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raumatic brain injury (TBI) affects up to

2% of the population per year, and con-

stitutes the major cause of death and
severe disability among young people. By far,
the most important complication of TBI is the
development of an intracranial hematoma,
which complicates 25 to 45% of severe TBI
cases, 3 to 12% of moderate TBI cases, and
approximately 1 in 500 patients with mild TBI
(20). Without effective surgical management,
an intracranial hematoma may transform an
otherwise benign clinical course with the ex-
pectation of recovery to a situation in which
death or permanent vegetative survival will
occur. Moreover, prolonged delay in the diag-
nosis or evacuation of an intracranial hema-
toma may produce a similar result.

As many as 100,000 patients per year may
require surgical management for a posttrau-
matic intracranial hematoma in the United
States alone. For these reasons, the impact that
neurosurgeons can have on the care of such
patients is enormous, and perhaps, more than in
any other area of emergency medicine, the ag-
gressiveness and rapidity with which care is
provided for an intracranial hematoma will de-
termine the outcome (8). Picard et al. (13) have
shown that craniotomy for evacuation of an
acute epidural hematoma is one of the most
cost-effective of all surgical procedures. For this
particular subgroup, which may represent up to
5% of patients with severe and moderate TBI,
the quality of outcome has been shown to vary
dramatically among different hospitals with dif-
ferent levels of commitment to acute neuro-
trauma care (2, 6, 11). It is for this reason, more
than any other, that neurosurgical consultation
in the Emergency Room should be promptly
available and is a mandated requirement for
Level I certification of Trauma centers (1).

Although there is evidence that posttraumatic
intracranial mass lesions have been removed
surgically up to 4000 years ago by the Egyptians
and Meso-Americans, it was not until a series of
publications emerged in the late 1960s that it
became generally accepted that excellent results
could be achieved with craniotomy for removal

of extradural hematomas (9). For acute subdural
hematomas and intraparenchymal lesions, such
as contusions and traumatic intracerebral hema-
tomas, the outcome has historically been much
worse, because up to 60% of patients with acute
subdural hematomas will die or remain severely
disabled (10).

During the early 1970s, a series of publica-
tions from the Medical College of Virginia dem-
onstrated that wide decompressive craniotomy
with duraplasty was one of the most effective
forms of therapy for raised intracranial pressure
in patients with mass lesions (4). Subsequently,
most neurosurgical centers with an interest in
TBI have also applied the same craniotomy tech-
nique to patients with intraparenchymal contu-
sions, with improvements in outcome. How-
ever, there is also widespread dissent and
controversy regarding the surgical management
of intraparenchymal lesions, with some neuro-
surgeons maintaining that aggressive surgical
intervention, although able to preserve life, will
result in a very poor quality of life for survivors
(7, 15).

With our increasing understanding of the
pathomechanisms in severe and moderate TBI
have come changes in our approach to man-
agement of patients with posttraumatic intra-
cranial mass lesions. For example, it is now
well accepted that most intraparenchymal
mass lesions (contusions and intracerebral he-
matomas) will enlarge with time, necessitating
serial computed tomographic scanning, and
usually intracranial pressure monitoring dur-
ing the first few days (12, 17). Similarly, the
propensity of patients with posttraumatic co-
agulation disorders to develop intraparenchy-
mal bleeding that is more severe is now well
accepted, and has led to management of coag-
ulation disorders in the head injured popula-
tion that is much more aggressive (18).

In turn, these practices led to an increase in
the performance of craniotomy, both for evac-
uation of intraparenchymal mass lesions and
as a decompressive measure. Recently, several
publications have shown that, within the con-
text of modern aggressive neuro-intensive
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care therapy, decompressive craniotomy is an effective means
of controlling raised intracranial pressure after severe TBI,
especially in those patients with intraparenchymal lesions (14,
19). Many neurosurgeons, however, are reluctant to imple-
ment such aggressive surgical techniques in patients with
raised intracranial pressure after severe TBI, claiming that
improved quality of life has never been conclusively demon-
strated.

It is, therefore, the overall aim of these Guidelines is to
present rigorous literature-based recommendations for the
surgical management of patients with posttraumatic intracra-
nial mass lesions. We have chosen to focus on those acute
mass lesions that develop within 10 days of injury and, thus,
we have chosen not to cover chronic subdural hematoma,
subdural hygroma, and posttraumatic hydrocephalus, which
usually are delayed. Similarly, we have chosen to focus on
closed TBI in general because a comprehensive set of manage-
ment guidelines for patients with penetrating TBI has already
been formulated (3).

Compared with the Guidelines for The Management of Severe
Traumatic Brain Injury (5), the literature regarding surgical man-
agement after TBI suffers from extensive limitations, in both
quality and scope. Most notably, although our group reviewed
more than 700 manuscripts for the preparations of these Guide-
lines, there are no controlled clinical trials in the literature to
support different forms of surgical management, or to support
surgical versus conservative therapy. Consistent with these lim-
itations, we have been unable to formulate recommendations at
the standard level requiring Class I evidence.

As in all other areas of "evidence-based medicine,” these
Guidelines have been formulated strictly in accordance with
externally imposed constraints. Only clinical human-based
literature has been reviewed. Only literature from 1975
through 2001 has been reviewed. Mainly literature in English,
with far fewer articles in other languages, was reviewed. For
these reasons, the reader must clearly understand that the
scope and level of magnitude of the recommendations made
here are distilled from the available literature and interpreted
according to the rules of "evidence-based medicine” (16).

An important aspect of this document is, therefore, to also
formulate critical questions that need to be resolved by future
clinical trials or prospective cohort studies, to determine the
most effective forms of therapy for the future. As with the
other guidelines in severe TBI, therefore, this is a document in
evolution, and frequent revisions will be made to keep up
with the evolving state of knowledge in this area.

These Guidelines have been organized on the basis of the tra-
ditional literature-based classification of posttraumatic mass le-
sions: namely, epidural hematoma, acute subdural hematoma,
intraparenchymal lesions (contusion and intracerebral hema-
toma), acute posterior fossa mass lesions, and depressed frac-
tures of the cranium. We recognize, however, that, for most
patients with severe TBL and for some patients with moderate
TBI, more than one of these acute posttraumatic mass lesions
may coexist at the same time. For example, the majority of
patients with acute subdural hematomas will also demonstrate
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concomitant intraparenchymal contusions on their computed to-
mographic scan. In some patients, there may be multiple sites in
which intraparenchymal mass lesions occur—e.g., bifrontal con-
tusions, bitemporal contusions, or temporal and frontal lesions.
For high-volume lesions (>50 cm®), management decisions are
easier, and generally are in favor of surgery. Low-volume lesions
(<25 cm®) are usually not operated on, however, for lesions
between high and low volumes, the decisions may be very dif-
ficult and associated factors, e.g., shift, cisterns, and Glasgow
Coma Scale, become especially important.

Within the literature, the terms surgical decompression,
decompressive craniectomy, evacuation, and internal decom-
pression are often used interchangeably. This aspect is clari-
fied as much as possible in the individual sections.

We describe methods for posttraumatic mass volume mea-
surement in Appendix 1 and simple methods and definitions of
midline shift, subarachnoid hemorrhage, and status of basal
cisterns in Appendix 2.

REFERENCES

1. ACS-COT: American College of Surgeons-Committee on Trauma: Resources
for Optimal Care of the Injured Patient. Chicago, American College of Sur-
geons, 1999.

2. Alberico A, Ward J, Choi S, Marmarou A, Young H: Outcome after severe
head injury. Relationship to mass lesions, diffuse injury, and ICP course in
pediatric and adult patients. ] Neurosurg 67:648-656, 1987.

3. Anonymous: Management and prognosis of penetrating brain injury.
J Trauma 51[Suppl]: S1-S49, 2001.

4. Becker D, Miller J, Ward ], Greenberg R, Young H, Sakalas R: The outcome
from severe head injury with early diagnosis and intensive management.
J Neurosurg 47:491-502, 1977.

5. Brain Trauma Foundation, American Association of Neurological Surgeons,
Joint Section on Neurotrauma and Critical Care: Guidelines for the manage-
ment of severe traumatic brain injury. ] Neurotrauma 17:457-554, 2000.

6. Bricolo A, Pasut L: Extradural hematoma: Toward zero mortality. A pro-
spective study. Neurosurgery 14:8-12, 1984.

7. Clark K, Nash TM, Hutchison GC: The failure of circumferential craniotomy
in acute traumatic cerebral swelling. ] Neurosurg 29:367-371, 1968.

8. Consensus conference: Rehabilitation of persons with traumatic brain in-
jury. NIH Consensus Development Panel on Rehabilitation of Persons with
Traumatic Brain Injury. JAMA 282:974-983, 1999.

9. Jamieson KG, Yelland JD: Extradural hematoma: Report of 167 cases.
J Neurosurg 29:13-23, 1968.

10. Jamieson KG, Yelland JD: Surgically treated subdural hematomas.
J Neurosurg 37:137-149, 1972.

11. Klauber MR, Marshall LF, Luerssen TG, Frankowski R, Tabaddor K,
Eisenberg HM: Determinants of head injury mortality: Importance of the
low risk patient. Neurosurgery 24:31-36, 1989.

12. Lobato RD, Gomez PA, Alday R, Rivas JJ, Dominguez ], Cabrera A,
Turanzas FS, Benitez A, Rivero B: Sequential computerized tomography
changes and related final outcome in severe head injury patients. Acta
Neurochir (Wien) 139:385-391, 1997.

13. Picard J, Bailey S, Sanderson H, Reese M, Garfeld JS: Steps towards cost
benefit analysis of regional neurosurgical care. BMJ 301:629-635, 1990.

14. Polin R, Shaffrey M, Bogaev C, Tisdale N, Germanson T, Bocchicchio B, Jane
J: Decompressive bifrontal craniectomy in the treatment of severe refractory
posttraumatic cerebral edema. Neurosurgery 41:84-92, 1997.

15. Ransohoff J, Benjamin MV, Gage EL Jr, Epstein F: Hemicraniectomy in the
management of acute subdural hematoma. J Neurosurg 34:70-76, 1971.

16. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS: Evidence
based medicine. What it is and what it isn’t. BMJ 312:71-72, 1996.

www.neurosurgery-online.com



INTRODUCTION

17. Soloniuk D, Pitts LH, Lovely M, Bartkowski H: Traumatic intracerebral 19. Taylor A, Butt W, Rosenfeld J, Shann F, Ditchfield M, Lewis E, Klug G,
hematomas: Timing of appearance and indications for operative removal. Wallace D, Henning R, Tibballs J: A randomized trial of very early decom-

J Trauma 26:787-794, 1986.
18. Stein SC, Young GS, Taluc

pressive craniectomy in children with traumatic brain injury and sustained
ci RC, Greenbaum BH, Ross SE: Delayed brain intracranial hypertension. Childs Nerv Syst 17:154-162, 2001.

injury after head trauma: Significance of coagulopathy. Neurosurgery 30: 20. Thurman D, Guerrero J: Trends in hospitalization associated with traumatic

160-165, 1992.

brain injury. JAMA 282:954-957, 1999.

CONGRESS OF NEUROLOGICAL SURGEONS’ MISSION STATEMENT

“The Congress of Neurological Surgeons exists for the purpose of promoting the public
welfare through the advancement of neurosurgery, by a commitment to excellence in
education, and by dedication to research and scientific knowledge. The Congress of
Neurological Surgeons maintains the vitality of our learned profession through the
altruistic volunteer efforts of our members and the development of leadership in service
to the public, to our colleagues in other disciplines, and to the special needs of our fellow
neurosurgeons throughout the world and at every stage of their professional lives.”

CONGRESS OF NEUROLOGICAL SURGEONS /
AMERICAN ASSOCIATION OF NEUROLOGICAL SURGEONS
JOINT SECTION CHAIRMEN

Cerebrovascular Surgery: Robert H. Rosenwasser, Philadelphia, Pennsylvania
Disorders of the Spine and Peripheral Nerves: Robert F. Heary, Newark, New Jersey
History of Neurological Surgery: Dennis E. McDonnell, LaCrosse, Wisconsin
Neurotrauma and Critical Care: P. David Adelson, Pittsburgh, Pennsylvania

Pain: Richard K. Osenbach, Durham, North Carolina

Pediatric Neurological Surgery: Rick Abbott, New York, New York

Stereotactic and Functional Neurosurgery: Andres Lozano, Toronto, Ontario

Tumors: Raymond Sawaya, Houston, Texas

FUTURE MEETINGS—CONGRESS OF NEUROLOGICAL SURGEONS

The following are the planned sites and dates for future annual meetings of the
Congress of Neurological Surgeons:

2006 Chicago, IL October 7-12
2007 San Diego, CA September 15-20
2008 Orlando, FL September 20-25

FUTURE MEETINGS—AMERICAN ASSOCIATION OF
NEUROLOGICAL SURGEONS

The following are the planned sites and dates for future annual meetings of the
American Association of Neurological Surgeons:

2006 San Francisco, CA April 22-27
2007 Washington, DC April 14-19
2008 Chicago, IL March 29-April 3
2009 San Diego, CA May 2-7

NEUROSURGERY

VOLUME 58 | NUMBER 3 | MARCH 2006 SUPPLEMENT | s2-3



M. Ross Bullock, M.D., Ph.D.

Department of Neurological Surgery,
Virginia Commonwealth University
Medical Center,

Richmond, Virginia

Randall Chesnut, M.D.

Department of Neurological Surgery,
University of Washington

School of Medicine,

Harborview Medical Center,

Seattle, Washington

Jamshid Ghajar, M.D., Ph.D.

Department of Neurological Surgery,
Weil Cornell Medical College of
Cornell University,

New York, New York

David Gordon, M.D.

Department of Neurological Surgery,
Montefiore Medical Center,
Bronx, New York

Roger Hartl, M.D.
Department of Neurological Surgery,
WEeil Cornell Medical College of

Cornell University,
New York, New York

David W. Newell, M.D.

Department of Neurological Surgery,
Swedish Medical Center,
Seattle, Washington

Franco Servadei, M.D.
Department of Neurological Surgery,
M. Bufalini Hospital,

Cesena, Italy

Beverly C. Walters, M.D., M.Sc.

Department of Neurological Surgery,
New York University

School of Medicine,

New York, New York

Jack E. Wilberger, M.D.

Department of Neurological Surgery,
Allegheny General Hospital,
Pittsburgh, Pennsylvania

Reprints requests:

Jamshid Ghajar, M.D., Ph.D.,
Brain Trauma Foundation,

523 East 72nd Street,

New York, NY 10021.

Email: ghajar@braintrauma.org

CHAPTER 2

METHODOLOGY

Neurosurgery 58:52-4-52-6, 2006

DOI: 10.1227/01.NEU.0000210362.83548.0B

www.neurosurgery-online.com

he concept of formulating a set of rec-

ommendations for patient management

has its basis in the advent of scientific
investigation in clinical medicine. Along with
this came the realization that deriving recom-
mendations from our own experience as clini-
cians, although tempting, has limitations re-
lated to the fact that humans remember the
best or the worst of their experiences, and
cannot easily objectify their results. What clin-
ical experience does do for us is to help with
the formulation of hypotheses that can be
tested through human clinical trials experi-
mentation. Rather than seeing clinical experi-
ence and clinical trials as dichotomous, polar
sources of information regarding outcomes of
patient care, it is probably more useful to
think of the gamut of clinical testing along a
continuum. On one end, we have the more-
subjective impressions of care delivery that
are attractive because they are grounded in
personal experience in the real world of caring
for patients. This is expressed well by one of
the fathers of clinical epidemiology, Alvan
Feinstein. Dr. Feinstein, in his seminal work,
Clinical Judgment (2), writes: “...any decent
doctor reflects on alternatives, is aware of un-
certainties, modifies judgments on the basis of
accumulated evidence, balances risks of vari-
ous kinds, considers the potential conse-
quences of his or her diagnoses or treatments,
and synthesizes all of this in making a rea-
soned decision that he or she decrees right for
the patient.” He further goes on to underscore
the value of clinical experience when he
writes, “In caring for patients, clinicians con-
stantly perform experiments. During a single
week of active practice, a busy clinician con-
ducts more experiments than most of his lab-
oratory colleagues do in a year.”

This philosophy underscores and supports
the notion that we can make recommenda-
tions from the wealth of clinical experience
provided by direct, day-to-day clinical care.
However, a close look at the process of true
experimentation yields a long list of potential
errors that can be made in the gathering and
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interpretation of data, even in highly con-
trolled circumstances. Sources of error have
been classified into two broad categories: sys-
tematic error (bias) and random error. In gen-
eral, the former source of error is controlled by
careful study design, and the latter is dealt
with by randomization. Without these protec-
tors against error, the chances of making mis-
takes in deriving recommendations from prac-
tice are great. For this reason, the notion of
categorizing recommendations into groups as-
sociated with various strengths of clinical
studies on the basis of scientific rigor was
introduced in the last decade-and-a-half of the
20th century.

In 1990, the Institute of Medicine published a
landmark work entitled Clinical Practice Guide-
lines: Directions for a New Program (1). The insti-
gating factors for this publication were the ob-
servation of wide variability of practice
throughout American healthcare and the devel-
opment of mechanisms for establishing quality
assurance and review within Medicare, along
with the increasing use of technology and con-
comitant costs of care delivery. In this docu-
ment, the authors made recommendations re-
garding attributes defining the validity of
recommendations. These include the following:
1. The available scientific literature should be
searched using appropriate and comprehensive
search terminology. 2. A thorough review of the
scientific literature should precede guideline de-
velopment. 3. The evidence should be evaluated
and weighted, reflecting the scientific validity of
the methodology used to generate the evidence.
4. There should be a link between the available
evidence and the recommendations, with the
strength of the evidence being reflected in the
strength of the recommendations, reflecting sci-
entific certainty (or lack thereof). 5. Empirical
evidence should take precedence over expert
judgment in the development of guidelines. 6.
Expert judgment should be used to evaluate the
quality of the literature and to formulate guide-
lines when the evidence is weak or nonexistent.
7. Guideline development should be a multidis-
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ciplinary process, involving key groups affected by the recom-
mendations.

