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If something so simple can transform intensive care, what else can it do?
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If a new drug were as effective at saving live®ater Pronovost’s checklist, themeuld be a nationwic
marketing campaign urging doctors to use it.

he damage that the human body can survive theseislag awesome as it is horrible: crushing, bgri¥ombing,
a burst blood vessel in the brain, a ruptured cadomassive heart attack, rampaging infection. @lwesiditions
had once been uniformly fatal. Now survival is coomplace, and a large part of the credit goes tartbplaceable
component of medicine known as intensive care.
It's an opaque term. Specialists in the field preédecall what they do “critical care,” but thatesm't exactly clarify
matters. The non-medical term “life support” getscloser. Intensive-care units take artificial cohof failing bodies.

http://lwww.newyorker.com/reporting/2007/12/10/070f4 fact gawande?printable=t 4/8/200¢



Annals of Medicine: The Checklist: Reporting & Bgsalhe New Yorke Page2 of 10

Typically, this involves a panoply of technology-r&chanical ventilator and perhaps a tracheostolyy iftthe
lungs have failed, an aortic balloon pump if tharhéas given out, a dialysis machine if the kidndgn’'t work. When
you are unconscious and can't eat, silicone tubargbe surgically inserted into the stomach orsiintes for formula
feeding. If the intestines are too damaged, saistif amino acids, fatty acids, and glucose camfosed directly into
the bloodstream.

The difficulties of life support are consideraliReviving a drowning victim, for example, is rarely easy as it
looks on television, where a few chest compressimikssome mouth-to-mouth resuscitation always gedring
someone with waterlogged lungs and a stilled hamarghing and sputtering back to life. Considerseaaport irThe
Annals of Thoracic Surgery of a three-year-old girl who fell into an icy figbnd in a small Austrian town in the Alps.
She was lost beneath the surface for thirty minbédere her parents found her on the pond bottadnpaied her up.
Following instructions from an emergency physiciemnthe phone, they began cardiopulmonary resuisgitah rescue
team arrived eight minutes later. The girl had dybi@mperature of sixty-six degrees, and no pise.pupils were
dilated and did not react to light, indicating that brain was no longer working.

But the emergency technicians continued CPR anyidnelicopter took her to a nearby hospital, whehre was
wheeled directly to an operating room. A surgiealm put her on a heart-lung bypass machine. Betitecmansport
time and the time it took to plug the inflow andftaw lines into the femoral vessels of her rigkg| she had been
lifeless for an hour and a half. By the two-hourky&dowever, her body temperature had risen altesstiegrees, and
her heart began to beat. It was her first orgasotoe back.

After six hours, her core temperature reached 88dsees. The team tried to put her on a breathathine, but the
pond water had damaged her lungs too severelyxayem to reach her blood. So they switched hentartficial-lung
system known ascMO—extracorporeamembrane oxygenation. The surgeons opened herabwa the middle with
power saw and sewed lines to and fromeb®o unit into her aorta and her beating heart. Thenteeoved the girl into
intensive care, with her chest still open and ceglevith plastic foil. A day later, her lungsd recovered sufficiently f
the team to switch her froecmo to a mechanical ventilator and close her cheser@e next two days, all her organs
recovered except her brain. A CT scan showed glotzéh swelling, which is a sign of diffuse damalget no actual
dead zones. So the team drilled a hole into tHes gkull, threaded in a probe to monitor her ceatpressure, and kept
that pressure tightly controlled by constantly atipg her fluids and medications. For more thareaky she lay
comatose. Then, slowly, she came back to life.

First, her pupils started to react to light. Nestte began to breathe on her own. And, one dasisty awoke.
Two weeks after her accident, she went home. tght teg and left arm were partially paralyzed. Heeech was thick
and slurry. But by age five, after extensive outpdttherapy, she had recovered her faculties cetelyl She was like
any little girl again.

hat makes her recovery astounding isn't just tlea ithat someone could come back from two hourssiata

that would once have been considered death. Histhkidea that a group of people in an ordinary ho$pitald
do something so enormously complex. To save thesahild, scores of people had to carry out thousarfidteps
correctly: placing the heart-pump tubing into hétheut letting in air bubbles; maintaining the dtgr of her lines, her
open chest, the burr hole in her skull; keepingnapgeramental battery of machines up and running.dEgree of
difficulty in any one of these steps is substanfiflen you must add the difficulties of orchestrgtihem in the right
sequence, with nothing dropped, leaving some rammmiprovisation, but not too much.

For every drowned and pulseless child rescued tengive care, there are many more who don’t makeauid not
just because their bodies are far gone. Machines break down; a team can’t getimgofast enough; a simple step is
forgotten. Such cases don’t get written udle Annals of Thoracic Surgery, but they are the norm. Intensive-care
medicine has become the art of managing extremelexity—and a test of whether such complexity darfact, be
humanly mastered.

