
		
			[image: Cover for A Giant Leap: How AI Is Transforming Healthcare and What That Means for Our Future by Robert Wachter, M.D., featuring bold black text on a white background with a colorful, wave-like graph integrated into the word "LEAP."]
		

	
		
			Advance Praise for A Giant Leap…

			…from Healthcare Leaders

			“A Giant Leap tackles the central question in healthcare today: Will AI be another digital disappointment or a genuine transformation? By offering an engaging, hype-free case for informed optimism, Wachter’s book provides an all-important guide.”

			—Eric Topol, MD, chair of Innovative Medicine at the Scripps Research Institute and author of four bestselling books on healthcare’s future, including Super Agers and Deep Medicine

			“What Carl Sagan was for the wonders of astronomy—a guide—Bob Wachter is for many of the mysteries in the modern healthcare system. If, like me, you have been waiting for a lucid explanation of one of those mysteries—the forms, promise, and perils of artificial intelligence in medical care—your wait is over. A Giant Leap is a clear, comprehensive, and good-humored exploration of AI in healthcare—what it is now, and what it can become.”

			—Donald M. Berwick, MD, MPP, president emeritus and senior fellow at the Institute for Healthcare Improvement

			“A Giant Leap is a wonderfully engaging, lucid, and timely guide to how AI is transforming healthcare. Wachter expertly lays out the enormous benefits of generative AI alongside its most worrisome potential pitfalls—and they’re not the obvious concerns, like biases and hallucinations, that dominate headlines. Whether you’re a patient, doctor, or nurse, if you want to understand how generative AI will revolutionize your healthcare experience, Wachter is your indispensable pilot.”

			—Ezekiel Emanuel, MD, PhD, Vice Provost for Global Initiatives and codirector of the Health Transformation Institute at the University of Pennsylvania

			“In my forty years working with artificial intelligence in healthcare, I never expected AI to be the hottest topic in mainstream culture. In A Giant Leap, Bob Wachter manages to cut through the hype to reveal the fundamental truths reshaping medical practice. The book—brimming with insight, wisdom, humanity, and compelling stories—is a necessary road map for anyone who wants to understand what it all means and what’s coming next.”

			—John Halamka, MD, MS, president of the Mayo Clinic Platform and professor at Mayo Clinic College of Medicine and Science

			…from Leaders in AI and Technology

			“Bob Wachter has written the definitive account of AI’s transformation of healthcare, capturing the revolutionary potential unfolding right now and the unglamorous work of making it real. Drawing on his experience and interviews, this book avoids both Silicon Valley hype and medical pessimism to give a clear-eyed view of where AI is likely to succeed and fail in medical care. Essential reading for anyone who wants to understand where medicine is heading.”

			—Ethan Mollick, bestselling author of Co-Intelligence and codirector of Generative AI Labs at Wharton

			“Tech is the easy part. People, incentives, and workflows are where dreams go to die—or flourish. A Giant Leap masterfully captures these dynamics, delivering this era’s definitive guide to healthcare AI.”

			—Vinod Khosla, cofounder of Sun Microsystems and founder of Khosla Ventures

			“Robert Wachter has done it again. A Giant Leap is a master class in clarity and insight. Yes, AI is poised to reshape healthcare in profound, practical, and deeply human ways. Wachter combines rigorous analysis with vivid storytelling, making this a real page-turner for anyone who cares about the future of medicine.”

			—Peter Lee, president and head of Microsoft Research

			“A Giant Leap offers a rare blend of realism and optimism about AI in medicine, showing how it is rapidly moving beyond hype to deliver true progress for a healthcare system long overdue for reinvention. In this pivotal moment, Robert Wachter is the trusted guide we need to chart a course to a future where AI and humans work together, delivering better care, lower costs, and healthier, longer lives for all.”

			—Marc Benioff, chair and CEO of Salesforce

			“A Giant Leap is a deeply researched, unflinchingly honest, and ultimately hopeful analysis of how AI will transform healthcare and the systems, cultures, incentives, and human choices that will determine whether the technology becomes a force for good or a source of new risks. Wachter is neither an AI evangelist nor a doomsayer. He is a steward, guiding us through the promise and perils with a clinician’s rigor and perspective. He has done what very few can: synthesize the technical, clinical, economic, and ethical dimensions of AI in healthcare into a story that’s urgent and accessible.”

			—Hemant Taneja, CEO of General Catalyst

			…from Health Policy Leaders

			“A Giant Leap takes us on a masterful journey to understand the power and pitfalls of AI in healthcare. Wachter has a rare combination of deep curiosity, sharp analysis, and clear-eyed understanding of the humanity that must always be at the heart of healing. This is powerful, essential reading.”

			—Vivek Murthy, MD, MBA, nineteenth and twenty-first surgeon general of the United States

			“Bob Wachter navigates between AI hype and doomsday prophecies to deliver what we need: a clear-eyed assessment of what artificial intelligence can actually do for patients, clinicians, and our healthcare system—and where it might fail us. Having witnessed AI from multiple vantage points—including as FDA commissioner, a leader at Alphabet/Google, and a clinician and clinical researcher—I appreciate his rare ability to synthesize different perspectives to illuminate a topic as complex as it is vital.”

