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ANTIMICROBIAL THERAPY – SEPARATING FACT FROM 
FICTION
Ajai K Malhotra, MD

Asst. Prof. of Surgery, Medical Coll. of Virginia, Virginia 
Commonwealth Univ.

Associate Director, Level-I Trauma Center, VCU Health System
Richmond, VA

Panamerican Journal of Trauma Vol. 14 No. 1 2007 Pages 07 - 13

As a group, antimicrobials are the second most common 
drug prescribed in the intensive care unit (ICU). Like any 
therapy, antimicrobial use has risks that need to be taken 
into account, and the benefi ts of therapy weighed care-
fully against these risks. Unfortunately, physicians have a 
tendency to prescribe antimicrobials as ‘candy’ oftentimes 
without carefully analyzing the risks and benefi ts. Secondly, 
when a patient is not doing well, there is an understand-
able desire on the part of the physician to do ‘something’ 
(anything) to try and help the patient, and changing or 
broadening the spectrum of antimicrobials very often ends 
up being that ‘something’. In such situation however it is 
the physician who is getting the therapy often at the cost of 
the individual patient and society at large.

In very broad terms, antimicrobials are utilized for three rea-
sons: 1. prevention of infection – prophylactic use, 2. therapy 
of known pathogen and site of infection – therapeutic use, 
and 3. therapy for presumed infection – empiric use.

PROPHYLACTIC USE OF ANTIMICROBIALS

The aim of prophylactic use of antimicrobials in the sur-
gical patient is primarily to prevent surgical site infections 
(SSI). SSIs are the third most common serious nosocomial 
infections overall and the most common nosocomial infec-
tion among surgical patients. SSIs add to the morbidity and 
mortality of the surgical procedure and signifi cantly add to 
the overall cost of care and length of stay. 1 For these rea-
sons prevention of SSI is one of the six interventions of the 
“Saving 100,000 lives” campaign initiated by the Institute 
for Healthcare Improvement. 2

Within a few years of the discovery of Penicillin, the pos-
sibility of preventing or reducing the incidence of SSI by 
prophylactic use of antimicrobials at the time of surgery 

was suggested. Some early trials published in the 1950s 
led to heated debates and more questions than answers. 
This was due to fl aws in methodology including, non-ran-
domization, lack of blinding, incorrect timing, prolonged 
usage, and inappropriate choices of agents. 3 Subsequent, 
better designed studies performed in the 1960s helped 
answer many of the questions. One landmark experimental 
study was by Burke in 1961 showing that to be effective 
in preventing S aureus infections the agent had to be in the 
skin before or at the time of exposure. 4 Subsequently two 
randomized placebo controlled clinical studies of patients 
undergoing gastrointestinal operations showed that when 
the appropriate antimicrobial was given just before the time 
of surgery, there was a signifi cant reduction in SSIs. 5,6 In 
1976 Stone et al demonstrated the lowest rates of SSIs with 
antimicrobials given within one hour before incision. In 
addition that study also showed that when the prophylactic 
antimicrobial was started postoperatively, the infection 
rates were nearly identical to those seen in patients who had 
received no prophylaxis. 7 Studies in the 1980s and later 
examined the duration of antimicrobial prophylaxis. Those 
studies demonstrated that prolonging therapy beyond the 
time of exposure ie after the incision was closed offered no 
additional benefi t. Longer courses may actually be harmful 
by breeding resistant organisms, so the patients that do get 
infected, despite prophylaxis, oftentimes got infected with 
these more resistant organisms. 8

Based on these studies the following principles of antimi-
crobial prophylaxis have been established:

1. Indications: Indicated for all surgical procedures 
where a) a signifi cant decrease in SSI (>10% absolute 
reduction) has been shown to occur with prophylaxis, 
or b) where, even though the reduction in incidence 
is much smaller, the consequences of SSI are so 
catastrophic that antimicrobial prophylaxis is justifi ed. 
Based on this the specifi c guidelines include: a) all 
clean contaminated procedures; b) clean procedures 
that involve implantation of a foreign body; and c) 
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clean procedures involving the central nervous or car-
diovascular systems, and all orthopedic procedures. 3

2. Agent of choice: The specifi c antimicrobial used should 
be one that is inexpensive, safe and that covers the likely 
pathogens. For most patients coming from the commu-
nity and undergoing elective clean procedures or clean 
contaminated procedures involving the respiratory tract, 
the likely pathogens are the gram positive organisms 
from the patients’ own skin and upper airways. In view 
of that the most commonly utilized agent is a I-genera-
tion cephalosporin eg Cefazolin. Patients undergoing 
elective clean contaminated procedures involving the 
gastrointestinal or genitourinary tracts can develop SSI 
due to gram positive organisms from the skin or gram 
negative and anaerobic organisms from the lumen of 
these tracts. In such patients a II-generation cephalo-
sporin (eg Cefoxitin) that has activity against all three 
classes of organism (gram positive, gram negative and 
anaerobes) should be utilized. The ideal antimicrobial 
agent that should be used for patients that are likely 
colonized with resistant organisms – those that have 
been in the hospital or other health care facility within 
the previous three months – remains unclear. The 
most common organism of concern in such patients is 
MRSA. Based on expert opinion the Hospital Infection 
Control Practices Advisory Committee guideline sug-
gests that ‘high’ frequency of MRSA infection in an 
institution should infl uence the use of Vancomycin for 
prophylaxis. 9 However the frequency at which the 
level should be considered ‘high’ and thus justify the 
use of Vancomycin prophylaxis was left undefi ned. 
The only fi rm recommendation at this time is that if 
the hospital surveillance program detects a sudden 
increase in SSI due to MRSA, then it may be justifi ed to 
temporarily use Vancomycin as the prophylactic agent 
till the incidence falls again. 9 In a study at an institu-
tion perceived as having a high rate of MRSA, 885 
patients undergoing cardiac surgery were randomized 
to receive either Vancomycin or Cefazolin. The rates 
of SSI in the two groups were nearly identical (~9%). 
However the organisms responsible for the SSI were 
different with the Cefazolin group developing more 
infections with MRSA, and the Vancomycin group 
developing more infections with MSSA. 10 In another 
study it was shown that preoperative antimicrobial use 
of >1day and preoperative hospital stay of >5days was 
associated with higher incidence of MRSA SSI, but 
lack of Vancomycin prophylaxis did not infl uence the 
rate of MRSA SSI. 11

3. Dose: The antimicrobial should be administered in 
the appropriate dose based on patient weight, adjusted 
dosing weight or body mass index. In a study of mor-

bidly obese patients undergoing gastroplasty, the blood 
and tissue concentrations of the antimicrobial were 
consistently below the MIC in patients receiving only 
one gram of Cefazolin as compared to those receiving 
two grams. In parallel with that, the incidence of SSI 
was lower in patients receiving two grams of Cefazolin 
as compared to those receiving one gram. 12

4. Timing of administration: As mentioned above a 
number of studies have shown that the agent should 
be timed so that it has achieved peak levels at the 
time of exposure ie skin incision, and LD90 levels are 
maintained till the time of exposure has passed ie the 
skin has been closed. 13 For most agents this means 
intravenous administration approximately half an hour 
before incision. However the timing should be tailored 
according to the pharmacodynamics of the agent 
being used. For example Vancomycin takes a longer 
period to achieve peak levels, and hence should be 
administered one hour prior to incision. To maintain 
blood and tissue levels at the LD90 for the duration 
of the procedure, the agent may need to be redosed 
for prolonged procedures. In a study performed on 
patients undergoing cardiac surgery and receiving 
Cefazolin prophylaxis, the incidence of SSI was higher 
in patients whose operation was >400minutes and who 
did not receive any additional dose after the fi rst one 
as compared to other similar patients that were redosed 
at appropriate intervals. 14 Other studies, performed on 
patients undergoing various clean contaminated pro-
cedures have shown similar results. In view of this the 
current recommendation is to redose if the procedure is 
still in progress after two half lives of the prophylactic 
agent used. 15

5. Duration: Numerous studies have demonstrated that 
continuing prophylactic antimicrobials beyond 24 
hours offers no additional benefi t in terms of reduction 
in incidence of SSI. 15 Many studies comparing a single 
perioperative dose to multiple doses continued postop-
eratively have likewise shown no benefi t of multiple 
doses. 15 In addition studies have demonstrated that 
when antimicrobials are continued beyond 24 hours 
the patients that do get infected develop SSI by more 
resistant organisms. 8 At the current time the strongest 
evidence supports the use of single dose that maybe 
continued for upto 24 hours. 15

While the above principals of prophylactic use of antimi-
crobials are well known, the compliance with these recom-
mendations is oftentimes poor. The issue of compliance 
was examined in a large study of 34,133 Medicare patients 
undergoing coronary artery bypass grafting. The results 
showed that the agent was administered within one hour of 
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incision 55% of the time, the agent was appropriate 93% of 
time and was appropriately discontinued within 24 hours 
only 41% of the time. 16

THERAPEUTIC USE OF ANTIMICROBIALS

Strictly speaking, therapeutic use of antimicrobials is when 
the site of infection is known and the causative pathogen and 
its sensitivity profi le are available through culture results. 
One would think that in such situations therapy should be, 
in the large majority of patients, accurate and appropriate. 
Unfortunately there are many a slips between the cup and 
the lip. The problems in such patients usually revolve 
around the following factors: 1. unnecessary therapy; 
2. inappropriate dosing; 3. nonrecognition of failure of 
therapy; and 4. inappropriate duration of therapy.

1. Unnecessary therapy: The most common causes of 
unnecessary therapeutic antimicrobial therapy are 
related to physicians not distinguishing between: a. 
colonization versus true infection; and b. positive cul-
tures due to contamination versus true infection.
a. Colonization versus true infection: The hos-

pital environment, particularly the ICU, and the 
multiple invasive devices used on patients lead 
to rapid colonization of the patient with multiple 
potentially pathogenic organisms. Routine culture 
of these areas of the body will invariably show 
the presence of these organisms. It is important 
to be able to differentiate mere non-pathogenic 
colonization that does not require therapy, and 
true invasive infection that does require therapy. 
Failing to do that leads to unnecessary use of anti-
microbial agents with potential harm to the patient 
and promotion of resistance in society. In addition 
it also leads to a false sense of security that if the 
patient is febrile, the source has been found – posi-
tive culture from colonized area – and is being 
treated appropriately, while in reality the true 
source of fever is not being looked for and remains 
untreated. One of the most common sources of 
positive cultures due to mere colonization is the 
upper respiratory tract of mechanically ventilated 
patients. Tracheal aspirates almost invariably 
reveal the presence of colonized organisms within 
fi ve days of mechanical ventilation. 17 These do 
not represent true invasive infection. One of the 
methods used to differentiate ventilator associated 
pneumonia (VAP) from mere colonization is by 
quantitative culture of bronchoscopically obtained 
deep respiratory specimen. 17 A multi-institutional 
study involving 413 patients in 31 ICUs comparing 

the two techniques demonstrated signifi cantly 
lower antimicrobial usage in the bronchoscopic 
group versus the non-bronchoscopic group. Even 
more importantly, the all cause 28-day mortality 
was signifi cantly lower in the bronchoscopic group 
as compared to the other group. 18

b. Contamination of culture specimen: the reli-
ability of culture result is dependent upon how 
meticulously the specimen was obtained, trans-
ported to the laboratory and processed. Studies 
performed on 497,134 blood cultures drawn at 
640 institutions showed a signifi cant contamina-
tion rate. 19 Another study examining the predic-
tive value of blood cultures drawn from peripheral 
sites and central venous catheters showed that the 
positive predictive value of centrally drawn cul-
tures was only 63%. 20

2. Inappropriate dosing: To achieve the desired result 
ie eradication of infection, the antimicrobial has to 
be effective against the pathogen being treated, has 
to reach the area of the body where the pathogen is 
causing the infection, and the levels at the site of 
infection have to be adequate to achieve killing of 
the pathogen. The manner in which most hospital 
microbiology laboratories report sensitivity profi les 
maybe too simplistic and at times unreliable for cer-
tain organisms. 21 Different antimicrobials have dif-
ferent requirements to achieve adequate killing. Some 
antimicrobials are time dependent and concentration 
independent. For those agents it is not the level of the 
drug as much as the time the levels of the drug are 
above the MIC for the pathogen being treated. Other 
antibiotics on the other hand are concentration depen-
dent and time independent. In such situations the agent 
has to have high concentrations relative to MIC. 22 In 
general beta-lactams, carbepenems, and monobactams 
are time dependent, and fl uoroquinolones, glycopep-
tides and oxazolidinones are concentration dependent. 
Aminoglycocides, extremely useful for some diffi cult 
gram-negative organisms, have a narrow therapeutic 
window and the peak level to MIC ratio should be 
utilized. 23 Finally some antimicrobials have poor 
penetration in some tissues and hence the dosing has 
to take that into account for adequate therapy. A good 
example of the later is Vancomycin for the treatment 
of MRSA VAP. Vancomycin has poor penetration 
into lung tissue and hence signifi cantly higher serum 
levels (trough levels of ~20μgm/ml) need to be aimed 
for to achieve the tissue levels in the lung required for 
therapy. A recent drug – Linezolid – has been shown 
to have at least equivalent activity against MRSA, but 
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achieves better tissue levels in the lung. Initial studies 
suggest that it may replace Vancomycin as the drug 
of choice for MRSA VAP. 24 These results are to be 
confi rmed by an ongoing multi-institutional study.

3. Nonrecognition of failure: An extremely important 
concept in treatment of infections where the antimicro-
bials are the mainstay of therapy is ongoing evaluation 
to detect nonresponse to or failure of therapy early. If the 
patient does not have the expected response to therapy 
within 48-72 hours – objective evidence of abatement 
of infection and its systemic effects – a systemic review 
should be performed to detect the reason(s). The reasons 
of failure maybe: 1. inappropriate antimicrobial therapy 
– wrong choice of agent, wrong dose etc; 2. emergence 
of resistance; and 3. another source of infection not 
being adequately treated.

 To adequately address this there has to be a systematic 
approach and the urge to blindly change the antimicro-
bial or broaden the coverage should be resisted. Careful 
thought needs to be given to the choice and administra-
tion of the antimicrobial agent particularly in reference 
to the organisms being treated and the site of infec-
tion. The advice of a pharmacist, microbiologist or an 
infectious disease specialist can be extremely helpful. 
Rapid emergence of resistance is a well recognized 
phenomenon. In a study on patients being treated for 
VAP, despite a good response to adequate therapy, the 
investigators showed colonization by resistant gram-
negative organisms by day six of therapy. Patients 
who then went on to develop a second infection were 
often infected by these resistant organisms. 25 Lastly in 
patients with non response to antimicrobial therapy, a 
thorough evaluation for any additional source of infec-
tion should be initiated.

4. Inappropriate duration of therapy: The duration 
of antimicrobial therapy for various sites of infection 
and various organisms is an area of intense study. 
By and large the previously accepted durations for 
various infections were arbitrary and based on expert 
opinion rather than fi rm data from trials. In recent 
years some studies have been initiated to review this. 
In a well designed multi-institutional study, Chastre 
et al evaluated the hypothesis that 8-day course of 
appropriate antimicrobial therapy is non-inferior to the 
traditional 15-day course of therapy in patients with 
bronchoscopically obtained culture proven VAP when 
the therapy was initiated within 24 hours. The results 
from 401 patients from 51 centers showed that the 8-
day therapy was as effective in treatment as the 15-day 
therapy. In addition the study showed that although the 
recurrence rate for pulmonary infections was similar 
in both groups, of the patients that did develop recur-

rence, resistant organisms were more common in the 
longer therapy group than the 8-day therapy group. 
The majority of the recurrences however involved 
patients whose initial infection was caused by non-fer-
menting gram-negative bacilli. 26 As more such studies 
are performed and more objective data becomes avail-
able it is possible that the duration of therapy will be 
determined by not only the site of infection but also by 
the causative organism.

EMPIRIC USE OF ANTIMICROBIALS

Empiric antimicrobial therapy generates the most heated of 
debates. The clinician is caught between two opposing yet 
equally valid concerns. Multiple studies have shown that 
early appropriate antimicrobial therapy improves outcomes 
and decreases overall cost of care. In view of that there has 
to be a low threshold of initiating antimicrobial therapy in 
any patients suspected of having an infection, and to maxi-
mize the chance of the therapy being appropriate (effective 
against the causative organism) the therapy should have as 
broad a spectrum as possible. Yet on the other hand liberal 
use of broad spectrum antimicrobials is the principal cause 
of the development of resistant organisms that may worsen 
outcome in the individual patient being treated and be 
harmful in the long run for society. To reconcile these two 
opposing concerns, a reasonable compromise that takes 
into account the clinicians duty to the individual patient and 
the concern for the future is probably to have a reasonably 
low threshold for initiating relatively broad spectrum anti-
microbial therapy for suspected infection, but be ready and 
willing to stop or de-escalate therapy when more informa-
tion becomes available from the culture results and other 
tests. The temptation to ‘not rock the boat’ when the patient 
is improving by empiric broad spectrum antimicrobials 
should be stringently resisted. The following principals of 
empiric therapy should be followed.

1. Initiation: The decision to initiate empiric antimicro-
bial therapy in a patient who may have an infection 
should be taken with care. Therapy should not be initi-
ated without a careful evaluation and by going through 
a process to try to answer the following questions: 1. 
what are the chances of an infection being present? 
2. if an infection is present, how serious is the likely 
infection? and 3. if a relatively innocuous infection is 
present, can antimicrobial therapy be safely withheld 
till the results of tests to confi rm or rule out an infective 
process are available ie the type of infection suspected 
has a very low likelihood of systemic or local spread?
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 To answer these question a thorough history and phys-
ical examination should be initiated. Since the suspicion 
of an infection usually starts with the development of 
new onset fever, the process starts by going through an 
algorithm of evaluation of a new onset fever. Excellent 
algorithms are available through the societies of critical 
care medicine and infectious diseases.

 Once the initial evaluation, including simple blood and 
radiological tests, has been performed the decision to 
initiate antimicrobials is to be made. When the chances 
of an infection being present are low, the nature infec-
tion if present is not serious, the patient is not systemi-
cally ill, and the suspected infection has low likelihood 
of spread, empiric antimicrobials can be safely with-
held till the fi nal culture results become available. In 
the large majority of instances however, the answer 
to one or more of these questions is ‘yes’ and hence 
empiric antimicrobial therapy needs to be initiated. 
Prior to initiation it is imperative that all cultures are 
drawn and sent to the laboratory.

2. Choice of empiric agent: The choice of agent is depen-
dent upon many factors. The most important of which 
are 1. Identity of the likely pathogen(s) – relatively 
susceptible community acquired or the more resistant 
hospital acquired – and 2. Their likely susceptibilities.

 Once a likely site of the infection has been identi-
fi ed, a reasonable guess of the likely pathogen(s) can 
be made. The organisms are likely to be resistant in 
patients that have been in the hospital or other health 
care facility in the previous three months, and those 
that have received antimicrobials, for any reason, 
within the previous two weeks. Finally when the likely 
pathogen(s) have been thought of, the antimicrobial 
agent or combination most likely to be effective 
against those organisms should be initiated. Of the 
available drugs that have good activity against the 
likely organisms, the drug with the narrowest of spec-
trum should be chosen. In some instances, the site of 
infection and the likely pathogen(s) may be impossible 
to even guess upon. In such situations it maybe justi-
fi ed to initiate a broad spectrum single antimicrobial 
or combination. However, even in such situations if 
the infection is likely to be community acquired I-line 
agents can be utilized keeping the more potent II- and 
III-line agents for the patients more likely to have 
the more resistant hospital acquired organisms. One 
specifi c agent of concern is Vancomycin. Till recently 
it was the only effective agent against MRSA. As 
the incidence of MRSA has increased in the hospital 
and now even in the community, Vancomycin usage, 
both therapeutic and empiric, has risen too. In parallel 
with the increasing use of Vancomycin has been the 

rise of Vancomycin resistant enterococcus (VRE) and 
some strains of Vancomycin-intermediate SA (VISA). 
27 When infection with MRSA is a serious concern, 
empiric Vancomycin is justifi ed, however extra care 
needs to be exercised when making that decision.

 While these guidelines should be kept in mind, it 
should also be remembered that the choice of agent 
utilized by physicians is often inappropriate in that it 
is not effective against the organism fi nally cultured. 
In a study by Kollef et al, the initial antimicrobial did 
not target the organism identifi ed by culture in 17% 
of the community acquired infections, 34% of the 
hospital acquired infections and 45% of infections ini-
tially acquired in the community with super-infection 
while in the hospital. 28 Since multiple studies have 
demonstrated poorer outcome in patients receiving 
inappropriate antimicrobials initially, 28 strategies are 
being developed to minimize the use of inappropriate 
therapy. Two strategies that have been shown to 
be effective are: 1. Use of local antibiogram; and 2. 
Computer assisted antimicrobial management.
a. Antibiogram: These are periodic reports by the 

local microbiology laboratory about the sensitivity 
profi les of the common organisms cultured from 
patients within the hospital. Once the decision to 
initiate empiric antimicrobial therapy has been 
made and the likely pathogen(s) guessed at, the 
appropriate agent can be chosen based on the sen-
sitivity profi le of the local strain of that organism 
shown in the antibiogram. When the sensitivity 
profi le of the organisms changes locally, this 
will be refl ected in the next antibiogram, and the 
choice of empiric agent too can be modifi ed. Such 
a strategy of rotating antiimicrobials according to 
changing sensitivity profi le seen on antibiograms, 
has been shown to be effective in promoting 
appropriate empiric therapy, and at the same time 
limiting the development of resistance. However 
to be an effective tool, these antibiograms have to 
be hospital area eg ICU specifi c. Hospital wide 
antibiograms are of little help. 29

b. Computer assisted antimicrobial management: 
Optimal decisions about antimicrobial therapy 
require access and processing of a large amount 
of complex information. Computers are perfectly 
suited to this task. Such a program was developed 
and tested by Evans et al and the results reported 
in the New England Journal of Medicine. The 
program assimilates epidemiological data, patient 
specifi c microbiological data, patient’s diagnosis 
and current status and recommends an antibiotic 
regimen. The program was prospectively evalu-
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ated in a twelve bed ICU. Patient outcomes were 
examined for a period of one year after introduc-
tion of the program, and compared to outcomes 
over the preceding two years, prior to introduc-
tion. There was a signifi cant decrease in patient 
length of stay, inappropriate antimicrobial usage, 
and cost of therapy. 30

3. De-escalation of therapy: Whatever strategy of choosing 
the initial empiric antimicrobial agent(s) is followed, it 
is paramount that once the culture results from specimen 
sent prior to initiation of the empiric therapy are available 
(usually in 48-72 hours), the empiric therapy be modi-
fi ed. This modifi cation of therapy, usually by narrowing 
the spectrum to target only cultured organism based on 
its individual sensitivity profi le, is termed de-escala-
tion of therapy. Of all sources of overuse and abuse of 
antimicrobials, the initiation of overly broad spectrum 
empiric therapy and not de-escalating the therapy once 
the culture results are available probably contributes the 
most. The area where this strategy has been tested the 
most is in patients with VAP. Studies have been able to 
demonstrate improved outcomes in the form of reduced 
frequency of secondary infection, reduction in antimi-
crobial resistance, and improved mortality. 31 Studies to 
expand the strategy to different infections are needed.

