

 You arrive and fi nd the vital signs are stable but the child requires suctioning. 
The child is paralyzed, ventilated, and sedated. The nurse tells you that the peak 
pressures have not changed much. 

    Question 

 Like a good anesthesiologist you never trust anyone. You attempt to pass several 
 suction catheters through the ETT but you can only confi rm the ICU nurse’s fi ndings. 
The catheter stopped after a very short distance. The tip does not seem to get past the 
ISO connector. Besides replacing the ETT, is there anything else you could do to 
make the ETT suction successful?     

    Chapter 69   
 Case 69: An ETT Suction Problem 
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    Solution 

 If possible, remove the ISO connector and replace it with a new one. If that cannot 
be done, then replace the ETT. When examining the removed ETT, you will notice 
that the tip of the ISO connector is indented [ 1 ]. The indentation causes the lumen 
to be narrowed and partially obstructed. The damage to the ISO connector is thought 
to be caused when the connector is being pushed into the ETT [ 2 ]. The latter can be 
diffi cult, as the diameter of the ETT, when it is cut, is usually narrower compared to 
the proximal end of the ETT with the connector.  

    Discussion 

 The shortening of the ETT is done to decrease dead space and resistance to fl ow [ 3 ]. It 
is also done to decrease the likelihood of dislodgment and kinking and to make suction-
ing easier [ 1 ]. Cutting a nasal or an oral ETT after it has been placed in the trachea is 
common practice. Be aware that the ISO connector can be damaged when inserting it 
into the cut ETT. The damage is usually in the form of an indentation of the tip of the 
ISO connector. This can lead to narrowing of the lumen, thereby preventing suction 
catheters to be inserted. Because of this potential problem, many anesthesiologists cut 
the ETT to a desired length prior to its use and place the distal end of the ETT in warm 
water prior to the connector’s insertion. Warming the ETT will make the connector 
slide in easier. Others have reported ETT connector fractures [ 1 ,  4 ] that may have been 
related to the use of forceps in the reattachment process [ 4 ].  

    Recommendation 

 An ISO connector can be damaged during reinsertion into an ETT, causing a narrowing 
of the lumen. This can lead to an inability to suction the ETT with a suction catheter, or 
worse, an inability to ventilate.     
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                    It is the fi rst case of the day. The patient is a 10-year-old girl (American Society of 
Anesthesiologists physical status I [ASA 1]) scheduled for repair of prominent ears. 
The parents, who accompany the child, are very keen to have the ears corrected. The 
child, on other the hand, is worried and asks if she can go home. She tells you that 
she is anxious, as she has seen a fi lm that showed a person who was paralyzed and 
aware during anesthesia. The girl seems intelligent and articulates her concerns very 
well. 

 When offered the oral midazolam, she refuses to take it and states clearly, “I want 
to go home.” To which the parents say, “No way.” There is a bit of an awkward 
moment and the girl says, “I don’t worry about the ears. I am fi ne as I am.” 

 To which the mother replies, “But you are teased by the children in the school 
because they stick out. We are only looking after your best interest. You will be 
much happier with the ears corrected.” 

 The father nods his head and says, “I have taken time off from work to come 
here. Be reasonable and let’s get this done. You will be much happier.” 

    Question 

 The surgeon is not taking sides and leaves the bedside. Left with this potential 
dilemma, what would you do?     

    Chapter 70   
 Case 70: A Child Refusing an Operation 
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    Solution 

 Postpone the operation, based on the fact that you are unwilling to force the child to 
undergo an elective operation. Even though the parents have signed the consent, you 
should take into account the girl’s refusal. This is an elective procedure and the child 
should not be forced to have the ears corrected if she does not want it.  

    Discussion 

 All children have a legal and ethical right to have their views heard and considered 
on matters that could have a bad outcome [ 1 ,  2 ]. 

 It is not an option to take this unpremedicated girl into the operating room and 
holding her down for a mask induction. Some may have considered placing an intra-
venous (IV) line and giving midazolam IV to calm her down. I would not recom-
mend that. This is an elective surgery. In these situations, time should be given to 
allow for further consultation so that you can ensure that the “greatest good” is done 
with the least possible harm/damage. 

 On the other hand, if this was a necessary medical/surgical treatment, the child 
has no right to refuse when harm will be done to the child should medical/surgical 
treatment not be instituted.  

    Recommendation 

 Children have a legal and ethical right to voice their concerns on matters that may 
affect them in an adverse way.     
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                    It is late at night. You are on call and taking over a case from one of your colleagues. 
The case is a correction of scoliosis in a 16-year-old girl. The operation has been 
going for 8 h. The anesthesiologist gives you a detailed account of the anesthetic, 
which includes nitrous oxide in oxygen and isofl urane 1–1.5 %. Fortunately it has 
been uneventful and the blood loss has been only 500 ml. The patient’s vital signs 
are within normal limits. They have about an hour left. You check the anesthesia 
machine which is a Dräger Apollo anesthesia workstation. You fi nd everything in 
order. The anesthesiologist leaves but tells you that he is glad he is leaving, as he is 
very sleepy. 

 You sit down and start chartering. However, you notice that there is a smell of 
isofl urane in and around your anesthesia machine. You disconnect the carbon diox-
ide anesthetic agent sampling tube from the patient’s breathing system. The tube is 
used to “sniff” for any possible leak of isofl urane. You “sniff” the anesthetic circuit 
tubing from the patient’s endotracheal tube (ETT) to the machine and around the 
vaporizer but cannot fi nd any evidence of a leak [ 1 ]. Accidentally you drop the 
sampling tube on the fl oor and 0.25 % isofl urane concentration is recorded on your 
Datex capnograph machine. You are at a loss to understand where the leak comes 
from. 

    Question 

 What can the problem be?     

    Chapter 71   
 Case 71: Why So Sleepy? 
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    Solution 

 You look at the waste gas scavenging system and discover that the waste anesthetic 
gas (WAG) outlet tubing is disconnected and lying on the fl oor. It is not attached to 
the outlet pipe that takes the WAG to the roof.  

    Discussion 

 When I started training in Oslo, Norway, in 1970 we did not have any scavenging 
systems. We did not have absorber systems in most operating rooms, so using 
Mapleson A systems and no scavenging led to an excessive amount of halothane in 
the operating room (OR) air. My wife could always tell if I had been in the OR, 
since she could smell the halothane coming from my skin after a long day in the OR. 

 Advances in waste gas scavenging systems, anesthesia delivery systems, 
decreased fresh gas fl ow, and awareness of OR environmental factors have decreased 
the risk of exposure to potentially harmful substances, such as nitrous oxide and 
anesthetic vapors. 

 In a previous study [ 2 ], we detected concentrations of sevofl urane within 67 s, 
6 in. (15 cm) from the disconnected WAG outlet tubing. 

 In the Dräger Apollo workstation, there is another reason why you can get con-
tamination of the OR environment. The waste gases go into a 3-gallon size container, 
but the gases are only emptied into the WAG outlet in the wall if suction is applied 
to the container. When there is no suction, the waste gases will passively leak out of 
the canister through holes on top of the canister and enter the room. So besides 
checking that the WAG outlet tubing is connected, you must also check that the suc-
tion for the WAG container is on. It is interesting that there are no locking mecha-
nisms on the WAG tube, nor is there an alarm to indicate that the suction is not on. 

 The “sniff technique” has also been recommended as an adjuvant to the cuff-leak 
test [ 3 ].  

    Recommendation 

     1.    A locking mechanism and a disconnect alarm should be installed on the WAG 
tubing.   

   2.    A suction alarm should be installed, alarming when the suction in the WAG con-
tainer is not on. These two recommendations (1 and 2) would be of considerable 
importance to reduce the risks of exposure to volatile anesthetic and nitrous 
oxide, thereby making the anesthetic machine in compliance with National 
Institute for Occupational Safety and Health (NIOSH) standards.   

