Anesthesia in the Future

Steven L. Shafer, M.D.

Staff Anesthesiologist, Palo Alto VA Health Care System

Associate Professor of Anesthesia, Stanford University

Address:

Anesthesiology Service (112A)

PAVAHCS

3801 Miranda Ave

Palo Alto, CA 94304

USA

Phone
650 852-3419

FAX: 
650 852-3414

E-mail: Steven.Shafer@Stanford.Edu

Supported in part by the Merit Review Program of the Department of Veterans Affairs. 

Introduction

Please check your watch. Right now! My watch says that it is 11:30 in the morning of March 14. My watch also says the year is 2010. I have been asked to gaze into a crystal ball and predict the future of anesthesia in the year 2020, ten years from now. This is difficult to do! To develop perspective for how anesthesia has changed, I will start by reviewing the progress of anesthesia over the past 25 years.

Anesthesia 25 years ago: 1985

In 1985 I was completing my residency at the University of Pennsylvania. The facilities resembled Stonehenge. However, it seemed we had everything we could possibly need for anesthesia. Our therapeutic armamentarium was complete. For induction we had thiopental, a smooth and reliable intravenous hypnotic. We had a choice of inhalational anesthetics: halothane, enflurane, and isoflurane. However, isoflurane was preferred for the vast majority of cases because of its hemodynamic stability and rapid emergence. For analgesia we had morphine and fentanyl. Morphine was commonly selected for long cases because of it’s long half-life. For short cases, we had fentanyl, deliciously called “Sublimase” by Janssen Pharmaceutica. Finally, we had a broad selection of relaxants: succinylcholine for the rapid induction, and curare, pancuronium, and metocurine for maintenance of muscle relaxation. In 1985 I was convinced our therapeutic armamentarium was complete, leaving nothing to be desired.

We could monitor all essential physiological activity. We could monitor the rhythm of the heart with the electrocardigram. The EKG was also considered the monitor of choice for myocardial ischemia. We could prevent hypoxia by monitoring the inspired oxygen concentration. We could assure adequate tissue perfusion by monitoring blood pressure with an automated cuff (although we had manual cuffs at the University of Pennsylvania). Temperature was monitored to look for signs of malignant hyperthermia. Every patient was also monitored by keeping a finger on the pulse at all times, and listening to breath sounds continuously with the esophageal or precordial stethoscope. The finger on the pulse gave the anesthesiologist beat-to-beat information on the sympathetic tone of the patient, and the continuous listening to the breath sounds provided information on ventilatory status. In some patients special monitoring was added to these standards, including pulmonary artery catheterization for patients with coronary artery disease or ventricular dysfunction, and capnography for neurological patients or patients with impaired pulmonary status. The CO2 sensor consisted of a brick-sized object mounted on the end of the endotracheal tube. It was so heavy and ungainly that it posed a risk of facial trauma if it fell off.

For airway control in 1985 we used endotracheal intubation and mask ventilation. Many patients were intubated, particularly for “difficult” anesthetics. However, when intubation was not mandatory mask ventilation was often felt to be preferable because it “spared” the patient from the trauma of intubation. 

1985 saw the introduction of a new anesthetic technique, “MAC,” or “Monitored Anesthesia Care.” In this technique, patients were not really anesthetized, but rather were sedated and monitored. However, it took time to get skilled with this new technique. In 1985 “MAC” meant “Mostly Apneic and Cyanotic” for many patients.

During my residency in 1985 I also felt that whole business of patient care was a highly perfected art. Patients were admitted several days before surgery, permitting adequate time to get all tests and have the patient prepared for surgery. The operations were often highly invasive, with huge incisions, substantial tissue trauma, and prolonged recovery. The long recovery was made somewhat more tolerable by the use of intramuscular morphine or pethidine for post-operative analgesia. After several days to weeks, the patients were adequately recovered to go home. We did recognize a few problems with our patient care in 1985. First, post-operative pain control was fairly poor. Recovery was also slow. However, the biggest problem we saw was frequent nausea and vomiting after surgery. Many patients recalled the nausea and vomiting as being the worst part of the entire hospitalization. 