			—Robert Califf, MD, twenty-third and twenty-sixth commissioner of the US Food and Drug Administration, former head of medical strategy and policy at Verily and Google Health, and founding director of the Duke Clinical Research Institute

			…from Leading Authors, Editors, and Journalists

			“As with his previous books, Wachter demonstrates his gift for anticipating and digesting the big movements in science and healthcare. A Giant Leap is authoritative, well-researched, and timely, and reads beautifully! It left me with a better understanding of the potential and pitfalls of AI as it transforms medical practice.”

			—Abraham Verghese, bestselling author of The Covenant of Water and Cutting for Stone

			“A firsthand account of the breathtaking possibilities and sobering challenges of AI in medicine. Conscientious and deeply engaged, Wachter embraces progress while challenging readers to grapple with the biggest questions: What does a healing relationship look like when your doctor isn’t human? When AI can pinpoint a diagnosis in seconds, will future physicians feel unmoored without the technology at their fingertips? A Giant Leap is a book that thinks alongside you—and demands that you think back.”

			—Sherry Turkle, professor at the Massachusetts Institute of Technology and New York Times bestselling author of The Second Self, Alone Together, and Reclaiming Conversation

			“With his unparalleled expertise and genuine curiosity, Robert Wachter is the perfect guide to the AI-powered future of healthcare, in all its impending glory and gaffes. Essential reading for policymakers, practitioners, and patients.”

			—Steven Levy, bestselling author of Hackers, Crypto, and Facebook: The Inside Story

			“The most important issue facing American healthcare is how quickly doctors and patients can smartly embrace AI. Bob Wachter’s A Giant Leap is both a great primer and a great story, because he is gifted at balancing the big picture with more intimate storytelling. Also, like any good doctor, he humbly and amusingly embraces the limits of what we know. Read this book and you’ll always feel ahead of the AI curve.”

			—Stephen Fried, bestselling author of Rush, coauthor of Profiles in Mental Health Courage, and director of the Narrative Medicine Journalism Workshop at Columbia University

			“Since the rise of generative AI, I’ve been preoccupied with how the technology could and should shape medicine. With his signature blend of narrative, analysis, and wit, Wachter has answered many of my questions while raising others I didn’t even know I should be asking. For doctors, patients, and technologists searching for truth in a blizzard of AI claims and counterclaims, A Giant Leap is both anchor and compass—an indispensable guide for decoding our present and glimpsing our future.”

			—Dhruv Khullar, MD, MPP, contributing writer for The New Yorker and associate professor at Weill Cornell Medicine

			“Button up your white coats! Artificial intelligence has entered the exam room, whether we like it or not. Wachter skillfully navigates the fault line between the peril and the possibility of AI. He’s unafraid to illuminate how this new force could reimagine care in an ailing system but does not gloss over the real and present dangers. Required reading for doctors and patients alike.”

			—Danielle Ofri, MD, PhD, author of When We Do Harm

			“Bob Wachter has crafted the perfect entry point for anyone curious about AI’s role in healthcare. Through vivid storytelling and captivating real-world characters, Wachter grapples with the urgent questions that will shape medicine’s future: How should we regulate AI technology in healthcare? What are the dangers of moving too fast—or too slow? Most critically, what values should AI embody, and who gets to decide? Before reading this, I wasn’t all that interested in AI; now I can’t look away.”

			—Lisa Rosenbaum, MD, national correspondent for The New England Journal of Medicine and writer in residence at Beth Israel Deaconess Medical Center’s Smith Center for Outcomes Research

			“Written by a brilliant storyteller who really does his homework, a practicing physician who cares deeply about medicine, and one of the most astute observers of trends in healthcare, A Giant Leap is a must read for those who want a clear-eyed look at the complex healthcare AI landscape today and what may be in store for the future. I learned a lot, laughed a lot, and somewhat unexpectedly came away with a great deal of hope for our profession and the future of medicine.”

			—Kirsten Bibbins-Domingo, PhD, MD, MAS, editor in chief of JAMA and the JAMA Network
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			To Zoë, Joe, and all the young physicians who will shape—and be shaped by—this revolution.

		

	
		
			Preface

			Gianrico Farrugia, the chief executive of the Mayo Clinic, was about to share something he’d been keeping under wraps. On a chilly fall day in 2024, I sat with him in a tastefully appointed conference room eleven floors above Mayo’s sprawling campus in Rochester, Minnesota. On his computer was a video that not even his board had seen. He hesitated, and I sensed him weighing my dual identities—was I a peer, a fellow physician-leader at another prestigious academic medical center, or was I a journalist who’d normally be kept at arm’s length by Mayo’s PR department? Then I read a what-the-hell-this-is-just-so-cool expression on his face, as his excitement got the better of him. He swiveled his laptop toward me, then clicked the “play” arrow.

			A kindly-looking middle-aged physician appeared on the screen, turned, and addressed the camera. “Hi, I’m Dr. Jonathan Morris,” the man began. Then he paused. “Well, actually, I’m not. I’m a digital twin of the real Dr. Morris. I am an AI-powered digital surrogate with several AI algorithms accounting for my every move. That is the real Dr. Morris over there behind me.” The flesh-and-blood Dr. Morris, a Mayo radiologist, strolled into view and awkwardly waved to the camera. His doppelgänger continued, “I have been asked to speak with you about the need for photorealistic digital twin physicians at the Mayo Clinic.”

