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Civilians and military personnel alike are increasingly
being exposed to explosives in war zones and other regions
of political conflict and, consequently, they are suffering
associated blast-related polytrauma (multiple complex
injuries). Although acute, emergency-based medical care
for patients with blast-related trauma has been well
described, postacute clinical management—which is of
greatest interest to primary care physicians and rehabili-
tation specialists—has not been well discussed or
researched. The authors offer a description of the common
injuries seen in patients with blast-related polytrauma,
as well as a conceptual model of a potential evaluation
and treatment strategy in the postacute setting. Although
medical evaluation of a patient typically proceeds in a
sequential manner based on primary symptoms, the
authors advocate a parallel approach to patient evalua-
tion based on mechanism (cause) of injury. Such an
approach relies on knowledge of the typical physical and
psychological sequelae associated with a particular mech-
anism of injury to guide patient assessment and treat-
ment. The authors highlight the mechanism-of-injury
approach used with patients who have blast-related poly-
trauma at the Veterans Health Administration’s (VHA)
Veterans Affairs Medical Center in Tampa, Fla, site of one
of the VHA's four Polytrauma Rehabilitation Centers.
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he likelihood of being exposed to high-energy blasts and

explosions is increasing for both civilians and military per-
sonnel in war zones and other regions of political conflict
around the world.12 More than half of all combat-related
injuries sustained by US troops are the result of explosive
munitions.3 Because improvements in body armor and sur-
gical stabilization on the frontlines of combat are making it
possible for more individuals to survive these types of inci-
dents, more veterans are returning from war zones with
polytrauma (multiple complex injuries) in unpredictable pat-
terns.3 Common injuries in blast-related polytrauma include
open wounds; traumatic amputations; injuries to the brain,
spinal cord, eye, and musculoskeletal system; and psychi-
atric problems.247 These injuries, which are known generally
as “blast injuries,” occur almost daily in the ongoing con-
flicts in Iraq and Afghanistan as a result of rocket-propelled
grenades, improvised explosive devices, and land mines.3
In combat, military personnel may also sustain blast injuries
caused by artillery, rocket and mortar shells, and aerial bombs.
Civilians may sustain blast injuries during terrorist attacks,
which often involve car bombs or package bombs.3

Within the medical system of the US Veterans Health
Administration (VHA), treatment of injured veterans
returning from Iraq and Afghanistan has become increas-
ingly challenging as a result of the greater number of patients
with blast-related polytrauma.s Indeed, such patients are
forcing a system-wide change within the VHA. In April 2005,
the US Congress established Polytrauma Rehabilitation Cen-
ters in Minneapolis, Minn; Palo Alto, Calif; Richmond, Va; and
Tampa, Fla.9 These four centers are charged with developing
strategies for managing polytrauma cases, with conducting
research in polytrauma, and with generating guidelines for
best practices.

Although the acute clinical management of cases of poly-
trauma have previously been well described 5610 the postacute
clinical management of such cases in rehabilitation and pri-
mary care settings has not been adequately addressed in the
literature.311 In light of the increasing threat of terrorist attacks
on civilians, medical personnel from all points on the con-
tinuum of care should become familiar with the characteris-
tics of these injuries and associated physical and psycholog-
ical sequelae.
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Primary, Secondary, Tertiary, and Other Acute Injuries
Blasts cause injuries through multiple mechanisms and, as
such, often lead to polytrauma. The severity and pattern of
injuries depend on the composition of the explosive materials
(high vs low explosive), the amount of materials involved in
the blast, the surrounding environment (eg, water vs land,
open space vs closed space), the delivery method (eg, artillery,
improvised explosive device, car bomb), the distance between
the blast and the injured individual, and the presence of
intervening protective or hazardous barriers.” The present
discussion focuses on high and low explosive materials.
Lavonas and Pennardti2 offer a detailed discussion of the
other factors related to severity and pattern of blast injuries.

