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National health expenditure accounts (NHEA) estimated that U.S health care grew 3.7 % in 2012 reaching $ 2.8 trillion and about one third of health care spending pays for hospital services. Among the hospital services, perioperative care is extremely expensive which consumes 60% of total hospital expenses.  According to Center for Disease Control and Prevention database (2010), around 51.4 million surgical procedures were performed in United States hospitals. Patients presenting for surgery are completely cured of the disease, may develop a complication and left with a permanent sequelae or may be diagnosed with a new condition during the screening phase. Complications due to surgery are associated with increased morbidity, which accounts for majority of these expenses. Several critical things could happen for the public during perioperative period to make it important for the public health officials to take a serious note of this period.  Many perioperative practices either do not have solid evidence or conflicts with evidence. These practices can be safely discontinued with a decrease in cost.  Perioperative care is more often ignored aspect of public health.  Public health experts are now starting to feel that it is important to focus on perioperative health care since there is a lot of scope for improvement. In this essay, we reviewed the problems we have in perioperative care practice and possible solutions for the issues. Anesthesiologists and perioperative physicians are trying their best to work with public health experts to institute evidence based, cost-effective perioperative surgical/medical care without compromising quality of care delivered to patients. 
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INTRODUCTION
National health expenditure accounts (NHEA) estimates that U.S health care grew 3.7 % in 2012 reaching $ 2.8 trillion and as a share of national gross domestic product, health spending accounted for 17.2% and $ 8,915 per person (1). About one third of health care spending pays for hospital services. Among the hospital services, perioperative services account for major component of health care delivery.  Perioperative care is extremely expensive which consumes 60% of total hospital expenses (2).  Complications associated with surgery are associated with increased morbidity, which accounts for majority of these expenses. Critical care services alone account for 4% of all US health care expenditures or nearly 1% of the gross domestic product (3). While we argue the quality of perioperative and surgical care and cost are inversely related, the health care system should aim for cost-effective and high quality perioperative care.  Experts feel that many perioperative practices conflicts with evidence and can be safely discontinued with decrease in cost.  
Perioperative care is unique in public health as this is more often ignored as a part of public health.  Public health experts are now starting to feel that it is important to focus on this aspect of health care since there is a lot of scope for improvement (4). Changing environment in reimbursements by the affordable care act is expected to bring in some significant changes in perioperative practice. Anesthesiologists and perioperative physicians are trying their best to work with public health experts to institute evidence based, cost-effective perioperative surgical/medical care without compromising quality of care delivered to patients. 

Institute for Health Care Improvement (IHCI) is a worldwide non-profit organization, which aims at triple standards in health care (5). 
1. Improving patient care experience
2. Improving health of populations
3. Reducing per-capita health care
In perioperative patients undergoing hip and knee arthroplasty, IHCI laid out clear plans to reduce surgical site infections and provide better care with quality, cost and value for the patients. Similar initiatives are required in other surgical populations. 
American Society of Anesthesiology is promoting a perioperative surgical home and enhanced recovery after surgery protocols to ensure quality care delivered to the citizens of United States.
The aims and objectives of these surgical and medical homes include
1. Keeping population healthy
2. Better care coordination to reduce unnecessary and harmful spending
3. Better patient experience
In this essay, we will review the current perioperative care, changing patterns of health care in United States and their impact on surgical care, initiatives to improve perioperative medicine, role of anesthesiologists, evidence based perioperative practice recommendations, outcomes based research and the limitations of the proposed methods. 

