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The Inevitable Evolution
of Healthcare Infrastructure

Abstract

There are no viable models for healthcare that can deal with the great rise of chronic illness in an aging population.  But healthcare is only one example of an infrastructure essential for society.   By examining other major infrastructures, such as communication and transportation, we can see there are typical regularities in the evolution of infrastructure.   Thus the outline of viable healthcare can be predicted.    The historical inevitability is most healthcare being provided by home selfcare, with infrastructure support across whole populations.  Internet Health Monitors can enable individuals to track the progress of their own health in their own homes.  We discuss the nature of transition points in infrastructure evolution and examine what transitions occurred historically in several major infrastructures.  This enables us to predict the outlines of the inevitable evolution of healthcare infrastructure.  The future is provider pyramids, dominated by continuous measurement of population health.
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Introduction
The 20th century saw the rise of the hospital system as the primary healthcare infrastructure in the United States [1].  The centralization of medicine into large facilities mirrored the changes in structure of society from primarily rural to primarily urban.  As society branched out into suburban locales, the paradigm continued.  Thus community clinics serve as feeders to regional hospitals, in the context of an acute care system [2].

The 21st century is seeing the rise of different healthcare systems supported by different infrastructures.  The distribution of healthcare into small facilities is mirroring the changes in structure of society.  The demography of the population is changing, from a younger population to one that is ever more elderly [3].  This aging population forces a concentration on chronic illness -- the aches and pains of everyday life, as opposed to acute illness -- severe conditions requiring immediate attention.  Chronic conditions usually cannot be cured but usually can be managed over the long-term.

This view is supported by the US government document Healthy People 2010 [4], which establishes goals for the national improvement of health.  This document records the statistical incidence of a wide range of chronic illnesses and conditions, but provides few specifics on how to manage the health of the population to achieve the stated goals in the future.  Many recent articles have described the dilemma of chronic illness and the care of chronic conditions, e.g. [5], noting rising costs and gaps within the healthcare system.  The problems are not only those of cost, but also of coverage, access, tracking, and information.  The underlying problem is one of organization, the lack of a healthcare infrastructure designed specifically for chronic conditions.

The current healthcare infrastructure is centered on the curing of disease in acute illness.  Treatment might be typified by a physician in a hospital.  A new infrastructure needs to be instituted, centered on managing of lifestyle in chronic illness, on the many factors related to chronic conditions.   While physicians in hospitals will still be critical, most of the care will be provided by the patients themselves in their homes.  Thus, a provider pyramid will evolve, where active participation of patients in homes at the bottom of the pyramid is supported for chronic care, supplemented by physicians in hospitals at the top of the pyramid for acute care.

Acute Care Infrastructure

An infrastructure is the underlying foundation that supports a larger organizational structure.  It includes all the involved people, activities, resources, and processes.  To be viable, an infrastructure must be ubiquitous, scalable, sustaining, and economically viable [6].

Throughout most of the 20th century, the hospital has assumed the primary position in an effective national acute health care delivery system [7].  Certainly since World War II, this hospital-centered system has been a viable infrastructure, both ubiquitous and sustaining.  It has provided a tiered availability of service, being organized from tertiary complex services at a regional hospital to secondary routine services at a local hospital to primary everyday services at a community clinic.  This infrastructure has a provider pyramid that is well defined and carefully organized [8].

The national trauma system is a viable infrastructure for provider pyramids via tiered hospitals [9].  This detailed example provides various levels of trauma care expertise organized in a hub and spoke-like fashion.  The system covers the nation, with efficient transportation and information flow throughout.  Another provider pyramid is the national system for solid organ transplantation, which is focused on transplant centers with referral lines and precise informational flow.  The hospital based acute care infrastructure functions similarly, through a less formal organization for the referral of complex and different case presentations from the local or regional centers to the more expert and centralized systems and capabilities [10].