Still, in 1985 anesthesia seemed to represent the pinnacle of medical practice. We had a drug for every need,  a monitor for every risk, and patient care that, even if not ideal, surely appeared to be almost uniformly safe and effective. In 1985 I believed that things were so good in anesthesia that there was little room for advance in our specialty. 

Anesthesia 12 years ago: 1998:

How wrong I was! Let’s fast-forward from 1985 to the year 1998, just 12 years ago. Of course, the basics of anesthesia remain unchanged: delivery of oxygen, assurance of adequate tissue perfusion, and provision of patient comfort. However, by 1998 patient comfort has assumed a more important role, as patients became viewed as customers, a transition from the prior view of patients as one who suffers (from “patiens” – Latin for “to suffer”). 

Our therapeutic armamentarium had strong similarities with the drugs available in 1985. Thiopental was still an inexpensive and widely used hypnotic. Isoflurane continued to be popular for maintenance of anesthesia. Morphine and fentanyl continued to be mainstays of opioid analgesia, and succinylcholine and pancuronium continued to be popular choices for muscle relaxation. However, each in each category we had important additions to our armamentarium. A new hypnotic intravenous hypnotic was introduced in the late 1980’s: propofol. Propofol had very positive properties compared with thiopental, including a rapid and unusually clear-headed emergence, even after long infusions. Additionally, propofol reduced the incidence of nausea and vomiting, Many people in the 1990’s viewed the introduction of propofol as the most important change in the practice of anesthesia in the 1990s. In the area of inhalational anesthetics, isoflurane was joined by desflurane and sevoflurane. These drugs provided very rapid emergence from anesthesia, similar to that with propofol. However, emergence from desflurane or sevoflurane anesthesia was not associated with the “clear-headed” sensorium seen on emergence from propofol anesthesia. Additionally, there was no anti-emetic effect from these inhalational anesthetics, so nausea and vomiting continued to be problematic with the use of desflurane or sevoflurane. 

By 1998 morphine and fentanyl had been joined by the rest of the “fentanyl” family tree: alfentanil, sufentanil, and remifentanil. If one were to think of these opioids as cars, then fentanyl might be the family wagon: safe, reliable, practical, but not very sexy. Alfentanil would be the sports car of the group, highly responsive, quick acceleration, and too expensive. Sufentanil would be the classy stretch limousine, roomy, good speed, but slow around the corners. In this family, remifentanil is the “hot rod.” With rapid starts, “on-a-dime” stops, and tight cornering, drawing up a syringe of remifentanil means the anesthesiologist is ready for some serious driving. 

For muscle relaxation, succinylcholine and pancuronium became less popular, having been replaced by an enormous variety of muscle relaxants with subtle pharmacokinetic differences. Rocuronium and mivacurium offered very recovery. Recovery with vecuronium and atracurium was less rapid than with rocuronium and mivacurium, but still far more so than with pancuronium. At the other end of the scale were doxacurium and pipecuronium. Recovery with these two relaxants was so slow that the only their manufacturers understood the rationale for their development. 

Routine monitors in 1998 included the standard monitors of 1985, with the addition of pulse oximetry and routine capnography. Pulse oximetry did more than any other intervention to increase the safety of anesthesia in the 1990’s. End tidal anesthetic gas monitoring was also instituted and found to be quite useful. With the increased demands for paperwork, and the beat-to-beat information from pulse oximetry, the “finger on the pulse” was no longer advocated as a necessary monitor by 1998. The continuous monitoring of ventilation through precordial or esophageal stethoscopes also appeared headed for extinction.

