
Never before has there been a more heightened awareness of
the problems associated with thrombosis prevention and manage-
ment in the hospital environ-
ment. Although improvements
have been made in the area of
thrombosis management, there
remains a widespread failure to
screen, assess, diagnose, and/or
prevent with pharmacologic
intervention the growing num-
ber of patients at risk for
venous thromboembolism
(VTE). Put simply, VTE is a
common disease that affects
more than 2 million people
each year, and may be responsi-
ble for up to 200,000 deaths
annually. This condition is
associated with a number of
risk factors, including heart dis-
ease, respiratory failure, ortho-
pedic surgery, malignancy, and
other co-morbid conditions.
With an incidence in the United
States of 1 in 1000, VTE may
present as deep venous throm-
bosis (DVT) or as pulmonary embolism (PE), which, according
to some experts, is the most important preventable cause of hos-
pital-associated death among medical inpatients.

Approximately 600,000 patients each year develop PE, and
60,000 deaths due to this disease are reported annually. Unfortu-

nately, these statistics have not
changed in three decades despite
aggressive diagnostic evaluation,
identification of risk factors (See
Table 1), evidence-based treat-
ment protocols, and improved
prophylaxis, which remains
under-utilized in hospitalized
medical patients. Moreover, the
prevalence of VTE actually may
be on the rise due to the aging
population and longer survival
of cancer patients.

The burden of VTE in hospi-
talized patients is especially
significant, with certain med-
ical conditions (e.g., congestive
heart failure [CHF], respirato-
ry failure, and systemic infec-
tion) being associated with an
elevated risk for thromboembol-
ic disease. DVT and PE are two
manifestations of the same dis-
ease process, VTE. Of patients

diagnosed with DVT, approximately 30% develop symptomatic
PE. The survival rates for those with a diagnosis of VTE are
poor. Moreover, the detection of PE frequently is elusive, with the
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diagnosis being made at autopsy in a large percentage of cases.
More than one-third of all deaths from PE occur on the day of
presentation. Consequently, emergency physicians and hospital-
based practitioners must recognize patients who are at increased
risk of VTE early in their presentations and initiate appropriate
diagnostic evaluations and treatment plans.

From a clinical perspective, perhaps the most important issue
is for hospital-based clinicians to recognize those patient sub-
groups that are at significant risk for acute DVT. Although
numerous trials have identified specific medical disorders that,
when they afflict acutely hospitalized, immobilized patients,
increase the risk of acquiring acute DVT, there is no single
patient profile that mandates medical prophylaxis against DVT.
Rather, the clinician must weigh all of the relevant risk factors

(e.g., respiratory status, cardiovascular function, patient age,
etc.) and determine, based on clinical judgment, whether the risk
of prophylaxis outweighs the risk of thrombosis.

With these clinical issues in clear focus, Part I of this two-part
series will stress the importance of risk factor assessment and
variable clinical presentations. A number of diagnostic modali-
ties used for VTE diagnosis will be discussed, and the potential
advantages and limitations of each will be outlined. Strategies
for arriving at a pretest clinical probability based on history,
physical examination, and risk factor assessment are empha-
sized, since establishing clinical probability of the disease is
essential for guiding subsequent patient evaluation. Part II will
address treatment and prevention. 

—The Editor

Introduction and Overview of the Problem
Autopsy studies confirm that clinicians simply are not doing

enough to screen for or establish the diagnosis of VTE in medical
and surgical patients. In one study, PE was thought to be the
cause of death in 239 of 2388 autopsies performed (10%); 15%
of these patients were younger than 60 years, and 68% did not
have cancer.1 Of these patients, 83% had DVT in the legs at
autopsy, of whom only 19% had symptoms of DVT before death.
Only 3% of patients who had DVT at autopsy had undergone an
investigation for such before death. Twenty-four percent of
patients who died from PE had undergone surgery a mean of 6.9
days before. The investigators concluded that screening tests
and/or risk stratification methodologies for DVT should be
applied widely in the hospital population. In addition, this study
demonstrated that PE is still a major cause of death in hospital
patients despite advances in diagnosis and treatment, since a 10%
incidence of hospital patients dying of PE is unacceptably high,
inasmuch as PE is preventable and treatable.1

In another retrospective review, the incidence and patterns of
fatal pulmonary embolism (FPE) observed in postoperative vs.
non-postoperative patients was documented. A review of 14,667
necropsy reports for every year from 1965 to 1990 and 6,436
diagnostic venograms performed from 1976 to 1990 was under-
taken at a single teaching hospital.2 A progressive reduction in the
percentage of necropsies reporting FPE from 6.1 to 2.1%
occurred during the 25-year period (chi2 tests for linear trend with
time p < 0.00001). During the last decade studied (1980-1990),
there was a significant reduction in the rate of venographically
diagnosed postoperative DVT, from 49.9 to 24.7 per 100,000 pop-
ulation (p < 0.0001), which was in marked contrast to the constant
rate of non-postoperative DVT. These findings suggested that the
introduction of thromboprophylactic measures, in addition to
changes in hospital practice, had a highly significant effect on the
pattern of this serious but potentially avoidable disease.2

It was clear that within the accepted limitations of retrospec-
tive necroscopy and investigational studies, a highly statistically
significant decrease in VTE was observed in the hospital popula-
tion during a 25-year period. This was the good news. However,
the authors also stressed that this decrease was most marked in
VTE, both fatal pulmonary emboli and DVT, occurring postoper-
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atively, and that there was only a relatively small decrease in FPE
in medical patients. These results indicate that thromboprophy-
laxis, in its various forms, is effective in the hospital community
in general. Moreover, a recommendation for the greater use of
thromboprophylaxis in medically ill patients is supported by the
data, which showed that the reduction in postoperative FPE has
been more marked than non-postoperative FPE.2

VTE in Medical Patients. Hence, VTE remains a major cause
of mortality and morbidity in hospitalized patients, despite the
availability of effective prophylactic agents.3 Survival rates for
patients with an established diagnosis of VTE are not encouraging,
with only 64% surviving one year.4 Interestingly, studies demon-
strate that the majority of patients who suffer an FPE have not
undergone recent surgery, yet PE rarely is suspected as a cause of
death in non-surgical patients and prophylaxis is used infrequently,
despite consensus statement recommendations.5-8 The burden of
VTE in non-surgical populations is significant, with certain med-
ical conditions (e.g., CHF, respiratory failure, and systemic infec-
tion) associated with elevated risk for thromboembolic disease.8

Analysis of recent studies evaluating risk factors in individual
patients will help clarify the need for and value of thromboprophy-
laxis in clearly defined groups of medical patients.

Compared with surgical populations, far fewer studies have
reported the frequency of VTE in medical patients. However, those
figures that are available suggest a moderate risk of DVT in general
medical patients in the absence of prophylaxis, according to the risk
categories (low, moderate, high) defined for surgical patients.9-11 It
should be noted that much higher rates of VTE have been observed
in specific groups which, accordingly, should be risk-stratified to
receive thromboembolic prophylaxis when indicated.9,10,12-16 In this
regard, a recent study reported that up to one in 20 hospitalized
medical patients with multiple problems and severe immobility
may suffer a fatal PE.17 It should be noted, however, that current
management practices emphasizing extensive use of thrombolytics,
unfractionated heparin (UFH), GP IIb/IIIa inhibitors, low molecular
weight heparin (LMWH), and antiplatelet agents may contribute to
a reduction in the incidence of VTE, including PE.