The acute care infrastructure comprises the physical buildings of the numerous hospitals, clinics and office components, the participating physicians, nurses and support staff, and the informational capabilities comprising paper records, electronic data, voice and visuals.   While largely a physical infrastructure, the acute care hospital based infrastructure also maintains elements of a logical infrastructure.  The logical infrastructure composes the information flows, the expectations and understandings, and the agreed upon actions of a large number of participants, from highly skilled physicians to the more prevalent support staff. 

Chronic Care Infrastructure

Chronic health care, however, lacks such a well-defined infrastructure.  Especially since World War II and the rise of the acute care system, chronic care has largely been added onto or adopted by the acute care infrastructure, by historical forces rather than by design [11].  Lacking such a specific infrastructure for chronic health conditions has resulted in a similar lack of infrastructure for the broader needs to support population health outside of the acute care system.

The medical industry (hospitals, physicians, nurses) has dominated the healthcare infrastructure, during the 20th century when the interactions were focused upon the requirements of acute care.  However, in the 21st century, the interactions will be strongly influenced by the needs for chronic care.  These needs require frequent and regular interactions, when the illnesses must be managed rather than cured, for increasing numbers of patients [12].

This increasing volume of patients, disease, care, and information will force healthcare infrastructure to evolve its primary services from station-to-station into point-to-point provision.  That is, to evolve from a central station (often a hospital), where a medical professional provides service to many patients in a population, into a distributed point (often a home), where a patient amateur provides service to his or herself as an individual [13].  The healthcare infrastructure must accordingly provide adequate information to enable patients to manage themselves for everyday conditions.

We predict that direct patient interactions will dominate healthcare infrastructure in the coming years.  The infrastructure must accordingly enable ordinary people to successfully monitor the status of their health and to manage follow-up care from the healthcare system.  This health measurement will take place where they live and where they work.

Tracking health status can be supported by “health monitors”, a networked computer infrastructure that asks customized questions concerning an individual’s health and records the answers into a combined database to monitor the health of a population.  The detailed individual medical records can be used for comparative population medical treatments.  The technologies underlying Internet Health Monitors are now feasible to deploy nationally, 5 years after the original proposal in an early posting of this electronic journal  Medscape General Medicine [14].
Provider Pyramids in Infrastructure

An infrastructure is all the support processes for some service essential to society.  As “infra” (inside) plus “structure” (support), it provides a class of services, such as communications and transportation, or money and health.  Historically, major infrastructures seem to follow a regular pattern.  Initially, infrastructure services are provided by trained experts, whom the wealthy persons of society can pay for the essential service.  Later, as the demand grows, an infrastructure develops so that the average person in society can afford to use some version of the essential service.  Infrastructure thus provides the underlying support for services, combining technical feasibility, social needs, and economic viability.

A complete infrastructure supports a provider pyramid, with multiple levels of service.   At the top are the most special and most expensive services, while at the bottom are the most general and least expensive services.   To be economically viable, as an infrastructure evolves to serve a larger number of individuals, more and more service has to be provided at the lower levels of the provider pyramid, where the costs are lower.  This reserves the top levels of the pyramid for those cases, where needs are greater in complexity and costs are accordingly higher.

Thus, for acute care in the upper levels of the pyramid, the physician in the hospital is more expert but more expensive than the physician in the clinic.  Nurses staff the middle levels of the acute care pyramid, with the nurse in the clinic providing outpatient care again being more expert but expensive than the nurse in the home providing follow-up care.   For patients to staff the lower levels themselves, they will need infrastructure support.  This would provide the most economic model of a provider pyramid, since patients caring for themselves are “affordable labor” to the healthcare system, as the infrastructure is a relatively fixed cost once deployed [15].

Home self care could significantly decrease health system costs.  For example, congestive heart failure is the single largest cost of hospital treatments for patients over age 65 [16].  Follow-up care by nurses via telephone calls and home visits significantly decreases hospital readmissions [17].  But such follow-up has not become routine within the healthcare infrastructure, due to lack of viability and scalability.  Expert nurses are too expensive for this purpose and too few are available to meet the demand.  But an infrastructure that enabled patients themselves to perform follow-up monitoring while interacting with a central database would be viable and scalable, enabling the bulk of interactions to be performed at home and then linked to other aspects of the infrastructure as needed.