CONCLUSIONS

Antimicrobials are utilized to prevent infection, treat known 
infection, and to treat presumed infections. Each of these 
broad reasons to prescribe antimicrobials has different set 
of principals to be applied for the optimum results. For 
prophylaxis the appropriate agent active against the likely 
pathogens causing SSI should be administered in the appro-
priate dosage based on patient habitus, within one hour of 
the surgical incision and discontinued within 24 hours of the 
procedure. For treating known infections, it is important to 
be sure that what is being treated is actually a true infection. 
If it is then the agent to be utilized should be based on its 
activity against the pathogen, in the appropriate dose and 
for the shortest possible duration. The narrowest spectrum 
agent should be used. The drug pharmacodynamics can be 
very helpful in deciding the appropriate agent for a par-
ticular infection site and pathogen. Careful re-evaluation 
to detect failure of therapy early should be performed and 
appropriate steps taken to fi nd the cause of failure. Lastly 
appropriate empiric broad spectrum antimicrobial therapy 
is often necessary. However, as soon as the culture results 
become available, usually 48-72 hours, the antimicrobials 
should undergo de-escalation to reduce exposure and keep 
resistance at bay.

Today’s antimicrobial agents are much more powerful than 
ever before. Despite that serious infections continue to take 
lives, increase morbidity and add to the cost of care. Also 
misuse, abuse and overuse of antimicrobials continue to pro-
mote the development of resistant organisms that make the 
available antimicrobials less useful. Fortunately after a lull in 
the development of newer agents, in the 1980s and early 1990s, 
the pace of development has again increased. While this maybe 
good news the newer agents are oftentimes more toxic and 
certainly more expensive. There are some basic science reports 
suggesting that we may actually run out of fi nding new classes 
of antimicrobials as there is a limit to the metabolic processes 
within the bacteria that the antimicrobials can act upon. To 
maintain the effectiveness of the current antimicrobials and to 
provide the best of care to our patients it behooves us to practice 
good evidence based antimicrobial management.
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Transfusion therapy remains one of the most common and 
important treatment modalities in the acute management of 
trauma. Hoyt et al reported that 82% of deaths in the operating 
room are due to bleeding. Over ten million units of blood are 
transfused each year in the United States. The treatment of 
injured patients requires a team effort and the blood bank 
plays a key role in that regard. It must defi nitely be consid-
ered a friend rather than a foe. To be a friend requires estab-
lishing a collegial relationship with the blood bank personnel 
and a cooperative effort to develop appropriate and effec-
tive protocols. The key to a successful program is precise 
pre-planning, which will allow protocols to be initiated on 
a moments notice with a single phone call. It is essential that 
all personnel be familiar with the protocols, especially those 
who work during off-hours and newly hired employees. 

There have been major changes in blood banking over the 
past several years. Fresh whole blood is a precious com-
modity that is now rarely available due to the more effi cient 
use of its’ component parts. These components are now 
used to restore intravascular volume, restore oxygen car-
rying capacity and correct coagulopathies.

Restoration of volume is the most common indication for 
the administration of packed red cells in the ED. It is given 
to patients who remain hypotensive (SBP <90) after the 
administration of 2 liters of crystalloid in the absence any 
other source of shock. It is important for the blood bank 
to be part of the Level I trauma activation. When a Level 
I patient arrives, most hospitals deliver a cooler to the ED 
containing two to four units of universal donor packed 
cells. In the absence of an automatic delivery, the blood 
bank must be prepared to release universal donor blood 
immediately upon a properly executed request.

Restoration of oxygen carrying capacity usually occurs 
simultaneously with resuscitation and continues in the 
postoperative or post resuscitative period. A hemoglobin of 
7 g/dL (Hct 20-21) is generally well tolerated in younger 
patients once all bleeding has been controlled. A hemo-

globin of 10 g/dL (Hct 30) may be more optimal for elderly 
patients or those with cardiovascular disease. This must 
be carefully monitored by physiological parameters such 
as pulse rate, respiratory rate, blood pressure, base defi cit, 
orthostasis, urine output etc.

Coagulopathies are commonly seen in trauma patients and 
generally occur with massive transfusions (>10 units), 
hypothermia, acidosis, over resuscitation with crystalloid 
solutions and prolonged shock. Based on certain triggers 
these are corrected with variations of fresh frozen plasma, 
platelets and cryoprecipitate. During the resuscitative period 
it is suggested that platelets (administered in six unit incre-
ments) be kept above 100,000, although much lower values 
(20,000 – 40,000) are acceptable once the patient has been 
stabilized and is no longer bleeding. Fresh frozen plasma is 
used to keep the INR, PT and PTT at or equal to 1.5 times 
the normal values. Vitamin K may be used as an adjunct. It 
is important to note that these values are not accurate in the 
hypothermic patient. Cryoprecipitate is indicated when the 
fi brinogen levels are low. 

A recombinant form of activated factor VII (rVIIa) in the 
past has been reserved for the treatment of hemophilia. 
There is now growing evidence that it is very effective in 
controlling hemorrhage in the trauma patient. Dutton and 
co authors concluded in a series of 81 coagulopathic trauma 
patients that FVIIa therapy lead to an immediate reduction 
in hemorrhage in most cases. Boffard et al reported their 
results of a randomized, placebo-controlled, double blind 
clinical trial for both blunt and penetrating trauma. They 
found that rFVIIa resulted in a signifi cant reduction in RBC 
transfusions in severe blunt trauma and a similar trend in 
penetrating trauma patients. In spite of the expense asso-
ciated with the use of rVIIa, (approximately $4500) it is 
proving to be cost effective.

There are two general methods by which patients who are 
massively bleeding can be treated; laboratory based and 
empiric. Laboratory based management seems logical, how-
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ever, it is impractical. The time to get the results is unaccept-
able, the results do not refl ect what has happened since the 
blood specimens were drawn and the tests are done at 370 C 
and, hence do not refl ect the true coagulopathy. Management 
based on test results will delay the transfusion as it generally 
takes 10-20 minutes to prepare the components.

In June 2004 a massive transfusion protocol was developed 
at Parkland Memorial Hospital in Dallas, Texas. This was 
implemented after lengthy discussions with the blood bank, 
trauma surgeons and specialty services. The goals were to: 

1. Prevent dilutional coagulopathy. 
2. To anticipate and provide the blood products in a 

timely manner.
3. To avoid wastage of blood products via coordination 

with the treatment area regarding the status of these 
patients.

The clinician initiates the protocol. The blood bank is noti-
fi ed by phone and an emergency request on a blue card is 
sent with massive transfusion protocol (MTP) written on 
it. The blood bank will contact the transfusion medicine 
resident for coordination if needed. (This rarely occurs)

The blood products are issued in appropriate containers. 
The blood bank always stays one shipment ahead of the 
requests. When additional blood is needed, someone goes to 
the blood bank and the next shipment is ready to be picked 
up. The products are shipped in appropriate ratios (see 
shipment schedule below). If the clinician wants doubling 
of the products in an exsanguinating patient, it will require 
an additional phone call to the blood bank, require a written 
request at the time of pick-up and will take additional time 
to prepare the products. The operating room will terminate 
the protocol by notifying the blood bank upon instructions 
from the surgeon.

The component shipment schedule is as follows:

Shipment RBC FFP Platelets Cryoprecipitate rVIIa
1 5 2
2 5 2 5 pack
3 5 2 10 units 4.8 mg
4 5 2 5 pack
5 5 2
6 5 2 5 pack 10 units 2.4 mg
7 5 2
8 5 2 5 pack
9 5 2 10 units
10 5 2 5 pack

The blood products are dispensed in individual containers.

Product Temperature Container
5 PRBCs 
2 FFP

1-60 C
Coolant

Large
Cooler

1 Platelet Pack
10 Units of Cryo

Room Temperature
No Coolant

Clear Plastic
Box

rFVIIa 1-60 C
Coolant

Smaller
cooler

The protocol has been well accepted by both the blood bank 
and the surgeons. It works well and although on the surface 
may seem to be expensive because of the use of rVIIa, it has 
many advantages. If one does not use rVIIa one can antici-
pate the additional use of blood products, development of 
coagulopathies, additional surgical procedures, longer oper-
ating room times, longer hospital stay, potential for morbidity 
related to blood product use and patient mortality. The goal is 
to aggressively treat the bleeding patient as early as possible 
and limit the blood loss before complications occur.

The data was reviewed after the fi rst 54 severely injured 
patients of whom 27 survived. 

Issued Transfused Returned Wasted
RBC 940 651 289 0
Platelet Pools 16 7 9 8
FFP 444 346 98 6
Cryoprecipitate 50 45 15 30
Novoseven 32 26 6 0

A recent analysis indicated a signifi cant cost savings to the 
hospital as evidenced by the reduction of packed red cells 
per case from 21.4 to 13.5 and a reduction in the use of 
fresh frozen plasma per case from 9.1 to 6.9 both of which 
are statistically signifi cant. The turn around time for all of 
these products was considerably shortened.

Pre-MTP*
(5-03 to 5-04)

Post MTP
(6-04 to 2-06)

Number of patients 65 105
Total RBCs used 1390 1423
RBC/Case 21.4 13.5
Total FFP used 596 732
FFP/Case 9.1 6.9
RBC/FFP Ratio 2.3 1.9
Total Platelets used 88 122
Platelets/case 1.4 1.2
Total Cryo used 46 79
Cryo/case 0.7 0.7
Total Novoseven used 8 56
Novoseven/case 0.1 0.6

* MTP = Massive Transfusion Protocol
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In summary the blood bank has proven to be an inte-
gral friendly partner of the trauma program at a major 
Level I trauma center. With cooperative pre-planning 
an effective massive transfusion protocol has been 

developed and implemented resulting in a significant 
reduction in the number of packed red cells and fresh 
frozen plasma that has been used in the first two years 
since its’ inception.
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INTRODUCTION

Blunt small bowel injury (SBI) is an unusual injury that is 
frequently diffi cult to diagnose in a timely fashion 1,2,3. . Blunt 
SBI is the most common hollow viscous injury diagnosed 7. In 
the era prior to widespread use of the abdominal computerized 
tomography (CT) scan, frequent operative intervention for intra-
peritoneal injury allowed timely diagnosis of most blunt SBI. 
Non-operative management of patients with abdominal injuries 
has become increasingly commonplace over the past 2 decades 
4,5,6. Driven by the widespread adoption of CT scan as the diag-
nostic test of choice, the majority of patients with blunt abdom-
inal injury can now be successfully managed without operative 
intervention. While the management of solid organ injury has 
improved, clinicians have encountered signifi cant challenges in 
the timely diagnosis of blunt hollow viscous injury. 

Blunt SBI can be divided into two categories: perforated and 
non-perforated. For the purposes of this discussion, we will 
consider non-perforated SBI to require no surgical interven-
tion. In fact, it is likely that non-perforated injuries (such as 
bowel wall hematomas and non-transmural tears) occur much 
more frequently than is clinically apparent. The management 
of blunt perforated SBI is relatively straightforward in almost 
all cases. It is in the diagnosis of perforated SBI that the dif-
fi culties and the challenges arise.

MULTI-INSTITUTIONAL STUDY 

In 2003, we published the results of the Eastern Association for the 
Surgery of Trauma (EAST) Multi-Institutional study of HVI 1,7. 
Ninety fi ve Trauma Centers evaluated a total of 275,557 patients 
to study the incidence, diagnosis and outcomes of blunt hollow 
viscous injury (HVI). The study included patients managed over 

a two year period and was concluded in the spring of 2001. All 
ages were included. The study used a retrospective, descriptive, 
case-control design with a 1:1 match of cases to controls. Index 
(or primary) cases were patients with any blunt hollow viscous 
injury (ICD-9-CM 863.0 to 863.99, excluding isolated pancreas 
injuries). Matching control cases were patients who were worked 
up for suspected blunt intra-abdominal injury but who did not 
have hollow viscous injury. Patients were case matched on age 
(+ 5 years) and Injury Severity Score (+ 20%). Patient level data 
were abstracted by individual chart review at the participating 
institutions using a standardized data collection form with a data 
dictionary. Data were collected at each institution on medical 
history, physical examination fi ndings (tenderness, distension, 
appearance, peritoneal signs, contusion, abrasion, and previous 
operation), transferring facility, demographics, other injuries, 
laboratory studies and results, diagnostic studies, operative 
procedures, complications, and outcome. The date and times of 
key events were recorded including the times of: injury, transfer, 
hospital arrival, performance of diagnostic and laboratory tests, 
diagnosis of a HVI, operations, and discharge/death.

The contributing institutions were predominately Level I and II 
Trauma Centers (91.6%). The majority were teaching institu-
tions (87.2%). The institutions admitted a mean of 1450 trauma 
patients per institution annually (range 63-7998). The mean 
number of controls was 497 per institution (range 40-2603) and 
the mean number of blunt SBI patients seen annually was 13 
per institution (range 1 to 47). Control patients outnumbered 
small bowel injury patients at a rate of about 34 to 1. The 95 
participating centers submitted a total of 4,144 completed cases 
and controls for analysis. The data were entered into a secured 
database at the Inova Regional Trauma Center in Falls Church, 
Virginia, the lead institution for the study.

The study found that perforated SBI was rare (0.3 % of 
patients) and diffi cult to diagnose. The fi ndings on CT scan are 
shown in Table 1. Approximately 13% of patients with perfo-
rated SBI at surgery had a normal preoperative abdominal CT 
scan. The presence of free fl uid without solid organ injury was 
associated with perforated SBI in only 30% of patients. Delays 
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in diagnosis were highly signifi cant as shown in Table 2. No 
combinations of physical exam, laboratory, radiologic or other 
data allowed consistent early diagnosis of this injury without 
subjecting large numbers of patients to non-therapeutic lapa-
rotmy. Multiple logistic regression model iterations revealed 
that the most accurate, clinically relevant diagnostic model 
was the presence of abdominal tenderness, peritoneal signs 
and free fl uid without solid organ injury on CT scan. However 
this model was only marginally predictive of perforated SBI 
(sensitivity = 56.1%, specifi city = 94.4%, accuracy = 88.4%, 
R2 = .44, p<.001). In clinical terms, widespread use of this 
model would mean that if the surgeon were to operate on 40 
patients with the fi ndings mentioned, he or she would correctly 
diagnose 19 of the 20 patients who actually had perforated SBI 
but in the process would perform non-therapeutic laparotomy 
in about 20 (or 50%) of the patients. The clinician would still 
end up missing/delaying the diagnosis of perforated SBI in 1 of 
20 patients. If the surgeon’s goal is to obtain timely diagnosis 
in as many patients with perforated SBI as possible while per-
forming the fewest number of non-therapeutic laparotomies, 
this model does offer an improvement over current reliance on 
abdominal CT scan where 1 in 6 patients are likely to have a 
delay in diagnosis based on a (falsely) negative CT scan. 

CHALLENGES 

The challenges facing the clinician caring for a patient with 
perforated blunt SBI are signifi cant. These challenges can 
be summarized as follows:

1. The injury is relatively rare. Perforated SBI occurs 
in only 0.3% of blunt trauma patients seen at trauma 
centers participating in the EAST Multi-Institutional 
study of HVI, the largest multi-center series on SBI 
published to date 1. As a result, most surgeons have 
limited exposure to this injury and the majority of cen-
ters have no standardized approach for its diagnosis. 

2. There appears to be no widespread consensus among 
surgeons as to the optimal approach for the timely 
diagnosis of blunt perforated SBI. In a survey of mem-
bers of the American Association for the Surgery of 
Trauma (AAST), Brownstein et al found that surgeons 
relied heavily on their previous experience and were 
guided most often by CT scan results 3.

3. Abdominal CT scan is not sensitive for the diagnosis 
of hollow viscous injury especially small bowel injury. 
In the EAST Multi-Institutional HVI Study 1, the fol-
lowing were important fi ndings (Table 1):
a. Approximately 13% of patients with small bowel 

perforation proven at surgery had a normal pre-
operative CT scan.

b. The use of oral contrast with abdominal CT scan 
in the diagnostic work-up of this injury is of no 
practical value since extravasation of the oral 
contrast from a bowel perforation is rare: Less 
than 5% of perforated SBI patients had contrast 
extravasation on their pre-operative CT scan.

c. The presence of free air on abdominal CT scan is 
a highly reliable sign of perforated SBI. However, 
free air is present in no more than 30% of patients 
with proven perforated SBI.

d. Blunt trauma patients with free fl uid in the 
abdomen without solid organ injury have a 30.5% 
chance of having perforated SBI. 

4. Delays in the diagnosis of perforated SBI are associated 
with signifi cant increase in mortality. In patients with 
near isolated perforated SBI (no other injuries with an 
AIS>1), delays of over 24 hours from injury result in a 
three to four fold increase in mortality (Table 2).

5. Even when employing the best diagnostic models, the 
surgeon has to accept non-therapeutic laparotomy rates 
of between 50 and 70% in order to minimize delays in 
diagnosis. 

CONCLUSION

The authors of the EAST Multi-Institutional HVI Study 
concluded the following in their 2003 paper on HVI:

 “Perforated SBI is a rare but potentially deadly phe-
nomenon. Alone or in combination, current diagnostic 
approaches lack sensitivity in the diagnosis of perfo-
rated SBI. Approximately 13% of patients with small 
bowel perforation following blunt trauma will have 
a normal abdominal CT scan. A negative abdominal 
CT scan is therefore inadequate to rule out perfo-
rated SBI. Delays in the diagnosis of perforated SBI 
beyond 24 hours carry signifi cantly higher mortality 
and morbidity rates. Improvements in diagnostic 
methods and interpretation are needed to ensure the 
prompt diagnosis of this uncommon but potentially 
devastating injury. Based on the results of this large, 
multi-institutional study a diagnostic approach was 
developed which should decrease the frequency of 
delays in the diagnosis of SBI. This represents an 
incremental improvement in our diagnostic ability 
for patients with perforated SBI. Overall, however, 
our ability to diagnose blunt SBI is far from perfect 
and the challenge facing the clinician continues to be 
a formidable one.”
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In considering all the available evidence and if the intent 
is to avoid prolonged delays in diagnosis, the only effec-
tive approach at the present time appears to be a strategy of 
liberal operative exploration with the expectation of a high 
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The patient with exsanguinating, life-threatening liver 
injury faces many potential land-mines in the operating 
room. In addition to the massive blood loss, he or she rap-
idly faces the “triad of death”: acidosis, hypothermia and 
coagulopathy, all intertwined and aggravating one another 
in a vicious, deadly cycle. The relatively recent concepts 
of abbreviated laparotomy, physiologic resuscitation and 
staged reconstructive procedures, appropriately termed 
“damage-control surgery” has been a major advance in the 
management of these terminal patients  (1-9). 

“Damage control” was a term originally coined by the 
United States Navy, in reference to “the capacity of a ship 
to absorb damage and maintain mission integrity,” . First 
proposed Stone in 1983 (1) , the technique involved “saving 
the day for another day in battle” by a staged approach 
aimed at correcting  the physiologic vortex  of the triad 
of death. This approach to the patient with exsanguinating 
hepatic injury consists of three separate components:

• Rapid control of surgical bleeding ; peri-hepatic gauge 
packing and temporary abdominal closure (Part I)

• Correction of hypothermia by rewarming; correction 
of coagulopathy; fl uid resuscitation and optimization 
of tissue perfusion (Part II). Consideration for angio-
graphic embolization of intra-hepatic bleeders is a part 
of resuscitation  (Part IIa).

• Re-exploration for pack removal, abdominal closure, 
when normal physiology has been or is being restored 
(Part III).

Abdominal closure of the packed abdomen is best accom-
plished by temporary measures as described below and also 
leaving the fascia open to prevent abdominal compartment 
syndrome (11,12).

PART I

Triggers for abbreviating the laparotomy are (7,8,9):

• Massive blood loss (10 to 15 units of packed RBC),
• Injury Severity Score >35, hypotension, hypothermia 

(temperature <34ºC), clinical coagulopathy , and aci-
dosis (pH <7.2)

• Injury pattern recognition (massive intra-abdominal 
injuries, multi-system injuries, signifi cant brain injury, 
great vessel injuries etc) 

• Inadequate resources in terms of personnel, equipment, 
and specialty backup

Principles of abbreviated laparotomy are : evaluation of 
liver injury, control of major, surgical bleeding (by various 
operative techniques), early decision to pack, peri-hepatic 
packing to compress the organ (use omentum, hemostatic 
substances, lap pads, kerlix ; consider using a absorbable 
mesh between the liver and the packs), rapid control (clo-
sure or resection) of bowel perforations  and  temporary 
abdominal closure ( as described below). Caution : Do not 
mobilize the liver extensively! 

