
Effect of Insertion Site on Radial
Line Patency

A B S T R A C T  &  C O M M E N T A R Y

In a randomized trial, 169 patients admitted to a cardio-
vascular-surgical or medical-surgical ICU were assigned to 4

groups: 1) fast flush as needed and waste blood sampling; 2) fast
flush as needed and nonwaste blood sampling; 3) fast flush every 4
hours and waste blood sampling; and 4) fast flush every 4 hours
and nonwaste blood sampling. Patients were followed for 72 hours
or until their radial artery catheters became nonpatent. All received
nonheparinized, isotonic sodium chloride as the flush solution.
Arterial catheter patency was evaluated by 2 criteria: acceptable
results on a square waveform test and free back-flow of blood
within 1 second. When waste sampling was used, 1 mL of blood
was withdrawn to waste before obtaining the needed blood sample.
When nonwaste sampling was used, 5 mL of isotonic normal
saline was withdrawn and reinfused after the sample was obtained.
To ensure uniform test conditions, inflation pressure was main-
tained at 300 mg Hg and corrected if insufficient or too high before
testing catheter patency. The patients were 62.0 ± 13.3 years of age
and most (64.5%) subjects were men. 

In total, 23 (13.6%) catheters became nonpatent. Of these, most
(62%) became nonpatent within 32 hours of placement. Duration
of patency did not differ between catheters maintained with a fast-
flush q 4 hours or flushed as needed or between catheters accord-
ing to the method of blood sampling. However, patients with
catheter insertion sites ≥ 3 cm above the radiocarpal joint were
4.23 times (P = 0.01) more likely to have nonpatent catheters
within 72 hours of insertion. In addition, women were 3.05 times
more likely than men to have nonpatent catheters (P = 0.02). With
insertion sites ≥ 3 cm above the bend of the wrist, nonpatency was
7.3 times more likely in women than in men (P < 0.001). Most
patients (84%) received anticoagulants or thrombolytics at least
once during the 72 hours of monitoring. Those who did not
receive these medications were 2.8 times more likely (P = 0.05)
than patients who received these drugs to have nonpatent catheters
(Kaye J, et al. Patency of radial arterial catheters. Am J Crit Care.
2001;10[2]:104-111).
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■ COMMENT BY LESLIE A. HOFFMAN, PhD, RN
Radial artery catheters are routinely used in critically

ill patients to monitor blood pressure and to obtain arte-
rial blood gas samples. Maintaining catheter patency is
important because readings from these devices are used
to titrate vasoactive drugs and to regulate blood pressure
and heart rate.  In prior studies, problems linked with
loss of patency have included the size, length, and dura-
tion of use of the catheter and gender of the patient. 

The major finding of this study was that placement of
the catheter relative to the radiocarpal joint had a signifi-
cant influence on the duration of patency in the first 72
hours after insertion. Site location was measured as the
distance in centimeters from the radiocarpal joint at the
base of the thumb to the insertion site of the catheter.
Kaye and colleagues speculated that movement of the
wrist may have caused a pumping action that aided blood
flow and, therefore, contributed to keeping the catheter
patent. This finding is particularly noteworthy because
the catheters were used for a relatively short time. Mean
duration of use was 30.7 hours, with a range of 3.7-72

hours.  In contrast, neither the flush method (q 4 hours, as
needed) or blood-sampling method (waste, nonwaste)
had a significant effect on catheter patency. As previously
reported, women were more likely than men to have non-
patent catheters, presumably due to smaller vessel size. 

Findings of this study suggest that a simple strate-
gy—placing radial artery catheters as close to the bend
of the wrist as possible—may minimize the risk of los-
ing patency. The study deserves replication to verify
this finding in other sites and a larger sample of patients
with varying underlying conditions.   ❖

Continuous Rotation 
May be as Effective as 
Prone Positioning
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: In a small study of patients with ARDS,
prone positioning was compared with continuous rota-
tion treatment, and a similar improvement in oxygena-
tion was seen.

Source: Staudinger T, et al. Comparison of prone posi-
tioning and continuous rotation of patients with adult
respiratory distress syndrome: Results of a pilot study.
Crit Care Med. 2001;29(1):51-56.

Prone positioning has been shown to be effec-
tive at improving oxygenation in some patients with

severe acute respiratory distress syndrome (ARDS). The
technical difficulties of this maneuver and difficulties
with other interventions make a less complicated posi-
tional alternative attractive. Staudinger and colleagues
used a specially designed kinetic bed to provide continu-
ous rotation and compared the effect of this therapy to
prone positioning in a group of 26 patients with recently
diagnosed (< 72 hours) ARDS. Patients were randomly
assigned to receive prone positioning or the kinetic bed
treatment. Exclusion criteria were pregnancy, malignant
cardiac arrhythmias, recent (< 72 hours) thoracic or
abdominal surgery, death during the first 24 hours fol-
lowing randomization, or severe hemodynamic instabili-
ty requiring initiation of vasoactive therapy or requiring
increases in current therapy during rotation. The bed was
designed to rotate continuously from one lateral position
to the other, reaching a 124° angle every 4 minutes with
a 15 second pause at the maximum rotation. Supine
positioning was performed daily to perform routine care
procedures as briefly as possible (2-4 hours). 

62 September 2001

Statement of Financial Disclosure
In order to reveal any potential bias in this publication, and in accordance with Accreditation Council
for Continuing Medical Education guidelines, we disclose that Ms. Ball serves as a perioperative
consultant to hospitals, industry, organizations, etc., is a stockholder of Steris Corp., and SLT, and is
on the speaker’s bureau of AORN. Dr. Hoffman is involved in research with an NIH-funded grant
that has no industry support. Dr. Rubenfeld is a paid consultant to Eli Lilly and has received educa-
tional grants from Byk-Gulden and Bayer in his name to the University of Washington. Drs. Baigorri,
Durbin, Hess, Johnson, O’Keefe, and Pierson report no consultant, stockholder, speaker’s bureau,
research, or other financial relationships with companies having ties to this field of study. Drs.
Crawford, Gladwin, Nanavaty, and Takezawa did not return a 2001 financial disclosure form. 

