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Background: Traumatic brain injury cally compared with 56 patients treated treatment algorithms are critical elements
poses a serious public health challenge. after the implementation of the guidelines. to this success. Hospital charges increased
Treatment paradigms have dramatically Results: implementation of the rec- by more than $97,000 per patient, but are
shifted with the introduction of the Amer-  ommendations in the AANS guidelines in justifiable in the face of significantly im-
ican Association of Neurologic Surgeons a standardized protocol resulted in a 9.13 proved outcomes.

(AANS) Guidelines for the Management of times higher odds ratio of a good outcome Conclusion: \mplementation of a
Severe Head Injurylmplementation of the  relative to the odds of a poor outcome or traumatic brain injury protocol in a com-

AANS guidelines positively affects patient death compared with a group managed munity hospital setting is practical and
outcomes and can be successfully intro- before the practice change. A Glasgow efficacious. Appropriate invasive monitor-
duced in a community hospital setting. Coma Scale (GCS) admission score 8 ing of systemic and cerebral parameters

Metheds: Data were collected both was associated with a 6.58 times higher guides care decisions. The protocol results
retrospectively and prospectively from the odds ratio of a good outcome compared in an increase in resource usage, butit also
records of all trauma patients between with a GCS admission score= 8. Odds results in statistically improved outcomes
1994 and 1999. A cohort of 93 patients was ratio of a good outcome decreased by a justifying the increase in expenditures.
selected. Thirty-seven patients were factor of 0.92 for each year increase in age Key Words: Traumatic brain injury,
treated before the implementation of the of patients starting at age 9. A dedicated Intracranial pressure, Neurotrauma, Sjo,
AANS guidelines, and these were statisti- neurotrauma team and comprehensive monitoring.

J Trauma.2001;50:657—-664.

raumatic brain injury (TBI) continues to pose a seriousplaced the brain at risk for secondary injury because of a
public health challenge: 50,000 deaths occur each yedailure to account for the effects of this therapy on cerebral
and 80,000 to 90,000 individuals sustain long-termblood flow (CBF) and cerebral oxygenation.
disability Approximately 500,000 hospital admissions to Failure to implement the TBI guidelines and wide vari-
acute care hospitals occur each year from head injury, angtion in management schema hampered rational treatment of
10% of these cases are severe (Glasgow Coma Scale [GCg&dtients with TBI®® TBI management protocols help achieve
score of 3-8). The mortality rate in this group remains high«pest practice” goals. A large number of TBI patients are
at approximately 25%, with poor outcomes, Glasgow Outyreated outside of university and research centers. It is im-
come Scale scores of 1 to 3, approximating 50%. perative that community-based treatment of TBI, to be effec-
For decades, the traditional therapy for severe TBI hagye must be rational and scientifically based. In a multidis-
been d|recteq tovyard intracranial pressure (ICP) rnanag'*3l:'|plinary effort at our community hospital trauma center,
ment. Elevations in ICP, rele}lted to severe TBI, have beeg,oso gidelines and other relevant literature were adapted
correlated with poor outcomi® The mainstays of this ther- into a management protocol in June 1997 (Fig. 1). We believe

apy included mt'ubatlon W'Fh hyperventlilatmn, de.compres-that, with a dedicated trauma response team, this is eminently
sion of mass lesions, mannitol, dehydration, ventriculostom . )
ossible and that excellent results can be achieved.

with cerebrospinal fluid (CSF) drainage, gnd possibly barbi- The purpose of this article is to report the impact of
turate coma. Recent laboratory and clinical research has

called into question this longstanding treatment paradigm. |mplemepting the recommendations made in, th? American
;. g g P ) Association of Neurologic Surgeons (AANS&uidelines for

Therapies focusing primarily on ICP reduction may have
the Management of Severe Head Injuand related research
regarding cerebral oxygenation and cerebral perfusion to clin-
Submitted for publication April 3, 2000. ical practice in a community traum'a center. Data were cQI-
Accepted for publication November 18, 2000. lected retrospectively and prospectively. The data comparing
Copyright © 2001 by Lippincott Williams & Wilkins, Inc. the outcomes of severe TBI patients before and after imple-
From Mission Hospital Regional Medical Center (S.P., M.K.B., J.P., mentation of protocols focused on a combined cerebral per-