   3.    If you are feeling unusually tired during an anesthetic, make sure that you are not 
also being anesthetized by WAG.         

71 Case 71: Why So Sleepy?
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                    You are a senior attending anesthesiologist in a large private hospital. It is 6:40 a.m. 
One of your junior colleagues tells you about an 18-year-old patient who is to 
undergo laparoscopic laparotomy for an acute appendix. He is concerned as the 
patient has aortic stenosis with a valve area of < 0.7 mm. You tell him what to watch 
out for and which monitors to use. Your colleague is grateful for your comments and 
is seen taking the patient back to the operating room (OR) # 9 at 7:20 a.m. 

 Since your fi rst case that morning is canceled, you are sitting in the OR doctors’ 
lounge. At about 7:50 a.m., a code is heard from OR #9. You enter the darkened 
room where the surgery has begun. Your colleague is under the drapes by the side 
of the aortic stenosis patient’s head. He is inserting a central line. You note a normal 
arterial waveform but the arterial systolic blood pressure is 50 mmHg. The arterial 
transducer is at the level of the heart. The patient is supine with both arms secured 
alongside the patient’s body. The table is level. The noninvasive BP is cycling. The 
heart rate is 120 beats per minute (bpm) sinus rhythm and the oxygen saturation is 
96 %. The left superfi cial temporal artery has a good pulse. 

 You ask, “How can I help?” 
 You are told that “The BP has suddenly dropped and now is 50 mmHg systolic; 

1,000 mcg of epinephrine has been given with no effect on the BP.” 
 You are asked by your colleague to kindly give the patient more intravenous (IV) 

epinephrine, which is lying on the back table. 

    Question 

 You see the epinephrine syringe and take it to the patient’s IV injection port, but 
should you give it? Or what will you    do?  

    Chapter 72   
 Case 72: Check Your Facts 

J.G. Brock-Utne, Near Misses in Pediatric Anesthesia, 
DOI 10.1007/978-1-4614-7040-3_72, © Springer Science+Business Media New York 2013



226

    Solution 

 You squeeze the fl ush on the transducer—Transpac IV monitoring kit 84″ dispos-
able transducer with a 3-ml squeeze fl ush (Abbott Critical Care system, Abbott 
Laboratory, North Chicago, IL)—with no effect on the waveform. You discover that 
the pressure bag attached to the transducer system has a very low pressure. You 
pump up the pressure bag, fl ush the system, and discover to your dismay that the 
arterial BP is 235/115 mmHg. At that moment, the noninvasive BP gives you a 
 similar reading. You thank your lucky stars that you did not give any more 
epinephrine.  

    Discussion 

 Always check your facts. In this case, our colleague decided that the reason for the 
sudden low BP was related to his severe aortic stenosis. Hence, he opened the IVs, 
gave epinephrine, and called a code. Never jump to conclusions. It was indeed lucky 
that more epinephrine was not given. A dangerously high increase in BP could have 
led to a potentially bad outcome for the patient. In this case, the operation was con-
cluded uneventfully and the patient woke up fully intact. Another cause of a func-
tioning arterial line becoming a straight line or “dampened” (the magnitude of the 
difference between the input pressure and the transfused pressure) has been reported 
[ 1 ]. In that case, a nurse was securing wires from an operating room microscope 
alongside an anesthetized patient. Unfortunately, the clamp she used inadvertently 
clamped shut the radial artery line.  

    Recommendation 

 Always check the patient’s pulses and vital signs before giving any drugs. In this 
case, it was obviously important to check the arterial transducer system. 

 Do not just do as you are told or asked to do. In this case, another pair of eyes 
prevented the patient from getting an excessive and potentially dangerous BP rise.     
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                    You are an attending anesthesiologist in a large university hospital covering two 
operating rooms. In both rooms, you are working with very keen and enthusiastic 
residents. In one room is a 10-year-old female (American Society of Anesthesiologists 
physical status I [ASA 1] and 28 kg) who is given a routine general anesthetic (pro-
pofol and fentanyl) for an open reduction and internal fi xation (ORIF) of the right 
ankle. She last ate 6 h ago. A ProSeal laryngeal airway (PLMA) (LMA Company 
Ltd. Mahe, Seychelles) (size 2.5) is placed without any problems. Vecuronium 
(4 mg) is given and mechanical ventilation is started. Two liters of FGF (fresh gas 
fl ow) (oxygen 50 %, nitrous oxide 50 % and isofl urane 0.6 %) is delivered and the 
peak pressure is 15 cm H 2 O. Bilateral air entry, chest movement, and a normal cap-
nograph waveform are seen (Fig.  73.1 ). The vital signs are stable.

   A gastric suction catheter is passed successfully via the PLMA drainage tube, as 
seen by aspiration of gastric contents. At this point, you are called to your other 
room but return 15 min later to fi nd the patient’s vital signs are all in order. Your 
resident has placed a nasopharyngeal temperature probe (NTP) (DeRoyal, Powell, 
TN 37849) in the pharynx via the left nostril. You tell the resident to go to lunch and 
sit down to do your chartering. Now you notice for the fi rst time that the capnogram 
has changed to a different waveform (Fig.  73.2 ).

    Chapter 73   
 Case 73: A Strange Capnogram 
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      Question 

 What is the cause of the change in the capnograph tracing and what will you do?     

  Fig. 73.1    A normal 
capnograph waveform       

  Fig. 73.2    An abnormal 
capnograph waveform       

 

 

73 Case 73: A Strange Capnogram
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    Solution 

 Remove the NTP and the waveform reverts to its previous size and shape. The NTP 
had produced a small leak.  

    Discussion 

 In a previous case report [ 1 ], after the NTP was introduced, the ventilator bellows 
collapsed. A leak could be heard coming from the mouth. When the NTP was with-
drawn, the leak disappeared and the capnograph reverted to normal. It was postu-
lated by the authors [ 1 ] that the absence of a dorsal cuff in the pediatric ProSeal 
could have led to the leak. The authors [ 1 ] speculate that if the intracuff pressure had 
been increased, the leak would have gone away. However, increases in intracuff 
pressures are not without concerns [ 2 ]. Personally, I never put anything in the nose 
unless I have to. I have seen too many epistaxis from placing tubes, etc., in the nose. 
One epistaxis was so serious that the child lost nearly half its blood volume before 
the ENT surgeon got control. Galante et al. [ 3 ] have recommended using the PLMA 
when a transesophageal Doppler probe is to be used in pediatric patients. The latter 
is inserted into the esophagus behind the PLMA. However to prevent oropharyngeal 
leak, the PLMA cuff had to be infl ated to 60 cm H 2 O. Uda [ 4 ] inserted a similar 
probe through the drainage port of the PLMA, but in pediatric PLMA the drainage 
port internal diameter will prove to be too small.  

    Recommendation 

 A temperature probe inserted either through the nose or mouth into the pharynx can 
cause an airway leak and change in the capnograph tracing when an LMA is used. 
If a leak is seen after a temperature probe is placed, then it should be removed and 
an alternate site for temperature monitoring should be used. 

 I always recommend using the drainage port on the ProSeal for your temperature 
probe.     
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                    Today you are anesthetizing a patient who is morbidly obese—body mass index 
(BMI) 45—with acromegaly in the Magnetic resonance imaging (MRI) suite. The 
oxygen pipeline inside the MRI suite cannot reach outside the MRI and there is no 
piped oxygen in the preinduction room. Hence, the emergency oxygen tank, attached 
to the anesthesia machine (Aestiva, Datex Ohmeda) is used. In the preinduction 
room outside the MRI, the patient is ramped up and positioned for tracheal intuba-
tion [ 1 ,  2 ]. A rapid sequence induction is used with fentanyl, propofol, and succinyl-
choline and cricoid pressure. A grade 2 view is seen on laryngoscopy with a Mac 4 
blade. After successful endotracheal intubation, bilateral air entry is heard and end- 
tidal carbon dioxide (CO 2 ) is seen. The endotracheal tube (ETT) is secured at 25 cm. 

