
614  Epidural Labor Analgesia—Fentanyl Dose and Breastfeeding Success:  
A Randomized Clinical Trial

High cumulative doses of epidural fentanyl administered for labor analgesia have been reported to be associated with 
early termination of breastfeeding. The hypothesis that breastfeeding success at 6 weeks postpartum is adversely 
influenced by the cumulative epidural fentanyl dose administered for labor analgesia was tested in a randomized con-
trolled trial of 345 parous women who had successfully breastfed a previous infant for at least 6 weeks. Participants 
were randomly allocated to one of three study groups defined by the solution used to maintain epidural analgesia: 
bupivacaine 1 mg/ml without fentanyl, bupivacaine 0.8 mg/ml with fentanyl 1 μg/ml, and bupivacaine 0.625 mg/ml with 
fentanyl 2 μg/ml. At 6 weeks, 96.5% of the 312 women evaluated were still breastfeeding; there was no difference 

among the groups in the frequency of breastfeeding. See the accompanying Editorial View on page 593. (Summary: M. J. Avram. Photo: 
©ThinkStock. Illustration: A. Johnson, Vivo Visuals.)

633  Perioperative Gabapentin Does Not Reduce Postoperative Delirium in 
Older Surgical Patients: A Randomized Clinical Trial

Postoperative pain and opioid use are associated with postoperative delirium. The hypothesis that rates of delirium 
could be reduced through intensive supplementary pain management with gabapentin in addition to standard opioid 
analgesics after surgery was tested in a randomized, placebo-controlled study of 697 patients. Patients were at least 
65 yr old and undergoing spine surgery or joint replacement surgery. Gabapentin 900 mg or placebo was admin-
istered orally 1 to 2 h before anesthesia and surgery and continued for the first three postoperative days. Delirium 
was measured by the Confusion Assessment Method Rating Scale. The overall incidence (95% CI) of postoperative 
delirium in any of the first three postoperative days for the entire cohort was 22.4% (19.3 to 25.5%), and the incidence 

of delirium did not differ between the gabapentin group (24.0%) and the placebo group (20.8%). (Summary: M. J. Avram. Image: ©ThinkStock.)

625  Effect of Intrathecal Bupivacaine Dose on the Success of External 
Cephalic Version for Breech Presentation: A Prospective, Randomized, 
Blinded Clinical Trial

Meta-analysis of randomized controlled trials of the use of neuraxial anesthetic blockade for external cephalic ver-
sion suggested that administering higher doses of local anesthetic with resultant denser blockade leads to increased 
external cephalic version success, although best practice has not been defined. The hypothesis that increased intra-
thecal bupivacaine dose, administered as part of a combined spinal-epidural anesthetic technique, would be associ-
ated with increased external cephalic version success was tested in 239 patients randomly assigned to one of four 
intrathecal bupivacaine dosing groups (2.5, 5, 7.5, and 10 mg). The external cephalic version success rate observed 

for patients in this trial was 51.5%; there were no differences in external cephalic version success rates among the four bupivacaine dose groups. 
The cesarean delivery rate was 57.7% and was not different among groups. See the accompanying Editorial View on page 596. (Summary: 
M. J. Avram. Illustration: J. P. Rathmell.)

666  Combined Thoracic Ultrasound Assessment during a Successful  Weaning 
Trial Predicts Postextubation Distress

Unnecessary extubation delays can increase the morbidity and mortality associated with prolonged ventilation. This 
prospective observational study of 136 mechanically ventilated patients considered to be ready for extubation tested 
the hypothesis that use of an integrated thoracic ultrasound assessment, including bedside respiratory, cardiac, and 
diaphragm sonographic data, could accurately predict postextubation distress in patients who passed a pressure 
support ventilation trial. Thirty-one of the 136 patients studied developed postextubation distress within 48 h. Inte-
grated thoracic ultrasound models applied to thoracic ultrasound data recorded immediately before and after the trial 
of pressure support ventilation accurately predicted postextubation distress; the areas under the receiver-operating 
characteristic curves were greater than 0.90. Recognition of lung interstitial edema and increased diastolic left ven-

tricular pressure were the factors most relevant to predicting successful extubation. Thoracic ultrasound also accurately identified causes of 
respiratory failure in case of postextubation distress. See the accompanying Editorial View on page 599. (Summary: M. J. Avram. Image: 
J. P. Rathmell.)
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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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684  Recovery after Nulliparous Birth: A Detailed Analysis of Pain Analgesia 
and Recovery of Function