			Next appeared a patient, Alice, who had just received the result of hand X-rays in her patient portal. She clicked on an icon for Dr. Morris. “I see my X-rays came back, but I don’t understand the report,” Alice said. “Can you tell me what you’re seeing in my hands?”

			“Yes,” said the Morris digital twin, his speech, facial expressions, and body language utterly lifelike. “I’ve just reviewed your new X-rays and compared them to the previous ones…. There are increased erosions involving a couple of bones at several joints. These erosions suggest progression of your rheumatoid arthritis. Others on your care team will be able to provide input and guidance on the next steps for you.” Alice then clicked on another icon to consult with her rheumatologist—or, more precisely, her rheumatologist’s digital twin.

			In a world of photorealistic deepfakes, the technical wizardry powering this video is no longer gobsmacking. But the true advance is the ability to connect Alice’s test results with Mayo’s unparalleled warehouse of digitized clinical information, then apply modern AI techniques to create Mayo-quality answers, specific to Alice’s case, delivered empathically by a digital twin of a respected clinician. One can easily imagine tailoring these answers to Alice’s reading level and primary language, maybe even her preferred learning style.

			The Mayo Clinic is one of the few global brands in healthcare. Over the past forty years, it has expanded its footprint well beyond its humble origins in central Minnesota, building medical campuses in Scottsdale, Arizona, and Jacksonville, Florida, as well as partnering with facilities in countries ranging from Mexico to Saudi Arabia. But, Farrugia told me, the brick-and-mortar days are over. “We realize we no longer need to have a physical presence around the world,” he said. From now on, when the system wants to deliver Mayo Clinic care to more patients in more locations, the primary formula will be a blend of human plus digital, all enabled by artificial intelligence.
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			Farrugia’s plan to transform one of the world’s most storied healthcare organizations might seem radical at first, but it struck me as strategically sensible. I too have been wowed by the potential of AI to remake healthcare ever since I clicked on the website of a company called OpenAI on November 30, 2022, and began entering prompts: Who pitched in the final game of the 1969 World Series? Draft a 150-word synopsis of the Watergate scandal for middle-grade readers. Write a poem about Dr. Robert Wachter in the style of Shakespeare. The answers weren’t all perfect, but they were awfully good, some jaw-droppingly so. I wasn’t alone in my reaction. Within two months of its launch, one hundred million people were using ChatGPT, the fastest adoption curve of any technology in modern history.

			For my own work as a physician, the potential of this new breed of artificial intelligence seemed limitless. In medicine, we have a long tradition of “curbside consults”—when you run into a specialist colleague in the hospital cafeteria and say, “Emma, I have this patient I’m trying to sort out. Can I run the case by you?” Soon after ChatGPT was released, I threw it a few hypothetical cases, including this one: My patient is a twenty-eight-year-old woman with new onset of fatigue, tremor, loose stools, and weight loss. What might be going on? The answers were at least as good as those I’d get from the average medical student. (It got this one right, calling it a likely case of hyperthyroidism.) Here was a curbside consultant that fit in my pocket, one I could feed actual cases to (being careful to stay on the correct side of healthcare privacy rules) while remaining friendly, chipper, and eager to help, 24-7.

			I’m writing this book a couple of years after that vertiginous introduction to generative AI. The passage of time has allowed for hundreds of healthcare AI companies to emerge, billions of dollars to be invested, thousands of consultants to be engaged, dozens of lawsuits to be filed, tens of thousands of medical students (and their parents) to be petrified, and millions of additional diagnoses to be offered up by chatbots. The initial hype has also begun to settle down, making this an ideal moment to examine how AI is actually changing healthcare and assess the forces shaping its impact—now armed with real-world experience and hard-earned perspective.
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			Not long after the launch of ChatGPT, research began to emerge regarding generative AI in healthcare. Generative AI, or gen AI for short, is an umbrella term for models that can create new content by learning patterns from existing data; the term is more inclusive than “large language models” (LLMs) in that it encompasses not only language but also the ability to ingest and produce images, audio, and video. It quickly became clear that gen AI had formidable skill in answering medical questions. One study found it could pass a key medical student licensing exam. Others showed that it could outperform graduating medical residents on specialty-specific board exams in fields like psychiatry and obstetrics.

			OK, it can pass a test. But how would GPT do when asked to diagnose real cases, a skill that takes far more cognitive horsepower and experience than merely answering multiple-choice exam questions? The answer came in short order: It would do exceedingly well. When presented with the famously vexing cases published in The New England Journal of Medicine, AI performed at a level equal to the best faculty diagnosticians. This was no longer asking AI to count the number of bones in the hand. (It’s twenty-seven, by the way.) This was getting at the essence of what doctors do, what we train for years to do, what we—particularly those of us who don’t perform surgery or deliver babies—consider the zenith of our skill set: diagnosing complex cases.

			These studies confirmed my initial impression of the curbside consults—the new AI would ultimately be able to replicate, and maybe surpass, much of what I went to four years of medical school and three years of residency to learn: how to take in a large body of patient information (history, physical examination, test results) and line it up against nearly infinite patterns of disease in order to make a diagnosis, then match that diagnosis to another body of information to determine the optimal treatment, the likely prognosis, and the follow-up strategy. I found this recognition to be at once exciting and disheartening: Was this how it felt to be a skilled portrait painter in the late nineteenth century, when photography emerged as a much faster and cheaper way to capture people’s likenesses?

