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The Intensive Care Unit
May Be Harmful
to Your Health

Yoel Donchin
Hadassah Hebrew University
Medical Center

INTENSIVE CARE UNIT ATTENDING
PHYSICIAN, WILLIAM JONES, M.D.

Dr. William Jones, the attending physician in the intensive care unit (ICU),
works 5 days a week, is well paid, does not have to pay loans, and is in good
health. His medical training was in anesthesia; he has had experience working
in the ICU. He enters the ICU at 7 a.m. relaxed and confident to start another
day. The minute he enters the IC U, he is exposed to its unique and noisy environ-
ment, the 10 patients he left just 12 hours ago, and the need to update himself on
the condition of each of those patients plus the two who arrived in the ICU in the
last hour. He begins to read the large amount of information on the patients’
charts. The nurses are doing their rounds.

Within 5 minutes of Dr. Jones’ arrival in the ICU, the radiology depariment
requests the transfer of a patient Jor a computerized tomography (CAT scan)
that must be organized immediately. He must complete his review of the charts
and his evaluation of the medical condition of the each of the patients, be it
stable, changed, or perhaps hopeless, in which case ethical measures must be
taken. Based on the information Jrom the charts, he issues new orders Jor the
care of each patient. He has not Jinished issuing those orders when a call
comes from the emergency room notifying him that a patient in critical condi-
tion is being sent for admission to the ICU. T, his presents a problem Jor Dr.
Jones because criteria Jor admission of patients to the ICU are not well
defined.
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The broad screening criteria for admission states that pati;nm sh;ui(iolzf
accepted who are likely to die within 24 hourfv vet i'zave a‘gozd Icccgzceroth; o
ery if admitted to the ICU; however, no bed is a'vazlable in the ; fto Jhis new
patient. Although beds frequently are made available for r?euf patlin SD}; rans-
ferring ICU patients to standard hospital wards, from the information t(; ones
has read during the brief time he has been on the ICU, there appears o be no
clear candidate for transfer to a standard ward. Nonetheless, }j gzv;sz ;Cami-
patient a general examination to determine need for ICU care. hfter e xams
nation and diagnosis, Dr. Jones negotiates an ICU bed for the n?wtp thé
records his orders on a special form Specﬁing the manner Qf res;lvizr: tz;)n,lace
rate of administration of fluids and medications, the pos{ure lndw; ztcs o epexe—
the patient, special treatments. and requests for consu‘ltatzon an ! eSJO.neS e
cution of the orders is the responsibility of the nursing team. t; ones takes
a deep breath and returns to issuing orders for freazment ior e
patients as he experiences the first pain of a migraine headache.

Thus even if a care provider arrives for work in a calm mood and gooc}ll hleal'th,
within a very short period the conditions in the ICU can cause overw edmmg
demands sometimes incompatible with human performance. Sgch deman s cim
and do affect performance of care providers —performance that impacts patients,
as in the case of Dr. Jacob Butcher.

Dr: Jacob Butcher was a successful surgeon in a local hospital. nOthZe ﬁl‘;)m Bfizz
capital city. He was the typical doctor as seen in t_he old movies. Li dinn i
Casey, he was hardworking and devoted to his .pa‘tlents. ‘As‘heh\fuas l:(eia erg; i
evening, with no warning, he suffered excrzfczqtlng pain in his a mee.d <
diagnosed himself as having pancreatitis; within 48 hours, he wasl at mhe w;”.
the ICU of the hospital in which he practiced. Twer%tyjfour hours later, N m;
transferred to the ICU of a major medical center. This is wi-zer? ouz Sm%- gt ”'.._.,
Unlike a classic detective story, I will disclose at‘the beginning owh is § (n'd
ends. Dr. Butcher was discharged from the hospital after a 3-month stay a

] joning normally.
cur;f;lég}jz{lézcgutchfr arrivea’yas a patient at the ICU, he hgd a blue endofrcj‘}
cheal tube in his mouth that was attached to a portable ventz?ator (tihat pum:uvc)H
air into his lungs, thus breathing for him. Suspended .ag)ove his hea lwetr.e iz ]-:es‘
different bags of fluids and drugs that he was receiving; all the plfzs ztche (3,.,:;
leading the fluids of life into his veins were tangled on the bed. Lo;a tz:,’gn e
gin of each plastic wbe required the expertise of a weaver; Nurse Ro

to unravel the tangle. Because the automatic syringes that controlled the flow of