 After the patient is anesthetized, he is rolled with the anesthesia machine into the 
MRI suite. The technician volunteers to supply the anesthetic machine with oxygen 
from the large “H” oxygen cylinder stationed in the MRI. You agree and see him 
attach the oxygen supply tubing from the anesthesia machine to the “H” oxygen 
cylinder. 

 With the patient anesthetized, ventilated appropriately, and with the vital signs 
stable you leave the room and the procedure begins. Five minutes later, sitting in the 
control room (outside the MRI suite), you notice that the end-tidal CO 2  and the tidal 
volume decreases dramatically over 45 s. All other vital signs are stable. 

 You tell the technician to stop the scan and rush into the MRI suite. You see that 
the patient is not being ventilated by the machine and switch to manual ventilation. 
You attempt unsuccessfully to manually ventilate the patient using the anesthesia 
machine. The reservoir bag remains empty, even though the adjustable pressure lim-
iting (APL) value is closed and you are activating the emergency oxygen supply. 

    Question 

 What can the problem be and what will you do?     

    Chapter 74   
 Case 74: Relying on Others 
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    Solution 

 The reason for the dilemma was that the Aestiva emergency oxygen cylinder was 
empty and the “H” oxygen cylinder was not turned on. Hence, no oxygen was fl ow-
ing from the cylinder to the anesthesia machine.  

    Discussion 

 The MRI technician had attached the oxygen pipeline from the anesthetic machine 
to the “H” oxygen cylinder but he had not turned it on. When the anesthetic 
machine’s only oxygen supply from the emergency tank became empty, the anes-
thesia machine ventilator (run by the oxygen) stopped functioning. This happened 
to me but luckily no changes to the vital signs were seen and the rest of the anes-
thetic was uneventful.  

    Recommendation 

 If you have to rely on others or ask others to do your job, then it is imperative that 
you check that things are done correctly. Not doing that can lead to a potential 
disaster.     
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                    Today you are anesthetizing an 18-year-old girl (American Society of 
Anesthesiologists physical status I [ASA 1], 72 kg) for an orthopedic procedure. 
Her sister aged 28, who is accompanying her, has convinced the patient to have an 
epidural. The older sister has had two labor epidurals and claims, “They are the best 
thing since Swiss Cheese.” You explain the options she has beside epidurals and 
outline the advantages, disadvantages, and risks of each one. The patient still wants 
an epidural. You explain to her that you will place the epidural in the operating room 
(OR) and give her sedation and keep an eye on her. You tell her this is called moni-
tored anesthesia care (MAC). 

 You place an intravenous (IV) line and after 2 mg of midazolam you take the 
patient back to the OR where an epidural at L3-4 is placed without any problems. 
The epidural works very well, and a tourniquet is placed on her left calf. She states 
she does not want any more sedation and is seen happily lying there. You agree and 
give her no more IV sedation. Her vital signs are normal. 

 She occasionally asks, “What are they doing now?” 
 Oxygen is provided to the patient from the anesthesia machine fresh gas outlet 

(FGO) via a face mask. There is no separate oxygen outlet on this machine, hence 
the FGO is used. 

 After 10 min, your pal George from the bioengineering department in the hospi-
tal comes into your room. He is doing the routine check on all the vaporizers in the 
hospital. Since you are not using the vaporizers, he gets to work. You move out of 
his way and are now sitting on the patient’s left side. The patient is closest to the 
anesthesia machine. George discovers that the sevofl urane vaporizer output is too 
low and replaces it with a new one. He leaves. Twenty minutes later, the patient 
begins to snore and her jaw needs to be supported. You diagnose the soporifi c effects 
of sensor de-afferentiation caused by the epidural. Still sitting on the left side of the 
patient, you place a fi nger between the rami of her mandible. Another 10 min go by 
and she seems to be even more asleep than before. You also seem to smell sevofl u-
rane in the air and take that to mean that George spilt some sevofl urane when he 
replaced the vaporizer. 

    Chapter 75   
 Case 75: Monitored    Anesthesia Care. 
Watch Out 
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    Question 

 Should you be concerned that the patient is so sleepy? If so, what will you do?     

75 Case 75: Monitored    Anesthesia Care. Watch Out
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    Solution 

 You turn your attention to the anesthesia machine and note to your horror that 
George has inadvertently left the sevofl urane vaporizer on 4 %. You had not noticed 
that the patient was getting a high concentration of sevofl urane via the face mask. 
Remember that the oxygen was provided to the patient from the anesthesia machine 
fresh gas outlet (FGO) via the face mask. There was no separate oxygen outlet on 
this machine, hence the FGO is used. 

 The vaporizer was turned off and the patient over 3–4 min recovers conscious-
ness and states, “This is so cool.”  

    Discussion 

 This has happened to me. It is imperative to keep an eye on your anesthesia machine, 
even as in this case you are not “using it.” This is especially true if others are work-
ing on it while you are providing anesthesia care. It is so easy to get lulled into a 
false sense of security if you provide just a MAC.  

    Recommendation 

 Vigilance is as important during MAC as it is during general anesthesia (GA).    

Recommendation



237

                    A routine general anesthetic is in progress. The child is 10 years old (American 
Society of Anesthesiologists physical status I [ASA1], 33 kg) undergoing an ortho-
pedic procedure. He is being ventilated through an endotracheal tube (ETT) with 
N 2 O 70 % in oxygen and sevofl urane using the circle system attached to an Apollo 
machine (Dräger Medical Inc., Telford, PA). The soda lime in the canister has 
just been replaced prior to the start of this anesthetic. The fresh gas fl ow (FGF) is 
2 L/min. 

 Thirty minutes into the case, you see an intermittent capnograph tracing over a 
3–4-min period (Fig.  76.1 ).

   You confi rm adequate ventilation as seen by observation and auscultation. 
The vital signs are normal and have not changed. 

    Chapter 76   
 Case 76: An Intermittently Worrisome 
Capnography Trace 
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    Question 

 What can the problem be?     

  Fig. 76.1    Diagram of capnography trace showing development of rebreathing pattern. Modifi ed 
with permission from Parry TM, Jewkes DA, Smith M. A sticking fl utter valve. Anaesthesia. 
1991;46(3):229       

 

76 Case 76: An Intermittently Worrisome Capnography Trace
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    Solution 

 A sticking fl utter valve on the expiratory limb of the circle system is intermittently 
in the open position [ 1 ] (Fig.  76.2 ). This causes signifi cant rebreathing resulting in 
the abnormal capnograph tracing (Fig.  76.1 ). Since it was intermittent and the 
 duration short, a rise in end-tidal CO 2  was not seen.

       Discussion 

 When a fl utter valve in a circle system gets stuck, it can lead to retention of CO 2 . In 
this case the valve closure was intermittent, preventing a rise in the end-tidal CO 2  
concentration. Without the capnography, the faulty valve would have not been 
detected. This could have led to an increase in end-tidal CO 2  and arterial CO 2 . The 
latter could have risen to dangerous levels.  

    Recommendation 

 Your routine check of the vital signs should always include a look at the waveform 
of the capnopraphy. Any change could signal the beginning of a potential clinical 
problem.     

   Reference 

    1.    Parry TM, Jewkes DA, Smith M. A sticking fl utter valve. Anaesthesia. 1991;46(3):229.    

  Fig. 76.2    Diagram of capnograph trace showing development of rebreathing pattern subsequent 
to sticking of fl utter valve. Modifi ed with permission from Parry TM, Jewkes DA, Smith M. 
A sticking fl utter valve. Anaesthesia. 1991;46(3):229       

 

Reference



241

                    Today you are anesthetizing an 8-month-old child (6 kg) who is otherwise healthy, 
for closure of craniosynostosis. Routine inhalational induction is done after all 
monitors are placed on the child. While the child is asleep, an intravenous (IV) line 
is established and a rocuronium 5 mg is given. The trachea is intubated successfully. 
Anesthesia is maintained with isofl urane 0.6–1.1 % in 50 % N 2 O in oxygen. Fentanyl 
4 mcg and morphine 0.1 mg/kg is given. There is no problem until closure of the 
skin. At that time, reversal was given and the child started to breath spontaneously. 
The arterial blood gas, serum electrolytes, and coagulation profi les, taken an hour 
ago, are normal. Suddenly there is a decrease of the HR to 60 beats per minute 
(bpm) from 115 bpm and an increase of the BP to 140/80 from 90/60. 