SEARCH OF THE LITERATURE

The literature is generally searched using the National Li-
brary of Medicine computerized database, either through in-
dividual search engines in academic medical centers or
through the internet. This, by definition, will limit the scope of
the search to 1966 and forward. In addition, if modern neuro-
imaging techniques are pertinent, as in this document, the
search should be limited to the years since the modality was
available. Therefore, our searches were limited to the period of
1975 to the present. Because guidelines are applicable to pa-
tient care, the literature is limited to human studies in the area
of traumatic brain injury and surgical management, along
with the imaging characteristics in patients with surgically
amenable lesions. In addition, further limitations in the search
were imposed by the fact that most of the literature is in
English, and limited ability existed for reading the useful
articles that appear in different languages. Therefore, most
searches were limited to the English language. Appropriate
search terms were chosen, as demonstrated in each of the
individual Guideline sections.

EVALUATION AND WEIGHTING OF THE
LITERATURE

The journal articles found have been carefully read and
evaluated, including an assessment of the methodology used
in the studies. This not only includes the establishment of the
clinical question addressed (e.g., therapeutic effectiveness, di-
agnostic tests, prognostic studies, etc.) and type of study (ran-
domized controlled trial, case-control study, case series, etc.),
but also the quality of the study with respect to potential
errors in design, execution, or conclusions reached. Therefore,
studies that might, on the surface, represent evidence support-
ing one level of recommendation, may instead be flawed
enough to be devalued to support a recommendation of lesser
strength. The quality of the literature was evaluated in this
way according to well-established criteria (3). All articles were
cross-reviewed and disagreements were resolved by consen-
sus.

METHODOLOGY

LINK BETWEEN EVIDENCE AND
GUIDELINES

The general concept of relating strength of recommenda-
tions to strength of evidence reflecting varying degrees of
clinical certainty was formalized into a scheme that has been
followed by medical societies, including organized neurosur-
gery, from the inception of the Guideline development process.
Despite problems with the strict application of this paradigm
(some of which are displayed and discussed in this supple-
ment), the scheme has the benefit of using scientific evidence
rather than expert opinion for the substrate of the recommen-
dations, although expert opinion is used to formulate the
recommendations themselves, as well as to make judgments
regarding the quality of the evidence. The evidence-based
scheme used in these and all Guidelines regarding therapeutic
effectiveness endorsed by the American Association of Neu-
rological Surgeons and the Congress of Neurological Surgeons
begins with classification of the literature into three categories
of evidence, as outlined next and in Table 1.

The classification of evidence into these three categories
leads to the formulation of recommendations called Standards,
Guidelines, and Options. Class I evidence is used to support
treatment recommendations of the strongest type, practice
Standards, reflecting a high degree of clinical certainty. Class II
evidence is used to support Guidelines, reflecting a moderate
degree of clinical certainty. Class III evidence supports practice
Options reflecting unclear clinical certainty. This terminology
was developed to indicate, in normal vocabulary, the strength
of the recommendations on the basis of strong to weak med-
ical evidence. In neurosurgery, this scheme has been used to
formulate Guidelines, rather than a scheme that uses letters or
numbers that have no grounding in language and are, there-
fore, more easily misinterpreted. The link between scientific
evidence and recommendations has been highlighted in these
Guidelines by presenting those studies in the scientific founda-
tion that support the stated recommendation in boldface type.

Recommendations are not necessarily weak in cases in
which the evidence is weak. Examples of this appear in many
of the Guidelines developed in neurosurgery to date, and au-
thors and readers alike feel frustrated at the impotency of the
recommendations when the evidence is weak, especially when
the logic of the recommendation and all of the evidence sup-
porting it, however weak, support the recommendation. One
example of this, among many that can be found in this sup-

TABLE 1. Classification of Evidence on Therapeutic Effectiveness

Class |
Class Il

studies, and other comparable studies
Class Il

Evidence from one or more well-designed, randomized, controlled clinical trials, including overviews of such trials
Evidence from one or more well-designed comparative clinical studies, such as nonrandomized cohort studies, case-control

Evidence from case series, comparative studies with historical controls, case reports, and expert opinion
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plement, is in the recommendation regarding timing of evac-
uation of epidural hematomas. According to the paradigm
embraced and used in this set of Guidelines, case series indi-
cating that patients who have a Glasgow Coma Scale score of
8 or below with evidence of a “blown pupil” and who are
operated on early achieve better outcomes can only support a
practice “Option.” However, no competent neurosurgeon
would allow a patient in this clinical scenario to be neglected
when the need for surgical relief of brain compression is so
clear. It is fairly certain to say that there will never be a
randomized controlled trial for this circumstance, and, thus,
never a practice “Standard.” However, a patient database
could be used to generate a case-control study, thus, yielding
a higher recommendation. However, there is no evidence that
waiting to operate on such a patient is beneficial, and, there-
fore, an “Option” to delay surgical evacuation will also prob-
ably never be promulgated. If, indeed, such a recommenda-
tion were put forward, it would never be accepted by the
profession, and rightfully so.

EXPERT JUDGMENT AND EMPIRICAL
EVIDENCE

There are two ways in which expert judgment comes into
Guideline development. The most common use of expert opin-
ion is in developing recommendations for practice. This has
been a usual method in the past (as well as the present, in the
form of textbook chapters), but has more recently given way to
more formalized approaches embraced by evidence-based
medicine methodology, such as that used in this supplement.
However, even in evidence-based methodology, expert opin-
ion is used to evaluate the literature as well as to frame the
concepts and wording of the recommendations. In addition, if
the evidence is weak and conflicting, expert opinion is used to
derive recommendations. This use is unavoidable, but the
expert opinion is guided by the evidence published in the
literature, rather than from personal experience alone.

OPTION LEVEL RECOMMENDATION

All of the recommendations in the Surgical Management of
Traumatic Brain Injury are at the option level, supported only

by Class III scientific evidence. Unfortunately, option can
mean choice and, as discussed above, it would be unethical
not to operate on surgical mass lesions in salvageable patients.
Currently, all neurological guidelines approved by the Amer-
ican Association of Neurological Surgeons and the Congress
of Neurological Surgeons use option recommendations for
Class III evidence. In the future, this may change because these
surgical guidelines put maximized strain on using such ter-
minology.

Given that the recommendations in these surgical guide-
lines are at the option level (Class III evidence) we state the
recommendation at the beginning of the chapter on each topic,
and refer the reader to this methodology section for an expla-
nation of the level of evidence.

MULTIDISCIPLINARY PROCESS

In all Guidelines published under the auspices of the Brain
Trauma Foundation and the American Association of Neuro-
logical Surgeons, other professional organizations were in-
volved in either developing the Guidelines or reviewed and
approved them. In these Surgical Management of Traumatic
Brain Injury Guidelines, however, only neurosurgeons were
involved. These neurosurgeons represent a wide range of
organizations. There were representatives from the American
Association of Neurological Surgeons, the Congress of Neu-
rological Surgeons, the European Brain Injury Consortium, the
American College of Surgeons (Committee of Trauma) and the
World Federation of Neurological Surgeons (Neurotrauma
section) involved in the development of these Surgical Man-
agement of Traumatic Brain Injury Guidelines.
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ErIDURAL HEMATOMAS

RECOMMENDATIONS
(see Methodology)

Indications for Surgery

® An epidural hematoma (EDH) greater than 30 cm® should be surgically evacuated
regardless of the patient’s Glasgow Coma Scale (GCS) score.

® An EDH less than 30 cm® and with less than a 15-mm thickness and with less than
a 5-mm midline shift (MLS) in patients with a GCS score greater than 8 without focal
deficit can be managed nonoperatively with serial computed tomographic (CT)
scanning and close neurological observation in a neurosurgical center.

Timing

® |t is strongly recommended that patients with an acute EDH in coma (GCS score <
9) with anisocoria undergo surgical evacuation as soon as possible.

Methods

® There are insufficient data to support one surgical treatment method. However,
craniotomy provides a more complete evacuation of the hematoma.

KEY WORDS: Coma, Computed tomographic parameters, Craniotomy, Epidural, Head injury, Hematoma,
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OVERVIEW

Incidence

Since the introduction of CT scanning as the
imaging study of choice to detect intracranial
lesions after trauma, the incidence of surgical
and nonsurgical EDH among traumatic brain
injury (TBI) patients has been reported to be in
the range of 2.7 to 4% (8, 11, 25, 41). Among
patients in coma, up to 9% harbored an EDH
requiring craniotomy (10, 35). The peak inci-
dence of EDH is in the second decade, and the
mean age of patients with EDH is between 20
and 30 years of age ( 3, 8, 9, 13, 16-18, 20, 22,
26, 29, 32, 37, 39). EDH are a rare entity in
patients older than 50 to 60 years of age. In
pediatric patients, the mean age of patients
harboring EDH is between 6 and 10 years (21,
34), and EDH is less frequent in very young
children and neonates (27, 30).

Pathogenesis

Traffic-related accidents, falls, and assaults
account for 53% (range, 30-73%), 30% (range,

7-52%), and 8% (range, 1-19%), respectively,
of all EDH (3, 8, 20, 22, 26, 27, 36, 40). In
pediatric patients, falls are the leading cause
of EDH in 49% of cases (range, 25-59%) and
traffic-related accidents are responsible for
34% (range, 25-41%) of all EDH (21, 25-27, 30,
34). EDH can result from injury to the middle
meningeal artery, the middle meningeal vein,
the diploic veins, or the venous sinuses. His-
torically, bleeding from the middle meningeal
artery has been considered the main source
for EDH. In a recent report on EDH in 102
pediatric patients and 387 adults, arterial
bleeding was identified as the source of the
EDH in 36% of the adults and only in 18% of
the children (27). In 31% of the pediatric pa-
tients, a bleeding source could not be identi-
fied and venous bleeding accounted for ap-
proximately 32% of EDH in both age groups.

Location

In surgical series, EDH are more frequently
located in the temporoparietal and temporal re-
gions as compared with other locations (3, 6, 25,

VOLUME 58 | NUMBER 3 | MARCH 2006 SUPPLEMENT | S2-7



SurGICAL MANAGEMENT OF TBI AutHOR GROUP

27,29, 32). In 2 to 5% of patients, bilateral EDH are found (11, 18,
40), and there seems to be a slight predominance of right-sided
EDH over left-sided lesions (6, 40).

Clinical Presentation

In patients with EDH, 22 to 56% are comatose on admission
or immediately before surgery (3, 17, 20, 22, 25, 32). The
classically described “lucid interval,” i.e., a patient who is
initially unconscious, then wakes up and secondarily deterio-
rates, was observed in a total of 456 of 963 patients (47%)
undergoing surgery for EDH in seven studies (3, 8, 18, 22, 28,
31, 39). Between 12 and 42% of patients remained conscious
throughout the time between trauma and surgery (3, 8, 17, 22).
Pupillary abnormalities are observed in between 18 and 44%
of patients, and up to 27% (3-27%) of patients are neurologi-
cally intact. Other presenting symptoms include focal deficits,
such as hemiparesis, decerebration, and seizures. Early sei-
zures are noted in 8% of pediatric patients presenting with
EDH (21).

Mortality

The mortality in patients in all age groups and GCS scores
undergoing surgery for evacuation of EDH is approximately
10% (range, 7-12.5%) (7, 8, 14, 17, 18, 20, 22, 28, 31, 32).
Mortality in comparable pediatric case series is approximately
5% (25, 30).

Determinants of Outcome in Patients Undergoing
Surgical Evacuation of an EDH

GCS, age, pupillary abnormalities, associated intracranial
lesions, time between neurological deterioration and surgery,
and intracranial pressure (ICP) have been identified as impor-
tant factors determining outcome from EDH.

Age and GCS

The influence of age on outcome in the subgroup of patients
with EDH is not as pronounced as it is in TBI patients overall.
Three studies using multiple regression analysis found that
GCS was a better predictor of outcome than age in patients
undergoing surgery for EDH (20, 22, 38). In a retrospective
analysis of 98 patients of all age groups with EDH undergoing
craniotomy, van den Brink et al. (39) investigated determi-
nants of outcome at 6 months. They identified GCS, age, and
the CT diagnosis of subarachnoid hemorrhage as significant
factors correlated with outcome, using multivariate analysis.
Admission GCS or GCS before surgery is the single most
important predictor of outcome in patients with EDH under-
going surgery (3, 10, 20, 22, 24, 38, 39). In three studies using
multivariate analysis in a total of 284 patients, the admission
GCS score was identified as the most significant factor deter-
mining outcome at 6 months (20, 38, 39). In one study with 200
patients undergoing craniotomy, admission and preoperative
GCS both correlated with functional outcome at 1 year (22).
Gennarelli et al. (10) analyzed the relationship between type of
lesion, GCS score on admission, and 3-months outcome in
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1107 comatose patients with TBI. The highest mortality was
found in patients with a subdural hemorrhage and a GCS
between 3 and 5 (74%). Patients with an EDH and a GCS of 3
to 5 had a mortality of 36%, and patients with an EDH and a
GCS of 6 to 8 had a mortality of only 9%.

Pupils

Pupillary abnormalities, such as pupillary asymmetry or
fixed and dilated pupils occur in approximately 20 to 30% of
patients with EDH undergoing surgery (3, 16, 20, 40) and in
62% of patients who are comatose on admission (32). One
study showed that ipsilateral mydriasis was not associated
with adverse outcome and was reversible when operated on
within 70 minutes after pupillary dilation (6). Bilateral mydri-
asis, however, is associated with a high mortality (3, 6, 8, 24,
32, 39). Mydriasis contralateral to the hematoma is also asso-
ciated with high mortality (24, 32). Van den Brink et al. (39), in
a multivariate model evaluating the relative prognostic value
of predictive parameters, found that, in patients in all age
groups and GCS scores, pupillary abnormalities were signifi-
cantly related to unfavorable outcome. Adverse outcome was
observed in 30% of normal pupillary responses, in 35% of
unilateral fixed pupils, and in 50% of bilateral fixed pupils.
Bricolo and Pasut (3) achieved a good outcome in 100% of
patients who presented with anisocoria and in 90% of patients
who presented with anisocoria and hemiparesis. The only
patient with bilateral mydpriasis in their case series died.

Associated Lesions

Associated intracranial lesions are found in between 30 and
50% of adult patients with surgically evacuated EDH (3, 8, 13,
16, 20, 22, 23, 27, 29, 31, 32, 35). These are predominantly
contusions and intracerebral hemorrhage followed by sub-
dural hematoma (SDH) and diffuse brain swelling (8, 16, 29,
32, 35). The incidence of associated lesions is less in the pedi-
atric age group (25, 27, 30). SDH and/or parenchymal lesions
in association with EDH lower the chance of a good outcome.
In two studies with a total of 315 patients operated on for
evacuation of an EDH, the frequency of associated intracranial
lesions was 33% (20, 22). In both studies, a significant relation-
ship was found between the presence of other lesions in
addition to the EDH and an adverse outcome. Lee et al. (22)
identified associated brain lesions as one of four independent
predictors of unfavorable outcome after surgery for EDH and
this has been confirmed by several others (8, 13, 16, 23, 32).
Cranial fractures are present in between 70 and 95% of cases
(15, 17, 20, 25, 30, 37). The impact of fractures on outcome is
controversial. Kuday et al. (20) observed a significant relation-
ship between cranial factures and adverse outcome in 115
patients undergoing surgery for EDH. Lee et al. (22) did not
see this relationship in a series of 200 patients managed sim-
ilarly, and Rivas et al. (32) actually reported a significantly
lower mortality rate in patients with cranial fractures. Signif-
icant extracranial injury is present in 7 to 23% of patients
operated on for an EDH (8, 13, 17, 24, 27). Lobato et al. (24)
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found extracranial injury in 20% of their patients, and the
mortality rate in this subgroup was lower than the overall
mortality (7.6% versus 28%). No data were found on the
association of hypotension and outcome in patients with an
acute EDH.

Icp

There is only one study available in which postoperative
ICP and its relationship to outcome 6 months after trauma was
studied. Lobato et al. (24) monitored ICP in 54 (83%) of 64
comatose patients after removal of an EDH. Elevated ICP (>15
mm Hg) was found in 67% of cases, and ICP greater than 35
mm Hg was significantly associated with a higher mortality.

PROCESS

A MEDLINE computer search using the following key-
words for the years 1975 to 2001 was performed: “traumatic
brain injury” or “head injury” and “epidural” or “extradural”
and “hematoma” or “hematoma” or “hemorrhage.” The
search was narrowed by including the keywords “surgical
treatment” or “surgery” or “operation” or “craniotomy” or
“craniectomy” or “craniostomy” or “burr holes” and exclud-
ing “spinal.” These searches combined yielded 168 articles.
The reference lists of these publications were reviewed and an
additional 22 articles were selected for analysis. Case reports,
publications in books, and publications regarding penetrating
brain injuries on spinal EDH and on exploratory burr holes
without a preoperative CT scan were not included. Articles
were excluded if the diagnosis of EDH was not based on CT
scanning, or if subgroups of patients who did not undergo CT
scanning were not clearly identified. Publications with fewer
than 10 patients or publications that did not include informa-
tion on outcome were excluded. Of these 190 articles, 18 were
selected for analysis.

SCIENTIFIC FOUNDATION

Indication for Surgery

The decision to operate on an acute EDH is based on the
patient’s GCS score, pupillary exam, comorbidities, CT find-
ings, age, and, in delayed decisions, the patient’s ICP. Neuro-
logical deterioration over time is also an important factor
influencing the decision to operate. Trauma patients present-
ing to the emergency room with altered mental status, pupil-
lary asymmetry, and abnormal flexion or extension are at high
risk for either an SDH and/or EDH compressing the brain and
brainstem.

CT Characteristics and Outcome

CT is the imaging study of choice for the diagnosis of an
EDH. CT scanning is recommended in patients at risk for
harboring an acute EDH. It allows not only diagnosis of the
primary lesion but also identification of additional features
that affect outcome, such as MLS, traumatic subarachnoid
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hemorrhage, obliteration of the basal cisterns, thickness of the
blood clot, and hematoma volume.

In a series of 200 patients who were treated surgically for
EDH, Lee et al. (22) found that a hematoma volume greater
than 50 cm® was significantly related to higher mortality and
unfavorable functional outcome. Unfavorable functional re-
covery was observed in 6.2% of patients with a hematoma
volume less than 50 cm® and in 24% of patients with a
hematoma volume greater than 50 cm®. Mixed density of the
blood clot, indicating acute bleeding, was observed in 32% of
their patients and correlated with unfavorable outcome but
not with mortality. Patients with an MLS greater than 10 mm
showed a higher mortality and more unfavorable outcome
when compared with those with less displacement. Partial or
total obliteration of the basal cisterns was observed in 59% of
their patients and correlated with both mortality and func-
tional outcome. Multivariate analysis identified only hema-
toma volume as an independent predictor of unfavorable
outcome.