T.S., M.B., S.C.), Mission Viejo, and St. Joseph Health System (A.Q.),¢, . ..: -
Sisters of St. Joseph of Orange Corporation, Orange, California. fusion pressure (CPP), ICP, and cerebral oxygenation therapy

Address for reprints: Sylvain Palmer, MD, FACS, 26732 Crown Valley paradigm. The results of the study have implications for
Parkway, Suite 561, Mission Viejo, CA 92691. practitioners in community hospital trauma centers.
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N Operating Room
R GC53-8 Place Artline & Swan in ICP <20 mm Hg
Zemur . subclavian vein Monitor ICP
emuron/Etomidate/MS HOB 30 degrees IfICP<20
Oxygenate Sa02 >95% Place ICP oo B . for 24hr
Ventilate PaCO 35 | Maintain MAP >90 > Mmmam head in neutral position »| Follow ICP
—_— g P Albumin/Packed RBCs »| Maintain PaCO2 35- 40 mm Hg > )
M?ifj?nlllcn-zf)li g neutral Vasopressor Maintain Normovolemia VAVI%
g;)uid Resuscitation Maintain PaCO2 30-35 Sedate/Analgesic pm with g -
Goal - MAP > 90 Sedation/Analgesia to Ativan or Versed &
CT Scan - reduce ICP/CMRO2 v | MSorFentanyl |
mm;£o% ICP Elevations > 20 mmHg or CT scan with
Place SjO2 if time allows increasing edema or intracranial shift
and indicated per CT/after 1. Drain C.SF for ICP >.20 mm Hg .
clearance of C spine 2. Place SjO2 Catheter in Internal Jugular Vein
3. Target PaCO2 balance ICP/SjO2

4. Target CPP Therapy > 70 mm Hg
5. If MAP/CVP/PCWP is low, give volume- 250cc
5% albumin until CVP=5-10/ PCWP =10-15
6. Then, increase MAP so CPP > 70 mmHg with #1
Neosynephrine10-100 ug/min with concurrent dopamine
at 2-4ug/kg/min. or #2 Dopamine up to 15 ug/kg/min
7. Sedate: Continuous Ativan Drip 0.01-0.05mg/kg/hr
for adults or 0.01mg/kg/hr for children
8. Analgesic: Continuous MS or Fentanyl Drip
9. Paralytic: Hold unless needed for control of ICP
Start Zemuron 10ug/kg/min if shaking/fighting vent
10. Minimize Stimulation
11. Maintain Temperature 36-37 C: Treat fever
12. Review Targeted Therapy Algorithm as indicated

Normal SjO2>55%<70% or SjO2>75%Hyperemic State SjO2 < 55%- Oligemic State
Decrease PaCO2 to keep SjO2 55 -75% & ICP <20 If PaCO2 < 35, allow PaCO2 to rise until SjO2
Mannitol 0.25 -0.5 g/kg bolus if CPP < 70 mmHg-keef >55% or ICP > 20 mm
osmo < 320; maintain euvolemia Optimize Hemoglobin >9
Consider Propofol/Barbs if ICP uncontrollable despite 1st: Propofol Drip 10-100 ug/kg/min.
hyperventilation/other interventions 2nd: Concurrent Pentobarbitol at 50 mg/hr
3rd: Wean Propofol/Increase Barbs to 1mg/kg/hy.

SjO2 < 55%- Oligemic State

Increase PaCO2 to Sj02>55% or maintain current PaCO2 if ICP unmanageable

Optimize hemoglobin and arterial saturation: Hgb>9 and inc. FIO2 as needed

Mannitol 0.25 - 0.5 g/kg bolus if CPP < 70 mmHg-keep osmo < 320 & maintain euvolemia

1st: Propofol Drip 10-100 ug/kg/min. 2nd: Concurrent Pentobarbitol at 50 mg/hr with Propofol
: Pr I 1! 1 i

Fig. 1. Management of severe head injury. (© Mission Hospital Regional Medical Center, Mission Viejo, California. Used with permission.)