For an industry to dominate an infrastructure, it must make this transition to automatic support for most interactions.   An industry that fails to make this transition may continue to dominate a niche with steady growth, while a new industry with scalable technology will dominate the much larger infrastructure.  For example, in communications, the telegraph required trained operators as intermediaries to transmit messages, whereas the telephone enabled ordinary people to transmit messages themselves.  As a result, the telegraph industry still exists, but the telephone industry dominates communications infrastructure and carries the vast majority of messages [18].

There is a key transition point in infrastructure evolution.  The point emerges when increasing volume needed for a service requires a transition to maintain economic viability.  At some point, the number and cost of trained experts can no longer sustain the volume.  So automatic support is necessary to enable untrained amateurs to handle most of the interactions.  

This transition point is from station-to-station to point-to-point service.  That is, from ordinary people going to a station to ask an expert for service, to ordinary people providing the service themselves with support from an infrastructure.  In communications, the transition was from going to a railroad station to ask a telegraph operator to transmit a message, to using a telephone in your home to transmit a message yourself.  The telegraph industry dominated 19th century communications, but the telephone industry dominated 20th century communications.

Evolution of Communication Infrastructure

Typically, an entire industry will grow up around providing support for a critical infrastructure.  For example, communications is essential to modern life and in the 19th century, the telegraph emerged as the dominant technology to provide universal communications infrastructure [19].   But, as the volume increases, an industry must continue to provide scalable infrastructure, by evolving its technologies to remain economically viable.  The infrastructure will evolve to handle the new demand.  If the current industry does not scale, another industry will take its place as the major provider of the essential infrastructure.

As the volume of messages increased, the telegraph industry developed technologies to handle the additional traffic.  One of these key technologies was multiplexing, enabling multiple messages to be simultaneously sent over a single wire.   However, multiplexing technology also enabled a new type of media to use telegraph wires, which could carry modulated voice and thus provide telephone service.    

In the 20th century, the telephone emerged as the dominant technology to provide universal communications infrastructure [20].  This is because they adopted a scalable infrastructure.  Telegraph traffic was station-to-station, where a trained operator was required to transmit a message to another trained operator.   Telephone traffic, in contrast, was point-to-point, where an ordinary person could transmit a message directly to another person in another location.

The telegraph industry was offered the rights to the telephone technology, but passed, since they perceived their business model was telegraph rather than communications, focused upon station-to-station messages with trained operators.  Providing scalable infrastructure requires making the transition from station-to-station to point-to-point.   The telephone industry made this transition and thus captured the market in the evolution of communications infrastructure [21]. 

The telephone network began by copying the station-to-station transmission of the telegraph network.   Every voice call was switched by a trained operator, who manually made connections on a plugboard.  But as the volume of calls increased, the number of operators increased beyond the economic point.  New technologies were then developed for automatic switching, which substituted machines for humans in the transmission process, thus saving critical labor costs.  That is, the customers looked up numbers in the directory and dialed these numbers themselves.

The early infrastructure of the telephone industry was largely a physical infrastructure represented by transmission wires, telephone poles, switches, and handsets.  An important part of this infrastructure was the logical agreements of addresses and rules for switching calls, which later evolved into area and exchange codes supporting automatic dialing and routing.  As the telephone infrastructure evolved, adding function as it extended down the provider pyramid, and the physical infrastructure evolved, the logical agreements assumed ever-greater importance.

Physical Infrastructure in Transportation

The transportation infrastructure has had much the same progression as did the communication infrastructure.   The dominant transportation of the 19th century was provided by the railroad industry [22].  They overcame the previous transportation industry of boats on canals, as the new technologies of trains on tracks made land transport more economic than water transport.

The railroad industry had a different business model, where corporations owned both the lines (the tracks) and the rolling stock (the trains), unlike the water transport where governments often owned the lines (the canals).  But they failed to make the transition to the new point-to-point technologies, represented by automobiles, where governments again owned the lines (the highways).  The transport of passengers today is dominated by cars on highways rather than trains on railways [23].  Similarly, the transport of freight today is dominated by trucks on highways rather than trains on railways.