    Question 

 What is going on and what will you do?     

    Chapter 77   
 Case 77: Cardiac Arrest at the Conclusion 
of Neurosurgery 
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    Solution 

 Inform the surgeon that there is a risk of increased intracranial pressure (ICP) as 
seen by the presence of a Cushing refl ex. The surgeon should consider reopening 
the scalp sutures. 

 In this case, blood had collected under the fl ap and caused an increase in ICP. The 
fl ap was removed. The child’s vital signs stabilized with ventilation with 100 % 
oxygen and IV atropine. The child made an uneventful recovery.  

    Discussion 

 The Cushing refl ex has been described as bradycardia, hypertension, and apnea fol-
lowing sudden increase in ICP [ 1 ,  2 ]. Heymans [ 3 ] refi ned the fi ndings above, show-
ing a short-lived initial tachycardia and hypertension prior to the onset of the refl ex. 
The Cushing refl ex has been described during closure of a craniosynostosis repair 
[ 3 ]. In these cases, a sudden life-threatening intracranial hypertension can occur. 
Sometimes at the end of a neurosurgical case, with the patient breathing spontane-
ously, the Cushing refl ex can occur for another reason. In patients with moderately 
raised intracranial pressure, the ICP may rise dangerously high, at the end of the 
anesthetic, due to inadequate ventilation. Even a relatively small increase in CO 2  
will cause the ICP to rise. If the vital signs in the above case had changed to severe 
bradycardia and hypotension, then one must look at the subcutaneous wound drain 
and its container. The surgeons have a habit of hiding it. Several times, I have found 
the container to be full of blood when the child suddenly has become bradycardic 
and hypotensive. Again, the surgeon must be encouraged to open the wound and 
stop the venous bleeding.  

    Recommendation 

 Cushing refl ex, if not diagnosed and potentially treated, can lead to a bad outcome 
in the immediate postoperative period.     
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                    It is early on a Saturday morning. The surgeon has booked an emergency tracheos-
tomy in the operating room (OR). The patient is a 12-year-old girl. She has been in 
the intensive care unit (ICU) for the last week following a head injury. There are no 
associated injuries. On arrival in the OR she is sedated, intubated, and ventilated. 
Her vital signs are stable. You attach her to your OR monitors and anesthesia 
machine ventilator. The surgeon, who is in a hurry, is seen using diathermy for the 
dissection of the trachea. As he is about to cut (using diathermy) into the trachea, he 
tells you to pull the endotracheal tube (ETT) back. You instruct your resident to let 
some air out of the ETT cuff and to pull the ETT back but not out of the trachea. 

    Question 

 Is there anything wrong with this picture?     

    Chapter 78   
 Case 78: Watch Out 
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    Solution 

 Never let a surgeon open the trachea with diathermy. That should only be done with 
a scalpel. Several cases have been reported [ 1 – 3 ] of the ETT cuff being ignited dur-
ing tracheostomy by electrocautery.  

    Discussion 

 In the above case, a loud explosion was heard as the surgeon made an incision with 
diathermy into the trachea. The ETT was immediately removed and a tracheostomy 
tube was inserted without any problems. Examination of the cuff on the ETT showed 
that the cuff had exploded [ 1 ]. Sosis and Braverman [ 4 ] recommend the use of 
20–30 % oxygen in air or helium during general anesthesia for tracheostomy. 
Nitrous oxide should not be used as it supports combustion. Others have suggested 
that the air in the cuff be replaced with saline to reduce the incidence of tracheal 
tube fi res [ 5 ]. Never take the ETT out of the trachea until the surgeon has secured 
the airway with a tracheostomy tube (TT). The ETT should not be removed from the 
trachea until the TT is seen to be working. This is done in case the surgeon loses the 
airway. Should the airway not be secured by the surgeon, then you can rapidly push 
your ETT down into the trachea and infl ate the cuff.  

    Recommendation 

 Never let a surgeon use diathermy when making the tracheal incision during trache-
ostomy. Fires and explosions can be a disaster for the patient.     
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                    Today you are scheduled to anesthetize a 5.5-year-old boy (20 kg) for bone marrow 
aspiration, lumbar puncture, and insertion of a subclavian vein cannula. He was 
diagnosed with acute lymphatic leukemia but now he was having a relapse. He is 
otherwise healthy except for a platelet count of 20,000. Prior to the anesthetic, he is 
transfused with platelets and his count improves to 90,000. 

 A routine inhalation anesthetic is given and maintained with 50 % nitrous oxide 
in oxygen and sevofl urane. The patient is kept breathing spontaneously with a face 
mask. The lumbar puncture and the bone marrow aspiration, with the patient in the 
lateral and supine positions, respectively, are done without any incidence. 

 In preparation for the subclavian vein cannulation via the infraclavicular route, 
the patient is placed in Trendelenburg    (25°). The cannulation proves diffi cult. 
During the third attempt, the patient’s heart rate suddenly increases from 110 to a 
sinus tachycardia of 165 beats per minute (bpm) and his breathing became labored 
and noisy. The oxygen saturation falls to 96 %. The subclavian attempt is stopped. 
The mask is removed and much to your horror you see fresh pink blood freely fl ow-
ing from his nose and mouth. 

 Leaving the child in Trendelenburg, you turn him onto his left lateral position 
and insert a laryngoscope. To your surprise, no blood is coming from the laryngeal 
opening. But there is a steady fl ow of blood seen in the posterior nasal space. With 
100 % oxygen from the face mask and the patient breathing spontaneously, his vital 
signs improve to oxygen saturation of 98 % and the heart rate decreases to 150 bpm. 

    Question 

 What can the problem be and what will you do?     

    Chapter 79   
 Case 79: A Complication of Central 
Venous Cannulation? 
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    Solution 

 A spontaneous nose bleed. This occurred because of the high venous pressure 
 generated by the Trendelenburg together with the sudden onset of sinus tachycardia 
and the qualitative defi ciency in platelet function and/or capillary fragility.  

    Discussion 

 This complication has been previously described [ 1 ]. The hemorrhage in the above 
case gradually stopped over a 5-min period with the patient in Trendelenburg. 
The patient recovered fully without incidence. At a later date he underwent the sub-
clavian cannulation after having been given more platelets, preoperative packing of 
the nose, and a less steep Trendelenburg. Initially the authors [ 1 ] thought that they 
had hit the tracheobronchial tree with their subclavian needle. This has, as far as 
I can ascertain, never been reported.  

    Recommendation 

 Epistaxis may occur, when patients, who are at risk from spontaneous bleeding, are 
placed in the Trendelenburg position.     
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                    Today you are in the intensive care unit (ICU) as the attending anesthesiologist. It is 
late at night. A 17-year-old female has been ventilated for several days, following a 
motor vehicle accident (MVA). You notice that the patient is now requiring high 
infl ation pressures to maintain her oxygenation. Copious amount of purulent spu-
tum are sucked out of her endotracheal tube (ETT) with minimal improvement in 
the peak airway pressures. 

 You place a bronchoscopic swivel adaptor (PriMedico, Largo, FL) to the proxi-
mal (patient) end of the ETT. The swivel is useful, as it allows ventilation during the 
bronchoscopy [ 1 ]. Through the swivel you pass a well-lubricated fl exible fi ber-optic 
bronchoscope down the patient’s ETT. This is done to examine the tracheobronchial 
tree. The ETT is seen to be full of secretions. The carina and right-side bronchi are 
visualized and, with the exception of moderate amount of purulent sputum, no other 
abnormality is seen. However when you attempt to withdraw the bronchoscope to 
examine the left side, you are unsuccessful because you feel signifi cant resistance. 
Interestingly you discover that you can advance the scope, but any attempt to remove 
it is futile. 