			But medicine is a uniquely human profession, I thought. So much of what doctors offer involves empathy and communication—explaining complex options to patients and families, sensitively listening and probing, delivering bad news. Nobody is going to want a chatbot to tell them that they have kidney failure or cancer. Right?

			Maybe not.

			In 2023, a study showed that, in response to a variety of clinical scenarios posted on an online social media site, AI’s responses were judged to be more empathetic than those given by actual physicians. A year later, researchers at Google showed that their AI tool, trained on thousands of patient-doctor conversations, not only outperformed primary care physicians in diagnosing simulated cases but was judged by the mock patients to give more caring, empathetic responses. Every month, it seemed, my profession’s claim to a unique body of skills and expertise felt increasingly fragile.
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			I’ve been fascinated and frustrated by healthcare information technology for a couple of decades, mostly wondering how it was that medicine could be so resistant to digital transformation.

			Since the 1990s, we’ve witnessed industry after industry being reshaped by technology. Yet I can’t think of any examples of Amazon-Uber-Netflix-Airbnb-type disruption in healthcare. The list of America’s top hospitals today—places like the Mayo Clinic, Johns Hopkins, Mass General, and my own institution, UC San Francisco (UCSF)—is nearly identical to one from a century ago. The unemployment rate among doctors and nurses is essentially zero, with demand outstripping supply in nearly every area of medicine. Apart from education, no other industry has sidestepped the forces of digital disruption like healthcare.

			And God knows, we could use some disruption. In the US, we spend nearly 20 percent of our gross domestic product, about $5 trillion each year, on healthcare. (The second-place spender is Germany, which devotes about 13 percent of its GDP.) While health insurance, private and public, partly insulates American patients from the true cost, that cost is very real, whether it expresses itself through higher taxes, lower salaries, or reduced productivity. Warren Buffett calls healthcare the “tapeworm” of the US economy, literally starving our society of resources it would otherwise invest in infrastructure, housing, or public education.

			Our profligacy might be acceptable if it resulted in better health, but it does not. Approximately one out of three of these dollars is spent on administrative paper-pushing or other activities that essentially add nothing to a patient’s welfare. Our average life expectancy is four years lower than the average in a peer group of other wealthy countries that includes Canada, France, Germany, and Australia; we also have the highest rate of avoidable deaths from causes like diabetes, hypertension, and several cancers, and the highest infant and maternal mortality rates. Nearly one million Americans are severely harmed or killed by medical mistakes every year.

			Don’t get me wrong—US healthcare delivers miracles every day, particularly when it comes to cutting-edge and intensive care, things like transplants, cancer immunotherapy, and gene editing. And the people who work in healthcare—both clinicians and non-clinicians—are generally caring, dedicated, and well trained. But the healthcare system itself is a headache wrapped in red tape inside the nightmare that Franz Kafka himself might have dreamed up while on hold with the insurance company. It’s a system in desperate need of transformation.
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			Twenty years ago, I thought we’d be rescued by the implementation of electronic health records (EHRs), enormous software systems that allow hospitals and clinics to record and transmit data digitally.

			I’ve said many dumb things over the years, but the dumbest might have been in 2004 when I hired Russ Cucina, a hospital medicine physician fresh out of his Stanford informatics fellowship, to join my department at UCSF. Cucina was planning a career as a clinician-informaticist, seeing patients part-time while also building and implementing IT systems. Back then, clinicians at UCSF Medical Center, like those at nearly every US hospital, recorded their data—patient summaries, medication orders, lab results, and the like—on pieces of paper, sometimes supplemented by the odd Post-it note. UCSF was finalizing plans to install its first electronic health record system.

			“What will you do for a living after we’ve digitized our health records?” I asked Cucina. I knew we wouldn’t be done on the day we celebrated the EHR’s “go-live” after many months of preparation, cheerleading, and hand-holding—there would be a few years of tinkering and optimizing. But then, I thought, our digital journey would largely be complete.

			I now realize that by liberating our data from paper charts, we’d created the infrastructure to support digital transformation. But to achieve the kind of change that patients, clinicians, and society need, go-live was just the start of the journey, not the end. Cucina, of course, is busier than ever these days.
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			Not only did electronic health records fail to transform healthcare in the ways I’d expected, but they also created a host of unanticipated, mostly negative, consequences.

			I can’t overstate how surprising this is. After all, digitization meant that doctors’ and nurses’ clinical documentation would be legible and accessible throughout the health system. The computer could warn me that my patient was allergic to ampicillin and inform me that the best medication for her arthritis was Humira. Key laboratory, pathology, and X-ray results (and sometimes the images themselves) were now a click away. And patients would have their own digital portal on which they could view their data and interact with their healthcare system—a big step toward democratizing medicine. As someone who spent scores of exasperating hours during my residency thumbing through shoeboxes filled with carbon copies of laboratory slips to find my patient’s serum creatinine result, this all sounded dandy. What could possibly go wrong?

			It turns out, a lot.