j ary lo
medications were not in use during the ambulance transport, it was necessar;
verify which tube was connected 1o what bag.
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The bags contained some drugs in concentrations that were not used in this
particular ICU, so it was necessary to prepare the proper dose. Nurse Bates
added 2 ampoules of Dopamine, a drug administered to maintain blood pressure
and strengthen the heart muscle, to the 500 ml of saline, as was the usual practice.
From this bag, she filled 200 ml into a special reservoir that protects the patient
from getting too much fluids or drug. She removed the bag from the referral hos-
pital, substituted the one she had prepared, and attached it to the intravenous ar)
infusion pump, a computer-chip-based device that is programmed to regulate the
Slow of fluids by controlling the drops. Ten minutes later, Dr. Butcher’s blood pres-
sure rose to 190 and his heart rate accelerated to 166—both abnormally high.
The alarms on the monitors sounded, indicating something was wrong. To the
nurse’s surprise, the 200-ml container of Dopamine that was to be administered
slowly during 20 hours ran out within minutes. This was a new model of the in-
Jusion device that looked the same as the older models bur was programmed dif-
Jerently. After the drug was discontinued, Dr. Butcher’s heart rate went down to
normal and his blood pressure returned to its previous value. During this time, he
was fully sedated with an intravenous drug and did not feel a thing.

Later in the afternoon, Dr. Butcher’s lab results came in: they were very
strange. His BUN, the level of urea in the blood that reflects the Junctioning of
the kidneys, was three times higher than the previous reading from the referral
hospital. His potassium reading was at a level almost incompatible with life.
Mr. David Blecher in Bed 2, a patient with chronic renal Jailure, received the
best lab results ever—namely, normal BUN and normal potassium. This was not
due to the care he received; rather it indicated a mix-up of names when labeling
the test tubes containing specimens from the two patients.

There were no more alarming events on the first night; however, during the
morning rounds, Dr. Butcher’s chart indicated he was not producing enough
urine. A fluid load (increase) was immediately ordered. Later. when the nurse
Jrom the morning shift recalculated the total urine output using a calculator,
unlike the night shift nurse who had done all the calculations in her tired head,
she realized that 2.450 + 1230 does not equal 1213. The physician on duty
promptly cancelled his order for the extra fluids.

A few days later, the oxygen saturation level, as measured from the tip of the
Jinger via a pulse oximeter (an optic, noninvasive detector) fell from 99% to
84%, which was an alarming sign. Dr. Butcher’s chest x-ray was normal; the
endotracheal tube was placed in the proper position through his mouth to his
lungs enabling ventilation. A careful physical examination revealed no abnor-
mal findings. The team on the afternoon shift discussed a few theories about the
causes of the low oxygen saturation reading for Dr. Butcher:

On a routine check, the respiratory therapist discovered that the oxygen con-
centration knob, a small, almost unrecognizable, knob on the wall oxygen outlet,
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a knob lacking any safety features to avoid unintentiongl position c‘hatngoe;i;:g;
not at the proper setting. Without saying a word, he set it to the col:li ec p)ith o
and Dr. Butcher's saturation level returned to norr)?al, The pro em ;4 e
knob confirmed what the medical staff had been trying to c;mmumlc; ;nd e
hospital administration—that the oxygen outlets on the wa ; e (;mﬁon o
cause problems; they are accidents waiting to happen. The a TS ation con-
tinued to state that it is too expensive to install new ones, so from time fo 3
inci ke this happens. ’ '
lnczléldi’;jlzlien;,;ual fv};nt occurred on the 52nd day of Dr. Bufc.her s ;t? znt;l};et
JCU. That event involved Osmolite, a special, taivteless nutrition SO, u Oz;):l mat
supplies necessary nutritional elements. to the patient wh(/z cannot eec;n.to i
is fed via a nasogastric (NG) tube going from ti'ze. mouth or no;‘ it
tient’s stomach. On this occasion, the bag containing .the Osmolite Va y
go into Dr. Butcher’s stomach was inadvertently L?ubslltuted f?r ti’le { nut;’l lO.n
solution that was connected to a tube inserted into the patzer?t's ;entra e\;’e;Z
instead of the NG tube. At the last minute, the heafl nurse, ;vho Jjust happen

be passing by, noticed this and avoided a very Serl?us inci e;lzt, R

Throughout Dr. Butcher’s stay in the ICU until he _left ; e zlt)m ,d ere were

more potential incidents. For example, some drugs contznu.e toT:_a ms gl
Jfor a few days after orders to discontinue fthem ;;ad boeoe: ;g}z‘}etny.‘/he ’zzs lv)v:z agle

occasion at the beginning of an afiern Dr. Ben, 1
i;iiz’g:t (:i’Z;ing the morning shift, said he thought he had ordered dzscqntz;zz;;:zgt
a particular drug; the nurse on duty swore that she hqd never rec;zze Se
order. There was no time to determine why the confusion hagpene ecc;z;
rounds were resumed in response to pressure to relea.se the morning t?aT so they
would not miss their vide on the transportation pr?vzded by the hospital.