PATIENTS AND METHODS had to demonstrate findings indicative of brain injury. Pa-
Selection of Patients and Data Collection tients had to be=8 years of age. Age 8 was chosen because
Data were collected both retrospectively and prospecof the difficulty of placing Sp, monitors in younger children.
tively from the records of trauma patients admitted to thePatients had to have a closed head injury. Patients had to have
Mission Hospital Regional Medical Center between 1994 and@n intracranial pressure monitor. The monitors were either
1999. The data from patients, admitted from January 1994£0dman ventriculostomy catheters (Johnson & Johnson, Pis-
until June 1997, before the implementation of the AANS TBI cataway, NJ) attached to a manometric system or Camino
guidelines, and a clinical protocol for TBI was compared withfiberoptic systems (Integra Neurosciences, Plainsboro, NJ), at

the data from patients admitted from July 1997 until Decem+he discretion of the treating surgeon.

ber 1999, after implementation of the protocol. Exclusion criteria for patients were as follows: ages
Inclusion criteria were as follows. Patients had to have aryears of age; penetrating head trauma; pronounced dead

admission GCS score of 3 to 8 or deteriorate from a highewithin 24 hours of admission; and GCS scores of 3 to 8 but

level in the first 48 hours. Computed tomographic (CT) scarwithout evidence on CT scan or clinical examination of brain
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injury (i.e., systemic causes, positive drug screen, posticteh minimum systolic BP of 90 mm Hg was maintained with
state). The selection criteria resulted in the selection of @he use of vasopressors but not fluids, and no minimum CPP
cohort of 93 patients. Thirty-seven patients treated before thevas enforced. All patients received anticonvulsants. Nutri-
implementation of the guidelines (pre-TBI guidelines group)tional support was supplied to all patients but not always
and 56 patients treated after the implementation (post-TBeéarly on in their ICU course.

guidelines group). Six-month outcomes were divided into

three groups using the Glasgow Outcome Scale: 1 (expiredfroup Il Management (Post-TBI Guidelines Group)

2 and 3 (severe disability/vegetative), and 4 and 5 (good On arrival to the ED, patients were emergently intubated

outcome/moderate disability). using a rapid-sequence intubation protocol including medi-
cations such as lidocaine, etomidate, rocuronium, morphine
Treatment Protocols sulfate, and midazolam (Fig. 1). Thed®awas targeted at 35

Two groups of patients were studied. Group |, the pre-mm Hg with an Sa, > 95%. Circulatory status was assessed
TBI guidelines group consisting of 37 patients admitted be-and enhanced with intravenous fluids such as normal saline
tween January 1994 and June 1997, was managed with amd 5% albumin to maintain a MAB 90 mm Hg, and CVP
emphasis on ICP reduction. Group Il, the post-TBI guideliness to 10 mm Hg/PCWP 10 to 15 mm Hg, to maintain euvol-
group consisting of 56 patients admitted between June 199&mia. Intravenous mannitol (1.0 g/kg) was administered in
and December 1999, was managed with an emphasis dhe presence of extensor/flexor posturing and/or change in
concurrent ICP reduction, CPP enhancement, and maximizgupils consistent with tentorial herniation. Fluid replacement
tion of cerebral oxygenation. A collaborative practice teamwas accomplished concurrently with diuresis from the man-
met and developed clinical guidelines for managing the senitol, maintaining euvolemia. Chest and cervical spine radio-
vere TBI patients on the basis of the recommendations in thgraphs and a rapid CT scan were accomplished within 30
AANS TBI guidelines and supportive scientific literature, minutes of admission. Rapid operative intervention followed
particularly as related to jugular Gsaturation (Sj,) moni-  the CT scan. Hemodynamic monitoring lines were placed in
toring. The care was divided into phases and included indithe OR, including placement of invasive arterial catheter,
vidual algorithms for the emergency department (ED)/resuseontinuous cardiac output pulmonary artery catheter, and
citation/operative phase and the intensive care unit (ICU)ugular venous oximetric catheter ¢5j (Abbott Laborato-
phase (Fig. 1). Agreement was obtained among the traum@es, Abbott Park, IL). OR phase goals were maintained (Fig.
surgeons, neurosurgeons, anesthesiologists, intensivists, ahd Administration of intravenous propofol by anesthesia pro-
ancillary personnel on implementing the recommended intervided ICP reduction and reduction in cerebral oxygen use as
ventions identified in each phase. The group met at regulawell as anesthesia. A ventriculostomy ICP monitor was
intervals to clarify any protocol issues. Patient goals wereplaced and other operative interventions were performed
established for each phase optimizingc®a Pab,, mean when indicated.
arterial pressure (MAP), central venous pressure (CVP)/pul- Once admitted to the ICU, the multidisciplinary team
monary capillary wedge pressure (PCWP), ICP, CPP, andollaborated on interventions to maintain established goals.