			I’m reminded of how awful humans are at anticipating the consequences of new technologies. Henry Ford was reputed to have said, “If I asked people what they wanted, they would have said ‘faster horses.’ ” Few people—Steve Jobs may have been the exception that proves the rule—are able to predict what will happen when a new technology transforms an industry or a society until they see it with their own eyes. Who, after all, could have foreseen all the consequences of social media—in areas ranging from teenage mental health to presidential elections—when Mark Zuckerberg was tinkering with TheFacebook in his Harvard dorm room?

			The widespread implementation of electronic health records offered vivid evidence of the Law of Unanticipated (Digital) Consequences. Survey after survey showed that, even before the Covid-19 pandemic, measures of physician burnout had skyrocketed. Watch your doctor at your next clinic visit and you’ll see her making lots of eye contact with her computer and precious little with you. Or ask her how she feels about her EHR inbox and watch her face turn ashen.

			I was dazed and confused enough by all this that in 2015 I wrote a book, The Digital Doctor: Hope, Hype, and Harm at the Dawn of Medicine’s Computer Age. In chapter 1, I’ll summarize this period of electronic health record adoption. It is relevant to our current discussion for a couple of reasons. First, some of the earliest use cases for today’s AI—things like digital scribes and AI doppelgängers—will, ironically, be aimed at fixing problems created by the EHR. More important, understanding the reasons behind our depressing experience with electronic health records will allow us to anticipate some of the speed bumps we’ll surely hit as we move into the modern era of AI. For now, suffice it to say that digital transformation is harder than it looks, and the reasons have shockingly little to do with the technology itself.
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			As I began to play, and then work, with ChatGPT and other incarnations of generative AI in 2022 and 2023, I wondered if we were finally nearing the digital utopia I thought we were creating when we installed the electronic health record. I knew that this would not just be a matter of whether gen AI represented a stunning technological advance—it clearly did. The story of whether AI would finally transform healthcare would mostly be about whether the healthcare system could implement these tools in ways that would produce better outcomes for patients, lower costs, and some relief for beleaguered doctors and nurses. And that, in turn, would be determined as much by history, politics, economics, pride, regulations, leadership, lawsuits, guilds, culture, workflows, inertia, greed, hubris, vibes, and zeitgeist as by graphics processing units, diffusion models, and neural networks.

			I am confident that the new AI will represent a giant leap, transforming healthcare in myriad ways. This book is my effort to answer the question of whether the benefits will outweigh the harms. There are compelling reasons to believe that the answer will be yes.

			Yes, because today’s AI truly is dazzling, allowing people to interact with digital data via natural conversation and then creating outputs—clinical summaries, predictions, suggested diagnoses, treatment recommendations—that are far more accurate and humanlike than anything we’ve seen before. Yes, because even as we appreciate the flaws of current AI tools, as Wharton professor Ethan Mollick reminds us in his book Co-Intelligence, the AI you’re using today is the worst AI you’ll ever see. Yes, because the current healthcare system is overwhelmed and failing patients, clinicians, and society in critical ways. Yes, because even if we had enough money to hire all the doctors, nurses, medical assistants, billing clerks, and patient navigators we need (and we don’t), there aren’t enough skilled workers out there to fill these roles. Yes, because companies from inside and outside healthcare are investing heavily in building and implementing these AI tools and systems, and their track record in predicting—and shaping—the future is formidable.

			And yes, because the experiences of the past forty years—including the lessons learned from healthcare’s painful history with both electronic health records and artificial intelligence—have paved a path that points us generally in the right direction. Unlike when I sat down to write The Digital Doctor, in a mood of disbelief and grumpiness, my mood today is guardedly hopeful.

			Yet “guardedly” is the operative word. Even as study after study highlighted AI’s superhuman skills in writing, recalling, understanding, predicting, and reasoning, there were early signs that all was not sunshine and rainbows. We began to hear of “hallucinations”—when the AI, while sounding supremely confident, was literally making stuff up. AI outputs were often compromised by various kinds of bias. There were concerns about privacy, security, explainability, and more. AI can be a tremendous source of information, but also a uniquely potent spreader of misinformation. We have no obvious model for regulating healthcare AI, and only limited capacity to oversee its use within health systems. Patients are sure to use AI in ways that will occasionally threaten their health. And even if the technology lives up to its promise, the forces in the healthcare system buttressing the status quo are impressive.

			In other words, there are many reasons to believe that this could all go off the rails or be one more example of expectations exceeding reality when it comes to healthcare’s digital transformation. To invoke a Yogi Berra–ism, “In theory, there’s no difference between theory and practice. In practice, there is.”
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			As you read this book, I’d like you to view much of the discussion through the twin lenses of trust and trustworthiness. Whether AI ultimately transforms healthcare will hinge, I believe, on whether people—patients, doctors, nurses, healthcare leaders, regulators, and others—come to trust it.

			Although there are exceptions, humans tend to trust other humans more than they trust nonhuman entities like companies and pieces of software. Trust, you see, is not just a function of reliably producing the right answer. It develops through positive interactions and is enhanced when people perceive that another party is competent and acting in their best interest. Conversely, trust can be easily lost, such as when people sense that the party they’re dealing with is wrong or uncaring. “Trust is a notoriously vulnerable good,” wrote the philosopher Annette Baier in 1991, “easily wounded and not at all easily healed.”

			What is unique about generative AI is that it is a what that acts more like a who. The fact that its outputs are so staggeringly humanlike makes deciding whether to trust them a singular challenge, one without much of a road map for us to follow.