On another occasion, antibiotics were given th‘ce. Fgrtunately, ther; werel ns
adverse side effects. Other errors included administering tog hl}gh &7 ZIZZV;,
dosages of vasoactive drugs (medication that affects blood ?zrcu atzo;zﬁ,p - tf;'
a urinary catheter in place for 3 hours rathe.r zhgn a few m'znutzls, a;z' ;zs g hge 3
diagnose pneumothorax (a common complication of ventilate » lpa' ien o
air enters the tissues surrounding the lungs and d.zstur'bs ventilation uZ e
is evacuated via a chest drain), which can b? easily diagnosed throug ; ;:1-
x-rays. Fortunately, most of the errors were c{zscovered before é‘heyhcauf;v -
real damage and what did happen had no lasting affect, so Dr. Buicher s
his stay in the ICU.

Is this a true story? The patient is real. All of the evgnts actually.dmi1 ncltéjutrj.
Indeed, one to two potentially serious incidents per patlgnt per day in the i
are attributed to error (Donchin, Gopher, & Qlln, 1995). If not dlscovg‘ft‘) o
time, they could be fatal. Why is this rate so high? How can anyone survive:
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answer these questions, let us consider the origin of the ICU and its evolution to
the contemporary, technologically sophisticated ICU.

ORIGIN AND EVOLUTION OF THE ICU

The first person to propose that patients who had undergone surgery require spe-
cialized facilities and particularly dedicated care was Florence Nightingale, the
legendary pioneering nurse (Smith, 195 1). She recognized that the prevention of
common complications resulting from surgery, namely vomiting and respiratory
distress, necessitated the uninterrupted monitoring of postoperative patients. In
her day, such monitoring could be accomplished only by intensive and constant
personal surveillance. It required the meticulous and frequent checking of the
patients’ vital signs, such as the pulse rate, the character of the respiration, and
color of the urine. The vigilance she proposed demanded a nursing staff spe-
cially trained to recognize, by sight and touch, the signs of postoperative dis-
tress. That component of competent, intensive care for the seriously ill patient
stands in stark contrast to the type of intensive care that is provided today.
Acknowledgment of the need to gather all critical-care patients into one unit
within the hospital followed the success of the individual pioneers who started
resuscitating patients and treating severe diseases of the lung (Hall, Schmidt, &
Wood, 1992). Initially, the ICU was a single room containing a respirator to ven-
tilate patients who are unable to breathe, a monitor to record their heart rate, and
most importantly, trained nurses to operate these complicated devices. In the
first years following formal establishment of the ICU, the basic physiological
and medical principles for treatment of critical patients were elaborated. Devel-
opment of increasingly complicated surgical procedures that may last hours,
such as open-heart and brain surgery, created the need for expanded supervision
of patients, including intensive observation both during and post surgery.
Anesthesiologists were the first to apply their expertise to the ICU environ-
ment. This is reasonable because the patient in the operating room is basically in
a one-bed ICU where the anesthesiologist provides intensive care for that patient
during crucial moments of surgery. The anesthesiologist’s responsibility for the
patient’s physiological integrity includes maintainin g respiration by controlling
the ventilator, blood pressure by regulating the flow of drugs, and temperature
by using a heating mattress. By following their patients from the operating room
to the ICU, it became possible for the anesthesiologists to continue to supervise
their care in the postoperative period. In some hospitals, anesthesiologists who
had become interested in the field assumed responsibility for the ICUs. In other
hospitals, proactive surgeons left their operating rooms to establish ICU serv-
ices. Physicians specializing in pulmonary physiology, as well as surgeons or
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anesthesiologists, depending on the initiative of the particular hospital, were
appointed to supervise ICUs.

Specialized ICUs

As pressure to transfer patients from overburdenéd hospital wards to [C[CJIS 1rap(—1
idly increased, specialized ICUs came into being tq addresg thg needs a? |
requirements of various categories of patientg agd medical spec%altl.es. Neonata

[CUs care for premature newborns, usually in incubators; pediatric ICUs pr}?-
vide care for children from a few weeks of age to pubqty. There are ICUs fo.rt e
treatment of burn victims, ICUs for neurosurgical patl.ents, aqd ICUs fqr pz:jtler}tls1
suffering spinal injury. There also are ICUs that mom?or patients gd@tte }Vlt'

acute myocardial infarction (heart attack) and those w1Fh arrhyt'hn_na (1negudgr11
ties of the heart beat). All of the ICUs are equipped with sophisticated medica

devices.

Sophisticated Medical Devices

To ensure that the sophisticated devices function optimally, techniman.s‘tramed
to service and maintain them are included in the staff of ICUS. }n addition, the
physical setting of the ICU is adapted to respond to the d?VlCCS needs for cpni
tinuous supplies of medical gases, sterile watgr for d1a1y51s,.adeq.uate? e ectn:i:a
outlets and an uninterrupted supply of electricity, gpproprlate hght'mg, and a
reduced level of noise. New areas of I[CU specializat}or} evolveq within the Vai'll—
ous physician and nurse specialties. Those ICU specllahst caregivers adapt t(;1 t lel
conditions of the ICU by ingesting large amounts of information, much of whic

comes from sophisticated devices.