In light of the substantial burden of VTE in medical popula-
tions, current consensus statements on the prevention of VTE
recommend assessment of all hospitalized patients, both medical
and surgical, for thromboembolic risk and the use of appropriate
prophylaxis. Specific prophylaxis recommendations have been
made for patients with stroke and myocardial infarction (MI) by
the American College of Chest Physicians (ACCP)18 and the
International Consensus Conference.13 Prophylaxis also is rec-
ommended for other groups of medical patients with clinical risk
factors for VTE. However, recommendations may vary among
consensus documents. For example, recommendations by the
United Kingdom-based second Thromboembolic Risk Factors
(THRIFT II) Consensus Group are based on the individual level
of thromboembolic risk assessed for each patient.19

Clinical approaches to evaluating patients with VTE vary
among institutions, and approaches to such patients are debated
in the medical literature. Currently, the ventilation-perfusion scan
remains the initial (but not definitive) test for evaluating patients

suspected of having PE. Compression ultrasonography is the ini-
tial procedure used for evaluating DVT. Although a number of
adjunct and/or complementary tests shown to be useful in patient
management are presented in this review, it should be stressed
that no single test can be used alone to exclude the diagnosis.
Rather, pre-test clinical probability of disease in conjunction with
other diagnostic tests is the most outcome-effective method for
evaluating patients suspected of having VTE.

VTE Risk Factors
Major risk factors for VTE include advancing age, venous stasis

from any cause, and all causes of trauma, including childbirth. (See
Table 1.)20 Thrombophilia, or hypercoagulable states, also predis-
pose to VTE and may be classified as inherited or acquired. Inherit-
ed deficiencies of antithrombin, protein C, and protein S have been
recognized for years. Among the most important inherited disorders
predisposing to VTE is Factor V Leiden, which is a point mutation
on Factor V in which an arginine is substituted for glutamine, caus-
ing coagulation factor resistance to degradation by protein C. This
is the most common cause of thrombophilia and is identified in
about 50% of individuals with recurrent VTE.21 It is estimated that
this mutation occurs in 5% of the general population,22 and its pres-
ence not only doubles the risk of initial VTE,23 but is associated
with a 40% risk of recurrence over an eight-year period.24

Prothrombin mutation recently has been recognized as another
inherited cause of thrombophilia. This mutation causes higher
plasma prothrombin levels and is associated with an increased
propensity for forming thrombi through amplification of the coag-
ulation system. The mutation occurs in 2-4% of the general popu-
lation, and its prevalence is higher in southern Europe.23 These
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Table 1. Risks for VTE

INHERITED

• Antithrombin deficiency
• Proteins C & S deficiencies
• Factor V Leiden
• Prothrombin mutation

ACQUIRED (PERSISTENT)

• Age
• Malignancy
• Antiphospholipid antibodies
• History of VTE

ACQUIRED (TRANSIENT)

• Surgery and major trauma
• Pregnancy 
• Oral contraceptives/hormone replacement therapy
• Prolonged immobilization:

– Bed rest
– Paralysis
– Travel

Reprinted with permission from: Martinelli I. Risk factors in 
venous thromboembolism. Thromb Haemost 2001;86:395-403.



individuals have a 2-4 times increased risk of VTE. Moreover,
among patients who have a recurrent VTE, this abnormality will
be identified in 20%.23 Individuals with both prothrombin and Fac-
tor V mutations are at higher risk than those who have only one of
the mutations.23,25

Malignancy is a well-recognized risk factor for VTE. All
forms of cancer predispose a patient to thromboembolic disease;
however, adenocarcinoma of the visceral organs is the most com-
monly recognized. Idiopathic VTE may be the first sign of an
underlying malignancy: Such individuals have a 10-20% chance
of developing cancer over a two-year period.23,26,27 Patients with
both active malignancy as well as those with malignancy in
remission are at increased risk for VTE.

Individuals also may have transient risk factors for VTE,
including pregnancy, hormone replacement therapy, and pro-
longed immobilization or restricted mobility.20,23,28,29 Surgery is
an important, common, and well-recognized transient risk factor,
especially orthopedic and neurosurgical procedures. In the
absence of prophylaxis, 45-70% of patients will develop DVT
after a total knee or hip replacement surgery. Major trauma, espe-
cially involving the head, spinal cord, or pelvis, often is compli-
cated by VTE. PE is the third most common cause of death in
trauma patients who survive more than 24 hours. Almost 60% of
major trauma patients will develop DVT.23

Travel and VTE. The risk of acquiring VTE posed by pro-
longed travel recently has received attention in both the medical
literature and in the lay press. Prolonged travel requiring more
than four hours duration is associated with an increased risk for
VTE, even in patients without significant risk factors.30,31 In
1954, Homans first described several cases of travel-related
DVT, including air travel.32 Since air travel is the most common
mode of long-distance travel, “the economy class syndrome” has
become a popular term to refer to travel-related VTE. 

Unfortunately, most studies related to travel are small or poorly
designed. Recently, a French study evaluated patients arriving at
the airport who subsequently required urgent transport to the hos-
pital.33 Of the 170 people transported, 56 (33%) were found to
have PE. Only four of the 56 confirmed cases were considered to
be at high risk for PE based on the presence of other medical prob-
lems or recent surgery. The risk for acquiring travel-related VTE is
higher for those individuals who travel for more than six hours in
duration or greater than 3500 miles. It should be stressed that this
study only evaluated people requiring medical assistance upon
arrival to the airport, and no data was available for those who may
have developed VTE-related problems during the next few weeks.

The LONFLIT studies are a group of prospective trials evaluat-
ing the effect of long-haul air travel (average flight duration of 12.4
hours) on VTE.34 Ultrasound of the legs was performed on each
subject before and after travel. Those at extremely high risk due to
medical diseases such as hypertension, diabetes, renal insufficien-
cy, heart failure, or recent surgery were excluded. LONFLIT1 was
designed to evaluate the incidence of DVT in low-risk subjects.34

Travelers in the low-risk group were compared to higher-risk trav-
elers defined as those with a previous DVT, known coagulation
disorder, severe limitation of mobility, neoplastic disorder, or large
varicose veins. No DVT occurred in the low-risk group (355 sub-
jects). However, the incidence of DVT for those in the high-risk
group (389 subjects) was 4.8%.

In LONFLIT2, the high-risk traveler was evaluated further.34

The study group was instructed to wear elastic compression stock-
ings, whereas the control group had no stockings. All subjects were
instructed to stretch their legs and move about the cabin during the
flight. For those in the control group, DVT occurred in 4.5% (422
subjects), whereas those in the study group had an incidence of
0.24% (411 subjects). Another recent study from the United King-
dom randomized a group of travelers into two groups: one wearing
below-the-knee compression stockings and the other (control
group) without stockings.35 The subjects were all 50 years or older
without a history of VTE. The median duration of flight was 24
hours. DVT occurred in 12 of 116 subjects in the control group.
The study group had no episode of DVT, but four developed super-
ficial thrombophelibitis. Therefore, it appears that compression
stockings reduce the incidence of DVT in long-haul flights.

The most recent study, LONFLIT3, evaluated various methods
of preventing DVT in high-risk subjects, as defined in the previous
studies.36 Three hundred travelers were randomized to receive no
prophylaxis (control group), aspirin for three days prior to travel, or
an LMWH such as enoxaparin 2-4 hours before travel. Compres-
sion ultrasound was performed before and after travel. In the con-
trol group (82 subjects), 4.8% developed DVT; in the aspirin group
(82 subjects), 3.6% had DVT; and in the LMWH group (82 sub-
jects), there was no episode of DVT, but one episode of superficial
thrombophlebitis for an incidence of 0.6%. The results were signifi-
cant in that aspirin prophylaxis reduced the incidence of DVT by
25%. However, the number of thrombotic events was 3.6% higher
in the aspirin group when compared to the LMWH group.

166 July 1, 2002/Emergency Medicine Reports

Table 2. Differential Diagnosis of DVT

• Abscess
• Baker’s cyst
• Cellulitis
• Claudication
• Musculoskeletal injury
• Venous stasis

Table 3. Differential Diagnosis of PE

• Acute myocardial infarction (AMI)
• Aortic dissection
• Musculoskeletal disorders

Chest contusion
Costochondritis
Rib fracture

• Obstructive pulmonary disease (including asthma)
• Pericardial disease
• Pneumonia
• Pneumothorax



Therefore, it appears that some form of prophylaxis is indicat-
ed in travelers who are at risk for VTE. For the general public,
some airlines have begun warning about the risks of VTE and rec-
ommending basic measures such as moving about the cabin while
in flight and avoiding alcohol, smoking, prolonged leg crossing,
and constrictive clothing.