Table 1 : Part I  Damage-control for hepatic injury
Early decision
Do not mobilize liver extensively
Control surgical bleeding
Peri-hepatic packing
Control bowel contamination (rapidly, temporarily)
Application of “poor-man’s vac”

PART II

The second phase of damage control consists of resuscita-
tion in the ICU to optimize tissue perfusion, correct hypo-
thermia, and correct coagulopathy. Acidosis associated with 
hypovolemic shock contributes to coagulopathic bleeding, 
worsening the shock state. The goal is complete restora-
tion of aerobic metabolism, as indicated by normalization 
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of serum lactate levels, base defi cit, mixed venous oxygen 
saturation and other tissue markers (gastric mucosal pH, 
NIRS derived tissue oxygen tension). 

Correction of hypothermia is crucial to break the vicious 
cycle of triad of death (2, 7,8,9).  Passive external rewarming 
techniques include simple covering of the patient to 
minimize convective heat loss. Active external rewarming 
techniques include fl uid-circulating heating blankets, con-
vective warm air blankets, and radiant warmers. Active core 
rewarming techniques include warmed airway gases, heated 
peritoneal or pleural lavage, warmed intravenous fl uid infu-
sion, and extracorporeal rewarming. Countercurrent heat 
exchange mechanisms are excellent for rapid infusion of 
warmed banked blood products. Continuous arteriovenous 
rewarming is an excellent technique that is driven by the 
patient’s blood pressure and is currently the procedure of 
choice in massively injured patients.

Dilution of coagulation factors and platelets by massive 
blood transfusions and fl uid resuscitation, decreased total 
and ionized calcium concentration, hypothermia, severity of 
injury, shock, and metabolic acidosis may all contribute to 
coagulopathy. Replacement of clotting factors (by infusion 
of several units of Fresh Frozen Plasma  simultaneously 
and cryoprecipitate) and platelets based on clinical coagu-
lopathy rather than laboratory values is the best approach 
in these desperate circumstances. One exciting develop-
ment in the correction of coagulopathy is the introduction 
of recombinant Factor VIIa . Activated factor VIIa (FVIIa) 
was developed to treat hemophiliacs with high-titer anti-
bodies to factor VIII. FVIIa initiates thrombin formation 
by binding with exposed tissue factor. A multi-institutional 
study of Factor VII a in trauma is in the process of being 
designed. 

PART II A

Increasingly, with complex injuries to the liver, perihepatic 
packing is followed by prompt angiography to identify 
and control by embolization bleeding from intraparen-
chymal vessels that may be diffi cult to identify by surgical 
techniques. More and more centers (including us) are 
routinely taking the patients with severe grade injuries to 
angiography to identify and embolize bleeders.  Johnson 
et al (10) described their experience with 19 patients who 
had damage-control for liver injuries. Nine of them had 
angiography with a 75% rate of therapeutic angiography. 
In a study of Asensio et al (11), 15 of 22 patients (68%) 
with “complex hepatic injury” underwent angiographic 
embolization. 

Monitoring for intra-abdominal hypertension (IAH) by 
regular measurement of intra-abdominal pressure (IAP) 
is vital in these patients (12). Many advances are made 
recently in our understanding of the patho-physiology of  
IAH, including our realization that even small increases in 
the IAP can cause profound changes in splanchnic blood 
fl ow and precipitate multi-organ failure.  It is very important 
to avoid “hyper-resuscitation” in these patients to prevent 
IAH. The current state of knowledge of IAP and IAH is 
summarized in a monograph (13). 

Table II : Part II Damage-control for hepatic injury

IIA : Consider angiography 

Correct acidosis, tissue hypoperfusion, anaerobiosis
     Blood transfusions
     Adequate oxygenation
     Fluid resuscitation
     Avoid bicarbonate therapy
Correct Hypothermia
     External re-warming
     Passive rewarming (warmed gases, fl uids, cavitary lavage)
     Active rewarming by continuous arterio-venous exchange
Correct coagulopathy
     Rewarm
     Fresh frozen plasma (2-4 units at once)
     Platelet therapy
     Consider Factor VII a
     Correct acidosis
Monitor IAP
     Intervene for IAH , prevent ACS

PART III

This consists of a return to the operating room for defi nitive 
organ repair, and fascial closure if possible. Timing : The 
operation should be undertaken when the patient is resus-
citated and is nearly normalized out of his hypothermia, 
acidosis, and coagulopathy. A complete correction is not 
always necessary. However, continuing transfusion needs, 
uncorrectable acidosis, or increasing bladder pressures sug-
gest ongoing bleeding and the need for early re-explora-
tion. We believe that early removal of packs is important 
to : 1. reduce the incidence of perihepatic abscesses and 
2. improve venous return to the heart and augment cardiac 
output by removal of the pressure on the IVC by the packs 
and by reducing intra-abdominal pressure. 

At reoperation, hemostasis is further secured and confi rmed 
after literally “washing out” the packs. The peritoneal cavity 
is thoroughly irrigated. Bowel anastomoses or repairs, if 
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necessary, are completed.  At this stage persistent visceral 
edema is often the rule and usually limits abdominal clo-
sure in many patients. Usually it is necessary to continue 
with  some variant of “vacuum-pack “ technique for tem-
porary closure. Drains are usually placed to drain bile leak 
from high grade hepatic lesions and should be placed with 
considerable redundancy and be brought out as lateral as 
possible to avoid damage to the components of the rectus 
muscle.  Feeding in these patients should be accomplished 
by a naso-duodenal feeding tube placed intra-operatively 
during the fi rst return to the operating room (Caution: 
enteral feeding in an incompletely resuscitated patient 
on pressors may precipitate bowel necrosis!) Surgically 
placed gastrostomy or jejunostomy should be avoided.  
Later in the patient’s course, sites of tubes and stomas in 
the abdominal wall make defi nitive closure, particularly 
if component separation is necessary, more diffi cult due 
to scaring between tissue layers and creating holes in the 
components.  For this reason, when stoma and tubes are 
deemed necessary, they are brought out lateral to the rectus 
and well into the oblique muscles.  Stomas are brought out 
on the fl ank between the costal margin and the iliac crest, at 
or slightly posterior to the mid-axillary line. 

Table III : Part III  Damage-control for hepatic injury
Abdominal wash-out
Wash-out of packs
Look for missed injuries
Repair/re-anastomose bowel
Complete vascular repair
Insert naso-enteric tube
Place drains, if necessary, as lateral as possible
Avoid stomas
Irrigate abdomen
Apply “poor-man’s vac” or rarely, close fascia. 

The patient is returned to the ICU for continued resusci-
tation, gradual ventilator weaning, aggressive nutritional 
support  and antibiotic therapy as indicated. This “open 

abdomen” approach has been helpful in reducing the 
incidence of abdominal compartment syndrome and 
multi-organ failure (12, 13). The undesirable side-effects 
of such an approach (loss of fascial closure, ventral hernia 
and “entero-atmospheric” fi stulae)  have been remarkably 
reduced by recent refi nements (12-17).

The recent innovations in closure of open abdomen is a 
result of  our understanding that fascial closure of open 
abdomen is prevented by  adherence of bowel to the edges 
of the fascia,  thus preventing easy mobilization of the 
fascia. The “vacuum-pack” technique (14) consists of a 

non-adherent polyethylene sheet over the viscera. This is 
covered by moist surgical towels. Two 10-French silicone 
drains are placed over the towels and the wound sealed 
with an airtight idofor-impregnated adhesive dressing. Wall 
suction is applied at 100-150 mmHg of continuous suction. 
This helps drainage of intraabdominal fl uid Patients are re-
explored serially every 3-4 days , the fascia is gradually 
approximated and, in 2-3 sittings, is fi nally closed. This 
method proved to  be  inexpensive and  facilitated a fascial 
closure rate of 56%. We call this the “Poor-man’s vac” and 
continue with it for the fi rst one or two reexplorations. In 
many instances, by this time it will be possible to achieve 
fascial closure. If still not possible, negative pressure 
therapy is a good option at this time. 

Negative pressure therapy (NPT) :  Vacuum Assisted 
Closure-VAC therapy (KCI, Inc., San Antonio, TX) applies 
sub-atmospheric pressure through a reticulated polyure-
thane foam dressing. The negative pressure is controlled 
with a computer-controlled vacuum pump that applies 
a regulated pressure to the wound surface and a sensing 
device to  prevent uncontrolled fl uid drainage such as 
blood. . The technique consists of  placing  a non-adherent  
polyurethane layer over the bowel and under the abdominal 
wall,  separating it from the fascial margins.  Multiple 
perforations are cut in this layer to allow egress of fl uid. 
A polyurethane foam sponge is cut to appropriate size and 
placed over the exposed plastic barrier . The sponge is 
attached to a 18 Fr suction tubing . The skin is closed as 
tightly as possible around the catheter. The suction tubing 
is connected to a suction device and set to a constant pres-
sure of -175 mm Hg. The usual result is an immediate col-
lapseof the entire apparatus and will help to increase blood 
fl ow, reduce abdominal wall tension, reduce size of the 
abdominal wall defect, decrease bowel edema, and poten-
tially remove infl ammatory substances that accumulate in 
the abdomen during infl ammatory states. The patients is 
returned to the operating room every 48 hours , the suction 
device is removed and the fascial edges are approximated 
as much as possible with out tension. If complete closure 
is not possible, the device is re-applied and the process is 
repeated.  Several series (15-17) have reported the use of 
negative pressure therapy in the early approximation of 
open abdomen in patients that had a decompressive lapa-
rotomy or damage control surgery and showed a success 
rate of fascial closure ranging from 70% to 90%.
  
SUMMARY

Damage - control for massive liver injuries is best 
approached by:
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1. Early identifi cation for the need to abbreviate laparotmy 
2. Agressive resuscitation of the patient in the ICU, incor-

porating angiography into the algorithm, prevention of  
IAH and its sequelae

3. Early return to the O.R. for pack removal and tempo-
rary abdominal closure

4. Use of “vacuum-pack” techniques for serial abdominal 
closure and aggressive pursuit of complications.
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The prevention, diagnosis, and therapy of post-traumatic 
venous thromboembolism (VT) remain a major challenge. 
Despite the wealth of information existing in the surgical 
literature, the evidence is confusing or contradicting. For 
this reason in a recent survey, prevention of VT was ranked 
as the fi fth more important topic requiring clarifi cation.1 

HIGH-RISK GROUPS

In general, trauma patients are at high risk of VT although the 
specifi c risk factors are still under debate. Traditionally, lower 
extremity fractures, pelvic fractures, spinal injuries, obesity, 
prolonged immobilization, advanced age, femoral venous 
catheters, and severe trauma are considered as risk factors of 
VT. Head injury, pelvic operation, number of transfusions, var-
icosities, prolonged operation, delayed operation, high levels 
of positive end-expiratory pressure are additional risk factors 
found in other studies. This plethora of risk factors includes 
nearly every trauma patient. Analysis of 318,554 patients from 
a statewide registry concluded that the incidence of pulmonary 
embolism (PE) is low in patients without specifi c risk factors. 
The authors recommended that prophylactic intervention 
should not be routinely administered in view of the unclear 
benefi ts compared to the risks.2 It is therefore obvious that we 
need to defi ne better the risk factors for VT.

In the only systematic analysis done exclusively on trauma 
patients, the groups at high risk for deep venous thrombosis 
(DVT) or PE were examined.3 A risk factor was analyzed 
only if reported in at least three studies. The only risk fac-
tors found to place the trauma patient at high risk for devel-
opment of DVT was spinal injury in the form of either a 
spinal fracture (OR: 2.260, 95% CI: 1.415, 3.610) or spinal 
cord injury (OR: 3.107, 95% CI: 1.794, 5.381). It was also 
found that older patients and patients with high Injury 

Severity Scores were more likely to develop DVT but a 
specifi c cutoff point for age and ISS beyond which the risk 
increased acutely could not be determined. Patients who 
developed DVT were older by an average of 8+1.5 years 
and had an ISS which was higher by an average of 1.4+0.7 
points. These differences (particularly the latter one) may 
not bear particular clinical signifi cance, even if the large 
sample size examined allowed for statistical signifi cance.

THE BEST METHOD OF PROPHYLAXIS

Unfractionated heparin, low-molecular weight heparin, 
and mechanical compression have been used extensively to 
prevent VT. There is ample evidence from the medical and 
elective surgical (non-trauma) literature that these methods 
are effective in preventing VT. The question is whether this 
evidence should be extrapolated to the trauma patients. 
Critical appraisal of the trauma literature immediately 
uncovers the controversy. Despite the widespread belief 
that VT rates are reduced by the commonly used methods 
of prophylaxis, many studies suggest otherwise.

Among 133 consecutive trauma patients who received vena 
cava fi lters the incidence of DVT was 30% despite the fact 
that 92% of the patients received DVT prophylaxis.4 In 
another study of 101 critically injured patients (ISS: 27+10) 
28% developed DVT within 12+9 days after admission, even 
if all the patients received thromboprophylaxis.5 Among 110 
critically ill patients requiring mechanical ventilation over 
7 days, 24% developed DVT despite thromboprophylaxis.6 
In a prospective study of 200 trauma patients admitted in 
the Surgical ICU, the incidence of DVT was 13% although 
close to 95% of the patients received one method of throm-
boprophylaxis and nearly 50% of the patients received two 
methods.7 It seems that the current methods of thrombo-
prophylaxis, and particular unfractionated heparin, are not 
effi cient, at least at the doses usually given.

The rationale of sequential compression devices makes good 
sense. According to initial studies, such devices produce a 
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mechanical effect by squeezing the muscle (and promoting 
venous circulation) and a systemic anticoagulant effect by 
the release of tissue thromboplastin from the wall of the com-
pressed vessels. Even if the theory is good, the reality is dif-
ferent. Two studies have documented very low compliances 
with the appropriate use of the devices. Among 84 patients 
only 48% demonstrated properly placed and functioning 
compression devices.8 In a total of 1,343 observations of 
227 trauma patients with orders for external compression for 
thromboprophylaxis, the devices were on and functioning in 
53%.9 Only 19% of the patients were fully compliant on all 
observations.

Low-molecular weight heparin has been suggested to be 
superior to other methods of prophylaxis. Two randomized 
controlled trials have shown evidence of this drug’s supe-
riority over standard unfractionated heparin.10,11 However, 
the disparity in DVT rates between the two studies raises 
concerns. While in one study the incidence of DVT was 
over 30%,10 in the other was only 2%!11 Of note was that the 
incidence of major bleeding was higher with low-molecular 
weight heparin, even if the difference did not achieve statis-
tical signifi cance due to the small numbers.

In a systematic analysis of the existing evidence in trauma, 
no method of prophylaxis was found to be superior to 
another method.12 More importantly no prophylaxis was 
found to be as good (or bad) as any of the tested methods. 
The authors concluded that there is insuffi cient evidence to 
suggest routine administration of routine prophylaxis after 
injury. In a cost-effectiveness analysis, the existing methods 
of thromboprophylaxis failed to show a cost benefi t, based 
on their unclear performance.13 

CONCLUSION

It is evident that the trauma groups at risk and the methods 
of prophylaxis are still unknown with regard to post-
traumatic VT. For many years we have inappropriately 
extrapolated conclusion from the non-trauma literature to 
the unique trauma population. It is time that we consider 
seriously the inadequacies of the existing pharmaceutical 
and mechanical methods of VT prophylaxis and explore 
alternative methods to prevent the disease.
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BACKGROUND

In 1943 the U.S. Surgeon General published guidelines 
for the management of colonic injuries. These guidelines 
established colostomy as the standard of care and alleg-
edly produced improved survival related to such injuries in 
combat. These guidelines were also extrapolated in civilian 
injuries and for decades all colonic injuries, including gun-
shot wounds, stab wounds, and blunt trauma were managed 
by mandatory diversion.

PRIMARY REPAIR OR COLOSTOMY FOR 
UNSELECTED COLON INJURIES: LEVEL 1 
EVIDENCE

In 1970, Stone and Fabian1 challenged the dogma by pub-
lishing the results of a prospective randomized study which 
showed that primary repair was associated with fewer com-
plications than colostomy. Patients with hypotension, long 
intervals between injury and operation, extensive fecal con-
tamination, and major associated injuries were excluded. 

In 1991, Chapuis et al2 published another prospective random-
ized study which did not exclude patients due to “high-risk” 
criteria but included only 56 patients. In this small population 
the authors detected 7 intra-abdominal abscesses (3 in the 
primary repair and 4 in the colostomy groups) and 3 wound 
dehiscences (all in the primary repair group). They concluded 
that primary repair was appropriate for all patients with pen-
etrating colon injuries, even if only 11 of their patients had 
injuries that were large enough to require resection. 

In 1995, Sasaki et al3 randomized 71 patients, using no 
exclusionary criteria based on “high-risk” factors. The com-
plication rate in the primary repair group was 19% and in 

the colostomy group 36%. The authors recommended that 
primary repair should be offered to all patients, regardless 
of severity of injury or physiologic condition. However, 
only 12 patients with major colonic trauma requiring resec-
tion were included.

In 1996, Gonzalez et al4 randomized 109 unselected 
patients and again, found no difference in septic compli-
cations between the primary repair group (20%) and the 
colostomy group (25%). Similarly to the previous studies 
only a minority of patients (17) had major colon injuries 
requiring resection.

It is evident from the above studies that most colon inju-
ries can be managed safely by primary repair. However, 
the number of patients with severe colon injuries in these 
studies is small and therefore, conclusions cannot be made 
for this subgroup. The risk of anastomotic dehiscence in 
a full 360o anastomotic line is obviously high. The need 
for colon resection indicates extensive intra-abdominal 
trauma. Such patients usually have high rates of signifi cant 
associated organ injuries inside and outside the abdomen. 
They also have high rates of shock, blood transfusion, and 
extensive colonic contamination.

FOCUS ON COLON INJURIES REQUIRING 
RESECTION

Only three studies exist in the literature examining the 
appropriate method for colonic repair following resection. 
None of them has used randomization. Stewart et al5 in 
1994 analyzed 60 patients, 43 managed by primary anas-
tomosis and 17 by diverting colostomy. The incidence of 
septic complications was 37% in the primary anastomosis 
group and 29% in the diversion group. Because the anas-
tomotic leak rate among patients with primary repair was 
14% and specifi cally among those with blood transfusion 
over 6 units 33%, the authors concluded that primary repair 
is inappropriate for patients who require colonic resection 
and more than 6 units of blood transfusion.
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Murray et al6 published a retrospective study of 140 
patients requiring resection; 80% of them were managed by 
primary repair and 20% by colostomy. The trauma group at 
the Los Angeles County /U.S.C. Medical Center favored 
primary anastomosis and reserved colostomy only for 
selected cases, although specifi c exclusionary criteria for 
primary repair did not exist. The incidence of abdominal 
septic complications was 20% for ileocolostomy, 36% for 
colocolostomy, and 29% for colostomy. The incidence of 
anastomotic leak was 4% for ileocolostomy and 13% for 
colocolostomy. Major abdominal injury (as indicated by a 
Penetrating Abdominal Trauma Index higher than 25) and 
hypotension were associated with increased likelihood for 
anastomotic leak, and the authors cautioned about per-
forming primary repair in these patients.

The largest study to date is a prospective non-controlled 
multi-institutional (and multi-national) study performed by 
Demetriades et al7. Of 297 patients with penetrating colonic 
injuries requiring resection, 197 (66%) were managed by 
primary anastomosis and 100 (34%) by colostomy. The 
overall colon-related mortality was 1.3% (4 deaths in the 
colostomy group, no deaths in the primary anastomosis 
group, p=0.012). The rate of colon-related complications 
was not different between the two groups (22% in primary 
repair, 27% in colostomy). There were 13 leaks (9 colo-
colostomies and 4 ileocolostomies) among the primary 
anastomosis patients. Unfortunately, the two groups were 
quite different. There was a signifi cantly higher incidence 
of preoperative shock, delay in operation, left colon inju-
ries, Penetrating Abdominal Trauma Index >25, small 
bowel and liver injuries, blood transfusions, and severe 
fecal contamination in the colostomy group. To compen-
sate for this discrepancy the authors performed multivariate 
analysis controlling for the confounding factors and found 
that the adjusted relative risk of abdominal complications 
in primary anastomosis and diversion groups was similar. 
In another subanalysis, all patients were classifi ed into a 
high-risk or a low-risk group. High-risk criteria included 
shock on admission, blood transfusion > 6 units, delay in 
operation > 6 hours, severe peritoneal contamination, and 
PATI >25. The colon-related mortality among high-risk 
patients was 4.5% in the colostomy group (4 of 88) and 0% 
in the primary anastomosis group (0 of 121).

CONCLUSION

With improved peri-operative care, colostomy is used with 
decreasing frequency. For the majority of colon injuries, pri-
mary repair is a safe option. The question remains partially 
unsolved for colonic injuries requiring resection. The existing 
evidence is in favor of primary anastomosis but the studies 
are uncontrolled and with methodological fl aws. Most likely 
the presence of isolated “risk factors” such as blood transfu-
sion, shock on admission, extensive fecal spillage, extensive 
colon injuries requiring resection, or the severity of overall 
injury do not present an absolute criterion to avoid primary 
anastomosis. Even then, most patients can be safely treated 
without a colostomy. However, for the few patients who will 
carry a multitude of risk factors and present a local environ-
ment that is unfavorable to a fresh 360o suture line (bowel 
edema, compromised blood supply), it will be the art rather 
than the science of surgery that will guide the experienced 
trauma surgeon to make the correct intra-operative choice.
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PROVIDER ATTITUDE – APPROACHING THE 
VICTIM OF PENETRATING BRAIN INJURY

The resuscitation and management of the victims of pen-
etrating traumatic brain injury differs very little from the 
resuscitation of other Traumatic Brain Injury (TBI) with 
one very large exception. This exception is that many vic-
tims of PBI present very close to death. In the fi rst moments 
of the resuscitation, providers must often decide weather to 
resuscitate the patient or not. This hesitation on the part of 
seasoned providers is due to their acute insight into the fact 
that they have no way of predicting weather their efforts 
will result in bringing the victim back from deaths door or 
needlessly delaying their journey through it. 

The lethality of fi rearm related TBI is indisputable. Centers 
for Disease Control funded surveillance programs have 
found that in selected states, fi rearms were responsible 
for only 9.7% of the overall TBI and yet accounted for 
44% of the TBI mortality. That such a small percentage of 
the total TBI could account for such a large percentage of 
the deaths is explained by the 90.4% lethality of fi rearm 
related TBI(1).