Information from Sophisticated Devices. 1t is crucial that the physwlz;n
knows what drugs the patient is taking and understand§ the effect of such med-
ication on the results of laboratory tests, as well E.lS.thell‘ influence on the heart,
lungs, and blood vessels of the patient. The physxcgm also must have access to
all the data regarding the patient’s on-going condition such as blood pressure,
heart rate, urine output, body temperature, and much more. Can a hume‘m.b.e‘mg
with limited memory remember so many details, analyze al_l] the p0551b111t1?)s,
and arrive at a proper conclusion for the 6 to 12‘ ICU patients who must be
treated simultaneously (Abramson, Wald, & Grenylk, 1989)? Before we; anshvye;
this question, let us visit the ICU of a large, teaching hgspltal, the FCU in whic
Dr. Butcher was a patient. Please cover your clothes with the special I.CU gown
and shoe covering. Just press the code number on the door to open it and you

are in.
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VISIT TO AN ICU

As soon as we enter the ICU, we see 12 patients in special beds in a large room.
The majority of patients in this ICU are postsurgery. There also are young
patients who sustained major trauma and those who suffer from disease that
damaged their ability to breathe—all in critical condition. The physical layout
of ICUs is not uniform. In some hospitals, ICU patients occupy private rooms
(cubicles); in others, patients occupy a large hall-like ward. The place where the
medical staff actually provides intensive care to a patient, the standard working
station of the ICU, consists of the patient’s bed surrounded by an area approxi-
mately twice the size of the bed. This area contains the equipment required to
monitor and treat the patient. This machine-dominated setting contrasts with
that of the standard hospital ward, where the furniture surrounding the patient’s
bed accommodates the patient’s personal needs.

Bed No. 6

Let us visit Bed No. 6. Although not a very human approach, patients are re-
ferred to by their bed number to simplify and expedite matters when conducting
ICU rounds. As you can see in Fig. 9.1, equipment is placed both above and
beside Bed No. 6; most of it is attached to electrical outlets in the adjacent wall.
Patients in the ICU are dependent on life-sustaining machines that continuously
pump potent drugs into their veins and artificially breathe for them. The various
medical devices are mobile to facilitate the transfer of the patient to other loca-
tions within the hospital or within the ICU.

Equipment.  Above the bed is a machine that monitors the patient’s vital
signs. Data from various sensors located on the patient’s skin or intrusively
introduced into his blood vessels or heart are brought to a central screen that,
as in an airplane cockpit, graphically displays the vital information. This infor-
mation includes the tracking of the patient’s cardiac status from an electro-
cardiogram (ECG) and graphic representations of the electronic measures of
pressure in the arteries, the level of oxygen saturation in the blood measured by
a pulse oximeter, the level of carbon dioxide in exhaled breath via capnography,
and the body temperature. Additional devices such as the Swan-Ganz catheter
that measures the filling pressure of the heart and a mixed venous saturation
probe also may be present, thus increasing the information displayed on the
screen. Although the monitor stores the data it gathers, nurses customarily use

pencil and paper to record that information on a chart that is kept on or beside the
patient’s bed.
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FIG. 9.1. Bed 6 in the ICU at the Hadassah Hebrew University Hospital,
Jerusalem, Israel.

Equipment located at the bedside falls into Fwo categories: input' equ1pm§n:
that supplies fluid and medications to the patient and output equlpmenF tha
removes the patient’s secretions from the stomach, chest, abdorpen, and urinary
tract. Also at the bedside in some cases, special equipmept substitutes for or sup-
ports body functions such as a dialysis machil?e to substitute for a nonfunctlona;
kidney and haemofiltration equipment to purify the blood from an overdose o
drugs or dangerous levels of electrolytes in the blood, or a-balloc?n pump to sc;qt)—
port a failing heart. These devices are attached to the patient with tubt?s. an Z
wall outlets by electrical cables. There may be as many as 30 tubes exiting an

ing a patient’s body.
entznwill cl))utlet near thg patient’s bed in the ICU supplies bgth oxygen and com-
pressed air to allow the preparation of different concentrations of oxygen to be
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administered to the patient via the respirator. Plastic tubes carry the mixture of
oxygen and air from the outlet into the patient’s lungs via pressure generated by
the respirator. Many electrical outlets that provide power for the various medical
devices also are on the wall. As all the tubes and wires are gathered at the same
location—the patient—they intermingle like macaroni, hence the unofficial
term macaroni syndrome as shown in Fig.9.2.