CURRENT PERIOPERATIVE CARE
Current practices are fragmented, variable, disorganized, expensive, poorly coordinated with very little accountability.  Each persons involved in the care of the patient work with an individualized approach. There is an incentive for volume and quality can be easily ignored in such approach. There are several preventable perioperative complications such as venous thromboembolism, surgical site infections, myocardial infarctions and respiratory infections. Eliminating such avoidable complications will certainly cut the costs down. 
Berwick et al in a special communication to JAMA suggested the need to eliminate wastes in the health care systems (6). He also pointed out several different categories of wastage. 
1. Failure of care delivery; This is because of poor understanding and execution of best practices in the hospital systems. 
2. Failure in care coordination; A patient referred for surgery at Pittsburgh may have completed all preoperative investigations with primary care at a remote place but failure to communicate will result in ordering duplicate tests. Failure to coordinate during the entire perioperative period (pre, intra and postoperative periods) can result in increased complications, prolonged hospitalizations and readmissions.
3. Overtreatment; There are several examples in perioperative care. Subjecting all patients to beta-blocker therapy and preoperative stress test before surgery is not sound science. Excessive and multiple antibiotic use before surgery, surgery when conservative medical care can produce similar results and unnecessary intensive care admissions because of insecurity within the care team and prolonging end of life care at intensive care units when the prognosis is well known are few of them. 
4. Administrative complexity, lack of pricing standards for all tests and procedures throughout the United States and billing frauds are other reasons for increased wastage in health care. Coronary bypass grafting procedure in United States costs 82.5% higher than Canada, with in-hospital cost being substantially higher in States. Even within United States, the prices for surgery differs in different states and within states, it differs between different hospital systems. There is a need to regulate this health care market. 

UNITED STATES HEALTH CARE REDESIGN
Redesigning health care is about making systematic changes to primary care practices and health systems to improve quality, efficiency and effectiveness of health care. Redesign will include insurance reform and health care delivery reform. Affordable care organization, value based payments and bundled payments are key aspects of health care delivery reform. Value based payment program defines value as quality divided by cost (7).  There will be clinical process measures and patient experience measures (8). Definition of clinical process measures is an evolution but will include infection rate after surgery which will include pneumonia and surgical site infections, therapy for acute myocardial infarction, therapy for heart failure and surgical care improvement (Venous thromboembolism prophylaxis).  Patient experience measures will include better communication (nurses, doctors, explaining medications during inpatient care and discharge), good pain control after surgery and providing quiet and clean environment for patients.  Hospitals will be scored for these measures and receive payment incentives for highest scores.  Other conditions, which will put hospital payments at risk, are readmission rates and hospital acquired conditions.  It is estimated that 6% of hospital Medicare payments are at risk for this reason. Hospitals and perioperative care services are trying to adapt to the new requirement and future model of surgical and perioperative care will see changes in the approach (Table 1). 





ANESTHESIOLOGISTS AS PERIOPERATIVE LEADERS
Anesthesiologists are proven leaders of safe practice and best suited to lead comprehensive perioperative care.  Clinical anesthesiology has become much safer over the past five decades.  Institute of Medicine recognizes that the mortality from anesthetics has reduced from 1 in 1000 (1940s) to 1 in 15,000 (9-10).  This is achieved despite increasing age, complexity of surgery, increasing number of surgery and the prevalence of chronic conditions.  Anesthesiologists are uniquely suited to help the health care organizations provide the best perioperative care (11).  They have several roles to play including preoperative optimization and postoperative coordinated care delivery.  Anesthesiologists have knowledge on medicine, surgery, physiology, pharmacology, operating room management, intensive acute care and postoperative complications. This wide array of knowledge places them superior to other specialists like surgeons and primary care physicians. Perioperative safety can also be improved by better coordination of surgeons, primary care doctors, specialists like cardiologists and critical care physicians. As anesthesiologists are acute care physicians, their involvement without surprise decreased the number of complications thereby reducing morbidity and mortality. 
American Society of Anesthesiologists came out with the concept of Perioperative Surgical Home in 2011 and this has been the preferred care in several university hospitals across United States (12). This model would be the counterpart of perioperative medical home model, which is well established in coordinating care between personnel physicians, patients and health care organizations (13). Enhanced Recovery After Surgery (ERAS) is another effort made by anesthesiologists to provide better perioperative protocols, which will enhance patient recovery after surgery. In future, we will see more and more hospitals embracing these perioperative practice methods to adapt to the newer requirements in affordable care.  
PERIOPERATIVE SURGICAL HOME MODEL
Perioperative surgical home model is essentially a public health program, with a multitude of stakeholders  (patients, hospital administrators, doctors, nurses, insurance companies and lawmakers) who need to push and pull the dissemination and implementation. Perioperative surgical home model is essentially evidence based comprehensive perioperative medicine practice. Experts in anesthesiology and critical care medicine provide guidelines for care of surgical patients based on best evidence in the literature. By implementing evidence-informed standardized best practices, patients are likely to get the most appropriate care possible. Eliminating overuse, underuse, and misuse of care, will likely lead to better outcomes at a lower cost—the definition of added value. This new system should also drive outcomes research, which will promote further evidence synthesis thereby improving surgical care for all patients. 
At University of California at Irvine, they adapted perioperative surgical home model and this lead to direct financial savings compared with USA benchmark for joint replacements. Coordinated care leads to reduction in hospital stay (14,15). Regional anesthesia and timing of surgery (earlier in the week and earlier in the day) were associated with lower length of hospital stay. Duncan et al similarly noted benefits of a clinical protocolized pathway in joint replacement surgeries at Mayo Clinic. Clinical pathway lead to lower pain scores, better patient satisfaction, decreased hospital stay, less urinary catheterization, better patient mobility and lower hospital costs (16). A prototype perioperative surgical home model was created at University of Alabama, Department of Anesthesiology with the aim of improving quality and patient safety and is described here.