Subscriber Information
Customer Service: 1-800-688-2421

Customer Service E-Mail Address: customerservice@ahcpub.com

Editorial E-Mail Address: robin.mason@ahcpub.com

World Wide Web: http://www.ahcpub.com

Subscription Prices
United States

$269 per year. (Student/Resident rate: $100)

Multiple Copies

1-9 additional copies: $197 each; 10 or more copies: $175 each.

Canada

Add GST and $30 shipping.

Elsewhere

Add $30 shipping.

Accreditation
American Health Consultants (AHC) designates this continuing
medical education (CME) activity for up to 20 hours in category 1
credit toward the AMA Physician’s Recognition Award.
Each physician should claim only those hours of credit that he/she 
actually spent in the educational activity.
This CME activity was planned and produced in accordance with
the ACCME Essentials.
AHC is accredited by the Accreditation Council for Continuing 
Medical Education (ACCME) to provide continuing medical
education for physicians.
For CME credits, add $50.
AHC is accredited as a provider of continuing education in nursing
by the American Nurses Credentialing Center’s Commission on
Accreditation. Provider approved by the California Board of
Registered Nursing, Provider Number CEP 10864, for approxi-
mately 16 contact hours.

Questions & Comments
Please call Robin Mason, Managing Editor, at (404) 262-
5517 or e-mail at robin.mason@ahcpub.com or Neill
Larmore, Associate Managing Editor, at (404) 262-5480
or e-mail at neill.larmore@ahcpub.com between 8:30 a.m.
and 4:30 p.m. ET, Monday-Friday.

Critical Care Alert, ISSN 1067-9502, is published monthly by

American Health Consultants, 3525 Piedmont Rd., NE, Bldg.

6, Suite 400, Atlanta, GA 30305.

VICE PRESIDENT/GROUP PUBLISHER: 

Donald R. Johnston.

EDITORIAL GROUP HEAD: Glen Harris.

MANAGING EDITOR: Robin Mason.

ASSOCIATE MANAGING EDITOR: Neill Larmore.

SENIOR COPY EDITOR: Robert Kimball

MARKETING PRODUCT MANAGER: Schandale Kornegay.

GST Registration Number: R128870672.

Periodical postage rate paid at Atlanta, GA.

POSTMASTER: Send address changes to Critical Care

Alert, P.O. Box 740059, Atlanta, GA 30374.

Copyright © 2001 by American Health Consultants. All rights

reserved. No part of this newsletter may be reproduced in any

form or incorporated into any information-retrieval system

without the written permission of the copyright owner.

Back issues: $37.

Missing issues will be fulfilled by customer service free of

charge when contacted within one month of the missing

issues date.

This is an educational publication designed to present scien-

tific information and opinion to health professionals, to stimu-

late thought, and further investigation. It does not provide

advice regarding medical diagnosis or treatment for any indi-

vidual case. It is not intended for use by the layman.



Patients were entered into the study based on the
usual criteria for ARDS: diffuse pulmonary infiltrates,
an oxygenation ratio (PaO2/FIO2) of < 200 mm Hg, low
pulmonary artery wedge pressure, and an appropriate
clinical setting. All patients were monitored with pul-
monary artery catheters and arterial lines. They were
sedated and ventilated with pressure control mode,
small tidal volumes (6-8 mL/kg), FIO2 0.60 or less, and
positive end-expiratory pressure (PEEP) up to 20 cm
H2O to keep SaO2 > 91%. Nitric oxide (NO) was used
in all patients prior to entry into the study. Patients were
begun at 1 ppm NO and, if the patient was a “respon-
der,” increased until the maximum effect on oxygen sat-
uration was obtained. All patients were started on NO
during the study, although as oxygenation improved,
NO was weaned. Hemodynamic and gas exchange vari-
ables were obtained hourly. 

Twenty-six patients were entered into the study—12
assigned to the prone treatment group and 14 to the rota-
tion treatment group. There were no differences between
the groups in age (52 vs 54), the number of NO respon-
ders (75% vs 79%), APACHE II Scores, Murray Lung
Injury Score (mean = 3), average NO dose (20 ppm),
ventilatory parameters, or blood gases on entry.
Intrapulmonary shunt and oxygenation ratio were the
same in both groups over the first 72 hours. There was
no difference in the number of patients improving or in
the area under the curve for the above oxygenation mea-
sures between the groups. No patients were excluded
from the prone group for hemodynamic instability, while
maximal rotation was temporarily reduced in 2 patients
in the rotation group. There were no complications relat-
ed to the therapy (lines or tubes lost) in either group.
There was no difference in mortality (59% vs 64%) or
time to resolution of ARDS in survivors (5 days).

■ COMMENT BY CHARLES G. DURBIN, Jr., MD
This is a preliminary study demonstrating equal effi-

cacy of continuous rotation and prone positioning in
improving measures of oxygenation in patients with
severe ARDS. The convenience of such therapy would
certainly justify adding it to the armamentarium against
ARDS if it also improved survival. Clinical application
of the results of this study is hindered by the fact that
even prone positioning has not been shown to improve
patient survival, despite its ability to improve oxygena-
tion. Nitric oxide as used in this study is another therapy
that does not improve survival despite having a salutary
effect on measures of oxygenation. Despite the recogni-
tion that few therapies have been shown to improve the
outcome of ARDS (limiting the tidal volume probably
improves survival), it is difficult not to believe that a

therapy that improves oxygenation and allows reduction
in inspired oxygen concentration isn’t valuable. 

This is a dilemma of clinical medicine: improvement
in short-term or surrogate measures of “improvement”
are so attractive when things appear desperate despite
the lack of support of long-term improvement. We must
resist embracing new, expensive, or dangerous therapies
that do not have the scientific underpinnings of proven
efficacy. While the findings of this study constitute an
interesting observation, this therapy is unlikely to
improve patient survival.   ❖

Special Feature
Management of Traumatic
Brain Injury: Have we
Learned What Works?
By Charles G. Durbin, Jr., MD

Despite major research funding, new thera-
peutic agents, and a better understanding of the

mechanisms of neuronal cell injury, traumatic brain
injury (TBI) remains the most common cause of death
and disability from trauma. It is estimated that the inci-
dence of head injury is about 150 cases per 100,000
population per year in the United States, resulting in at
least 50,000 deaths and contributing to permanent dis-
ability in more than 200,000 survivors.1,2 While motor
vehicle accidents are the major cause of head injury,
falls and injury from projectiles account for a significant
number of these injuries.