Augmenting the harshness of the setting is the presence of an alarm that
beeps and a light that flashes on each piece of equipment. The alarms sound at
arate of 1 to 5 per minute. In a six-bed ICU with many alarms sounding simul-
taneously, the noise can be irritating and identifying the source of an alarm can
be difficult. In addition to the numerous, sometimes noisy machines and the
plethora of tubes, cables, flashing lights, and beeping alarms, strong lighting in
the ICU is mandatory 24 hours a day. A conscious patient, surrounded by the
cacophony of ICU sounds that resemble white noise and the relentless light, can
experience a form of sensory deprivation that is manifest as [CU psychosis. The
congested and overwhelmingly artificial work setting, as well as the small area

FIG. 9.2. The macaroni syndrome of tubes and wires from a patient’s med-
ical equipment.
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surrounding the bed of the critical patient, is further taxed by the presence of
nurses, physicians, and other allied personnel who need to access the patient, as
well as members of the patient’s family.

ICU MEDICAL STAFF

During hospitalization in the ICU, patients are treated by a large number_ of
health care personnel: one or two nurses per bed and one to three atts:ndmg
physicians as well as the intensivist, the ICU specialist who is the ICU director
and guides colleagues and residents as well as consultants. More nurses are
needed for patients in separate cubicles. Physiotherapists, respiratory therapists,
radiology technicians, and other technicians also may be part of the team.

ICU Nurse

Nursing care is a crucial part of the ICU. The nurses not only carry the main bur-
den of the daily work, but they also are responsible for the continuity of memory
about the patients and the uninterrupted transfer of information about the day-to-
day changes within the unit as well as the follow-up of the critically ill. Without
the nurses, there is no intensive care. Technology without experienced nurses
has absolutely no value. Nurses in the ICU are assigned to specific patients, usu-
ally to one or sometimes two patients, unlike the physician who is responsible
for 10 to 20 patients at a time. Although there are official ICU nursing proce-
dures, the dynamics of intensive care inevitably prompts many deviations.

In addition to executing the physician’s orders, the ICU nurse is responsible
for collecting and recording information about the patient such as respiratory
rate, which is measured by using an instrument as well as by direct observation.
The nurse must keep abreast of many parameters on the monitors: the heart rate
and the shape of the ECG, the blood pressure waveform, the central venous pres-
sure, body temperature, and oxygenation, to name only a few. When required,
the nurse must respond immediately and must record and date in the patient’s
chart all the data generated by the monitors; the nurse also is responsible for
ensuring that the potent medications used in the ICU are administered in precise
dosages. Any deviation can be dangerous to the patient.

ICU AS THE TEMPLE OF TECHNOLOGY

The hospital ICU is dedicated to the care of the seriously ill patient. ICUS typi-
cally are equipped with the most advanced medical technology and are mtgnded
to provide patients with the best medical care available. Nevertheless, care in the
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ICU has been found to expose patients to substantial risk resulting from the lim-
ited ability of the persons working in this environment to cope with both the
technology and the enormous amount of data presented to them. To respond to a
change in the medical condition of each patient, as in the case of Dr. Butcher, the
attending physician must have access to the patient’s medical history, which
often is very long and complicated.

Impact of Technology

Contemporary caregivers are required to know the patient primarily as a set of
numbers and laboratory results. Part of the daily care of the patient involves rou-
tine nursing procedures that make the difference between an ICU and a regular
ward. Although it is the continuity of care that is of the utmost importance, the
medical staff needs to simultaneously observe both the trends of the data and
the patient’s appearance and mental condition. It is absolutely necessary to pay
strict attention to details that escape the monitoring system and can only be
detected by good, old-fashioned, clinical observation. No monitor or device will
supply information regarding a red irritation or reaction at the site of an infusion.
There is no substitute for the meticulous observation of the patient’s skin: only a
clinician can discover that the patient is waking up from a deep coma. Nonethe-
less, the emphasis is on information provided by technologically sophisticated
medical devices and tests.

Not only do the demands of technologically supplied information restrict the
time available for clinical observations, but the continuous flow of data which
must be integrated with other data such as laboratory test results, background
information, previous diagnosis, care plan, and medication can cause informa-
tion overload. That overload results in an inability to efficiently use all of the
information available about the patient’s state (Sukuvaara & Koski, 1995).

Whereas the early caregivers had to observe, talk to, and touch patients to
stay abreast of their health status, today’s ICU caregivers mainly refer to data
provided by the technologically sophisticated devices that monitor patients. ICU
personnel familiarize themselves with the physiological status of patients such
as heart regularity from the ECG, blood pressure from invasive intra-arterial
cannulae (tubes placed in an artery), and the qualities of the blood from the
sophisticated flow-directed balloon as well as the Swan-Ganz catheter. Despite
its importance, interaction between the medical staff and the patient is purely a
matter of personal preference constrained by available time.

Physical Environment

The physical environment of the ICU can be detrimental to optimal care (Don-
chin etal., 1995). The area around the patient’s bed is congested by instruments,
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monitors, wires, and IV lines. This often complicates access to the patient’s head,
which creates problems of identification and status assessment as well as airway
access in case of a rapid change in condition. Means of providing care such as
tubes, fluid bags, and drugs typically are insufficiently marked or have labels
that are difficult to read (Donchin et al., 1995). The forms for recording informa-
tion often are not designed specifically for the needs of the ICU, which forces
many staff members to improvise and develop their own style. Other forms can
be inappropriate in terms of layout and clarity of display.