Thus the 19th century central station-station infrastructure of railroads became dominated by the 20th century distributed point-point infrastructure of automobiles. Healthcare infrastructure has not yet made this transition, but must in the 21st century to remain viable.  There are many similarities between the evolution of the infrastructure of the railroads in the 19th century and the acute healthcare infrastructure of today, which emerged in the mid 20th century.  Both are characterized predominantly by physical structures, which are modified by logical agreements.  The physical nature in both cases is clear and easily characterized.

Whereas acute care and the trauma system have a hierarchy of hospital and facility based centers linked by ground and air transport, the railroads developed a national track network connecting urban centers, passenger terminals and freight depots.  The hierarchy and physical nature in each case is important to understanding the place of the respective infrastructures. Between 1860 and 1890, a national rail system began to emerge as the railroad tracks reached across the country and an elaborate system of standardized gauges, switches, tracks, couplings and (logical) agreements made possible longer distance travel and transport.   

Throughout the 19th century, the railroad emerged as a shared economic infrastructure from the previous disarticulated web of independently owned lines [24]. These large consolidating companies could not go alone across long distances and populations without cooperation from competitors and the standardization of such necessities as gauge, signaling, ticketing, and inventory control.  This emergence resembles the acute care and trauma which evolved primarily after WWII from a system of independently owned and operated hospitals and clinics providing local service to one fifty years later of an integrated national network of trauma facilities that hierarchically cover nearly all the nation.

If there was error that occurred in the evolution of the railroad’s infrastructure, it was a failure to support a viable alternative to the (competing) highway and automobile.  Similar to the choice made by telegraph when the telephone arrived, the railroad infrastructure is limited in its ability to provide point-to-point service, the great advantage of the highway system.  Unlike the telephone infrastructure that was able to evolve from a station-oriented to a point-to-point oriented infrastructure, the railroad infrastructure was more like that of the telegraph.  Both remained station-to-station, caught in a web of time many decades past rather than evolving to a scalable point-to-point infrastructure.

Logical Infrastructure in Banking

A contrasting infrastructure is that for money, for the handling of essential finance.   Banking is the prototypical logical infrastructure, essentially dependent on informational agreements [25].   The physical parameters that once specified backing of paper money in gold are now many layers below the level of everyday transactions.   Thus, the underlying physical infrastructure for banks is many steps removed from the logical infrastructure and deeply hidden from the users.

This historical focus on logical agreements has made it easy for banking to move rapidly into the lower levels of the provider pyramid, by using individuals to a greater extent rather than ‘experts’ at the apex of the pyramid.  Thus, ATMs (Automated Teller Machines) are today prevalent in grocery stores and home shopping occurs everyday over the Internet.

Banking is similar to medicine in that there has never been a national monopoly [26].  This infrastructure thus differs from communications, where regulated monopolies occurred with telegraph and telephone.  There are banks with regional branches nationwide but no single dominant national banks.   Instead of a central bank, the U. S. Government established the Federal Reserve Board, with relatively limited powers for setting logical agreements, but with great repercussions nationally for monetary policy [27].  The Fed attempts to manage the economy of the nation, a goal not attempted in other infrastructures, but relevant to desires to manage the health of the nation within a future healthcare infrastructure.

Until the 19th century, historical examples of banking infrastructure rested primarily on specie, coin, and gold [28].  Little else could be considered an infrastructure (enduring, scalable, economic, ubiquitous) prior to this time, admitting of regional exceptions.  Banking practices were many and varied and depended more on politics and family connections than on firm business models. Banking problems included institutional instability, lack of standardization, unreliability of issuance of currency, and irregularity of banking practices.  The solution was the evolution of a formalized logical infrastructure.

By the 20th century, banking relied on an infrastructure that was mostly based on agreements.  It is the agreement that banking will conduct its business under and according to common rules, that fiat money can and will exist, that exchange rates will function in specified ways, that interest rates will be set and maintained uniformly, that checks will be issued, honored and redeemed according to protocols, and so on.