On any given day in the United States, some nitieiysand people are in intensive care. Over a geagstimated
five million Americans will be, and over a normégtime nearly all of us will come to know the giasl bay of an
I.C.U. from the inside. Wide swaths of medicine ndsypend on the lifesupport systems that 1.C.U.sigeo care for
premature infants; victims of trauma, strokes, hedrt attacks; patients who have had surgery danlitein, heart,
lungs, or major blood vessels. Critical care haob®e an increasingly large portion of what hospithd. Fifty years
ago, I.C.U.s barely existed. Today, in my hospaahundred and fifty-five of oalmost seven hundred patients are,
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write this, in intensive care. The average stagrof.C.U. patient is four days, and the survivét iia eighty-six per
cent. Going into an 1.C.U., being put on a mechanientilator, having tubes and wires run into antlof you, is not a
sentence of death. But the days will be the mastgoious of your life.

A decade ago, Israeli scientists published a situdyhich engineers observed patient care in |.Cfak.$wenty-
four-hour stretches. They found that the averagiemarequired a hundred and seveaight individual actions per da
ranging from administering a drug to suctioning lilnegs, and every one of them posed risks. Rembrkidid® nurses
and doctors were observed to make an error imjustper cent of these actionbut that still amounted to an averag
two errors a day with every patient. Intensive @receeds only when we hold the odds of doing hawrenough for
the odds of doing good to prevail. This is hardefEhare dangers simply in lying unconscious infoe@ few days.
Muscles atrophy. Bones lose mass. Pressure ulmens Yeins begin to clot off. You have to stretctd @&xercise
patients’ flaccid limbs daily to avoid contracturgs/e subcutaneous injections of blood thinnelgadt twice a day,
turn patients in bed every few hours, bathe thechclrange their sheets without knocking out a tute lme, brush
their teeth twice a day to avoid pneumonia fromtéaal buildup in their mouths. Add a ventilatoralgsis, and open
wounds to care for, and the difficulties only acalate.

The story of one of my patients makes the pointhAny DeFilippo was a forty-eight-year-old limousidriver
from Everett, Massachusetts, who started to heragetat a community hospital during surgery for miaeand
gallstones. The bleeding was finally stopped bstikier was severely damaged, and over the nextfeys he became
too sick for the hospital’s facilities. When heieed in our I.C.U., at 1:38.M. on a Sunday, his ragged black hair was
plastered to his sweaty forehead, his body wasisgaéind his heart was racing at a hundred anddenrbeats a
minute. He was delirious from fever, shock, and mwgen levels.

“I need to get out!” he cried. “I need to get outlé clawed ahis gown, his oxygen mask, the dressings covédrigs
abdominal wound.

“Tony, it's all right,” a nurse said to him. “We’going to help you. You're in a hospital.”

He shoved her—he was a big man—and triesitimg his legs out of the bed. We turned up higgex flow, put his
wrists in cloth restraints, and tried to reasorhvhitm. He eventually let us draw blood from him gk him
antibiotics.

The laboratory results came back showing liveufail and a wildly elevated white-blood-cell courdicating
infection. It soon became evident from his empipaibag that his kidneys had failed, too. In thetfiew hours, his
blood pressure fell, his breathing worsened, andrlfed from agitation to near-unconsciousnesshia his organ
systems, including his brain, was shutting down.

| called his sister, who was his next of kin, aold ther of the situation. “Do everything you caskie said.

So we did. We gave him a syringeful of anesthetici a resident slid a breathing tube into his thrdaother
resident “lined him up.” She inserted a thin, tweah-long needle and catheter through his upturiggd wrist and into
his radial artery, and then sewed the line to kiis with a silk suture. Next, she put in a cenlirzd—a twelve-inch
catheter pushed into the jugular vein in his leftkh After she sewed that in place, and an X-raywgd its tip floating
just where it was supposec—inside his vena cava at the entrance to his hestreput a third, slightly thicker line, for
dialysis, through his right upper chest and int® dhbclavian vein, deep under the collarbone.

We hooked a breathing tube up to a hose from alatmtand set it to give him fourteen forced bhsabf a
hundred-per-cent oxygen every minute. We dialledvientilator pressures and gas flow up and dowae glhgineers at
control panel, until we got the blood levels of gep and carbon dioxide where we wanted them. Tieei@rline gave
us continuous arterial blood-pressure measuremamtsye tweaked his medications to get the pressuediked. We
regulated his intravenous fluids according to vespressure measurements from his jugular line. Wgged his
subclavian line into tubing from a dialysis machiaed every few minutes his entire blood volumeheasthrough this
artificial kidney and back into his body; a litéeljustment herand there, and we could alter the levels of patassnd
bicarbonate and salt in his body as well. He wasliked to imagine, a simple machine in our hands.