For those at high risk, administration of enoxaparin 40 mg subq
can be recommended prior to long-distance (i.e., greater than
seven hours of flight duration) air travel. Regardless of the strategy
employed, physicians should consider prolonged travel to be a sig-
nificant risk factor for VTE, and include among those at risk indi-
viduals who have completed travel weeks before presentation.

Clinical Evaluation, Assessment Strategies,
and Confirming the Diagnosis

A detailed clinical history aimed at identifying VTE risk factors
and a physical examination remain the most important procedures
in the evaluation of the patient with suspected VTE. When the
deep venous system of the leg is occluded by thrombus, a patient
may develop calf pain, edema, venous distention, and pain on dor-
siflexion of the foot, or a positive Homan’s sign, which is sugges-
tive of DVT. Unfortunately, the classic symptoms and signs of
DVT occur in fewer than one-third of patients.37,38 Therefore, clini-
cal assessment is not, in itself, satisfactory for detecting the majori-
ty of cases of DVT. This is complicated by the fact that other prob-
lems, such as cellulitis, can masquerade as DVT. (See Table 2.)20

Similarly, symptoms caused by PE often are indistinguishable
from those associated with other life-threatening disorders of the
cardiorespiratory system. (See Table 3.) Almost without exception,

PE is caused by embolization of thrombus from the deep venous
system of the legs or arms. However, the clinical presentation is
similar when air, fat, amniotic fluid, or thrombus reaches the respi-
ratory vascular system.39 The presentation of PE is nonspecific,
and symptoms may include dyspnea, anxiety, pleuritic chest pain,
and hemoptysis. Sudden onset of such symptoms should raise sus-
picion for PE. In those with proven PE, fewer than one-third of
patients also will have symptoms of DVT.38 Tachypnea remains the
most common sign of PE, occurring in 70% of patients, while
tachycardia is manifested in only one-third of patients.38 Syncope,
sudden hypotension, or sudden death are signs of massive PE, but
this suite of symptoms also may be attributed to cardiac tampon-
ade, aortic dissection, or acute MI. (See Table 3.)37,39

Assessment. Patient assessment and detection of DVT and PE
present continuing challenges for hospital-based clinicians,
including emergency physicians. In the prospective investigation
of pulmonary embolism diagnosis (PIOPED) study, clinical
assessment for the likelihood of disease was part of the process;
however, no specific guidelines for arriving at the probability of
disease were given.40 Recently, clinical models outlining probabil-
ity of VTE have been published, all of which emphasize the
importance of recognizing risk factors and clinical signs (See
Tables 4 and 5) associated with venous thrombotic disorders.41,42

These models also stress the importance of assessing patients for
other causes of signs and symptoms to differentiate patients with
VTE from those with other conditions that present in a similar
fashion. Routine tests such as the chest x-ray, electrocardiogram
(ECG), and arterial blood gas (ABG) may be required to evaluate
a heterogeneous patient population. If, based on findings from
these modalities, another diagnosis is more likely than DVT or
PE, the clinical probability of VTE is reduced.

Chest X-ray. The chest x-ray may be helpful by excluding
the diagnosis of pneumonia and pneumothorax. However, it
should be stressed that the patient with PE may demonstrate
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Table 4. Predicting Pre-Test Probability 
for DVT

CLINICAL FEATURES* SCORE**

Cancer (treatment ongoing or within 6 months, 1
or palliative)

Paralysis, paresis, plaster immobilization of 1
lower extremities

Bedridden for more than 3 days or major surgery 1
within 4 weeks

Tenderness localized along the deep venous 1
system

Entire leg swollen 1
Calf swelling > 3 cm compared to asymptomatic 1

leg (measure at 10 cm below tibial tuberosity)
Pitting edema (greater in the symptomatic leg) 1
Collateral superficial veins (non-varicose) 1
Alternative diagnosis as likely or greater than DVT -2

*  In patients with symptoms in both legs, the more symptomatic leg 

is used.

** Analysis: High probability > 3, moderate 1-2, low probability ≤ 0

Reprinted with permission from: Wells PS, Anderson DR, Bormanis J, et

al. Value of assessment of pretest probability of deep-vein thrombosis in

clinical management. Lancet 1997;350:1795-1798.

Table 5. Predicting Pre-Test Probability for PE

CLINICAL FEATURES SCORE**

Clinical signs and symptoms of DVT 3.0
Heart rate > 100 beats/min 1.5
Immobilization (for ≥ 3 consecutive days) 1.5
Surgery in the previous 4 weeks 1.5
Previous diagnosis of DVT or PE 1.5
Hemoptysis 1.0
Cancer (treatment ongoing or within 6 months, 1.0
or palliative)

PE as likely or more likely than another diagnosis 3.0

** Analysis: High probability, score > 6.0; moderate, 2.0-6.0; low, < 2.0

Used with permission from: Wells PS, Anderson DR, Rodger M, et al.

Excluding pulmonary embolism at the bedside without diagnostic imaging:

Management of patients with suspected pulmonary embolism presenting

to the emergency department by using a simple clinical model and 

D-dimer. Ann Int Med 2001;135:98-107.



atelectasis, an elevated hemidiaphragm, or pleural effusion on
chest x-ray. These findings are nonspecific and are insufficient
for confirming the diagnosis of PE. The classical findings of
Hamptom’s hump or Westermark sign (decreased vascularity) are
seen infrequently. The chest x-ray even may be normal. In fact, a
normal chest x-ray in a patient without underlying cardiopul-
monary findings, and who presents with chest pain, dyspnea, and
hypoxemia, increases the likelihood that PE is the underlying eti-
ology for the clinical presentation.37,38

Electrocardiogram. The ECG is nonspecific and cannot con-
firm or exclude the diagnosis of PE. However, the ECG remains
useful for ruling in or excluding the diagnosis of acute myocardial
infarction or acute pericarditis. Sinus tachycardia is the most fre-
quent ECG finding in PE. Other findings may include nonspecific
ST-T wave changes, left or right axis deviation, and, rarely, signs of
acute cor pulmonale with an S1 Q3 T3 pattern, right bundle-branch
block, or P-wave pulmonale.43

Arterial Blood Gases. The ABG is a nonspecific but important
test for evaluating patients suspected of having PE. Findings of
hypoxemia, hypocapnea, and an elevated alveolar-arteriolar gradi-
ent raise the suspicion of PE, but these abnormal parameters also
can be seen in pneumonia. Moreover, in young healthy patients,
the ABG may be entirely normal, with one study demonstrating
that 20% of those with proven PE had a normal ABG.38 One pitfall
that has been identified in evaluating patients with suspected PE is
relying too heavily on finding ABG abnormalities to confirm the
diagnosis.44 Misinterpretation of ABG values also may compro-
mise its diagnostic utility, especially in patients with chronic
obstructive pulmonary disease (COPD) who manifest hypoxia
with a normal carbon dioxide tension. On the one hand, these
blood gas results may be the patient’s baseline ABG, or, alterna-
tively, the “normal” pCO

2
actually may represent new onset hyper-

ventilation suggestive of PE. Comparing the ABG to baseline sta-
tus is mandatory for accurate evaluation of COPD patients.

Non-Invasive Diagnostic Tests Specific for VTE
Historically, venography and pulmonary angiography have been

the diagnostic “gold standards” for DVT and PE, respectively. To a
great extent, these time-honored techniques have been replaced in
clinical practice by noninvasive tests. Unfortunately, all noninvasive
studies have limitations, and no single noninvasive test reliably
excludes VTE in all patients. To overcome these pitfalls in diagnos-
tic testing, a combination of noninvasive testing and clinical suspi-
cion are utilized to evaluate the patient with suspected VTE.