It has been recognized for many years that there are 2
major mechanisms responsible for neuronal injury in
patients with TBI: primary injury, in which the actual
trauma episode produces cellular injury leading to cell
death, and secondary injury, in which additional cell
and structural injury occurs as a result of events follow-
ing the primary traumatic episode. Primary injury can
be prevented or reduced by helmet use, passive and
active restraints, reduced speed of impact, better auto-
motive design, better driving habits, lower speed limits,
reduction in firearm use, and other public efforts. 

Secondary injury prevention has been an active area of
medical research and clinical activity.3 Since the cranium is
a closed, rigid box, when a rapidly expanding intracranial
mass occurs following trauma, normal brain tissue is com-
pressed, vascular supply is compromised, and irreversible
injury from ischemia may occur to otherwise uninjured tis-
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sues. Relief of a mass effect on surrounding normal tissues
has been the goal of early surgical and pharmacological
interventions and is believed to improve the outcome of
TBI. Typical traumatic expanding masses are epidural,
subdural, and intraparenchymal hematomas. These are
apparent on basic imaging techniques and must be identi-
fied in a timely fashion to prevent irreversible secondary
injury. In addition, acute cerebrospinal fluid outflow
obstruction or parenchymal edema can increase global
intracranial pressure to the point where arterial inflow is
inadequate and ischemic secondary brain injury results.
Historically, the treatment of TBI has consisted of evacua-
tion of clots, control of intracranial pressure, and improve-
ment of oxygen delivery and CO2 removal from the brain.4

While this mechanical approach remains an essential
component of initial treatment of the TBI patient, experi-
mental studies suggest that therapy directed at altering
brain function and metabolism may also be helpful in sal-
vaging ischemic brain tissues. Specifically, reducing the
release of excitatory neurotransmitters provides signifi-
cant protection from secondary injury in most animal
models tested. Preliminary human data with several of
these pharmacological agents are promising. It is the pur-
pose of this review to report the available information
related to basic, commonly used treatments for patients
with TBI. Some of the new agents, which have not yet
been shown to be effective but which have theoretical
advantages, will be mentioned but not discussed in detail.

Despite the improvement in outcome from other trau-
matic injuries, little or no improvement has been observed
in outcome from TBI. One of the most concerning obser-
vations in the treatment of TBI is that a wide variety of
basic approaches are practiced at excellent but different
centers. The use of head position, monitoring (or not) of
intracranial pressure, treatment directed to maintenance of
cerebral perfusion pressure, hyperventilation, sedation,
and paralysis have not been adequately studied. Trauma
care has been improved by application of a standardized,
basic approach to initial and definitive care. The integra-
tion of prehospital and hospital care for trauma victims
has resulted in reduced mortality and morbidity.5 Trauma
systems have been developed to provide this standardized
approach during the first phase or “Golden Hour,” the ini-
tial resuscitation phase of injured patients.6 In an attempt
to improve the outcome of the patients with TBI, the
Brain Trauma Foundation and the American Association
for Neurologic Surgeons have proposed guidelines for the
treatment of patients with TBI. These recommendations
are evidence-based and have been recently updated.7

These recommendations are graded as “Standards,” sug-
gesting that there is sufficient high-quality evidence to
support universal application; “Guidelines,” suggesting a

lower level but yet substantial amount of supportive evi-
dence; and “Options,” meaning there is no preponderance
of support for or against the recommendation. While few
of the recommendations are at the level of “Standards,”
most of the routine interventions used in patients are dis-
cussed in this series of papers.

Initial Resuscitation
There are no issues specific for TBI other than the

priorities for resuscitation in general. However, the
effect of inadequate resuscitation in patients with TBI
seems to be greater than in those with other organ
injuries. It is now well known that hypoxia (as defined
as an arterial saturation less than 90% or a PaO2 less
than 60 mm Hg) and hypotension (as defined by a sys-
tolic blood pressure of 90 mm Hg or less) in the TBI
patient are associated with a much higher mortality and
greater morbidity.8 This is true even when correction is
made for severity of brain and other organ injury and
other known prognostic indicators.9

During initial resuscitation, if hypoxia does not
respond to increased FiO2 or if apnea is present, artificial
ventilation aided by endotracheal intubation should be
instituted immediately. Often an altered mental status,
even if not due to TBI, affects the ability to spontaneous-
ly clear the natural airway. This potential of airway loss
results in early placement of an artificial airway and ini-
tiation of mechanical ventilation. Care must be paid
when starting positive pressure ventilation, as profound
hypotension often occurs in these hypo-volemic patients.
This hypotension may be more deleterious to the patient
with TBI than the potential bad effects of spontaneous
ventilation, until intravascular volume is restored.

Fluids
Hypotension should never be attributed to TBI alone

and other sources for blood loss or abnormal vascular
resistance (ie, spinal cord injury or sepsis) should be iden-
tified. In the setting of TBI, hypotonic solutions should be
avoided. Normal or even hypertonic saline may be of
value in initial resuscitation in the hypotensive, multiply
injured patient. This is not a mandatory recommendation,
however, and rapid restoration of intravascular volume in
the patient in shock with whatever isotonic fluid is imme-
diately available takes priority over using one of these
high-sodium fluids. After initial resuscitation, selection of
fluids should be made with the intent of restoring or main-
taining a serum sodium concentration in the range of 145
mEq/L or higher. Hyponatremia increases cerebral edema.