Low explosives, such as black powder in fireworks, tend
to deflagrate (burn at a slow rate) rather than detonate. High
explosives, such as nitroglycerine in dynamite, burn quickly
and detonate almost instantaneously. They also create more
pressure than low explosives. Overpressurization blast waves,
waves of intense pressure that are generated by high explo-
sives, compress such materials as air-filled body organs and
body organs surrounded by fluid-filled cavities. Both high and
low explosives induce a blast wind, which refers to the forced
superheated air flow that follows these blasts.”

Severe blasts may result in burns and inhalation injuries.
For individuals closest to the explosions, there may be total
body disruption and death.”

Blast injuries typically are divided into four categories: pri-
mary, secondary, tertiary, and quaternary (miscellaneous
injuries).¢ Individuals may sustain multiple injuries in one or
more of these categories.

Primary blast injuries are caused by barotrauma (over-
pressurization from the blast wave followed quickly by
underpressurization). Barotrauma primarily affects gas-con-
taining or gas-fluid interfacing organ systems, with the most
frequent injuries occurring to the lungs (rupture of alveolar
septa, pulmonary rupture, and edema), bowel (perforation),
and inner ear (tympanic membrane rupture).13-15 Animal
models suggest that barotraumatic damage to the lungs may
result in depletion of antioxidants and associated damage.16

Primary blast injuries to the eye include rupture of the
globe, serous retinitis, and hyphema.5 Other possible pri-
mary blast injuries include traumatic or partial limb ampu-
tation.1” Such injuries make up many wartime casualties.4
Traumatic amputation of any limb is a marker for multi-
system injuries.”

Secondary blast injuries are caused by metal fragments
and other penetrating projectiles, which, in turn, can cause
trauma to soft tissues and injuries to the head. Contamination
of these fragments with microbial pathogens is an additional
cause of concern for patients’ health.18

Tertiary blast injuries result from displacement of the
entire body by combined pressure loads (ie, shock waves
and dynamic overpressure). Typically, only those individuals
who are closest to the explosion sustain tertiary injuries—
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Table
Commonly Overlooked Blast-Related Conditions
in Patients With Polytrauma (N=50)*

Condition No. (%)
o Concussion 33 (66)
0 Soft-tissue damage 31(62)
O Posttraumatic stress disorder/

acute stress reactions 26 (52)
0 Nerve damage 23 (46)
O Acute or chronic pain 21(42)
O Hearing loss 21(42)
0 Chronic infections (eg, sinus) 14 (28)
0 Vision changes 13 (26)
O Lung injury 11(22)
o Tinnitus 10 (20)
O Vestibular problems 9(18)
0 Undiscovered fragments 4(3)

* From a consecutive sample of patients with blast-related injuries seen
at the Polytrauma Rehabilitation Center at the Veterans Affairs Medical
Center in Tampa, Fla.

unless extremely high energy is produced and/or concen-
trated during the blast in some way.12

Quaternary blast injuries consist of such miscellaneous
conditions as burns from fires and crush injuries from col-
lapsed buildings and other displaced heavy objects. Exacer-
bations of pre-existing medical conditions (eg, asthma, dia-
betes mellitus) may also occur as the result of blasts.” Less
common miscellaneous injuries include respiratory prob-
lems from inhalation of dust, smoke, and toxic fumes.

Residual Injuries in Postacute Settings
Many blast-related injuries of patients will likely need to be
addressed in the postacute phase of treatment—after life-
sustaining efforts with the patient have been successful. These
injuries may not be manifested during the acute phase of
treatment. Because the nature of polytrauma requires that
medical attention first be directed to primary life-threatening
injuries, the role of the primary care physician or rehabilita-
tion specialist is often to “uncover” these previously undi-
agnosed postacute injuries and administer subsequent treat-
ment. For example, a recent review of neglected spinal injuries
in acute settings revealed that the majority of such impair-
ments occurred in patients with polytrauma, but the spinal
damage went undetected because of distracting remote
injuries.19

Although an exhaustive list of potential blast-related
injuries is beyond the scope of this article and, indeed, may
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not be possible, we offer a list of commonly missed injuries
(Table) to ensure consideration of the most common sequelae.
This list is based on a consecutive sample of blast-injured
patients (N=50) seen at the Polytrauma Rehabilitation Center
at Veterans Affairs Medical Center in Tampa, from August
2004 through August 2005.