1998 also saw the beginning of routine EEG monitoring, with publication of many studies showing that the “Bispectral Index” was able to offer insight into the level of brain arousal of patients undergoing anesthesia. Unlike many other EEG monitoring approaches, which were drug specific, the Bispectral Index offered broad applicability. It was found to be useful for anesthetics consisting of combinations of an hypnotic (e.g., isoflurane, sevoflurane, propofol) with opioids (fentanyl, morphine). A combination of good signal processing technology, extensive validation and ergonomic simplicity made routine intraoperative EEG monitoring practical by 1998. 

Airway control in 1998 had saw decreasing use of mask ventilation, as a new device, the laryngeal mask airway, became an alternative to intubation for cases where spontaneous ventilation was planned and aspiration risk was considered low. The anesthesiologist was so busy with other tasks in 1998 that it was rarely appropriate to have one hand occupied by a mask for an entire anesthetic.

Monitored anesthesia care, “MAC,” remained a popular anesthetic technique in 1998. However, we got so skilled at MAC anesthetics that that by 1998 “MAC” came to mean “Midazolam, Alfentanil, and Conversation.”

The art of patient care had also changed considerably by the year 1998. Twelve years ago most patients were initially evaluated as outpatients rather than admitted to the hospital for their preoperative evaluations. They arrived at the hospital on the morning of surgery. Many were discharged on the same day as surgery, or early on the morning of the first post-operative day. Even following major surgery, patients were “fast tracked” by following pre-determined conventions permitting the most rapid possible recovery and hospital discharge. Post-operatively, patients benefited from advances in pain management, including routine use of patient controlled analgesia and epidural opioids. 

In 1998 I was very confident that anesthesia was a nearly perfected medical specialty. I thought maybe there was little to be gained by continued research in anesthesia, since we seemed to have just about perfected every part of our practice. 

Anesthesia today: 2010

Again, I was proven wrong. Now looking back, it appears that much of our practice in 1998 was positively barbaric. In the past 12 years we have seen huge advances in therapeutics, monitors, and automation. 

For example, who would have predicted the introduction of Duzitol®? This remarkable drug, derived from the urine of sheep fed shiitake mushrooms, has a remarkable spectrum of activity. Duzitol is an hypnotic, analgesic, anxiolytic, amnestic, muscle relaxant, and aphrodisiac. There are many other new drugs introduced since 1998, but only Duzitol does it all!

However, we have also seen the introduction of Hyptiva®. Hyptiva combines the pharmacodynamics of propofol with the pharmacokinetics of remifentanil. In Hyptiva we have a drug that causes rapid, pleasant onset of unconsciousness with minimal hemodynamic or ventilatory depression. However, owing to its extraordinary clearance, patients awaken within a few minutes of turning off an infusion of Hyptiva. Additionally, renal failure, hepatic failure, and extremes of age have almost no influence on the pharmacokinetics of Hyptiva. Hyptiva provides us with the closest thing to an anesthetic switch. You turn it on, the patient turns off. You turn it off, the patient turns on. 

There has also been an important advance in the inhalational anesthetics: cycloflurane®. Cycloflurane combines the best aspects of many other inhalational anesthetics. It has the chemical stability of isoflurane, the rapid induction of sevoflurane, the rapid emergence of desflurane, and the pleasant smell of Mr. Propre. 

After many years of attempting to find an indication for the (2 adrenergic agonists in anesthesia, their appropriate use was finally determined in 2001, when dexmedetomidine was approved for sedation of patients in the intensive care unit (ICU). Dexsed® combines modest sedation with profound analgesia. Additionally, it is a potent anti-ischemic drug. Dexsed is one of those rare anesthetic drugs that has actually been proven to decrease morbidity and mortality. The use of Dexsed has greatly enhanced the survival of patients requiring ICU therapy. The rapid offset and ease of pharmacological reversal has also enhanced the use of Dexsed in the intensive care unit. 