But he wasn't, of course. It was as if we had gadiaeteering wheel and a few gauges and contraiyrba
runaway eighteen-wheeler hurtling down a mountéeeping his blood pressure normal was requiringpgalof
intravenous fluid and a pharmacy shelf of drugswds on near-maximakentilator support. His temperature climbe
a hundred and four degrees. Less than five perafgrdtients with his degree of organ failure makeme. And a
single misstep could easily erase those slendercelsa

For ten days, though, all went well. His chief desb had been liver damage from the operation ha@l fihe main
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duct from his liver was severed and was leaking, lilhich is caustic—it digests the fat in one’s died was
essentially eating him alive from the inside. Hel bacome too sick to survive an operation to rejpaileak. So we
tried a temporary solution—we had radiologists plaglastic drain, using X-ray guidance, throughdtidominal wall
and into the severed duct in order to draw theitepkile out of him. They found so much that theylho place three
drains—one inside the duct and two around it. Bstthe bile drained out, his fevers subsided. étisirements for
oxygen and fluids diminished. His blood pressutarreed to normal. He was on the mend. Then, orlineenth day,
just as we were getting ready to take him of mechanical ventilator, he developed high, spikagrs, his blood
pressure sank, and his blood-oxygen levels plunsiregain. His skin became clammy. He got shakintischi

We didn’t understand what had happened. He seemealve developed an infection, but our X-rays afids€ans
failed to turn up a source. Even after we put himfaur antibiotics, he continued to spike feverariBg one fever, his
heart went into fibrillation. A Code Blue was calléA dozen nurses and doctors raced to his bedslialgped electric
paddles onto his chest, and shocked him. His hespbnded, fortunately, and went back into rhythrimok two more
days for us to figure out what had gone wrong. \Mes@ered the possibility that one of his lines hadome infected,
so we put in new lines and sent the old ones tdattiéor culturing. Forty-eight hours later, theués returnedall of
them were infected. The infection had probablytsthin one line, perhaps contaminated during if@grand spread
through his bloodstream to the others. Then thelyegjan spilling bacteria into him, producing hesdrs and steep
decline.

This is the reality of intensive care: at any ppimé are as apt to harm as we are to heal. Limeiioihs are so
common that they are considered a routine compical.C.U.s put five million lines into patienta&h year, and
national statistics show that, after ten days, fierrcent of those lines become infected. Linecitidas occur in eighty
thousand people a year in the United States, anthtal between five and twenty-eight per cenheftime, depending
on how sick one is at the start. Those who surlimeinfections spend on average a week longemtenisive care. And
this is just one of many risks. After ten days wathrinary catheter, four per cent of AmericanWUpatients develop a
bladder infection. After ten days on a ventilatx, per cent develop bacterial pneumonia, resultindeath forty to
fifty-five per cent of the time. All in all, abotnalf of 1.C.U. patients end up experiencing a sesioomplication, and,
once a complication occurs, the chances of surdra sharply.

It was a week before DeFilippo recovered suffidiefrom his infections to come off the ventilatand it was two
months before he left the hospital. Weak and dabdil, he lost his limousine business and his hame he had to
move in with his sister. The tube draining bildl sthngled from his abdomen; when he was strorigeas going to
have to do surgery to reconstruct the main bild fhaen his liver. But he survived. Most people iis kituation do not.

ere, then, is the puzzle of I.C.U. care: you hadesperately sick patient, and in order to haviesance of saving

him you have to make sure that a hundred and sgeigitt daily tasks are done right—despite someitaoa
alarm going off for God knows what reason, desthigepatient in the next bed crashing, despite aspoking his head
around the curtain to ask whether someone coufaigelt this lady’s chest open.” So how do you altyuaanage all
this complexity? The solution that the medical pssion has favored is specialization.

| tell DeFilippo’s story, for instance, as if | wethe one tending to him hour by hour. But that aetsially Max
Weinmann, an intensivist (as intensive-care spistsdike to be called). | want to think that, agemeral surgeon, | can
handle most clinical situations. But, as the irgcies involved in intensive care have mounted,aesibility has
increasingly shifted to super-specialists like himthe past decade, training programs focusseatitical care have
opened in every major American city, and half @.U.s now rely on super-specialists.

Expertise is the mantra of modern medicine. Inetldy twentieth century, you needed only a highestidiploma
and a one-year medical degree to practice mediBpn¢he century’s end, all doctors had to havelkege degree, a
four-year medical degree, and an additional thoeset/en years of residency training in an individiedd of practice—
pediatrics, surgery, neurology, or the like. Alrgaithough, this level of preparation has seemeddgaate to the new
complexity of medicine. After their residencies,shgoung doctors today are going on to do fellowshadding one to
three further years of training in, say, laparoscsprgery, or pediatric metabolic disorders, adst radiology—or
critical care. A young doctor is not so young noas] you typically don't start in independent pieetuntil your mid-
thirties.