It is the logical agreements, primarily focused on transfers of currencies, checks, notes, and bonds across clearinghouses, which form the infrastructure of banking.  It is the agreements that permit large-scale trade and economic investment to occur.  There is little physical in this picture.  The smaller segments of the banking infrastructure, which are physical, might include hard currency, ATM machines, and bank branches, but they are relatively minor in comparison to the enormous bulk of agreements and trust that constitute the larger parts of the banking infrastructure.  

In fact, ATM machines are a means to bring the infrastructure agreements of banking closer to the consumer, to increase the ubiquity of those agreements.  The next step in the evolution of banking, already upon us, is home banking on the Internet so the infrastructure agreements are always available.  Accordingly, the role of physical currency may diminish even more, and go the way of gold and fixed exchange rates.

Healthcare as Physical Infrastructure

So the key question for the medical industry is whether it will remain “fixed on the tracks” as did railroads in transportation, and remain centered within the physical infrastructure of hospitals.  Or instead follow the model of banking and use logical agreements to move rapidly into directly supporting patients in their homes.

Physical infrastructure does not scale to modern distributed society, as well as logical infrastructure does.  So, if the medical establishment remains central and physical, it will likely follow the model of the telegraph.  Then some other industry will become the dominant healthcare infrastructure and follow the model of the telephone, down the path of distributed and logical to situational management by patients directly in their homes and workplaces.

The existing infrastructure for medicine is focused upon acute care, where a condition can be diagnosed as a particular disease and a treatment applied that will cure the disease.  Acute medical and trauma care is mostly a physical infrastructure, comprising a hierarchy of care centers, with regional hospitals at the top and neighborhood clinics at the bottom.  The service is provided by expert operators, typically doctors.   Acute health care medicine is thus situated at the station-station level of the provider pyramid.

Railroads provide a good example of what lies in store for traditional medicine.  The railroad industry remained focused on the physical infrastructure of tracks and trains.  Thus they failed to make the transition to point-point service, when the automobile technology made this possible.   Despite the existence of HMOs (Health Maintenance Organizations to track and maintain health), medicine remains focused on hospitals and doctors, diagnoses and treatments.  To provide health care rather than medicine treatment, HMO’s or similar organizations must widen their view, in the way that the railroads failed to.

The telephone industry began as physical infrastructure, substituting telephone wires for telegraph wires, directly competing with the telegraph with different technology in station-station services.   But they made the transition to a more logical infrastructure, perhaps because they were run by former railroad executives who had seen the decline when narrow views prevailed.   Expert operators did manual switching, but mechanical machines made automatic switching possible, where the abstraction of a telephone number replaced the verbal request to talk with a particular person.   This logical infrastructure enabled person-person service to be provided economically, and the telephone displaced the telegraph as the communications monopoly.

Healthcare as Logical Infrastructure

The current provider pyramid for chronic health conditions utilizes the physician as ‘expert’ and the acute care health system as a ‘station’.  This is reminiscent of a railroad station-to-station model; whereas, a system that relies primarily on logical agreements is probably better situated as a banking-like point-to-point infrastructure.  This model of a provider pyramid for chronic health conditions would maintain the trained expert providers at the apex, but would push most functions down to the point-to-point level of the untrained individual at the base.  This would enable the infrastructure to handle the greatly increased number of interactions required by the direct requests from individuals with chronic health conditions across the entire population.

Building this provider pyramid requires defining the agreements for the health of populations at the level of individuals.  Much like the banking model, this implies moving from the station to station infrastructure model of the acute care/trauma system hospital hierarchy toward a point to point infrastructure of individually based, originated, transmitted and received information. This is similar to banking, which continues to have buildings and some reliance on hard currency, but where the great majority of its infrastructure is logical agreements that enable financial interactions and exchange.

Since health monitors will be built on top of communications infrastructure, they are largely a logical infrastructure.  These abstractions will enable scalability to the requisite volumes for the aging population.  So, in some sense, the telephone versus telegraph battle is being played out again with chronic healthcare versus acute healthcare.