Stress

The medical staff in the ICU works under considerable stress due to the harsh
time constraints imposed by the immediacy of the patient’s condition. They must
wage a constant battle to preempt the development of ever more urgent condi-
tions such as hemorrhaging and cardiac failure, and to prevent the rapid deteri-
oration of the patient’s condition due to severe sepsis. Sepsis, a life-threatening
infection, is the most dangerous threat to the life of the patient today. Microbes
are very efficient and formidable foes.

It is not possible to converse with most patients in the ICU as they are either
heavily sedated, under the influence of medication, or they need to be mechani-
cally ventilated by a respirator which breathes for them, as in the case of Dr.
Butcher. Being ventilated prevents a patient from talking because air from the
respirator travels via the endotracheal tube bypassing the vocal chords. For those
patients who cannot verbally describe what is wrong or regulate their fluid in-
take and urine output, the [CU physician, the intensivist, must use readings from
various monitoring devices to serve as those patients’ regulatory functions.

The ICU patient’s physiological vital signs displayed on the monitor can
change at a very rapid pace; it is crucial to discover such changes as soon as they
take place. For example, in the ICU it is essential to follow the patient’s blood
pressure from second to second. As a pilot in the cockpit must continuously
observe the instruments that provide vital flight data, the ICU medical staff must
continuously observe the monitors of their patients’ vital signs. This is in con-
trast to internal medicine ward patients for whom physiological changes typi-
cally are so gradual that it is acceptable to measure blood pressure every 6 hours.

The rapid pace of gathering data for diagnostic purposes is characteristic of
the activities in the ICU, such as the daily recording of more than 30 important
parameters. These include all the measurements taken by the nurse, from the
blood pressure and heart rate to the hourly output of urine. The ability of the per-
sonnel to respond on short notice to the rapidly changing condition of the patient
requires the prompt analysis of the data and the swift execution of tests and other
related activities. Orders written on admission of the patient to the ICU may be
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invalid within a brief period. The ICU physician needs and expects test results
immediately, whereas the physician in the internal medicine ward is satisfied
to receive the results of tests taken in the morning in time for the evening rounds.
In the ICU, consultation with specialists occurs as soon as the need is identified.
Prompt and appropriate responses to changes in the patient’s condition are nec-
essary to avoid further deterioration (Sexton, Thomas, & Helmreich, 2000).

Technological developments have occurred to meet the need for immediate
test results. A machine the size of a small television set has been created that,
when stationed within the ICU and operated by members of the ICU team, can
provide results of electrolytes and blood gases in a matter of minutes from the
analysis of a few drops or a teaspoon of blood. That machine, the blood gas ana-
lyzer (BGA), has revolutionized postoperative patient care. Rather than sending
blood samples to various laboratories in the hospital and waiting hours to get the
results, the patient’s haemodynamic status (the condition of the heart and circu-
lation), oxygen concentration in the blood, the level of acidity in the tissues, as
well as lung and kidney functions, can be accurately ascertained within a few
minutes using the BGA.

Technology and Stress.  Staff in the ICU function under considerable stress,
pressured by time constraints imposed by the immediacy of patients’ needs and
the battle to preempt the natural progression of urgent conditions such as rapid
deterioration due to severe sepsis, hemorrhage, and cardiac failure. In addition,
the work environment is noisy and crowded—conditions that cause stress. It is
increasingly acknowledged that traditional ICU working conditions impose an
untenable degree of mental and physical stress on the medical personnel who
staff them; such stress undermines the quality of care that they are able to pro-
vide. Much of the stress has been traced to the actual physical environment in
which intensive care is administered.

The rapid, spontaneous development of intensive care technology over the
past 40 years has generated an extraordinarily harsh environment that is incom-
patible with the human needs of health care personnel. The dedicated caregivers
who initiated intensive care could not have anticipated the direction that man-
agement of critical patients would take. Their successors, captivated by the
evolving potential of technological devices to save or prolong lives, are oblivi-
ous to the increasingly alienating work environment that rampant technology
has been creating for providers of intensive care.

Communication

Nurses in the ICU are assigned to specific patients. Work in the ICU is carried
out in three shifts, and each change of shift requires transfer of a great deal of
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detailed information about the patients. The content of that information is vital
to the course and outcome of patient care, so effective communication and trans-
fer of information between doctors and nurses is critical (Donchin et al., 1995).
Nurses have closer and more continuous monitoring of each patient than do
physicians. By serving as an active liaison, they can help doctors bridge infor-
mation gaps and avoid confusion.

In the training environment, proper communication and exchange pattgms
can enable residents and students in the unit to learn conventions and routines
from the accumulated experience of nurses. Often, however, a lack of effectiv.e
information exchange in verbal communications occurs between ICU physy
cians and nurses. This has been a factor in one third of reported errors (Donchin
et al., 1995). This is surprisingly high considering that verbal comppications
between physicians and nurses were observed only in 2% of the activities.