UAB PERIOPERATIVE SURGICAL HOME MODEL (Table 2)
University of Alabama model is based on anesthesiologists serving as perioperativist who provides seamless continuity of care with best practices, while actively engaging patient, family and other health care providers (17,18). 
From public health point of view, patients coming for surgery will have a thorough history and physical examination from the anesthesia care team, which in many patients not only reduces perioperative morbidity but also improves their overall health status. PACT examination may result in deeper examination into patient's diseases and problems or it may result in diagnosis of subclinical patient problems. 
A patient's subclinical heart disease or diabetes may be uncovered by PACT clinic resulting in earlier treatment of problems other than the surgical issues and result in overall improvement in the health of the citizens.  A patient with anemia can be given intravenous erythropoietin or iron to bring the hemoglobin levels rather than receiving blood transfusion intraoperatively, which can be associated with its own side effects such as hepatitis or HIV transmission. Preoperative cardiac check up may reveal silent cardiac ischemia and treatment with stents or bypass grafting. Carotid artery stenosis, diabetes, white-coat hypertension, hyperlipemia, bleeding tendencies and hypercoagulability are few diseases that can be uncovered by preoperative check up. Appropriate medical therapy such as Beta blockers, statins, antihypertensives, hypoglycemics and anticoagulation can be initiated as appropriate before surgery continued long term as they may be needed for their overall health status. 
On the other hand, unnecessary protocol based test ordering by hospitalists or primary care physicians can be avoided by PACT clinic visits. Age based stress testing to screen for myocardial ischemia is unnecessary. Routine initiation of beta-blocker therapy is also unnecessary. It takes an effort from knowledgeable perioperative clinician to decide on each and every patient what they need that will change the hospital system, health care and overall welfare of the society.  Preoperative clinic visit also reduces patient anxiety, avoids decision-making process just before surgery and improves overall patient satisfaction. Partnering with patients is a reality with the introduction of PACT clinics.  Patient education is enhanced, communication within the system is improved, duplication of tests and procedures are avoided and all these efforts made smoother transition to discharge and routine life in surgical patients. Intraoperative and postoperative continuity of care with good communication promotes greater mutual familiarity and reduces family /patient anxiety. As the discharge approaches, perioperative surgical home interfaces with medical home to transfer the care.

PERIOPERATIVE ENHANCED RECOVERY AFTER SURGERY PROTOCOLS
In an effort to reduce the time required to recover from surgery, in the late 1990s anesthesiologists and surgeons began to critically assess the individual components of the perioperative experience. Working together, these physicians challenged the traditional practices of their respective specialties, and began to develop comprehensive perioperative protocols based on best available evidence. Simultaneously, they began to test critical components of these protocols, the result of which are the “Enhanced Recovery After Surgery” (ERAS) protocols we know today. A series of prospective randomized controlled trials conducted over a period of more than two decades have demonstrated that Enhanced Recovery After Surgery (ERAS) protocols substantially reduce the time require to recover from surgical procedures and decrease healthcare costs (19,20).  Based on this growing body of data, the National Health Service (NHS, United Kingdom) Technology Adoption Centre performed a before/after analysis of three hospitals introduced to ERAS and found a reduction in length of stay (LOS) of 3.6 days based on 1307 patients (widespread implementation was projected to save the United Kingdom $ 576 MM in health care costs). The NHS then developed the Enhanced Recovery Partnership Programme which from May 2009--‐2011 began to implement ERAS protocols throughout the country, the result of which reduced LOS in seven surgical procedures ranging from 0.6--‐2 days, saving the United Kingdom 70,000 bed days over a two year period (21).  Results from the University of Virginia have indicated that there is a median decrease of three days in length of stay, average of 2.4 days reduced, and a reduction of $4,597 per patient, $206,865 in the first three months with increased bed availability.