Because patients with polytrauma typically have injuries
at many levels of severity, certain injuries may be overlooked
even in postacute settings. One such injury is concussion.
Animal models of blast-related injuries have demonstrated
the ubiquity of brain injury and consequent cognitive deficits
associated with blasts.2021 Primary blasts exert a compres-
sive effect on air-filled and fluid-filled cavities, such as those
in the brain and spinal cord. In addition, flying fragments and
body displacement may cause head injury.2021 The limited
data available suggest that brain injuries are a common occur-
rence from blasts but often go undiagnosed and untreated
because of the attention focused on more visible injuries.22 Of
particular relevance to rehabilitation specialists, functional out-
comes associated with severe brain injuries are worse than
usual when associated with polytrauma.23

In many cases, survivors of blasts develop acute stress
reactions and/or posttraumatic stress disorder (PTSD),2
which may impede functional outcome and go undetected
during a patient’s initial treatment phase. Such cases should
be followed over time, with the patients screened periodically
for neurologic or psychiatric sequelae. Checklist inventories
for PTSD, which have been developed for use in primary
care settings, represent an efficient way to track patients’
emotional adjustment and to make decisions regarding refer-
rals for psychiatric care.?s For example, the PTSD Check-
list-Civilian Version, used in the VHA Polytrauma Rehabil-
itation Centers, has short forms with adequate psychometric
properties.25 This checklist is in the public domain and avail-
able on the Internet (see http:/ /www.pdhealth.mil/guide-
lines/appendix3.asp).

Finally, in regard to residual injuries in postacute set-
tings, the importance of early and aggressive multidisci-
plinary pain management has consistently been demon-
strated in the rehabilitation literature.26 This type of
management needs to be an important consideration with
polytrauma patients as well.

The Primary Symptom-Based Approach

Because of the potential to overlook certain blast-related
injuries, an examination of the process involved in evalu-
ating and treating patients with polytrauma is warranted.
The medical care of a patient, particularly within the pri-
mary care setting, often proceeds with the physician treating
the patient according to the most prominent symptoms. The
patient informs the physician of an ailment, presumably one
that is causing some level of distress or dysfunction, and the
physician decides on a treatment to resolve that ailment.
Alternatively, a diagnosis is made based on routine tests,
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followed by corresponding treatment to resolve the ailment.
Figure 1 depicts this traditional, sequential approach to patient
care based on primary symptoms.

For the most part, the primary symptom-based approach
to patient care works well. In certain circumstances, how-
ever, focusing on the mechanism of injury, rather than solely
on primary symptoms, can create a more comprehensive
and integrated program of patient care. Blast-related poly-
trauma represents such a circumstance.1

In military medicine, treatment of an injured soldier typ-
ically follows the traditional symptom-based approach to
care. For example, a soldier injured in Afghanistan who suf-
fers a traumatic amputation, burn, or penetrating flesh wound
in a high-explosive blast may receive treatment in the field
consisting of airway protection, shock prevention, and wound
or burn treatment. When he or she eventually reaches a med-
ical facility, the treatment continues to focus on the wound,
burn, or amputation. With the focus remaining on primary
diagnosis in a sequential evaluation process (ie, resolving
the primary symptom and then addressing the next one and
so on), other ailments may be either overlooked entirely or not
identified in a timely manner.

The primary symptom-based approach has been found
to be associated with premature closure of cases,?” as well as
with overall underdiagnosis and inferior quality of care. In
cases of blast-related injuries, for example, the burn patient
who experiences a high-pressure wave may not be screened
for potential auditory, visual, cognitive, or psychiatric prob-
lems, or for conditions affecting soft tissues or gas-filled
organs. Yet, all of these problems are common following a
blast-related injury. Refocusing assessment and treatment
efforts around the mechanism of injury—the blast—rather
than solely on the primary symptom or injury might pro-
vide a more comprehensive, efficient, and programmatic
system of care.