There is little granular data on the pain experience, analgesic requirements, and functional recovery during the post-
partum period. This observational cohort study determined the time required to reach the composite outcome variable 
of pain and opioid-free functional recovery after vaginal delivery or cesarean delivery in 213 healthy, first-time mothers. 
Median times (interquartile range) to the primary endpoint in 99 vaginal delivery patients and 35 cesarean delivery 
patients were 19 (11 to 26) and 27 (19 to 40) days, respectively. Median times (interquartile range) to opioid cessa-
tion, analgesic cessation, and pain resolution after vaginal delivery were 0 (0 to 2), 11 (5 to 17), and 14 (7 to 24) days, 
respectively, while those after cesarean delivery were 9 (5 to 12), 16 (11 to 24), and 21 (14 to 27) days, respectively. 

There was significant interpatient variability in these times after both vaginal delivery and cesarean delivery. (Summary: M. J. Avram. Image: J. 
P. Rathmell.)

675  Pharmacokinetics and Bioavailability of Inhaled Esketamine in Healthy 
Volunteers

Ketamine is usually administered intravenously or intramuscularly. Inhalation of preservative-free esketamine through 
a nebulizer system by spontaneously breathing subjects delivered a potentially active dose rapidly, with few serious 
adverse effects. Three increasing doses of nebulized esketamine followed by a single intravenous dose were admin-
istered to 19 healthy volunteers, with at least 60 min between inhalations and between the last inhalation and the 
intravenous infusion. Arterial blood samples were obtained at regular intervals for measurement of plasma esketamine 
concentrations, which were used to develop a pharmacokinetic model using population nonlinear mixed effect analy-
sis. A simple compartmental pharmacokinetic model characterized the disposition of both inhaled and intravenous 

esketamine. There were two distinct pulmonary absorption pathways: a rapid one and one from which ketamine was released slowly. Inhaled 
ketamine bioavailability was reduced due to both dose-independent and dose-dependent impairment of pulmonary uptake. (Summary: M. J. 
Avram. Image: From original article.)

658  Preventing Retained Central Venous Catheter Guidewires: A Randomized 
Controlled Simulation Study Using a Human Factors Approach

A retained central venous catheter guidewire is a never event. Current preventative solutions depend on the opera-
tor remembering to remove the guidewire. Using human factors engineering principles, a safety intervention was 
designed that consists of a novel locked procedure pack that acts to ensure the operator always removes the guide-
wire. Twenty physicians capable of independent central catheter insertion participated in a randomized, controlled, 
forced-error simulation study that replicated catheter insertion and forced a retained guidewire event, comparing stan-
dard practice to the locked pack. Eight of ten standard group members failed to recognize the guidewire in the cath-
eter lumen, secured the central venous catheter, applied the dressings, and were satisfied that they had completed 

the procedure correctly. All ten locked pack group members removed the guidewire, used it to open the locking mechanism of the procedure 
pack, and finished the procedure. (Summary: M. J. Avram. Image: From original article.)

695  Hydrogen Peroxide Induces Muscle Nociception via Transient Receptor 
Potential Ankyrin 1 Receptors

The transient receptor potential ankyrin 1 (TRPA1) channel is activated by noxious cold, reactive oxygen species, and 
mechanical stimuli. Hydrogen peroxide (H2O2) is the major reactive oxygen species and is an early signal of incision 
tissue injury. Because the TRPA1 antagonist HC-030031 affected nociceptive behaviors caused by deep muscle 
incision, the hypothesis that H2O2 exerts nociceptive effects in muscle tissue was tested in a detailed evaluation of 
the actions of H2O2 on nociception of deep muscle tissue in rats and mice. Intramuscular injection of H2O2 produced 
nociceptive and aversive behaviors via the TRPA1 receptor, caused sustained activity of dorsal horn neurons, and 
activated a subset of lumbar dorsal root ganglia neurons that also responded to allyl isothiocyanate, a TRPA1 agonist, 

and to capsaicin, a transient receptor potential vanilloid 1 agonist. The actions of intramuscular H2O2 were confirmed in TRPA1 knockout mice. 
(Summary: M. J. Avram. Image: From original article.)
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