In contrast, in 98 patients with EDH who underwent sur-
gery, van den Brink et al. (39) found that the status of the basal
cisterns, MLS, and hematoma volume were not related to
outcome. The authors only identified the presence of trau-
matic subarachnoid hemorrhage to be significantly associated
with unfavorable outcome. Patients with favorable outcome
had a hematoma volume of 56 + 30 cm® and, with unfavorable
outcome, the hematoma volume was 77 * 63 cm?®, but this
difference was not significant.

Rivas et al. (32) found that hematoma volume and severity
of MLS were related to preoperative coma in patients with
EDH. In comatose patients, a hematoma volume greater than
150 cm® and an MLS greater than 12 mm were associated with
increased mortality. Mixed-density blood clots were observed
in 62% of their patients and were related to poor outcome.
Location of the lesion did not influence outcome. Seelig et al.
(35) did not find a relationship between location of blood clot,
MLS, and outcome in 51 comatose patients undergoing sur-
gery for EDH.

In summary, most authors could not detect a relationship
between blood clot location and outcome. However, it is likely
that hematoma volume, MLS, mixed density of the blood clot,
and traumatic subarachnoid hemorrhage are related to out-
come, but more studies are needed to clarify this issue.

Surgery and Nonoperative Treatment

Prospective, randomized trials comparing surgical treat-
ment with nonoperative management are not available. Some
studies compared patients who were treated either surgically
or nonoperatively, and used logistic regression analysis and
multivariate analysis models to determine factors that were
associated with either treatment (36, 37). Some investigators
looked at patient series that were initially all treated nonop-
eratively and analyzed the factors associated with subsequent,
delayed surgery (2, 7, 19, 37). There are no studies on nonop-
erative treatment of comatose patients with EDH.
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What are the factors leading to surgery? The following
studies compared characteristics between patients who were
treated with either surgery or were managed nonoperatively.
The value of such analyses is doubtful because it merely
documents the criteria used to select patients for surgery.

Servadei et al. (36) conducted a prospective study including
158 consecutive patients with GCS 14 and 15 with EDH who
were admitted to three neurosurgical units. A treatment pro-
tocol was not defined for these hospitals. One hundred-sixteen
patients underwent surgery and 42 patients were managed
nonoperatively. Ninety-three percent of patients with an MLS
greater than 5 mm, and 91% of patients with a hematoma
thickness greater than 15 mm underwent surgery. A logistic
regression analysis identified hematoma thickness and MLS as
the factors associated with surgery. Location and the presence
of associated lesions did not reach significance. Outcome was
good in all patients. Similar results were obtained in 33 pedi-
atric patients, 20 of whom were treated surgically (1). Both
groups did not differ in terms of age, GCS, and outcome.
Multivariate logistic regression analysis revealed that MLS,
hematoma thickness, and volume, as well as temporal location
of the blood clot were related to surgery. Hematoma volume
and MLS were 41 cm® and 8 em?®, and 4 mm and 0.5 mm, for
the surgical and nonsurgical groups, respectively.

A review of 30 patients who were treated with craniotomy
and 18 patients treated nonoperatively revealed that patients
managed with surgery had lower GCS scores, were more
likely to present with pupillary abnormalities and hemipare-
sis, and had larger blood clots and more MLS (12). Temporal
location of the hematoma and the presence and location of a
fracture were not related to surgery.

Factors Determining Delayed Surgery

Bezircioglu et al. (2) conducted a prospective study on the
nonoperative management of 80 patients with EDH and GCS
scores between 9 and 15. Patients with a GCS score greater
than 8, an EDH volume less than 30 ml, a hematoma thickness
less than 2 cm, and without neurological deficit were treated
nonoperatively. Five patients deteriorated and underwent cra-
niotomy. One of these patients died, the others had good
outcomes. The only factor significantly associated with de-
layed surgery was a temporal location of the hematoma,
which was observed in all five surgical patients but only in
24% of the 75 patients treated without operation.

In a study of 74 patients with initially asymptomatic EDH
managed nonoperatively, 14 required delayed surgery be-
cause of neurological deterioration or increase in the size of
the hematoma (5). The authors found that a hematoma volume
greater than 30 cm?®, a hematoma thickness greater than 15
mm, and an MLS greater than 5 mm were significantly more
frequent in patients requiring surgery. A hematoma volume
greater than 30 cm®, an EDH thickness greater than 15 mm,
and an MLS greater than 5 mm were observed in 5%, 27%, and
28% of patients managed without surgery, and in 57%, 71%,
and 79% of patients who had surgery, respectively. The au-
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thors used the “ellipsoid” or “ABC/2” method to estimate the
volume of EDHs (see Appendix I). Hematoma location, bone
fractures, and time-to-initial CT scan were not related to out-
come. In a small study on 22 patients, 7 of whom required later
surgery, a time interval of less than 6 hours after injury to the
first CT scan and a cranial fracture that crossed a major vessel
were significantly related to surgery (19).

Studies Describing Successful Nonsurgical Management

Bullock et al. (4) treated 12 of 123 patients presenting with
EDH nonsurgically. All patients were conscious (GCS 12-15)
with a hematoma volume between 12 and 38 cm® (mean, 26.8
cm?®) and an MLS less than 10 mm on the initial CT scan. None
of the hematomas were in the temporal region. All patients
made a good outcome. Cucciniello reported on 57 patients
with EDH who were treated nonoperatively (9). Initial GCS
was between 10 and 15. Five hematomas were in the temporal
region. The maximum hematoma thickness ranged between 6
and 12 mm. Only one patient had an MLS. All patients made
a good recovery.

Timing of Surgery

Time between Injury and Surgery

The effect of surgical timing on outcome from EDH is
relevant for a subgroup of patients in whom the EDH causes
compression of brain structures that, with time, could cause
poor outcome. This subgroup is usually categorized as having
pupillary abnormalities and/or a GCS score less than 9
(coma). Generally, studies of EDH reveal that only 21 to 34%
of patients present to the hospital with a GCS score less than
8 or 9 (3, 20, 22, 25). Studies do not find a relationship between
surgical timing and outcome if patients of all GCS scores are
included. In 200 patients with EDH that were surgically evac-
uated, Lee et al. (22) failed to demonstrate a significant rela-
tionship between surgery within 4 hours of trauma or surgery
within 2 hours of admission and outcome, using multivariate
analysis. However, a significant correlation was observed be-
tween the duration of brain herniation, as evidenced by aniso-
coria, and the outcome. The time lapse between the onset of
pupillary abnormalities and surgery is related to outcome.
Cohen et al. (6) studied 21 patients with EDH and GCS score
less than 9 who underwent surgery. Ten of these patients
developed anisocoria after admission. All 5 patients with
anisocoria for longer than 70 minutes before surgical evacua-
tion of the EDH died. Patients with anisocoria for shorter than
70 minutes achieved a good outcome. Haselsberger et al. (13)
studied 60 patients with EDH, and 34 patients developed
coma before surgery. They found that patients treated within
2 hours after loss of consciousness exhibited a mortality rate of
17% and good recovery in 67%, compared with a mortality
rate of 56% and good results in 13% in patients operated on
later. Sakas et al. (33) found that all patients with either SDH
or EDH with fixed and dilated pupils for longer than 6 hour
died.
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Patient Transfer and Timing of Surgery

The question of whether a patient with acute EDH should
be treated at the nearest hospital or transferred to a specialized
trauma center has been debated but poorly documented in
studies. This is an important timing issue and is significant in
the group of patients who are deteriorating. Another issue is
the surgical evacuation of EDH by nonneurosurgeons with
subsequent transfer to a neurosurgical center. Obviously,
these studies are uncontrolled with regard to the efficacy of
surgery and the type of patients included in both arms. In the
above timing of surgery, the group of patients in a coma and
with pupillary abnormalities can be expected to do worse the
longer the interval to evacuation of the EDH. Thus, because of
the delay, transferred patients would have longer interval
times to surgery.

Wester (40) studied 83 patients with acute EDH that under-
went craniotomy. Twenty-eight patients were transferred
from other hospitals and 11 of these underwent emergency
surgery at those outside institutions. Patients who underwent
surgery outside the parent institution by nonneurosurgeons
had a significantly worse outcome at 3 months as compared
with patients who were directly admitted to the study hospi-
tal. This was mainly attributed to the technical inadequacy of
the primary operation at the outside institution. The authors
interpreted this as support for the strategy of directly trans-
ferring patients to an adequate trauma center, but they did not
control for other confounding variables, such as admission
GCS and pupillary exam.

Another study analyzed 107 patients operated on for EDH
(3). The majority (67%) of these patients were transferred from
outlying hospitals. The authors noted that only 6% of the
direct admissions experienced a poor outcome, as compared
with 18% of patients who were transferred after undergoing
CT scanning at an outside institution. This difference failed to
reach statistical significance. Poon and Li (31) studied 71 pa-
tients with EDH managed surgically primarily at a neurosur-
gical hospital and 33 patients transferred from an outside
institution. Time delay from neurological deterioration to sur-
gery was 0.7 = 1 hour and 3.2 * 0.5 hours for the direct versus
indirect transferred group, respectively. Six-months outcome
was significantly better in patients who were directly admitted
with a minimal delay from deterioration in neurological exam
to surgery.

SUMMARY

In patients with an acute EDH, clot thickness, hematoma
volume, and MLS on the preoperative CT scan are related to
outcome. In studies analyzing CT parameters that may be
predictive for delayed surgery in patients undergoing initial
nonoperative management, a hematoma volume greater than
30 cm®, an MLS greater than 5 mm, and a clot thickness greater
than 15 mm on the initial CT scan emerged as significant.
Therefore, patients who were not comatose, without focal
neurological deficits, and with an acute EDH with a thickness

NEUROSURGERY

Acute EPIDURAL HEMATOMAS

of less than 15 mm, an MLS less than 5 mm, and a hematoma
volume less than 30 cm® may be managed nonoperatively
with serial CT scanning and close neurological evaluation in a
neurosurgical center (see Appendix II for measurement tech-
niques). The first follow-up CT scan in nonoperative patients
should be obtained within 6 to 8 hours after TBI. Temporal
location of an EDH is associated with failure of nonoperative
management and should lower the threshold for surgery. No
studies are available comparing operative and nonoperative
management in comatose patients. The literature supports the
theory that patients with a GCS less than 9 and an EDH
greater than 30 cm? should undergo surgical evacuation of the
lesion. Combined with the above recommendation, it follows
that all patients, regardless of GCS, should undergo surgery if
the volume of their EDH exceeds 30 cm’. Patients with an
EDH less than 30 should be considered for surgery but may be
managed successfully without surgery in selected cases.

Time from neurological deterioration, as defined by onset of
coma, pupillary abnormalities, or neurological deterioration to
surgery, is more important than time between trauma and
surgery. In these patients, surgical evacuation should be per-
formed as soon as possible because every hour delay in sur-
gery is associated with progressively worse outcome.

KEY ISSUES FOR FUTURE INVESTIGATION

eEffect of transfer versus direct admission to a trauma
center on timing of surgery and outcome from EDH.

eIdentification of subgroups that do not benefit from sur-
gery: old patients with low GCS scores, pupillary abnormali-
ties, and associated intracerebral lesions.

eSurgical technique.
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SUBDURAL HEMATOMAS

RECOMMENDATIONS
(see Methodology)

Indications for Surgery

¢ An acute subdural hematoma (SDH) with a thickness greater than 10 mm or a midline
shift greater than 5 mm on computed tomographic (CT) scan should be surgically
evacuated, regardless of the patient’s Glasgow Coma Scale (GCS) score.

o All patients with acute SDH in coma (GCS score less than 9) should undergo intracranial

pressure (ICP) monitoring.

e A comatose patient (GCS score less than 9) with an SDH less than 10-mm thick and a
midline shift less than 5 mm should undergo surgical evacuation of the lesion if the GCS
score decreased between the time of injury and hospital admission by 2 or more points
on the GCS and/or the patient presents with asymmetric or fixed and dilated pupils

and/or the ICP exceeds 20 mm Hg.
Timing

e In patients with acute SDH and indications for surgery, surgical evacuation should be

performed as soon as possible.
Methods

e If surgical evacuation of an acute SDH in a comatose patient (GCS < 9) is indicated, it
should be performed using a craniotomy with or without bone flap removal and

duraplasty.

KEY WORDS: Coma, Computed tomographic parameters, Craniotomy, Decompressive craniectomy, Head
injury, Hematoma, Intracranial pressure monitoring, Salvageability, Subdural, Surgical technique, Timing of

surgery, Traumatic brain injury
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OVERVIEW

SDH represents one type of intracranial
mass lesion, and surgical management at-
tempts to define the subset of patients who
would benefit from surgical evacuation of an
acute SDH. SDH are diagnosed on a CT scan
as extracranial, hyperdense, crescentic collec-
tions between the dura and the brain paren-
chyma. They can be divided into acute and
chronic lesions. Herein, “acute SDH” is de-
fined as an SDH diagnosed within 14 days of
traumatic brain injury (TBI).

Incidence

Studies conducted after the introduction of
CT scanning report an incidence of acute SDH
between 12 and 29% in patients admitted with

S2-16 | VOLUME 58 | NUMBER 3 | MARCH 2006 SUPPLEMENT

severe TBL. Combining several publications,
acute SDH was diagnosed in 21% of 2870 pa-
tients (8, 26, 27, 36). When including mild, mod-
erate, and severe head injuries, 11% (360 of 3397
patients) present with SDH (21, 28). The mean
age for this combined group is between 31 and
47 years, with the vast majority of patients being
men (6, 11, 17, 21).

Mechanism

The mechanism of injury responsible for the
development of an SDH differs between age
groups. Most SDH are caused by motor
vehicle-related accidents (MVA), falls, and as-
saults. In one study, 56% of SDH in the
younger group (18-40 yr) were caused by
MVA and only 12% were caused by falls,
whereas, in the older groups (>65 yr), these

www.neurosurgery-online.com



mechanisms were responsible for 22% and 56% of SDH, re-
spectively (15). Falls have been identified as the main cause of
traumatic SDH in two studies looking specifically at patients
older than 75 and 80 years (3, 16). Studies with comatose
patients describe MVA as the mechanism of injury in 53 to
75% of SDH. This indicates that MVA causes more severe
injury, possibly because of high-velocity accidents and diffuse
axonal injury (18, 26, 36).

Clinical Presentation

Between 37 and 80% of patients with acute SDH present
with initial GCS scores of 8 or less (4, 6, 21, 28, 33). A lucid
interval has been described in 12 to 38% of patients before
admission but there is no conclusive evidence that this corre-
lates with outcome (1, 9, 31, 34, 36). The definition of lucid
interval is vague. Authors interpret the lucid interval differ-
ently and analysis of its frequency requires documentation
during the prehospital phase. Pupillary abnormalities are ob-
served in 30 to 50% of patients on admission or before surgery
(6, 10, 28, 33).

Mortality

Studies looking at patients from all age groups with GCS
scores between 3 and 15 with SDH requiring surgery quote
mortality rates between 40 and 60% (10, 11, 13, 14, 17, 27, 39).
Mortality among patients presenting to the hospital in coma
with subsequent surgical evacuation is between 57 and 68% (7,
12, 18, 20, 26, 36).

Associated Injuries

Only 30 to 40% of SDH requiring surgery are isolated
lesions (21, 28). In the majority of cases, the SDH is associated
with other intracranial and extracranial injuries. Contusions and
intracerebral hematomas are the most frequently associated in-
tracranial abnormalities. Associated intracranial and extracranial
lesions have been reported in larger series to occur in 47 to 57%
of patients presenting with GCS scores between 3 and 15 (4, 11,
15, 28) and in 65 to 82% of patients with GCS scores less than 10
(18, 26). In patients with SDH, contusions and fractures are
frequent associated injuries (16, 19, 25, 31, 36, 37). An associated
subarachnoid hemorrhage has been observed in 14 to 25% of
patients with SDH (4, 28) and epidural hematomas are observed
in 6 to 14% of patients (4, 28). Significant extracranial injuries are
observed in 18 to 51% of patients and the majority of these cases
include facial fractures, extremity fractures, and thoracic and
abdominal trauma (5, 6, 11, 28, 31). Because of the frequent
association of SDH with parenchymal injury, surgical manage-
ment decisions should take into consideration the recommenda-
tions for both lesion types.

PROCESS

A MEDLINE computer search using the following key-
words for the years 1975 to 2001 was performed: “traumatic
brain injury” or “head injury” and “subdural” or “intradural”
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and “hematoma” or “hemorrhage.” The search was narrowed
by including the keywords “surgical treatment” or “surgery”
or “operation” or “craniotomy” or “craniectomy” or “cranios-
tomy” or “burr holes” and excluding “chronic” and “spinal.”
These searches combined yielded 161 articles. The reference
lists of these publications were reviewed and an additional 18
articles were selected for analysis. Case reports, publications
in books, and publications regarding penetrating brain inju-
ries, or spinal or chronic SDH were not included. Chronic SDH
was defined as an SDH occurring or diagnosed more than 14
days after trauma. Articles were excluded if the diagnosis of
SDH was not based on CT scanning, or if subgroups of pa-
tients who did not undergo CT scanning were not clearly
identified. Publications with fewer than 10 patients or publi-
cations that did not include information on outcome were
excluded. Of these 179 articles, 21 were selected for analysis.

SCIENTIFIC FOUNDATION

Indications for Surgery

The decision to operate on an SDH is based on the patient’s
GCS score, pupillary exam, comorbidities, CT findings, age, and,
in delayed decisions, ICP. Neurological deterioration over time is
also an important factor influencing the decision to operate.
Trauma patients presenting to the emergency room with altered
mental status, pupillary asymmetry, and abnormal flexion or
extension are at high risk for either an SDH and/or an epidural
hematoma compressing the brain and brainstem.

CT Parameters

Many investigators have tried to define a relationship be-
tween CT parameters, such as hematoma volume, clot thick-
ness, midline shift (MLS), and patency of the basal cisterns,
and outcome. Two studies using multivariate analysis to iden-
tify factors affecting outcome from SDH found contradictory
results. Howard et al. (15) reported on 67 patients, with GCS
scores between 3 and 15, who were undergoing surgery, and
found a significant correlation between poor outcome and the
volume of the SDH and the MLS. The volume of the SDH, the
MLS, and mortality were significantly greater in older pa-
tients. van den Brink et al. (33) found no difference in hema-
toma volumes, MLS or status of the basal cisterns when com-
paring surgical patients, who had a GCS of 3 to 15, and
favorable versus unfavorable outcome. Zumkeller et al. (39)
investigated CT scan parameters in 174 patients with SDH and
a GCS between 3 and 15 undergoing surgery. The findings
revealed a 10% mortality rate in patients with a clot thickness
of less than 10 mm, and a 90% mortality for patients with clots
thicker than 30 mm. For an MLS greater than 20 mm, there
was a steep increase in mortality. Both parameters correlated
well with the Glasgow outcome score (GOS). In a mixed group
of patients treated with or without surgery, Servadei et al. (28)
also found a correlation between outcome and clot thickness,
MLS, and status of the basilar cisterns. Kotwica and Brzezinski
(18) found a significant relationship between MLS and out-
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come in 200 patients with GCS scores lower than 10, who were
undergoing surgery for SDH. In summary, there seems to be
a relationship between CT parameters and outcome, but it is
difficult to determine specific threshold values.