Given this high lethality, it is easy to see how providers 
could easily develop the prejudice that all penetrating 
injury is lethal. The fundamental principle in treating PBI 
is to avoid such dogmatism. While no one can predict the 
outcome of any given resuscitation, careful application of 
the known literature can, hopefully, allow the practitioner to 
proceed with greater confi dence and, perhaps, make better 
decisions from patient to patient and at various stages of 
the resuscitation.

RESUSCITATION DECISION MAKING

It is not always necessary to make a life or death decision 
all at once when resuscitating PBI. Many practitioners feel 

pressure to make such a decision upon presentation. In many 
cases this is not the best approach. With time, many PBI 
patients declare themselves for better or for worse. Starting 
the resuscitation often provides needed care to those who 
will benefi t from it and usually makes little difference to 
those who are destined to die.

It also gives the provider more time to assess the severity 
of the injury and make a more thoughtful decision on the 
patient’s salvagability. It is important to understand that 
the information needed to determine if the patient is sal-
vageable is often obtained from the resuscitation. Glasgow 
Coma Score can not be determined until the blood pressure 
is normal, depressed mental status may be due to mass effect 
from hemorrhage or the intrinsic injury from the projectile, 
ICP may not rise until blood pressure is restored. The list 
is long of the parameters needed to determine viability that 
can not be obtained until resuscitation has been started. 
Thus the resuscitation and the viability decision are com-
plexly intertwined. To simply call off the resuscitation on 
the assumption that all PBI is lethal deprives the patient of 
the careful evaluation they deserve. 

It is important to remember too that much of what we 
believe about the viability of PBI, we have learned from 
the military. But the civilian environment in which most of 
us practice is not the battlefi eld. In the battlefi eld, resources 
are scarce and the facilities to save severely injured vic-
tims, such as those with PBI are not available. Under these 
circumstances, many PBI victims die. But in the civilian 
world the same victim who in the military setting might 
be under the care of a medic for many hours may well 
fi nd themselves in a well equipped and staffed emergency 
department within minutes. To apply the triage rules of an 
austere environment in this setting is ludicrous. Providers 
in this setting are required to set their own standards for 
what might be possible in a resource rich environment and 
for when it is time to stop even though “all the kings’ horses 
and all the king’s men” are available. The blind application 
of rules from another place and time is not appropriate.
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This paper will follow the course of the resuscitation of a 
PBI victim and will highlight what is known about each 
stage of the resuscitation in hopes that this will make deci-
sion making a bit easier.

History

Several features of the history may offer clues as to the 
salvagability of the patient. 

Age

Most practitioners suspect that elderly people do not survive 
head injury as well as younger people. This assumption is 
born out by the fact that the elderly, while not sustaining 
TBI in the greatest numbers, have the highest death rate 
from TBI of any group in the United States(2). 

In general, older patients have higher fatality rates in response 
to head injury than younger patients(3). As an illustration of 
the effect of age on the susceptibility to TBI, it is interesting 
to note that falls are the major cause of TBI in both chil-
dren and the elderly. Children have a death rate from falls 
of 0.1-0.2/100,000 and are most often discharged from the 
Emergency Department. The elderly have a death rate from 
falls of 21.7/100,000 and are most often hospitalized(2).

One might suspect that the elderly also have higher mortality 
rates when they are the victims of PBI. Only two studies 
directly address this question. Kaufman and Siccardi have 
shown higher mortality in patients over 49(4;5). Multiple 
other studies have shown better outcomes in younger patients, 
but the results have not been statistically signifi cant. 

In fact, there is very little data on PBI which includes older 
patients. Many studies exclude patients on whom resuscitation 
is not attempted and it is likely that in many settings, resuscita-
tion is not attempted on older victims of PBI, creating a self 
fulfi lling prophesies. Furthermore, many elderly PBI victims 
are the victims of self infl icted gun shot wounds. Available data 
seems to show that suicide is a more lethal mode of PBI, leading 
to a higher mortality in its victims(6). In addition, physicians 
are also reluctant to resuscitate suicide victims. It is possible 
that for these reasons, little data is available on the outcome of 
attempted resuscitation for PBI in older individuals. Non the 
less, the Guidelines for the Management of Penetrating Brain 
Injury state at the Class III level that increasing age correlates 
with mortality after penetrating brain injury(7).

Cause of Injury

Various types of PBI occur depending on the setting, and 
caution should be exercised when extrapolating from one 

setting to another. Civilian gunshot wounds tend to be from 
lower caliber weapons as opposed to military PBI which 
tends to be caused by shrapnel, shell fragments and debris, 
all of which can impact at various energy levels. Lastly, 
suicide, which is close range PBI, is a somewhat unique 
mechanism. Studies have shown that victims of suicide 
have a higher mortality than victims of assault or accidental 
shooting. This can be understood based on mechanism, but 
it is also possible, as mentioned above, that provider bias 
results in a tendency to be less aggressive with the resusci-
tation of suicide victims(6).

Mode of Injury

It is useful to classify PBI into tangential, perforating or pen-
etrating injuries. Failure to make this distinction can result in 
over estimation of the severity of a penetrating injury.

Tangential injury occurs when the bullet glances off of the 
skull, sometimes driving bone into the brain. Tangential 
injuries have a lower mortality rate(8). Providers should 
avoid the error of viewing a tangential injury in the same 
light as a perforating injury. 

A penetrating injury occurs when the projectile enters the 
calvarium, often driving bone before it into the brain. A 
perforating injury occurs when the projectile also exits the 
brain, creating a tract completely across the head. Traditional 
teaching on PBI has held the injuries crossing the midline 
are the most lethal and some Class III data support the 
assertion that perforating injuries are more lethal(7;8). 

Caliber of Weapon

Large volumes of experimental work in PBI have focused 
on the role of caliber, projectile characteristics and kinetics 
in determining lethality in PBI(9). Much of the forensic dis-
cussion of PBI surrounds these issues. Interestingly, there 
is little epidemiologic data to support the assertions of this 
research(7). While it is most likely correct that caliber, range 
and kinetics play a key role in the outcome from PBI, this 
has not been demonstrated with epidemiologic tools. The 
most likely reason is that in actual shootings, range, angle, 
wind and other factors so corrupt the fundamental kinetics 
of the event that the well controlled kinetics of the labora-
tory are rarely duplicated in the fi eld. For example, while 
caliber is a determinant of energy delivered to the brain, so 
is range and any given weapon can be fi red at an infi nite 
number of ranges from the impact point. Understanding 
this leads to the understanding that knowing the caliber 
of the weapon used does not necessarily add signifi cantly 
one’s knowledge about the energy delivered to the brain.
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Physical Examination

A rapid physical assessment soon after presentation 
of the patient can offer clues to the patient’s potential 
salvagability, help to determine if resuscitation should 
be aggressively pursued, and begin the formation of a 
therapeutic plan. 

NEUROLOGICAL FINDINGS 

GCS as Predictor

An accurate GCS is critical to the early assessment of the 
victims of PBI. In general, GCS correlates with the out-
come from PBI(7). Specifi cally, the victims of PBI who 
present with a GCS of 3-5 have only a small chance of an 
acceptable outcome. Kaufmann published a Class III study 
comparing treatment at two institutions. Of the 190 patients 
included in this study, 106 had a GCS of 3 on presentation, 
62 a GCS of 4 and 22 a GCS of 5. Of the patients with GCS 
3, 101 died and none had a favorable outcome. For the 62 
GCS 4 patients, 55 died and 1 had a favorable outcome. 
One patient with GCS 5 had a favorable outcome and 10 of 
the patients died(10).

In a prospective study from the Trauma Coma Data Bank, 
Aldrich found similar results with 116 of 123 patients with 
GCS 3-5 dieing and 1 of 123 having a good outcome. Two 
of the 19 patients with GCS 6-8 had a good outcome and 
14 died. Two of 8 patients with GCS 9-15 had a favorable 
outcome and 3 died(11). 
At the same time several studies have shown a reasonable 
prognosis for patients with PBI and GCS 13-15. Aarabi, 
Brandvold, Grahm and Kaufman have all reported high 
percentages of favorable outcomes for PBI victims with 
GCS 13-15(4;8;12;13).

The poor odds of a good outcome must be taken into 
account when making a resuscitation decision on a patient 
with GCS 3-5. Complicating the decision process is the 
fact that often a GCS useful to the salvagability decision 
can not be obtained until resuscitation has been initiated. 
Specifi cally, a useful prognostic GCS can not be obtained 
until the blood pressure has been restored. This means that 
patients who present hypotensive must be resuscitated 
prior to obtaining a meaningful GCS. Complicating the 
issue further is the fact that hypotension is also a known 
poor prognostic indicator for PBI(7). In settings with very 
short prehospital times, victims of PBI who under other 
circumstances might be considered GSW fatalities may 
now present to the ER very close to death. The challenge 

to the provider is to decide if an attempt should be made at 
resuscitation, if only to obtain an accurate GCS, or if the 
patient should be allowed to quickly expire. 

Similarly, victims of PBI who present with hematomas or 
other mass lesions in the head present the provider with the 
dilemma of weather or not to take the patient to the OR in 
the hope that removal of the mass lesion will improve the 
GCS. This effort can either result in an improved GCS or 
an unacceptable survival for the patient. 

Kaufman et al examined this problem in their previously 
mentioned study of 190 patients. Of the 130 patients with 
GCS 3-5 who were treated without an operative attempt, 
all but 1 died. That patient, who presented with a GCS of 5, 
obtained a GOS of 3 for a fi nal outcome. 

Of the 60 patients for whom an operative attempt was 
made, 5 of 21 patients with a GCS of 3 survived, 4 with a 
GOS of 3 and 1 with a GOS of 2. Seven of 24 patients with 
a GCS of 4 survived, 1 with a GOS of 4, a relatively good 
outcome, 4 with a GOS of 3 and 2 with a GOS of 2. The 
numbers for GCS 5, of which there were 15 patients were 
11 survivors, 1 with GOS 4 and the remaining 10 divided 5 
each to GOS 2 and 3(10).

Although this is Class III data, it reminds us that good 
outcomes in patients with GCS 3-5 are possible but rare if 
operative intervention is attempted but that the cost of being 
wrong is to save someone for a less than desirable outcome.

Of equal importance is to remember that victims of PBI with 
GCS 13-15 have highly survivable injuries with good life 
quality. Being blinded by the fact that the mechanism of injury 
is PBI and failing to appreciate the fact that GCS 13-15 patients 
have an excellent prognosis is an unacceptable error.

An accurate GCS must be obtained quickly upon presenta-
tion and a decision on how much resuscitation is needed to 
obtain it is one of the fi rst tasks facing the practitioner.

Pupil Reactivity

Asymmetric, unilateral or bilaterally fi xed or dilated pupils 
have been associated with poor outcomes in TBI. Puppillary 
dilation is often associated with cerebral swelling and her-
niation and so with a poor prognosis.

In PBI the same associations are felt to hold. Shaffrey found 
that patients who presented with bilaterally fi xed and dilated 
pupils had a 79% mortality, those with a unilaterally fi xed and 
dilated pupil, 50% and those with bilaterally reactive pupils, 
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5%(14). Kaufman found a similar association between pupil-
lary reactivity and mortality(4). Both of these studies were 
Class III studies. Other studies have observed similar relation-
ships but have failed to demonstrate signifi cance(15;16).

Immediate assessment of GCS and pupillary reactivity are 
the best fi rst steps in attempting to estimate the survivability 
of a PBI. Polin, however, has pointed out that GCS and 
pupillary reactivity may be coupled, that is measuring both 
may not add any predictive value over measuring one(17). 
While this statistical observation adds to our understanding 
of the salvagability assessment, in practice both observa-
tions are commonly used in making it. 

SYSTEMIC OBSERVATIONS

Several systemic features of the patient’s presentation can 
be used to estimate survivability.

Respiratory Distress

It is commonly known and commonly observed that 
patients with PBI who present with a depressed respiratory 
rate are in extremis. Two studies have confi rmed this obser-
vation with Class III data. Both Kaufman and Jacobs have 
found respiratory distress to be associated with increased 
mortality(7;10;18).
As the resuscitation is started, noting the patient’s respiratory 
status can provide further estimates of potential survivability.

Hypotension

Similarly, patients who present with hypotension are at 
greater risk for a poorer outcome. Kaufman demonstrated 
this to statistical signifi cance in a Class III study(10). 
Another study by Kaufman and one by Byrnes also dem-
onstrated this association, though not to statistical signifi -
cance(4;16). Aldrich failed to show this association(7;11). 

Byrnes also showed that patients with hypertension, 
SBP>150, also had a poorer prognosis in PBI (16).

Coagulation Studies

Abnormalities in coagulation studies may be a marker for poor 
outcome in PBI. Kaufman noted this in one study and Shaffrey 
confi rmed this observation in a retrospective multivariate 
analysis(4;14;17). In the Shaffrey study, a single abnormal 
PT or PTT was associated with 80% mortality, as opposed to 
a 7.4 % mortality for patients without such an abnormality. 
Coagulation abnormalities were highly predictive of mortality 
in a linear regression model in this study(14).

It is postulated that release of tissue thromboplastin by the 
penetrating injury leads to these coagulation abnormalities 
and can lead to DIC. Levy observed that PBI victims with 
DIC suffered 85% mortality(19).

RESUSCITATION

The intertwining of the decision to resuscitate and the actual 
resuscitation has been discussed above. The actual resusci-
tation of a victim of PBI is therefore the same as any other 
trauma resuscitation with the large exception of the issue 
of whether the resuscitation should be started at all. It is the 
author’s practice, where possible, to start the resuscitation 
being keenly attuned to the factors discussed above. As the 
resuscitation progresses, the patient often declares themselves, 
either by expiring, by manifesting multiple poor prognostic 
indicators or by demonstrating viability or improving.

If the patient can be stabilized by securing airway and 
breathing and restoring blood pressure, then a more accu-
rate reassessment of GCS and pupillary function can occur. 
In addition, the patient will be ready to obtain a head CT, 
which will lead to the next major decisions in their care.

COMPUTED TOMOGRAPHY

History

Computed tomography plays a crucial role in the management 
of PBI. CT scanning of PBI was widely used for the fi rst time 
during the Israeli-Lebanon campaign of 1982-1985. Due to 
the close proximity of the battlefront to established large 
medical centers within Israel, CT scanning was routinely 
available to the victims of PBI from this confl ict(12;20). The 
doctrines developed from this and other experiences have 
had a large impact on the management of PBI.

CT scanning provides both prognostic and operative 
planning information. Once again, in order to obtain the 
information offered by CT the resuscitation must proceed 
at least to the point where a CT scan can be obtained.

CT Scan as Prognostic Tool

Assessment of Bullet Tract

For most of the 20th century it has been known that pen-
etrating GSW, that is GSW that traverse the entire cranium 
and exit, have the worst prognosis. With the application of 
CT scanning to the management of PBI, this observation 
can be refi ned. One CT observation, which in multiple 
Class III studies has portended higher mortality, has been 
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bihemispheric involvement of the missile tract. With 
bihemispheric lesions, odds ratios for increased mortality 
range from 1.18 to 20.05 (4;5;7;10-15;18;20-26). 

One exception worth noting is bilateral frontal lobe involve-
ment. Kaufman noted a mortality of 12% in this group and 
good outcomes of 30%, considerably better than the outcomes 
for bihemispheric lesions in general (10). This observation is 
particularly important because it reminds us of the dangers 
of thoughtless application of rules such as the bihemispheric 
rule when triaging patients. Projectiles traversing both frontal 
lobes will do considerably less damage and survival will be 
better. Giving such a patient the same grim prognosis as one 
with biventricular involvement would be an error.

Conversely, if the tract is further posterior in the brain, more 
critical structures will be damaged. Such a posterior tract 
is likely to traverse the ventricles and ventricular penetra-
tion by the tract has been shown to have a strong associa-
tion with mortality (12;14;22). The odds ratios for death 
with ventricular penetration range from 3.35 to 27.5(7). . 
Ventricular penetration is another feature of importance 
when estimating salvagability from CT.

Another way to assess mortality risk from the tract of the 
projectile is to look for multilobe involvement. Multilobe 
involvement of the tract is common in PBI. Patients with 
unilobe involvement have a better prognosis. The negative 
predictive value of only unilobular involvement ranges 
from 77% to 98% (7). 

Shaffrey approached the relationship of tract to mortality by 
dividing the brain with midline axial, saggital and coronal 
planes. Mortality was then related to the number of planes 
crossed. As the number of planes crossed increased, so did 
mortality. Crossing the saggital, and axial planes increased 
mortality, crossing the mid-coronal plane did not(14).

CT and the Assessment of Cerebral Edema

Evidence of cerebral edema on CT carries the same signifi -
cance in PBI that it does in non-penetrating injury. Aldrich’s 
analysis of the Trauma Coma Data Bank specifi cally looked at 
PBI and found increased mortality with basal cistern efface-
ment but not with midline shift (11). Kaufman also failed to 
fi nd a relationship with midline shift and mortality (4). 

INTRACRANIAL HEMATOMAS

As with all intracranial injury, the mass effect from an intra-
cranial hematoma is a potentially reversible cause of cerebral 
injury. The quandary in the context of penetrating cerebral 

injury is whether the patient’s depressed mental status is due to 
the mass effect from the hematoma or from other injury from 
the projectile. The only way to determine this is to remove 
the hematoma. If the depressed mental status was largely due 
to the mass effect, this will improve the patient’s outcome. If 
it was not, this act may save the patient for an unacceptable 
outcome. As discussed in the section on GCS, in the context of 
a low GCS, the later is the most common outcome.

Shaffrey found a relationship between the presence of intracra-
nial hematoma and outcome (14). Mancuso failed to fi nd such 
a relationship in PBI, reinforcing the idea that in PBI many 
other factors may impact on the patient’s survivability (27).

As noted above, injury to the ventricles is a poor prognostic 
indicator and ventricular hematomas also carry a poor prog-
nosis (4;14;24). The presence of blood in the ventricles can 
increase the odds of death 2.83 to 96.9 times (7).
Levy found a signifi cant relationship with subarachnoid 
hemorrhage and mortality (28). Such a relationship has also 
been observed in non penetrating brain injury. Aldrich and 
Kaufman also found such a relationship but the statistical 
correlation with mortality was not as strong(10;11).

OPERATIVE MANAGEMENT

Once the decision has been made for aggressive manage-
ment of the patient, a decision must be made about opera-
tive intervention. It is important when making this decision 
to remember what surgery can accomplish for the victims 
of PBI. The goals of surgery for the victim of PBI are to 
remove mass effect, control bleeding, control infection, to 
prevent CSF leak and to close the scalp. Any or all of these 
tasks may need to be performed.

Historically, aggressive debridement of bullet tracts in PBI 
has been advocated. The rational for this practice was to 
limit infection and post traumatic seizures. Evaluation of 
the outcomes from management of PBI in Vietnam and 
subsequent confl icts has revealed signifi cant morbidity 
from the practice of extensive searches for bullet and bone 
fragments in the brain(29-31). In addition, there is evi-
dence that the risk of infection is not higher in patients with 
retained fragment(32), neither is the increased risk of post 
traumatic epilepsy felt to warrant the morbidity of such a 
search (33). For these reasons, aggressive removal of all 
bone and bullet fragments is not a goal for surgery.

CT as Operative Planning Tool

Once the decision to aggressively manage the patient has 
been made, the CT scan changes from being a prognostic 
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tool to a planning tool. The CT can be used to identify bone 
and missile fragments, assess the bullet trajectory, identify 
sources of mass effect, such as hematomas or edema, to 
identify possible cranial sinus injury and to identify poten-
tial venous sinus injury. All of this information is critical to 
surgical planning.

Positioning

Positioning for surgery for PBI often includes preparing the 
entire head for surgery. Both the entrance and exit wounds 
need to be explored and access to the entire head is often 
needed. If the cranial air sinuses are involved, the face may 
need to be included in the fi eld as well. Access to the neck 
should be included should vascular access be required. The leg 
should be prepped to allow harvesting of fascia lata graft. 

Removal of Mass Effect

Removal of mass effect in PBI is no different than in TBI. 
Standard incisions and bone fl aps are used where possible 
but are often modifi ed to accommodate the complex scalp 
lacerations and skull fractures that accompany PBI. 

Control of Bleeding

Standard trauma hemorrhage control can be more diffi cult 
in PBI because of venous sinus disruption. Sinus disrup-
tion may also be common with the skull fractures which 
accompany many PBI injuries, and from missile injury 
to the brain. Since rapid exanguination is possible from 
these injuries, every effort should be made to identify them 
preoperatively. If identifi ed, preparations should be made 
to manage them. Various vessel clips and sutures should 
be available. Various vascular shunts designed for venous 
sinus shunting may be available. A Fogerty catheter can 
be useful in occluding the sinus while it is repaired. Most 
importantly, a surgeon with good experience in managing 
venous bleeding should be in the operating suite since the 
rapidity of venous sinus bleeding leaves little time for 
exploration of the learning curve.

Control of Infection

The largest advances in the 20th century in the management 
of PBI have occurred in the reduction in the infection rate. 
Antibiotics have had a great deal to do with this, but equally 
important was has been the development of good surgical 
techniques focused on limiting post operative infection. 
While retained bullet and bone fragments may not have a 
large impact on the post operative infection rate, CSF leak 
does. The practice of tight dural closure, developed during 

World War II, has likely contributed greatly to modern 
improvements in the infection rate. Tight dural closure is a 
mainstay of surgery for PBI.

Another source of CSF leak and infection can be dural disruption 
from fractures to the cranial air sinus. These fractures need to be 
identifi ed on CT prior to surgery. At surgery the sinuses should 
be cranialized and packed. All CSF leaks should be closed.

Wound Debridement

The entrance and exit wounds should be identifi ed. All 
obvious bone, debris and necrotic brain should be removed 
and the tract should be generously irrigated. While obvious 
fragments in the tract may be removed, aggressive dissec-
tion of the brain in an attempt to identify fragments is to be 
avoided. Carey pointed out that in Vietnam, even with aggres-
sive searches for fragments, many were left behind(31). As 
noted above, the morbidity from this practice is now felt to 
be excessive and the practice is discouraged.