Sjo,. These goals included CPP 70 mm Hg; ICP< 20 mm Hg;
CVP 5 to 10 mm Hg/PCWP 10 to 15 mm Hg,05j55% to
Group | Management (Pre-TBI Guidelines Group) 75%; and Sa, > 95%. Interventions were prioritized on the

On arrival to the ED, severe TBI patients were intubatedbasis of patient responses (Fig. 1). Because of the number of
with medications such as morphine sulfate, midazolamparameters to monitor and titrate, a group of ICU nurses in
and/or a paralytic. Patients were hyperventilated to @ofa collaboration with the neuro clinical nurse specialist and
between 25 and 30 mm Hg. Systolic blood pressure (BP) waseurosurgeons developed three critical thinking algorithms to
maintained> 90 mm Hg. Fluids were kept at a minimum stratify primary, secondary, and tertiary interventions (Fig.
unless systemic bleeding was present. Mannitol was given th). The collaborative team strictly followed the algorithms
reduce cerebral edema. Radiographs of the chest and cerviaaid evaluated individual patient responses to each interven-
spine were obtained, as was a CT scan of the brain. In thgon. All patients received anticonvulsants. All patients re-
presence of a mass lesion or cerebral edema, the patient wesived early aggressive nutritional support.
rapidly transported to the operating room (OR) for surgery.

Patients were admitted to the ICU, where managemerS$tatistical Methods
priorities included intermittent sedation with morphine sul- Student’st test was used to compare the mean values of
fate and midazolam; drainage of CSF for IGP20 mm Hg;  various demographic and other variables across the two
fluid restriction and use of mannitol (0.25-1.0 g/kg) for ICP groups. Ap value< 0.05 was the criterion chosen for ascer-
> 20 mm Hg uncontrolled with hyperventilation or CSF taining statistical significance. A? test was conducted to
drainage; mechanical ventilation with support of arterial ox-assess the significance of the association between outcomes
ygenation (Pa, > 90 mm Hg) and hyperventilation (Ba, of  and group membership. An ordinal logistic regression model
25-30 mm Hg); and barbiturate therapy for uncontrolled ICPwas used to compute the odds of a good outcome versus the
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Tahle 1 Descriptive Statistics for Demographic and Tahle 2 Glasgow Outcome Scale (GOS) by Study
Other Relevant Variables Group Membership
. No. of GOS =1, GOS = 2 and 3, GOS = 4 and 5,
Variable Group Patients Mean SE Group n (%) n (%) n (%)

Age Pre-TBI 37 41.35 +3.65 Pre-TBI 16 (43.24) 11 (29.73) 10 (27.03)
Post-TBI 56 38.10 +2.50 Post-TBI 9 (16.07) 8 (14.29) 39 (69.64)

ISS score Pre-TBI 34 32.82 +2.35 Total 25 (26.88) 19 (20.43) 49 (52.69)

(8 missing)

Post-TBI 56 28.32 +1.20

GCS admission Pre-TBI 37 6.43 +0.67 . .
Post-TBI 56 6.68 0,50 Tab_le 3 shows the_ results obtained from _the c_)rdma_l

ICP days Pre-TBI 37 9.97 +0.88 regression model mentioned above. Odds ratios given in
Post-TBI 56 10.96 +0.56 Table 3 should be interpreted as follows: for patients in the

Ventilator days EFG'T_E;I'BI 3; 1;-‘2‘8 if-éé post-TBI guidelines group, odds of a good outcome (relative

ost- 5 . *1. . . .