Surgical Versus Nonoperative Treatment of SDH

The decision for nonoperative versus surgical management
of SDH is influenced by the GCS score; CT parameters, such as
MLS, SDH clot thickness and volume, and patency of the basal
cisterns; and the salvageability of the patient (i.e., whether the
primary injury is so extensive that evacuation of the SDH will
not make a difference in outcome). On the basis of the re-
viewed literature, a clot thickness greater than 10 mm or a
MLS greater than 5 mm are suggested as critical parameters
for surgical evacuation of an acute SDH, regardless of the
GCs.

Wong (37) tried to identify parameters that would predict
the failure of initial nonoperative management. No treatment
protocol was defined. Six of 31 patients with GCS scores
between 6 and 15 who were initially treated without surgery
required a later craniotomy because of neurological deteriora-
tion (performed within 3 d). The authors found that an MLS
greater than 5 mm in patients with a GCS score of lower than
15 on the initial CT scan was significantly related to the failure
of nonoperative treatment. Hematoma volume and thickness
of the hematoma were not predictive. Good outcome was
achieved in all patients.

Matthew et al. (22) reviewed the data on 23 patients with
GCS scores between 13 and 15 who were initially treated
nonoperatively. No criteria were defined for nonoperative
management. All patients had an isolated SDH and all were
observed in the neurosurgical intensive care unit. Six patients
required delayed (mean, 14 d) evacuation of their SDH. Sig-
nificant differences in clot thickness and hematoma volume
were found between the operative and the nonoperative
groups. In addition, all patients with an initial hematoma
thickness greater than 10 mm required surgery. Finally, Ser-
vadei et al. (27) developed a protocol to select comatose pa-
tients with SDH for nonoperative management. The criteria
used to select comatose patients for nonoperative treatment
were clinical stability or improvement during the time from
injury to evaluation at the hospital, hematoma thickness less
than 10 mm and MLS less than 5 mm on the initial CT scan,
and ICP monitoring in the neurosurgical intensive care unit.
Surgery was performed if the ICP exceeded 20 mm Hg. Fifteen
of 65 comatose patients with SDH were treated nonopera-
tively. Of these, two patients were identified that required
delayed surgery based on increasing ICP and the development
of intracerebral hematomas. Good outcome was achieved in
23% of the patients in the surgery group and 67% of the
patients in the nonoperative group. The authors concluded
that nonoperative treatment can be safely used for a defined
group of comatose patients with SDH.
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Age and Salvageability

Increasing age is a strong independent factor in prognosis
from severe TBI, with a significant increase in poor outcome in
patients older than 60 years of age (2). Among patients with
acute SDH, there is also a tendency for older patients to have
a poorer outcome, especially those patients presenting with
low GCS scores (3, 16, 18, 19, 36). In comatose patients with
GCS scores less than 9 who underwent craniotomy for SDH,
Wilberger et al. (36) found that age older than 65 years was
statistically correlated with poorer outcome. In patients with
GCS scores less than 10 undergoing surgery for SDH, Kotwica
and Brzezinski (18) found that there was a statistically signif-
icant difference in 3-months outcome between younger pa-
tients (18-30 yr of age, 25% mortality) and older patients (>50
y1, 75% mortality). Three smaller studies looked specifically at
patients between 70 and 100 years of age with an admission
GCS (one study) or preoperative GCS (two studies) equal to or
less than 9. The 49 patients from these three studies all under-
went surgery. Forty-eight patients died and one had a poor
outcome (severely disabled or vegetative) (3, 16, 19). No pa-
tient older than the age of 75 years who preoperatively was
extensor posturing, flaccid to pain, or had unilateral or bilat-
eral fixed and dilated pupils made a good recovery (GOS, 3-5)
(16). In 23 comatose patients aged 66 years and older who
presented with an acute SDH, Howard et al. (15) found that 17
died and the others survived in a vegetative state or with
severe disabilities.

Functional outcomes in older patients with low GCS scores
have also been reported. However, these articles did not doc-
ument whether patients showed signs of cerebral herniation.
Hatashita et al. (14) reported 9 deaths in 12 patients older than
65 years who presented with GCS scores between 4 and 6 and
underwent surgery for SDH, as compared with 34% for those
aged 19 to 40 years. Two older patients survived with a GOS
of 4 or 5. In another publication, 1 of 28 comatose patients
older than 65 years made a functional recovery after craniot-
omy for SDH (36). Although some studies that included pa-
tients with all GCS scores undergoing surgery for SDH found
a relationship between age and outcome (15, 21, 28), other
authors failed to describe such a relationship (13, 17, 26, 33,
39). Three studies using multivariate analysis in patients op-
erated on for SDH did not identify age as an independent
predictor of outcome (15, 26, 33). In summary, there is a
relationship between poor outcome and age, low GCS, and
signs of herniation, but it is not possible to predict death on
the basis of old age and poor GCS with certainty.

Timing of Surgery

The time from injury to entering the operating room is one
of the few factors that can be affected by intervention. Unfor-
tunately, the relationship between time from injury to opera-
tion and outcome is difficult to study because patients who are
operated on soon after TBI tend to have more severe injuries
than those who undergo delayed surgery. Therefore, outcome
in patients operated on a short time after injury is frequently
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worse when compared with patients undergoing delayed sur-
gery. Furthermore, time from TBI to surgery may not be as
important as time from clinical deterioration or onset of cere-
bral herniation to surgery. The literature supports the state-
ment that the length of time from clinical deterioration to
operative treatment of an SDH is significantly related to out-
come. Haselsberger et al. (13) studied the time interval from
onset of coma to surgery in 111 patients with SDH. Thirty-four
patients were operated on within 2 hours after onset of coma.
Of those patients, 47% died and 32% recovered with good
outcome or moderate disability. However, 54 patients who
underwent surgery longer than 2 hours after the onset of coma
had a mortality of 80% and only 4% had a favorable outcome.
These differences were statistically significant.

Seelig et al. (26) studied the delay to surgery in 82 patients
with SDH who were all comatose on admission. They found a
30% mortality rate in patients operated on within 4 hours after
injury and a 90% mortality in patients who had surgery more
than 4 hours after injury. The mean time for evacuation was
390 = 39 minutes in patients who died and 170 * 18 minutes
in patients who made a functional recovery. Multivariate anal-
ysis identified time to surgery as one of the factors determin-
ing outcome from SDH. The weaknesses of this study are that
a proportion of patients did not undergo CT scanning and that
SDH was diagnosed using air ventriculography. In comatose
patients undergoing surgery for SDH, Wilberger et al. (36)
found that the time interval from TBI to surgery was 374 * 31
minutes for patients who died and 280 * 26 minutes for
patients who made a functional recovery. Mortality in patients
undergoing surgery within 4 hours of injury was 59% versus
69% in patients operated on after 4 hours. A statistically sig-
nificant difference could only be found in patients who un-
derwent surgery after 12 hours, in which case, mortality rose
to 82%.

Sakas et al. (24) looked at outcome from surgery for intra-
cerebral hematoma, epidural hematoma, and SDH in 40 pa-
tients who developed bilateral pupillary abnormalities during
their hospital course. The authors found a significant relation-
ship between the time from onset of bilateral pupillary abnor-
malities and 6-months outcome. Patients who had surgery
more than 3 hours after herniation had a higher morbidity and
mortality than those undergoing surgery earlier (mortality,
63% versus 30%).

Most studies focusing on the time between injury and sur-
gery did not find a correlation with outcome (15, 17, 18, 21, 28,
32). Some investigators even reported that early surgery was
associated with worse results than delayed surgery (6, 14, 29).
As mentioned, this may be related to the fact that most inves-
tigators do not control for other variables affecting outcome,
such as prehospital hypotension, hypoxia, GCS score, and
associated intracranial lesions. In 82 patients undergoing sur-
gery for SDH, Dent et al. (6) found that time to surgery of less
than 4 hours was associated with a significantly lower rate of
functional outcome when compared with surgery delayed for
longer than 4 hours (24% versus 51%). Mortality was approx-
imately 30% in both groups. The authors also found that
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patients who underwent surgery within 4 hours were more
likely to have obliterated basal cisterns and showed a ten-
dency for lower GCS scores and more associated intracranial
injuries, suggesting a more severe TBL

The only large study with patients with low GCS scores
(GCS < 10) that did not find a relationship between early
surgery and better outcome was the study by Kotwica and
Brzezinski (18). In that study, mortality was approximately
60% in all patients, regardless of whether they had surgery
within 4 hours or between 4 and 16 hours after TBI. A detailed
analysis reveals that although GCS scores were the same,
almost 90% of patients undergoing early surgery had associ-
ated intracranial lesions. Associated lesions were found in 78%
and 64% of patients surviving the first 5 and 12 hours, respec-
tively. This indicates that patients with early surgery had
more severe injuries. In summary, there is evidence that pa-
tients who undergo surgery within 2 to 4 hours after clinical
deterioration have a better outcome than those who undergo
delayed surgery.

Surgical Technique

Different surgical techniques have been advocated for the
evacuation of an SDH. The most commonly used techniques
are:

o Twist drill trephination/craniostomy procedures.

e Burr hole trephination.

e Craniotomy with or without dural grafting.

e Subtemporal decompressive craniectomy.

e Large decompressive hemicraniectomy, with or without du-
ral grafting.

Most investigators do not specify the type of surgical treat-
ment used for evacuation of the SDH and, if they do, they
usually do not address the effectiveness of the procedure.
Except for two studies (14, 30) no papers were found looking
at the impact of procedure type on outcome. The choice of
operative technique is influenced by the surgeon’s expertise,
training, and evaluation of the particular situation. Some cen-
ters treat all SDH with decompressive craniectomies (18, 23),
whereas other centers used solely osteoplastic craniotomies
(36). Most studies report a mixture of procedures depending
on the clinical and radiographic evaluation (13-15, 17, 38), or
combined approaches in the same patient, i.e., subtemporal
decompression plus subsequent craniotomy (26) or cranioto-
mies with contralateral decompressive craniectomies in some
children (31). One study evaluated decompressive hemicrani-
ectomies for the treatment of selected patients with SDH (30).

Only two investigators addressed the effect of the operative
technique on outcome from SDH. Hatashita et al. (14) looked
at 3-months GOS in 60 patients with GCS scores between 3
and 15 admitted for SDH evacuation. All patients underwent
surgery. The authors performed 24 burr holes, 25 cranioto-
mies, 8 craniotomies with dural grafting, and 3 decompressive
craniectomies. In patients with GCS scores between 4 and 6,
the authors found a statistically significant increased mortality
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and reduced functional recovery rate in patients undergoing
burr hole trephination versus craniotomy. Koc et al. (17) com-
pared craniotomy, craniotomy with dural grafting, and de-
compressive craniectomy in 113 patients with GCS scores
between 3 and 15 undergoing SDH evacuation. Seventeen
patients underwent decompressive craniectomy and all died.
No other significant differences were found between treat-
ment groups. The results of all of these studies have to be
viewed with caution because groups undergoing different
types of surgical treatment were not comparable.

SUMMARY

In patients with an acute SDH, clot thickness or volume and
the MLS on the preoperative CT correlate with outcome. In
studies analyzing CT parameters that may be predictive for
delayed surgery in patients undergoing initial nonoperative
management, an MLS greater than 5 mm or a clot thickness
greater than 10 mm on the initial CT scan emerged as signif-
icant prognostic factors (see Appendices for measurement tech-
niques). Therefore, patients with SDH presenting with a clot
thickness greater than 10 mm or an MLS greater than 5 mm
should undergo surgical evacuation, regardless of their GCS.
Patients who present in a coma (GCS < 9) but with an SDH
with a thickness less than 10 mm and an MLS less than 5 mm
can be treated nonoperatively, providing that they undergo
ICP monitoring, they are neurologically stable since the injury,
they have no pupillary abnormalities, and they have no intra-
cranial hypertension (ICP > 20 mm Hg). Because of the fre-
quent association of SDH with parenchymal injury, surgical
management decisions should take into consideration the rec-
ommendations for both lesion types.

KEY ISSUES FOR FUTURE INVESTIGATION

e Craniotomy versus decompressive craniectomy and dural
grafting for the initial evacuation of SDH. Effect of different
prehospital ambulance systems on timing of surgery and
outcome from SDH.

e Incidence and impact of prehospital hypotension and hyp-
oxia on outcome from SDH.

o Identification of subgroups that do not benefit from surgery:
older patients with low GCS scores, pupillary abnormalities,
and associated intracerebral lesions.

e Prospective evaluation of the treatment option for comatose
patients (GCS < 9) presented above: does operating on all
comatose patients, regardless of their hematoma thickness
and MLS lead to a better outcome than following the treat-
ment option presented above.
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submission system, at: http://www.editorialmanager.com/neu

While we prefer to receive manuscripts through the PEsasus system, we will continue to
accept hard copy submissions via postal mail. Authors should consult the “Author Tutorial”
located on the web site listed above for information including but not limited to online
registration, and submission instructions. Official Instructions for Authors, including
updated manuscript submission requirements, are available online through Pesasus (web
site listed above) and the NeurRosuREERY web site (http://www.neurosurgery-online.com).
Complete versions of the Instructions for Authors also appear in the January and July issues
of NeurosursERY, with abbreviated versions appearing in subsequent issues.

CALL FOR CLINICAL TRIALS CONTRIBUTIONS

Clinical trials are an increasingly important part of daily neurosurgical practice that
can change management paradigms and influence decision-making. Accordingly,
NeuRoSURGERY is pleased to announce a new Clinical Trials section effective January
2006. This section will focus on clinical trial design and comprehensive reviews of
trials treating neurosurgically relevant disease processes. Submissions describing
results of single or multi-center clinical trials are also encouraged. A future online
offering to this section will allow neurosurgeons to list their own clinical trials as

part of NEUROSURGERY-Dnline. We look forward to better informing our readers
about clinical trials so that the most recent, validated results can be integrated into

daily practice.

Please contact Andrew T. Parsa M.D., Ph.D. directly regarding any questions attendant
to this expanding area of NEurRDsURGERY'S content and focus at:

parsaa@neurosurg.ucsf.edu
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RECOMMENDATIONS
(see Methodology)

Indications

Patients with parenchymal mass lesions and signs of progressive neurological
deterioration referable to the lesion, medically refractory intracranial hypertension,
or signs of mass effect on computed tomographic (CT) scan should be treated
operatively.

Patients with Glasgow Coma Scale (GCS) scores of 6 to 8 with frontal or temporal
contusions greater than 20 cm? in volume with midline shift of at least 5 mm and/or
cisternal compression on CT scan, and patients with any lesion greater than 50 cm’
in volume should be treated operatively.

Patients with parenchymal mass lesions who do not show evidence for neurological
compromise, have controlled intracranial pressure (ICP), and no significant signs of
mass effect on CT scan may be managed nonoperatively with intensive monitoring
and serial imaging.

Timing and Methods

Craniotomy with evacuation of mass lesion is recommended for those patients with
focal lesions and the surgical indications listed above, under Indications.

Bifrontal decompressive craniectomy within 48 hours of injury is a treatment option
for patients with diffuse, medically refractory posttraumatic cerebral edema and
resultant intracranial hypertension.

Decompressive procedures, including subtemporal decompression, temporal lo-
bectomy, and hemispheric decompressive craniectomy, are treatment options for
patients with refractory intracranial hypertension and diffuse parenchymal injury
with clinical and radiographic evidence for impending transtentorial herniation.

KEY WORDS: Coma, Computed tomographic parameters, Craniotomy, Decompressive craniectomy, Head
injury, Herniation, Intracranial pressure monitoring, Parenchymal mass lesion, Surgical technique, Timing
of surgery, Traumatic brain injury

Neurosurgery 58:52-25-52-46, 2006

DOI: 10.1227/01.NEU.0000210365.36914.E3 www.neurosurgery—onIine.com

OVERVIEW

Traumatic parenchymal mass lesions are
common sequelae of traumatic brain injury
(TBI), occurring in up to 8.2% of all TBI (37)
and 13 to 35% of severe TBI, (6, 35, 44, 47, 57,
58) and comprising as much as 20% of opera-
tive intracranial lesions in representative se-
ries (44, 68). Most small parenchymal lesions
do not require surgical evacuation (18, 19, 57).
However, the development of mass effect from
larger lesions may result in secondary brain in-
jury, placing the patient at risk of further neu-

rological deterioration, herniation, and death
(6). Because parenchymal lesions tend to evolve,
(36, 54, 55, 58) and because timing of surgery
with respect to the occurrence of neurological
deterioration clearly affects outcome (41), much
effort has been directed at defining patients at
risk of progressive neurological compromise as
a result of their traumatic injuries (6, 50). Becker
etal. (3) advocated early evacuation of traumatic
intracranial hematomas and contusions for the
purpose of avoiding secondary complications.
A selective approach was envisioned by Gall-
braith and Teasdale (18), who stated, “if those
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who are going to deteriorate could be identified soon after the
hematoma has been detected they could be operated on imme-
diately without incurring the risks of delay, and the remainder
would be spared unnecessary operation.” The literature address-
ing these issues in the CT era is reviewed here in an attempt to
define appropriate surgical indications, methods, and timing for
the patient with traumatic parenchymal injuries.

Although the majority of relevant data retrospectively ad-
dresses prognostic variables, differential classification, and
clinical course of parenchymal lesions, several studies attempt
to assess the efficacy of surgical intervention in a retrospective,
historically controlled fashion. Only one randomized, con-
trolled trial has been published (61). In addition, the topics of
delayed traumatic intracerebral hematoma (DTICH) and de-
compressive operations for diffuse parenchymal injury and
persistent intracranial hypertension deserve specific consider-
ation, and are also addressed here.