We now live in the era of the super-specialist—aficians who have taken the time to practice a parrow thing
until they can do it better than anyone who hastper-specialists have two advantages over ordspecialists:

http://lwww.newyorker.com/reporting/2007/12/10/070f4 fact gawande?printable=t 4/8/200¢



Annals of Medicine: The Checklist: Reporting & Bgsalhe New Yorke Page5 of 10

greater knowledge of the details that matter andtility to handle the complexities of the job. Téare degrees of
complexity, though, and intensive-care medicinedrasvn so far beyond ordinary complexity that ausgddaily
mistakes is proving impossible even for our supereglists. The I.C.U., with its spectacular susessand frequent
failures, therefore poses a distinctive challeng®at do you do when expertise is not enough?

On October 30, 1935, at Wright Air Field in Dayt@hio, the U.S. Army Air Corps held a flight compietn for
airplane manufacturers vying to build its next-gatien long-range bomber. It wasn’t supposed tonbeh of a
competition. In early evaluations, the Boeing Caogbon’s gleaming aluminum-alloy Model 299 had tmoad the
designs of Martin and Douglas. Boeing’s plane caaldy five times as many bombs as the Army hadestgd; it
could fly faster than previous bombers, and alnwite as far. A Seattle newspaperman who had glkahpise plane
called it the “flying fortress,” and the name stugke flight “competition,” according to the milahistorian Phillip
Meilinger, was regarded as a mere formality. ThmAplanned to order at least sixty-five of the mdft

A small crowd of Army brass and manufacturing exees watched as the Model 299 test plane taxied the
runway. It was sleek and impressive, with a hundned-three-foot wingspan and four engines juttingfoom the
wings, rather than the usual two. The plane rodmun the tarmac, lifted off smoothly, and climbéduply to three
hundred feet. Then it stalled, turned on one wamgl crashed in a fiery explosion. Two of the fiveve members died,
including the pilot, Major Ployer P. Hill.

An investigation revealed that nothing mechanieal gone wrong. The crash had been due to “pilor rthe
report said. Substantially more complex than presiaircraft, the new plane required the pilot terad to the four
engines, a retractable landing gear, new wing flajgstric trim tabs that needed adjustment to taaircontrol at
different airspeeds, and constant-speed propellecse pitch had to be regulated with hydraulic caat among other
features. While doing all this, Hill had forgottemrelease a new locking mechanism on the elevatbrasider control
The Boeing model was deemed, as a newspaper pusoitnuch airplane for one man to fly.” The Armyr&Lorps
declared Douglas’s smaller design the winner. Bpearly went bankrupt.

Still, the Army purchased a few aircraft from Bagias test planes, and some insiders remained aad/that the
aircraft was flyable. So a group of test pilots gpgjether and considered what to do.

They could have required Model 299 pilots to undarre training. But it was hard to imagine havingre
experience and expertise than Major Hill, who hadrbthe U.S. Army Air Corps’ chief of flight tesgininstead, they
came up with an ingeniously simple approach: thhegpted a pilot's checklist, with step-by-step cleefdk takeoft,
flight, landing, and taxiing. Its mere existencdigated how far aeronautics had advanced. In tHg gears of flight,
getting an aircraft into the air might have beervaaacking, but it was hardly complex. Using aaiist for takeoff
would no more have occurred to a pilot than toieedrbacking a car out of the garage. But this péame was too
complicated to be left to the memory of any pitaiwever expert.

With the checklist in hand, the pilots went onliothe Model 299 a total of 1.8 million miles withibone accident.
The Army ultimately ordered almost thirteen thoubahthe aircraft, which it dubbed the B-17. Anéchuse flying the
behemoth was now possible, the Army gained a decar advantage in the Second World War which kahits
devastating bombing campaign across Nazi Germany.

Medicine today has entered its B-17 phase. Suliatgatrts of what hospitals do—maost notably, inteasare—are
now too complex for clinicians to carry them outakely from memory alone. I.C.U. life support hascbme too much
medicine for one person to fly.

Yet it’s far from obvious that something as simatea checklist could be of much help in medicat c8ick people
are phenomenally more various than airplanes. Aystd forty-one thousand trauma patients—just trayratients—
found that they had 1,224 different injury-relatkdgnoses in 32,261 unique combinations for teanagteénd to. Thas
like having 32,261 kinds of airplane to land. Mampbut the proper steps for each is not possibia physicians have
been skeptical that a piece of paper with a burfdittle boxes would improve matters much.

In 2001, though, a critical-care specialist at JoHopkins Hospital named Peter Pronovost decidgivioit a try.
He didn’t attempt to make the checklist cover ethang; he designed it to tackle just one probldm, dne that nearly
killed Anthony DeFilippo: line infections. On a stef plain paper, he plotted out the steps to takeder to avoid
infections when putting a line in. Doctors are segrd to (1) wash their hands with soap, (2) clearpatient’s skin
with chlorhexidine antiseptic, (3) put sterile deapver the entire patient, (dar a sterile mask, hat, gown, and glc
and (5) put a sterile dressing over the catheterosice the line is in. Check, check, check, chelekck. These steps are
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no-brainers; they have been known and taught farsyeSo it seemed silly to make a checklist justHem. Still,
Pronovost asked the nurses in his I.C.U. to obsimeeloctors for a month as they put lines integmds$, and record
how often they completed each step. In more thiqiré of patients, they skipped at least one.