COMPONENTS OF ERAS PATHWAY
1. The patient plays a prominent role in his or her care and recovery. This is accomplished through the use of extensive pre-operative teaching, the provision of patient-specific informational materials in the preoperative clinic, and both the joint acknowledgement and expectation that the patient has an essential role in his or her recovery
2. Patients are no longer “starved” before surgery.  Traditionally, surgical patients are “nil per os” (NPO) after midnight the night before surgery. By the time their operation commences, they may be in a catabolic state. This, combined with preoperative malnutrition and prolonged bowel recovery, significantly impairs the ability of patients to recover from surgery.  ERAS protocols encourage patients to consume carbohydrate--‐containing liquids until two hours before surgery. This prevents dehydration and tissue catabolism prior to the stress of surgery. Additionally, some ERAS protocols incorporate preoperative nutritional assessment and supplementation when indicated.
3. “Goal--Directed Therapy” (GDT) protocols are utilized to guide intraoperative fluid administration. Traditional fluid management strategies, which attempt to determine an optimal, fixed fluid requirement, have failed to improve outcomes.  The GDT approach relies on the use of advanced medical devices (e.g. esophageal Doppler monitors [EDM], Edwards FloTrac, Masimo Radical--7) to determine whether or not patients are “fluid responsive” during surgery. Fluid is administered when it is expected to increase cardiac output, and it is restricted when it would not increase cardiac output. Using this “fluid optimization” strategy, patients experience optimal cardiac output without receiving excess fluid (which can increase complications).
4. Multimodal analgesia is utilized in order to minimize Intraoperative and postoperative systemic opioid use. Opioids (e.g.morphine) have important side effects including post--operative respiratory depression (which can be fatal), gastrointestinal dysfunction (which increases length of stay), urinary retention (which can increase Foley catheter use and potentially lead to CAUTI), and nausea (which impairs post--‐operative nutrition), among others. By using a combination of NSAIDs, acetaminophen, gabapentin, and neuraxial anesthesia, intraoperative and postoperative systemic opioids can be eliminated almost entirely.
5. Ambulation is initiated on the day of surgery. Early ambulation encourages bowel motility, lowers the risk of venous thromboembolism, and potentially reduces pulmonary complications associated with surgery. Successful pain control, combined with removal of Foley catheters in the operating room and avoidance of nasogastric tubes allows patients to ambulate on the day of surgery, further enhancing their recovery.
6. Patients are fed immediately after surgery. Early feeding stimulates intestinal motility and allows patients to hydrate themselves without the need for postoperative intravenous fluids. Central to ERAS protocols is the acknowledgement that anesthetic decisions surrounding a relatively brief period of time (pre--and intraoperative) can have a profound impact on the patient’s course. Thus, the surgeon and the anesthesiologist have a shared role in the anesthetic planning for these cases.
Initial attempts at widespread implementation of ERAS protocols focused on orthopedic surgery, colorectal surgery, urologic surgery, and gynecologic oncology. Despite an increase   in the total number of operations performed, the NHS noted a reduction in 70,000 bed days over a two year partial implementation period, with an additional 120,000 bed days per year anticipated with full implementation in these four surgical subspecialties. The reduction in length of stay was seen for virtually all surgical procedures (with the exception of bladder resection, which remained constant at 16 days). Hip and knee surgery both decreased from 6 to 5 days. Abdominal hysterectomies decreased from 4.7 to 3.7 days and vaginal hysterectomies from 3 to 2.4 days. Length of stay following colectomy fell from 12.5 to 10.6 days and for rectal cancer from 10.2 to 8.4 days. Prostate resections decreased from 5 to 3 days.