Logical infrastructures can be propagated more rapidly than physical infrastructures, since there is nothing physical to be reproduced.  For this reason, banking spread quickly to a complete provider pyramid.  The dominance of the Federal Reserve or large regional banks in setting rates and transfers did not prevent local banks from using standard logical agreements to implement ATMs and home banking [29].  The same will hold for healthcare when agreements for monitoring health status become standardized enough for logical infrastructure to dominate physical infrastructure.
When a logical infrastructure for chronic health conditions is established, it can economically provide point-point service.  The bottom levels of the pyramid always dominate the costs.   Although current medicine will still exist, and expand, it will quickly be overshadowed by self-care provided directly by individuals in their own homes.   Agreement-based services will enable an effective logical infrastructure that will dominate all of healthcare in the 21st century.

Conditions for Infrastructure Transition
How does one tell when an infrastructure is going through its major transition and what the new shape will be?  There are general principles of evolution for all infrastructures.  These can be predicted in outline and validated against the historical evolution of major infrastructures.
A universal infrastructure provides a network for connecting point A to point B.  In communication, a person at point A sends a message to a person at point B.    Although a person can send to any other person on the global network, most traffic is local to nearby persons.   In transportation, a person at point A sends a package to point B.  Although packages can be sent to any point on the global network, most traffic is local to nearby places. 
All infrastructure networks have this property that most traffic is local.  The property derives from the underlying graph structure, since every network traversal must originate at a point and end at a point.  That is, only the points can originate traffic and terminate traffic, the stations are merely intermediate transmission hubs.  In communication, a person lives in an office or a home, not in a telegraph station or a telephone switch.  In transportation, a package is filled in an office or a home, not in a railroad station or a trucking depot.
Typically, the evolution of infrastructure proceeds from global to local.  That is, global connections come first, because of the ease of connecting big central stations to other big central stations.  For example, telegraph operators were centered at railroad stations, which was also the loading site for freight transport.  A different technology had to be used to connect from the local point to this global station.  For example, a bicycle ridden by a human carried the message from the sender house to the telegraph station.   Or a cart pulled by a horse carried the package from the sender office to the railroad station.
Eventually, available technology improves enough that the infrastructure can connect local point to local point.  This is the inevitable evolution, since most of the needs are local.  The technology that can support a complete pyramid will dominate those services since most of the traffic is local.   The infrastructure must provide automatic support for local services at the bottom of the provider pyramid.   The users of the local services then provide most of the labor themselves rather than requiring services to be provided by experts who are relatively expensive. 

Since global services are implemented first, the dominant technologies are those that have natural extensions to local services.  For example, setting up a telegraph in every house requires running wires to the house, then training the persons to transmit Morse code.   A more natural extension was the telephone, which required running wires but no additional training for message transmission.  The “phone” in telephone meant communication could take place by talking, which the persons already knew how to do effectively.  
As another example, sending a package from every house required picking up the package with one technology (horse-drawn cart over roads) to deliver to the station for transmission by a different technology (train on tracks, i.e. rail-roads).    A more natural extension was the automobile, which required building roads but the same vehicle could also be used for local deliveries.  The “auto” in automobile meant transportation could take place directly over the roads since the vehicle was self-contained in its power system.  The local roads already existed for horse transportation, not requiring a separate track system with a separate power system to each house, as would be required for trolleys.
Typically, the technology that dominates the infrastructure uses the same underlying mechanism for local and global, since then the costs for developing the effective global service also help cover the subsequent local service, rather than requiring a completely new investment.  In communication, telephones can be used directly by ordinary people in their homes with no training.  But telegraphs require trained operators who work at central stations to which messages must be conveyed by separate means.  In transportation, trucks can pick up packages directly at people’s houses then deliver them directly to the desired destination houses.  But trains require that freight be conveyed by separate means to the central station on the sending end then from the station to the destination on the receiving end.
Sometimes the same technology that dominated global services also dominates local services.  This happened in banking infrastructure, where the same banks that supported local branches put ATMs outside their buildings to extend their hours for basic services.  ATM means Automated Teller Machine, a computer version of a human teller for standard transactions.  Having already developed naturally extendable technology, banks then were prepared to place the same ATMs into grocery stores to extend their services in place as well as time.  ATMs were feasible technology, because the logical agreements had already been standardized for checking and cash transactions.  That is, banking was a logical infrastructure so that the same institutions dominated across the transition from global station-station to local point-point.   They survived the transition by institutionalizing virtual currency.
Current healthcare is primarily a physical infrastructure.  The institutions that run hospitals with doctors and nurses usually run HMOs supporting local clinics.  But these clinics are also staffed with doctors and nurses, requiring human intervention for each patient interaction.  To extend the services in time, telephone technology is utilized to support triage nurses.  But again this service extension requires expert human labor.  Clinics do not support off-hours health kiosks, in the same manner that banks do support off-hours money kiosks, e.g. ATMs.  This implies that current healthcare infrastructure does not have a natural extension into grocery stores.  It is too expensive to staff a grocery store substation with expert nurses, next to the communications and the banking substations.  The nutrition kiosks in grocery stores are run by the stores themselves, not by the healthcare providers. 