			The creators of today’s AI understand this well. Two weeks after his company released ChatGPT to the public, Sam Altman, the CEO of OpenAI, warned of the risk of placing undue trust in generative AI. In December 2022, he tweeted that ChatGPT is “good enough at some things to create a misleading impression of greatness. It’s a mistake to be relying on it for anything important right now. It’s a preview of progress; we have lots of work to do on robustness and truthfulness.”

			That was a few years ago, and the technology has advanced quite a bit. But has it improved enough to trust it with your health, and perhaps your life? In countless treatises, philosophers, sociologists, and corporate consultants have explored the concept of trust from all angles, generally emphasizing how intertwined it is with character and relationships. But ChatGPT has no character. Or does it? And you have no relationship with Claude and Gemini. Or do you?
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			Much of what you’ll read here will be based on my experience as a practicing physician, researcher, teacher, and leader in a large and well-regarded academic healthcare system. I also have the advantage of living in San Francisco, AI’s epicenter, and advising several health tech companies, most of them integrating AI into their businesses (I’ll let you know when I mention any of them). While my day job gives me lots of access to information and insights, I’ve conducted more than one hundred interviews—with people ranging from CEOs of AI companies to computer scientists, physicians, and patients—and visited many organizations that are building, using, or thinking about AI and healthcare.

			I will assume you have a general familiarity with AI tools and how they work. I won’t spend too much time on the underlying technology or on discussions of whether AI can pass the Turing test (it can) or is capable of thought or emotion (no, but it’s one hell of an actor). Nor is this a self-help book for people learning to use AI in their work—there are plenty of those. While I’ll touch on the use of AI in medical research, my focus will be on AI’s impact on patients, clinicians, and the healthcare system. Finally, I won’t dwell on AI’s existential risks, such as whether it will wage wars, dissolve nation-states, engineer bioweapons, worsen climate change, or achieve superintelligence. I also won’t predict whether AI will take over everyone’s job, but I will discuss the impact of AI on the healthcare workforce, and on medical education.

			While I’m writing this book at a time of peak AI hype, do not expect a puff piece of techno-optimism—although I will, sometimes giddily, describe the remarkable things that gen AI can do and the early examples in healthcare where it is truly making a difference. Nor will this book be an apocalyptic downer or an exercise in pearl clutching. As Mark Smith, founding CEO of the California Health Care Foundation, told me, “There’s a group of people from the Grave Reservations School of Health Policy who have grave reservations about anything new. So they admire these problems. I think they’re right to point them out. But then you say, ‘Okay, fine. Let’s go to work on that.’ ” I agree, and will do my best to present a balanced view of the good that AI can do in healthcare, the surprising realities that are shaping our digital transformation, and some of the problems that we should try to anticipate and, if possible, mitigate.

			There is one certainty in the world of AI, and that is that the technology will continue to evolve. And not just a little. This means that things will undoubtedly change between my writing and your reading of this book. I’ll do my best to use examples that illustrate general principles about AI and healthcare, timeless points that will still be relevant as we move from GPT-6 to GPT-23.

			There will inevitably be sharp growing pains as we integrate AI into healthcare, and some patients will be harmed, maybe even killed, as we sort out its proper place. But, in the words of Joe Biden, “Don’t compare me to the Almighty; compare me to the alternative.” Our current healthcare system fails patients and clinicians all too often and is unsustainably expensive, inaccessible, unwieldy, and infuriating. That means that AI doesn’t have to be perfect to be better.

			Which is good, since it won’t be perfect. The key question is whether it will truly be better. Let’s see.

		

	
		
			
				1

				An Overnight Revolution, Fifty Years in the Making

			
			Lessons of the EHR Era

			In Ernest Hemingway’s classic 1926 novel The Sun Also Rises, a character named Mike Campbell loses all his money due to a series of reckless financial choices. “How did you go bankrupt?” his friend Bill asks. “Two ways,” Campbell replies. “Gradually and then suddenly.”

			When it comes to the digital transformation of healthcare, we have the “gradually” part down pat—no industry has been slower than healthcare in disrupting the status quo with digital tools. Could the introduction of generative AI be our “suddenly” moment, when a breathtaking new technology crashes into a healthcare system in desperate need of change, igniting true transformation? Answering this question requires some appreciation of the history of healthcare digitization.
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			Before 2008, very few US hospitals and physicians’ offices recorded their data—lab tests, X-ray results, and the observations and treatment plans of physicians and other health professionals—in an electronic database. Back then, after I took a history from and examined a patient, I would scribble my observations, along with my “differential diagnosis” (the list of conditions I was considering, such as “probable pneumonia, rule out congestive heart failure”), and my diagnostic and treatment plans on a piece of paper; this would be stored—along with dozens of other observations by medical consultants, nurses, physical therapists, social workers, and more—in a large binder. I’d then write my “Doctor’s Orders” on another piece of paper, filed in a different section of the binder, finally placing the binder on a lazy Susan in the nursing station of the hospital or clinic, cueing the clerk that there were orders to be carried out by rotating a color-coded wheel on the outside of the chart.