EVALUATION METHODS
There is a need for comparative research between traditional fragmented health care and perioperative surgical home model to prove the utility in public health. There should be clear measurable goals. 
Some of the measurable goals will include
1.Thirty-day mortality
2. Complications and morbidity during perioperative period
3. In-hospital mortality rate
4. Patient safety measures 
5. Readmission rates
6. Patient's experience and satisfaction of provided health care
7. Length of hospital stay
8. Length of critical care service
9. Cost-benefit and cost-effectiveness
Audit, data collection, observational cohort studies and prospective randomized studies can all be used to synthesize evidence for surgical home. Significant improvement in measurable goals before and after implementation of surgical home is commonly used to prove outcome benefit. Comparative effectiveness research is defined as the generation and synthesis of evidence that compares the benefits and harms of alternative methods to prevent, diagnose, treat and monitor a clinical condition or to improve the delivery of care (22). Perioperative surgical home should establish a comprehensive national electronic medical record keeping system, which should serve as the database for perioperative care. This will create more consistent, complete and valid databases – one of the requirements for effectiveness research. There is some evidence for such effectiveness from patient centered medical homes (23,24). Several practice models already exist for perioperative care. To convince the hospital administrators and surgeons, it is important to prove the superiority of anesthesiologists based perioperative surgical home model.  Primary care physicians functioning as hospitalists are a common practice. The evidence for benefit for such a practice is controversial. While few studies have shown improvement in patient outcomes others in neurosurgical/orthopedic surgical patients did not demonstrate any significant benefit (25,26). While primary care physicians are well trained with medical practice, they lack training with specific issues of perioperative period. Moreover, they are not adequately trained in acute care interventions for surgical patients. Reimbursement salaries for such hospitalists are also not attractive and there is less interest from medical community to perform these challenging tasks.
Alternate option is intensive care trained surgeon-based perioperative care model. Surgical specialty can provide high quality emergency acute care, but it may not be the optimal solution for the more comprehensive medical management of complex surgical management. 

LIMITATIONS
Proper conduct of such multicentric, large randomized controlled clinical trials comparing surgical home to hospitalist based care model will be difficult and expensive.  There is solid evidence for enhanced recovery protocols in United Kingdom and States, but surgical home model is tested in limited centers that too only in certain surgical procedures (joint replacement, colorectal procedures). More solid evidence is required to press upon the need for such a major change in clinical practice. The other major limitation of the implementation will be that the surgeons and hospital administrators should see a benefit to embrace this practice. Changes will be hard to make in any health system. 

CONCLUSION
Perioperative health should be recognized as a part of public health because of the number of surgical procedures done and the costs associated with them. There is plenty of scope for improvement with several new practice models such as surgical home and enhanced recovery pathway. More scientific evidence is required before wide recognition and adaptation of such practices in health care. Overall aim is to improve population health with higher quality and lower costs. 
APPENDIX: TABLES
	Current care
	Future models

	Fragmented care
	Coordinated care

	Fee for service -Separate for each department
	Bundled payment

	Volume driven operations in hospitals
	Value based Reimbursement

	Isolated patient files
	Integrated electronic medical records

	Procedure based practice
	Triple aim defined by institute

	Revenue driven
	Outcome driven


Table 1. Paradigm shift in perioperative care


Table 2. Perioperative Surgical Home -University of Alabama Model
	Preoperative home
Comprehensive evaluation
Confirm, discuss and remediate surgical consent
Involve patients in shared decision making
Identify and evaluate the perioprative risk
Preoperative evaluation by guidelines
Reduce the risk by proper preoperative preparation
Communicate the plan to the proceduralists, intraoperative anesthesiologist and postop care
 team
Overall aim to minimize the risk

	Intraoperative care
Anesthesiologist as operating room coordinator and manager
Reduce the patient delays and cancellations
Evidence based intraoperative care
Risk based postoperative bed allocation and admissions 
Communication to postoperative team
Surgical care improvement (SCIP) Project
Enhanced Recovery After Surgery (ERAS) protocols 

	Postoperative care
Anesthesiologist as intensivist and acute pain management physician
Prevent and manage complications
Discharge planning, Long term care, Home health care and Rehabilitaion planning
Communication back with primary care
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