Initial TBI Treatment
Following restoration of intravascular volume, intuba-
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tion, and ventilation, if depressed mental status remains an
issue in the multiply injured patient (ie, patients with a
Glasgow Coma Scale score of 8 or less), treatment to pre-
vent or reverse transtentorial cerebral herniation should be
instituted. This includes institution of sedation, possibly
inducing pharmacologic paralysis, and mild hyperventila-
tion (to PaCO2 between 35-40 mm Hg or a slightly alkalot-
ic pH). Propofol may be the sedative of choice (if hypoten-
sion is not a problem), as it can be withdrawn periodically
to allow a complete neurologic examination. However,
narcotics can be used for sedation and reversed if neces-
sary with naloxone. If herniation is suspected or progres-
sive deterioration attributable to the TBI continues, manni-
tol boluses can be used (up to 1 g/kg) to reduce edema
while preparing to perform a computed tomography (CT)
scan. If there is no suspicion of impending herniation, nei-
ther mannitol nor paralysis should be used. Prolonged ther-
apeutic paralysis should be avoided as this results in a
higher incidence of pneumonia than sedation alone.

To identify surgical lesions, a CT scan should be con-
sidered in any patient with an altered mental status fol-
lowing initial resuscitation. Operative intervention should
be accomplished as soon as feasible. Following surgery,
or if herniation is reversed with medical treatment,
intracranial pressure (ICP) monitoring should be initiated
and further treatment decisions should be made based on
ICP, cerebral perfusion pressure calculations, or both.
These initial management steps are outlined in Figure 1.

Hypertension often accompanies severe TBI, and sys-
tolic pressures greater than 160-180 mm Hg can cause
further disruption of the blood brain barrier which may
lead to worsening edema, ischemia, or additional
intracranial bleeding. Hypertension of this level should
be treated. During stimuli, reactive hypertension can also
be deleterious and must be avoided. This especially
applies to endotracheal intubation, where the expected
rise in blood pressure should be blunted with appropriate
anesthetic agents. Ultrashort acting barbiturates, such as
thiopental, are effective since they blunt the hypertension
as well as reduce cerebral blood flow and reduce ICP.

Hyperventilation
Once a mainstay of TBI management, hyperventila-

tion (to PaCO2 < 30 mm Hg) is reserved for episodes of
uncontrolled increases in ICP until some other interven-
tion (eg, mannitol infusion) is applied and effective.
Sustained hyperventilation is associated with a worse
outcome, probably because it diminishes blood flow in
normal brain rather than damaged tissues and may aug-
ment ischemia.10 Prophylactic hyperventilation must be
avoided in the management of TBI—this is now consid-
ered a standard of care by the Brain Trauma Foundation.

This is particularly important in the first 24 hours fol-
lowing injury. In the presence of extremely elevated ICP,
hyperventilation should only be used transiently to
reduce the ICP while other measures are instituted. 

ICP Monitoring
The need for ICP monitoring following TBI has been

debated throughout the world of neurosurgery. A minor-
ity opinion is that effective management should be pro-
vided based on changes in the neurologic exam and not
on a measured ICP. The risk of monitoring is not trivial,
and some believe it is inappropriate to treat an elevated
ICP without a neurologic correlate. If the ICP remains
elevated after maximum conventional therapy, outcome
is so poor even with additional therapy (eg, barbiturate
coma or profound hypothermia), that knowing the ICP
adds little to management. Good centers with similar
clinical outcomes throughout the world disagree about
the use of this monitor.11

The Brain Trauma Foundation proposes the following
guideline for ICP monitoring: 1) If the GCS remains 8 or
less following resuscitation and the CT is abnormal, ICP
monitoring is indicated; 2) If the patient has severe head
injury but a normal CT scan, monitoring is indicated if 2
or more of the following are present: age > 40 years, uni-
lateral or bilateral posturing, and systolic blood pressure
less than 90 mm Hg at any time since injury. These are
based upon the belief that therapy directed at increased
ICP should be titrated to ICP (ie, hyperventilation and
mannitol), and prognosis can also be improved by know-
ing this pressure. A ventriculostomy, which can be used
to reduce ICP by draining a small amount of cerebral
spinal fluid (CSF), can be used to monitor ICP but carries
significant risk of causing injury or promoting infection. 

Cerebral Perfusion Pressure (CPP)
Treatment of TBI in patients with increased ICP can

be directed at reducing ICP, maintaining CPP, or both.
ICP should normally be kept below 20-25 mm Hg. In
patients with values at this level or above but no signs of
herniation, CPP can be augmented with intravascular
volume expansion and/or vasopressors. CPP is normally
above 70 mm Hg. Some have suggested better out-
comes with a CPP greater than 80 mm Hg. There is no
standard recommended for CPP nor is there a recom-
mendation as to the most effective way for achieving a
particular end point. Direct acting alpha agonists (ie,
phenylephrine) are effective at increasing blood pres-
sure. They do not cause cerebral vasoconstriction as
there do not appear to be active alpha receptors on cere-
bral vessels. They also do not cause tachycardia and
therefore maintain a more favorable myocardial oxygen
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supply/demand ratio. In high doses, they can cause
organ ischemia, primarily the kidney and gut, and
adding a beta agent to increase cardiac output may be
preferable under some circumstances. 

Uncontrolled Intracranial Hypertension
In the case that ICP cannot be maintained below 25

mm Hg despite use of mannitol, CSF drainage, seda-
tion, paralysis, and transient hyperventilation, several
heroic options have been tried. The mortality in this
group of patients (10-15% of all TBI who survive initial
injury) is estimated to be 85-100% without additional
treatment. A flow chart suggested for the treatment of
patients with uncontrolled intracranial hypertension is
presented in Figure 2.

Barbiturate Coma. Probably the best studied treat-
ment is the use of high-dose barbiturates. Barbiturates are
known to reduce cerebral metabolism and cerebral blood
flow proportionately. They can reversibly induce bust sup-
pression on the EEG and minimize cerebral oxygen
demand. They are also oxygen free-radical scavengers

and may contribute by reducing oxidative
secondary injury. They can reduce elevated
ICP. They are not indicated unless medical
and surgical measures have failed and ICP is
greater than 35 mm Hg. If barbiturates lower
ICP in this group of ill patients, then mortali-
ty is less than if they don’t (nonresponders).
Barbiturates cause cardiac depression and
hypotension in the majority of patients in
whom coma is induced. Vasopressors and
cardiostimulants are almost always needed. 