The next month, he and his team persuadetidigpital administration to authorize nurses t@ stoctors if they sa
them skipping a step on the checklist; nurses akls@to ask them each day whether any lines owog removed, so
as not to leave them in longer than necessary.Wassrevolutionary. Nurses have always had theysved nudging a
doctor into doing the right thing, ranging from tientle reminder (“Um, did you forget to put on yaoask, doctor?”)
to more forceful methods (I've had a nurse bodykhme when she thought | hadn’t put enough drapess petient).
But many nurses aren’t sure whether this is thieicgy or whether a given step is worth a conframtiaiDoes it really
matter whether a patient’s legs are draped faneadioing into the chest?) The new rule made itrcledoctors didn’t
follow every step on the checklist, the nurses wWddve backup from the administration to intervene.

Pronovost and his colleagues monitored what haghfmea year afterward. The results were so dranthéit they
weren't sure whether to believe them: the ten-itagrinfection rate went from eleven per cent tamz&o they followed
patients for fifteen more months. Only two linedgafions occurred during the entire period. Thegwated that, in this
one hospital, the checklist had prevented fortgdtinfections and eight deaths, and saved twoanitliollars in costs.

Pronovost recruited some more colleagues, andrttagle some more checklists. One aimed to insurentivaes
observe patients for pain at least once everyliours and provide timely pain medication. This tlthe likelihood
of a patient’s experiencing untreated pain frontyf@me per cent to three per cent. They testecealdist for patients
on mechanical ventilation, making sure that, fatamce, the head of each patient’s bed was propped least thirty
degrees so that oral secretions couldn’t go intontindpipe, and antacid medication was given togmestomach
ulcers. The proportion of patients who didn’t reeeihe recommended care dropped from seventy petaéour per
cent; the occurrence of pneumonias fell by a quaated twenty-one fewer patients died than in tfeyvjpus year. The
researchers found that simply having the doctodsramses in the 1.C.U. make their own checklistsafbat they
thought should be done each day improved the densig of care to the point that, within a few wedke average
length of patient stay in intensive care droppedhaly.

The checklists provided two main benefits, Prontebserved. First, they helped with memory readpecially
with mundane matters that are easily overlookquhinents undergoing more drastic events. (Whenrgoubrrying
about what treatment to give a woman who won't s@iging, it's hard to remember to make sure thatiead of her
bed is in the right position.) A second effect w@asnake explicit the minimum, expected steps in plex processes.
Pronovost was surprised to discover how often exgerienced personnel failed to grasp the impoeaaficertain
precautions. In a survey of I.C.U. staff taken befmtroducing the ventilator checklists, he fouhdt half hadn’t
realized that there was evidence strongly supppgiding ventilated patients antacid medication. Checkbstsblishe
a higher standard of baseline performance.

These are, of course, ridiculously primitive inggyiPronovost is routinely described by colleagage%brilliant,”
“inspiring,” a “genius.” He has an M.D. and a Phipublic health from Johns Hopkins, and is trdiimeemergency
medicine, anesthesiology, and critical-care medicBut, really, does it take all that to figure @ttat house movers,
wedding planners, and tax accountants figured ges ago?

Pronovost is hardly the first person in medicineise a checklist. But he is among the first to recaits power to
save lives and take advantage of the breadth pbisibilities. Forty-two years old, with croppéght-brown hair,
tenth-grader looks, and a fluttering, finchlike egye he is an odd mixture of the nerdy and the imegs He grew up in
Waterbury, Connecticut, the son of an elementahpstteacher and a math professor, went to neaabyid¢id
University, and, like many good students, decided he would go into medicine. Unlike many studetitsugh, he
found that he actually liked caring for sick peopte hated the laboratory—with all those micropige&nd cell
cultures, and no patients around—Dbut he had themtsiic “How can | solve this unsolved problem®fn of mind. So
after his residency in anesthesiology and his #elup in critical care, he studied clinical-resdanecethods.

For his doctoral thesis, he examined intensive-gaits in Maryland, and he discovered that putingntensivist
on staff reduced death rates by a third. It wadithetime that someone had demonstrated the piigalth value of
using intensivists. He wasn't satisfied with havprgved his case, though; he wanted hospitalsdaag accordingly.
After his study was published, in 1999, he met wittoalition of large employers known as the LeagpfGroup. It
included companies like General Motors and Verizainich were seeking to improve the standards opitals where
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their employees obtain care. Within weeks, theitoalannounced that its members expected the tadspphey
contracted with to staff their I.C.U.s with intevisis. These employers pay for health care fotythEeven million
employees, retirees, and dependents nationwidaltsmugh hospitals protested that there wdrenbugh intensivists
go around, and that the cost could be prohibifRrenovost’s idea effectively became an instanionati standard.

