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649	 Development and Validation of a Deep Neural Network Model for 
Prediction of Postoperative In-hospital Mortality

Several perioperative risk scores have been proposed to assist in guiding clinical decisions and prioritization of 
care. Deep neural network models based on intraoperative clinical features were developed to predict postoperative 
in-hospital mortality in patients undergoing surgery under general anesthesia. The data consisted of 59,985 surgical 
records with 87 features extracted at the end of each surgery, 80% of which were used as the training data set while 
20% were used to test final model performance. The in-hospital mortality rate was less than 1%. The deep neural 
network model with the highest area under the receiver operating characteristics curve was that in which the feature 
set was reduced from 87 to 45 features, to which American Society of Anesthesiologists Physical Status was added 

(0.91; 95% CI, 0.88 to 0.93). The highest logistic regression model area under the receiver operating characteristics curve included that for the 
same data (0.90; 95% CI, 0.87 to 0.93). The Risk Stratification Index had the highest area under the receiver operating characteristics curve (0.97;  
95% CI, 0.94 to 0.99). See the accompanying Editorial View on page 619. (Summary: M. J. Avram. Image: A. Johnson, Vivo Visuals.)

663	 Machine-learning Algorithm to Predict Hypotension Based on High-
fidelity Arterial Pressure Waveform Analysis

Clinicians often must manage the onset of arterial hypotension in the operating room or the intensive care unit with 
essentially no warning. A predictive algorithm based on a machine-learning model for potential real-time prediction 
of hypotension was developed using large data sets of high-fidelity arterial pressure waveform recordings. The algo-
rithm, based on the complex analysis of 3,022 individual features per cardiac cycle, was able to detect physiologic 
signatures caused by weakening of the cardiovascular compensatory mechanisms that typically occur before hypo-
tension and that affect cardiac preload, afterload, and contractility. Thus, machine-learning techniques in the algo-
rithm quantify the complex processes of cardiac compensatory mechanisms mathematically rather than the statistical 

relationships captured by most machine-learning–based algorithms. The algorithm predicted arterial hypotension with a sensitivity and specificity 
of 88% (95% CI, 85 to 90%) and 87% (95% CI, 85 to 90%) 15 min before a hypotensive event (area under the receiver operating characteristics 
curve 0.95; 95% CI, 0.94 to 0.95). See the accompanying Editorial View on page 619. (Summary: M. J. Avram. Image: J. P. Rathmell.)

689	 Liposomal Bupivacaine Does Not Reduce Inpatient Opioid Prescription 
or Related Complications after Knee Arthroplasty: A Database Analysis

Liposomal bupivacaine has been approved for injection around the surgical site with the expectation that encapsu-
lated bupivacaine will be released slowly from its lipid-based structure, thereby combining the ease of a single shot 
technique with the longevity of effect associated with prolonged infusion. The hypothesis that liposomal bupivacaine 
has limited clinical influence on inpatient opioid prescription (as oral morphine equivalents) in patients who received 
multimodal analgesia, including peripheral nerve blocks, was tested in a retrospective cohort study of 88,830 patients 
undergoing primary knee replacement between 2013 and 2016. A clinically meaningful reduction of the inpatient opi-
oid prescription was designated a priori to be at least –15%. Liposomal bupivacaine was used in 21.2% of patients 

with substantial interhospital variation in its use and increased use over time. When controlling for relevant covariates, use of liposomal bupiva-
caine was not associated with a clinically meaningful reduction in overall inpatient opioid prescription (adjusted effect –9.3%; 95% CI, –11.1 to 
–7.5%). See the accompanying Editorial View on page 623. (Summary: M. J. Avram. Image: J. P. Rathmell.)

769	 Standardized Unloading of Respiratory Muscles during Neurally 
Adjusted Ventilatory Assist: A Randomized Crossover Pilot Study

Neurally adjusted ventilatory assist is a spontaneous breathing mode controlled by the electrical activity of the dia-
phragm that provides ventilatory assist proportional to the electrical activity of the diaphragm with an adjustable factor 
called neurally adjusted ventilatory assist level. The primary aim of this study was to assess the feasibility of titrating 
neurally adjusted ventilatory assist to different levels of diaphragm unloading according to an approach based on the 
neuroventilatory efficiency index, which describes the capacity of the respiratory muscles to convert the electrical 
activity of the diaphragm to ventilatory volume, in a randomized crossover pilot study of 10 patients intubated and ven-
tilated for more than 48 h, who had started weaning from mechanical ventilation. Neurally adjusted ventilatory assist 

was titrated to unloading targets in most patients. At moderate levels of respiratory muscle unloading the diaphragm activity was higher, distribu-
tion of ventilation shifted toward the dorsal regions of the lungs and was slightly more homogenous, and airway pressure was slightly reduced, 
but this did not translate into significant improvements in gas exchange. (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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700	 Anesthesia Care Team Composition and Surgical Outcomes