PROCESS

A MEDLINE computer search using the following key
words: “intracerebral” or “intraparenchymal” or “ICH” or
“IPH and “hematoma” or “hematoma” or “hemorrhage” and
“surgery” or “craniotomy” or “craniectomy” or “burr hole” or
“craniostomy” and “trauma” or “traumatic” or “TBI” or
“CHI” between 1975 and 2001 and limited to humans was
performed. A total of 330 documents were found. An addi-
tional search using the following key words: “brain” or “cor-
tex” and “laceration” between 1975 and 2001 was performed,
yielding 101 additional articles. This search was narrowed to
include the following key words: “surgery” or “operative” or
“craniotomy” or “craniectomy” or “decompressive craniec-
tomy” or “repair” and “outcome,” yielding 49 articles. A third
search using the following key words: “contusion” or “hem-
orrhagic contusion” and “brain” and “surgery” or “craniot-
omy” or “craniectomy” or “burr hole” or “craniostomy” was
performed, yielding 174 articles. A fourth search, using the
key words “DTICH” or “DTIPH,” yielded 11 articles. A fifth
search, using the key word “TICH,” yielded eight articles. All
five searches were combined. Duplicates between searches
were discarded. A total of 495 references resulted. In addition,
the reference lists of selected articles were reviewed, and a
total of 51 articles were selected for critical analysis. The
results of this analysis were incorporated into the review
presented here. Papers primarily addressing the following
topics were not included: nontraumatic lesions (e.g., sponta-
neous intraparenchymal hemorrhage or infarction), patients
with other associated nontraumatic lesions (e.g., tumors or
arteriovenous malformations), posttraumatic aneurysms,
chronic lesions, penetrating trauma, carotid-cavernous fistu-
lae, patients undergoing anticoagulation therapy, patients
with associated illnesses (e.g., acquired immunodeficiency
syndrome; concomitant infection; hemophilia; thrombotic
thrombocytopenic purpura; or hemolysis, elevated liver en-
zymes, and low platelet count), pregnant patients, birth
trauma, traumatic intraventricular hemorrhage, traumatic hy-

S2-26 | VOLUME 58 | NUMBER 3 | MARCH 2006 SUPPLEMENT

drocephalus, external ventricular drainage, sagittal sinus in-
jury, pre-CT era reports, and book chapters. Papers with the
following characteristics were also excluded: case series with
fewer than 10 patients evaluated by CT scan and with incom-
plete outcome data (mortality or Glasgow outcome score
[GOS]), case reports, operative series with operations occur-
ring greater than 14 days from injury. Posterior fossa paren-
chymal injuries are addressed in Surgical Management of Pos-
terior Fossa Mass Lesions. Selected articles were evaluated for
design, prognostic significance, therapeutic efficacy, and over-
all outcome. In addition, several articles were reviewed for the
purposes of historical perspective.

SCIENTIFIC FOUNDATION

Traumatic Parenchymal Lesions

Traumatic parenchymal lesions are a heterogeneous group,
and are traditionally divided into focal and nonfocal lesions.
Focal lesions include intracerebral hematomas (ICH), DTICH,
contusions, and infarctions. Nonfocal lesions include cerebral
edema, hemispheric swelling, and diffuse injury. Although
these lesions often do not occur in isolation, their presence has
been shown to adversely affect prognosis (16, 44). Indeed,
Fearnside et al. (16) prospectively collected data on 315 se-
verely head-injured patients and found that “the model which
provided the most accurate prediction of poor outcome in-
cluded age, hypotension and three different CT characteristics:
subarachnoid blood, ICH or intracerebral contusion (accuracy
72.5%).” Parenchymal lesions have been further subclassified
by multiple authors, and outcome has clearly been shown to
differ among lesion types (19, 35, 39-41, 44, 65). Marshall (39)
demonstrated that CT-defined injury type was a highly sig-
nificant independent predictor of mortality, even when age
and GCS motor score were included in the predictive model.
Given the heterogeneity of the pathophysiology and prognos-
tic significance of “parenchymal” lesions, the task of defining
clear surgical indications and methods becomes difficult.

Prognostic Factors

Despite proven differences among lesion types, outcome
within the broad category of “parenchymal” lesions correlates
with known prognostic variables of TBI in general (5). These
include age (26, 44, 45, 56, 58, 66, 70), admission or postresus-
citation GCS (6, 19, 23, 40, 44, 45, 49, 51, 58), presence of cranial
fracture (56), presence of pupillary response/brainstem re-
flexes (7, 44), respiratory insufficiency (8), ICP (6, 7, 23, 39, 44,
50, 51), and the status of the basal cisterns (6, 41, 62) or third
ventricle (6, 41, 62) on CT scan. Moreover, other variables signif-
icantly correlate with outcome. These include location of the
lesion (2, 32, 50, 58), ICH volume (8, 63), GCS at time of follow-up
CT (63), lowest recorded GCS (7), severity of surrounding edema
(6), timing of surgery (41, 51, 53), occurrence of preoperative
neurological deterioration (41), and presence of acute hemi-
spheric swelling or concomitant subdural hematoma (7, 35). Al-
though their study included nontraumatic lesions, Andrews et al.
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(2) showed that patients with a temporal or temporoparietal ICH
of 30 cm® or greater, as defined by product of anteroposterior,
mediolateral, and superoinferior diameters on CT scan, were
significantly more likely to develop signs of brainstem compres-
sion or tentorial herniation, implying that these patients should
undergo early evacuation of the offending mass lesion. However,
these prognostic variables alone do not define the patient who
should undergo operative intervention.

Operative Indications

As stated above, in Overview, several studies have focused
on defining the patient at risk for subsequent neurological
deterioration, making the assumption that operative interven-
tion for this patient will improve the likelihood of a more
favorable outcome. Predictors of failure of nonoperative man-
agement (defined by subsequent neurological deterioration
and need for craniotomy) include lesion location (50), intra-
cranial hypertension (6, 18, 50), presence of subarachnoid
hemorrhage (41), cisternal effacement (41), lesion volume (41),
and hypoxic events (41).

Bullock et al. (6) prospectively studied 85 patients with ICH
whose initial need for craniotomy was uncertain. These pa-
tients underwent ICP monitoring in an attempt to better de-
fine the need for surgical intervention. The authors then ret-
rospectively reviewed the CT scans of those patients for whom
ICP monitoring failed to predict late deterioration and, thus,
the need for ICH evacuation. With multiple linear regression
analysis, they found the peak ICP to be the strongest predictor
of outcome. However, ICP monitoring failed to predict late
deterioration or death secondary to high ICP in 5 of 30 patients
who did not undergo initial surgery. After critical analysis of
CT factors, they concluded that the decision to operate
“should be based on a spectrum of clinical, CT scanning and
ICP findings”. CT and clinical predictors included cisternal
status, edema severity, and admission GCS. Interestingly, the
authors found that the weight of each predictor depended on
the location of the ICH. For temporoparietal lesions, hema-
toma size, degree of edema, GCS, basal cistern status, and ICP
data correlated with outcome. However, for frontal lesions,
peak ICP alone was predictive of outcome. These findings
expand on those reported by Gallbraith and Teasdale (18),
who found that all patients with “intradural” lesions (includ-
ing subdural hematoma, ICH, and “burst lobes”) and sus-
tained ICP greater than 30 mm Hg, versus only one patient
with an ICP less than 20 mm Hg, required operative interven-
tion, as defined by clinical deterioration or failure to improve
in the setting of increased ICP.

Mathiesen et al. (41) reviewed data collected prospectively for
the Head Injury Trial-2 nimodipine trial on 218 TBI patients not
obeying commands within 24 hours of injury. These authors
found that the initial CT characteristics of presence of subarach-
noid hemorrhage, presence of focal lesion with volume greater
than 40 cm?, and compressed or absent cisterns were associated
with neurological deterioration, defined as a fall in GCS by 2
points or from 4 to 3, or as the development of pupillary dilation.
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They also found that the incidence of secondary (greater than 5 d
after injury) deterioration was associated with the occurrence of
hypoxic events. The occurrence of neurological deterioration, in
turn, was found to adversely affect outcome from craniotomy,
suggesting that patients with factors strongly associated with
neurological deterioration should be considered for early surgery
(i.e., before the onset of neurological deterioration). The authors
directly demonstrated that a subgroup of patients with admis-
sion GCS of at least 6 and focal lesion volume of at least 20 cm®
who underwent surgery without previous neurological deterio-
ration had significantly better outcomes compared with those
who either did not undergo surgery or who underwent surgery
after deterioration. Furthermore, if a radiological sign of mass
effect (i.e., compression or obliteration of the cisterns and/or a
midline shift = 5 mm) was present, craniotomy significantly
improved the outcome in this group. Craniotomy was also di-
rectly shown to improve outcome in a small subgroup of patients
with admission GCS of at least 10, temporal contusions, and a
radiological sign of mass effect (i.e., a midline shift and/or com-
pression or obliteration of the basal cisterns. Additionally, pa-
tients admitted with a GCS of at least 6 and a lesion volume of at
least 50 cm® had better outcome with surgery before or immedi-
ately after deterioration than without surgery or with delayed
operation.

Although the goal of identifying those patients who are
likely to deteriorate neurologically is paramount, the question
of whether surgery itself is beneficial remains unanswered.
Few studies compare surgical outcome with matched, nonsur-
gically managed controls. In a retrospective study of 21 pa-
tients with frontal lobe contusions and medically intractable
intracranial hypertension (>40 mm Hg), mortality was signif-
icantly decreased in the surgical group compared with a non-
surgical historical group (22% versus 88%, respectively) (28).
These patients were matched for age, sex, GCS, and ICP levels,
although statistics for these variables are not provided by the
authors. Choksey et al. (8) retrospectively reviewed 202 pa-
tients with traumatic ICH and showed, with logistic regres-
sion analysis, that craniotomy significantly improved the
probability of good outcome. Factors taken into consideration
for this analysis included low GCS and hematoma volume
greater than 16 cm®, each of which independently predicted
poor outcome in these patients. Several other studies examine
outcome relative to specific decompressive procedures, and
are discussed in the surgical treatment section.

For the purposes of CT classification, Marshall (39) defined
a "mass lesion” as a lesion of volume greater than 25 cm>. They
showed differential outcome between patients with evacuated
and nonevacuated mass lesions (23% versus 11% favorable
outcome, respectively) in a series of 746 severe TBI patients
(i.e., after resuscitation, GCS = 8). In contrast, a recent paper
from the European Brain Injury Consortium (54) evaluating a
series of 724 TBI patients with a GCS of 3 to 12 showed a 45%
rate of favorable results in evacuated mass lesions versus 42%
in nonevacuated mass lesions using the same classification
system. Sample size between these two studies was noticeably
different: the former series included 276 patients with evacu-
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ated mass lesions and 36 with nonevacuated mass lesions,
whereas the latter included 195 and 148 patients, respectively.
These studies reviewed illustrate that a classification system
based solely on lesion volume is unable to consistently show
the relationship between surgery and outcome. Surgical indi-
cations are, in fact, related to many factors, including CT
parameters (i.e., volume, midline shift, and basal cistern com-
pression), clinical status, and the occurrence of clinical deteri-
oration, among others.

One fundamental problem in using initial CT parameters as
independent indications for surgery is that CT pathology has
clearly been shown to be a dynamic process. Using the Traumatic
Coma Data Bank classification system (39), Lobato et al. (36)
showed that 51.2% of 587 severely injured patients (GCS = 8)
developed significant changes between initial and “control” CT
scans, the latter of which more accurately predicted outcome.
Similarly, Servadei et al. (54) showed that 16% of moderately-to-
severely injured patients (GCS of 3-12) with diffuse injury
showed radiological progression across Traumatic Coma Data
Bank classes. Yamaki et al. (69) showed that only 56% of ICH
greater than 3 cm in diameter developed within 6 hours of injury,
and that only 84% of ICH reached maximal size within 12 hours.
These studies highlight the dynamic nature of parenchymal in-
juries and the dangers inherent in placing too much emphasis on
a single, static CT scan for management decisions.

The data reviewed shows that there are subpopulations of
patients with traumatic intraparenchymal lesions that will
benefit from surgical intervention. However, the precise char-
acteristics of these subpopulations are not, as yet, clearly de-
fined. The literature supports taking into account an amalgam
of clinical and radiographic criteria, including GCS, location,
volume, CT appearance, ICP, and the presence of neurological
deterioration, to make an informed decision to subject a pa-
tient with a parenchymal lesion to a craniotomy. It seems that
all factors must be taken into consideration to best define the
patient population that will benefit from surgery.

DTICH

ICH have been shown to evolve over time (55, 58, 69). The
entity of DTICH was initially described by Bollinger in 1891
(4), and is now defined by most authors as occurring in areas
of radiographically normal brain in patients with otherwise
abnormal initial CT scans (20, 22, 59, 63). It is defined by
Gentleman et al. (20) as a "lesion of increased attenuation
developing after admission to hospital, in a part of the brain
which the admission CT scan had suggested was normal”.
Other authors, however, have noted DTICH to occur in areas
of contusion on initial, high-resolution CT scan (72). The inci-
dence of DTICH ranges from 3.3 to 7.4% in patients with
moderate-to-severe TBI (15, 20, 22, 29, 59, 63). Evacuated
DTICH represent approximately 1.6% of all evacuated trau-
matic ICH (20), and mortality ranges from 16 to 72% (15, 20,
22,59, 63) Therefore, the importance of careful monitoring and
of serial CT scanning cannot be overemphasized (55, 63, 72).
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In a retrospective review of 32 patients with DTICH, Tseng
(63) found that greater lesion volume, cisternal compression,
earlier timing of appearance, occurrence of clinical deteriora-
tion, and lower GCS at time of a second, follow-up CT ad-
versely affected outcome. Mortality occurred only with clini-
cal presentation of DTICH within 48 hours of injury. In this
small series, no patient with DTICH requiring craniotomy
presented after 72 hours of injury. Sprick et al. (59) similarly
found that approximately 70% of clinically significant DTICH
presented within 48 hours of injury. Additionally, DTICH has
been shown to be significantly associated with an increased
incidence of secondary, systemic insults (22), an increased
incidence after decompressive surgery for other mass lesions
(22), and an increased incidence of abnormal clotting param-
eters (29), suggesting a complex etiology for this lesion beyond
the mechanical disruption of the parenchyma (22, 27).

Although DTICH is most likely a distinct pathophysiologi-
cal entity, it is still a parenchymal lesion from which many
patients either fail to recover or clinically deteriorate. The
findings of Mathiesen et al. (41) indicate that patients with
intracerebral lesions undergoing surgery before neurological
deterioration have improved outcomes. It follows logically
that a subset of DTICH patients would benefit from rapid
surgical intervention after discovery of the lesion. However no
CT-era studies have critically examined surgical outcome. Be-
cause the majority of studies show that all patients who de-
velop clinically relevant DTICH have abnormal initial CT
scans (20, 63, 72), it is essential that patients with initially
abnormal scans undergo intensive monitoring and serial im-
aging to ensure rapid intervention, if necessary.

Surgical Methods

The standard surgical treatment of focal lesions, such as
intracerebral hemorrhages or contusions, is craniotomy with
evacuation of the lesion. Location of the lesion and proximity
to critical structures are considerations when contemplating
the choice of surgical options. Evacuation of traumatic mass
lesions is often effective in amelioration of brain shift and
reduction of ICP, and can decrease the requirement for inten-
sive medical treatment. Other methods, such as stereotactic
evacuation of focal mass lesions, have also been used, al-
though much less commonly (12). These procedures, however,
become less effective when the patient’s intracranial pathol-
ogy is diffuse and involves intracranial hypertension as a
result of posttraumatic edema or hemispheric swelling—fac-
tors known to be associated with poor outcome (6, 19, 35, 38,
44, 51). Even with focal ICH, a significant proportion of pa-
tients have medically intractable intracranial hypertension af-
ter standard craniotomy, and these patients fare the worst (44).

Surgical Treatment of Intracranial Hypertension

Rationale

A variety of operations have been developed for, or applied to,
decompression of the brain at risk for the sequelae of traumati-
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cally elevated ICP. These include Cushing’s subtemporal decom-
pression (13), temporal lobectomy (34, 48), manual reduction of
the temporal lobe (64), circumferential craniotomy (9), and the
more widely used hemispheric decompressive craniectomy (52)
and bifrontal decompressive craniectomy (30). The rationale for
such an approach is supported from a physiological perspective
by both human and animal studies. Particular attention has been
directed at the study of changes in ICP and CT scan features,
such as cisternal effacement and midline shift, after decompres-
sion, with the goal of correlating significant postoperative reduc-
tion of these parameters with improved outcome.

Hatashita and Hoff (25) showed that decompressive fronto-
parietal craniectomy in cats led to significant reduction in ICP,
reduction in cortical gray and white matter tissue pressure, in-
creased pressure-volume index, and increased tissue compliance.
The authors found that craniectomy significantly increased the
volumetric compensatory capacity of the intracranial cavity, a
finding consistent with those of Hase et al. (24), in which ven-
tricular catheter ICP measurements in 47 severe TBI patients, 33
of whom underwent external decompression, documented a dra-
matic increase in intracranial compliance after decompression.
Yoo et al. (71) studied intraoperative ventricular pressures in a
cohort of 20 patients with refractory intracranial hypertension
after both traumatic and nontraumatic insults who underwent
bilateral frontotemporoparietal decompressive craniectomy with
dural expansion and grafting. These authors found a 50.2 *
16.6% reduction of initial ICP after craniectomy, and a further
reduction to 15.7 = 10.7% of initial ICP after dural opening.

Polin et al. (51) showed a significant decrease in ICP after
bifrontal decompressive craniectomy, as well as a significant
difference in postoperative ICP when compared with ICP
measured 48 to 72 hours after injury in a cohort of historically
matched controls. Gower et al. (21) found that 7 of 10 patients
who underwent subtemporal decompression for medically re-
fractory intracranial hypertension had an average decrease in
ICP of 34%. Kunze et al. (33) found a reduction in mean ICP from
41.7 to 20.6 mm Hg in 28 patients after unilateral or bilateral
decompressive craniectomy for posttraumatic edema refractory
to maximal medical therapy. And Whitfield et al. (67) demon-
strated a significant reduction of ICP from 37.5 to 18.1 mm Hg (P
= 0.003) in 26 patients who underwent bifrontal decompressive
craniectomy for refractory intracranial hypertension managed
using a standardized ICP/cerebral perfusion pressure (CPP)
treatment algorithm. The amplitude of the ICP waveform and of
slow waves were significantly reduced, and compensatory re-
serve was significantly increased postoperatively in a subgroup
of eight patients in this study. Munch et al. (45), however, failed
to show a significant postoperative reduction in ICP or increase
in CPP after unilateral hemispheric decompression. From a ra-
diological perspective, however, this group found a significant
improvement in the visibility of mesencephalic cisterns and a
significant decrease in midline shift after decompressive craniec-
tomy—both known to correlate with improved outcome. Fur-
thermore, the change in cistern visibility correlated with the
distance between the lower craniectomy border and cranial base.
Additionally, Alexander et al. (1) found an average increase in
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intracranial volume of 26 cm® in an analysis of CT scans in
patients with traumatic and nontraumatic lesions undergoing
subtemporal decompression. In contrast, experimental evidence
from Cooper et al. (10) supports the notion that decompressive
procedures may aggravate cerebral edema formation, thus, re-
sulting in increased secondary injury. Such studies may help
explain why, despite laboratory success, actual improvement in
patient outcome has not been consistently demonstrated.