ICU LOS Pro.TBI a7 2103 1570 to the odds qf a poor ogtcome or death) are nine .tlmes higher
Post-TBI 56 2900 +1.60 compared with the patients in the pre-TBI guidelines group;

Total LOS Pre-TBI 37 24.35 +3.21 for patients with GCS scores 8 at admission, odds of a
Post-TBI 56 $25-40 *1.90 good outcome (relative to the odds of a poor outcome or

Charges Pre-TBI 37 196,128  +23,166 ; ; ; ;
Post.TBI =5 $203.065  +19.959 death) are almost 6.6 times higher compared with the patients

with GCS scoress 8 at admission; odds of a good outcome
(relative to the odds of a poor outcome or death) decreased by
a factor of 0.92 for each 1-year increase in the age of patients

cumulative odds of death or a poor outcome for the twostarting from a base age of 9 years. Note that all these odds
groups of patients. The model also included age, gendefatios are independent of the effect of the other model vari-
Injury Severity Score, GCS scores at admission (GCS scoreaples on the outcome.
at admission were dichotomized into two categories GCS  Perusal of the 95% confidence intervals shows fairly
score= 8 and GCS score- 8), and the change in GCS scores wide bounds because of the relatively small sample size.
48 hours after admission. For significant risk factors, 95%Adopting a conservative approach, we can assert with 95%
confidence intervals were computed for the estimated oddsonfidence that the odds of a good outcome (relative to the
ratios to assess the precision of the estimates. We also coneds of a poor outcome or death) are, at least, three times
ducted an approximate likelihood ratio test to check thehigher for patients in the post-TBI guidelines group compared
assumption of proportionality of odds and a test derived fronwith their counterparts in the pre-TBI guidelines group. Sim-
the deviance statistic to assess the “goodness-of-fit” of th@lar conservative statements apply to the other significant
model. variables shown in Table 3.

Results obtained from the goodness-of-fit test for the

model show no evidence for lack of fit (deviangé = 104,
RESULTS df = 135, p = 0.022). Similarly, results obtained from the
The study sample showed a male predominance that wagpproximate likelihood ratio test for proportionality of odds

in keeping with other studies>'°378% or 84% of the show no evidence for rejecting the assumption (likelihgdd
selected patients were males subjects. The patient dem@:34,df = 3, p = 0.7202). Given these results, a fair amount
graphics and other relevant statistics are shown in Table %f confidence can be placed in the accuracy of the estimated
Except for mean charges, none of the other mean values f@qdds ratios reported in Table 3.
variables shown in Table 1 were significantly different from
each other between the two groups. There were a total of 22
patients who deteriorated from higher GCS scores to below §ahle 3 Glasgow Outcomes Scale: Odds Ratios for the
in less than 24 hours (pre-TBI guidelines 9, post-TBI Significant Variables (n = 93)
guidelines= 13). Mean charges differed significantly be-
tween the pre-TBI guidelines and the post-TBI guidelines

LOS, length of stay.

95% Confidence

groups. The post-TBI guidelines group mean charges were  Variable Sa"t?oi % p Value
more than $97,000 higher per patient. Offsetting the increase Bound Bc?t?nd

in mean charges was the substantial improvement in post-TBI . 15 913 3.05 25 67 ~0.005
guidelines outcomes. The proportion of deaths fell by more gcs score > 8 6.58 1.87 23.14 0.003
than half, whereas the proportion of good outcomes more Age, y 0.92 0.90 0.95 <0.005
than doubled in the post-TBI guidelines group of patients, as 2 gach odds ratio is adjusted for the effect of all other variables

shown in Table 2. in the model.
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DISCUSSION care, numbers of patients remain small and a reference pro-