The Human Factor

About 40 years after the introduction of technological monitoring ig ICUs,
attention has turned to the human beings who provide care in the intensive care
environment and how that environment may affect them. It was only after the
best pilots of the Royal Air Force in England demonstrated an alarming Qegree
of fatigue and incompetence that a thorough examination of the cockpit was
conducted. Factors that contributed to those conditions were identified and
many necessary changes were made. A similar examination of the conditions in
the ICU finds error-provoking factors. .

The reality is that ICU caregivers are social beings. Although they appreciate
the value of the information readily produced by the various inanimate, technq-
logically sophisticated devices on which their attention must bg focused, their
minimal human needs are not met in the pervasively artificial setting of the mod-
ern ICU. To meet those needs as well as reduce the likelihood of error through
miscommunication, it is necessary to create an atmosphere of continuous com-
munication between the different teams. Until that occurs, the ICU that gave life
to so many people may be dangerous to the patients.

ICU AS A LABORATORY

The ICU may be considered as a large laboratory because the con.tinuous moni-
toring and meticulous recording of critically ill patients’ functioning allows the
examination of those patients’ responses to drugs and the immediate physiolog-
ical effects of treatment. For example, physiological measurements done in the
ICU and in the laboratory demonstrate that during the state of shock, there is no
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blood supply to the tissues, and adding drugs that cosmetically increase blood
pressure contributes to deepening the deleterious effect of shock. As a result of
that better understanding of the mechanism of shock, physicians are more toler-
ant of short periods of hypovelomic shock or low blood pressure due to bleed-
ing, and administer blood and fluid to restore blood pressure rather than a drug
to force a higher value. Indeed, because of this better understanding of shock,
use of medications such as Isoproterenol to increase blood pressure has been
withdrawn.

Based on the ability to accurately measure on-going physiological parame-
ters, the physician is able to discover and respond to signs of deterioration in the
patient’s condition by providing logical and supportive treatment before it is too
late. Hence, intensive care has become increasingly proactive. By measuring
and recording, every hour, the patient’s urine output as well as the volume of
clear fluids and other intake such as food and drugs, it is possible to accurately
balance and repair any deficit by increasing or withholding the fluid adminis-
tration every few hours. Working in the ICU has been compared to the work of
a pilot and to that of an air traffic controller. Although there is no basis for
comparison of tasks, the level of responsibility —that of caring for the lives of
others—is similar, as is the potential for error and the dire consequences of mis-
takes occurring in these highly charged circumstances.

ERROR

It was clear from our visit to the [CU that the physical setting of the ICU and its
accouterments are not friendly to the medical team and are likely to contribute to
error. For example, illegible print on IV bags presents, in a similar uniform man-
ner, important information as well as unimportant details required by law. Even
on close scrutiny, deciphering whether a solution contains 5% or 15% glucose is
difficult. This is dangerous because administering 15% glucose to a patient with
high blood sugar may have very deleterious consequences. Similarly, the identi-
fication of containers of potassium that could cause considerable damage to
patients is not clear. Strict regulations regarding the storage of potassium were
developed to avoid the fatal consequences of the erroneous administration of
this dangerous drug. Despite best efforts by ICU personnel, errors can occur.
More errors per hour occur during the day than at night because more active
care and procedures are performed during the day, hence more opportunities for
error. When taking into account the typical instability of the medical status of
ICU patients and the complex and demanding task of physicians and nurses,
an overall error rate lower than 0.5% percent, of which only 29% were rated
severe (Donchin et al., 1995), may be considered a very high and reliable level of
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performance. Given the critical condition of the patients and the large number of
daily activities per patient, the percentages compute to two errors with the
potential for a severe adverse outcome per patient per day. This is a matter of
concern.

It is not surprising that in the 1980s, reports about mistakes in the ICU began
to appear in literature describing the stress experienced by ICU staff (Merrill &
Boisaubin, 1981). The most common errors reported were related to the admin-
istering of medications. (Tissot et al., 1999). Although this indicated an urgent
need for a major research initiative to identify factors that contribute to error,
fear of legal prosecution for admitting to errors inhibited its development.

HIGH VISIBILITY —HIGH COST

Hospital administrators have mixed feelings regarding the ICU. On one hand, it
is the flagship of the hospital, the place to bring the mayor or other distinguished
guests. It is also the temple of technology, the pride of the organization. On the
other hand, the costs of maintaining an ICU are extremely high. When the hos-
pital management wants to lower expenses, a good place appears to be the ICU.
For example, the number of nurses at the evening shift might be reduced; how-
ever, such intervention is likely to decrease the effectiveness of the ICU.