The Mechanism-of-Injury Approach

Figure 2 provides a representation of a parallel approach to
patient care based on mechanism of injury. Compared with
the primary symptom-based approach depicted in Figure 1,
the mechanism-of-injury approach demonstrates the greater
efficiency inherent in first considering the base rate (ie, the true
proportion of a given population having some condition)
associated with a particular cause of injury and then making
assessment and referrals as necessary.

The traditional, symptom-based approach to evaluating
blast-related polytrauma is linear and, necessarily, more reac-
tive than the mechanism-of-injury approach. The mecha-
nism-of-injury approach is more proactive and, therefore,
potentially more efficient and less costly than the symptom-
based approach. Furthermore, timely intervention is made
more likely by focusing on mechanism of injury. Early inter-
vention allows the mechanism-of-injury approach to serve as
a vehicle for secondary prevention, as has been demonstrated
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in fields as diverse as schizophrenia and cardiac care.2829
Thus, the potential superiority of the mechanism-of-injury
approach lies in its provision of a common, coherent frame-
work for symptom explanations and in its increased ability
to lead to early detection of blast-related physical and psy-
chological conditions.

The frequency and unique nature of blast-related poly-
trauma create the need for a systematic, interdisciplinary
consideration of patients in order to address their physical,
psychological, rehabilitation, and prosthetic needs. The VHA
Polytrauma Rehabilitation Center in Tampa is coordinated by
the Physical Medicine and Rehabilitation Service at the Vet-
erans Affairs Medical Center in Tampa. This Polytrauma
Rehabilitation Center, like all four such centers that were
created in the VHA system in 2005, operates on the mecha-
nism-of-injury approach. The Physical Medicine and Reha-
bilitation Service uses an interdisciplinary team consisting
of a physician, rehabilitation therapist, audiologist, speech
pathologist, neuropsychologist/ psychologist, social worker,
and other healthcare professionals, providing patients with
access to the full range of medical and support services within
the hospital.

Patients at the Tampa Polytrauma Rehabilitation Center
initially complete a series of questionnaires and receive a
comprehensive medical evaluation by a physiatrist (a physi-
cian specializing in physical medicine and rehabilitation).
This evaluation includes recording a self-reported medical his-
tory and current complaints, as well as a complete medical
examination. Findings from these initial assessments trigger
appropriate treatments and /or referrals to other specialists in
the areas of brain-injury evaluation and treatment, amputa-
tion management and prosthetics, hearing impairment, or
emotional adjustment/stress management (Figure 2). All of
the patients at the Tampa Polytrauma Rehabilitation Center
receive ongoing case management and follow-up services.

Figure 2 depicts the process used for the clinical man-
agement of patients within the VHA Polytrauma Rehabili-
tation Centers. However, a similar approach—in the form of
consideration of common sequelae and appropriate treat-
ment and/or referral—could also be applied in a primary care
setting. Consideration of the mechanism of injury leads the
clinician to think about the patient as a whole, rather than as
a manifestation of the primary presenting injury. Of course,
thinking of the patient as a whole is clearly in line with estab-
lished osteopathic principles and practice.3031

Conclusion

Patients with blast-related polytrauma typically require a
diverse set of medical services. Identification and treatment
of “hidden” injuries in the postacute rehabilitation and/or pri-
mary care setting is paramount. Physicians in primary care
settings should become familiar with the commonly associ-
ated sequelae of blast-related injuries. In the present article,
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Figure 1. In the traditional, primary symptom-based approach to
evaluating and treating patients with blast-related polytrauma, the
physician uses the patient’s primary symptoms or a diagnosis based
on routine tests to determine the course of treatment, including
referral to a specialist. If a new symptom arises, this sequential pro-
cess is repeated. With the focus remaining on primary symptoms,
other ailments may be overlooked or not addressed in a timely
manner.

we have described the common sequelae of these injuries in
an attempt to guide the assessment process in the postacute
setting.