Venous Ultrasonography. Compression ultrasonography of
the common femoral vein and popliteal vein is the study most
commonly used to evaluate patients with suspected DVT.37,45,46 It
is highly sensitive (95%) and specific (96%) for symptomatic,
proximal venous thrombosis located in the popliteal vein or in
more proximal sites in the venous system of the leg.45 A non-
compressible segment of vein accurately will diagnose DVT.
Another advantage of this test is its ability to diagnose other
pathology, including Baker’s cyst, abscess, or superficial throm-
bophlebitis. Any process that limits access to the leg limits the
usefulness of the study. In this regard, lower extremity edema,

obesity, tenderness, or plaster casts and splints can compromise
utility of venous ultrasonography.37

The principal pitfall of the study is an over-reliance on a nega-
tive ultrasound, since the study does not accurately assess the
calf veins. Most experts recommend serial ultrasounds to look
for proximal extension of a thrombus that may occur in up to
25% of patients with calf DVT. The procedure is extended from
the popliteal vein to the trifurcation of the calf veins. Multiple
studies have shown that withholding anticoagulation at the time
of an initial negative compression ultrasound is safe until a repeat
study can be done in 5-7 days.45,46 In addition, patients with a
documented history of DVT who present with recurrent symp-
toms in the same leg can be very difficult to assess. Abnormali-
ties may be seen for up to one year in 50% of such patients.
Therefore, a new noncompressible segment must be documented
to accurately diagnose a recurrent DVT.47

Ventilation/perfusion (V/Q) scan. A nuclear medicine study,
or V/Q scan, is the primary screening tool for patients with sus-
pected PE.37,39 Its principal advantage is its simplicity and non-
invasiveness. The test has been used for decades, and many radi-
ologists have considerable experience with interpretation of these
diagnostic scans. The most important investigation documenting
the utility of V/Q scanning is the PIOPED study.40 In that study,
98% of patients with PE had an abnormality on the V/Q study.
However, specificity was poor, with 72% of the study population
having non-diagnostic studies. Among patients with angiograph-
ic documentation of PE, only 41% had a high-probability scan
and 16% had a low-probability scan.40,48

Terminology in PIOPED was cumbersome and included four
categories. Current terminology has been simplified to include
three categories: normal or near-normal, high probability, and non-
diagnostic.38,49 Normal studies or high probability studies, along
with clinical assessment, help the clinician decide on management.
Patients with high clinical pre-test probability with high probabili-
ty V/Q scans should be treated for PE without further evaluation.
Similarly, patients with low pre-test probability with normal or
near-normal V/Q scans require no further evaluation but should be
referred to their primary care providers for close follow-up. The
large group with non-diagnostic studies is more challenging and
generally requires further testing. (See Clinical Approach below.)
A logistical problem with the V/Q scan is that many institutions do
not have the ability to perform this test on a 24-hour basis.

Unfortunately, V/Q scanning is plagued by a number of pit-
falls. For instance, bronchospasm in the absence of PE will lead
to V/Q mismatching and, therefore, a patient with COPD or asth-
ma presenting with chest pain and shortness of breath usually
will have a non-diagnostic study. The most common cause of a
V/Q mismatch is chronic or unresolved PE. Therefore, current
recommendation is to obtain a repeat study three months after
the initial episode to be used as the patient’s new baseline.49

Hopefully, this recommendation will augment diagnostic accura-
cy in patients who return to the hospital with recurrent symp-
toms. False negative studies and near-normal V/Q scans do occur
in patients who recently were immobilized, had recent surgery or
trauma, or had central venous instrumentation.49 With one or
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more of these risk factors, the possibility of PE is considerable
and further testing becomes important when clinical suspicion is
high. A large central or saddle embolus also may cause false neg-
ative V/Q scans, but such patients generally are critically ill, with
the diagnosis being made by other modalities.

Helical Computerized Tomography (CT). In most institu-
tions, the V/Q scan continues to be the initial test of choice for
evaluation of PE. However, helical CT is gaining acceptance as a
first tier diagnostic modality as computer-based techniques are
refined, and as radiologists gain more experience with CT. In
outlying facilities, the CT scan may be the only choice available
and, therefore, it is used as the initial study. In a cooperative
patient who is able to do a single breathhold maneuver, the pro-
cedure can be performed quickly. A contrast bolus must be used;
therefore, CT is contraindicated in those patients with allergies to
contrast or in those who have renal insufficiency. Filling defects
within contrast-filled vessels identify acute thrombi.48,49

Recent investigations have confirmed the utility of CT scan
for diagnosing PE. One study compared the accuracy of helical
CT with the V/Q scan.50 In this study, CT and V/Q scans were
done on all subjects, with angiography reserved for those who
had discordant results on CT and V/Q scans. The conclusion of
this study was that helical CT scan was more sensitive than V/Q
scan (87% and 65%, respectively). The specificities were essen-
tially the same (95% and 94%, respectively).

Based on multiple studies evaluating helical CT scanning, the
sensitivity and specificity for detecting central PE are 86-95%
and 75-97%, respectively.49 However, helical CT is somewhat
compromised for detection of small emboli in the peripheral pul-
monary arterial system. When all pulmonary vessels are ana-
lyzed, including subsegmental vessels, sensitivity decreases to
77%.49 The accuracy of diagnosing PE with CT is decreased due
to volume averaging in the right middle lobe and lingular vessels,
which are oriented horizontal to the plane of the scan. However,
improved technology, which features faster scans and smaller
slices, has improved the visibility of small vessels.51

The main advantage of helical CT over other methods is that it
is very accurate for diagnosing other pulmonary disorders that may
account for the patient’s symptoms. In one study in which the CT
was negative for PE, new diagnoses, including emphysema, can-
cer, pulmonary edema, aspiration pneumonia, and bronchiolitis,
were confirmed.52 Most clinicians agree that a positive study is suf-
ficient to diagnose PE; however, a negative CT scan should be
interpreted with caution.49,53 Helical CT scans accurately may diag-
nose another cause for the patient’s symptoms, and in the context
of low clinical suspicion can exclude the diagnosis of PE.52,54

D-dimer. This is a noninvasive blood test measuring fibrin
degradation products. The test is useful as an adjunct for the diag-
nosis of VTE; however, it may be a better test for the diagnosis of
PE due to the higher load of fibrin products. The test is performed
using different methodology at different institutions, and may
include the following options: latex agglutination (least sensitive);
enzyme-linked immunosorbent assay (ELISA) techniques; and
new rapid methods.38,55,56 The  major problem with the use of D-
dimer is that different techniques have been used in the reported

studies, making it difficult to compare study results.37

The ELISA method is highly sensitive (99%) for VTE, when
using a cutoff value of 500 mcg/L. A lower value essentially
excludes VTE and recently has been used to eliminate further
testing in patients with low clinical suspicion.56-59 However,
ELISA testing is labor- and time-intensive. An elevated D-dimer
is not very specific for VTE. Other conditions that may cause an
elevated D-dimer include cancer, inflammation, infection, and
aging due to multiple comorbid conditions.38,60

Several studies have used the rapid, point-of-care, whole-blood
agglutination D-dimer test (SimpliRED). The reported sensitivity
for this test ranges from 85-100%.61 However, one recent study
conducted in the emergency department (ED) reported a sensitivity
of only 65% and a negative predictive value of 81%. The investiga-
tors conclude that this test failed to exclude the diagnosis of VTE.62

Another study agreed that the SimpliRED D-dimer tests should
not be used alone to exclude the diagnosis of VTE. In this study,
10% of patients with documented PE had a normal D-dimer.56

Two additional studies have used the SimpliRED test in com-
bination with clinical suspicion and non-invasive studies.57,59

Taken together, these investigators applied diagnostic algorithms
to more than 900 patients with suspected VTE. In this algorithm,
no further diagnostic testing was performed for those with a neg-
ative D-dimer and low pre-test suspicion of disease. In three-
month follow-up, only two in this low-risk group developed
VTE. The negative predictive value was 99.5% (CI 99.1-100%).