Procedures and Outcome

There are several studies that suggest an important role for
decompressive procedures in the management of parenchy-
mal injury. In a retrospective review of 28 patients undergoing
unilateral or bilateral decompressive craniectomy for posttrau-
matic edema and intracranial hypertension refractory to head
elevation, moderate hyperventilation, osmodiuretics, barbitu-
rates, tromethamine, and cerebrospinal fluid drainage, 57% of
patients had good outcome or moderate disability at 1 year.
However, the authors excluded patients with “vast” primary
lesions, hypoxia, ischemic infarction, brainstem injury, “central”
herniation, and primary anisocoria, thus, biasing results toward
favorable recovery (33). Nussbaum et al. (48) showed that com-
plete temporal lobectomy performed within 2 hours of the de-
velopment of clinical signs of transtentorial herniation in 10
patients with unilateral hemispheric swelling and a GCS of less
than 7 resulted in 40% functional independence. All patients
demonstrated displacement of the brainstem, compression of the
contralateral peduncle, and progressive obliteration of the para-
sellar and interpeduncular cisterns on CT scan, along with fixed
pupillary dilation, and therefore, represent a particularly com-
promised patient population.

Guerra et al. (23) prospectively performed decompressive
craniectomy following a standardized treatment protocol with
standardized surgical technique for posttraumatic diffuse
brain swelling in 57 severe TBI patients (GCS, 4-6). Thirty-
nine of these patients underwent primary decompression, and
18 others underwent secondary decompression because of
persistent intracranial hypertension after evacuation of a sur-
gical mass lesion. Intracranial hypertension in these patients
was refractory to a standardized medical protocol that in-
cluded hemodynamic stabilization, head elevation, sedation
with or without muscle relaxation, controlled hyperventilation
to an arterial carbon dioxide pressure of 28 to 32 mm Hg,
mannitol, tromethamine for acute rises in ICP, and electroen-
cephalogram burst suppression with barbiturates. Fifty-eight
percent of the first group and 65% of the second group expe-
rienced good outcome or moderate disability at 1 year. These
results compare favorably with published outcomes of alter-
native second-tier therapy. However, a direct comparison
with matched nonsurgical controls was not performed. Whit-
field et al. (67) demonstrated a favorable outcome (GOS, 4-5)
in 61% of a severe TBI population that underwent bifrontal
decompressive craniectomy for ICP greater than 30 mm Hg
with CPP less than 70 mm Hg, or for ICP greater than 35 mm
Hg, irrespective of CPP, despite a medical management pro-
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tocol that involved head elevation, propofol sedation, manni-
tol and/or hypertonic saline, normocarbia, mild hypothermia
to 33°C to 35°C, and electroencephalogram burst suppression.
Only 55% of eligible patients, however, underwent craniec-
tomy, and the reasons for nonsurgical management despite
eligibility were not documented or discussed.

Munch et al. (45) were able to show a significant difference
in outcome between patients undergoing rapid decompressive
craniectomy and those undergoing delayed decompressive
craniectomy. However, the nature of the lesions differed be-
tween the two groups, and, thus, the outcomes cannot be
meaningfully compared. Tseng (64) noted that the addition of
gentle elevation of the temporal lobe until the tentorium was
visualized and CSF egress was noted decreased mortality and
improved the incidence of good outcome when compared
with a standard craniotomy with hematoma evacuation and
contusion resection in a series of 32 severe TBI patients with
anisocoria, hemiparesis, and CT evidence for uncal herniation.
However, no statistical analysis was performed, and the au-
thor notes that preoperative selection was biased and that
operative timing and intraoperative judgements may have
influenced the choice of surgical procedure. Gower et al. (21)
retrospectively studied 115 patients with admission GCS of 8
or less who had adequate ICP monitoring data and no oper-
ative mass lesion on admission. These patients were managed
under a standard treatment protocol. Outcome was compared
between 10 patients who underwent subtemporal decompres-
sion and 17 patients managed by induction of pentobarbital
coma. They found that subtemporal decompression afforded
significantly lower mortality than pentobarbital coma, despite
the fact that the surgical group had a lower (but not statisti-
cally significant) average admission GCS. However, 10 of the
patients treated medically had been determined not to be
operative candidates and subsequently died, greatly biasing
results in favor of the operative group. In a retrospective
review of 29 patients undergoing operation for a combination
of acute subdural hematoma and severe contusion and swell-
ing of the temporal lobe with uncal herniation, Lee et al. (34)
documented a significant improvement in outcome with the
addition of temporal lobectomy to subtemporal decompres-
sion and debridement of contused brain. Mortality decreased
from 56% to 8%, with a concomitant increase in average GOS
from 2.2. to 4.0. These two surgical groups did not differ with
respect to preoperative GCS, age, or sex. However, patients
with intraoperative “overswelling,” defined as herniation of
brain more than 2 cm above the craniectomy window, were
excluded and underwent decompressive craniectomy with
dural expansion, thus, potentially biasing these results.

Coplin et al. (11) retrospectively reviewed 29 consecutive
patients with GCS of at most 9 and CT scans with a midline
shift greater than the volume of a surgically amenable lesion to
evaluate the safety and feasibility of decompressive craniec-
tomy with duraplasty versus traditional craniotomy as the
initial surgical procedure. No significant differences in age,
gender, admission GCS, time to surgery, or serum ethanol
concentration existed between the two groups. Despite a sig-
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nificantly lower GCS at time of surgery and significantly
greater percentage of Diffuse Injury III and IV injuries (39),
there was no significant difference in mortality, GOS, acute
hospital length of stay, functional independence measure
score on admission to a rehabilitation unit, change in func-
tional independence measure score, or length of rehabilitation
stay between craniectomy and craniotomy groups. Although
this study is subject to the biases inherent in a retrospective,
uncontrolled design, it strongly supports the safety of decom-
pressive craniectomy as a first-line surgical intervention as
opposed to its traditional role as a salvage procedure.

The studies briefly outlined here support the potential use-
fulness of decompressive procedures, but are clearly ham-
pered by inherent biases.

The study by Polin et al. (51) deserves particular mention,
because it offers more concrete evidence that a decompressive
procedure may result in improved patient outcome. These
authors report a retrospective evaluation of outcome in 35
patients undergoing bifrontal decompressive craniectomy for
refractory posttraumatic cerebral edema matched for age, ad-
mission GCS, sex, and maximal ICP with historical controls
selected from the Traumatic Coma Data Bank. Only patients
with Diffuse Injury III (39) were eligible as controls. Highest
postoperative ICP less than 24 hours after surgery in cases was
matched with highest ICP 48 to 72 hours after injury in con-
trols. Preoperative ICP in cases was matched with highest ICP
less than 48 hours after injury in controls. Several findings are
particularly relevant. In the operative group, surgery per-
formed less than 48 hours after injury was significantly asso-
ciated with favorable outcome when compared with surgery
performed longer than 48 hours after injury (46% versus 0%,
respectively). Medical management alone carried a 3.8 times
relative risk of unfavorable outcome compared with decom-
pressive craniectomy. Maximum benefit was achieved in pa-
tients undergoing decompression within 48 hours of injury
and whose ICP elevations had not yet been sustained above 40
mm Hg (60% favorable outcome versus 18% in matched con-
trols). This study argues strongly in favor of bifrontal decom-
pressive craniectomy for patients with medically refractory
posttraumatic cerebral edema and resultant intracranial hy-
pertension not yet sustained above 40 mm Hg within 48 hours
of injury, but does not have contemporaneous controls (51).

Opverall, the literature suggests, but does not prove, that de-
compressive procedures may be the intervention of choice given
the appropriate clinical context. A recent study by Taylor et al.
(61) examined the use of early (median 19.2 h after injury) bitem-
poral craniectomy in addition to intensive medical management
versus intensive medical management alone in 27 children with
sustained intracranial hypertension in a prospective, random-
ized, controlled fashion. Their results showed a trend towards
greater improvement in ICP, less time required in the intensive
care unit, and improved outcome with surgical decompression.
These trends, although promising, did not reach statistical sig-
nificance. Additional prospective, controlled studies are, thus,
needed to strengthen the argument for the use of surgical de-
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compression in the management of intracranial hypertension
and refractory cerebral edema.

SUMMARY

The majority of studies regarding surgical treatment of
parenchymal lesions are case series. Only one prospective
clinical trial of treatment using surgical versus nonsurgical
management has been published (61). The majority of evi-
dence indicates that the development of parenchymal mass
lesions, which are associated with progressive neurological
dysfunction, medically refractory intracranial hypertension, or
radiological signs of mass effect, are associated with a poor
outcome if treated nonsurgically. Specific surgical criteria,
however, have not been firmly established.

Evidence also suggests that decompressive craniectomy
may be the procedure of choice in patients with posttraumatic
edema, hemispheric swelling, or diffuse injury, given the ap-
propriate clinical context. This context has yet to be defined.

KEY ISSUES FOR FUTURE INVESTIGATION

The majority of studies on traumatic parenchymal lesions is
observational, and the studies offer no means to meaningfully
compare outcome between surgical and nonsurgical groups.
Those studies that attempt this comparison fail to adequately
control for known prognostic variables between surgically
and nonsurgically managed groups in a prospective fashion.
Prospective, controlled trials, such as that of Taylor et al. (61)
need to be pursued and supported to define appropriate clin-
ical criteria and surgical methods.

Additionally, the data of Coplin et al. (11) and Taylor et al.
(61) strongly support the feasibility of performing trials of
decompressive operations in the first instance, as opposed to a
second- or third-tier therapy for posttraumatic intracranial
hypertension.
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MAss LESIONS

RECOMMENDATIONS
(see Methodology)

Indications

e Patients with mass effect on computed tomographic (CT) scan or with neurological
dysfunction or deterioration referable to the lesion should undergo operative inter-
vention. Mass effect on CT scan is defined as distortion, dislocation, or obliteration
of the fourth ventricle; compression or loss of visualization of the basal cisterns, or
the presence of obstructive hydrocephalus.

e Patients with lesions and no significant mass effect on CT scan and without signs of
neurological dysfunction may be managed by close observation and serial imaging.

Timing

e In patients with indications for surgical intervention, evacuation should be performed as
soon as possible because these patients can deteriorate rapidly, thus, worsening their

prognosis.
Methods

e Suboccipital craniectomy is the predominant method reported for evacuation of
posterior fossa mass lesions, and is therefore recommended.

KEY WORDS: Cerebellum, Coma, Computed tomographic parameters, Contusion, Head injury, Occipital,
Posterior fossa, Surgical technique, Timing of surgery, Traumatic brain injury
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OVERVIEW

Posterior fossa injury is rare, occurring in less
than 3% of head injuries in most published series
(8, 12, 22). The vast majority of these series deal
exclusively with posterior fossa epidural hemato-
mas (EDH), representing 1.2 to 12.9% of all EDH
(7, 20, 21, 30). A small number of observational
studies address subdural and intraparenchymal
hematomas of the posterior fossa (5, 8, 17, 22, 24),
representing 0.5 to 2.5% and 1.7% of all subdural
hematomas and intraparenchymal hematomas,
respectively (22, 24). Additionally, there is a sepa-
rate literature that focuses on parturitional hemor-
rhages, up to 48% of which primarily involve the
posterior fossa (27). Because of the physiology and
anatomy of the neonate, and the unique mecha-
nism of these injuries, this subgroup of patients
warrants independent analysis, and will not be
addressed in these Guidelines.

Despite the rarity of these lesions, the impor-
tance of timely recognition and surgical evacu-

ation, when indicated, cannot be overstated.
Many patients can undergo rapid clinical dete-
rioration because of the limited size of the pos-
terior fossa and the propensity for these lesions
to produce brainstem compression.

PROCESS

A MEDLINE computer search using the fol-
lowing key words: “posterior fossa” or “cerebel-
lum” or “cerebellar” or “occipital” and “sub-
dural” or “epidural” or “extradural” or
“intradural” or “parenchymal” or “intraparen-
chymal” or “intracerebellar” or “fracture” be-
tween 1975 and 2001 was performed. A total of
1828 documents were found. The search was
narrowed to include the key words: “surgery”
or “operative” or “craniotomy” or “craniec-
tomy” or “decompressive craniectomy” or “re-
pair” and “trauma” or “traumatic” or “TBI” or
“CHL” A total of 430 articles were found. A
tertiary search adding the key words “contu-
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sion,” “hemorrhagic contusion,” “surgical decompression,” “cra-
niostomy,” “TICH,” and “DTICH” was performed, yielding 421
articles. The secondary and tertiary searches were combined,
yielding a total of 433 articles. In addition, the reference lists of
selected articles were reviewed, and 24 articles were selected for
critical analysis. The results of this analysis were incorporated
into the review presented here. Papers primarily addressing the
following topics were not included: nontraumatic lesions, pa-
tients with associated posterior fossa anomalies (e.g., Chiari mal-
formation), posttraumatic aneurysms, chronic subdural hemato-
mas, vertebral artery dissection, patients undergoing
anticoagulation therapy, patients with associated illnesses (e.g.,
acquired immunodeficiency syndrome, idiopathic thrombocyto-
penia purpura, hemophilia, arteriovenous malformation, after
craniotomy, or von Willebrand’s disease), pre-CT era reports,
and book chapters. In general, papers with the following char-
acteristics were also excluded: case series with less than 10 pa-
tients evaluated by CT scan and with incomplete outcome data
(mortality or Glasgow outcome score [GOS]), case reports, and
operative series with operations occurring longer than 14 days
from injury. Several articles with case series of less than 10
patients were examined and reviewed because of the limited
number of patient series evaluating primary traumatic posterior
fossa mass lesions that exist in the literature. Selected articles
were evaluated for design, prognostic significance, therapeutic
efficacy, and overall outcome. In addition, several articles were
reviewed for the purposes of historical perspective.

SCIENTIFIC FOUNDATION

Because of the rapid and life-threatening nature of neuro-
logical deterioration secondary to expanding mass lesions in
the limited compartment of the posterior fossa, surgery is
generally viewed as required therapy in symptomatic patients
with progressive dysfunction. Because of the potential adverse
consequences of withholding or delaying surgery for such pa-
tients, studies depend on retrospective analyses. As a result,
there is no Class I or Class II evidence to support recommenda-
tions for the surgical management of these injuries. However, the
predominantly observational studies that were reviewed yield
an important and relatively clear picture of the prognosis for the
patient with a posterior fossa mass lesion as patients are cur-
rently managed. Admission Glasgow Coma Scale (GCS) score (5,
7, 8, 12, 24, 26) and GCS score at surgery (6, 14, 19, 20, 22)
correlate with outcome (GOS and mortality). D’Avella et al. (5)
retrospectively reviewed the clinical and radiographic character-
istics of 81 patients with traumatic intracerebellar hemorrhages.
Subjecting their data to multivariate analysis, they found that
only GCS and the presence of concomitant supratentorial lesions
independently predicted outcome at 6 months. Outcome was
favorable (GOS, 4 or 5) in 95% of patients with admission GCS
score of at least 8, whereas outcome was poor (GOS, 1-3) in 81%
of patients with a GCS score less than 8. Class III data suggests
that a neurologically deteriorating patient should undergo emer-
gent evacuation of the mass lesion.

S2-48 | VOLUME 58 | NUMBER 3 | MARCH 2006 SUPPLEMENT

Neurologically intact patients with a posterior fossa lesion
and no CT evidence for mass effect (compression of cisterns,
distortion of 4th ventricle, hydrocephalus) have been success-
fully managed nonoperatively with close observation and se-
rial imaging (1, 5, 15, 25, 28).

Wong (28) conducted a retrospective study of 25 patients
with posterior fossa EDH and compared clinical and radiolog-
ical characteristics and outcomes between 17 patients under-
going early surgery and 8 patients managed nonoperatively.
Patients with a posterior fossa EDH of at most 10 cm® in
volume, at most 15 mm in thickness, and responsible for at
most a 5-mm midline shift had excellent survival rates with
either surgical or nonsurgical treatment. Patients managed
nonsurgically with a posterior fossa EDH greater than 10 cm®
in volume, greater than 15 mm in thickness, and responsible
for greater than 5 mm of midline shift had a significantly
greater mortality than those with similar CT characteristics
undergoing early surgery. The disparity in mortality, how-
ever, is confounded by the strong correlation between the
presence of an associated frontal lesion (which was found
more commonly in the latter group) and death. This report
raises the concept of conservative management for patients
with posterior fossa lesions on the basis of objective CT char-
acteristics. This concept is also supported by a two-center
study performed by Bozbuga et al. (1). The authors divided
patients into management groups on the basis of CT charac-
teristics. All patients (n = 14) without evidence of mass effect
on CT scan, defined by obliteration of the perimesencephalic
cisterns, compression and/or displacement of the fourth ven-
tricle, or the presence of hydrocephalus, were managed non-
operatively and had a good outcome (GOS, 5). According to
the authors, these objective criteria were “earlier, more pre-
dictive, and more reliable” than the clinical findings, although
no statistics regarding this statement were performed. Several
other case series add additional support (9, 16, 25).

There are several prognostic factors that adversely affect
outcome regardless of management. These include the pres-
ence of associated intracranial lesions ( 4, 5, 12, 14, 18-22, 24,
28), extension of an infratentorial lesion into the supratentorial
compartment (19), the location of the lesion (e.g., intraparen-
chymal versus extra-axial, and midline versus hemispheric)
(17, 22), the presence or absence of associated hydrocephalus
(7, 8, 14), and the acuity of presentation, with subacute pre-
sentation portending a better outcome than acute presentation
(4, 14, 19, 23-25). There are no controlled studies measuring
the impact of these variables on surgical versus nonsurgical
management of posterior fossa mass lesions.