The hypothesis that there would be differences in surgical outcomes between anesthesia care teams consist-
ing of physician anesthesiologists and anesthesiologist assistants and those consisting of physician anesthe-
siologists and nurse anesthetists was tested using a large data set of administrative health claims for patients 
enrolled in the traditional fee-for-service Medicare plan. The final sample consisted of 443,098 surgical cases 
representing 353 types of surgery from 845 hospitals between 2004 and 2011, in 421,230 of which the care team 
included a nurse anesthetist and in 21,868 of which it included an anesthesiologist assistant. After adjusting for 
observable and unobservable differences in case mix, patient characteristics, and hospital characteristics, the 
mortality for cases with anesthesiologist assistant care teams was 1.6% (95% CI, 1.4 to 1.8%) whereas that for 
cases with nurse anesthetist care teams was 1.7% (95% CI, 1.7 to 1.7%). The risk-adjusted length of stay was 

approximately 6.4 days for both groups, and the adjusted medical spending differed by $56. See the accompanying Editorial View on 
page 627. (Summary: M. J. Avram. Image: J. P. Rathmell.)

821	 Reducing the Incidence of Substance Use Disorders in Anesthesiology 
Residents: 13 Years of Comprehensive Urine Drug Screening

The overall incidence of substance use disorders during the years 1995 to 2009 was 2.16 (95% CI, 1.95 to 2.39) per 
1,000 resident-years according to data obtained from the American Board of Anesthesiology. The purpose of the cur-
rent study was to determine if a comprehensive substance use disorder prevention program including preplacement 
and random urine drug testing as a condition for employment as an anesthesia resident could reduce the incidence 
of substance use disorders in one residency program. Between 1994 and 2003, the 10 yr before beginning the drug 
testing program, there were four episodes of substance use disorders in 292 anesthesiology residents (1.4%) or 
0.0056 incidents per resident-year. In the 13 yr since establishment of the comprehensive drug testing program (2004 

to 2016), there were no episodes of substance use disorders in 387 anesthesiology residents, an incidence of 0 (97.5% CI, 0 to 0.00368) incidents 
per resident-year. (Summary: M. J. Avram. Image: ©ThinkStock.)

733	 Breakdown of Neural Function under Isoflurane Anesthesia: In Vivo, 
Multineuronal Imaging in Caenorhabditis elegans

The nervous system of the nematode Caenorhabditis elegans consists of exactly 302 neurons. C. elegans has a 
behavioral response to volatile anesthetics that is similar to that of higher-order organisms. The hypothesis that anes-
thesia is caused by induced dyssynchrony between neurons, rather than suppression of individual neuron activity, 
was tested by measuring neuronal activity in C. elegans expressing the calcium-sensitive fluorophore GCaMP6s in 
specific command neurons noninvasively and in parallel within the behavioral circuit controlling forward and reverse 
crawling. At 4% isoflurane, C. elegans had minimal spontaneous movement and no response to external stimula-
tion. Exposure to isoflurane induced randomized, uncoordinated neuronal activity within an inherently well-organized 

circuit. Quantification of correlations between neurons, spectral analysis of neuronal dynamics, as well as the entropy and multiinformation of the 
neuronal signals demonstrated that randomized dyssynchrony in neuronal signaling corresponded with the anesthetic state. See the accompa-
nying Editorial View on page 629. (Summary: M. J. Avram. Image: Adapted from original article.)

829	 Neurocognitive Function after Cardiac Surgery: From Phenotypes to 
Mechanisms (Review Article)

Postoperative delirium and postoperative cognitive dysfunction occur frequently after cardiac surgery and are asso-
ciated with decreased quality of life and increased mortality risk. This review begins with the definitions of delirium 
and postoperative cognitive dysfunction. Although postoperative delirium and postoperative cognitive dysfunction 
are distinct disorders measured with different instruments at differing times, similarities in their likely mechanisms, 
risk factors, and long-term sequelae suggest they may be part of an underlying neurobiologic continuum. Therefore, 
the potential pathophysiologic mechanisms of and possible prevention strategies for both disorders are discussed 
together. Key questions for future research on delirium and cognitive dysfunction after cardiac surgery are identified 

with the caveat that interventions designed to reduce postoperative cognitive dysfunction or delirium by targeting a single risk factor may have 
counterbalancing effects. The review concludes with the suggestion that optimizing postcardiac surgery neurocognitive function will likely require 
an individualized, patient-centered approach to managing multiple determinants of brain function. (Summary: M. J. Avram. Image: Adapted 
from original article.)
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