Echocardiography. When patients with known PE undergo
echocardiography, 40% will have abnormalities associated with the
right ventricle. However, this is a nonspecific finding. Detecting a
thrombus in the main pulmonary artery is a helpful but unusual
finding. At this time, echocardiographic evaluation is not indicated
for all patients, but may be a valuable bedside test for critically ill
patients with hypotension to help exclude other diagnoses, such as
MI, valvular disorders, aortic dissection, or cardiac tamponade.37,39

New Modalities. Combining CT pulmonary angiography with
CT venography may become a very useful test in the future.
Using rapid CT methods and one bolus of contrast, the pulmonary
circulation as well as the venous system below the diaphragm can
be visualized. One study evaluating five patients demonstrated the
accuracy of diagnosis. Moreover, this approach permits visualiza-
tion of the venous system for comparison later if new symptoms
arise and for possible interventions, such as insertion of filters.63

Magnetic resonance angiography (MRA) has the advantage of
screening for DVT and PE in one test. Although this is a devel-
oping technology, it is considered safe, rapid, and accurate for
diagnosing VTE. However, MRA is expensive when compared to
other tests, although it is less costly then a pulmonary angiogram.
In the future, clinicians can expect MRA to emerge as another
possible noninvasive study for VTE.64

Invasive Studies for Diagnosis of VTE
Venography. Contrast venography remains the gold standard

for the diagnosis of DVT. This is a good method to assess calf
veins. Findings consistent with DVT include an intraluminal fill-
ing defect in two views, or an abrupt cutoff in the contrast col-
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umn in a patient without previous DVT. Venography rarely is
used as the initial modality of choice due to the acceptable accu-
racy of ultrasonography. The test also is difficult to perform in
patients with obesity or pedal edema. However, it still may have
a role in evaluating patients with high clinical suspicion of DVT
and a negative ultrasound, or in those with a non-diagnostic
ultrasound who have had a previous DVT.37,38 If venography can-
not be performed due to pedal edema or plaster casts, allergy to
dye, or patient refusal, other options must be considered. Serial
ultrasonography over 5-7 days, or immediate CT scan or MRA
may be alternatives for diagnostic evaluation.45,46,63,64

Pulmonary Angiography. The gold standard for the diagnosis
of PE remains pulmonary angiogram. However, the test is invasive
and costly, and has been associated with contrast reactions, renal
failure, and death in 0.2-0.5% of patients.37,38,40 Even though this is
the standard test, intraobserver variability is a problem, especially
with subsegmental vessels (only 66% agree in subsegmental ves-
sels).37,40,65,66 Diagnosing PE improves with attention to subseg-
mental vessels by adding cineangiography, selective studies, or
balloon-occlusion.65 Pulmonary angiography usually is performed
when V/Q scan results and clinical probability are discordant, such
as high probability V/Q scan and low clinical suspicion.

A Systematic Clinical Approach to VTE 
Assessment and Diagnostic Confirmation

Several diagnostic algorithms exist in the literature to facilitate
evaluation of VTE. The most important phase of the assessment is
the initial clinical evaluation and formulation of a pre-test clinical
probability. (See Tables 4 and 5.) No one test will safely exclude

VTE. Therefore, the approach to the patient centers on pre-test
suspicion of disease, and attempts to exclude other conditions that
are in the differential diagnosis. (See Tables 2 and 3.)

Using compression ultrasound and the pre-test probability
model (See Table 4), patients suspected of having DVT can be
managed effectively using non-invasive tests, with only a few
individuals requiring invasive studies. (See Insert.)41,67 As a rule,
venography is indicated only when the results of an ultrasound
and pre-test clinical probability are discordant. In other words,
patients with an abnormal ultrasound and low clinical probability
of DVT, or alternatively, those with a normal ultrasound in asso-
ciation with a high clinical probability for VTE, should be evalu-
ated further. A study conducted in the ED using this scheme
reduced costs significantly.63 If the patient had a moderate or
high clinical suspicion of DVT after normal radiology hours,
treatment was initiated and the test was performed the next day.
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Figure 1. Proposed D-dimer Use 
for Evaluation of Suspected VTE
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Figure 2. Proposed Algorithm Using 
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Combining the two studies that used such an algorithm, only five
of 800 patients diagnosed as not having DVT developed VTE in
the three-month follow-up period.41,67

Pulmonary Embolism. The algorithm for suspected PE also is
based on pre-test clinical probability and selected tests. The stan-
dard has been to use the V/Q scan as the initial study. The results
of the V/Q scan in conjunction with pre-test probability (See Table
5) should guide further evaluation. (See Insert.)42 It is accepted that
a normal or near-normal scan excludes PE, and a high probability
scan is sufficient for diagnosis and treatment of PE. However, for
those patients with discordant results, most clinicians feel that fur-
ther evaluation is necessary. The patient with a high probability
V/Q scan and low pre-test suspicion of disease will require further
evaluation with CT scan or selective angiography to be certain of
the etiology of their symptoms. Also, a normal V/Q scan in the
patient with a very high pre-test suspicion of PE should be evaluat-
ed further with close follow-up and additional diagnostic testing
such as compression ultrasound of legs, CT scan, angiography, or
further cardiac evaluation.

The problem arises in the non-diagnostic category. Fifty per-
cent of V/Q scans are non-diagnostic. If angiography was per-
formed on all patients with non-diagnostic scans, only 25%
would be diagnosed with PE.40,42

Accordingly, the algorithm for a non-diagnostic V/Q scan con-
tinues with bilateral leg ultrasonography, which will diagnose
DVT in some patients, who will require treatment for VTE. If the
ultrasound is normal, pre-test clinical probability is used to decide
on further testing. A high clinical pre-test probability group would
require angiography. In the setting of low clinical probability and
normal ultrasound of the legs, PE can be excluded from the diag-
nosis. The moderate probability group should be evaluated further
with serial ultrasound or angiography, or even helical CT.42,59

In an attempt to refine the algorithm further, other investigators
have added D-dimer using an ELISA method to reduce the number
of unnecessary tests.59 In this large study, a D-dimer less than 500
mcg/L was used to exclude the diagnosis of VTE in 31%, and no
further evaluation was done. (See Figure 1.) For those with abnor-
mal D-dimer, ultrasound of the legs was performed, and in those
with a normal study, further evaluation was done. For the PE group,
a non-diagnostic V/Q scan and low pre-test probability excluded the
diagnosis of PE (12%). Those with non-diagnostic scans and mod-
erate or high pre-test probability went on to angiography. Overall,
an appropriate diagnosis was made in 94% of the study population
by using pre-test probability and noninvasive studies. All patients
who had PE or DVT excluded were followed for a three-month
period, and found to have 1.8% risk of developing VTE.58

The results of D-dimer also can be added to further guide
evaluation later in the PE algorithm. (See Insert.) Figure 2
demonstrates D-dimer being used in the group of patients with a
non-diagnostic V/Q scan, negative ultrasound of the legs, and
moderate and high pre-test clinical probability. In this study, only
0.1% developed VTE in the three-month follow-up period.59

With helical CT becoming more available, it is gaining accept-
ance as the first diagnostic modality for those with suspected PE.38

If the CT is read as normal, or no PE, then pre-test probability is

used to determine the need for angiography. While this approach
would seem cost-effective and reasonable, it has not yet been vali-
dated in larger outcome studies. However, this approach with heli-
cal CT may be useful in patients who present with other reasons
for their symptoms, such as COPD or emphysema. It remains to be
seen how helical CT will be used in the evaluation of PE.

Finally, the patient presenting with symptoms of major PE
requires immediate evaluation and treatment. The hypotensive
patient often is too ill to be moved for multiple tests. These
patients benefit from bedside echocardiography primarily to
exclude other causes of hypotension. Next, angiography is under-
taken to quickly evaluate the anatomy and start definitive treat-
ment.37 Helical CT also would be accurate in the diagnosis of
major PE. Its utility in such cases remains to be validated.