 You decide to let the patient’s ETT cuff down and remove both the ETT and the 
scope at the same time. With the ETT removed, you quickly reinsert a new ETT into 
her trachea and commence ventilation. 

    Questions 

     1.    What can the cause be for this dilemma?   
   2.    What would    you do if the patient had a previously diffi cult intubation?         

    Chapter 80   
 Case 80: An Example of Murphy’s Law 
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    Solution 

 This happened to a great friend of mine, Rob MacGillivray [ 2 ]. He called his case 
report: “Eye to eye with Murphy’s Law” [ 2 ,  3 ]. Most appropriate. The problem was 
that the scope, instead of leaving the ETT at its distal end, left the ETT through the 
Murphy’s eye. This was probably caused by the large amount of purulent secretions 
in the distal end of the ETT diverting the thin fi ber-optic scope out of the Murphy’s 
eye. Having gone through the “eye” the scope got stuck and although the scope 
could advance, it could not be removed. By removing the ETT and the scope 
together at the same time, neither the patient nor the instrument was harmed.  

    Discussion 

 In this case, the management was correct. However, had this been a diffi cult intuba-
tion, a second fi ber-optic bronchoscope (loaded with an ETT) would have had to be 
placed in the trachea. In these cases, an ENT surgeon should be at the ready for a 
potential emergency tracheostomy. 

 Murphy’s eye was fi rst described in 1941[ 4 ], but ETTs with Murphy’s eyes did 
not become available until much later. The hole in the bevel of the ETT (Murphy’s 
eye) was invented to allow ventilation of gas to pass out of the ETT should the main 
outlet of the ETT be occluded. The occlusion of the main outlet could be caused by 
the wall of the trachea or by any other obstruction. In old anesthesia textbooks 
(1940–1970), pictures of patients, with an ETT placed, show the tube always secured 
on the left side of the mouth. This was done to prevent the distal outlet of the ETT 
from coming up against the wall of the trachea and obstructing the airfl ow.  

    Recommendation 

 This is an uncommon complication, but should it prove impossible to remove the 
scope, then both the ETT and the scope must be taken out together. However, before 
you take out the ETT, you must ascertain that you can secure the airway after the 
ETT has been removed.     
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                    Today you fi nd yourself in the labor delivery suite (LD). A previously fi t and healthy 
19-year-old female (74 kg, gravida 1, para 0) is admitted to the LD. She is 34 weeks 
pregnant and is complaining of an increasingly severe headache and left-sided facial 
weakness. At 28 weeks, she had been admitted to the emergency room (ER) after a 
witnessed grand mal epileptic convulsion. Investigations showed an extensive right 
frontoparietal lesion. The diagnosis is suggestive of a glioma. It was decided that 
she should be started on Phenytoin and be allowed to continue her pregnancy. 

 Today her vital signs are normal but she is very drowsy. Her retina shows papill-
edema. The obstetrician suggests an elective Cesarean section and the patient concurs. 
Before anyone can discuss with her the anesthetic technique, the patient says she really 
would like to have a vaginal delivery under epidural. 

    Questions 

 What do you think? Good idea or bad idea?     

    Chapter 81   
 Case 81: A Tragic Case 
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    Solution 

 A general anesthetic, not a regional block, is advisable.  

    Discussion 

 In a previous case [ 1 ], a 23-year-old primigravida with an inoperable frontal glioma 
was given a general anesthetic. The mother and child were discharged home, but the 
mother died 4 weeks later. There are cases in the literature [ 2 ,  3 ] where either caudal or 
epidural were used successfully in managing such cases. The main reason for using 
regional anesthesia is that, in experienced hands, the incidence of dural puncture is very 
low [ 4 ,  5 ]. These authors quote a rate between 2 % and 3 % in obstetrical patients with-
out a raised intracranial pressure. The other reason that a regional block is not a good 
idea is that lumbar epidural injection of local anesthetic, or saline, increases intracranial 
 pressure (ICP). The ICP increase is greater, if intracranial pressure is already high [ 6 ]. 
These authors [ 6 ] recommend that epidural anesthesia should be used with extreme 
 caution in patients with reduced intracranial compliance and should not be used at all 
in patients with intracranial hypertension or a space-occupying lesion.  

    Recommendation 

 Regional anesthesia would seem to be less appropriate than general anesthesia in 
these cases.     
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                    You are called to the emergency room (ER). A 19-year-old male (1.6 m and 63 kg) 
is complaining that he had over half a cup of acute bright red hemoptysis from his 
tracheostomy site in the last hour. The patient has a 3-day history of blood-tinged 
sputum from the tracheostomy site. He is in remission from a non-Hodgkin’s 
 lymphoma for which he has received chemotherapy and radiation with good effect. 
He had required a tracheostomy because of severe swelling of face and neck with 
acute airway obstruction. A computed tomography angiography (CTA) of the neck 
and chest has been done while in the ER, and is negative for any active bleeding. 

 The ENT surgeon is at the bedside and you are asked to provide sedation for a 
 fi ber-optic bronchoscopy. This is to be done in the ER. You examine the patient and 
concur with giving the patient midazolam. He receives up to 3 mg with good effect. The 
vital signs remain stable. The surgeon examines    the trachea with a fl exible fi ber- optic 
scope through the patient 6.0 mm Moore tracheostomy tube. The tracheostomy tube is 
seen sitting on and irritating the carina. There is no sign of active bleeding. The surgeon 
is unable to examine the rest of the airway, due to bloody secretions and because the 
patient is distressed and coughing a lot. The fi ber-optic scope is removed and the patient 
settles down. A little later, the ENT physician removes the patient’s tracheostomy tube. 
The distal part of the tube is cut down by 1.5 cm. The tube is then repositioned in the 
trachea. The patient is sent home but booked the next morning for a fl exible bronchos-
copy under general anesthesia in the operating room. 

 You are the anesthesiologist who is going to anesthetize him the next day. The 
surgeon informs you that he will remove the tracheostomy tube after the patient has 
been anesthetized. You are to replace the tracheostomy tube with an endotracheal 
tube (ETT) through the tracheostomy for oxygenation and anesthesia. The surgeon 
then plans to do a fi ber-optic bronchoscopy through the ETT. 

    Chapter 82   
 Case 82: Hemoptysis from a 2-Month 
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    Questions 

 Does this sound like a plan? Or what will you suggest? Would you do a monitored 
anesthesia care (MAC) or a general anesthesia (GA)?     
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    Solution 

 This is not a good idea. The placement of the ETT will hinder the surgeon’s ability 
to locate the source of bleeding, should the bleeding come from the trachea above 
the end of the ETT tube. 

 The bronchoscopy is done under sedation with the patient breathing spontaneously 
with the tracheostomy tube. Over a period of 40 min, the patient is given midazolam 
2 mg and glycopyrrolate 0.4 mg. He is maintained on ketamine boluses during the 
40-min procedure, receiving a total of 155 mg intravenous ketamine.  

    Discussion 

 Upon entry into the trachea through the tracheostomy tube, and with the patient  breathing 
spontaneously, the ENT surgeon fi nds a signifi cant amount of clot in the distal trachea 
that obstructed his view. In order to remove these, saline irrigation and suction is 
required. Inspection of the airways bilaterally past the bronchi revealed further bloody 
clots. This is also sucked out. At the end of the procedure, the tracheostomy tube is 
removed and the trachea inspected. The mucosa of the posterior wall of the trachea, 
opposite the tracheostomy site, is very friable, with some sign of arterial bleeding. 
Diathermy is used with good effect. However, ice-cold saline irrigation is required 
twice, as the fi rst attempt at reinserting the tracheostomy tube causes recurrent oozing 
from the posterior wall of the trachea. After 5 min of observation in the operating room, 
the bleeding stops and the case is concluded. The patient is transported to the recovery 
room in a stable condition.  