The scientist in him has always made room for #iragaigner. People say he is the kind of guy whenes a
trainee, could make you feel you'd saved the wexldry time you washed your hands properly. “I'veereseen
anybody inspire as he does,” Marty Makary, a Jatmggkins surgeon, told mePartly, he has this contagious, excite
nature. He has a smile that's tough to match. Builbo has a way of making people feel heard. Bewitllcome to
him with the dumbest ideas, and he’ll endorse thegway. ‘Oh, | like that, | like that, | like thathe’ll say. I've
watched him, and | still have no idea how delibethts is. Maybe he really does like every idea \Bait, and you
realize: he only acts on the ones he truly beliéwés

After the checklist results, the idea Pronovodithelieved in was that checklists could save ermarsmumbers of
lives. He took his findings on the road, showing ttiecklists to doctors, nurses, insurers, empseyanyone who
would listen. He spoke in an average of sevensc@ienonth while continuing to work full time in JehHopkins's
I.C.U.s. But this time he found few takers.

There were various reasons. Some physicians wered#d by the suggestion that they needed chexklidhers
had legitimate doubts about Pronovost’s evidenodaf he'd shown only that checklists worked iredmospital, Johns
Hopkins, where the I.C.U.s have money, plenty affsand Peter Pronovost walking the hallways t&ensure that the
checklists are being used properly. How about énrdal world—where I.C.U. nurses and doctors ashort supply,
pressed for time, overwhelmed with patients, andliaeceptive to the idea of filling out yet anettpiece of paper?

In 2003, however, the Michigan Health and Hospitsgociation asked Pronovost to try out three ofchiscklists in
Michigan’s I.C.U.s. It would be a huge undertakiNgt only would he have to get the state’s hospitaluse the
checklists; he would also have to measure whethiegdso made a genuine difference. But at last ®rost had a
chance to establish whether his checklist idedyreairked.

This past summer, | visited Sinai-Grace Hospitainner-city Detroit, and saw what Pronovost wasgpinst.
Occupying a campus of red brick buildings amid aleered houses, check-cashing stores, and wig shotre @ity’s
West Side, just south of 8 Mile Road, Sinai-Graca classic urban hospital. It has eight hundrgdgiplans, seven
hundred nurses, and two thousand other medicabpeesto care for a population with the lowest nraadincome of
any city in the country. More than a quarter ofidliom residents are uninsured; three hundred thodsare on state
assistance. That has meant chronic financial pnodl&inai-Grace is not the most cash-strapped tabapithe city—
that would be Detroit Receiving Hospital, wherefthfof the patients have no means of payment.ligiiveen 2000 at
2003 Sinai-Grace and eight other Detroit hospitase forced to cut a third of their staff, and #tate had to come
forward with a fifty-million-dollar bailout to avétheir bankruptcy.

Sinai-Grace has five I.C.U.s for adult patients and for infants. Hassan Makki, the director oéidive care, told
me what it was like there in 2004, when Pronovaosk the hospital association started a series dimgaiand
conference calls with hospitals to introduce chistklfor central lines and ventilator patients. ‘fiélle was low,” he
said. “We had lost lots of staff, and the nurses wdmained weren't sure if they were staying.” Mawogtors were
thinking about leaving, too. Meanwhile, the teamseid an even heavier workload because of new liniégsg how
long the residents could work at a stretch. NownBrvost was telling them to find the time to fillt@mome daily
checklists?

Tom Piskorowski, one of the I.C.U. physicians, told his reaction: “Forget the paperwork. Take cdithe
patient.”

| accompanied a team om#M. rounds through one of the surgical I.C.U.s. It blVen patients. Four had gunshot
wounds (one had been shot in the chest; one haddhet through the bowel, kidney, and liver; twal li@en shot
through the neck, and left quadriplegic). Five @atis had cerebral hemorrhaging (three were sevengyears and
older and had been injured falling down stairs; was a middle-aged man whose skull and left tempabe had been
damaged by an assault with a blunt weapon; andvasea worker who had become paralyzed from the dewin after
falling twenty-five feet off a ladder onto his hg@a@iherewas a cancer patient recovering from surgery rworee part o
his lung, and a patient who had had surgery toir@peerebral aneurysm.

The doctors and nurses on rounds tried to procestladically from one room to the next but were ¢tangy
interrupted: a patient they thought they’d stabiibegan hemorrhaging again; another who had lag&en off the
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ventilator developed trouble breathing and hadet@int back on the machine. It was hard to imadiaethey could
get their heads far enough above the daily tidéisHsters to worry about the minutiae on some distck

Yet there they were, | discovered, filling out tagsges. Mostly, it was the nurses who kept thimgsder. Each
morning, a senior nurse walked through the unippdard in hand, making sure that every patiena @entilator had
the bed propped at the right angle, and had besm ghe right medicines and the right tests. Whendeactors put in a
central line, a nurse made sure that the centraldhecklist had been filled out and placed inphent’s chart.
Looking back through their files, | found that thiegd been doing this faithfully for more than thyears.