SUMMARY

There are no controlled, prospective clinical trials of treat-
ment using surgical versus nonsurgical management of pos-
terior fossa mass lesions. The available data support rapid
evacuation of posterior fossa mass lesions that 1) show CT
evidence of mass effect, or 2) result in progressive neurological
dysfunction. Moreover, data support expectant management

www.neurosurgery-online.com



with serial imaging for select cases in which there is neuro-
logical stability and no radiological evidence for mass effect.

KEY ISSUES FOR FUTURE INVESTIGATION

There are several patient groups in which the distinction be-
tween surgical and conservative management is blurred. One
such group includes patients who present with neurological
deficit and a traumatic posterior fossa mass lesion without clin-
ical evidence for neurological deterioration or radiological evi-
dence for mass effect. Conversely, another group includes the
neurologically intact patient with radiological evidence for mass
effect from an offending hematoma. These groups have not been
adequately addressed in the current literature, and, when re-
ported, are managed at the discretion of the individual neuro-
surgeon, thus, precluding an accurate assessment of efficacy of
treatment. The literature contains methodological problems out-
lined in this supplement that preclude the establishment of man-
agement standards, and even of treatment guidelines, for poste-
rior fossa injury. Most series present prognostic data regarding
outcome after either conservative or surgical treatment of poste-
rior fossa mass lesions. In those few studies that attempt to
compare outcomes, important prognostic factors known to be
relevant to TBI outcome, such as cardiorespiratory instability,
other systemic injuries, comorbidities, etc. (2), are not controlled
between the surgical and nonsurgical cohorts. As a result, we
have important prognostic information regarding operatively
and nonoperatively managed posterior fossa injury, but no
means for valid, direct comparison between the two. This com-
parison is essential if we are attempting to establish a standard of
care. Thus, attention needs to be directed to controlled studies of
patients with similar CT and clinical characteristics who are
managed with operative versus nonoperative intervention.
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CRANIAL FRACTURES

RECOMMENDATIONS
(see Methodology)

Indications

e Patients with open (compound) cranial fractures depressed greater than the thick-
ness of the cranium should undergo operative intervention to prevent infection.

e Patients with open (compound) depressed cranial fractures may be treated nonop-
eratively if there is no clinical or radiographic evidence of dural penetration,
significant intracranial hematoma, depression greater than 1 cm, frontal sinus
involvement, gross cosmetic deformity, wound infection, pneumocephalus, or gross

wound contamination.

e Nonoperative management of closed (simple) depressed cranial fractures is a treat-

ment option.
Timing

e Early operation is recommended to reduce the incidence of infection.

Methods

e Elevation and debridement is recommended as the surgical method of choice.
e Primary bone fragment replacement is a surgical option in the absence of wound

infection at the time of surgery.

o All management strategies for open (compound) depressed fractures should include

antibiotics.

KEY WORDS: Antibiotic prophylaxis, Burr hole, Cranial fracture, Craniotomy, Depressed cranial fracture,
Depressed skull fracture, Head injury, Skull fracture, Surgical technique, Traumatic brain injury
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OVERVIEW

The presence of a cranial fracture has con-
sistently been shown to be associated with a
higher incidence of intracranial lesions, neu-
rological deficit, and poorer outcome (4, 8, 12,
14). Indeed, Chan et al. (4) found cranial frac-
ture to be the only independent significant
risk factor in predicting intracranial hemato-
mas in a cohort of 1178 adolescents. Macpher-
son et al. (12) found that 71% of 850 patients
with a cranial fracture had an intracranial le-
sion (i.e., contusion or hematoma), compared
with only 46% of 533 patients without a cra-
nial fracture. Hung et al. (8) determined that
patients with both loss of consciousness and
cranial fracture were at significantly greater
risk of developing a “surgically significant in-
tracranial hematoma” than those with one or
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neither condition. Servadei et al. (14) showed
the importance of cranial fracture in predict-
ing the presence of intracranial lesions, even
in minor head injuries (Glasgow Coma Scale
score 14 or 15). These studies underscore the
importance of cranial fractures as indicators of
clinically significant injuries, as well as the
importance of computed tomographic (CT)
scans in evaluation of all patients with known
or clinically suspected cranial fractures.
Depressed cranial fractures may complicate
up to 6% of head injuries in some series (7),
and account for significant morbidity and
mortality. Compound fractures account for up
to 90% of these injuries (3, 6, 17), and are
associated with an infection rate of 1.9 to
10.6% (9, 13, 16, 17), an average neurological
morbidity of approximately 11% (6), an inci-
dence of late epilepsy of up to 15% (10), and a
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mortality rate of 1.4 to 19% (3, 5-7, 17). By convention, com-
pound depressed cranial fractures are treated surgically, with
debridement and elevation, primarily to attempt to decrease
the incidence of infection. Closed (“simple”) depressed cranial
fractures undergo operative repair if the extent of depression
is greater than the full thickness of the adjacent calvarium,
with the theoretical benefits of better cosmesis, a diminution in
late-onset posttraumatic epilepsy, and a reduction in the inci-
dence of persistent neurological deficit. There is, however,
very little literature to support these management strategies,
despite their widespread, and theoretically sound, practice.
There is Class III literature that addresses the efficacy of
surgical management of these injuries, and it argues against
automatic surgical treatment of all compound fractures (7).

Most of the literature reviewed focuses predominantly on
infectious complications, seizures, surgical technique (e.g., bone
fragment replacement versus removal), or the predictive power
of cranial fracture for the presence of other intracranial pathol-
ogy. Several large studies of patients with cranial fracture shed
light on the breadth of issues associated with such lesions and are
discussed below, under Scientific Foundation. However, some of
these studies were conducted before the CT-scan era, and thus,
although important for our understanding of the injury itself, are
not included for critical analysis.

PROCESS

A MEDLINE computer search using the following key words:
“skull” and “fracture” and “depressed” between 1975 and 2001
was performed. A total of 224 documents were found. The search
was narrowed to include the key words: “surgery” or “opera-
tion” or “elevation”. A total of 122 articles were found, 5 of which
met the criteria for critical analysis. In addition, the reference lists
of all articles were reviewed, and additional articles were se-
lected for background information. The results of this analysis
were incorporated into the review presented here. Papers pri-
marily addressing the following topics were not included: pa-
tients with associated medical illnesses, sinus fractures, cranial
base fractures, isolated orbital or facial fractures, and pre-CT era
reports. In general, papers with the following characteristics
were also excluded: case series with less than 10 patients evalu-
ated by CT scan and with incomplete outcome data (mortality or
Glasgow outcome score), case reports, operative series with op-
erations occurring longer than 14 days from injury. Several arti-
cles with case series of less than 10 patients were examined and
reviewed because of the limited number of patient series evalu-
ating the acute surgical management of depressed cranial frac-
tures in the CT era. Selected articles were evaluated for design,
prognostic significance, therapeutic efficacy, and overall out-
come. In addition, several articles were reviewed for the pur-
poses of historical perspective.

SCIENTIFIC FOUNDATION

Closed, linear cranial fractures are considered nonoperative
lesions unless associated with surgical intracranial masses.

NEUROSURGERY

DePReSSED CRANIAL FRACTURES

Controversy surrounds appropriate management of de-
pressed cranial fractures. Compound depressed cranial frac-
tures are depressed fractures with an overlying scalp lacera-
tion in continuity with the fracture site and with galeal
disruption, and have conventionally been treated with de-
bridement and surgical elevation (3, 6, 9, 14). Simple de-
pressed cranial fractures have no galeal disruption and are
traditionally managed with surgical elevation only if the ex-
tent of depression equals or exceeds the thickness of adjacent,
intact bone, or if there is an associated intracranial hematoma
with mass effect that requires evacuation.

The rationale for aggressive treatment of depressed cranial
fractures stems from their association with infection and late
epilepsy. Cosmetic deformity also plays a role in surgical
decision making. Such complications, and their potential se-
quelae, are well documented. In a series of 359 patients with
compound cranial fractures, Jennett and Miller (9) docu-
mented a 10.6% incidence of infection, which was associated
with a significantly higher incidence of persistent neurological
deficit, late epilepsy (defined as seizures longer than 1 wk
from injury), and death. Operative debridement reduced the
incidence of infection to 4.6% in their series. Operative delay
greater than 48 hours from injury dramatically increased the
incidence to 36.5%. There was no difference in infection rate
between surgical cohorts who had bone fragments replaced
versus removed—results supported by a series of 225 patients
with depressed cranial fracture reported by Braakman (3), and
a treatment strategy reported as early as Macewan in 1888 (9).
In a separate report of 1000 patients with nonmissile de-
pressed cranial fractures, Jennett et al. (10) documented a 15%
incidence of late epilepsy, which was significantly associated
with posttraumatic amnesia longer than 24 hours, torn dura,
the presence of focal neurological signs, and the presence of
early epilepsy (i.e.,, within 1 wk of injury). In the closed-
fracture patients in this series, there was no difference in
incidence of epilepsy between the elevated and nonelevated
cases. Additionally, there was a higher incidence of late epi-
lepsy in patients with elevated compound fractures. The au-
thors explain this finding by documenting a higher incidence
of those factors independently associated with late epilepsy,
such as dural tearing and long posttraumatic amnesia, in the
elevated-fracture patient cohort. These series were reported
before the CT era, however, they offer us a clear picture of
both the range of complications associated with nonmissile
depressed cranial fractures and the controversies surrounding
management strategies.

The primary question facing the neurosurgeon regarding
depressed cranial fracture is whether to operate. Heary et al.
(7) reported a group of patients with compound depressed
cranial fractures in which nonsurgical therapy was used for a
subgroup of 26 patients without clinical or radiographic evi-
dence of dural violation or significant underlying brain injury.
They concluded that patients with open (compound) de-
pressed cranial fractures may be treated nonoperatively if
there is no clinical or radiographic evidence of dural penetra-
tion, significant intracranial hematoma, depression greater
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than 1 cm, frontal sinus involvement, gross deformity, wound
infection, pneumocephalus, or gross wound contamination.
No infectious complications occurred. Similarly, van den
Heever and van der Merwe (16) reported an equally low
incidence of infection in a group of nonoperatively treated
patients that included 139 compound depressed fractures.
Surgical indications in their series included clinical character-
istics of the wound. CT scans were not routinely used unless
a neurological deficit was present on admission.

Although these studies are retrospective and nonrandom-
ized, and, thus, subject to inherent biases, they clearly dem-
onstrate that at least a select group of patients with compound
depressed cranial fractures will do well without surgery.

Another challenge to traditional thinking that has surfaced in
the literature involves the proper surgical management of com-
pound depressed cranial fractures with respect to the bone frag-
ments. Conventional treatment involves operative debridement,
elevation of the fracture, removal of bone fragments, and delayed
cranioplasty. However, this subjects the patient to a second op-
eration (i.e., cranioplasty), with its attendant risks and complica-
tions. Kriss et al. (11), Jennett and Miller (9), and Braakman (3)
showed that infectious complications are not increased by pri-
mary bone fragment replacement. Wylen et al. (17) retrospec-
tively reviewed a series of 32 patients who underwent elevation
and repair of a compound depressed cranial fracture with pri-
mary replacement of bone fragments within 72 hours of injury.
Patients treated longer than 72 hours after injury and patients
who presented with existing infection were excluded from the
study. There were no infectious complications. Blankenship et al.
(2) also demonstrated a 0% infection rate in 31 children with
compound depressed cranial fractures treated with primary
bone fragment replacement, regardless of the degree of contam-
ination of the wound at the time of surgery. Thirty patients in this
series were treated within 16 hours of injury. Likewise, Adeloye
and Shokunbi (1) report the success of immediate bone replace-
ment, without infectious sequelae, in 12 patients with compound
depressed fractures, 11 of whom were treated within 10 hours of
injury. Four patients in their series were treated with free-
fragment removal secondary to the greater severity of parenchy-
mal injury, suggesting benefit from the decompression that bone
removal would provide. Despite the retrospective, uncontrolled,
nonrandomized design of these observational studies, they
clearly demonstrate the feasibility of immediate bone fragment
replacement without a corresponding increase in infectious se-
quelae, thus, obviating the need for a second surgical procedure.

SUMMARY

The majority of studies are case series. No controlled, prospec-
tive clinical trials of treatment using surgical versus nonsurgical
management have been published. The majority of data support
debridement and elevation of grossly contaminated compound
depressed cranial fractures as soon as possible after injury. How-
ever, several retrospective studies demonstrate successful non-
operative management of some patients with less-severe com-
pound depressed cranial fractures on the basis of CT and clinical
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criteria. In the absence of gross wound infection at the time of
presentation, immediate replacement of bone fragments seems
not to increase the incidence of infection if surgery is performed
expeditiously, and this replacement eliminates the need for sub-
sequent cranioplasty and its attendant risks and complications.
No controlled data exist to support the timing of surgery or the
use of one technique over another.

KEY ISSUES FOR FUTURE INVESTIGATION

To improve the strength of recommendations above the
option level, well-controlled trials of surgical technique are
warranted, and should examine issues of bone fragment re-
placement versus removal, dural laceration repair, etc., and
their respective relationship to outcome variables, such as
incidence of infection, incidence of epilepsy, need for reopera-
tion, surgical complications, and, most importantly, neurolog-
ical and neuropsychological outcomes.
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APPENDICES

APPENDIX I: POST-TRAUMATIC MASS VOLUME MEASUREMENT IN
TRAUMATIC BRAIN INJURY PATIENTS

1. Direct volumetric measurement with imaging software
using a modern computer tomographic CT scanner is the
gold standard. This has been applied only on rare occa-
sions.

2. The “ellipsoid method” was developed to calculate the
volume of arteriovenous malformations (3). It is based on
the concept that the volume of an ellipsoid is approxi-
mately one-half of the volume of the parallelepiped (a
six-faced polyhedron, all of whose faces are parallelo-
grams lying in pairs of parallel planes) into which it is
placed. By measuring three diameters of a given lesion in
the arterial phase of an angiogram, a parallelepiped is
constructed, and its volume, divided in half, is close to
the actual volume of the malformation. By extending this
concept from angiography to CT scanning, calculation of
space-occupying lesions becomes possible (4). The
“ABC” method has been described by Kothari et al. (2)
for the measurement of intracerebral hemorrhages, and
is also based on the concept of measuring the volume of
an ellipsoid. The formula for an ellipsoid is:

V. =4/3m(A/2) (B/2) (C/2)
where A, B, and C are the three diameters.
For 7 = 3, the formula becomes V, = ABC/2

The volume of an intracerebral hemorrhage can be approx-

imated by following the steps listed below:

o Identify the CT slice with the largest area of hemorrhage
(Slice 1)

¢ A: measure the largest diameter, A.

e B: measure the largest diameter 90° to A on the same slice,

e C: count the number of 10-mm slices.

o Compare each slice with slice 1.

o If the hemorrhage is greater than 75% compared with slice 1,
count the slice as 1.

o If the hemorrhage is 25 to 75%, count the slice as 0.5.

o If the hemorrhage less than 25%, do not count the slice.

e Add up the total C.

3. More recently, the “Cavalieri direct estimator” method
has been introduced (1). It breaks down the lesion on the
CT scan into a corresponding number of points. The
volume of a lesion is the product of the sum of the points
that fall into the lesion, the area associated with each
point, and the distance between the scan slices. A grid
that is used to determine the number of points can be
obtained by photocopying a template provided in the
original article or by preparing a uniformly spaced point
grid by computer (4).
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APPENDICES

APPENDIX Il: EVALUATION OF RELEVANT COMPUTED
TOMOGRAPHIC SCAN FINDINGS

omputed tomographic (CT) scanning is the imaging

modality of choice for traumatic brain injury because of

its widespread availability, the rapid imaging time, the
low associated costs, and its safety. CT scanning measures the
density of tissues using x-rays. To standardize the imaging
procedure, 5-mm slices should be obtained from the foramen
magnum to the sella and 10-mm slices should be obtained
above the sella, parallel to the orbitomeatal line. The following
early CT scan findings correlate with outcome (1):

e Status of the basal cisterns.
e Midline shift.
e Subarachnoid hemorrhage in the basal cisterns.

Basal Cisterns at the Midbrain Level

Compressed or absent basal cisterns indicate a threefold
risk of raised intracranial pressure and the status of the basal
cisterns is related to outcome. The degree of mass effect is
evaluated at the level of the midbrain. Cerebrospinal fluid
cisterns around the midbrain are divided into three limbs, one
posterior and two laterally (Fig. 1). Each limb can be assessed

FIGURE 1. Evaluation of the basal cisterns on computed tomographic scan.

separately as to whether or
not it is open or com-
pressed. Basal cisterns can
be:

e Open (all limbs open).

e Partially closed (one or
two limbs obliterated).

o Completely closed (all
limbs obliterated).

Midline Shift at the
Foramen of Monro

The presence of midline
shift is inversely related to
prognosis. However, inter-
action exists with the pres-
ence of intracranial lesions and other CT parameters (1). Mid-
line shift at the level of the foramen of Monro should be
determined by first measuring the width of the intracranial
space to determine the midline (“A”). Next, the distance from
the bone to the septum pellucidum is measured (“B”) (Fig. 2).
The midline shift can be determined by calculating:

Midline shift = (A/2) — B

FIGURE 2. Assessment of midline
shift on computed tomographic scan.

Traumatic Subarachnoid Hemorrhage

Traumatic subarachnoid hemorrhage occurs in between 26
and 53% of all patients with severe traumatic brain injury.
Mortality is increased twofold in the presence of traumatic
subarachnoid hemorrhage. The presence of subarachnoid
hemorrhage in the basal cisterns carries a positive predictive
value of unfavorable outcome of approximately 70%.