An amazing clinical advance in the past 12 years has been the introduction of the central nicotinic agonists.
 These drugs, initially derived from amphibian skin, have the analgesic potency of morphine. Unlike ( agonists, however, they have no effects on ventilation and cause no physical dependence. We can now take patients who would clearly been difficult to manage with opioids, such as thoracotomy patients with severe lung disease, and provide outstanding analgesia with a minimum of effect on pulmonary function. 

While there was a large selection of muscle relaxants in 1998, there have still been several important additions in the last 12 years. First, we have suxuronium. This drug has such a rapid onset that it must be injected within 5 minutes of being drawn up or the syringe itself will go flaccid. The introduction of MadamCurium and rockandrolium have completely rounded out our collection of muscle relaxants. 

We have seen an important advance in post-operative pain management since 1998, the remifentanil PCA. This remarkable piece of engineering integrates remifentanil pharmacokinetics, computer controlled analgesic delivery as envision by Harlan Hill,
 pulse oximetry, and the classical PCA device. When patients are in pain, pressing the button results in rapid relief, owing to remifentanil’s rapid blood-brain equilibration. However, the device does not maintain a constant remifentanil concentration, but rather uses a tapered infusion to slowly, but steadily, decrease the concentration of remifentanil. This forces the patient to again request analgesia in approximately 1 hour. More importantly, it maintains the intrinsic safety of morphine PCA because the levels decrease over time, rather than increasing as occurs with a conventional infusion, or remaining constant as occurs with conventional “target controlled infusion” devices. By combining the device with pulse oximetry, the device is an unusually safe method of opioid delivery. Should the patient become hypoxic, the device simply ceases to administer remifentanil and rapidly the patient’s level of opioid drug effect rapidly decreases to restore ventilation, providing outstanding intrinsic safety. 

Monitoring has changed as well. We have continuous measurement of cardiac output, and non-invasive beat-to-beat measurement of blood pressure. EEG monitoring based on the Bispectral Index, now in its 20th revision, has become the standard of care in anesthesia. Additionally, we can hardly talk about the EEG without discussing the EEG Guided Anesthesia Delivery System, or “EGADS”. EGADS uses stochastic (“Bayesian”) control algorithms to automatically control the delivery of remifentanil and Hyptiva, based on the Bispectral Index. Some anesthesiologists object to the use of EGADS on the fear that we are forgetting how to give anesthesia ourselves. However, most of us view EGADS like the automatic pilot on an aircraft. Sure, the pilot can fly the plane by himself, but why spill the drinks?

MAC is still with us in 2010. However, with the use EGADS, “MAC” has come to mean “Madam, Are you Comfortable?”

Patient care has advanced enormously in the past 12 years. Now we do nearly all operations as outpatients. One reason is that our surgical colleagues almost never make incisions any more. Nearly every operation is now performed though an endoscope, sparing patients the pain and debilitation of an incision. It is a rare patient who requires ICU admission post-operatively, although I do remember at least one such patient in 2009. 

Yes, in 2010 it really seems to me that we have perfected the practice of anesthesia. However, I thought that in 1985 and again in 1998.

Anesthesia in the year 2020

Now I finally come to the topic of this lecture and manuscript: anesthesia in the future. What will the practice of anesthesia look like in 10 years, the year 2020? 

I look into my crystal ball, and I see imagination and dreams. The imagination belongs to scientists and investigators, who extrapolate from what they know today to what they can imagine for tomorrow. The dreams belong to clinicians, always seeking to provide the best possible care for their patients. Dreams and imagination combine to become reality through the cooperation and hard work of clinicians, scientists, and businesses, who together develop innovations and introduce them into clinical care. 

And to you, friend and colleague, I ask: What are your dreams for the practice of anesthesia in the year 2020? How will make them come true?

Addendum: the PowerPoint presentation for the lecture at JEPU can be downloaded from http://pkpd.icon.palo-alto.med.va.gov.
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