A suggested formula for inducing coma
with pentobarbital is as follows: 

This dosing plan produces minimal
effects on blood pressure and achieves ther-
apeutic benefit in several hours. Invasive
cardiovascular monitoring with an
indwelling arterial catheter and a Swan-
Ganz catheter are usually needed. Serum
levels of barbiturates do not correlate with
clinical effectiveness, but when discontinu-
ing the drug, they have predictive value.
Patients usually require many days for the
drug levels to drop low enough to perform a
valid neurologic examination. This is a
problem when brain death is suspected as

the neurologic examination is unreliable.
Deep Hypothermia. Profound hypothermia (core

temperature 25-30°C) has been used to control elevated
ICP. However, any improvement in mortality is negligi-
ble. As with barbiturate coma, profound cardiac distur-
bances are encountered and often result in cardiovascu-
lar collapse. Hypothermia also predisposes to infection
and rampant sepsis is another event that worsens sur-
vival. For these reasons, profound hypothermia has
been abandoned as therapy for elevated ICP.

Moderate Hypothermia. A great deal of interest has
arisen in using moderate hypothermia (32-34°C) in
patients with TBI. While not reducing the global brain
metabolic rate significantly, release of excitatory neuro-
mediators may be reduced and this could improve out-
come. An initial report suggested a better clinical outcome
3 and 6 months following injury with modest hypother-
mia.12 This study was flawed and follow-up studies failed
to show any improvement.13,14 The value of moderate
hypothermia in TBI awaits further study. A corollary is
true, however, that hyperthermia increases cerebral injury
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Severe Head Injury
GCS 8 or less

Diagnostic and
Therapeutic Procedures

as Indicated

Trauma
Evaluation

Intubation
Fluid Resuscitation
Mechanical Ventilation 

(PaCO2 35-38 mm Hg)
Oxygenation
Sedation ± Paralysis

Neurologic Deterioration?
or

Evidence of Herniation?

Short-term
Hyperventilation

and/or
Mannitol (1 g/kg)

CT Scan

Operative Lesion?

Operating
Room

Intensive Care Unit
Monitoring

Monitor ICP

Treat
Intracranial

Hypertension

Yes

Yes

Yes

No

No

Figure 1

Algorithm for Approaching the Patient with Severe Head Injury

Loading Dose 10 mg/kg over 30 minutes 
followed by 5 mg/kg/h for 3 doses

Maintenance 1 mg/kg/h



and must be avoided. Intravascular cooling
devices have been proposed for this purpose,
although no efficacy data on this approach
have yet been published.

Decompressive Craniectomy. Since the
skull is a closed box, removal of part of the
skull bone can allow mass expansion without
increasing pressure. This can prevent sec-
ondary injury. Craniectomy has been per-
formed along with removal of blood clots or
other masses and intact neurological survival
has been seen. Craniectomy for diffuse edema
without a resectable mass lesion is less well
supported with data. Most American neuro-
logical surgeons do not advocate decompres-
sive craniectomy under these circumstances,15

however, one active German group has report-
ed surprising success, especially when per-
formed early in the course of brain swelling.16

More study is needed before this invasive,
aggressive approach can be advocated.

Seizure Prophylaxis
Following TBI, especially if there is any

intraparenchymal blood, the risk of seizures
is great. Early seizures may augment injury
by increasing cerebral blood flow (CBF)
and ICP although this has not been proven.
Prophylaxis for early seizures with pheny-
toin (Dilantin) or carbamazepine (Tegretol)
is indicated and effective. These drugs have
no effect in preventing the late development
of a seizure disorder and should be discontinued 7-10
days following injury.

Corticosteroids in TBI
The use of steroids is not recommended for improv-

ing outcome or reducing intracranial pressure in
patients with severe head injury. Investigation of the
role of the 21-aminosteroid, tirilizad, is ongoing. While
not apparently offering any benefits in most patients
with TBI, those with traumatic subarachnoid hemor-
rhage may benefit from this compound. The role of
adrenal insufficiency in critical illness is being appreci-
ated and some multiply injured patients with TBI may
benefit from replacement therapy.

Experimental Therapy for TBI
Hypertonic Saline. The use of hypertonic saline for

initial trauma resuscitation or for treating uncontrolled
intracranial hypertension is a promising therapy.17

Animal experience and initial human trials suggest that

outcome is improved by administering small volumes
of hypertonic saline (7.5-23%) at the accident scene.
This seems to be effective by preserving vascular
integrity and dehydrating injured tissues. It may also be
effective by more effectively ameliorating the shock
state. When used for uncontrolled intracranial hyperten-
sion, hypertonic saline is as effective as barbiturate
coma in reducing ICP.18 Appropriate dose and timing of
the treatment have not been determined.

Anti-inflammatory Agents. It has been recently rec-
ognized that TBI elicits an inflammatory response in the
brain. The production of toxic mediators may augment
secondary injury. Anti-inflammatory agents are effec-
tive at limiting injury in animal models.

Neuroprotective Agents. Recognition of the role of
excitatory mediators in increasing neurologic injury has
led to the idea that agents that would interfere with
these mediators could improve outcome. NMdA antag-
onists, calcium channel antagonists, steroids, nitric
oxide synthase inhibitors, 5-hydroxy-tryamine receptor
antagonists are all undergoing trials in humans with
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Monitor ICP 
Maintain CPP > 70 mm Hg

ICP Remains > 25 mm Hg
after

Ventricular Drainage

Hyperventilation to
PaCO2 30-35 mm Hg and

Mannitol .25-1.0 g/kg

Consider Repeat
CT Scan

ICP remains > 25 mm Hg
Slowly withdraw
ICP Treatment

Repeat Mannitol to
maintain Osmolality ≈

320 mOsm/L

ICP remains > 25 mm Hg

Consider Alternative
Therapies

Barbiturate Coma
Extreme Hyperventilation

PaCO2 < 30 mm Hg

Decompressive
Craniectomy

(Not recommended)

Monitor SjvO2 or CBF

Figure 2

Algorithm for Treating Uncontrolled Intracranial Hypertension



cerebral injuries. It is too early to recommend any of
these for clinical use.