			Having healthcare data stored as physical artifacts—paper notes, X-rays, EKG tracings—created a host of problems. If I referred my patient to see a specialist, I prayed that the chart and X-rays would end up at the specialist’s office in time for the appointment. They often didn’t. And, of course, when the record was a collection of papers and films, giving patients access to their own medical information was impossible.

			While an analog health record created numerous challenges when it came to the care of individual patients, there was an even greater consequence: The healthcare system could never undergo the kind of transformation that might make it better, safer, more satisfying, and less expensive until our records were digitized.

			You’d think that hospitals and medical practices would have invested in digitization without much prompting, but they did not. This was partly because of a vicious circle. Since so few healthcare systems were buying electronic health records in the 1990s and 2000s, there was very little business case for investors to put their money into EHR companies. This, in turn, meant that the few EHRs that existed at the time were profoundly flawed, having failed to benefit from either the iterative improvement cycles needed to refine any piece of software or the investments required to create a world-class company. Many of the digital giants—Google, Microsoft, IBM, GE—took a stab at building an electronic medical record of one sort or another. Every one of these flamed out, as the companies learned that healthcare, with its high stakes, overwhelming complexity, narrow profit margins, and copious regulations, was a tough nut to crack.

			The result was that medicine remained a paper-based industry decades after most other industries had gone digital. This, in turn, meant that the digital transformation of healthcare, facilitated by advanced data analytics, continued to be elusive.
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			Things changed in 2009. That year, the US government scrambled to infuse billions of dollars into a sputtering economy in the wake of the Great Recession. The mantra of the architects of the stimulus package, you might remember, was that the feds would invest in “shovel-ready projects”—ones that injected money directly into the veins of the American economy to vanquish the recession.

			Normally, such money would go to building bridges, repairing roads, and other major infrastructure projects. But a group of health policy wonks in the Obama administration saw a once-in-a-lifetime chance to turbocharge the use of electronic health records by positioning EHR adoption as just another shovel-ready project. A major talking point was a 2005 study by the RAND Corporation predicting that the widespread implementation of EHRs would cut US healthcare costs by $81 billion per year. Using both political persuasion and adroit sleight of hand, the Obama team managed to slip $30 billion into the $830 billion stimulus package to offer incentives to doctors and hospitals that implemented EHRs, while threatening cuts in reimbursement for those that failed to do so in the coming years.

			The gambit worked. In 2008, fewer than one in ten US hospitals had an EHR. A decade later, fewer than one in ten did not. Uptake was similarly rapid in physicians’ offices. After a generation of dawdling, the American healthcare system had finally gone digital.

			The electronic health record improved many things. It became possible for clinicians in multiple locations to view a patient’s record simultaneously. Some basic decision support—such as alerts that warned us that we were about to prescribe a drug to which the patient was allergic—materialized, and healthcare systems could now look for gaps in care, such as women overdue for a mammogram. Electronic prescriptions became the norm and were far less error-prone than paper ones. Virtual care became feasible, not only because of improvements in videoconferencing technology but also because EHRs allowed physicians to view a patient’s medical history without depending on the uncertain availability of a paper chart.

			Yet the first decade of our new digital healthcare system was chock-full of unanticipated consequences, mostly unhappy ones, particularly for doctors. Since physicians could now be prompted to enter stuff into the EHR, everybody who had an interest in influencing the doctor’s actions suddenly had the electronic means to do so. To appreciate why this matters, one needs to understand the role of clinicians in healthcare’s ecosystem.

			In the pre-digital era, it was often said that “the most expensive piece of technology in a hospital is the doctor’s pen,” because while physicians’ salaries only account for 8 percent of healthcare costs, the costs that emanate from our clinical decisions represent about 80 percent. Our choice to order a particular drug, scan, or procedure can easily amount to many thousands of dollars; one extra day in a hospital costs about $10,000. Add a visit to the OR or a stay in the ICU and that number mushrooms.

			Once we substituted keyboards for pens, hospital administrators, regulators, and payers spied an opportunity to shape what the doctor did in real time. Armed with this power, it was utterly unsurprising that they used it. The result was that the EHR turned doctors into high-priced box-checkers. One click to document you had queried the patient about her family’s medical history, another to indicate you had examined at least nine body parts (no, you didn’t get a point for each extremity), one more to show that you counseled the patient about wearing seatbelts, and a bolded option to ensure that you asked if the patient felt safe at home. The premium on billing led to a game of Name the Right Diagnosis, such that an elderly patient who was weak and confused was now said to be suffering from “functional quadriplegia” (ICD-10-CM code R53.2), verbiage that paid the hospital far more than “weak and confused” (ICD-10-CM code R41.82, perhaps with an R53.1 chaser). An entire industry sprang up that reviewed physicians’ digital notes and, in an impressive feat of bureaucratic doublespeak, helped ensure “Clinical Documentation Integrity,” prompting the doctor to record a slightly different term that would lead to higher reimbursement.