Research exploring changes in CBF and cerebral iscHocol keeps the team on track.
emia after TBI reported that alterations in the cerebral vas- We believe that there are critical elements to the TBI
culature and disruption of blood flow occur after the insult tot®am. A dedicated trauma team should include a limited
the brain. This altered state places the brain at risk for sedumber of general surgeons who are familiar with and who
ondary injury because of the brain’s inability to increase CBFACCEPt the protocol. This is particularly true for the initial
in response to hypotension, hypoxemia, and anéfmi evaluation and resu50|tat_|on effqrt. Ina S|m|Iar_v_e|n_, a select
Hypotension sustained after injury was found to adversel;’groUp of neurosurgeons is also important to minimize proto-

affect outcomé’-*® Hyperventilation (Pao, < 30 mm Hg) col variance. An advanced practice nurse is critical to the

. success of the process. He or she serves as a resource and
reduces cerebral blood flow to the brain and was found to P

. : . : interface between the doctors, nurses, families, and support
negatively impact outcomes of patiedtsHypotension, hy- . . T
. . o ._personnel. His or her involvement in clinical support, educa-
pocapnia, anemia, and hypoxia impact cerebral oxygenanoﬁ

d It ieod : bral desaturatd on, data collection, and interpretation are important in the
and result In episodes or cerebral oxygen desatura nS'implementation and the continued quality improvement of the

Robertson et al. reported an increase in mortality in patie”tﬁrogram

sustaining episodes of cerebral oxygen desaturaffoiihie Success in implementation of the protocol must begin in
need to use technologies to monitor ICP, BP, cerebral oxyge resuscitative phase. In the post-TBI guidelines era, intu-
genation, and overall hemodynamics has been identified iRation proceeded in patients who were agitated or unable to
the literature as providing essential information to prioritizespeak or maintain their airwa}. Choosing medications that
interventions and minimize increases in ICP, detect decreasggould blunt the noxious stimulation of intubation was imper-
in cerebral oxygenation, and optimize hemodynamics. ative. The anesthesia team recommended medications such as
Because of this increased body of scientific knowledgeetomidate, lidocaine (Xylocaine), fast-acting paralytics, and
questioning traditional therapies for ICP management in sesubsequent analgesia/sedative agents to minimize any unto-
vere TBI, a rigorous review of the literature was undertakenvard effects on ICP. A rapid sequence intubation protocol
from 1993 to 1995 by a select group of expert clinicians. Thewas developed and placed on the wall of the trauma room.
critical analysis and grading of each article using a scientificThe patient's Peo, was maintained at 35 to 40 mm Hg.
method rather than expert opinion culminated in the publishMannitol was only administered for specific signs of herni-
ing of the Guidelines for the Management of Severe Headation such as a dilated nonreactive pupil and/or flexor/exten-
Injury in 1995 by the American Association of Neurologic SOr posturing. Rehydration was commenced immediately
Surgeons and the Brain Trauma Foundafidte guidelines ~ With electrolyte and colloid solutions and blood products
contain recommendations on managing key issues related where indicated, to maintain euvolemia. Specific resuscita-
severe TBI and represent a major paradigm shift in the marfion phase goals were set including maintaining a minimum
agement of this critical patient population. The challenge folAP > 90 mm Hg, CVP 5 to 10 mm Hg/PCWP 10 to 15 mm
practitioners in centers managing this patient population is t§19: P&o, 35 mm Hg, and Rg, > 100 mm Hg. Appropriate

critically review the guidelines and recent clinical researchMonitoring lines were started and the patients were trans-
and integrate them into practice in the clinical setting. mferred to the CT scanner for rapid identification of intracra-

addition, there must be consensus among trauma, neurosti@! lesions. After CT, the patients were taken to the operating

gical, and intensive care physicians with regard to primary,room for ICP and 3, monitor placements.

L . . Involvement of the anesthesia team in the protocol is
secondary, and tertiary interventions. This consensus must be... ) - :
critical. The patients can spend a significant part of the first

shared with the nursing, respiratory, pharmacy, and ancillar)é4 hours in the operating room depending on the extent of

practitioners caring for the patient. their associated injuries. The maintenance of the CPP and the

h Guidelines deﬂveg frgm smg;t:f:g dat:Tdas presente((jj InSjo2 in the zone is critical during this early stage when the
the AANS severe head injury guidelinesould be expected 4y is most vulnerable to secondary injury. Goals for the

to' improve or at least standardize delivgry of care to pqtientg)R phase placed emphasis on maintaining tle Sj 55%,