Pitfalls in Diagnosis
The major pitfalls of VTE evaluation are summarized in Table

6. Failure to consider pre-test clinical suspicion or changing the
pre-test suspicion without sufficient evidence is a major pitfall.
The models for pre-test probability have been proven helpful in
the clinical assessment of VTE.40,41,59 The other broad category of
pitfalls is over-reliance on any one physical examination finding
or diagnostic test to safely exclude or make the diagnosis. All
diagnostic tests discussed in the review are most useful as com-
plimentary tests taken together with clinical probability of VTE.
When history, physical examination, and risk factors are used to
arrive at the pre-test clinical probability of disease, the astute cli-
nician can determine an appropriate sequence for diagnostic test-
ing and arrive at the correct diagnosis.
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Physician CME Questions
Your subscription to Emergency Medicine Reports now is even

more valuable! Beginning with this CME semester, you can earn
up to 60 CME ACEP, AAFP, and AMA credit hours annually, 30
hours for each semester. The number of AOA credit hours offered
annually will remain at 52. No component of the testing procedure
will change. If you have any questions about our CME program,
please call (800) 688-2421.

1. The most common cause of thrombophilia is:

A. protein C deficiency.

B. prothombin mutation.

C. factor V Leiden.

D. pregnancy.

2. Which of the following statements is correct concerning travel-

related VTE?

A. Travel is not considered a risk factor for VTE.

B. Travel is only considered a risk factor if the person has other

risk factors for VTE.

C. Prolonged travel is a risk factor for VTE even in people with

no other risk factors.

D. The “economy class syndrome” does not exist.

3. The most common sign of PE is:
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A. diaphoresis.

B. tachypnea.

C. fever.

D. tachycardia.

4. In most institutions, the primary screening test used for the patient

with suspected PE is:

A. D-dimer.

B. compression ultrasound of legs.

C. helical CT.

D. V/Q scan.

5. Of the available methods of performing D-dimer tests, which of the

following is most sensitive?

A. ELISA method

B. Latex agglutination

C. Rapid methods, such as SimpliRED

D. All are equally sensitive.

6. A patient presents to the ED with signs and symptoms suggestive

of PE. The pre-test probability is moderate, and the V/Q scan is

non-diagnostic. Which of the following would be the best

approach?

A. Angiography

B. No further testing, observation

C. Reassess your pre-test probability.

D. Ultrasound of legs and D-dimer (if available)

7. In the ED you are confronted with a patient whom you believe has

a moderate pre-test probability of DVT. However, the ultrasound of

the affected leg is normal. What is your next step?

A. Assume your initial pre-test probability was wrong, and stop.

B. D-dimer

C. Repeat ultrasound in one week.

D. No further testing

8. Pitfalls in the diagnosis of PE or DVT include:

A. relying on a normal ultrasound to exclude DVT in those with

previous DVT.

B. relying on a normal pulse oximetry to exclude PE.

C. failure to consider pre-test clinical probability.

D. all of the above.

9. Risk factors for VTE include which of the following?

A. Malignancy

B. Oral contraceptive use

C. Prolonged immobilization

D. All of the above

10. Which invasive method is considered to be the gold standard for

diagnosis of DVT?

A. Echocardiography

B. Venography

C. Pulmonary angiography

D. D-dimer

June 17, 2002/Emergency Medicine Reports 174

In Future Issues: DVT/PE, Part II

Emergency Medicine Reports 

CME Objectives

To help physicians:

• quickly recognize or increase index of suspicion for 
specific conditions; 

• understand the epidemiology, etiology, pathophysiology,
and clinical features of the entity discussed; 

• be educated about how to correctly perform necessary
diagnostic tests; 

• take a meaningful patient history that will reveal the most 
important details about the particular medical problem 
discussed;

• apply state-of-the-art therapeutic techniques (including the 
implications of pharmaceutical therapy discussed) to 
patients with the particular medical problems discussed; 

• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur;

• and provide patients with any necessary discharge instructions.

EMRonline.comEMRonline.com

Another value-added feature 
FREE to subscribers

This continuously updated online service gives 
you expanded access to patient care tools,
including the popular Rapid Access Management
Guideline cards, objective information on more
than 4,000 prescription drugs through a convenient
link to PDR.net, a forum for consulting with your
colleagues on difficult-to-diagnose cases—an
immediately useful clinical data repository.

LOG ON NOW!

EMRonline.com
Or call 1-800-688-2421. Outside the U.S. 404-262-5476.



Supplement to Emergency Medicine Reports July 1, 2002

Diagnostic Algorithm for DVT Evaluation

Treat

Suspected DVT

Pretest clinical probability

Low High

Ultrasound

Moderate

UltrasoundUltrasound

AbnormalNormal Abnormal NormalNormal

* VenographyNo DVT

Treat

DVTRepeat
ultrasound
in 1 week

AbnormalNormal

No DVT DVT

Treat

Normal Abnormal

No DVT DVT

Treat

Venography+

Normal Abnormal

No DVT DVT

*  Individualize for each patient. Consider repeat ultrasound.
+ Discordant probability and test result: Serial ultrasound also may be a possibility.

Reprinted with permission from: Wells PS, Anderson DR, Bormanis J, et al. Value of assessment of
pretest probability of deep-vein thrombosis in clinical management. Lancet 1997;350:1795-1798.
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Diagnostic Algorithm for PE Evaluation

Suspected PE

Clinical evaluation and
Pretest probability

Ultrasound legs

Pretest clinical probability

High

Ultrasound in 1 week
or

Angiography/Helical CT

Treat

Lung scan

Non-diagnostic

No DVT

Moderate

Negative

No PE

Positive

PE

Treat

High probability

PE

TreatDVT

Angiography

Positive

PENo PE

Negative

Low

No PE

Normal/Near
normal

Used with permission from: Wells PS, Anderson DR, Rodger M, et al. Excluding pulmonary embolism at the bedside
without diagnostic imaging: Management of patients with suspected pulmonary embolism presenting to the emer-
gency department by using a simple clinical model and D-dimer. Ann Int Med 2001;135:98-107.



DVT/PE
Part I

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Risks for VTE

INHERITED

• Antithrombin deficiency
• Proteins C & S deficiencies
• Factor V Leiden
• Prothrombin mutation

ACQUIRED (PERSISTENT)

• Age
• Malignancy
• Antiphospholipid antibodies
• History of VTE

ACQUIRED (TRANSIENT)

• Surgery and major trauma
• Pregnancy 
• Oral contraceptives/hormone replacement therapy
• Prolonged immobilization:

– Bed rest
– Paralysis
– Travel

Reprinted with permission from: Martinelli I. Risk factors in 
venous thromboembolism. Thromb Haemost 2001;86:395-403.

Differential Diagnosis of DVT

Diagnostic Algorithm for DVT Evaluation 

Treat

Suspected DVT

Pretest clinical probability

Low High

Ultrasound

Moderate

UltrasoundUltrasound

AbnormalNormal Abnormal NormalNormal

* VenographyNo DVT

Treat

DVTRepeat
ultrasound
in 1 week

AbnormalNormal

No DVT DVT

Treat

Normal Abnormal

No DVT DVT

Treat

Venography+

Normal Abnormal

No DVT DVT

*  Individualize for each patient. Consider repeat ultrasound.
+ Discordant probability and test result: Serial ultrasound also may be a possibility.

Reprinted with permission from: Wells PS, Anderson DR, Bormanis J, et al. Value of assessment of
pretest probability of deep-vein thrombosis in clinical management. Lancet 1997;350:1795-1798.