Future healthcare must be primarily a logical infrastructure, based on automatic interactions via computers rather than manual interactions via humans.  Otherwise, it cannot provide a natural extension out to homes, as required to scale to the necessary volume to support chronic illness.   That is, most of the interactions will be local in homes rather than global in hospitals, or even in clinics.  The home interactions cannot rely on expensive human experts for most of the efforts.  Health systems need IHMs to extend their basic services in time and in place. IHM means Internet Health Monitor, a computer version of a human health professional for standard transactions.  The health system cannot afford house calls with doctors for everyone, but can afford home calls with computers for everyone.  
Thus the path towards viable healthcare must involve standardizing the logical agreements for health status and developing these agreements into mass infrastructure via health monitors.   Health systems can survive the transition from station-station to point-point only by institutionalizing virtual interaction.  Here, interaction is the unit of healthcare diagnosis and treatment, analogous to the banking unit of currency exchange via checks.
IHMs for healthcare are like ATMs for banking, the logical infrastructure that enables supporting the great bulk of point-point transactions at the bottom of the provider pyramid.
The Inevitable Healthcare Infrastructure
Today, healthcare is obviously at a classic infrastructure transition.  The volume is increasing greatly, but the existing systems are not adequate to the new scale.  The demand is changing radically, from primarily acute care in hospitals to primarily chronic care in homes.  In less than a decade, the demographic rise of chronic illness will either bankrupt Medicare or shift payers radically towards private contributions, for the largest populations needing healthcare.  New models will dominate the future infrastructure, whether run by existing institutions or new ones.  These new models will evolve from successful combinations of existing technologies that have not yet become mass infrastructure for whole populations.
The big expansion is at the bottom of the provider pyramid, providing informational agreements rather than medical treatments.  Once the home health infrastructure is established, the patients must usually treat themselves, for the health system to save critical labor costs.  Standardization of informational agreements must be based upon many features of population health [30].   Physical parameters can be accurately measured, but their interpretation depends upon the actual cohorts within a population.  For example, an individual labeled with hypertension in one population may have acceptable blood pressure in another population.   
A preliminary version of this new model can be found in the home health books that HMOs currently distribute [31].  These books give understandable descriptions to enable ordinary people to make medical decisions by themselves, enabling diagnosis for risk assessment.  That is, whether the situation should be self-treated in the home or referred to medical professionals in the health system.  Triage nurses, who interact with patients via telephone, have an information system that provides infrastructure support for the same process.
The health books are too simplistic to form the basis for a healthcare infrastructure that supports universal monitors.  The range of descriptions must be greatly expanded, so that the full range of typical situations can be covered.   This implies moving beyond simple categories, such as heart disease, into complex situations, such as congestive heart failure in an elderly patient whose feet are not swelling but is low in energy and cannot exercise vigorously due to rheumatoid arthritis.  There are nearly fifty different cohorts for heart failure and many situations can be successfully self-treated without medical intervention from the health system [32].  
Quality of Life (QoL) instruments can provide a rich source of effective information for healthcare agreements.  These consist of a paper questionnaire with understandable descriptions and a measurement scale to evaluate health status.  Typically, there are 30 questions whose multiple-choice answers can be filled out within 15 minutes.  General-health instruments, such as SF-36 [33], have been deployed to populations numbering in the thousands for self-assessment, e.g. the Whitehall study of 10,000 civil servants in England [34].  These suffice for simple decisions, e.g. 3000 VA patients accurately predicting their survival from heart surgery [35].  
There are also one thousand disease-specific instruments, which focus on a particular model for a particular condition [36], e.g. joint swelling for heart failure or joint mobility for rheumatoid arthritis.  The nursing literature contains additional instruments that focus on environmental conditions, such as life stress and social support, which play a major role in diagnosing and treating chronic conditions.
Proposals have been made to combine the various general-health and disease-specific instruments into a single master instrument [37].  Such a merged questionnaire would obviously contain thousands of questions.  Its implementation requires adaptive questionnaires, where only a few questions are asked during each session, customized to the particular individual [38].   Human attention span limits the number of questions during a session to the paper questionnaire scale.   An adaptive questionnaire focuses in depth on the particular situation of the individual, by asking more questions in categories where stronger answers have been made, while surveying the entire collection of questions in breadth by asking sample questions from different categories.  

