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411Innate Immune Dysfunction in
Trauma Patients: From
Pathophysiology to Treatment
(Clinical Concepts and
Commentary)
Recent insights into posttraumatic immune dysfunction
have defined new targets for immunointervention that
hold promise for improving outcomes in such critically ill
patients.

271High Intraoperative Inspired
Oxygen Does Not Increase
Postoperative Supplemental
Oxygen Requirements
High inspired oxygen may be reasonable in lower risk
surgery to improve wound oxygenation.

347Accuracy of Ultrasound-guided
Nerve Blocks of the Cervical
Zygapophysial Joints
Ultrasound imaging was an accurate technique for cervi-
cal zygapophysial joint nerve blocks in volunteers. See the
accompanying Editorial View on page 236.

353Estimation of the Contribution
of Norketamine to Ketamine-
induced Acute Pain Relief and
Neurocognitive Impairment in
Healthy Volunteers
Norketamine has an effect opposite to that of ketamine
on pain relief.

399Severe Emergence Agitation
after Myringotomy in a 3-yr-old
Child (Case Scenario)
Emergence agitation, the associated risk factors, and its
prevention and treatment are discussed.

243Factors Affecting Admission to Anesthesiology
Residency in the United States: Choosing the Future of
Our Specialty

The proportion of anesthesiology residents from U.S. medical schools has more than dou-
bled since 1995. This retrospective cohort study evaluated the 2010 and 2011 residency
applicants to determine the
factors associated with a suc-
cessful admission to resi-
dency training programs.
The sample represented 58%
of the total national applicant
pool; 66% of the applicants
successfully matched to anes-
thesiology.Theoddsforasuc-
cessful match were higher for
applicants from U.S. medical
schools, those with United
States Medical Licensing
Examination scores greater
than 210, younger appli-
cants, and females. Prior
graduate education or peer-
reviewed publications did not offer any advantage. This study suggests the potential for age
and gender bias in the selection process. See the accompanying Editorial View on page 230.

302What Factors Affect Intrapartum Maternal Temperature?
A Prospective Cohort Study: Maternal Intrapartum
Temperature

The cause of rises in intrapartum maternal temperature is not known. In this prospective
study of 81 women scheduled for labor induction, hourly oral temperatures were recorded
and analyzed based on race, body mass index, duration of labor, and time to epidural.
Overall, temperature rose in a significant linear trend over time. Positive temperature trends
were associated with significantly longer time from membrane rupture to delivery and higher
body mass index. Temperature slopes did not differ before compared with after epidural
analgesia. This study suggests that epidural analgesia alone does not increase the risk of high
temperatures in intrapartum women.

321Postoperative QT Interval Prolongation in Patients
Undergoing Noncardiac Surgery under General
Anesthesia

Electrocardiograms (ECG) can identify abnormal cardiac repolarization by observation of a
prolonged QT interval. QT interval prolongation is often caused by drugs and can result in
sudden cardiac death. In this ancillary study to the Vitamins in Nitrous Oxide trial, serial
postoperative 12-lead ECG were obtained from 469 patients undergoing major noncardiac
surgery under general anesthesia. Eighty percent of patients experienced a significant QT
interval prolongation, and approximately half had increases greater than 440 ms at the end of
surgery. One patient developed torsade de pointes. Drugs associated with prolonged QT
interval included isoflurane, methadone, ketorolac, cefoxitin, zosyn, unasyn, epinephrine,
ephedrine, and calcium. Although the exact cause of the association between perioperatively
administered drugs and QT interval prolongation is not known, further study is warranted to
determine the clinical relevance.
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B Y the late 1980s, it was 
well recognized that unde-

tected postoperative residual 
neuromuscular block (PRNB) 
was a common occurrence in 
most postanesthesia care units 
(PACUs).1–4 However, an edito-
rial in 1989 noted that there was 
little, if any, objective evidence to 
validate the hypothesis that PRNB 
was associated with long-term 
or even transient adverse respira-
tory outcomes.5 In the two and a 
half decades since the editorial by 
Miller5 was published, outcome 
data regarding this important 
patient safety issue have slowly 
accumulated, but the relevant 
database remains quite sparse. In 
this issue of ANESTHESIOLOGY, Bulka 
et al.6 provide an important addi-
tion to the small list of studies that 
attempt to examine the long-term 
consequences of PRNB. They 
report two main findings: (1) the 
use of neuromuscular blocking 
agents (NMBAs) was associated 
with a higher absolute rate of postoperative pneumonia 
(POP) when compared to matched cases where patients did 
not receive relaxants and (2) failure to reverse NMBAs at 
the end of surgery was associated with a 2.25-fold increase 
in the incidence of POP. Why should these findings be less 
than surprising?