Closure of the Scalp

Lastly the scalp should be closed. The scalp lacerations 
which result from PBI are often complex. Scalp incisions 
for PBI operations should be planned to allow for complex 
scalp repair at the end of the case. Plastic surgery assis-
tance, either at the time of original surgery or subsequent to 
that surgery is sometimes needed.

POST OPERATIVE CARE

Intracranial Pressure Monitoring 

With the extensive cerebral injury which often attends PBI, 
elevated ICP is common afterwards. Initially, it has been 
observed that ICP elevation will not occur in PBI victims 
until they are resuscitated. The physiology of elevated 
ICP after PBI is not well understood. Cerebral swelling 
appears to develop rapidly after injury, perhaps due to loss 
of autoregulation in the brain. It can not be assumed that 
the mechanisms of cerebral swelling are the same in TBI 
and PBI, however, at our current state of knowledge the 
treatments are the same. There is no evidence that ICP 
monitoring improves outcome after PBI but given our 
knowledge of the physiology and anatomy of PBI, it would 
appear to have the same utility in PBI as it does in TBI.

Post Traumatic Aneurysms

As noted above PBI can lead to serious vascular injury in 
addition to venous sinus tears. A not uncommon result of 
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this injury can be delayed post traumatic cerebral aneu-
rysms. Between 3 and 33% of all victims of PBI may have 
a Post Traumatic Aneurysm(34;35).

Providers of care to the victims of PBI should be aware of 
this and have a low threshold for obtaining cerebral angiog-
raphy. Angiography is the best way to detect post traumatic 
aneurysms. Such aneurysms can develop as late as two 
weeks after the injury and an early negative cerebral angio-
gram does not exclude an aneurysm later in the patient’s 
course. Any patient who develops delayed or unexplained 
subarachnoid hemorrhage or other delayed bleeding should 
be suspected of harboring a post traumatic aneurysm and 
should undergo cerebral angiography.

Management of Cerebrospinal Fluid Leaks

Half of all CSF leaks may occur at sites remote from the 
entry or exit sites in PBI. These CSF leaks will not be 
apparent at surgery and will manifest after surgery. 72% of 
these leaks will appear within 2 weeks of surgery and 44% 
will seal spontaneously(36). 

Antibiotic Prophylaxis for Penetrating Brain Injury

Infection is a major risk after PBI. As noted above, the 
fi rst efforts in infection control occur at surgery. The vast 
majority of the data on infections in PBI is in patient popu-
lations in the post antibiotic era. The data that is available 
from the preantibiotic era tells us that in World War I the 
infections rate after PBI was 58.1%. With the use of Sulpha 
in World War II the rate dropped to 21-31% and once peni-
cillin was available it dropped to 5.7 -13%. All of this is 
military data. Current military rates are reported at 4-11%. 
Current civilian rates are at 1-5%(37).

The rate of brain abscess formation in the military was 
8.5% during World War II, it is currently 1.6-3.1% in the 
military and less than 1% in the civilian world. 
Half (55%) of all intracranial infections occur within 3 
weeks of the injury and 90% occur within 6 weeks(37).

Factors affecting infection risk are CSF leaks, air sinus 
wounds and wound dehiscence. In the presence of cranial 
air sinus wounds the infection rate is 29%. With CSF leak, 
it has been reported at 49%.

Because of the high infections rates with this injury, 
long term antibiotics are commonly used. It is presumed 
that without this practice that the infection rates would 
approximate the World War I rates, although the role of 
improved surgical techniques, including tight dural clo-

sure, may play a larger role in this improvement than is 
appreciated(37). No data exists to support this assumption 
since all modern data on patient outcomes is obtained on 
patient on antibiotics. A study which withheld antibiotics 
from some patients would raise ethical concerns and is 
unlikely to be done.

Antiseizure Prophylaxis for Penetrating Brain 
Injury

A major rational for extensive debridment of penetrating 
head injuries was the prevention of post traumatic seizures. 
In fact, the victims of PBI appear to have an increased risk 
for posttraumatic epilepsy which appears to be even greater 
than for close TBI. 

In PBI, 30-50% of victims develop PTE(38;39). This is 
slightly higher than the estimates of 4-42% for non pen-
etrating TBI(40-42). In addition, early seizures in the TBI 
literature are defi ned as seizures in the fi rst 7 days after 
injury, when the vast majority of early seizures occur(42). 
There is data in the PBI literature implying a slightly higher 
incidence of seizures in the second week after injury, but 
the numbers in these studies are low(40).

Current guidelines for antiepileptic therapy after TBI distin-
guish between two uses for antiepileptic drugs post injury, 
treatment and prophylaxis. Antiepileptic drugs do appear 
to be effective in treating an established post traumatic 
seizure disorder and in preventing immediate post injury 
seizures in the fi rst week after injury. They do not appear to 
be effective in reducing the incidence of posttraumatic epi-
lepsy, that is, maintenance of TBI victims on prophylactic 
doses of anticonvulsant medications beyond the fi rst week 
of therapy does not appear to reduce the incidence of post 
traumatic seizures. The recommendation in TBI is to treat 
the patient with anticonvulsants for seven days and then 
discontinue the medication, only restarting it if seizures 
develop(43). 

Ultimately, follow the same logic as for non penetrating 
TBI and in the absence of contradictory data, the Guidelines 
for the Management of Penetrating Brain Injury does not 
recommend prophylactic anticonvulsants(40).

The data on retained metal fragments and epilepsy is 
contradictory. Salazar in his analysis of the Vietnam Head 
Injury Study Data, found a signifi cant relationship between 
retained metal and PTE(33). Aarbi, however, in a retrospec-
tive univariate analysis of predictors of PTE in 489 victims 
in the Iran-Iraq war failed to identify retained metal frag-
ments as a predictor of PTE(40).



Penetrating trauma – Same problems, different solutions. The CNS

35 

Lastly, the risk of PTE after PBI appears to decline with 
time. While 18% of victims may not have their fi rst sei-
zure until 5 or more years after the injury, 80% will have 
their fi rst seizure within 2 years of the injury and 95% of 
patients will remain seizure free if they remain seizure 
free for 3 years following injury(38;39). Followed out to 
15 years, 50% of patients who do develop PTE will stop 
having seizures(38). 

SUMMARY

In World War II the principles of management for pen-
etrating gunshot wounds were 1) Immediate saving of 
life 2) prevention of infection 3) preservation of nervous 
tissue and 4) restoration of anatomic structures(44). While 
our understanding of what these goals mean and how to 
accomplish them has changed, this list remains a good 
check list of how to approach penetrating injury, once the 
decision to resuscitate has been made. This list, coupled 
with a modern understanding of how to determine who 
should be saved should equip the clinician with a good 
set of tools with which to approach these most diffi cult of 
trauma victims.
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INTRODUCTION

Trauma care is expensive with approximately 150,000 
deaths annually in the United States and total costs from 
motor vehicle crashes alone estimated at as much as $383.6 
billion 1.  A careful review of the economics of trauma care 
should reveal an interesting observation: if one’s ultimate 
goal was to become exceptionally rich, it would have been 
better to have obtained a business degree than a medical 
degree 2.  On the other hand it is not necessarily true that 
being engaged in the practice of trauma care will result in a 
uniformly poor balance sheet for both physicians and hos-
pitals.  It appears possible for trauma surgeons and trauma 
centers to be profi table, or at least to break even.  There are 
a number of conditions that increase a center’s likelihood 
of positive fi nancial outcomes:
1. Large volumes of severely injured trauma patients 3,4.  

An adequately large volume of patients allows a center 
to spread overhead costs over more patients and justify 
the substantial standby costs of trauma readiness.

2. High quality care and the practice of evidence based 
medicine.  

3. Effi cient, comprehensive documentation, coding and 
billing systems for physicians and hospitals.

4. A favorable (or at least tolerable) patient payer mix to 
allow adequate reimbursement.

5. Optimally negotiated managed care contracts 
6. Availability of specialty coverage for call.

The increasing fi nancial pressures in areas such as those 
noted above have forced many trauma centers to close or 
reduce their levels of care 5.  The outlook for the future is 
not rosy.

TRAUMA SYSTEM CHALLENGES: NATIONAL

Trauma care in the United States has received minimal sup-
port from the federal government.  The federal legislation 
for the support of trauma systems has never provided more 
than about $3.5 million dollars annually.  This translates 
into approximately $40,000 per state.  This funding has 
been available inconsistently in the past decade and this year 
does not appear promising given the budget constraints that 
Congress is encountering. Funding for research in trauma 
has always been extremely limited in relationship to the 
productive years of life lost or to the overall cost of trauma 
to society 6.  Following the tragic events of September 11, 
2001 signifi cant federal funding became available for the 
war on terror and for homeland security.  Unfortunately 
only a minimal amount of money found its way to trauma 
centers in the United States.  

Current statistics suggest that 678,000 injured people are 
treated in a regional trauma center annually in the United 
States.  The severity adjusted national norm for per patient 
costs in a trauma center is $14,896.00.  Total trauma center 
costs for hospitals in the United States are estimated at 10.1 
billion with trauma center losses estimated at 1 billion 5.

Historically these diffi cult economic outcomes were the 
result of:
1. Poor patient payer mix in many centers, especially 

those in urban regions (managing penetrating trauma) 
2. Low rates of reimbursement for the complex care 

delivered in trauma centers
3. Little if any support for the cost of readiness incurred 

by trauma centers.

These challenges have forced the closure of many trauma 
centers over the years.  In addition to the more familiar 
problems of previous years, several new threats to trauma 
center viability have appeared.  Foremost among these is 
the signifi cant problem of adequate specialty coverage for 
trauma and emergency department care.  In a recent report 
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from the American College of Emergency Physicians 7 
funded by the Robert Wood Johnson Foundation, “On-
call Specialist Coverage in United States Emergency 
Departments”, 65.9 % of a large sample of emergency 
departments (n=1427) reported that they had signifi cant 
diffi culties fi nding adequate on-call specialty coverage for 
their emergency departments.  It should be noted that 63% 
of these hospitals were not trauma centers while 21% were 
Level I or Level II trauma centers.  75% of these hospitals 
were not for profi t hospitals.  The ED directors responding 
to this survey were asked “What is the most signifi cant con-
sequence of this shortage?”  The leading response (27%) 
was “risked or harmed patients who need specialists care” 
followed by “delay in patient care” (21%) and “more trans-
fers of patients between emergency departments” (18%).   
The survey also revealed that emergency department trans-
fers were increasing in 33% of these departments and in 
approximately one half of those cases the transfers were 
made only because their emergency department did not 
have access to a specialist physician.  Although there are 
many possible reasons for the diffi culties that these hospi-
tals are encountering in securing adequate on call specialty 
coverage, three deserve special mention.  

These are:
1. Lifestyle choices
2. Organized efforts by specialty organizations at 

securing compensation for on-call coverage for trauma 
and emergency department cases

3. Perceived impact of malpractice coverage

The increasing shortages of physicians interested in sur-
gery and in particular, trauma care, have only increased the 
severity of these challenges8,9.  Faced with the need to pro-
vide trauma services for their community, hospitals have 
struggled to meet these challenges.  The percentage of hos-
pitals around the country providing on call stipends to their 
specialty physicians is at an all time high.  Hospitals that 
choose not to abandon their trauma designation have been 
forced to invest increasing amounts of scarce resources into 
trauma care.  This has added to the fi nancial losses incurred 
by many trauma centers.  In addition to poor reimburse-
ment and uninsured patients, this new category of on-call 
compensation to specialty physicians must be considered in 
any assessment of the economics of trauma centers, espe-
cially those in the private sector.

TRAUMA SYSTEM CHALLENGES: STATE

In 2004, the Virginia House Joint Resolution 183 directed 
the Joint Legislative Audit and Review Commission 
(JLARC) to study the use and fi nancing of trauma centers 

in Virginia.  This resulted in part from the coordinated 
efforts of a group of trauma center physicians in Virginia, 
the Physician’s Injury Reduction Coalition (PIRC).  The 
exceptionally fi ne report produced by the JLARC in 
response to this legislative mandate provides an excellent 
case study of the current status of the economics of trauma 
centers in the United States 10.  

Among the highlights of the JLARC report:
1. Nearly 14,000 patients were treated at designated 

trauma centers in Virginia in 2003 (Fig1).  The most 
common mechanisms of injury were motor vehicle 
crashes (35%) and falls (32%).  Penetrating injuries 
were the third most common injuries but accounted for 
only 8% of the total.

2. The fi nancial analysis of trauma programs in Virginia 
revealed that uncompensated care, low reimbursement 
rates from public insurers, and readiness costs created 
a $44 million loss across Virginia trauma centers in 
2003.  The cost of readiness was a loss leader among 
trauma centers (Fig 2).   

3. Hospital administrators consistently cited physician 
availability as the primary issue that could jeopardize 
access to trauma centers.  The shortage of orthopedic 
surgeons was especially pronounced.  Not surprisingly, 
the majority of trauma coverage was through physi-
cians in private practice (Fig 4).  Signifi cant numbers 
of the on-call private physicians were being paid to be 
on-call (Fig 5).  This was especially true for general/
trauma surgeons. 

4. Trauma care has become less attractive to physicians.  
Factors related to this problem included:
• Inadequate reimbursement.  This affected private 

physicians more than those in university practice.  
Trauma patients were more likely to be uninsured 
than other patients (fi g 6) and their care disrupts 
the care of other, more lucrative patients with 
higher reimbursement rates.

• Malpractice concerns.
•. Quality of life issues.
• The dwindling supply of trauma surgeons.

5. Public insurers (including Medicare and Medicaid) 
reimburse trauma care at levels below the actual cost 
of care (Fig 7).

6. Analysis of triage effectiveness in the State found that 
a large number of critically injured trauma patients are 
not treated in designated trauma centers, while many 
moderately injured patients receive the highest level of 
trauma care. 

The JLARC report also offered a variety of potential 
methods for the legislature to support Trauma Centers in 
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Virginia. Partially as a result of this report, the legisla-
ture created a “Trauma Fund” to be supported by monies 
collected as fi nes from repeat offenders of DUI laws 
and from individuals seeking to reinstate a suspended 
driver’s license.  It is expected that this fund will raise 
funds to cover approximately 10% of Trauma Center 
losses in Virginia.

CONCLUSION

Trauma Centers in America are facing increasing chal-
lenges to their operational integrity.  Some of these chal-
lenges are similar to those faced in past years but there 
are new challenges that arise predominantly from the 
diffi culties in securing specialty on-call coverage and 
from the dwindling numbers of physicians interested in 
caring for trauma patients.  These manpower issues are 
unlikely to disappear in the foreseeable future since they 
are rooted in basic trends affecting Medicine and Surgery.  
Most current solutions for the manpower shortages (espe-
cially the sub-specialty crisis) involve reimbursement for 
on-call coverage.  In the long run, such solutions run the 
risk of overextending trauma center fi nances (a “slippery 
slope”) and do not address the fundamental issues driving 
these manpower trends.  Other temporary solutions (such 
as Virginia’ Trauma Fund) offer short term relief but can 
also be exhausted by increasing volumes of patients and 
spiraling costs.  Fundamental solutions that address the root 
causes of this crisis in trauma care must be considered by 
policy makers and healthcare professionals to ensure the 
viability of our Trauma Centers.  

Figure 3. Note: Includes only those trauma centers reporting 
staffi ng levels for both 2004 and 1999.  Does not include Lynchburg 
General Hospital, Carilion New River Valley Medical Center and 
Orthopedic and Neurosurgeon levels at UVA Medical Center.
Source: JLARC staff analysis of survey data.

Figure 1. Source: JLARC staff analysis of trauma registry data

Figure 2
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Figure 4

Figure 5

Figure 6. Source: JLARC staff analysis of 2003 trauma center 
fi nancial data, excluding Southside Regional Medical Center.

Figure 7
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INTRODUCTION

The Guidelines for the Management of Traumatic Brain 
Injury introduced in 1995, was an evidence based document. 
This evidence based focus has continued in the fi eld of TBI 
management and has lead to a dynamic evaluation of the his-
tory and assumptions about how we treat the victims of TBI. 
This discussion has reached beyond TBI to areas of broader 
concern to health care such as the merits of an evidence 
based approach and the implementation of guidelines. This 
article will review some of the most recent developments in 
our understanding of the management of TBI.

SURGICAL GUIDELINES

A signifi cant recent development in the management of TBI 
has be the publication of the Guidelines for the Surgical 
Management of Traumatic Brain Injury(1). This document 
has been an evidence based examination of the most funda-
mental of all the treatments for the management of traumatic 
brain injury. The most interesting observation made by this 
effort has been fact that these time honored and tested inter-
ventions are supported by no more than Class III data and 
can be recommended at no more than the option level. 

Some practitioners fi nd this alarming. In fact these guide-
lines provide an opportunity to put some issues about an 
evidence based approach to health care into perspective. 

The fi rst of these issues is the “parachute issue.” Many 
practitioners who object to evidence based medicine are 
fond of bringing up the parachute argument. The parachute 
argument points out that we do not need to do a randomized 
prospective clinical trial to prove that parachutes work. We 
are certain that the control group would have very close 
to 100% mortality. We are so certain of this that to do the 
experiment would be unethical(2). 

The parachute argument is often inappropriately applied. 
What is not commonly understood about the parachute 
argument is that in the case of jumping from airplanes, we 
have a very good sense of the natural history of the event 
and of the outcome should we fail to intervene. We can be 
very certain that any intervention will improve on what are 
sure is a 100% mortality.

Unfortunately, for many injuries that we treat, the expected 
outcome is not as clear as the expected outcome of jumping 
from an airplane. As our certainty about the outcome with 
out intervention declines, our need for an evidence based 
approach rises. 

Secondly, it often goes unnoticed that we are not always 
clear on what outcome we are trying to change. In the 
case of jumping out of airplanes, we are trying to reduce 
our speed of impact to a survivable range. In the case of 
removing epidural hematomas, we are trying to save our 
patients for lives of high quality. What is interesting is that 
we have very little data which demonstrates that we do 
that. What perpetuates the practice of removing intracranial 
hematomas in patients with a unilateral fi xed and dilated 
pupil is the common observation that when we do this the 
pupil often comes down, which we assume means that the 
threat has been removed and that the patient will therefore 
do better. We have data to support this assumption but in 
fact, this assumption is probably correct. 

We need to be critical of how we apply the parachute argu-
ment but there are times when it is appropriate. If we open the 
abdomen and encounter audible hemorrhage, the outcome 
without intervention is clear; we do not need a randomized 
prospective clinical trial to validate what we must do. The 
parachute argument applies. So it is with the removal of mass 
effect. While our certainty about the outcome should we fail 
to remove mass effect in the head may not be as high as that 
for jumping out of airplanes or managing audible hemor-
rhage, it is high enough that we could not ethically propose 
an experiment to demonstrate improved outcomes with 
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removal. What the Guidelines for the Surgical Management 
of Traumatic Brain Injury have taught us is that in the case of 
removal of hematomas, the parachute argument applies. 

But not for all hematomas and not in all circumstances. The 
guidelines review what is known about when to remove 
hematomas.

Acute Epidural Hematoma

The Guidelines recommend that all epidural hematomas 
with a volume > 30cm2 be evacuated, regardless of the 
patient’s Glasgow Coma Score. The criteria for non opera-
tive management are a volume on CT > 30cm2, a thickness 
of < 15 mm and midline shift < .5 mm in a patient with a 
GCS > 8 and no focal defi cit. All of these criteria should be 
met for the patient to be managed non-operatively(3). 

Patients with an acute epidural hematoma,  anisocoria and a 
GCS <9 should undergo craniotomy “as soon as possible”, 
regardless of the size of the hematoma(3). 

No recommendation on the method of evacuation is made 
but the authors mention that craniotomy allows a more 
complete removal(3).

Acute Subdural Hematomas

For subdural hematomas, those with a thickness greater 
than 10mm or a midline shift greater than 5 mm should be 
evacuated regardless of the patient’s GCS. A patient with an 
acute subdural hematoma that is less than 10 mm thick  and 
midline shift less than 5mm but who has fi xed and dilated or 
asymmetric pupils, an ICP > 20 mmHg or a decline in GCS 
of 2 or more points from the time of injury to hospital admis-
sion should also have their hematoma removed(4). Patients 
with acute subdural hematomas also need to have their 
clots removed as soon as possible(4). Subdural hematomas 
should be removed using craniotomy with our without bone 
removal(4). All patients with a GCS< 9 and an acute subdural 
hematoma should be monitored with an ICP monitor(4).

Parenchymal Lesions

Parancymal lesions consist of interparenchymal clots and con-
tusions. Their management has always been less clearly defi ned 
than the management of epidural and subdural hematomas

Focal parenchymal lesions should be removed in three cir-
cumstances. Any patient with a parenchymal mass lesion 
and signs of progressive neurological deterioration due to the 
lesion, medically refractory intracranial hypertension, or signs 

of mass effect on computed tomographic (CT) scan should be 
treated operatively(5). Any patient with any lesion greater than 
50 cm3 in volume should be treated operatively(5). Patients 
with Glasgow Coma Scale (GCS) scores of 6 to 8 with frontal 
or temporal contusions greater than 20 cm3 in volume with 
midline shift of at least 5 mm and/or cisternal compression on 
CT scan should be treated operatively(5).

Craniotomy with evacuation of mass lesion is recom-
mended for these patients(5).

Patients with parenchymal mass lesions who do not show 
evidence for neurological compromise, have controlled 
intracranial pressure (ICP), and no signifi cant signs of mass 
effect on CT scan may be managed nonoperatively with 
intensive monitoring and serial imaging(5).

For patients with diffuse cerebral swelling, bifrontal 
decompressive craniectomy within 48 hours of injury is a 
treatment option. These patients should have diffuse, medi-
cally refractory posttraumatic cerebral edema and resultant 
intracranial hypertension(5).

In addition to bifrontal decompressive craniectomy other 
decompressive procedures, including subtemporal decom-
pression, temporal lobectomy, and hemispheric decom-
pressive craniectomy, are treatment options for patients 
with refractory intracranial hypertension and diffuse paren-
chymal injury with clinical and radiographic evidence for 
impending transtentorial herniation(5).