    Recommendation 

 In these cases, it is imperative that the whole of the trachea is inspected for possible 
bleeding sites.    

Recommendation
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                    Today you are in the endoscopy suite. On entering the procedure room, you note that the 
anesthesia machine is an older version of the one you use in the rest of the hospital. You 
check the anesthesia machine and fi nd everything is in order. There is piped oxygen into 
the procedure room and the emergency oxygen and nitrous oxide cylinders on the back 
of the machine are full. A large see-through plastic bag with an Ambu bag is hanging on 
the side of the anesthesia machine beside the absorber. You now recall that at a depart-
mental morbidity and mortality (M&M) meeting there had been an incident of a sudden 
anesthesia machine failure in the endoscopy suite. You check the Ambu bag and fi nd it 
in order. You ask that a separate full cylinder of oxygen be brought into the procedure 
room. This is to be used with the Ambu bag to provide a higher inspired oxygen concen-
tration, in case the anesthesia machine stops functioning. 

 The child is a 2-year-old who is coming for upper and lower endoscopy for undi-
agnosed anemia. She is otherwise healthy. A routine general anesthetic is performed 
with an endotracheal tube. After about 10 min, you notice that the fresh gas fl ow has 
to be increased from 2 to 4 L (nitrous oxide 50 % in oxygen). A check for leaks or 
malfunction reveals nothing abnormal. The procedure is concluded after 45 min, but 
you are dismayed to note that it has been necessary to increase the fresh gas fl ow to 
10 L a minute. There seems to be a leak, but you cannot fi nd it. Throughout the 
 anesthetic, the patient’s vital signs were stable. At the end of the procedure, the patient 
is taken to the recovery room where she makes an uneventful recovery. She is 
 discharged after 90 min. 

    Question 

 What can be the cause of the large leak?     

    Chapter 83   
 Case 83: A Potentially Serious Incident 
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    Solution 

 At the end of the procedure, the machine was checked and you discover that the plastic 
bag covering the Ambu bag had been sucked into the side of the active scavenging unit. 
The negative pressure that was generated emptied the gas in the patient’s circuit.  

    Discussion 

 The hospital “active”    scavenging unit operates continuously 24/7 at a nominally slow 
rate of 35–75 L/min from each operating room [ 1 ]. These units can be seen on 
the side of the anesthetic machines. As a safety feature, they have openings to the 
operating room. Negative pressure results if these openings are occluded. If that 
happens, the fresh gas that is intended for the patient will be sucked out and not 
delivered to the patient. 

 This case reminds one of the need for caution when using active scavenging systems. 
Hence, any plastic bags and the like must not be placed near these systems. Many 
 hospitals do not employ active scavenging, but rather use a passive system. In those 
cases, a scavenging tube goes from the back of the machine to a wall socket.  

    Recommendation 

 Active scavenging systems are very useful, but if their openings to the room are 
obstructed, negative pressure will be created and the patient’s fresh gas fl ow will 
decrease over time. If the suction is very strong, the gas fl ow to the patient can decrease 
rapidly, with potentially disastrous results.     
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                    You are visiting a very good friend who is also an anesthesiologist. He lives in a part 
of the world where there is a yearly heavy rainfall. Your friend is on call and of 
course he gets called in. You accompany him to do a case late in the afternoon. 

 The case is a 9-month-old girl who is admitted to the emergency room (ER) with 
stridor and shortness of breath. She has a history of recurrent chest infections. The 
chest X-ray shows her trachea to be markedly displaced anteriorly and narrowed. 
Ultrasound showed a fl uid-fi lled cyst in the mediastinum. Your friend is asked to 
 provide general anesthesia for a scan. The scan is situated in the cellars of the hospital. 
Your colleague rightly wants to control the patient’s airway prior to the transport to the 
scan. She is anesthetized and her trachea intubated in the ER. Her lungs are ventilated 
via a Mapleson F system (Jackson-Rees’ modifi cation of the Ayre’s T-piece) attached to 
an oxygen cylinder. You note that the ER oxygen cylinder has a fl owmeter on it and it 
is set at 8 l/min. She is transported to the scanner, paralyzed and sedated. 

 With a nurse you run to the scanner where you volunteer to check the anesthesia 
machine. Having completed your task, your friend and patient arrive in the scanner. 
Your pal suddenly says, “Look at this.” To your amazement, you see some rust- colored 
fl uid/material suddenly fi lling the fl owmeter on the oxygen cylinder that is being used to 
ventilate the patient. The fl uid/material pushes the bobbin upward and enters the fresh 
gas tubing to the Mapleson F system. Your friend quickly disconnects the Jackson-Rees 
from the patient and you help to roll the patient into the scanner. Here the patient is 
attached to the breathing circuit of the scanner’s anesthesia machine. Luckily no rusty 
fl uid was seen entering the patient’s endotracheal tube. The scan was done uneventfully. 
A week later, a large bronchogenic cyst was removed. 

    Question 

 But what was the material in the fl owmeter and tubing and how did it get there?     

    Chapter 84   
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    Solution 

 The material was rusty water.  

    Discussion 

 In a previous case report [ 1 ], the cylinder was sent to the manufacturer who dismantled 
it. They found the cylinder dry with no evidence of water having entered it. However, a 
fi lm of rust had formed around the threads of the valve. The conclusion drawn was that 
the cylinder must have been left outside without a protective cap. They also stated that 
water was not removed from the valve outlet when the regulator was connected. The 
manufacturer concluded that if cylinders are to be stored in the open, then a cap must be 
placed and the cylinder stored on its side to minimize water getting to the valve. 

 I have seen this in a mission hospital in Africa. In a rudimentary anesthetic 
machine that ran on oxygen cylinders, the oxygen fl owmeter got fl ooded with rusty 
water. An Ambu bag saved the day.  

    Recommendation 

 If oxygen cylinders must be stored outside, then a protective cap must be utilized. 
The cylinders should be stored on their side. It is also imperative to wipe down the 
threads of the valve should they be seen or felt to be moist.     
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                    A 19-year-old female (170 cm and 120 kg; body mass index [BMI] 41.5; American 
Society of Anesthesiologists physical status III [ASA 3]) is scheduled for a biliary stent 
removal in the endoscopy suite. Her past history consisted of hypertension, hyperlipid-
emia, anemia, end-stage renal disease on hemodialysis, and diabetes mellitus type 2. 
On exam she is noted to have a neck circumference of 60.5 cm. 

 She had undergone two procedures: an endoscopic retrograde cholangiopancrea-
tography (ERCP) and a cholecystectomy recently. Both times she had been intubated 
successfully, albeit with diffi culty, using an awake fi ber-optic technique. 

 You decide to do the procedure under ketamine sedation. This is because you are told 
it will take less than 3 min and the senior gastroenterologist (whom you trust) is going 
to do the procedure. 

 The patient is placed in the left lateral position and the pharynx and the upper 
airway is sprayed with Cetacaine 200 mg. Thereafter, you give midazolam 1 mg, 
glycopyrrolate 0.4 mg, and ketamine 70 mg. The stent is successfully identifi ed, but 
as it is removed the patient is suddenly desaturated with an upper airway obstructive 
pattern. You diagnose laryngospasm and commence mask ventilation. As expected, 
she    is an extremely diffi cult mask airway and the oxygen saturation keeps falling to 
84 % and beyond. The other vital signs have not changed signifi cantly. 

    Question 

 Knowing that you will have great diffi culty in quickly placing an endotracheal tube 
with a fi ber-optic scope and even an LMA should an airway problem occur, what 
was your plan B?     