Bulka et al.6 noted that the incidence rate ratio (1.79) 
for POP was significantly higher in patients who received 
NMBAs. This observation is consistent with the find-
ings from several large database investigations, which have 
described an association between intraoperative NMBA use 
and major morbidity and mortality. More than 60 yr ago, 
Beecher and Todd7 reported that the risk of death related to 
anesthesia was six times higher in patients receiving NMBAs 

compared to those administered 
no muscle relaxants. An analysis of 
data collected over a 10-yr period 
(1967 to 1976) involving 240,483 
anesthetics revealed that “respira-
tory inadequacy after myoneural 
blockade” was the second most 
common cause of death after 
surgery.8 Similarly, a study from 
Great Britain reported that post-
operative respiratory failure sec-
ondary to dosing of NMBAs was 
a primary cause of mortality.9 In 
a large prospective study, the use 
of the long-acting NMBA pan-
curonium entailed a higher risk 
of postoperative pulmonary com-
plications.10 More recent studies 
reported that patients adminis-
tered NMBAs had a higher risk 
of postoperative desaturations and 
need for reintubation11 and that 
those given high doses of NMBAs 
had an increased risk of postopera-
tive respiratory complications.12 
The increased incidence of mor-
bidity and mortality reported in 

patients administered NMBAs is likely secondary to PRNB. 
Incomplete neuromuscular recovery during a vulnerable 
postoperative period (between tracheal extubation and 
achieving a train-of-four [TOF] ratio of less than 0.9 in the 
PACU) may impair upper airway patency, protective airway 
reflexes, breathing, swallowing, and coughing, resulting in 
an increased risk of significant respiratory events (like POP) 
and death.

Data demonstrating an association between failure to 
reverse neuromuscular blockade and adverse postopera-
tive outcomes are less certain. A large case–control database 
investigation revealed that the primary anesthetic manage-
ment characteristic associated with a reduction in mortal-
ity and coma was reversal of the effects of NMBAs.13 In a 
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retrospective data analysis, pulmonary complication outcome 
scores were significantly improved in older patients with 
comorbidities reversed with sugammadex, compared to those 
reversed with neostigmine or not given reversal agents.14 In 
contrast to these investigations, large-scale studies from the 
Massachusetts General Hospital suggested an association 
between neostigmine use and an increased risk of hypoxemia, 
atelectasis, and postoperative reintubation.11,15 An important 
limitation of all of these investigations (as well as the study by 
Bulka et al.6) is that the presence or absence of PRNB was not 
measured in the PACU with quantitative monitoring; there-
fore, it is uncertain whether postoperative muscle weakness 
was the cause of the reported adverse events.

There is ample evidence that failure to antagonize non-
depolarizing block may result in a very high incidence of 
PRNB. Baillard et al.16 reported that 42% of patients who 
received vecuronium but no anticholinesterase had TOF 
ratios less than 0.7 on arrival to the PACU. A multicenter 
trial revealed that 95 of 175 patients (57%) administered 
cisatracuriums with no reversal agent had TOF ratios less 
than 0.9 in the PACU.17 A recent observational study exam-
ined the incidence of PRNB when muscle relaxation was not 
antagonized and intraoperative monitoring of neuromus-
cular function was not performed.18 On admission to the 
PACU, only 11% of elderly patients and 23% of younger 
patients had achieved an acceptable level of neuromuscular 
recovery ratio (TOF ratio less than 0.9)!

The authors of this editorial believe that appropriate doses 
of reversal agents (either neostigmine or sugammadex) should 
always be administered when NMBAs are used, unless full 
neuromuscular recovery has been documented with quanti-
tative monitoring. In clinical practice, however, less than one 
third of anesthesiologists routinely administer anticholin-
esterase agents.19 The reasons why many anesthetists fail to 
routinely reverse the residual effects of NMBAs are uncertain 
but, no doubt, multifactorial. Many clinicians still appear to 
harbor concerns regarding the administration of anticholin-
esterase/antimuscarinic drugs and associated adverse cardio-
vascular and respiratory effects, as well as the potential for an 
increased incidence of postoperative nausea and vomiting.19 
In addition, 80 to 90% of respondents to an international 
survey assert that they had never observed patients in the 
PACU with residual neuromuscular weakness.19 There also 
appears to be a lack of appreciation of the duration of effect of 
an “intubating dose” of an NMBA. Two hours after a single 
2 times the ED95 dose of a relaxant of intermediate duration, 
37% of individuals will still not have recovered to a TOF 
ratio of 0.9 and 10% will still have TOF values less than 0.7.20 
Furthermore, the use of qualitative neuromuscular monitors 
(conventional peripheral nerve stimulators) may provide reas-
suring but misleading information to the clinician. Once the 
TOF ratio exceeds 0.4, most individuals can no longer detect 
the presence of fade by tactile or visual observation.21,22