Pronovost had been canny when he started. Inrbiscinversations with hospital administratorsdium’t order
them to use the checklists. Instead, he asked dimaply to gather data on their own infection ratasearly 2004, they
found, the infection rates for I.C.U. patients ichigan hospitals were higher than the nationataye, and in some
hospitals dramatically so. Sinai-Grace experiermete line infections than seventy-fiper cent of American hospite
Meanwhile, Blue Cross Blue Shield of Michigan agrée give hospitals small bonus payments for pigeiing in
Pronovost's program. A checklist suddenly seemedaay and logical thing to try.

In what became known as the Keystone Initiativehd@spital assigned a project manager to roltlmeichecklists
and participate in a twice-monthly conference wéih Pronovost for trouble-shooting. Pronovost afsisted that each
participating hospital assign to each unit a sehaspital executive, who would visit the unit eadeonce a month, hear
people’s complaints, and help them solve problems.

The executives were reluctant. They normally liiedheetings worrying about strategy and budgetgyMeren’t
used to venturing into patient territory and didie¢l that they belonged there. In some placey, ¢heountered
hostility. But their involvement proved crucial. the first month, according to Christine Goeschethe time the
Keystone Initiative’s director, the executives digered that the chlorhexidine soap, shown to retlnednfections,
was available in fewer than a third of the I.C.Ukis was a problem only an executive could so&hin weeks,
every I.C.U. in Michigan had a supply of the sobgams also complained to the hospital officiald tha checklist
required that patients be fully covered with aileairape when lines were being put in, but fullesbarrier drapes were
often unavailable. So the officials made sure thatdrapes were stocked. Then they persuaded Antamnational, on
of the largest manufacturers of central lines,rtmdpce a new central-line kit that had both thegdrand chlorhexidine
in it.

In December, 2006, the Keystone Initiative publiiie findings in a landmark article he New England Journal
of Medicine. Within the first three months of the project, thiection rate in Michigan’s I.C.U.s decreasedsbity-six
per cent. The typical I.C.U.—including the one$Satai-Grace Hospital—cut its quarterly infectiomerso zero.
Michigan’s infection rates fell so low that its a&ge 1.C.U. outperformed ninety per cent of I.C.basionwide. In the
Keystone Initiative’s first eighteen months, thespitals saved an estimated hundred and seventyHiiien dollars in
costs and more than fifteen hundred lives. Theesgms have been sustained for almost four yeardeeduse of a
stupid little checklist.

Pronovost’s results have not been ignored. He e diad requests to help Rhode Island, New Jeaseythe
country of Spain do what Michigan did. Back in iWelverine State, he and the Keystone Initiativeehbggun
testing half a dozen additional checklists to invercare for I.C.U. patients. He has also been agkddvelop a
program for surgery patients. It has all becomeantioan he and his small group of researchers ozm lge with.

But consider: there are hundreds, perhaps thousahttings doctors do that are at least as damgesad prone to
human failure as putting central lines into I.Cpatients. It's true of cardiac care, stroke treatiyid.l.V. treatment, ar
surgery of all kinds. It’s also true of diagnosigether one is trying to identify cancer or infeatior a heart attack. All
have steps that are worth putting on a checklidttasting in routine care. The question—still uveer@d—is whether
medical culture will embrace the opportunity.

Tom Wolfe’s “The Right Stuff” tells the story of ofirst astronauts, and charts the demise of theenigk, Chuck
Yeager test-pilot culture of the nineteen-fiftitsvas a culture defined by how unbelievadngerous the job was. T
pilots strapped themselves into machines of barehgrolled power and complexity, and a quartethefit were killed
on the job. The pilots had to have focus, darinigs,vand an ability to improvise—the right stuffutBas knowledge of
how to control the risks of flying accumulated—agcklists and flight simulators became more prevsad
sophisticated—the danger diminished, values oftgafied conscientiousness prevailed, and the raokssatus of the
test pilots was gone.
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Something like this is going on in medicine. We daélve means to make some of the most complex amgbdzus
work we do—in surgery, emergency care, and |.C.Bdigine—more effective than we ever thought possiBut the
prospect pushes against the traditional culturaedicine, with its central belief that in situatsoof high risk and
complexity what you want is a kind of expert authgeithe right stuff, again. Checklists and standapdrating
procedures feel like exactly the opposite, andghahat rankles many people.

It's ludicrous, though, to suppose that checkigtsgoing to do away with the need for courages,veihd
improvisation. The body is too intricate and indival for that: good medicine will not be able tepinse with expert
audacity. Yet it should also be ready to accepwithiaes of regimentation.

The still limited response to Pronovost’s work nigyeasy to explain, but it is hard to justify. dhseone found a
new drug that could wipe out infections with anpthremotely like the effectiveness of Pronovossts| there would
be television ads with Robert Jarvik extollingvtgues, detail men offerinfree lunches to get doctors to make it pa
their practice, government programs to researani, competitors jumping in to make a newer, betesion. That's
what happened when manufacturers marketed cemteaththeters coated with silver or other antintigats; they cost
a third more, and reduced infections only slightlyré hospitals have spent tens of millions of dsltam them. But,
with the checklist, what we have is Peter Pronotyiig to see if maybe, in the next year or twositals in Rhode
Island and New Jersey will give his idea a try.