In addition, we advocate the conceptualization and imple-
mentation of a program of care based on mechanism of injury
as the best way to provide comprehensive treatment to
patients with blast-related polytrauma. In contrast to the tra-
ditional, symptom-based approach, the mechanism-of-injury
approach is more likely to lead to treatment for conditions
beyond the presenting ailment—thereby preventing even
more disabling conditions from arising in the future. The
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Figure 2. In the mechanism-of-injury approach to evaluating and treating patients with blast-related polytrauma, the
base rate associated with a particular mechanism of injury, as well as medical evaluation by a physiatrist, are used to make
assessments and referrals to other specialists in an interdisciplinary team. This approach, which is used at the Veterans
Health Administration’s Polytrauma Rehabilitation Centers, is more proactive and more likely to lead to early interven-
tion and time-efficient resolution than the primary symptom-based approach.

use of the mechanism-of-injury approach as a vehicle for
secondary prevention has been demonstrated in various
patient populations.2829

The main potential superiority of the mechanism-of-
injury approach to polytrauma management lies in its pro-
vision of a common, coherent framework for explanations of
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injury and in its increased likelihood for detecting associ-
ated conditions. As increasing numbers of patients with blast-
related polytrauma enter the VHA system and the private
healthcare sector, future research will undoubtedly provide
additional guidance for treating these patients.

(continued on page 270)

JAOA ¢ Vol 106 * No 5 » May 2006 » 269



CLINICAL PRACTICE

Acknowledgments
The authors wish to acknowledge the contributions of the administrative
personnel at the James A. Haley Veterans’ Hospital in Tampa, Fla, par-
ticularly Laura Manore, for past and continued support of the Blast Injury
Program at the hospital.

References
1. Aboutanos MB, Baker SP. Wartime civilian injuries: epidemiology and
intervention strategies [review]. J Trauma. 1997;43:719-726.

2. From the Centers for Disease Control and Prevention. Landmine-related
injuries, 1993-1996 [case reports]. JAMA. 1997;278:621. Lead from: MMWR.
1997,46:724-726.

3. Gawande A. Casualties of war—military care for the wounded from Iraq
and Afghanistan. N Engl J Med. 2004;351:2471-2475. Available at: http://con-
tent.nejm.org/cgi/content/full/351/24/2471. Accessed March 31, 2006.

4. Fox CJ, Gillespie DL, O'Donnell SD, Rasmussen TE, Goff JM, Johnson CA, et
al. Contemporary management of wartime vascular trauma. J Vasc Surg.
2005;41:638-644.

5. DePalma RG, Burris DG, Champion HR, Hodgson MJ. Blast injuries [review].
N Engl J Med. 2005;352:1335-1342.

6. Wightman JM, Gladish SL. Explosions and blast injuries [review]. Ann
Emerg Med. 2001,37:664-678.

7. Explosions and blast injuries: a primer for clinicians page. Centers for Dis-
ease Control and Prevention Web site. March 2003. Available at:
http://mwww.bt.cdc.gov/masstrauma/explosions.asp. Accessed December 13,
2004.

8. Scott SG, Vanderploeg RD, Belanger HG, Scolten JD. Blast injuries: evalu-
ating and treating the postacute sequelae. Federal Practitioner. 2005;22:67-75.

9. US Government Accountability Office. VA and DOD Health Care: VA Has
Policies and Qutreach Efforts to Smooth Transition from DOD Health Care, but
Sharing of Health Information Remains Limited. Washington, DC: US Gov-
ernment Accountability Office; September 28, 2005. GAO-05-1052T.

10. Gans L, Kennedy, T. Management of unique clinical entities in disaster
medicine [review]. Emerg Med Clin North Am. 1996;14:301-326.

11. Belanger HG, Scott SG, Scolten J, Curtiss G, Vanderploeg RD. Utility of
mechanism-of-injury-based assessment and treatment: Blast Injury Program
case illustration. J Rehabil Res Dev. 2005;42:403-412.

12. Lavonas E, Pennardt A. Blast injuries [eMedicine.com Web site]. December
30, 2003. Available at: http/Avww.emedicine.com/emerg/topic63.htm. Accessed
March 19, 2005.