Another reason for reluctance to administer neostigmine 
to reverse NMBAs may be related to concerns about the 

potential of this drug to produce paradoxical muscle weak-
ness when administered at full neuromuscular recovery. In 
an attempt to understand why the use of NMBAs appears 
to be associated with an increase in the incidence of POP, 
Bulka et al.6 suggest that neostigmine may contribute to 
severe postoperative respiratory complications when used in 
an unwarranted fashion (anticholinesterase administration 
when neuromuscular recovery is already almost complete). 
They cite several recent articles as the basis for this hypoth-
esis.15,23,24 Their thesis is also compatible with the assertions 
of Gross-Sundrup et al.11 and Sasaki et al.15 that neostigmine 
reversal increases the risk of postoperative desaturations and 
atelectasis. We are not convinced that neostigmine-induced 
block is the most likely explanation for the association 
between NMBA administration and POP.

A bit of history may be instructive. A study from 1980 
demonstrated that in patients who were not given NMBAs, 
one or two injections of 2.5 mg neostigmine caused a sub-
stantial reduction in the peak tetanic contraction and severe 
tetanic fade, which persisted for about 20 min (although 
single twitch height was slightly potentiated).25 These results 
were subsequently confirmed by Goldhill et al.26 However, 
the decrement in tetanic tension observed was very brief, 
lasting not more than 10 min. The authors concluded that 
“even when considerable spontaneous recovery of muscle 
power has occurred, a single modest dose of reversal agent is 
unlikely to cause clinically important muscle weakness, and 
any effects are probably short lived.”26

The duration of effect (residual paralysis) appears to be 
of critical importance. This concept was demonstrated in 
the only large-scale, randomized trial designed to examine 
the relationship between PRNB in the PACU and longer 
term outcomes (POP within 6 days of surgery).27 In patients 
who received atracurium or vecuronium, the incidence of 
POP was approximately 5% and was unrelated to the TOF 
ratio upon arrival in the PACU. In patients who received the 
long-acting NMBA pancuronium with TOF ratios of less 
than 0.7, the incidence of POP was almost 17%. The con-
clusion is that prolonged as opposed to a transient postopera-
tive weakness is a risk factor for pneumonia.

Muscle relaxants are often essential components of a 
balanced anesthetic technique; yet, they may produce life-
threatening complications if not dosed and monitored 
appropriately. The findings of Bulka et al.6 provide fur-
ther support to the concept raised more than 60 yr ago 
that NMBA use is associated with increased morbidity. In 
order to optimize patient outcomes, clinicians should only 
administer NMBAs when clinically necessary. If NMBAs are 
needed intraoperatively, the lowest dose required for surgi-
cal relaxation should be used, the depth of neuromuscular 
blockade should be monitored, and NMBA administration 
should be minimized during the last hour of the procedure.

Ideally, neostigmine should not be administered until 
at least the fourth response to TOF stimulation appears; 
however, the time to achieve acceptable neuromuscular 
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recovery may be as much as 15 min in this setting, even 
after a large dose (0.06 to 0.07 mg/kg) of neostigmine.28,29 
Unless there is quantitative evidence that the TOF ratio at 
the adductor pollicis has returned to a value of more than 
or equal to 0.9, an appropriate dose of an anticholinesterase 
agent or sugammadex should be administered at the end of 
surgery. When no tactile or visual fade is detectable with 
TOF stimulation, reversal agents should still be adminis-
tered since the TOF ratio may be as low as 0.4.21,22 We are 
unaware of any clinical evidence that suggests that doses 
of neostigmine of 0.03 mg/kg or less may produce adverse 
respiratory effects, even when neuromuscular recovery is 
essentially complete.30–33

The investigation by Bulka et al.6 adds important addi-
tional insights into our growing body of knowledge about 
the long-term risks of failure to reverse neuromuscular 
blocking agents. On the basis of existing data, we believe 
that the well-documented hazards of postoperative residual 
neuromuscular blockade outweigh any theoretical risks of 
paradoxical muscle weakness and that reversal of neuromus-
cular blocking agents should be routine.
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As painted in 1554 by Titian, lovesick Venus (left) throws herself shamelessly at disdainful Adonis (right), her 
handsome foster son. In Shakespeare’s narrative poem, Venus and Adonis, the goddess “treads the path that 
she untreads again” as she frets about the safety of Adonis. The Bard compares her behavior to “the proceedings 
of a drunken brain.” The author of Shakspeare [sic] and the Bible, nitrous oxide pioneer G. Q. Colton (1814 to 
1898) parlayed the American public’s awareness of “drunken” behavior at recreational demonstrations of his 
“Colton gas” into public confidence in trying an apparently familiar agent, laughing gas, as an anesthetic for dental 
extraction. (Copyright © the American Society of Anesthesiologists’ Wood Library-Museum of Anesthesiology.)
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