with severe TBI. However, the suggestions need to be incoryap ~ 90 mm Hg, ICP< 20 mm Hg, and titration of Re,
porated into a multidisciplinary clinical protocol to be effec- 1o meet the Si,, ICP, and MAP goals. The use of sedative-
tive. This protocol can then serve as a reference for th%ypnotic agents, such as thiopental or propofol, is helpful to
multidisciplinary team caring for the patient. Variations arereduced cerebral metabolic usage of oxygef? A coordi-
thereby minimized between different physicians, nurses, anflated effort by the team is enhanced at our facility with the
support personnel. We have demonstrated that such a clinicgtesence of the trauma nurse who stays with the patient from
protocol can be successfully implemented in a communitythe initial resuscitation until admission to the ICU.

hospital setting. Variance from protocol can be an issue, but  The establishment of the protocol with goals for the ICU
diligence on the part of the team will minimize this problem. phase was imperative for team management on a shift-to-shift
In a community hospital, even with centralization of traumabasis. As seen in Figure 1, the priorities focused on keeping
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ICP < 20 mm Hg and Sj, between 55% and 70%. Inter- team’s control if recognized early and treated aggressively.
ventions were prioritized on the basis of ICP and,Sjrhe  The TBI clinical guidelines algorithm was established to
team’s consistent selection of the most appropriate interversystematize the control of these parameters and thereby limit
tions was assisted by critical thinking algorithms (Fig. 1). secondary brain injury.

In clinical practice, we found that the protocol did im- To control the parameters that may result in secondary
prove clinical outcomes as predictéfi Even after control- brain injury, invasive monitoring is essential. Besides the
ling for differences in age and admission severity, outcomestandard complement of arterial pressure monitor, central
were improved significantly, with the odds of a good out- venous pressure monitor, and end-expiratocyp,Fmonitor,
come (relative to a poor outcome or death) at least three timespecific cerebral monitors are very helpful. A ventricular ICP
higher in the post-TBI guidelines patients compared withmonitor gives accurate assessment of intracranial pressure
their pre-TBI guidelines counterparts. while also allowing drainage of CSF when necessary to

Other independently significant variables were alsocontrol elevations in ICP. We have used both a simple fluid
found. GCS score> 8 was independently associated with atransducer system as well as a fiberoptic system. The moni-
greater odds of a good outcome. This is in keeping with manyors were always placed in the operating room to decrease the
other studie$?22 The other independently significant vari- risk of infection, as suggested by Bader efalCPP was
able was patient age, with younger patients having a greatenaintained above 70 mm Hg as recommended by Kelly et
odds of a good outcome. This is also not surprising, beingl.?*
well supported in the literature:® A direct or indirect measure of cerebral oxygenation is

Clearly, this report suffers from the problems that besetlso critical to our treatment algorithm. Although direct mon-
all studies that use historic controls. Changes in ICU manitoring catheters are available, we elected to use measurement
agement, improved imaging, and other advances in technobf Sjo,.>>~>” Woodman and Robertson assert that this is a
ogy and treatment can influence outcome. In a comparablaseful tool for detection of cerebral ischemia because it “re-
study by Rosner et al.there was an 80% improvement in flects the balance between oxygen delivery to the brain and
survival, with a mortality rate of 29%. These results areoxygen consumption by the brain” (p. 51%)Situations that
broadly comparable with our results. increase oxygen consumption or decrease oxygen delivery