Pronovost remains, in a way, an odd bird in medies¢arch. He does not have the multimillion-daieemts that
his colleagues in bench science have. He has norsefedoctoral students and lab animals. He's feedson work that
is not normally considered a significant contribuatin academic medicine. As a result, few otheeaeshers are
venturing to extend his achievements. Yet his vk already saved more lives than that of any &boy scientist in
the past decade.

| called Pronovost recently at Johns Hopkins, winergvas on duty in an I1.C.U. | asked him how langauld be
before the average doctor or nurse is as apt te Aahecklist in hand as a stethoscope (whichkeichecklists, has
never been proved to make a difference to patiam)c

“At the current rate, it will never happen,” hedgaas monitors beeped in the backgrourdhe' fundamental proble
with the quality of American medicine is that we'feled to view delivery of health care as a sceerhe tasks of
medical science fall into three buckets. Oneriderstanding disease biology. One is findingatiffe therapies. And ol
is insuring those therapies are delivered effettivEhat third bucket has been almost totally iggtbby research
funders, government, and academia. It's viewedhastt of medicine. That's a mistake, a huge mestakd from a
taxpayer's perspective it's outrageous.” We hatteirdy-billion-dollar-a-year National Institutes éfealth, he pointed
out, which has been a remarkable powerhouse obwsg. But we have no billion-dollar National Iriste of Health
Care Delivery studying how best to incorporate ¢hdiscoveries into daily practice.

| asked him how much it would cost for him to do flee whole country what he did for Michigan. Abawb
million dollars, he said, maybe three, mostly tog technical work of signing up hospitals to pédpate state by state
and codrdinating a database to track the results &lready devised a plan to do it in all of Sainless.

“We could get I.C.U. checklists in use throughdwe United States within two years, if the countgnied it,” he
said.

So far, it seems, we don’t. The United States cbalke been the first to adopt medical checklistonwide, but,
instead, Spain will beat us. “I at least hope weogthe last,” Pronovost said.

Recently, | spoke to Markus Thalmann, the cardiagesan on the team that saved the little Austriahvgho had
drowned, and learned that a checklist had beenatracher survival. Thalmann had worked for siageat the
city hospital in Klagenfurt, the small provinciamital in south Austria where the girl was resuei. She was not the
first person whom he and his colleagues had toeétive from cardiac arrest after hypothermia smfflocation. They
received between three and five such patients ia eaestimated, mostly avalanche victims (Klagdrfusurrounded
by the Alps), some of them drowning victims, arféwa of them people attempting suicide by takingugdverdose
and then wandering out into the snowy forests lfaifeconscious.

For a long time, he said, no matter how hard thdioaéteam tried, it had no survivors. Most of thetims had
gone without a pulse and oxygen for too long bytilme they were found. But some, he felt, still lzaflicker of
viability in them, and each time the team failedtstain it.

Speed was the chief difficulty. Success requiraedrnitpan array of equipment and people at the reduslicopter-
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rescue personnel, trauma surgeons, an experieacgidc anesthesiologist and surgeon, bioenginestipgort
staff, operating and critical-care nurses, inteistsv Too often, someone or something was mis&indie and a couple
of colleagues made and distributed a checklistabes like these, the checklist said, rescue tearesto tell the
hospital to prepare for possible cardiac bypassrawdrming. They were to call, when possible, evefore they
arrived on the scene, as the preparation time dmikignificant. The hospital would then work dosvlist of people to
be notified. They would have an operating roomugeand standing by.

The team had its first success with the checkiigiice—the rescue of the three-year-old girl. oY afterward,
Thalmann left to take a job at a hospital in Vienhae team, however, was able to make at leasbther suchrescues
he said. In one case, a man was found frozen alsdlpss after a suicide attempt. In another, a erathd her sixteen-
year-old daughter were in an accident that semb thwed their car through a guardrail, over a ciiffd into a mountain
river. The mother died on impact; the daughter tra@sped as the car rapidly filled with icy wateheShad been in
cardiac and respiratory arrest for a prolongedogeoif time when the rescue team arrived.

From that point onward, though, the system wemt tilockwork. By the time the rescue team got toamet began
CPR, the hospital had been notified. The tranggarn got her there in minutes. The surgical teavk her straight to
the operating room and crashed her onto heartihypgss. One step went right after another. Andaliee of the speed
with which they did, she had a chance.

As the girl's body slowly rewarmed, her heart cdmek. In the 1.C.U., a mechanical ventilator, fijidnd
intravenous drugs kept her going while the restesfbody recovered. The next day, the doctors akletoremove he
lines and tubes. The day after that, she wasgittinin bed, ready to go home.
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