			In short, the job of being a physician was transformed by the electronic health record—and not for the better. Doctors found that they were spending half their day staring at their EHR and clicking through screens, nearly double the time they spent with their patients. Physician burnout reached alarming levels in 2022, with more than half of American doctors experiencing symptoms of exhaustion and detachment. EHR documentation was a key factor, significantly diminishing both well-being and career satisfaction.
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			When I wrote The Digital Doctor in 2015, documentation burden was physicians’ predominant complaint about their electronic health records. Alas, there was worse to come. Beginning around then, in what felt like a positive development, patients were given their own version of the EHR: a “patient portal.” The most popular of these is Epic’s MyChart, which currently has nearly two hundred million patient-users in the US. On their portal, patients could now view their basic medical information and interact with the health system to request refills, make appointments, and the like. A 2016 US law even gave patients real-time access to their doctors’ notes and laboratory and X-ray results. This democratization of care, health policy experts predicted, would allow patients to become more discerning consumers—creating a competitive marketplace that would lead to higher quality and lower costs. At least, that was the hope.

			But there were problems with the EHR’s patient portal. The fact that patients could read their clinicians’ notes meant that they could now see lots of medical jargon and incomprehensible test results, with virtually no accompanying explanations. In a 2024 article, a Colorado physician named Benjamin Vipler recounted a conversation with his mother after she received a result through her portal:

			Mom: Hey Ben, I got my colonoscopy results back in my app. The polyp wasn’t colon cancer.

			Son: Oh? That’s great news!

			Mom: Yeah. What’s lymphoma?

			There was more. When I’m interacting with Bank of America or Delta Air Lines via their app or website, I can solve 99 percent of my problems online without having to speak to a human. But healthcare’s version of digital democratization hit a hellish sweet spot: It gave patients just enough information to confuse them and just enough digital access to create the illusion that they could accomplish key transactions online, while providing few of the tools that would allow them to do these things.

			In response to the portal’s relative unhelpfulness in meeting patients’ needs, EHR companies added a little button to the portal, one that seemed innocent enough at first: Click here to send a message to your doctor. And that’s exactly what people did. A river of electronic messages began to flow; that river became a tsunami in early 2020 when the Covid-19 pandemic forced most doctors’ offices to close except for emergencies. If we physicians were as clever as lawyers and accountants, we would have figured out a way to charge thirty dollars for every six minutes we spent answering these queries, but, at least at first, all of this was free to the patients—and their insurance companies.

			In essence, the EHR patient portal—particularly the “send a message” button—created an expectation of 24-7-365 access to the physician and team. This sounds ideal, of course—what patient wouldn’t want that kind of access to their doctor and healthcare system? But no one had considered the consequences of opening this floodgate of messages, so there was no workforce, workflow, or business model to sustain it. The average family physician was soon spending an hour and a half after dinner each day (we called it “pajama time”) dealing with inbox messages.

			All this time spent documenting in the EHR and trying to keep up with inbox messages might have been tolerable to clinicians if the EHR was helping us do our jobs. But mostly, it wasn’t. Sure, we’d periodically receive an alert warning us not to prescribe a medicine to which the patient was allergic, but the preponderance of alerts were false alarms. Early predictive tools, such as ones to signal that a patient might have sepsis, were clunky, distracting, and mostly wrong.

			Very few physicians are Luddites. We’re glad the electronic health record is there and would never want to return to paper. And virtually all clinicians favor giving patients digital tools to help them manage their own health and healthcare. But most of us find the EHR to be surprisingly unhelpful in our efforts to provide higher-quality, safer, and less expensive care, and surprisingly harmful to the goal of having a satisfying and sustainable clinical practice. A 2013 report by the RAND Corporation—yes, the same think tank that projected that EHRs would save the American healthcare system $81 billion per year—concluded that the actual savings were essentially zero.
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			Clearly something had gone very wrong with healthcare’s transition from paper to digital. When I asked physicians and nurses about it in the mid-2010s, their answers tended to be versions of “electronic health records are expensive billing machines that were sold to the chief financial officer with no clinical input whatsoever.” A few added, “We should have waited five years until the EHRs were better.”

			These responses had the ring of partial truth—I was reminded of the parable of the blind man feeling the elephant’s leg and thinking he’d come upon a tree. But they didn’t seem like the whole story, which led me to write The Digital Doctor. The answers I found taught me that healthcare’s bumpy path to digital transformation was completely predictable, hewing closely to the experience of digitization in other industries. This history is central to understanding and predicting the next phase of healthcare’s digital evolution, this one fueled by AI.

			The Productivity Paradox

			In 1993, Stanford economist Erik Brynjolfsson coined the term “the Productivity Paradox of Information Technology,” citing repeated examples in diverse fields in which vaunted technologies initially failed—sometimes for decades—to deliver on their promise of improving productivity. In 1987, after noticing that modern factories and Wall Street trading floors were peppered with new computers but that the promised productivity gains had not materialized, Nobel Prize–winning economist Robert Solow quipped, “You can see the computer age everywhere but in the productivity statistics.”

			The bad news about the Productivity Paradox is that it seems to be universal—the benefits of so-called general-purpose technologies (technologies that transform our work and lives across a range of activities) never live up to the hype, at least in their first few years of widespread use.

			The good news is that—for those general-purpose technologies that are destined to be keepers, like electricity, automobiles, and the internet—the paradox eventually sorts itself out. (Not all heralded general-purpose technologies turn out to be winners, of course—if you doubt me, just don your Google Glass and use them to locate your nuclear-fusion-powered Segway.) After a delay of several—and sometimes many—years, those general-purpose technologies that are destined to change the world begin to demonstrate their superpowers.

			Research by Brynjolfsson and others has shown that there are two main reasons for the lag in productivity and quality gains. The first is that the early versions of
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