Induced Hypertension. Since CBF is often reduced
following TBI and angiographic vasospasm can be
demonstrated, treatment by inducing hypertension (as
with vasospasm associated with subarachnoid hemor-
rhage) could be helpful. Other than a case report, this
therapy remains speculative and cannot be recommend-
ed at this time.19

Conclusions
The outcome following TBI is improved with initial

effective resuscitation, prevention of hypotension, avoid-
ance of hypoxia and hypercarbia, and identification and
removal of surgical lesions. Following the period of resus-
citation, those patients with severe TBI (GCS < 8) benefit
from therapy to reduce intracranial hypertension directed
by intracranial pressure measurements. Effective mea-
sures include removal of hematomas, infusion of manni-
tol, and temporary hyperventilation to prevent herniation.
Prolonged or prophylactic hyperventilation is harmful and
must be avoided. Hypothermia, moderate or profound, has
not been shown to be helpful, but hyperthermia should be
aggressively treated. Steroids are not useful.
Anticonvulsants may reduce the incidence of early
seizures but should not be continued for prolonged peri-
ods in the absence of seizure activity. Other techniques for
lowering ICP of unproven value include barbiturate coma,
profound hypothermia, and decompressive craniectomy.
These should only be used with increased monitoring (ie,
jugular venous saturation monitoring, pulmonary artery
catheter monitoring, or CBF monitoring) and when all
other therapy has failed.   ❖
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In Future Issues: CT Angiography and Clinician Behavior 
in Suspected Pulmonary Embolism

CME/CE Objectives
After reading each issue of Critical Care Alert,

readers will be able to do the following:
• Identify the particular clinical, legal, or scientific

issues related to critical care.
• Describe how those issues affect nurses, health 

care workers, hospitals, or the health care industry
in general.

• Cite solutions to the problems associated with those
issues.

CME/CE Questions
29. Nonpatent radial artery catheters were most likely when:

a. waste rather than nonwaste sampling was used.
b. a fast-flush was used as needed rather than q 4 hours.
c. the insertion site was > 3 cm above the radiocarpal joint.
d. bag inflation pressure dropped below 200 mm Hg.
e. None of the above

30. Prone positioning and continuous rotational therapy:
a. decrease the hemodynamic alterations seen in ARDS.
b. improve survival from ARDS.
c. equally improve oxygenation in patients with ARDS.
d. result in frequent unplanned extubations.
e. are effective at reducing shunt following myocardial infarction.

31. Which of the following has been shown to be of value in 
treating the patient with a traumatic brain injury?
a. Prophylactic hyperventilation to a PaCO2 < 25 mm Hg
b. Modest hypothermia to a core temperature of 34° Centigrade
c. Decompressive craniectomy if the ICP exceeds 20 mm Hg
d. Mannitol if the ICP exceeds 25 mm Hg
e. High-dose steroids if the ICP is greater than 25 mm Hg 

32. If the intracranial pressure following traumatic brain injury
is greater than 25-30 mm Hg despite mannitol and hyperven-
tilation, what is an acceptable next step in treatment?
a. Repeat CT scan to look for a treatable lesion
b. Repeat mannitol administration until the osmolality is greater

than 350 mOsm/L
c. Immediate decompressive craniectomy
d. Reduce blood pressure until systolic is less than 120 mm Hg
e. Hyperventilation to a PaCO2 less than 25 mm Hg



Critical Care Alert 69

Financial Incentives Need More Quality-Based Measures
By Julie Crawshaw, CRC Plus Editor

Report calls for more outcomes standards

According to a new study from hewitt associates, when it comes to financial incentives programs,
most hospitals and health care systems link executive compensation to patient satisfaction. 

The study, sponsored by the National Committee for Quality Health Care, called for using more clinical care
and outcomes-based measurements to determine financial rewards. 

The study reported that 71% of 63 groups polled had incentives plans in place, but only 62% said that they
include specific quality and outcomes measures in their incentive plans. Only 29% measured specific patient safety
factors such as medication errors, patient falls, use of restraints, and infection control.

Measuring clinical quality performance and outcomes is no easy task in critical care medicine, says Robert
McCaffree, MD, chief of staff of the Veterans Administration Medical Center and professor of medicine in the pul-
monary disease and critical care section of the Oklahoma University Health Science Center in Oklahoma City. He
says that the complexity of illness has become so great, it’s difficult to develop measurements that help ICU physi-
cians reflect accurately on what they are doing. 

“In a critical care unit, you have an incredible heterogeneity of diseases with a lot of cofactors that might affect
the outcome,” McCaffree says. 

McCaffree says the best measurements of medical performance are outcome-based but, in critical care units, it’s
challenging to get meaningful and useful outcome measures. As an example, he points to VA-developed bench-
marks such as counting the number of patients who receive influenza vaccine or smoking cessation counseling,
which are straightforward and easy to measure. 

Even moving the bar up a notch to measure diabetes outcomes is doable because both the nature of the disease
and the large population of patients allow for gathering significant data. 

But assessing outcome-directed measures for ICU care involves more cofactors than most other medical mod-
els. For example, McCaffree points out that checking the nosocomial pneumonia infection rate in groups of
patients on mechanical ventilation is more complex because of ICU mortality and length of time on ventilators. 

“Those measures generally require large numbers of patients to be significant,” McCaffree says. “Otherwise,
you fall into the tyranny of small numbers.”

But an ICU may have only 5 patients with a disease that claims 2000 patients nationwide. “If 2 of those patients
die,” McCaffree says, “it becomes a matter of knowing whether your 40% mortality rate is significant in compari-
son with the national 2% mortality rate. Then you have to start stratifying patients.”

Linking Quality of Care to Paycheck Works 
Basing financial rewards on performance is hardly a new idea. It is, however, one that seems to be spreading

rapidly across the health care horizon. In the past few months, Harvard Pilgrim of Boston, Blue Cross of California,



and other HMOs began offering pay bonuses based on
patient satisfaction and other quality standards to physi-
cians who attend to their members. 