Posterior Fossa Lesions

Posterior Fossa lesion as particularly dangerous. These 
lesions often do not manifest their mass effect may mental 
status change but rather by vital sign changes. These 
changes are often subtle and missed  with the ensuing her-
niation then presenting as cardiopulmonary collapse.

Patients with mass effect on computed tomographic (CT) 
scan or with neurological dysfunction or deterioration 
referable to the lesion should undergo operative interven-
tion. Mass effect on CT scan is defi ned as distortion, dislo-
cation, or obliteration of the fourth ventricle; compression 
or loss of visualization of the basal cisterns, or the presence 
of obstructive hydrocephalus. The operation should take 
place as soon as possible. A suboccipital craniectomy is the 
procedure most commonly performed(6).

Patients with lesions and no signifi cant mass effect on CT 
scan and without signs of neurological dysfunction may be 
managed by close observation and serial imaging(6).
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Depressed Skull Fractures

The management of patients with depressed skull fractures has 
remained fairly standard for many years, although there has 
been a recent trend towards more non-operative management. 
Patients with open (compound) cranial fractures depressed 
greater than the thickness of the cranium should undergo 
operative intervention to prevent infection although nonopera-
tive management is appropriate for patients with no clinical or 
radiographic evidence of dural penetration, signifi cant intra-
cranial hematoma, depression greater than 1 cm, frontal sinus 
involvement, gross cosmetic deformity, wound infection, pneu-
mocephalus, or gross wound contamination. Closed (simple) 
depressed cranial fractures may be treated non operatively(7). 

Early operation is recommended to reduce the incidence of 
infection. And elevation and debridement is recommended 
as the surgical method of choice. Replacement of the bone 
at the time of surgery is appropriate if no infection is present 
and antibiotics should be started on all patients with open 
(compound) depressed fractures(7).

HYPERVENTILATION

The realization that lowering the pCO2 could reduce brain 
swelling is at least 40 years old. In his description of the 
fi rst management of cerebral swelling using continuous 
ICP monitoring in 1959, Lundberg described the use of 
hyperventilation in the management of elevated ICP.(8) 
Subsequently, most large centers incorporated hyperventi-
lation into their ICP protocols. 

Surprisingly, little work was ever done to confi rm that it 
actually improved patient outcomes. Most practitioners 
apparently continued to use hyperventilation in their man-
agement of elevated ICP motivated not so much by the 
available literature as by the fact that it appeared to work, 
at least measured by its ability to reduce a dilating pupil, if 
not improve outcome.

In the early 1970s, work by Raichle pointed out that hyper-
ventilation in addition to reducing cerebral swelling also 
reduced cerebral blood fl ow. Raichle also pointed out that 
prolonged hyperventilation had not been shown to be ben-
efi cial to patients(9).

Obrist published work on cerebral blood fl ow after trauma 
which demonstrated that hyperventilation reduced cerebral 
blood fl ow far more consistently than it reduced ICP(10).

Furthermore, Raichle’s assertion that prolonged hyper-
ventilation might not be benefi cial was carried further by 

work by Muizelaar which demonstrated that patients who 
were hyperventilated for prolonged periods of time actually 
did worse at 3 and 6 months from the time of injury(11). 
The fi rst edition of the Guidelines for the management of 
Severe Brain Injury therefore included cautions about the 
use of hyperventilation and suggested limiting its use to 
emergencies and ICP management scenarios where most 
other fi rst tier therapies had failed(12). 

Because of the evidence that hyperventilation can cause 
cerebral ischemia and because of the increasing awareness 
that its effi cacy on outcome has never been demonstrated, 
hyperventilation is being used more judiciously. What keeps 
it appropriately in the armamentarium of most providers for 
emergency response to elevated ICP or a dilating pupil is the 
fact that in most provider’s experience, it will bring down the 
pupil or the ICP a signifi cant percentage of the time.

HYPEROSMOLAR THERAPY

Hyperosmotic therapy was fi rst proposed in 1919 by Weed 
and McKibben who noted that infusion of intravenous dis-
tilled water increased brain tissue mass and infusion of 30% 
saline dehydrated the brain(13). Fremont-Smith and Forbes 
began the clinical use of hyperosmolar urea the late 1920s(14). 
Javid became aware of urea’s dehydrating properties in 1956 
and published an extensive clinical experience with it in 
controlling cerebral edema, popularizing its use(15-17). In 
1962, Mannitol was proposed as a hyperosmotic agent(18). 
Although urea could be given in much smaller volumes than 
mannitol, mannitol replaced urea as the hyperosmolar agent 
of choice because of concerns about rebound intracranial 
hypertension associated with urea’s use(19;20). Recently, 
hypertonic saline has been proposed as an alternative hyper-
osmotic agent, with volume expansion qualities as well as 
brain dehydrating qualities(20-27).

Hyperosmolar therapies reduce ICP by two distinct mecha-
nisms. The commonly- appreciated mechanism is via the 
establishment of an osmolar gradient across the blood brain 
barrier, with the gradient favoring the fl ow of water out 
of the brain and into the circulation. This mechanism is 
estimated to require 15- 30 minutes to act and can last 90 
minutes to six hours.

Osmolar agents, however, can act in a much shorter time 
frame via a second mechanism. These agents also improve 
the rheology of the blood via plasma expansion, reduced 
hematocrit and reduced blood viscosity resulting in more 
effi cient cerebral blood fl ow. This increased effi ciency 
means that at any given CPP, the cerebrovascular resistance 
will be higher, the cerebral blood volume will be lower, ICP 
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will therefore be lower while cerebral blood fl ow remains 
unaltered(28). Mannitol and hypertonic saline are believed 
to utilize both of these mechanisms(29).

MANNITOL

Mechanism of Action

Mannitol has long been accepted as an effective tool for 
reducing intracranial pressure(30-34). Numerous mecha-
nistic laboratory studies support this conclusion. Its impact 
on outcome has never, however, been directly demon-
strated via a Class I trial testing mannitol against placebo. 
Schwartz conducted a Class I study comparing mannitol to 
pentobarbital which failed to demonstrate the superiority of 
pentobarbital and which did demonstrate better outcomes 
and maintenance of CPP in the mannitol group(33). 

Recently, however, Cruz has published 3 Class II studies 
demonstrating benefi t of high dose mannitol vs. conventional 
dose mannitol in the very early stages of a patient’s treat-
ment. Patient populations with acute subdural hematomas, 
temporal lobe hemorrhages and diffuse brain swelling have 
been studied. Patients who received early high dose mannitol 
had better preoperative improvement of pupillary widening 
and better Glasgow Outcome Scores at 6 months(35-37). 

Rate of Infusion

There is a commonly held belief that mannitol administration 
can cause or exacerbate hypotension in the early resuscita-
tion of trauma victims. There is Class III data that infusion 
of mannitol at rates of 0.2-0.8 g/kg/min can lead to transient 
drops in blood pressure(38-40). From these observations, a 
recommended rate of no higher than 0.1 g/kg/min or 1 g/kg 
delivered over 10 minutes or more is recommended(28). 
Careful monitoring of urine output with aggressive replace-
ment of this fl uid loss is also recommended to prevent hypo-
tension associated with the use of mannitol.

Sayre et al. tested the hypothesis that mannitol would exac-
erbate hypotension in a prehospital environment in a Class 
II study. Patients were randomized to a mannitol or normal 
saline group. Mannitol was allowed to be given rapidly 
over as little as 5 minutes. No difference in heart rate or 
blood pressure was observed over the two hour subsequent 
observation period between the two groups(41). 

Dose

Mannitol can be given in response to an elevated ICP or as 
a continuous drip in a more prophylactic fashion. Class II 

data have found bolus administration to be effective and 
some Class III data have found no difference between the 
two routes(30;32;42-45)5.

Mannitol and other hyperosmotics are known to be able to 
briefl y open the blood brain barrier. Furthermore, at rates of 
administration which exceed the rate of excretion of man-
nitol, mannitol can accumulate in the extracellular space. 
These factors lead to the accumulation of mannitol in the 
extracellular space and a reverse osmotic gradient which 
can lead to a “rebound effect” or movement of water into 
the brain. Class III data suggests that this effect is more 
likely with continuous infusion of mannitol as opposed to 
bolus administration(46;47)7. 

Class II and Class III data have shown that doses of 0.25 
– 1.0 g/kg of mannitol may be needed to achieve a reduc-
tion in ICP. This required dose varies from patient to 
patient and even may vary from time to time in the same 
patient(32;47;48)3.

The more recent Cruz data show that doses from 1.4 – 2.1 
g/kg can be effective in early in a patient’s care in response 
to pupillary widening, declining mental status or asym-
metric motor examination, with benefi cial effects on papil-
lary response and outcome(49-52). 

HYPERTONIC SALINE

Hypertonic saline offers an attractive alternative to mannitol 
as a therapy for elevated intracranial pressure. Its ability to 
reduce elevated ICP has been demonstrated with Class II and 
III data in the ICU and in the operating room(25-27;53). 

Hypertonic saline has been used in two very different ways in 
the resuscitation of trauma victims. In addition to being pro-
posed as a hyperosmolar agent for the management of elevated 
ICP, it is also advocated as a low volume resuscitation fl uid. 
While the qualities that make it useful both as a low volume 
resuscitation fl uid and as a brain- targeted therapy are related, its 
effi cacy in one role does not guarantee its effi cacy in the other. 
Each therapeutic endpoint must be analyzed independently.

There is no consensus on what is meant by “hypertonic 
saline”. Concentrations of 3%, 7.2%, 7.5%, 10% and 23.4% 
have all been used and described in the literature. There is 
no consensus on a standard concentration for reduction of 
ICP(21;25-27).

In addition, hypertonic saline is described in the literature 
as being administered in a variety of different ways. The 
goals and endpoints in each of these studies is different. 
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In some studies, hypertonic saline is given as an infusion, 
the goal of which is to elevate serum sodium to 155- 160 
mEq/L, although some investigators have gone as high as 
180 mEq/L. This elevated serum sodium is thought to help 
stabilize ICP and reduce the therapeutic intensity required 
to manage elevated ICP(54;55). 

Another way to use hypertonic saline is as a bolus in an 
attempt to achieve an immediate reduction in ICP. This 
method takes advantage of the rapid rheologic improve-
ment and improved cerebral blood fl ow which, like man-
nitol, hypertonic saline can create. 

Multiple animal studies and several human studies have 
demonstrated that hypertonic saline, as a bolus, can reduce 
ICP in a monitored environment such as the operating 
room or ICU where ICP monitoring is present(56-58). 
Comparison of these studies is diffi cult since they do not 
use the same concentrations or protocols. No study has 
demonstrated an effect on clinical indicators of herniation 
such as pupillary widening or posturing such as Cruz dem-
onstrated for mannitol.

One Class I study looked at the impact of prehospital hyper-
tonic saline on neurological outcome. In this study, hyper-
tonic saline did not demonstrate any advantage over normal 
saline on neurological outcome when given as a prehospital 
resuscitation fl uid(59). Based on this data, hypertonic saline 
is not yet a mainstream treatment for elevated ICP.

ADVANCED CEREBRAL MONITORING

Hypoxia has long been known to be a signifi cant source of 
secondary brain injury. Signifi cant Class II and III data have 
validated the concept that patients with an oxygen saturation 
<90% have signifi cantly worse outcome than patients whose 
oxygen saturations are >90%(60;61). Knowing that blood 
oxygen saturation is >90%, however, is a long way from 
knowing anything about oxygen delivery to the brain.

Several methods for measuring oxygen delivery to the brain 
are available. One method to estimate how much oxygen 
the brain uses is to measure how much oxygen it removes 
from the blood, the arterial-venous oxygen difference. This 
value is measured by measuring the oxygen content of the 
blood entering the cranial vault and the content of the blood 
leaving the cranial vault, which is done by placing a sensor 
or sampling catheter high in the jugular vein. By subtracting 
the oxygen content of the blood leaving the head from the 
content of the blood entering the head, a rough estimate of 
the brain oxygen utilization can be obtained. The resulting 
number is known as the AVO2 difference.

This number refl ects the balance between the oxygen deliv-
ered to the brain and the metabolic activity, and therefore 
the oxygen demand, of the brain. A metabolically active 
brain will require more oxygen and more delivery of 
oxygen than a quiet brain. The brain will be injured when 
this demand is not met. The AVO2 difference really assesses 
if brain demand is being met. 

The AVO2 difference is useful, but some estimates of the 
adequacy of oxygen delivery to the brain can be made by 
simply measuring the saturation of blood leaving the brain 
in the jugular bulb, the SjvO2. Most patients have satura-
tions of 55-69% in blood leaving the brain. 

SjvO2 appears to adequately refl ect the status of oxygen 
delivery to the brain. While it has never been shown that 
maintaining SjvO2 in the normal range improves outcome, 
multiple studies have shown that patients with increased 
numbers of episodes of SjvO2 desaturation <50%  have 
worse outcomes (10;62-65). 

A more direct approach, however, is to measure cerebral 
tissue oxygen tension. This can be measured via cerebral 
tissue oxygen monitoring. Normal cerebral tissue oxygen 
pressures, PbrO2, are approximately 32mmHg. Studies have 
shown that patients whose PbrO2 is allowed to dip to 15 or 
lower do signifi cantly worse(66). Elegant work has stratifi ed 
patients into groups with episodes of progressively lower 
brain tissue oxygen pressures, with increasingly poorer out-
comes as the brain tissue oxygen pressure is allowed to go 
lower and the time the brain stays at these suppressed levels 
increases(65). Some brain tissue data has suggested that 
hypoxic brain injury is cumulative, that periods of recovery 
between episodes of hypoxia do not erase the negative effect 
of the hypoxia and that, in fact, multiple brief episodes of 
hypoxia can be as damaging as a single prolonged hypoxic 
event. One study compared TBI populations who were man-
aged in equivalent fashions for ICP and CPP control. The 
experimental group also had PbrO2 actively managed to stay 
above 25 mmHg.  The mortality rate in the historical control 
group was 44%, in the PbrO2 managed group, 25%(67). 

It appears that active management of cerebral oxygen 
delivery has the potential to improve outcomes from TBI. 
Applying technologies that allow the SjvO2 to be kept above 
50% and the PbrO2 above 15 mmHg is now a reasonable 
option to pursue in the management of TBI. 

CPP MANAGEMENT

Cerebral Perfusion Pressure is the difference between 
the mean arterial pressure and the Intracranial Pressure 
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(CPP=MAP=ICP). Maintaining the correct CPP has always 
been important in the treatment of TBI. The role of CPP in 
TBI is complex and our understanding of it is incomplete 
and controversial. Establishing what the correct CPP should 
be is therefore diffi cult.

There are many reasons cited to maintain an adequate CPP. 
The most common is to reduce the incidence of secondary 
insults to the injuries brain. With this approach, the focus 
on CPP prevents inadvertent hypotension to the brain and 
reduced the incidence of secondary insults. The endpoint for 
this approach is a reduced number of hypotensive episodes.

A second reason to maintain adequate CPP is assure that 
the brain is functioning within the autoregulatory limits. 
Autoregulation uses cerebral vasodilation to maintain 
constant Cerebral Blood Flow in the face of varying CPP. 
For autoregulation to function, the CPP must be above a 
certain threshold. In injured brains, this threshold may rise. 
Maintaining the CPP above the autoregulatory threshold 
allows substrate delivery to be maintained via effi cient fl ow 
rather than large volume. As cerebral vasoconstriction is 
allowed to work, Cerebral Blood Volume (CBV) falls. The 
endpoint for this approach is to assure that the autoregula-
tory threshold is met.

In general, a CPP designed to reduce the number of hypoten-
sive episodes will be above the autoregulatory threshold but 
it should not be forgotten that these are two separate goals.

Yet another way to evaluate the effectiveness of CPP is 
to look at is effect on oxygen delivery to the brain, the 
PbrO2. In these studies, above a certain CPP threshold, 
PbrO2 is no longer dependant on CPP. In most studies this 
threshold is 60 mmHg, in one it is 70 mmHg. One caveat to 
this approach to CPP management is the issue of regional 
ischemia. It is well documented that in many TBI victims, 
there can be areas of injury that can be saved if adequately 
perfusion. These areas may have lost autoregulation and 
will require higher CPP than the non injured areas of the 
brian(68;69). While a CPP of 60 mmHg may be adequate 
for most of the brain, it will be inadequate for the injured 
areas of greatest interest. Guiding therapy based on average 
CPP for the whole brain will result in suboptimal perfusion 
and treatment for these areas of injury. Patients with areas 
of regional ischemia may require higher CPP(70).

A fourth school of thought, the advocates of “Lund 
Therapy,” believe that elevated CPP increases transcapillary 
hydrostatic pressure, increasing cerebral edema and mass 
effect. While not advocating the old practice of keeping 
TBI patients dry, this group believes that once the goals 

of adequate cerebral perfusion, meeting the autoregulatory 
threshold and preventing hypotensive episodes are met, 
further increases in CPP are detrimental.

Robertson et al. examined some of these issues in a study 
published in 1999. In this Class I study, patients were ran-
domized to either a CBF targeted therapy or an ICP targeted 
therapy. In the ICP treatment group, standard ICP control 
strategies were used, MAP > 70, CPP > 50. Hyperventilation, 
with its subsequent ischemic effects, was included in the 
techniques being used to control ICP. In the CBF group, 
much more aggressive CBF management was utilized with 
MAP>90, CPP> 70 and, while elevated ICP was controlled, 
hyperventilation was not used as a modality(71).

The study showed that CBF focused therapy was more suc-
cessful in meeting some of the surrogate markers of ade-
quate CBF. The incidence of SjvO2 desaturation was 50.6% 
in the ICP focused group and 30% in the CBF focused 
group. The median length of time the CPP was < 60 mmHg 
in the ICP targeted group was 13 hours, it was 4 hours in the 
CBF targeted group. The total length of time the SjvO2 was 
low for the ICP targeted group was 58.9 hours for the ICP 
targeted group and 7.8 hours for the CBF targeted group.

While CBF targeted therapy in this study demonstrated 
considerable improvement in many surrogate markers for 
CPP success, the study failed to show any improvement 
in outcome for CBF directed therapy over ICP focused 
therapy. Further the study showed that patients with CPP of 
70 mmHg had a higher incidence of ARDS. 

Multiple studies have looked on outcomes when CPP is 
maintained at 70 mmHg, none has convincing demonstrated 
improved outcomes(70). Oxygen delivery studies have dem-
onstrated that over a CPP of 60 mmHg, little improvement in 
cerebral oxygen delivery is achieved by higher levels, with 
the important exception of patients with regional ischemia. 
Patients whose CPP is kept at 70 mmHg appear to have a 
higher incidence of ARDS. While the advocates of Lund 
therapy would recommend a CPP of 50 mmHg, there is not 
enough data make this a widely accepted approach. The cur-
rent synthesis of this data appears to be that of Robertson 
which is that, except in cases of regional ischemia, a CPP of 
60 mmHg is adequate and no benefi t and some harm may 
come from elevating CPP to 70 mmHg(70).

BARBITURATE THERAPY

Barbiturate therapy or barbiturate “coma” can be used as 
a third tier therapy for elevated ICP when other more stan-
dard therapies have failed. It has  been demonstrated be 
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effective in reducing ICP(72). As is true with many thera-
pies for elevated ICP, studies have not been done which 
demonstrate that it improves outcome(73). 

Barbiturate therapy also carries with it a high morbidity(73). 
Barbiturates affect the function of not only the brain but 
also the heart and kidneys, among other organs. Signifi cant 
declines in the functioning of both of these organ systems 
can occur during therapy. For this reason, barbiturate coma 
should not initiated if the victim of malignant ICP is also 
hemodynamically unstable. Patient’s should be hemody-
nanmically stable prior to entering barbiturate therapy and 
should be carefully monitored to assure maintenance of 
hemodymanic stability during therapy. 

Propofol is commonly used as a sedative in TBI. While it 
is convenient and can be reversed quickly during the fi rst 
few days of use, there is little data that it useful for ICP 
control. Propofol has been associated with myocardial 
death in children and this complication is also possible 
in adults. Propofol infusion syndrome can present with 
hyperkalemia, hepatomegaly, lipemia, metabolic acidosis, 
myocardial failure, and rhabdomyolysis.. The possibility of 
this complication must be considered in propofol is used in 
doses greater than 5 mg/kg/hr or for more than 48 hrs(74).

HYPOTHERMIA

It has long been suspected that cooling the brain would have 
a protective effect and limit injury. Anecdotal observations of 
phenomenon such as brain survival after prolonged immer-
sion and near drowning in very cold have lead providers to 
assume that the cold provides some benefi cial effect. 

Hypothermia has been shown to reduce elevated intracra-
nial pressure(75-78). There is good also some clinical data 
which demonstrates that hypothermia has a benefi cial effect 
on the outcome from TBI(75;79;80).

The National Acute Brain Injury Study: Hypothermia 
(NABISH) study was a large randomized prospective clinical 
trial designed to demonstrate this benefi cial effect for hypo-
thermia on the outcome from TBI. It failed to do so(81). 

The study showed that there were groups, specifi cally 
younger patients, who did benefi t from hypothermia. There 
were several factors that may have hidden the benefi cial 
effects of hypothermia in this study. One of them was the 
high impact of the medical complications of the hypo-
thermia on older victims of trauma. This impact was so 
high, that the morbidity of the procedure out weighed the 
benefi t of the hypothermia for TBI(81).

Therapeutic hypothermia for TBI is considered to be the 
rapid reduction and maintenance of a core body temperature 
to 32-35º C for 48 hours or less is a complex therapy to per-
form. Most practitioner are not aware that to be effective, 
the decision to induce the hypothermia must be made almost 
immediately upon presentation and the patient must have the 
hypothermia induced and reach target temperature within 60 
or perhaps even 30 minutes of presentation(82). Once the 
hypothermia is induced, careful management of electrolytes, 
in particular potassium, is essential. Rewarming requires 
careful cardiac monitoring and detailed monitoring of the 
electrolyte and fl uid shifts that occur during this period.

The therapy has no demonstrated effi cacy as a third tier 
therapy that could be considered for use several days into 
treatment as other therapies fail(82).