13. Zunic G, Pavlovic R, Malicevic Z, Savic V, Cernak . Pulmonary blast injury
increases nitric oxide production, disturbs arginine metabolism, and alters the
plasma free amino acid pool in rabbits during the early posttraumatic period.
Nitric Oxide. 2000;4:123-128.

14. Cernak |, Savic J, Malicevic Z, Zunic G, Radosevic P, lvanovic |, et al.

Involvement of the central nervous system in the general response to pul-
monary blast injury. J Trauma. 1996;40(3 suppl):S100-5104.

270 ¢ JAOA ¢ Vol 106 ® No 5 ¢ May 2006

15. Kerr AG. Trauma and the temporal bone. The effects of blast on the ear.
J Laryngol Otol. 1980;94:107-110.

16. Elsayed NM, Gorbunov NV. Interplay between high energy impulse noise
(blast) and antioxidants in the lung [review]. Toxicology. 2003;189:63-74.

17. Hull JB, Cooper GJ. Pattern and mechanism of traumatic amputation
by explosive blast. J Trauma. 1996;40(3 suppl):5198-5205.

18. Bowyer GW, Cooper GJ, Rice P. Small fragment wounds: biophysics and
pathophysiology. J Trauma. 1996;40(3 suppl):S159-5164.

19. Sengupta DK. Neglected spinal injuries [review]. Clin Orthop Relat Res.
2005;431:93-103.

20. Cernak |, Wang Z, Jiang J, Bian X, Savic J. Cognitive deficits following blast
injury-induced neurotrauma: possible involvement of nitric oxide. Brain Inj.
2001;15:593-612.

21. Kaur G, Singh J, Lim MK, Ng BL, Yap EP, Ling EA. The response of neu-
rons and microglia to blast injury in the rat brain. Neuropathol Appl Neuro-
biol. 1995;21:369-377.

22. Scott BA, Fletcher JR, Pulliam MW, Harris RD. The Beirut terrorist bombing.
Neurosurg. 1986;18:107-110.

23. Groswasser Z, Cohen M, Blankstein E. Polytrauma associated with trau-
matic brain injury: incidence, nature and impact on rehabilitation outcome.
Brain Inj. 1990;4:161-166.

24. Trudeau DL, Anderson J, Hansen LM, Shagalov DN, Schmoller J, Nugent
S, et al. Findings of mild traumatic brain injury in combat veterans with PTSD
and a history of blast concussion. J Neuropsychiatry Clin Neurosci.
1998;10:308-313.

25. Lang AJ, Stein MB. An abbreviated PTSD checklist for use as a screening
instrument in primary care. Behav Res Ther. 2005;43:585-594.

26. Clark ME. Post-deployment pain: a need for rapid detection and inter-
vention. Pain Med. 2004;5:333-334.

27. McSherry D. Avoiding premature closure in sequential diagnosis. Artif Intell
Med. 1997;10:269-283.

28. Hafner H, Maurer K, Ruhrmann S, Bechdolf A, Klosterkotter J, Wagner
M, et al. Early detection and secondary prevention of psychosis: facts and visions
[review]. Eur Arch Psychiatry Clin Neurosci. 2004;254:117-128.

29. Ho PM, Masoudi FA, Peterson ED, Grunwald GK, Sales AE, Hammer-
meister KE, et al. Cardiology management improves secondary prevention mea-
sures among patients with coronary artery disease. J/ Am Coll Cardiol.
2004;43:1517-1523.

30. Special Committee on Osteopathic Principles and Osteopathic Technic,
Kirksville College of Osteopathy and Surgery. Interpretation of the osteopathic
concept prepared by committee at Kirksville. J Osteopath. October
1953;60:7-10.

31. Rogers FJ, D'Alonzo GE, Jr, Glover JC, Korr IM, Osborn GG, Patterson
MM, et al. Proposed tenets of osteopathic medicine and principles for patient
care. J Am Osteopath Assoc. 2002;102:63-65. Available at: http:/www.
jaoa.org/cgilreprint/102/2/63. Accessed April 3, 2006.

Scott et al ¢ Clinical Practice