REFERENCE
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DISCLAIMER: The Congress of Neurological Surgeons (CNS) is not engaged in rendering professional medical services and assumes no responsibility for patient outcomes resulting from
application of these general recommendations in specific patient circumstances. Adherence to these clinical practice parameter guidelines does not necessarily assure a successful medical

outcome. The information contained in these guidelines reflects published scientific evidence at the time of compl

of the guidelines and cannot anticipate subsequent findings and/or

additional evidence and, therefore, should not be considered inclusive of all proper procedures and tests or exclusive of other procedures and tests that are reasonably directed to obtaining
the same result. Medical advice and decisions are appropriately made only by a competent and licensed physician who must make decisions in light of all the facts and circumstances in

each individual and particular case and on the basis of availability of resources and expertise. Guidelines are not intended to supplant physician judgment with respect to particular patients
or special clinical situations and are not a substitute for physician-patient consultation. Accordingly, the CNS considers adherence to these guidelines to be voluntary, with the ultimate
determination regarding their application to be made by the physician in light of each patient’s individual circumstances,
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he Surgical Guidelines are an important and long-awaited
addition to the series of brain injury related evidence-
based guidelines dealing with the medical management and
prognosis of traumatic brain injury (TBI), pre-hospital care,
penetrating injuries, and pediatric brain injury. Most of the
authors are veterans at producing brain injury guidelines and
were authors for one or more of the previous publications.
This supplement contains chapters on each of the five most
important post-traumatic surgical lesions (epidural, subdural,
intracerebral, and posterior fossa hematomas/contusions, and
depressed cranial fractures). Chronic subdural hematomas
and gunshot wounds are not addressed; the latter is the focus
of a separate publication. For each chapter, an extensive re-
view of the English language literature provided that clearly
defines specific clinical and radiological prognostic indicators.
In summarizing their recommendations, the authors have de-
viated from previous conventions. Rather than listing “stan-
dards,” “guidelines,” and “options,” they provide “recom-
mendations” in terms of indications for surgery, timing, and
methods. This change in format was intentional: according to
guidelines methodology, standards and guidelines must be
supported by prospective studies that compare patients given
the study treatment with those who do not receive that treat-
ment. For the recommendation to rise to the level of a stan-
dard, there must be one or more high quality large prospective
randomized clinical trials supporting it. If there are no studies
with a comparative element, the strongest recommendation
that can be made for the treatment is that of an option. But, for
large post-traumatic intracranial lesions, there have not been
any prospective randomized clinical trials in which a control
group was assigned to a no surgery arm, and there is not likely
to be such a study in the future. As a result, there are no, and
will likely never be, studies sufficient to elevate recommenda-
tions for surgery above the level of an option. Yet, as pointed
out in the methodology section of the paper, the need for
emergent evacuation of a large hematoma that is causing
neurological deterioration is recognized by all neurosurgeons.
Surgery is not considered optional, particularly if the patient is
young and not brain dead. Therefore, although ranking sur-
gical evacuation of a large post-traumatic hematoma as an
“option” would be consistent with guidelines methodology, it
may not be consistent with best medical practice.
Noninvasive or minimally invasive approaches are increas-
ingly popular for a wide range of surgical diseases, including
trauma. Many neurosurgeons are advocating a nonsurgical
approach for increasingly larger post-traumatic intracranial
lesions, especially epidural hematomas, and particularly if the
patient is awake and relatively neurologically intact. With
close neurological and physiological monitoring in an inten-
sive care unit, deterioration can be rapidly detected and evac-
uation of the lesion quickly accomplished. However, those
who advocate a more conservative (nonoperative) approach
are encouraged to carefully consider that the studies cited in
most of the chapters found increased neurological morbidity

= COMMENTS

and mortality in patients with similarly sized lesions who
were not operated on until there was neurological deteriora-
tion compared with those who underwent early surgery.
There is also concern about the effect of prolonged focal com-
pression of the cortex underlying the hematoma. In order to
fully understand the potential for ischemic compression in-
jury, one would need to systematically study these patients
with magnetic resonance imaging and neuropsychological
tests at 3 to 6 months, or longer, after injury. Given the absence
of studies that demonstrate we are not causing ischemic cor-
tical injury by leaving a large clot in place, as well as the
substantial body of evidence documenting worse outcomes
for subgroups of patients undergoing late versus early sur-
gery, the recommendations for surgical intervention as out-
lined in this document are certainly appropriate.

Donald W. Marion
Boston, Massachusetts

t is obvious that the authors of this review have invested a

great deal of time in identifying the relevant literature,
reviewing and studying those reports, and organizing them
into the framework presented here. We owe them a debt of
gratitude. In this era of skyrocketing practice expenses, de-
creasing reimbursements, and reduced availability of resi-
dents to help carry the load, projects of this type may become
increasingly rare. An especially nice feature of this work is the
concise, but thorough, Methodology section, which can be
easily reviewed both by those desiring an introduction to this
whole process and by those who simply wish a refresher
course.

What do we make of the fact that all of the recommenda-
tions in this work are presented only as options, which are the
weakest type of recommendations? Unfortunately, the exist-
ing evidence does not support the creation of recommenda-
tions at the more substantial levels of standards or guidelines.
Just about every reference in this document consists of only
Class III data. Some readers may be tempted to go down the
path of nihilism, throwing up their hands and complaining
that no data exist to support any surgical intervention. How-
ever, at least three rebuttals can be offered to such a reaction.
First, within the broad category of Class III data, some studies
are more valuable than others. Stated in another way, not all
Class III studies are equal. It may be true that the available
data do not reach the standards of Class I or Class II evidence,
but it is incorrect to assume that there exists absolutely no
guidance to help us navigate these waters.

Second, evidence-based medicine should be about more
than blindly following experts’ recommendations, even those
based on well-conducted Class I studies. The literature can
give us a good idea of how we should proceed, but these
recommendations must always be tempered by such factors as
a patient’s preferences, the overall condition of a patient, a
physician’s skill and experience, the resources available to a
patient and a physician, etc. Analysis of these variables used
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to be called the “art” of medicine, a term which is used less
and less frequently in this era of growing emphasis on adher-
ence to standardized protocols.

The third reason to oppose the path of nihilism and cyni-
cism is that such responses are not fair to our patients. They
deserve better.

To the casual reader, some of the recommendations in this
document may seem far too picky and detailed, perhaps re-
minding some readers of complex legal decisions. However,
those who review the literature can work only with the avail-
able evidence, and if the relevant studies couch their conclu-
sions in specific terms, reviewers should not alter those terms
for the sake of convenience or simplicity. To their credit, the
authors of this document generally respect the limitations of
the supporting data, but this adherence to the limitations of
the original references leads to some obvious problems.

One example of such a problem, which is discussed in the
Methodology section, is the lack of Class I evidence to support
the need for immediate evacuation of an epidural hematoma
in a patient with rapid neurological deterioration. Although
widespread standards of care call for immediate evacuation of
such a hematoma, this review cannot recommend this type of
surgery as a standard or guideline because no Class I or II
studies have been conducted to validate immediate surgery.
Obviously, randomizing such patients to the “nonoperative”
arm of such a study would be unethical, making it impossible
to conduct a trial of this type.

Similar questions could be asked about the other recom-
mendations in this supplement. For example, the chapter on
epidural hematomas describes specific indications under
which some hematomas could be managed nonoperatively.
What about a patient at a small hospital that may not have the
ability to repeat a computed tomographic scan or take a pa-
tient to the operating room abruptly if he deteriorates in the
middle of the night, while, at the same time, the nearby
trauma centers and tertiary care centers are saturated or oth-
erwise unable to accept the patient in transfer? Those situa-
tions seem to be occurring with increasing frequency. In such
cases, it may be appropriate to evacuate such hematomas
promptly so that these patients are not subjected to the risk of
neurological deterioration at a time when immediate surgery
may not be possible.

On the other hand, the chapter on subdural hematomas
provides specific indications for surgery, but most neurosur-
geons have seen elderly patients or others with sufficient
cerebral atrophy to allow them to accommodate relatively
large hematomas without any deficits.

Similarly, one could find reasonable exceptions to the rec-
ommendations for surgical management of traumatic paren-
chymal lesions. Two sentences in that chapter apply to every
pathological entity covered in this supplement: “Surgical in-
dications are, in fact, related to many factors, including CT
parameters (i.e., volume, midline shift, basal cistern compres-
sion), clinical status, and the occurrence of clinical deteriora-
tion, among others,” and “These studies highlight the dy-
namic nature of parenchymal injuries and the dangers
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inherent in placing too much emphasis on a single, static CT
scan for management decisions.”

The literature review and discussion of decompressive
craniectomy as a treatment for intracranial hypertension
seems to be skewed in favor of such an operation. For exam-
ple, in the fourth paragraph of the Introduction, the authors
state that a report from the Medical College of Virginia in 1977
found that wide decompressive craniectomy with duraplasty
was an effective treatment for raised ICP. However, that re-
port simply states that a wide craniotomy was performed to
expose the frontal and anterior temporal lobe on the appro-
priate side (1). The “decompression” mentioned in that article
referred to removal of clot and/or necrotic brain. Duraplasty
was not mentioned, and the bone flap was usually replaced.

Another example consists of the discussion of the study by
Taylor et al. (2) at the end of the chapter on traumatic paren-
chymal lesions. The authors of this review classify Taylor’s
study as Class II. However, management protocols continu-
ally evolved and changed during the course of that study,
including regimens for administration of intravenous fluid,
use of hyperventilation and hypothermia, and definition of
adequate cerebral perfusion pressure. The decompressive
craniectomies consisted of only limited bitemporal bone re-
moval without dural opening. But, in certain cases, the dura
was “scarified in a crisscross pattern.” Only 27 patients were
enrolled over a 7-year period. The study’s authors themselves
discuss some potential problems with outcome evaluation and
statistical analysis of results. This list of shortcomings suggests
that these results likely represent Class III evidence. These
criticisms are not meant to attack the investigators, who de-
serve nothing but praise for carrying out a difficult study in a
challenging group of patients. Instead, these comments are
merely intended to emphasize that the enthusiasm for decom-
pressive craniectomy that seems to characterize these surgical
guidelines may someday prove to be justified. But, based on
the evidence that is presently available, such enthusiasm
seems to be out of place in a guidelines document that must be
based on an objective review of the literature.

It seems fair to summarize the literature on decompressive
craniectomy as follows: decompressive craniectomy seems to
be useful for lowering intracranial pressure in many patients,
but no high-quality study has demonstrated an improvement
in outcomes. Decompressive craniectomy is probably the pro-
cedure of choice to control intracranial pressure and improve
outcome in specific types of patients, but until those patients
can be identified prospectively, the exact indications for this
procedure remain unclear.

The recommendations for posterior fossa mass lesions and
for depressed cranial fractures are fairly straightforward and
seem to reflect common clinical practice.

A curious feature about the introduction and dissemination
of clinical guidelines is the unpredictability with which spe-
cific recommendations are accepted and implemented by
practitioners in the relevant specialties. Solidly supported rec-
ommendations often seem to be ignored, whereas relatively
weak options may become accepted as gospel. To avoid mis-
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interpreting the recommendations in this document, readers
should remember that they are all options, supported only by
Class III data.

Another interesting aspect of the guidelines movement is
that it seems as if more and more clinicians are constructing
guidelines instead of conducting clinical research. Guidelines
are best thought of as ways of reviewing where we have been
and where we stand right now. They are ways to stop and
check the pulse of a specialty. However, it is much harder to
create and publish original data that advance the state of our
knowledge. Unquestionably, most clinical researchers are be-
ing forced to work harder and harder in the current environ-
ment of decreasing reimbursements, increasing expenses, and
increasing demands on our professional time. Perhaps ad-
vances in information technology may offset some of these
pressures by making it easier to capture the wealth of clinical
material that neurosurgeons see every day and by including
that information in well-conceived trials that address some of
the important questions posed in reviews like this one. In this
regard, the new emphasis of the National Institutes of Health
on large-scale translational research may also facilitate the
creation of appropriate organizational frameworks for inves-
tigating these issues.

Alex B. Valadka
Houston, Texas
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he Brain Trauma Foundation has sponsored a monograph

on the development of guidelines for the surgical manage-
ment of TBI. This is a landmark accomplishment and follows
the initial development of guidelines for the treatment of TBI,
which were published some years ago through a cooperative
effort of the American Association of Neurological Surgeons
and the Brain Trauma Foundation. The authors are to be
congratulated for their meticulous review of this, overall, ex-
tremely difficult topic. The various topics are beautifully put
together and well thought through, and the recommendations
appropriate. Clearly well crafted is the initial description of
evidentiary technique. The authors have taken to heart the
Institute of Medicine’s 1990 report on Clinical Practice Guide-
lines. This runs throughout the entire document, and the
neurosurgeons involved with this effort are owed a substan-
tial debt by those of us care for such patients.

One important feature of this document is the recognition
that randomized trials cannot be applied in a number of
circumstances, particularly in patients with substantial mass
lesions who are deteriorating. This principle applies particu-
larly in their discussion of management of intraparenchymal
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hemorrhages. Judgment depends on a variety of factors, in-
cluding size of the mass, degree of midline shift, the age of the
patient, and clinical status.

It is important to remember that good results are often
reported in a variety of mass lesions in patients who develop
unilateral anisocoria. I have never seen a patient older than 18
years of age who has been entirely normal when having such
an experience. This does not mean that the patients cannot
make an excellent recovery but that herniation should be
avoided if at all possible, and that newer technologies than
those we have traditionally relied upon are required to give us
an earlier hint of a patient’s decline.

In summary, Surgical Management of Traumatic Brain Injury
will take its place with its antecedent on the overall manage-
ment of TBI and represents a seminal accomplishment to assist
us in the management of this heterogeneous disorder, which
remains a worldwide scourge.

Lawrence F. Marshall
San Diego, California

For those neurosurgeons still involved in the care of patients
sustaining TBI, this evidence-based text on the surgical
treatment of traumatic hematomas and depressed cranial frac-
tures is a must read. Written by recognized experts in the field,
each chapter provides an excellent overview of the topic,
highlights common sense management recommendations
supported by the literature from 1975 through 2001, and sug-
gests keys areas for future study. As in previous evidence-
based guideline efforts, the authors adhered to the relatively
rigid format of categorizing the strength of the evidence as
Class I, II, or III, with the resultant treatment recommenda-
tions based on this categorization. Not surprisingly, given the
absence of controlled clinical trials in the surgical management
of traumatic hematomas or cranial fractures, the available
evidence does not support any treatment “standards” or
“guidelines,” but does support numerous treatment “op-
tions.” For example, surgical thresholds for epidural, sub-
dural, and intraparenchymal hematomas are offered based on
clot thickness, clot volume, and amount of midline shift. Al-
though such “options” may seem obvious to most surgeons
and excessively rigid to others, when taken in context of a
given clinical scenario, these recommendations will provide a
useful “reality check” to help ensure appropriate clinical man-
agement. Given that much of the data and treatment recom-
mendations are based on hematoma volume, one should be
familiar with the simple “ellipsoid” or “ABC/2” method to
calculate clot volume, as shown in Appendix I. Despite numer-
ous areas where the data is inconclusive, such as the indica-
tions for use of decompressive craniectomy, the authors have
done an excellent job in synthesizing but not over-interpreting
the available data. The end result is a highly pragmatic set of
recommendations that should become part of day-to-day
management of TBI patients and part of the core curriculum at
all neurosurgical training programs and trauma centers. Al-
though admittedly a work in progress, the authors are to be
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congratulated for this extensive contribution to the neurosur-
gical literature.

Daniel F. Kelly
Los Angeles, California

he authors have done a great service by compiling much of

the published English language literature on surgical man-
agement of TBL. They have highlighted the limited quality of
that evidence while identifying a great deal of information
that has made it possible to gradually improve the care of
these patients. They have wisely avoided identifying these as
evidence-based guidelines, because of both methodological
limitations of the review and the primary data. However, as a
repository of the best evidence that is available to guide the
surgical treatment of patients with TBI, this document is a
major step forward. As a guide to the need for further, higher
quality, clinical research in TBI, it is unsurpassed.

There are important methodological issues that must be
kept in mind when interpreting and applying the information
the authors have assembled. They have forthrightly discussed
a number of these points in the section on methodology,
which should be revisited by the reader frequently. Some
points should be emphasized.

It should be recognized that limiting literature searches to
the English language may introduce bias, particularly against
studies that show no treatment effect (2).

The authors have used a practical scheme for classifying
individual articles developed for the American Association of
Neurological Surgeons practice guidelines development pro-
cess. This three-class scheme is the same as the classification of
summarized evidence and has made the concept of evidence
classification easier to explain and remember. There are more
complex systems of classification that allow more nuanced
distinctions in evidence quality (1). Rather than being what the
authors call “a scheme that uses letters or numbers that have
no grounding in language and are, therefore, more easily
misinterpreted,” this grading scale is more sensitive in iden-
tifying graded quality of evidence, allowing flawed random-
ized trials to be downgraded and well conducted nonrandom-
ized controlled studies to take their proper place in the
hierarchy of evidence. The three-category scale used by the
authors was developed and intended for use in summarizing
evidence from multiple studies and, for the reasons stated by
the authors, does a good, but not perfect, job in this regard. By
substituting this scale for the more appropriate five-level scale
in the evaluation of single articles, the authors may have
inadvertently downgraded the quality of much of the evi-
dence they reviewed (because no randomized controlled trial
data was available) and, thereby, downgraded the levels of
recommendations they could support. In the end, it is unlikely
that these methodological issues have affected the final con-
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clusion that the evidence quality does not support either
“standards” or “guidelines.”

The problem of relegating well established principles of care
to the status of an “option” is, on its surface, difficult. As the
authors state, no competent neurosurgeon would fail to re-
move a large epidural hematoma in a patient with neurolog-
ical compromise. This has been clinical dogma for decades for
good reasons. However, 30 years ago many small epidural
hematomas were surgically treated based on logical extrapo-
lation from the understanding that enlarging epidural hema-
tomas could be fatal. A more sophisticated approach that
allows for nonsurgical management of small hematomas has
evolved in recent years. Had the methods of evidence-based
medicine existed 30 years ago, and had experts elevated the
dogma “epidural hematomas must be evacuated” to “stan-
dard” status without evidence of appropriate quality, the de-
velopment of today’s more nuanced approach could have
been prevented. Describing a recommendation as an “option”
need not prevent it from being the dominant course of action
based on the best current evidence, but it does allow, and
encourages, development of better evidence leading to better
treatment. We should not be afraid to be forthright about the
inadequacy of our evidence. For these reasons, I believe it
would have been preferable for the authors to identify each of
the recommendations as “options” while stating, where ap-
propriate, that expert consensus supports a particular course
of action.

The lack of high quality evidence to support the authors’
recommendations has two important implications. First, it
must not be forgotten that evidence of this quality leaves room
for, and indeed requires, flexibility in individual physician
interpretation and application to specific clinical situations. It
would be as bad a mistake to interpret the recommendation to
evacuate subdurals with midline shift greater than 5 mm as an
absolute requirement as it would be to fail to remove an
epidural hematoma in a patient with neurological deteriora-
tion simply because it was less than 30 cc in volume. Second,
this compilation provides an eloquent and urgent plea for
more cooperation among neurosurgeons to carry out the kind
of high quality clinical research that can answer questions as
well as raise them.

Stephen J. Haines
Minneapolis, Minnesota
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