Because of this complexity, hypothermia requires a sophis-
ticated and nimble hospital infrastructure. The rapid cooling 
and unique monitoring tasks require advanced nursing exper-
tise. This capability must be available 24/7since the capa-
bility must be available within 30 minutes of the patient’s 
presentation. This requirement mandates a commitment to 
extensive nursing training for large numbers of nurses.

Even the highly expert and well organized study group 
which lead NABISH had a diffi cult time assuring that these 
standard were uniformly and consistently met at the study 
hospitals(83). 

Although the NABISH study failed to demonstrate the effi -
cacy of hypothermia, many still believe that it has potential 
value as a therapy. Both the analysis of the factors which 
confounded the NABISH study and other research leave 
room for this opinion. What is clear, however, is that hypo-
thermia should only be performed at centers that are willing 
to make the substantial commitment to doing it correctly. It 
appears that marginal or inept application of this therapy 
at best will do no good and at worst will harm the patients. 
Centers wishing to use this therapy need to have physicians 
and nurses well trained in these techniques immediately 
available to presenting trauma victims, as well as the 
appropriate cooling technologies and ancillary services. 
For these reasons, it is anticipated that hypothermia will 
only be available to patients at large specialty centers.
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INTRODUCTION

Hemorrhage accounts for over 30 % of the mortality seen in the 
civilian population1 and over 50% of the mortality seen in military 
action.2 As such, this makes uncontrolled bleeding the leading 
cause of death in the military setting3 and second in the civilian 
trauma population.4 Although the rudiments of hemorrhage 
control, namely profi cient surgical technique, coagulation com-
ponent replacement, and prevention of hypothermia, will never 
be replaced, adjuncts in the form of local and systemic therapy 
hold promise in further reducing blood loss and decreasing mor-
bidity and mortality associated with trauma. These adjuncts hold 
the most promise in areas of so-called “non-surgical bleeding”. 
Primary interests and uses for the trauma surgeon have been 
in the areas of solid organ injury, retroperitoneal/pelvic injury, 
and in the pre-hospital abatement of hemorrhage until defi nitive 
operative management can be obtained.

Adjunts to hemostasis can be broken down into two broad 
categories; local and systemic. These local accessories can 
further be broken down into topical hemostats and tissue 
sealants/adhesives, with a great deal of overlap and mixing 
between the two. The early, rudimentary, but still used, 
hemostat groups include the gelatin matrices, the oxidized 
regenerated celluloses, and the collagens.

HEMOSTATS

These three categories of hemostats provide a scaffold upon 
which the host coagulation system can start to build clot in 
the injured area, but rely on the patient’s clotting factors to 
be functioning

Gelatin-based Topical Hemostats

The fi rst hemostats devised were the gelatins with Gelfoam, 
coming into clinical use in the 1945.5 Gelfoam has been a 

long-standing player in the hemostat world and is derived 
from a porcine source. It is a water-insoluble, off-white, 
nonelastic, porous, pliable product prepared from a purifi ed 
pork skin gelatin. Itis able to absorb and hold within its 
interstices, many times its weight of blood and other fl uids. 
It can be cut without fraying and does come in a powdered 
form. It is absorbed with in 4-6 weeks. Gelfoam can be 
applied dry or after being soaked in saline. It is important to 
eliminate air from the interstices and apply with moderate 
pressure until hemostasis is achieved. Generally the price 
per application is between $10-20.

Oxidized Regenerated Cellulose

Shortly after the introduction of the Gelfoam, the oxidized 
cellulose product Oxycel was introduced to the market and 
found to be effi cacious in arresting bleeding in the clinical 
setting in the fi eld of neurosurgery.6 This has in large part 
been replaced by Surgicel, which arrived on market in 
1960. These are derived from cellulose, a plant source, and 
as such has a low risk for transmitting any viral or prion 
related illness. The traditional Surgicel is light weight and 
compressible coming in sheets of varying size. It is resorb-
able, has reasonable clotting character, but poor adhering 
capability. The typical application is $10-20 and it can 
be applied to fl at surfaces, crevasses, or deep wounds. A 
new variant on surgical is the relatively newer oxidized 
regenerated cellulose, Nu-Knit. It is surgical with a thicker 
and sturdier construction. Advantages include being able 
to pack more effi ciently and the product will hold sutures 
easily. A 2” X 3” piece of nu-knit is $40-50.

Collagens

There was dearth in the development of new hemostats 
until the 1970’s when the utility of collagen products in 
abating hemorrhage was demonstrated.7 From these early 
beginnings a multitude of products have emerged including 
Avitene, Actcel, Ultrafoam, and Instat among many others. 
Their common mechanism involves increasing the sur-
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face area upon which hosts normal coagulation proteins 
can aggregate and potentially by activation of platelets.8,9 
Early clinical work showed that these collagen matrices 
achieved hemostasis earlier and decreased blood loss in 
the clinical arenas of neurosurgery,10 vascular surgery,11 and 
gynecological surgery.12 Differences in these three topical 
hemostat types are diffi cult to demonstrate13 and their use 
frequently is dictated by the hospital or surgeon preference. 
The source of these products is bovine collagen which has 
caused some concern in terms of transmission of animal ill-
nesses. It is biocompatible and absorbs in less than 30 days, 
but has poor adhering properties. The cost is typically $10-
20 per application. Topical thrombin is frequently added to 
any of the above to enhance performance.

HEMOSTAT/SEALANTS

Fibrin Glues

Fibrin glues, in general, are hemostatic agents that coagu-
late and seal upon application. They are made up from a 
fi brinogen concentrate and a thrombin/calcium solution that 
are kept separate and dispensed simultaneously resulting 
in the formation of a coagulum. The original glues were 
made from fi brinogen concentrate from the blood bank 
from single donor plasma and mixed with thrombin when 
needed. Several animal experiments have demonstrated 
effi cacy in adverse situations. In a swine hepatic injury 
model with hypothermia and coagulopathy, the use of fi brin 
glue had a signifi cant decrease in blood loss (Control: 875 
+/- 265 mL; Fibrin glue: 300 +/- 59 mL) and total fl uid 
resuscitation (Control: 2.9 +/- 0.4 L; Fibrin glue: 1.9 +/- 
0.3 L) Six of seven control pigs required packing, but none 
with fi brin glue did suggesting this could be a replacement 
or adjunct to packing severe liver injuryies.14 

This effi cacy has also been demonstrated in the clinical 
arena of solid organ injury management. In one study, 
Twenty-six patients sustaining hepatic or splenic trauma 
had fi brin glue either applied topically or injected into 
the parenchyma of solid organs. The glue was effective 
after one application in 21 patients and after a second in 
fi ve. Hemostasis was achieved despite coagulopathy and 
thrombocytopenia in eight patients and there were no re-
explorations for bleeding.15 In another study, fi brin glue 
(FG) was used to achieve hemostasis of 16 splenic injuries 
of varying etiology. The intraoperative blood loss averaged 
1.8 +/- 2.4 (SD) liters and patients were transfused 3 +/- 2 
units of blood perioperatively with the amount of fi brin 
glue required to achieve splenic hemostasis averaged 11 
+/- 8 ml and varying directly with the grade of injury. Only 
one patient with a splenic hilar vascular injury (Grade V) 

underwent splenectomy.16 With the use of special applica-
tors the technique has been used in the laparoscopic man-
agement of trauma also.17,18

Tisseel

This was the fi rst commercially available fi brin glue/sealant 
available, entering the market in 1998. The product has 4 
components some of which must be kept refrigerated until use. 
The freeze-dried protein sealer is reconstituted in a fi brinolysis 
inhibitor solution and the thrombin is reconstituted in a calcium 
chloride solution. The protein sealer mixture must be heated in 
a special bath. The two are then mixed as they are applied by a 
syringe mechanism that has a single applicator connected to the 
two syringes. The effi cacy and safety of this fi brin sealant as 
a topical hemostatic agent in was demonstrated in reoperative 
cardiac in a multicenter study (n=333 in 11 centers). In 92.6% 
of cases, bleeding was controlled within 5 minutes using fi brin 
sealant, compared with a 12.4% success rate using conven-
tional topical agents (p<0.001). Fibrin sealant also controlled 
82.0% of the bleeding episodes not initially controlled by con-
ventional agents. Only 1.8% of patients receiving fi brin sealant 
lost more than 1499 mL blood within 12 hours, compared with 
14.3% in conventionally treated controls (p<0.05).19 Although 
the storage and processing can be laborious, the price has come 
down to approximately $250 per application.

FloSeal

This Baxter product has been on the market for approxi-
mately 5 years and has met with great success. It consists 
of a bovine gelatin matrix, human thrombin (pooled human 
plasma), and calcium chloride. The calcium is added to 
the thrombin and then the mixture is added to the gelatin 
matrix via a two syringe mixing system. The slurry is then 
applied with one of the syringes. If application is delayed 
the mixture will harden and not be usable.

Floseal performed well in the lab. In a model of renal injury 
in rats comparing Floseal to gelatin sponge mean blood loss 
was less in the Floseal group than gelatin sponge bolster 
compression alone (202.4 mL vs. 540.4 mL, respectively, p 
= 0.016) and hemois was complete in 60% (three out of fi ve) 
of experimental animals after 2 minutes, but was incom-
plete in all control animals.20 In a liver injury rat model 
FloSeal was associated with a reduction in the amounts of 
fl uid lost into the abdominal cavity (p < 0.01) (19.2 +/- 1.5 
versus 25.1 +/- 1.5 g) and enhanced mean arterial pressure 
at 5, 20, and 30 minutes after injury (p = 0.02).21 

Early clinical studies are also promising showing 97% vs. 
77% control of bleeding at ten minutes in cardiothoracic 
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patients when compared to gelatin matrix and thrombin.22 In 
another study of a surgical sub-population, 18 patients with 
FloSeal placed after sinus surgery. Had comparable time 
to cessation of bleeding and no impairment of healing.23 
Floseal is easier to store and mix, but also costs more at 
approximately $250 per application 

Costasis

This hemostat uses both bovine collagen as well as thrombin. 
The fi brinogen source is harvested in the operating room 
using the patient’s blood and some special equipment. This 
product has been on market for approximately 5 years and 
has performed well in a number of surgical settings. In an 
industry sponsored study of surgical patients, hemostatis 
was achieved in more than 90% (153/167) of CoStasis 
subjects compared with 58% (88/151) of control subjects 
(P =.01). The duration of bleeding was also signifi cantly 
shorter with CoStasis. The median time to controlled 
bleeding (42 seconds vs 150 seconds, P =.0001) and time to 
complete hemostasis (75 seconds vs 252 seconds, P =.0001) 
were both markedly longer with the control intervention. 
This effect was realized in general surgery (77/79 vs 49/75, 
P =.01), hepato-biliary (38/39 vs 20/29, P =.01), cardiac 
(28/37 vs 17/37, P =.02), and orthopedic surgery (10/12 
vs 2/10, P =.01).24 This technique has also been applied in 
the fi eld of trauma in the specifi c case of retroperitoneal 
bleeding. In a study by Bochicchio, a total of 78 patients 
received a fi brin glue or Gelfoam and Thrombin. The latter 
group had a signifi cantly greater number of early postop-
erative transfusions (p < 0.001) and a longer hospital (p < 
0.001) and intensive care unit length of stay (p < 0.007).25

Coseal

This innovation is the most recent addition to the hemostat/
sealant group. It gained approval and access to the market 
in 2003. The application is very similar to the double bar-
reled injector used in the Tisseel product. Its distinct advan-
tage over other glues is that it contains no human or animal 
components, giving it an advantage over other products in 
terms of potential infectious disease of allergic complica-
tions. The active ingredients are two polyethyleneglycols 
which form a coagulum upon contacting one another.

The potential of this new hemostat/sealant has been dem-
onstrated in some limited settings. In the elective vascular 
surgery setting, anastomotic suture hole bleeding was 
treated intraoperatively with Gelfoam/thrombin or CoSeal. 
Grafts treated with CoSeal achieved immediate anastomotic 
sealing at more than twice the rate of subjects treated with 
Gelfoam/thrombin (47% vs 20%; P<.001). Consequently, 

the median time needed to inhibit bleeding in control sub-
jects was more than 10 times longer than for experimental 
subjects (16.5 seconds vs 189.0 seconds; P =.01).26 This 
success was duplicated in another elective vascular setting. 
In a randomized controlled trial, CoSeal was compared to 
Gelfoam/thrombin for managing anastomotic bleeding after 
implantation of Dacron grafts during aortic reconstruction for 
nonruptured aneurysms. CoSeal treated suture lines achieved 
immediate sealing following reestablishment of blood fl ow 
more frequently when compared with Thrombin/Gelfoam 
treated anastomoses (48 of 59 (81%) vs 10 of 27 (37%); P 
= 0.002)].27 The only reported trauma application has been 
in the treatment of persistent traumatic pneumothoraces, 
a testament to its properties as a sealant.28 The price of an 
application of Coseal is approximately $1,400.

A summary of the available Hemostats and Sealants is in 
Table1.

NEW INNOVATIONS

One of the downsides of many of the Hemostats/Sealants 
is that they can be ineffective in the setting of profuse 
bleeding and in uncontrolled circumstances. The hemostats 
tend to have poor adhering properties and the sealants are 
applied as liquids prior to hardening and can be washed 
away prior to setting. They are also more diffi cult to apply 
successfully when large surface areas are bleeding. The 
military has been seeking fi eld dressings which are easy 
to apply in adverse circumstances, store well, and achieve 
adequate hemostasis in a wet fi eld. The products of interest 
include the dry fi brin sealant dressings, several polysacha-
rride products, and granular zoolite.

Dry Fibrin Sealant

The most prominent of the dry fi brin sealant products is 
Tachocomb. It is not currently available in United States, 
but has been used extensively in Europe. It is comprised of 
dressing with impregnated lyophilized human thrombin and 
fi brinogen and can be applied to wounds as a dry dressing. 
Extensive animal research have demonstrated effi cacy in 
vascular,29 soft tissue,30 and visceral injury. 

Several studies have shown promise in the area of severe 
liver trauma. In hypothermic and coagulopathic swine 
Holcomb et al. showed decreased blood loss (669 mL, 
(range, 353-1,268 mL), versus 3,321 mL (range, 1,891-
5,831 mL) and 4,399 mL (range, 2,321-8,332 mL) observed 
in the packing and IgG groups, respectively (p<0.01). There 
was also a signifi cant decrease in resuscitation volume and 
the one-hour survival in the dry fi brin sealant group was 
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83%, whereas survival in the packing and IgG groups were 
0% (p < 0.05).31 In a separate study by the same group no 
evidence of intrahepatic abscess, unusual adhesions, or 
hepatic vein, vena caval, or pulmonary thromboses were 
noted in the long-term survival animals.32 In another model 
of solid organ injury, rats undergoing partial nephrectomy 
showed a decrease in blood loss when treated with a dry 
fi brin sealant dressing when compared to control dressings 
(3.39 +/- 0.63 mL) versus (8.64 +/- 2.26 mL) (p < 0.001) 
and less of a decrease in the mean arterial pressure (34.09 
+/- 15.58%) versus (59.66 +/- 16.19%) (p = 0.015).33

Glycosaminoglycans

These new polysaccharide-based hemostats/sealants fall 
into two categories based upon the level of polysaccharide 
acetylation. Hemcon (Sigma Chemicals Inc.) uses chitosan, 
a natural polymer of N-acetyl glucosamine, refi ned from 
crustacean shells, which has varying molecular weights, 
compositions, levels of acetylation, and confi gurations. 
The Rapid Deployment Hemostat (RDH) Trauma Dressing 
(Marine Polymer Technologies Inc.) uses Poly-N-Acetyl 
glucosamine manufactured from large-scale microalga 
cultures, which yield polymers of fully acetylated polysac-
charide molecules capable of stimulating platelets ligands 
and causing activation.34 Poly-N-Acetyl glucosamine initi-
ates platelet activation as demonstrated by platelet surface 
elaboration of phosphatidylserine, P-selectin, and αIIbβ3 
Integrin. Platelet IIbβ3 inhibitors prevented fi brin polymer-
ization.35 Poly-N-Acetyl glucosamine also induced Factor 
X binding with platelets.36 Others mechanisms which may 
promot hemostatsis include red cell interactions with poly-
N-acetyl glucosamine is mediated via ionic interactions 
with cell surface proteins. This does not appear to occurs 
with the chitosans.37

These materials have been tested extensively in several 
animal models. In two models of arterial injury the RDH 
product showed effi cacy. In a femoral arterial injury model, 
the Rapid Deployment Hemostat bandage outperformed 
guaze and Tachocomb (Fibrin bandage). The average blood 
loss in the gauze group was 35cc’s±14% vs, 14cc’s±9% in 
the RDH group. In an aortic injury model RDH achieved 
hemostasis in 100% of injuries as opposed to 40% and 20% 
for Tacho comb and gauze respectively.38 

Although originally designed as fi eld dressings the glucos-
amines have shown promise in visceral injuries as well. In 
a swine coagulopathic liver injury model, animals were 
randomized to standard abdominal packing or packing plus 
RDH bandage. The RDH bandage reduced mortality, total 
blood loss, and total intravenous fl uid requirements and 

increased survival time when used as an adjunct to standard 
abdominal packing after severe liver injury.39 In another liver 
injury experiment Hemcon was shown to reduce blood loss 
(264 mL; CI, 82-852 mL) compared with the gauze group 
(2,879 CI 788-10,513 mL) (p < 0.01), decrease fl uid use in 
the chitosan group (1,793 CI 749-4,291) compared with the 
gauze group (6,614 CI 2,519-17,363) (p = 0.03). Survival 
was seven of eight and two of eleven in the chitosan and 
gauze groups (p = 0.04), respectively. Hemostasis was 
improved in the chitosan group (p = 0.03).40 

The recent confl icts in Iraq and Afganistan have given 
opportunity to evaluate clinical effi cacy in the battlefi eld 
setting. In a review of 64 uses of the HemCon dressing in 
combat, dressings were utilized externally on the chest, 
groin, buttock, and abdomen in 25 cases; on extremities 
in 35 cases; and on neck or facial wounds in 4 cases. In 
66% of cases, dressings were utilized following gauze 
failure and were 100% successful. In 62 (97%) of the 
cases, the use of the HemCon dressing resulted in cessa-
tion of bleeding or improvement in hemostasis with only 
two reported dressing failures occurring in application 
to large cavitational injuries. Dressings were reported to 
be most useful on areas where tourniquets could not be 
applied to control bleeding and most diffi cult to use in 
extremity injuries. No complications or adverse events 
were reported.41 King and colleagues reported early use 
in the civilian population and in visceral injuries. Ten 
patients were enrolled: nine severe hepatic injuries, and 
one major abdominal vascular injury. All patients were 
hypothermic, acidotic, and clinically coagulopathic with 
intraoperative hemostasis being immediately obtained 
after RDH placement in 9 of 10 cases.42

Granular Zoolite (QuikClot)

This product works by creating marked water absorption, 
RBC and platelet aggregation, and an exothermic reaction. 
There are few clinical reports of the effi cacy of QuikClot, 
but there have been several animal studies which have 
suggested that if may be effi cacious. When compared with 
gauze gressing in a severe liver injury model post-treat-
ment blood loss was reduced with QuikClot (1,397 mL), as 
compared with gauze (5,338 mL) (p < 0.01). The survival 
rate was seven of eight in the QuikClot group and one of 
eight in the gauze group (p < 0.01). Peak temperature at 
the tissue interface was increased (p < 0.01) with QuikClot 
(93.3 +/- 10.5[degrees]C), as compared with gauze (37.5 +/- 
6.5[degrees]C).43 In a swine model of complex groin injury 
with complete division of the femoral artery and vein and the 
use of 1% ZH decreased blood loss and reduced mortality 
to 0% (p < 0.05).44 Other studies have caused concern when 
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application of the agent resulted in elevated tissue surface 
temperatures in excess of 95[degrees]C and internal tissue 
temperatures exceeding 50[degrees]C, 3 mm deep to the 
bleeding surface. Necrosis of fat and muscle were noted 
as well as full and partial thickness cutaneous burns.45 The 
clinical data on this product are confi ned to case reports.46 

COMPARISON STUDIES

Comparing the newer products to one and another is dif-
fi cult ay best. There does seem to be some experimental 
evidence that suggests the dry fi brin sealant may be more 
effi cacious in unbridled arterial hemorrhage. In a swine 
model of lethal extremity arterial injury when compared to 
QuikClot and a chitosan dressing, the fi brin sealant dressing 
reduced bleeding (p < 0.05) and prevented exsanguination 
in 10/15 (2/3) animals, and resulted in a signifi cantly longer 
average survival time (p < 0.0001).47 in a model of aortic 
hemorrhage in swine both chitosan dressing and fi brin 
sealant dressing stopped initial arterial bleeding that could 
not be controlled by a standard dressing, but fi brin sealant 
dressing secured hemostasis for up to 4 days, whereas the 
Chitosan dressing consistently failed within 2 hours after 
application.48 Other studies of arterial hemorrhage have 
supported this observation49 and it may hold true for large 
venous and liver injuries.50 A summary of the newer hemo-
static agents is in Table2

SYSTEMIC HEMOSTATIC AGENTS

The trauma surgeon must always be cognizant of the 
role of host systemic factors in hemostasis. Prevention of 
hypothermia and replacement of clotting factors lost to 
hemorrhage are rudimentary and should not be forgotten. 
An additional promising implement on the systemic side of 
hemostasis is the use of recombinant Factor VIIa.