    Chapter 85   
 Case 85: A Surprising    Solution to an Airway 
Emergency 
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    Solution 

 We had a case like this [ 1 ]. Prior to the start of the procedure, we asked the endoscopist 
to prepare a smaller endoscope loaded with an endotracheal tube. Within 30 s after the 
diagnosis of laryngospam, the gastroenterologist had secured the airway using his 
endoscope. The patient was taken to the intensive care unit (ICU) to be monitored since 
her saturation had fallen to the mid 60s for a short period. Later that evening, she was 
extubated and transferred to the step-down unit. She made an uneventful recovery.  

    Recommendation 

 Remember if you are in trouble or think you may be in trouble with a patient’s airway 
in the endo-suite, the endoscopist may be your friend in quickly fi nding the trachea.     
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                    A 16-year-old girl (85 kg, 5′ 2″) is on full ventilator support in the intensive care unit 
(ICU). She was involved in a motor vehicle accident (MVA) and has sustained multiple 
rib fractures with lung contusion, which necessitated endotracheal intubation. The ICU 
nurse tells you that the intubation proved diffi cult, but with a two-handed technique 
they were able to adequately oxygenate the patient. After several attempts, a bougie 
was blindly inserted into the trachea and the airway secured. It is now 1 h later and you 
are called because the nurse informs you that there is air coming out of the mouth on 
inspiration. The nurse tells you that the respiratory therapist had just increased the tidal 
volume. Vital signs are within normal limits, oxygen saturation 95 %, heart rate 105, 
and BP 130/80. You can hear air escaping from the patient’s mouth. A #7 endotracheal 
tube (ETT) is taped at 22 cm and a nasogastric tube has been inserted. The latter is 
attached to continuous suction. The cuff on the pilot tubing feels full but you put in 
another 3–5 ml of air. The cuff now feels very tight. But there is no improvement in the 
air leak. The patient is covered with a blanket, which you remove to examine the chest. 
There is equal bilateral air entry and the chest is clear to auscultation. There is no evi-
dence of surgical emphysema or pneumothorax. The peak pressure generated by the 
ventilator is 32 cm H 2 O. An ETT suction catheter goes through the whole length of the 
ETT. There are no secretions in the trachea. 

 Since you do not know what else to do, you are about to exchange the existing ETT 
with a new ETT using a gum-elastic bougie [ 1 ]. 

    Question 

 However, you suddenly realized that there is something you have not checked. What is 
that and what can the problem be?     

    Chapter 86   
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    Solution 

 The nasogastric tube is found to be in the back of the mouth and not in the stomach. 
You examine the epigastrium and discover a dilated stomach from the mask ventilation 
prior to the insertion of the ETT into the trachea. 

 After the nasogastric tube is properly positioned and the stomach emptied for air, 
no further leak is heard.  

    Discussion 

 During a diffi cult intubation with mask ventilation an excessive amount of air can 
fi nd its way into the stomach. This must be emptied with an oral or nasogastric tube; 
otherwise, you will get the problem described in this case. If not diagnosed, many 
would exchange the existing ETT for a new one using a tube changer. This would 
not improve the air leak but in exchange could cause the airway to be lost.  

    Recommendation 

 Both the chest and abdomen must be examined when confronted with a problem 
like this.     
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                    Today you are doing a list of children for dental extractions. All the children have 
behavioral problems. The fi rst child is a 10-year-old autistic boy. He is otherwise 
healthy. You suggest placing an intravenous (IV) line, but he becomes very agitated. 
You decide against an oral midazolam as a premedication as you have had several 
children with postoperative cognitive impairment [ 1 ]. This also includes this child. 
This impairment, although transient, led to the parents of these children being 
unhappy with your anesthetic management. They were worried that his impairment 
this time may be permanent. 

 Intramuscular ketamine is not an option; this is because the mother states that the 
last time her son had ketamine he was adversely affected by it for days. Since there 
is a drug shortage, you have no barbiturates to be given via rectum. You decide on 
an inhalational anesthetic induction and attempt a distraction technique. You tell 
him that he and you are going to go and blow up balloons. But he will have nothing 
to do with you. As is your usual practice in these cases, you ask the parent or parents 
to accompany you and the child to the procedure room [ 2 ,  3 ]. Your plan is to do an 
inhalational induction with sevofl urane. In the room, the child is being cuddled on 
the mother’s lap. The room light is dimmed. Soft music is being played. You attempt 
to place an oxygen saturation probe, electrocardiogram (ECG) pads, and a blood 
pressure (BP) cuff on the child. But he will not have them anywhere near him. 

    Question 

 What trick do you know that may make the child have at least the oxygen saturation 
probe on his fi nger?     

    Chapter 87   
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    Solution 

 You place the oxygen saturation probe on the mother’s fi nger and the child sees the 
wavy line on the TV screen and the number. “Let’s see if you can beat your mum’s 
number.” This usually works, as it becomes a game [ 4 ].  

    Discussion 

 Anesthetizing these very unfortunate children can be a great challenge. The anesthetic 
management of these cases depends on the age, size, and the demeanor of the child. 
The parent’s behavior and understanding of what has to be done is also important. For 
the above trick to work, obviously the child has to understand and be able to read 
numbers. If the child cannot read numbers then he may be convinced to make bigger 
waves than his mum. It also helps to have two oxygen saturation monitors. 

 Flatt [ 5 ] suggests that the child try and breathe so deeply that he can beat 100. This 
he claims has worked very well. Bringing parents to the operating room has many 
advantages but also some disadvantages. One recently published case [ 6 ] talks of a 
mother who, after her child was anesthetized with a sevofl urane induction, picked the 
child up and tried to wake him up. In the process, all the monitoring equipment was 
disconnected. The child recovered and the procedure cancelled.  

    Recommendation 

 Being understanding and kind is a prerequisite in dealing with these children and 
their families, but being inventive is imperative.     
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   A 
  Abdominal pain , 41, 51, 123  
   Abnormal capnogram 

 computer-assisted analysis , 113  
 end-tidal CO 2  , 113, 114  
 general anesthesia , 111  

   Abnormal capnograph waveform , 227, 228  
   Acromegaly , 231  
   Activated charcoal 

 and emergency room (ER) , 155  
 intubation , 156  

   Active scavenging unit , 256  
   Acute abdomen , 123–124  
   Acute appendicitis , 91, 123, 124  
   Acute lymphoblastic leukemia (ALL) 

 diagnosis , 191  
 hyperlipidemia , 193  
 treatment , 193  

   Adenoidectomy and routine tonsillectomy , 
153–154  

   Air embolism , 83, 84  
   Airway collapse , 198  
   Airway emergency 

 biliary stent removal, endoscopy suite , 259  
 placement, ETT , 259, 260  

   Airway leak 
 ICU , 261–262  
 prone patient , 69–70  

   Airway obstruction 
 inhalation induction , 82  
 inspiratory stridor and suprasternal 

retraction , 213  
   Airway pressure over 70 cm H 2 0 , 209  
   Alcohol 

 chronic intoxication , 20  
 excessive and prolonged intake , 20  

   ALL.    See  Acute lymphoblastic leukemia 
(ALL) 

   Allen, R. , 28  
   Allergic reaction 

 muscle relaxants , 85  
 uvulitis , 108  

   Ambu bag 
 anesthesia machine , 255  
 ventilate, patient , 165  

   American Society of Anesthesiologists 
(ASA) , 3  

   Anaphylactoid reaction 
 and anaphylactic , 16  
 life-threatening , 16  

   Anaphylaxis 
 acute , 104  
 bronchoconstriction , 125  
 intraoperative , 86  
 latex , 86  

   Anesthesia 
 leak , 221  
 system failure , 3–4  
 trauma patient , 103–104  

   Anesthesia machine 
 and breathing system check , 3  
 capnogram , 113  
 collapsible breathing bag , 3  
 endoscopy suite , 255  
 failure , 165–166  
 fresh gas fl ow tube , 4  
 pressure ventilation , 111  