• Abscess
• Baker’s cyst
• Cellulitis
• Claudication
• Musculoskeletal injury
• Venous stasis

Differential Diagnosis of PE

• Acute myocardial infarction (AMI)
• Aortic dissection
• Musculoskeletal disorders

Chest contusion
Costochondritis
Rib fracture

• Obstructive pulmonary disease (including asthma)
• Pericardial disease
• Pneumonia
• Pneumothorax

Predicting Pre-Test Probability 
for DVT 

CLINICAL FEATURES* SCORE**

Cancer (treatment ongoing or within 6 months, 1
or palliative)

Paralysis, paresis, plaster immobilization of 1
lower extremities

Bedridden for more than 3 days or major surgery 1
within 4 weeks

Tenderness localized along the deep venous 1
system

Entire leg swollen 1
Calf swelling > 3 cm compared to asymptomatic 1

leg (measure at 10 cm below tibial tuberosity)
Pitting edema (greater in the symptomatic leg) 1
Collateral superficial veins (non-varicose) 1
Alternative diagnosis as likely or greater than DVT -2

*  In patients with symptoms in both legs, the more symptomatic leg 

is used.

** Analysis: High probability > 3, moderate 1-2, low probability ≤ 0

Reprinted with permission from: Wells PS, Anderson DR, Bormanis J, et

al. Value of assessment of pretest probability of deep-vein thrombosis in

clinical management. Lancet 1997;350:1795-1798.

Proposed D-dimer Use for Evaluation
of Suspected VTE

Suspected VTE

D-dimer

Negative
(< 500 mcg/L)

No
VTE

Determine pre-test 
clinical probability

Positive
(> 500 mcg/L)*

Suspect
DVT

Suspect
PE

* See text, continue with work-up.
Reprinted with permission from: Perrier A. Demarais S,
Miron MJ, et al. Non-invasive diagnosis of venous 
thrombembolism in out-patients. Lancet 1999;353:190-195.
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Predicting Pre-Test Probability for PE

Diagnostic Algorithm for PE Evaluation

Suspected PE

Clinical evaluation and
Pretest probability

Ultrasound legs

Pretest clinical probability

High

Ultrasound in 1 week
or

Angiography/Helical CT

Treat

Lung scan

Non-diagnostic

No DVT

Moderate

Negative

No PE

Positive

PE

Treat

High probability

PE

TreatDVT

Angiography

Positive

PENo PE

Negative

Low

No PE

Normal/Near
normal

Used with permission from: Wells PS, Anderson DR, Rodger M, et al. Excluding pulmonary embolism at the bedside
without diagnostic imaging: Management of patients with suspected pulmonary embolism presenting to the emer-
gency department by using a simple clinical model and D-dimer. Ann Int Med 2001;135:98-107.

Pitfalls in Diagnosis of VTE

CLINICAL FEATURES SCORE**

Clinical signs and symptoms of DVT 3.0
Heart rate > 100 beats/min 1.5
Immobilization (for ≥ 3 consecutive days) 1.5
Surgery in the previous 4 weeks 1.5
Previous diagnosis of DVT or PE 1.5
Hemoptysis 1.0
Cancer (treatment ongoing or within 6 months, 1.0
or palliative)

PE as likely or more likely than another diagnosis 3.0

** Analysis: High probability, score > 6.0; moderate, 2.0-6.0; low, < 2.0

Used with permission from: Wells PS, Anderson DR, Rodger M, et al.

Excluding pulmonary embolism at the bedside without diagnostic imag-

ing: Management of patients with suspected pulmonary embolism pre-

senting to the emergency department by using a simple clinical model

and D-dimer. Ann Int Med 2001;135:98-107.

FAILURE TO CONSIDER PRE-TEST PROBABILITY

RELYING ON PHYSICAL EXAM ALONE:

• Homan’s sign in DVT
• Heart rate or respiratory rate in PE
• Pulse oximetry in PE

RELYING ON ONE TEST TO EXCLUDE VTE:

• Normal ABG, especially in COPD
• Normal ultrasound in DVT (calf veins)
• Relying on ultrasound in those with previous DVT
• Normal V/Q (saddle embolus)
• Relying on V/Q in those with COPD/asthma

Proposed Algorithm Using D-dimer 
for Evaluation of Suspected PE

- +

+

+

-

-

+-

* Normal, near normal, or high probability study, please see Insert.
# Result negative if < 500 mcg/L, positive if > 500 mcg/L.

Used with permission from: Wells PS, Anderson DR, Rodger M, et al.
Excluding pulmonary embolism at the bedside without diagnostic
imaging: Management of patients with suspected pulmonary
embolism presenting to the emergency department by using a simple
clinical model and D-dimer. Ann Int Med 2001;135:98-107.

Non-diagnostic*

study

Ultrasound 
legs

No DVT

DVT Treat

Pretest clinical probability

Moderate High

Management with initial D-dimer results#

No PE
Ultrasound in 

1 week

No PE Treat No PE Treat

Angiography



Acute pelvic fractures are potentially lethal injuries, even
in the care of highly skilled physicians with modern diagnos-
tic techniques and therapies at their disposal. To ensure the
appropriate treatment of a patient who has suffered an acute
pelvic fracture, it is essential for the practicing physician to
understand the functional
anatomy of the pelvis and
perineum and the biomechan-
ical mechanisms resulting in
the various types of fractures.
It also is imperative that any
patient suspected of having
suffered an acute pelvic frac-
ture undergo early resuscita-
tion in the field and continued
aggressive evaluation and
management of his injuries
once he arrives at an appro-
priate trauma center. The
authors review the anatomy
of the pelvis, typical mechanisms of injury, associated
injuries, and current management strategies.

— The Editor

Epidemiology
Pelvic fractures represent 3% of all bony fractures pre-

senting to emergency departments (EDs) in the United
States.1 Single pubic rami and avulsion fractures are the

most common. The typical patient with such a fracture is a
young male in the second or third decade of life; 50% of all
pelvic fractures result from motor vehicle accidents
(MVAs).2 Motorcycle crashes and pedestrian accidents each
account for approximately 15% of bony injuries to the

pelvis, with falls (10%) and
crush injuries (5%) compris-
ing the remainder of the trau-
matic mechanisms of injury.2-4

These figures have remained
constant during the last three
decades.

Pelvic fractures rank as the
third most commonly seen
injury in MVA-related
deaths.5 During the 1980s,
the death rate due to pelvic
fracture was reported to be 6-
10%.3,5-7 However, in patients
with open fractures, the death

rate rises to 30%, while in patients who are hypotensive, the
death rate approaches 50%.4,8 Pelvic hemorrhage is the direct
cause of death in fewer than half of patients with pelvic frac-
tures who die. The primary causes of death in patients suf-
fering a pelvic fracture are, in descending order, associated
injuries secondary to the trauma, retroperitoneal hemor-
rhage, and secondary infection from disruption of bowel and
urinary systems.8
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Anatomy
The pelvis is composed of two innominate bones and the

sacrum. The innominate bones consist of the ilium, ischium,
and the pubis. These bony structures themselves have no inher-
ent stability. It is only through the network of ligaments, mus-
culature, and other soft tissues of the pelvic area that the pelvis
attains sufficient strength to support the forces transmitted
through it during activity and to provide protection to the
lower urinary tract, portions of the gastrointestinal tract, the
vascular and nervous structures contained in the pelvis, and the
uterus and vagina in females. It is essential for the physician
caring for patients who have suffered injury to the pelvis and
pelvic area to have a basic understanding of the anatomical
structures and support system of the pelvis to identify injury
patterns and patients at risk for injury.

The stability of the pelvis can be divided into anterior and
posterior stability. The anterior stability contributes 40% of
the strength of the pelvis, while 60% of the pelvis’ strength is
derived from the posterior stabilizing structures.9-11 It is inter-
esting to note that the pelvis will remain stable if completely
disrupted anteriorly as long as the posterior support is not
disturbed.

The structures comprising the anterior support of the pelvis
are the symphysis pubis and the pubic rami. The symphysis

pubis is a cartilaginous joint between the two pubic bones. The
articular surfaces are covered by a layer of hyaline cartilage
and are connected together by a fibrocartilaginous disc. The
disc has a small cavity in the midline. The joint is surrounded
by the anterior and posterior symphyseal ligaments, which
extend from one pubic bone to another. Almost no movement
is possible at this joint.