Borges Medical Center in Kalamazoo, Mich, began
tying money to quality improvement several years ago
using goal-setting and outcomes-based measurements
to determine financial rewards. Cindy L. Harvey, RN,
MSN, Borges’ director of quality improvement, says
her institution uses annual goal setting as a dual incen-
tive/quality improvement tool. 

“We have a number of clinical excellence goals for the
coming year,” Harvey says. “All the senior leadership has
those goals and they cascade through all levels of staff.”

Borges’ physicians, nurses, and staff members work
on goal teams set up by type of patient illness/care.
Each team writes a list of goals at the beginning of the
year targeting desired outcomes improvements and set-
ting a minimum achievement level. At the end of the
year, the percentage of the allowable pay raise team
members can receive is determined by the number of
goals the team achieves, with everyone on the team
receiving the same score. 

Achieving or exceeding the goal translates into a cer-
tain percentage of salary increase for the following year.
“We’re finding that people do very well on the goals
because they want to get their raises,” Harvey says.

Harvey says one specific Borges goal for critical care
this year is improving outcomes of vent-assisted DRG
475 (diagnostic related group) cases. The critical care
team began by stating the current rate per 1000 vent
days, then set the lower rate desired and the rate at which
the goal will be considered to have been exceeded. 

“Everyone on the DRG 475 team has the same finan-
cial incentive to achieve the goal,” Harvey says. “We all
sink or swim together.”

Borges harvests its own outcomes databases to deter-
mine what issues need the most work, using any type of
data available. “The task is choosing where you focus
your efforts,” Harvey says. “You can only have so many
incentive goals—the challenge is to prioritize.”   ❖

Pay-for-Quality Movement
Expanding Nationally
But a ‘supreme cynicism’ still pervades

Anew emphasis on quality of care—including
basing physician bonuses on that factor—is spring-

ing up around the country.
In a dramatic change from the traditional managed

care cost-cutting mindset, Blue Cross of California has
announced it will begin using patient satisfaction mea-
sures instead of cost control to calculate physician
bonuses. 

Under the Blue Cross plan, doctors who score well
on patient satisfaction and preventive care surveys can
receive up to a 10% bonus on top of their regular quar-
terly managed care payment, starting in 2003. Before,
such bonuses were determined solely by how well
physician groups controlled costs.

San Francisco-based Blue Shield of California actually
began its quality initiatives in January when it launched a
separate quality incentive program. Under this plan, med-
ical groups that meet established quality measures can
increase their managed care payments by as much as 5%.

Other organizations affiliated with the California Blue,
such as Blue Cross Blue Shield of Georgia in Atlanta,
and UniCare Health and Life Insurance Company of
Thousand Oaks, Calif., are also considering the move to
paying their doctors based on patient surveys.

PacifiCare Health Systems of Santa Ana, Calif., has
operated a quality reward system since 1998, based on
about three dozen clinical measures. Under it, high-
scoring groups are assigned more members, potentially
resulting in higher revenues.

Last summer, Boston’s Harvard Pilgrim Health Care
signed a four-year contract with Partners HealthCare
Systems, giving Partners’ 1000 primary care physicians
and 3000 specialists financial bonuses for taking pre-
ventive measures such as ensuring diabetes patients get
regular eye and kidney checkups.

In Indianapolis, Anthem Inc, is reportedly creating a
compensation system that pays physicians and hospitals
based on meeting pre-set clinical and preventive health
standards.

Jumping on the quality bandwagon, a major Florida
managed care coalition now says it is willing to pay
higher fees to physicians who achieve the best clinical
outcomes.

Under the Central Florida Health Care Coalition’s
proposal, physicians would be divided into platinum,
gold, or silver categories based on their documented
outcomes for 10 specified conditions. The Orlando-
based coalition represents 145 employers covering more
than 1 million people.

Risk-adjusted claims data on office visits would also
be used to create a profile of treatment patterns and clin-
ical results for some 5000 physicians in 5 specialties. 

To earn a top rating, doctors must also meet such
additional requirements such as participating in annual
mini-residencies to ensure they’re up on the latest treat-
ment techniques. 
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The decisions on how—and if—to proceed will
depend on the results of a pilot program designed to test
payment measures and an actuarial analysis.

Early indications are that reimbursement rates could
vary from 70% of the current Medicare rate for silver
group physicians to 120% for platinum doctors willing
to treat more patients with chronic illnesses, estimates
the coalition’s head, Becky J. Cherney. 

To push more members to top-ranked physicians,
their associated copayment would be reduced. “This is
our way of saying we’re willing to pay doctors more for
being a good physician,” says Cherney.

Some are Skeptical 
Not all Florida docs are buying this idea, however.
“The HMOs are still trying to nickel and dime doc-

tors” when you compare what could be saved from more
effective care that keeps people out of the hospital, main-
tains Florida family physician Joseph W. Gallagher. 

There is a “supreme cynicism” among physicians
across the country that no corporate purchaser really
cares about medical quality, says William F. Jessee,
MD, CEO of the Medical Group Management
Association in Englewood, Colo.

A major complaint is that many of these so-called qual-
ity compensation proposals don’t really pay directly for
better care. Instead, they attempt to drive more patients to
top-performing physicians. However, there’s no hard evi-
dence that even this goal is being accomplished.

Others complain that the direct bonuses are geared to
patient satisfaction surveys rather than hard clinical data.
There’s also the question of whether mutually agreeable
performance measures can be calibrated. Plus, a signifi-
cant number of payers must switch to quality perfor-
mance measures before the provider side of the equation
starts to take the issue seriously, say experts.

“Experiments aimed at both holding providers
accountable and encouraging them to practice quality
medicine are happening across the country,” notes bene-
fits consultant Helen Darling. “Figuring out how to do
this is going to be tough.”   ❖

Gathering Benchmarking
Data Just Got Easier

Unless your software program allows you to
analyze data easily, the numbers it stores are of lit-

tle use, says R. Phillip Dellinger, MD, FCCM, FCCP.
He is director of critical care at Rush Medical College,
Rush Presbyterian-St. Luke’s Medical Center in

Chicago and Cook County Hospital, and former presi-
dent of the Society for Critical Care Medicine (SCCM).
Dellinger says that the first edition of SCCM’s Project
Impact (PI) software had some serious shortcomings
because it was not constructed to talk with other data-
bases easily within the same hospital. “The current PI
software is much more user-friendly,” Dellinger says.