   Anisocoria 
 general anesthesia , 151–152  
 pupil , 151  

   Anterior fusion , 163  
   Anterior mediastinal mass , 197–199  
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   Antibiotics , 85  
   Aortic stenosis , 225, 226  
   Apnea , 3, 124, 242  
   Arterial systolic blood pressure , 225  
   ASA.    See  American Society of 

Anesthesiologists (ASA) 
   Assisted ventilation , 97  
   Asthma 

 exacerbation , 55  
 inhaled beta-agonist medication , 37  
 prednisone , 27  
 symptoms , 154  

   Atomized sprayer , 157  
   Autism , 263  
   Awake fi ber-optic intubation , 259  
   Ayres T-piece, Jackson Rees modifi cation , 

41–43, 63, 139  

    B 
  Bain system , 119, 120  
   Bedger, R.C. Jr. , 116  
   Behavioral problems , 263  
   Benzocaine , 130  
   Berman, N.D. , 104  
   Bifi d spines , 95, 96  
   Bilateral air entry 

 auscultation , 95  
 endotracheal tube , 143  

   Bilateral crepitations , 43  
   Bilateral tourniquets , 161–162  
   Biliary stent removal , 259  
   Bite block 

 BiteGard , 206  
 dislodgement/misplacement , 185  
 ETT , 97  
 laryngoscopy , 185  
 vaginal packing , 185  

   Bleeding diathesis , 144  
   Blind nasotracheal intubation , 55, 57  
   Blocked intravenous (IV) line 

 emergency appendectomy , 33  
 IM injection , 34  
 maintenance, cricoid pressure , 34  
 rocuronium , 34  
 thiopental and rocuronium , 34  

   Blood 
 ETT , 205  
 loss , 27–28  
 salvage , 139  
 transfusion , 143, 144  
 in urine , 143  

   Blood pressure (BP) 
 drop , 85, 225  

 electrocardiogram (ECG) , 89  
 steroid , 28  

   Blunt upper airway trauma 
 anesthetic problems , 38  
 anesthetization , 37, 38  
 fracture, thyroid cartilage , 37  
 tracheostomy , 39  

   BMI.    See  Body mass index (BMI) 
   Body mass index (BMI) , 231, 259  
   Botz, G. , 60  
   Bougie 

 gum-elastic , 261  
 insertion, trachea , 261  

   BP.    See  Blood pressure (BP) 
   Bradycardia 

 ECG , 101  
 succinylcholine , 102  

   Braude, B.M. , 86  
   Braverman, B. , 244  
   Brock-Utne, J.G. , 28, 60, 78  
   Brodsky, J.B. , 66  
   Bronchial tear , 135, 137  
   Bronchoscopic swivel adaptor , 247  
   Bronchoscopy 

 fi ber-optic , 13, 135  
  without  an ETT , 137  

   Bronchospasm 
 autotransfusion , 162  
 ETT , 167–168  
 tourniquets , 162  

   Broviac catheter , 7–8  
   Bupivacaine 

 epidural infusion , 48  
 overdose , 85  
 perioperative epidural , 48  
 placement, thoracic epidural catheter , 85  

   Butterfl y needle , 101–102  

    C 
  Capnogram 

 abnormal capnograph waveform , 227, 228  
 changes, tracing , 228, 229  
 normal capnograph waveform , 227, 228  
 NTP , 229  
 PLMA , 229  

   Cardiac arrest 
 closure, craniosynostosis , 241  
 Cushing refl ex , 242  
 ICP , 242  
 neonate , 157–159  

   Cardiac arrhythmia 
 chronic pain syndrome , 77  
 ECG, sinus rhythm , 77, 78  
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 recording, electrodes , 79  
 signals , 79–80  
 stimulation, dermatomes , 79  
 supraventricular tachycardia, ECG 

changes , 77, 78  
   Catheter 

 Foley , 57  
 tracheal suction , 57  

   CCHB.    See  Congenital complete heart block 
(CCHB) 

   Cefazolin , 15, 85  
   Cell saver blood 

 atracurium , 140  
 PACU , 140  
 recurarization , 140  
 retransfusion , 140  

   Central venous cannulation 
 epistaxis , 246  
 nose bleed , 245, 246  

   Ceranski, J. , 78  
   Certifi ed Registered Nurse Anesthetist 

(CRNA) , 201  
   Cervical lymph glands , 197, 198  
   Cervical spine X-ray , 163, 164  
   Cesarean , 49, 249  
   Chang, J.L. , 116  
   Cholecystectomy , 259  
   Chronic steroids , 27–28  
   Cinnella, G. , 229  
   Claustrophobia , 201  
   CO 2  absorbent canister , 111, 113  
   Cocaine , 37, 38  
   Cold blood , 179–181  
   Congenital complete heart block (CCHB) 

 atropine and isoproterenol , 92  
 DC defi brillators , 92  
 general anesthesia , 92, 93  

   Convulsions 
 diagnosis , 19, 20  
 repair, cut right ulnar nerve , 19  

   Crepitations , 43, 95  
   CRNA.    See  Certifi ed Registered Nurse 

Anesthetist (CRNA) 
   Cuffed endotracheal tube (ETT) , 139  
   Cushing refl ex , 242  
   Cyanosis 

 hemoglobin desaturation , 130  
 stress coughing , 172  

    D 
  Dambroiso, M. , 229  
   Dampened arterial line , 226  

   DC defi brillator.    See  Direct current (DC) 
defi brillator 

   Decreased bilateral air entry , 171  
   Decreased ECG amplitude 

 chest drain , 61  
 left nephrectomy, Wilms’ tumor , 59  
 pneumothorax , 60  
 tracing , 59, 60  

   Delayed postoperative respiratory obstruction , 
107–108  

   Delayed recovery , 193, 201  
   Dermatomal electrical stimulation , 77  
   Dexmedetomidine , 202  
   Diachun, C.A.B. , 78  
   Diathermy 

 dissection, trachea , 243  
 making, tracheal incision , 244  

   Diffi cult extubation 
 appendectomy , 71  
 causes , 72  
 lung , 198  
 reintubation , 72  
 removal, ETT , 71, 72  

   Diffi cult ventilation 
 gastric distension , 70  
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 position , 1  
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 propofol sedation , 195  
 removal , 71, 72  
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 spurulent sputum , 247  
 suction problem , 217–218  
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 ventilation , 7, 97  
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 catheter   ( see  Epidural catheter) 
 infusion , 48  
 labor , 233  
 lidocaine , 89  
 lumbar injection , 250  
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 thoracic , 47, 85  

   Epidural catheter 
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 removal , 47  
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   Epinephrine 
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 excessive bleeding , 90  

   ERCP.    See  Endoscopic retrograde 
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   Ethical rights , 220  
   ETT.    See  Endotracheal tube (ETT) 
   ETT cuff 
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 ignition , 244  
 trachea and infi ated, air , 167  

   ETT length 
 connector , 147, 148  
 technique , 148  

   Extrapulmonary air leak , 137  
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 ETT , 115, 116  
 respiratory arrest , 183–186  

    F 
  Face mask 

 breathing , 245  
 FGO , 233, 235  
 induction, general anesthesia , 1  
 oxygen , 19, 209, 233  
 sevofl urane , 235  
 ventilation , 63, 139  

   Facial maxillary surgery , 147  
   Failure to ventilate , 166  
   Fearful child , 219, 220  
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 hyperlipidemia , 193  
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   Fergusson mouth gag , 97, 98  
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   Fiber-optic laryngoscope 
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 pediatric , 81  
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   Impalement , 176  
   Induction 

 anesthesia , 103–104  
 ketamine , 52  
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   Izukawa, T. , 92  

    J 
  Jackson Rees modifi cation, Ayres T-piece , 

41–43, 63, 139, 257  
   Jaw thrust , 213, 215  
   Jewkes, D.A. , 238, 239  

    K 
  Kimberly, A.P.S. , 79  
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 adenoidectomy , 153–154  
 ECG , 75, 76  
 general anesthesia , 35  
 halothane vaporizer , 75  
 hypertension , 76  
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