If instead of one nurse per patient, the ratio is increased to one nurse per 1.5
patients, not only will the quality of care be different, but the workload will be
heavier and the team more prone to errors. It is no wonder that in order to per-
form the 1,001 tasks for which nurses are responsible, they will try shortcuts that
may work only part of the time. Attempts to cut costs in the design of a new ICU
are also not realistic because it is very difficult to design a new ICU in an old
building. The ICU requires space, personnel, and money.

ICU Ethical Dilemma

Controversy continues to rage regarding issues such as the criteria for admission
of patients to the ICU, for ceasing treatment of critical patients, and for initiating
or withholding treatment in the first place. The average length of stay in the ICU
is from 4 to 7 days; Dr. Butcher’s stay was exceptionally long. The ICU mortal-
ity rate of 20% would be considered extremely high for a regular hospital ward.
That 20% mortality rate for an ICU, however, means that instead of a 100%
mortality rate for 100 critically ill patients who would die without ICU care, 80
are saved; only 20 die. This underscores the importance of the ICU.

The rapid pace of unchecked technological development that enables pro-
longing life by maintaining some patients on a ventilator for years raises ethical
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issues that the medical establishment did not anticipate and for which they are
not prepared. The ethical dimension of critical care has been elaborated, ana-
lyzed, and well documented (Oppenheim & Sprung, 1998; Sprung, Eidelman, &
Pizov, 1997). Indeed, medical ethics has become field of study in its own right.
Nonetheless, profound ethical questions confront ICU personnel.

Should a cancer patient without hope for improvement be maintained on a
ventilator? Would that prolong the patient’s life or misery? A diagnosis of brain
death authorizes disconnecting a patient from the ventilator; however, a family
that refuses to have the patient disconnected could keep a young person who
might be saved with ICU care from being admitted because that ICU bed is
unavailable. Should a patient with no hope of surviving be sent to the department
of internal medicine where supervision is not as meticulous as in the ICU?
Should a few more monitors be purchased or the budget stretched to hire more
nurses who are more beneficial to the patient but more expensive (Nyman &
Sprung, 1997)?

CONCLUSION

Health care providers have become accustomed to the encroachment of technol-
ogy; however, people entering an ICU for the first time as visitors may feel they
have entered the control room of a nuclear power plant where technology domi-
nates. After a few moments, they observe that human beings are connected to all
those wires and understand they are in a hospital—a place where technology
and medicine are working together.

The ICUs of hospitals are locations dedicated to the care of the seriously ill
patient. Typically, ICUs are equipped with the most advanced medical technol-
ogy and are intended to provide patients with the best medical care available.
Nevertheless, care in the ICU has been found to expose patients to a substantial
risk resulting from human error. For example, unintentional disconnection of the
endotracheal tube from the ventilator will stop the patient’s breathing and cause
irreparable damage; therefore, every machine is equipped with alarms to alert
others to this unfortunate event. Because of the number of machines that alarm
and because most alarms sound the same, it is often difficult to identify the
device emitting the alarm, which can delay correcting the problem.

The development of advanced technology has been the primary focus of
efforts to provide the best care possible to critically ill patients in the ICU, but
the human factor has been greatly neglected. It is increasingly acknowledged
that traditional ICU working conditions impose an untenable degree of mental
and physical stress on the medical personnel who staff the facilities. The source
of much of the stress has been traced to the actual physical environment in which




144 DONCHIN

intensive care is administered (Donchin et al., 1995). This stress undermines the
quality of care that they are able to provide.

The physical environment also can stress the patients if they are conscious. To
provide quality care, the medical staff must be acutely conscious, which height-
ens the impact of the conditions of the ICU, their work setting, on them. The
rapid development of intensive care technology has produced an extraordinarily
demanding environment that is incompatible with the human needs of health
care personnel as they provide treatment for the sickest of patients. Thus, the
ICU that has given life to so many people may be harmful to the care providers
as well as the patients.
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Mrs. Jean Lowe, R.N., completed her baccalaureate degree in nursing a year
ago. She had been working as a home health aide Jor 3 years when she decided
10 become a registered nurse. She needed a stable income; she received minimal
child support from her ex-husband for her children ages 12, 14, and 16. Regis-
tered nurses were making over $50,000, so Jean, at 35 years of age, pursued her
degree and professional licensure for the Jinancial security needed to assist her
children with college. It took several years to complete the degree because it was
necessary for her to work while she attended classes. Because she had worked
as a home health aide for so long, Jean felt confident in her home care clinical
practice skills and knowledge after her licensure so she Joined a private for-
profit home care nursing company ( WECARE) in San Diego.

Because WECARE Home Health Nursing Services was known among nurses
to pay substantially higher hourly rates than other companies, Jean found she
could double her income through extra overtime by working 12-hour shifts 6
days a week. Although her paychecks were substantial, Jean Jfound that after she
paid for her children’s needs, the mortgage, living expenses, and college invest-
ment plans she had little lefi. There was a major nursing shortage so she had the
opportunity to supplement her income by working seven 12- or 16-hour shifts at
least twice a month, which she did.
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