The PI update became available about 6 months ago.
Dellinger says the software update makes it easier for an
institution to do local analyses of the database, for exam-
ple, comparing lengths of stays for upper GI bleeders
with cirrhosis as opposed to upper GI bleeders without. 

“The new program also makes it easy to pull data
gathered earlier from other systems within the hospital
into the PI database,” Dellinger says. “We could do this
before, but it required specially written software pro-
grams that were very laborious to use and it was too
tough for widespread application.”

Dellinger says his facility is currently rewording
diagnoses to conform to CPT and ICD-9 codes because
doing so will allow comparisons with more databases.
For instance, if your outcome on a specific condition is
the same but the length of stay is significantly greater,
the database could tell you that another institution has
the same utilization-based clinical outcome but doesn’t
do something you regularly do. That could tell you
something about what effect making that change would
have on your data. If you’re an outlier for clinical out-
come or resource use you can see what you do differ-
ently than the database in general.

The software includes data on admissions and dis-
charge, demographics, ICU data, data on pre-existing
diseases, procedures, therapies, and outcomes. PI
Director Meg Wilson says SCCM developed the ele-
ments of the software program so that an ICU can use
its own intensivists to create a local database. 

“Our members saw a need for ICUs to have a data-
base on local admissions so that over time they could
compare themselves to themselves, and see which pro-
tocols instituted actually provided better patient out-
comes,” she says.

Each quarter, institutions that participate in PI are
required to send the patient information to a central reg-
istry. Wilson says that the software complies with all
confidentiality requirements by stripping patient and
physician identifiers, leaving the information identifi-
able only by a number. 

“We then aggregate the data and provide back to
each ICU a quarterly confidential report that compares
the reporting unit to similar units and patient mix to the
national database,” Wilson says. 

Current costs for PI are $4000 annually plus $500 for
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each licensed ICU bed. Contact Meg Wilson at (800)
458-2674 for further information.   ❖

CDC Finds Surveillance Data
Lowers Nosocomial Rates 

Once health care professionals understand
the significance of nosocomial infections, they will

alter their care giving practices to bring reductions,
according to a recent evaluation of the Centers for
Disease Control and Prevention’s National Nosocomial
Infections Surveillance system (NNIS).

But even though improving caregiver practices clearly
improves patient care, it will hardly solve the problem.
The best current estimates are that only about a third of
nosocomial infections are preventable. Overall, nosoco-
mials cause 44,000-98,000 deaths and cost $17-29 billion
per year when calculated with other medical errors.

To lower these figures, the CDC recommends estab-
lishing a multicenter monitoring system that uses stan-
dard definitions, data fields, protocols, and names an
aggregating institution to standardize definitions and
protocols, receive and assess data, and standardize the
approach to risk-adjusting the benchmarks. 

NNIS has been monitoring ICU patients since 1987,
using site-specific, risk-adjusted infection rates by ICU
type. CDC researchers found that from 1990 through
1999, participating NNIS hospitals decreased risk-
adjusted patient respiratory, urinary, and bloodstream
infection rates. Substantial decreases in bloodstream
infection rates occurred in medical (44%), surgical
(31%), and pediatric (32%) ICUs. 

The NNIS system uses the endemic-disease rate of
nosocomial infection as a measure of ongoing infection
risks to hospitalized patients when no recognized out-
breaks are in process. However, researchers point out
that no single source of information allows for accurate-
ly identifying nosocomial infections. 

Researchers found that once patient-care personnel saw
value in the data collected, they altered behaviors in ways
that may have reduced the incidence of nosocomial infec-
tions in NNIS hospitals. In fact, the key to NNIS’s success
is the willingness of infection-control practitioners to
develop preventive measures using the monitoring data.
Developing better measures for preventable nosocomials
should help increase monitoring efficiency and usefulness. 

Mandatory Reporting, Public Access Could
Cause Problems

According to a recent Institute of Medicine report,

even though the NNIS is apparently successful, such
success isn’t definitive because reporting medical errors
is not mandatory. And even mandatory reporting is no
guarantee the data will be accurate. In fact, mandatory
reporting would probably make assessing data from
self-reporting institutions more difficult and expensive,
the IOM report says.

Though NNIS evaluations suggest that nosocomial
infections generally are accurately reported, underre-
porting of infections was a more serious problem than
other measures of accuracy, such as predictive value
positive or specificity. If reported nosocomial data
became publicly accessible, underreporting could
become a major concern. 

Determining nosocomial infection rates is time-con-
suming and made more difficult by earlier patient dis-
charge and because there is no universal method for
continuing surveillance after discharge. Still, post-dis-
charge and outpatient surveillance will become increas-
ingly important as more health care is provided outside
the hospital setting. 

The CDC says that a good surveillance system for
reducing nosocomial infection rates has these elements:
• voluntary participation and confidentiality; 
• standard definitions and protocols;
• defined populations at high risk; 
• site-specific, risk-adjusted infection rates comparable

across institutions; 
• adequate numbers of trained infection control practi-

tioners; 
• dissemination of data to health care providers;
• a link between monitored rates and prevention

efforts, or patient-care personnel relying on the data
to alter their behavior in ways that may have reduced
the incidence of nosocomial infections.
Risk-adjusted benchmark infection rates and device-

use ratios, reported annually, are available online to
both NNIS and non-NNIS hospitals at
www.cdc.gov/ncidod/hip/surveill/NNIS.htm.   ❖

Readers are Invited. . .
Readers are invited to submit questions or com-

ments on material seen in or relevant to Critical Care
Alert. Send your questions to: Robin Mason, Critical
Care Alert, c/o American Health Consultants, P.O. Box
740059, Atlanta, GA 30374. For subscription informa-
tion, you can reach the editors and customer service
personnel for Critical Care Alert via the internet by
sending e-mail to robin.mason@ahcpub.com.   ❖