Recent information technology for statistical decision support enables implementation of adaptive questionnaires, and research prototypes exist that adaptively choose questions from collections of hundreds [39].   It is clearly feasible today to implement adaptive question asking from collections of thousands of questions.  A complete health monitor system could thus be built from a master instrument of merged QoL instruments for the question collection and an adaptive question asking system for the patient interactions.  Digital questionnaires asked via computers can also be administered on a periodic basis in patients’ homes, more on a daily basis than on a yearly basis as with physical questionnaires in doctors’ offices.
The answers to the questions build a detailed patient history over time for each individual, which records their health status across a full spectrum of lifestyle features.  The individual health status records can be statistically clustered across a whole population, such as a region or state.  Each cluster represents a population cohort, which can be diagnosed and treated for their particular situation.  Health monitors are a scalable technology for custom treatments of population cohorts.  Economic viability is thus technically feasible, since insurance rates for healthcare premiums can be statistically tied to the population cohorts [40].
The natural user interface for an Internet Health Monitor is a color personal computer.  Questions are displayed and answers are selected from a multiple-choice form.  But the questions are short sentences and the answers are small numbers.  For example, “Do you have swelling in your ankles?” or “Can you walk around the room without pain?” can be answered with “always – usually – sometimes – rarely – never”.  So a voice response system could work equally well.  
Health monitors can thus become universal infrastructure.  For example, an effective deployment would be to have an automatic information system call the patient on the telephone, ask the customized questions in a soothing voice, and record the spoken answers using speech recognition.  Such systems are mass commercial technology for customer support systems and already used experimentally for screening questionnaires of chronic illness.  Elderly patients are accustomed to people checking in on them and are usually happy to talk about their health at length.  A telephone-based system could reach the elderly and the poor, since telephones have already become universal infrastructure.    Everyone would then have universal access to a baseline of health monitoring and advice.   There would no longer be underserved populations.
The inevitable healthcare infrastructure is health monitors across whole populations.  Each individual interacts daily with a customized questionnaire focusing on their current conditions.  Each population has automatically generated clusters of treatment cohorts.  Every person is uniformly served by mass infrastructure at the bottom of the provider pyramid.  Health monitors refer appropriate cases of acute illness to existing health systems at the top of the pyramid.  Building healthcare infrastructure on top of communication infrastructure insures its ubiquity.  Population management of chronic illness becomes economically viable.
Information technology for distributed systems across the Internet will enable healthcare infrastructure to transition from station-station providers in hospitals to point-point providers in homes.  With these new models, there is a viable healthcare in the twenty-first century.
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