An intriguing group of patients were those who initially may be reflected in decreases in the,SConversely, situa-
arrived with GCS scores 8 and then deteriorated. In the tions that decrease the oxygen consumption or increase oxy-
pre-TBI guidelines group, there were nine such patients: sigen delivery may result in an increase irsSjThe goal was
of these patients had good outcomes and two died. In than optimal range for 8} of 55% to 75%2~>° Desaturation
post-TBI guidelines group, there were 13 such patients: 9 ofequiring modification of treatment was regularly seen even
these patients had good outcomes and 1 died. The group thatth ICPs less than 20, especially during the first 24 hours
deteriorates from a less severely injured score selects fafter injury. Optimization of blood pressure and ventilation,
patients with less severe initial injuries who then probablyand the use of propofol, resulted in optimization o6.Sj\We
develop secondary deterioration. As a group, they shouldtrive to place the $), monitor as soon after admission as
have a better chance of recovery than the patients with loweslinically feasible.
admission GCS scores. This phenomenon is seen in the pre- We regularly used craniectomy in the treatment of severe
TBI guidelines group. In the post-TBI guidelines group, out- TBI. Craniectomy has been useful in the control of intractable
comes for patients with or without deterioration are similar.elevations in ICFX2*We used craniectomy extensively both
The entire post-TBI guidelines group has been improved t@reemptively and in response to uncontrollable ICP. Ten
the level of the best pre-TBI guidelines group by limiting, we patients in the pre-TBI guidelines group and 18 patients in the
believe, secondary injury in the more severely injuredpost-TBI guidelines group received craniectomies. These pa-
patients. tients are the subject of a publication in preparation.

Secondary head injuries are physiologic insults that oc-  The implementation of the guidelines has resulted in no
cur after the initial injury that further contribute to brain change in the apparent length of ICU stays or days on the
dysfunction and injur?! The brain is especially sensitive to ventilator (Table 1). This is, however, deceptive. The inten-
decreases in blood pressure and oxygendfiohnalysis of  sity of the intervention and the complexity of the care are
data from the Traumatic Coma Data Bank found that thoselramatically increased. Figure 1 presents the algorithms for
patients sustaining episodes of hypotension and/or hypoximtervention on the basis of changes in CPB,3jr ICP. The
had a worse outcome than those with no episodes. The datdgorithms are a logical portrayal of the AANS guidelines
showed that hypotension had a more profound negative imnterwoven with critical Sp, data. A major difference from
pact on survival and outcome than any other fattd@eWitt  the ICP only earlier treatment paradigm is the fact that pa-
et all® suggest that the injured brain has an enhanced vulients are actively hydrated instead of dehydrated. This has
nerability to ischemia because of the injured brain’s inabilityresulted in medical complications including congestive heart
to increase cerebral blood flow when challenged with hypo<ailure, pulmonary edema, and pneumonia. A concomitant of
tension, hypoxemia, or anemia. These factors are within théhe hydration and pressors has been an increased incidence of
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acute respiratory distress syndrome. This is in keeping with5.
the findings of Robertson et al. of a fivefold increase in the
frequency of acute respiratory distress syndrdéfniehis in-
crease can be mitigated with intensive pulmonary manage-
ment, including frequent turning, proning, and therapeutic 7.
bronchoscopies.

We analyzed our financial data to find out the effect on
charges of implementing this new guideline. Spain efal.
evaluated the use of resources in 133 patients before and after
the institution of a clinical pathway for severe traumatic brain ¢
injury (prepathway, n= 49; postpathway, &= 84) and found
a significant reduction in ventilator days and intensive care

unit days*® An improvement in resource use was also found

8.

by Simons et al., after introducing a trauma program with a

clinical trauma service, revised trauma protocols, and a ded-

icated trauma unit> We did not confirm the results reported 11

in these studies. In our study, our two groups were compa-
rable in mean total ventilator days and mean total ICU days.

In fact, because of the increased complexity of care, thé?

charges increased significantly in the post-TBI guidelines

group, by more than $97,000 per patient. This was negatively;

influenced by the use of expensive drugs such as propofol and
increased technological complexity with the use af,$jon-
itors and fiberoptic ICP monitors. Since this increase in

charges led to improved outcomes, we believe that the int?

creased expenditures are justified. Furthermore, improved

survival leads to the added benefit of increased societal pros,

ductivity and less dependence on costly long-term care.

16.

CONCLUSION .

Implementation of a TBI clinical protocol in a commu-
nity hospital setting is practical and efficacious. The protocol

should be derived from current scientific literature. A multi- 18.

disciplinary team is essential to coordinate care during all
phases of treatment. Appropriate invasive monitoring of sys-

temic and cerebral parameters guide care decisions. The preg.

tocol results in an increase in resource use but it also results
in statistically improved outcomes justifying the increase in
expenditures.

21.
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