Factor VIIa

This agent was originally designed and used for hemo-
philiacs resistant to Factor VIII administration. Its 
application to the trauma patient was supported by early 
laboratory work which demonstrated an effect in arresting 
non-surgical hemorrhage. Pilot studies in adult swine with 
induced liver injury showed enhanced in vitro coagulation 
(prothrombin time, activated partial thromboplastin time, 
thromboelastographic split-point and R times) with rFVIIa 
administration51 and a 43% vs 0% mortality in controls 
vs factor VIIa treated animals and higher blood pressure 
in the treatment group.52 Other liver injury models have 
supported the above observations and demonstrated an 
signifi cant decrease in blood loss53 and ability for Factor 

VIIa to improve the coagulation profi le despite profound 
hypothermia.54

Several case-series demonstrated the promise of Factor VIIa 
in the trauma setting. Martinowitz and colleagues reported 
cessation of bleeding, shortening of prothrombin time from 
24 seconds (range, 20-31.8 seconds) to 10.1 seconds (range, 
8-12 seconds) (p < 0.005) and activated partial thrombo-
plastin time 79 seconds (range, 46-110 seconds) to 41 seconds 
(range, 28-46 seconds) (p < 0.05) in 7 massively transfused 
trauma patients (median 40 units of PRBCs) that failed con-
ventional methods to obtain hemostasis.55 Two case-control 
studies confi rmed improved coagulation profi les with The 
average pro-thrombin time being 19.6 vs 10.8 in the Factor 
VIIa group (p<0.00001)56 and a decrease in transfusion 
requirements with the rFVIIa group required signifi cantly 
fewer PRBC transfusions than the control group (18.3 +/- 
7.5 vs. 22.0 +/- 9.7; p = 0.036), fewer platelet transfusions 
(1.4 +/- 1.2 vs. 2.3 +/- 2.1; p = 0.01), and less cryoprecipitate 
(0.59 +/- 0.54 vs. 1.5 +/- 1.8; p = 0.006).57 
 
In a compilation of studies, a total of 117 patients were 
found in 8 case series and 24 case reports and rFVII was 
effective in restoring hemostasis in 99/117 (85%) patients 
with 76/99 (77%) surviving to hospital discharge. In trauma 
patients, hemostasis was achieved in 20/26 (77%) patients 
and 17/20 (85%) survived. There were 5 (4%) thromboem-
bolic events observed in the 117 cases and much disparity 
was noted with the initial dose.58 Finally, in a randomized 
prospective study of 301 (143 blunt trauma patients and 
134 penetrating) patients, Boffard et al. demonstrated a 
signifi cant reduction in transfusion (2.6 RBC units, (p = 
0.02)) was noted in blunt trauma patients receiving rFVII 
and the need for massive transfusion (>20 units of RBCs) 
was reduced (14% vs. 33% of patients; p = 0.03). In pen-
etrating trauma, similar analyses showed trends toward 
rFVIIa reducing RBC transfusion (estimated reduction of 
1.0 RBC units, p = 0.10) and massive transfusion (7% vs. 
19%; p = 0.08). Trends toward a reduction in mortality and 
critical complications were observed.59 
 
The cost of NovoSeven is $1128.75 for a 1.2 mg vial, 
$2257.50 for a 2.4 mg vial and $4515 for a 4.8 mg vial. 
The doses used in trauma patients are generally 90–200 μg/
kg, which amounts to about $10 000 for a 70 kg man.60 As 
such, guidelines for its use should try to avoid futile admin-
istration. Early work in this area has demonstrated that 
Revised Trauma Score (RTS), lactate, and pre-administra-
tion prothrombin time (PT) each predicted lack of response 
(p < 0.05 for each). An RTS of less than 4.09 and a PT of 
greater than or equal to 17.6 seconds were associated with 
futile administration of FVIIa.61
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Table 1. Available Hemostatics/Sealants.

Class Name/Company Mechanism Source Application
Gelatin Sponge Gelfoam/Pharmacia 

Surgifoam/Ferrosan
Provides matrix for normal 
coagulation

Porcine Applied as powder or in sheets

Oxidized regener-
ated Cellulose

Surgicel/Nu-knit/Ethicon
BloodStop/Life Science
Oxycel/Becton

Provides matrix for normal 
coagulation

Manufactured Applied in sheets. Nu-knit more 
durable able to be sutured 

Collagen Avitene/Bard
Actcel/Actsys
Ultrafoam/Davol
Instat/Ethicon

Provides matrix and acti-
vates platelets

Bovine Apply in sheets. Also with applicator 
for solution

Thrombin Thrombogen/
Gen Trac

Facilitates fi brinogen to 
fi brin

Bovine Reconstitute/Spray or soak gauze

Gelatin/Thrombin Floseal/Baxter Gelatin matrix with thrombin 
converting fi brinogen to Fibrin

Bovine Reconstitute thrombin/Mix with matrix 
in double syringe/Apply with one of 
the syringes

Fibrin Glue Tisseel/Baxter Includes Thrombin, 
Calcium, and fi brinogen 
which yields fi brin matrix

Human/Bovine Reconstitute (Fibrinogen+Aprotinin)
Reconstitute (Thrombin+Calcium)
Duploject (3-5 minutes to harden)

Collagen/
Thrombin

Costasis/Cohesion Collagen matrix with 
thrombin

Bovine Harvest fi brinogen in OR from patient’s 
blood/Mix collagen and thrombin/Mix 
and apply

Synthetics Coseal/Baxter 2 Polyethylene glycols mixed Manufactured Mix two syringes/Spray or syringe

Table 2. Newer/Experimental Hemostatic’s Characteristics

Name Active Ingredients Mechanism FDA Product Cost Company
Dry Fibrin Sealant 
Dressing

Fibrinogen, Thrombin, 
Factor XIII, Ca++

Concentrated coagulation 
factors; Fibrin crosslinking

IND 4 X 4 Dressing $500-1000/ 
Dressing

Tachocomb/Red 
Cross, Holland Labs, 
Rockville, MD

Rapid deployment 
Hemostat

Fully acetylated Poly-
N-acetyl-glucosamine

Concentrates RBCs, Platelets, 
factors; Vasospasm

Yes 4 X 4 Dressing $300/ 
Dressing

Marine Polymer 
Technologies, 
Danver MA

Chitosan Dressing Deacetylated Poly-N-
acetyl-glucosamine

Adherence/sealing, RBC 
and Platelet concentration

Yes 4 X 4 Dressing $100/ 
Dressing

HemCon, Tigard 
OR

QuickClot Granular Zeolite Absorbs water, concentrates 
RBCs, Platelets; Exothermic

Yes 3.5 oz/100 gm 
Granules

$10/Packet Z-Medica, 
Wallingford CT
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The use of hypertonic saline has been advocated in the 
resuscitation of trauma patients. Over 300 papers have 
been published in the past 25 years evaluating the safety 
and effi cacy of hypertonic saline in animal models and 
human studies. Despite the multitude of these investiga-
tions, controversy and questions remain about the role and 
value of hypertonic saline in trauma resuscitation. This 
review is intended to provide an overview of the literature 
and update of recent contributions that are redefi ning the 
role of hypertonic saline in trauma management.

TYPES OF HYPERTONIC SALINE

Hypertonic saline (HTS) refers to any saline solution that has 
an osmolality signifi cantly greater than plasma. (table 1) The 
most commonly referred to hypertonic saline solutions are 
3% and 7.5% normal saline although studies have utilized 
7.2% concentrations. The important point to consider is not 
the concentration but the amount and rate of solute infused 
that determines the effect. Hypertonic saline solutions result 
in a transient increase in plasma osmolality. The magnitude 
of hyperosmolality is dependent on amount of solute infused, 
blood volume, and rate of infusion. A standard 4 ml/kg bolus 
of 7.5% HTS would be expected to increase serum osmolality 
transiently by 30-50 mOsm resulting in an increased intersti-
tial to intravascular transcapillary force of 50-100 mmHg1. 
An increased intravascular to interstitial transcapillary force 
results in a net intravascular volume increase2. Frequently 
colloid containing solutions are added to increase the oncotic 
pressure and prolong the duration of hyperosmolar condition. 
Of the various colloid solutions combined with HTS, 6% 
Dextran 70 is most frequently used and has been found to be 
more effective than hetastarch3. The addition of Dextran 70 
has been found to result in a 2 fold greater net blood volume 
expansion at 120 minutes compared to HTS alone4.

PHYSIOLOGIC EFFECTS OF HYPERTONIC SALINE

Although commonly considered a physiologic fl uid, hyper-
tonic saline has additional pharmacologic considerations. In 
addition to increasing serum osmolality and net intravascular 
volume expansion, HTS has been shown to effect cardiac 
performance, pulmonary and systemic vascular resistance, 
microcirculatory fl ow, and immunologic function.

Blood Volume Expansion

As mentioned earlier, a signifi cant increased transcapil-
lary gradient is generated by HTS promoting net fl uid 
movement from intracellular and interstitial spaces into 
the intravascular space. This appears independent of prior 
dehydration status as animals without hydration for up to 
4 days demonstrate an effect5. Volume expansion is rapid, 
occurring shortly after initiation of HTS administration and 
reaching maximal shortly after completion of infusion. The 
maximal volume expansion is dependent on HTS volume 
(ml/kg) and rate administration. A maximal increase of 
approximately 3-4 ml per ml HTS infused has been reported 
which decreases, in the absence of Dextran, to less than 
1ml per ml HTS infused by 120 minutes.

Cardiac Performance

Hypertonic saline has paradoxical effects on cardiac 
performance. Hyperosmolality is a positive inotrope and 
chronotrope while hypernatremia has been associated with 
negative inotropy. Overall contractility and cardiac per-
formance are improved by HTS, mostly likely related to 
increased intracellular calcium concentrations6.

Pulmonary and Systemic Vascular Resistance

Hypertonic saline results in both pulmonary and systemic 
vasodilatation that is independent of increased blood 
volume. This is a result of HTS direct effect on vascular 
smooth muscle relaxation and can be associated with higher 
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rates of infusion. Excessively rapid infusion rates can result 
in transient hypotension that can be avoided when 250 ml 
HTS boluses are infused over 15 – 20 minutes. An additional 
impact on vascular resistance may exist in shock states 
where endothelial swelling can reduce luminal diameter and 
microcirculatory fl ow. Hypertonic saline has been shown to 
decrease endothelial swelling in hemorrhagic shock, thereby 
improving microcirculatory fl ow and perfusion7.

By increasing cardiac preload, and contractility, and decreasing 
vascular resistance (afterload), HTS improves cardiac output. 
These changes improve tissue perfusion and blood pressure in 
normovolemic and hypovolemic conditions.

Immunologic Function

Recently studies have demonstrated signifi cant changes in 
immunologic function related to HTS8, 9, 10. These changes 
involve T cells, neutrophils, and macrophages and appear 
to be related to hyperosmolar induced cell membrane defor-
mities. These deformities are related to duration and magni-
tude of the hyperosmolar condition. Intracellular signaling, 
especially via the infl ammatory modulating p38 MAPK 
pathway, is altered by HTS. Neutrophils appear particularly 
responsive to HTS infusions. This appears to be both con-
centration and timing dependent. If HTS is administered 
prior to PMN stimulation, HTS attenuates PMN activation. 
If administered after PMN stimulation, HTS will enhance 
oxidative burst and degranulation. In addition, HTS results 
in decreased PMN chemotaxis, rolling, and adherence. 
Therefore HTS appears to have major effects on key 
aspects of PMN activation and tissue injury. HTS inhibits 
macrophage but not PMN phagocytosis. Interestingly the 
effect of HTS on T cells may be to reverse post-traumatic 
immunosuppression and restore normal T cell function11.

CLINICAL UTILIZATIONS OF HYPERTONIC SALINE

Post-Traumatic Hemorrhagic Shock

It has long been noted that HTS will increase blood pressure 
following hemorrhage and that signifi cantly smaller vol-
umes than isotonic saline are effective. Animal studies have 
suggested that HTS 4 ml/kg is effective in restoring blood 
volume and reducing mortality from near uniformally fatal 
hemorrhage. This has been translated into human studies 
using fi xed 250 ml HTS infusions. In a multicenter prospec-
tive randomized blinded study evaluating 7.5% HTS with 
6% Dextran 70 250 ml versus isotonic saline 250 ml for 
post-traumatic hypotension, HTS signifi cantly improved 
blood pressure but failed to improve outcome12. On post 
hoc analysis, HTS did reduce mortality in patients with pen-

etrating injuries requiring surgery and was associated with 
reduced incidence of organ dysfunction. In a subsequent 
meta-analysis of 14 HTS studies in trauma, HTS without 
dextran failed to have any mortality advantage while HTS 
with dextran was associated with trend towards improved 
outcomes (OR 1.20, 95% C.I. 0.94 to 1.57, p=0.14)13. 
On post hoc analysis, hypotensive penetrating injuries 
requiring surgery appear to be the subset that is most likely 
to benefi t from HTS with dextran therapy although there 
are no prospective, randomized, blinded studies supporting 
this conclusion.

A concern with any intervention following trauma that 
increases blood pressure without hemorrhage control is 
that increased bleeding and mortality will occur. Increased 
mortality has been demonstrated in hypotensive penetrating 
truncal injuries receiving aggressive isotonic fl uid resusci-
tation prior to hemorrhage control14. In an animal model of 
uncontrolled hemorrhage, HTS 4 ml/kg was shown to pro-
mote bleeding and increase mortality. This adverse impact 
on survival can be reduced by lower volume (1 ml/kg)15, 
slower rate (20 ml/kg/h vs. 240 ml/kg/hr)16, or administra-
tion of HTS after hemorrhage control.

Traumatic Brain Injury

The role of HTS in the management of traumatic brain injury 
has been extensively evaluated and has a more established 
role compared to other post-traumatic HTS indications17. 
Hypertonic saline is an effective osmotherapeutic interven-
tion for lowering ICP18. As opposed to mannitol, HTS can 
improve blood pressure and intravascular volume while 
reducing intracranial pressure and cerebral edema. This is 
especially important in patients with hypovolemic hypoten-
sion and intracranial hypertension. The primary indication 
for HTS in traumatic brain injury is for the management 
of increased ICP with or without evidence of herniation. 
Administration of prehospital HTS for severe traumatic 
brain injury (GCS < 9) in the presence of hypotension did 
not affect mortality or neurologic outcome19. This study 
was limited by the lack of early ICP monitoring or man-
agement. At the present time the R Adams Cowley Shock 
Trauma Center traumatic brain injury guideline recommen-
dation for HTS is for the management of increased ICP in 
euvolemic or hypovolemic patients with serum sodium less 
than 155 mEq/l.

Post-Traumatic Immunomodulation

Hypertonic saline is receiving considerable interest as 
an immunomodulating agent following trauma. It acts 
to reduce the hyperinfl ammatory response and restore 
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immunologic function. By reducing neutrophil activation 
and tissue injury, HTS has been shown to reduce lung 
infl ammation following hemorrhagic shock20. In a prospec-
tive randomized blinded study of blunt trauma patients 
with hypovolemic shock comparing 250 ml of 7.5% HTS 
with 6% Dextran 70 to 0.9% saline, signifi cant reduction 
in TNF and CD14 levels with increased IL-10 and IL-1ra 
levels was noted in the HTS group21. These fi ndings are 
consistent with HTS inhibiting pro-infl ammatory cytokines 
but stimulating anti-infl ammatory cytokines. These fi nding 
persisted up to 24 hours following HTS administration and 
were present for signifi cantly longer than HTS induced 
hemodynamic changes.

Miscellaneous Post-traumatic Considerations

Sepsis is a frequent complication of seriously injured 
patients. Hypertonic saline has been shown to improve the 
hemodynamic status of patients with severe sepsis22. 

The abdominal compartment syndrome can occur even in 
the absence of intra-abdominal pathology or injury. In burn 
patients, hypertonic lactated saline resusciatation is associ-
ated with decreased incidence in abdominal compartment 
syndrome following major burn resuscitation23. 

POTENTIAL COMPLICATIONS OF HYPERTONIC 
SALINE

Hyperchloremic Metabolic Acidosis

Due to the large concentration of chloride ion present in 
HTS, patients receiving HTS can develop profound meta-
bolic acidosis. This non-anion gap metabolic acidosis can 
cause a signifi cant increase in the base defi cit that can lead 
to confusion about perfusion status.

Hypernatremia

Due to the large concentration of sodium, marked hyper-
natremia can occur. Extreme caution should be exercised 
when serum sodium exceeds 160 mEq/l or rapid changes 
(>20 mEq/l/day) occur because of the risk of central and 
extrapontine myelinolysis24.

SUMMARY

Hypertonic saline has multiple potential benefi ts compared 
to isotonic fl uids in the resuscitation and management of 
trauma patients. The use of HTS for acute hypovolemia 
resuscitation has advantages related to small volume 
requirements, and immunomodulatory effects. The immu-

nomodulatory effects are just recently being appreciated 
and may contribute signifi cantly to the restitution of a 
normal immunologic status. Potential issues related to 
uncontrolled hemorrhage and timing of administration 
must be considered when assessing clinical effi cacy. The 
use of HTS in traumatic brain injury is more established 
and accepted for ICP management. Hypertonic saline is 
becoming the osmotherapeutic agent of choice in specifi c 
situations associated with intracranial hypertension. It is 
generally considered safe when administered within the 
context of acceptable volumes25.

REFERENCES

1. Kramer GS: Hypertonic Resuscitation: Physiologic 
Mechanisms and Recommendations for Trauma Care. J 
Trauma 54:S89-S99, 2003.

2. Tollofsrud S, Tonnessen T, Skraastad O, et al: Hypertonic 
saline and dextran in normovolemic and hypovolemic 
healthy volunteers increases interstitial and intravascular 
fl uid volumes. Acta Anaesthesiolo Scand. 42:145-153, 1998.

3. Kramer GC, Walsh JC, Perron PR, et al: Comparison of 
hypertonic saline dextran versus hypertonic saline hetastarch 
for resuscitation of hypovolemia. Braz J Med Biol Res. 
22:269-272, 1989.

4. Velasco IT, Rocha e Silva M, Oliveira MA, et al: Hypertonic 
and hyperoncotic resusciatiaon from severe hemorrhagic 
shock in dogs. Crit Care Med. 17:261-264, 1989.

5. Matthew CB, Durkot MJ, Patterson DR. Fluid shifts induced 
by the administration of 7.5% sodium chloride in 6% Dextran 
70 in dehydrated swine. Circ Shock. 41:150-155, 1993.

6. Mouren S, Delayance S, Mion G, et al: Mechanisms of 
increased myocardial contractility with hypertonic saline 
solutions in isolated blood-perfused rabbit hearts. Anesth 
Analg. 81:771-7782, 1995.

7.  Mazzoni MC, Borgstrom P, Intaglietta M, et al: Capillary 
narrowing in hemorrhagic shock is rectifi ed by hyperosmotic 
saline-dextran reinfusion. Circ Shock. 31:407-418, 1990.

8. Kilson-Petersen, JA: Immune effect of hypertonic saline: fact 
or fi ction? Acta Anesthesiol Scand. 48:667-678, 2004.

9. Rotstein OD: Novel strategies for immunomodulation after 
trauma: revisiting hypertonic saline as a resuscitation strategy 
for hemorrhagic shock. J Trauma. 49:580-583, 2000

10. Shukla A, Hashiguchi N, Chen Y, et al: Osmotic regula-
tion of cell function and possible clinical applications. 
Shock 21:391-400, 2004.

11. Loomis WH, Namiki S, Hoyt DB, et al: Hypertonicity 
rescues T cells from suppression by trauma-induced 
anti-infl ammatory mediators. Am J Physiol Cell 
Physiol. 281:C840-C848, 2001.



Redefi ning the Role of Hypertonic Saline in Resuscitation

63 

12. Mattox KL, Maningas PA, Moore EE, et al: Prehospital 
hypertonic saline/dextran infusion for post-traumatic 
hypotension. Ann Surg. 213:482-491, 1991.

13. Wade CE, Kramer GC, Grady JJ, et al: Effi cacy of 
hypertonic 7.5% saline and 6%dextran 70 in treating 
trauma: A meta-analysis of controlled clinical studies. 
Surgery 122:609-616, 1997.

14. Bickell WH, Wall MJ, Pepe PE, et al: Immediate versus 
delayed fl uid resuscitation for hypotensive penetrating 
torso injuries. N Engl J Med. 331:1105-1109, 1994.

15. Riddez L, Drobin D, Sjostrand F, et al: Lower dose of hyper-
tonic saline dextran reduces the risk of lethal rebleeding in 
uncontrolled hemorrhage. Shock 17:377-382, 2002.

16. Bruttig SP, O’Benar JD, Wade CE, et al: Benefi t of slow 
infusion of hypertonic saline/dextran in swine with uncon-
trolled aortotomy hemorrhage. Shock 24:92-96, 2005.

17. Doyle JA, Davis DP, Hoyt DB: The use of hypertonic 
saline in the treatment of traumatic brain injury. J 
Trauma 50:367-383, 2001.

18. Zornow MH: Hypertonic saline as a safe and effi cacious 
treatment of intracranial hypertension. J Neurosurg 
Anaesthiol. 8:175-177, 1996.

19. Cooper DJ, Myles PS, McDermott FT, et al: Prehospital 
hypertonic saline resuscitation of patients with hypo-

tension and severe traumatic brain injury. JAMA 
291:1350-1357, 2004.

20. Rizoli SB, Kapus A, Fan J, et al: Immunomodulatory 
effects of hypertonic resuscitation on the development 
of lung infl ammation following hemorrhagic shock. J 
Immunol. 161:6288-6296, 1998.

21. Rizoli SB, Rhind SG, Shek PN, et al: The immuno-
modulatory effects of hypertonic saline resuscitation in 
patients sustaining traumatic hemorrhagic shock. Ann 
Surg 243:47-57, 2006.

22. Oliveira RP, Weingartner R, Ribas EO, et al: Acute 
hemodynamic effects of a hypertonic saline/dextran 
solution in stable patients with severe sepsis. Int Care 
Med. 28:1574-1581, 2002.

23. Oda J, Ueyama M, Yamashita K, et al: Hypertonic lac-
tated saline resuscitation reduces the risk of abdominal 
compartment syndrome in severely burned patients. J 
Trauma. 60:64-71, 2006.

24. Kleinschmidt-Demasters BK, Rojiani AM, Filley CM: 
Central and Extrapontine Myelinolysis. J Neuropathol 
Exp Neurol. 65:1-11, 2006.

25. Dubick MA, Bruttig SP, Wade CE: Issues of concern 
regarding the use of hypertonic/hyperoncotic fl uid 
resuscitation of hemorrhagic hypotension. Shock 
25:321-328, 2006.



Panamerican Journal of Trauma   

64 Vol. 14 Number 1 October 2007



Redefi ning the Role of Hypertonic Saline in Resuscitation

65 

CONTENT CONTENIDO