The posterior support of the pelvis is composed of two sep-
arate systems, the sacroiliac complex and the pelvic floor.11

The sacroiliac complex consists of the sacroiliac ligaments and
the iliolumbar ligaments. (See Figure 1.) This complex also is
referred to as the posterior tension band of the pelvis. These
sacroiliac ligaments join the posterior superior iliac spines to
the sacrum, creating a mechanical system very similar to a sus-
pension bridge.11 In this system, the interosseous ligaments act
as the cables, the posterior superior iliac spines as the pillars,
and the sacrum as the bridge. (See Figure 2.) A major tension-
band effect surrounding the posterior pelvis thus is generated.
The iliolumbar ligaments enhance the suspension and tension
forces placed on the sacrum by joining the transverse process-
es of L

5
(5th lumbar vertebra) to the iliac crest. The entire

effect of this complex prevents anterior displacement of the
sacrum and posterior opening of the pelvis.

The other component of the posterior stability of the pelvis
is the pelvic floor. The pelvic floor is composed of the
sacrospinous ligaments, the sacrotuberous ligaments, and the
muscle layers of the pelvic diaphragm and its investing fascial
layers. (See Figure 3.) The sacrospinous ligament is triangular
in shape and very strong. Its apex is attached to the ischial
spine, while its base connects to the lateral portion of the
sacrum and coccyx. The sacrotuberous ligament, also very
strong, attaches to the lateral part of the sacrum and coccyx,
joining at this point with the sacroiliac complex and extending
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Figure 1. Posterior View of the Sacroiliac
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to the ischial tuberosity. The sacrospinous ligament resists
external rotation, while the sacrotuberous ligament resists rota-
tional forces and vertical shearing forces. When these two liga-
mentous structures are combined, the lower end of the sacrum
and coccyx cannot be rotated upward at the sacroiliac joint by
the weight of the body during ambulation. Finally, the multiple
muscle layers and the investing fascia of the pelvic diaphragm
limit both rotation and opening of the posterior pelvis.

Since 20% of all pelvic fractures involve the acetabulum, it
is an essential structure for the practicing physician to under-
stand.12,13 The acetabulum is the socket portion of the ball-
and-socket hip joint, and is composed of the three portions of
the innominate bone as they fuse together. (See Figure 4.) The
acetabulum is horseshoe-shaped and is deficient inferiorly at
the acetabular notch. It is divided anatomically into three
columns—the anterior superior, the anterior inferior, and the
posterior column. The anterior superior column is composed
of the ilium and is the chief weight-bearing portion of the
pelvis. The pubis comprises the anterior inferior column of
the acetabulum, which is thin and easily fractured. The pubis
also comprises the majority of the quandrangular plate, the
most medial aspect of the acetabulum. The posterior column
is composed chiefly of the ischium, which is very thick and
strong. Even with these mechanical advantages, the posterior
column is the portion of the acetabulum most often fractured.1,9

Finally, it must be remembered that the pelvis is a highly
vascular structure and contains a number of organ systems.
The most commonly injured arteries are the superior gluteal
and internal pudendal arteries, but venous hemorrhage
remains more common.1,14-17 The pelvis also contains the lum-
bar and sacral nerve plexuses, the lower urinary tract, the sig-
moid colon, portions of the descending colon, the rectum, the

anus, and the uterus and vagina in females. All of these struc-
tures are susceptible to injury when the pelvis is fractured,
and these systems must be examined thoroughly and evaluat-
ed for possible injury.

History
The evaluation of a patient with a pelvic fracture begins

with a careful history that is obtained in the context of
Advanced Trauma Life Support (ATLS) guidelines, as pub-
lished by the American College of Surgeons Committee on
Trauma.18 The clinician should have a high suspicion for the
presence of a pelvic fracture in all patients presenting with
serious or multiple trauma.

It is essential that the mechanism of injury be determined
as accurately as possible, as this will help the astute clinician
predict the type of fracture and associated complications. This
information ideally is obtained from the patient; however, the
information provided by prehospital providers and witnesses
may be the only history obtainable and often proves invalu-
able. The physician should begin collecting information from
the report of prehospital personnel while in transport and on
arrival in the trauma bay. This history then is enhanced further
by the collection of an AMPLE history (allergies, medications
currently used, past medical history and pregnancy, last meal,
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Figure 2. Mechanical Design of the Sacroiliac
Complex, and Similarity to a Suspension Bridge

Reprinted with permission from: J Am Acad Orthop Surg 1996;4:143-151.
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and events/environment related to the injury) during the second-
ary survey after resuscitation has begun. The patient also should
be questioned specifically for bladder sensation, last defecation
and urination, last menses, and specific areas of pain.19

Physical Exam
The physical exam of the patient with a pelvic fracture also

is performed as outlined by the ATLS guidelines. The ABCs
(airway, breathing, circulation) of physical exam, resuscita-
tion, and therapy must be followed in all patients presenting
with acute fractures of the pelvis, because the signs and
symptoms of an injury to the pelvis can vary from localized
pain and tenderness to gross instability and shock.

The physician may find many signs of pelvic fracture on
inspection only. The presence of Destot’s sign should be sought.
Destot’s sign is the presence of a hematoma above the inguinal
ligament or over the scrotum. A Grey-Turner sign (flank ecchy-
mosis secondary to retroperitoneal hemorrhage) also may be
found. The presence of perineal edema, ecchymosis, lacerations,
or blood at the urethral meatus also must be noted. These indi-
cate possible open fracture and/or urologic injury.

On physical exam, any localized pain and tenderness must
be sought. The pelvis also must be tested for instability, but
this testing should be performed only once.18 To test for insta-
bility, the examiner should apply lateral to medial compres-
sion along the iliac crests then perform anterior-posterior
compression along the symphysis pubis to the iliac crests. It
cannot be over-emphasized that testing for instability should
be performed only once, because this testing has the potential
to dislodge clots that already have caused tamponade to
injured vessels, resulting in further hemorrhage.

A careful rectal exam also should be performed. Special
attention should be given to rectal tone, the presence of rectal
bleeding, the position of the prostate, and Earle’s sign (the

presence of a bony prominence, palpable hematoma, or tender
fracture line) on rectal exam. Diminished rectal tone could
signify the presence of a pelvic fracture with resultant lumbo-
sacral plexus injury. Rectal bleeding can signify a hidden
open fracture of the pelvis. A high-riding or boggy prostate is
significant for urologic injury with the possibility of an asso-
ciated injury to the pelvis.

All female patients should be assessed for the possibility of
vaginal tears, and physical exam and laboratory determination
should be used to assess for pregnancy. Palpation for a gravid
uterus must be performed. Signs and symptoms of uterine
rupture also should be sought. In addition, the presence of
vaginal bleeding must be noted, and a bimanual exam should
be performed. The possibility of a hidden open fracture of the
pelvis is again possible when a vaginal injury is present.

Finally, a careful examination of the lower extremities
should be performed. Distal pulses must be assured, neurologic
integrity tested, and range of motion testing of the hip joints
performed. The presence of internal and external rotation defor-
mity at the hip joint with associated shortening of the lower
extremities also should be noted. An acute pelvic fracture can
result in neurovascular compromise of the lower extremities.
Also, acute dislocation of the hip with associated acetabular
fracture must be recognized and acutely reduced to decrease
the incidence of avascular necrosis of the femoral head.

Diagnostic Adjuncts
The care of the trauma patient is a systematic approach to

diagnosis and prompt treatment of life-threatening injuries. As
part of the multi-system approach to the trauma patient,
appropriate laboratory evaluation should be ordered, depend-
ing on the clinical setting. Such laboratory evaluation could
include a complete blood count, type and cross-matching for
blood products, urinalysis, serial hemoglobin measurements,
pregnancy testing, and appropriate toxicologic screens. As
with all trauma patients, laboratory evaluations should be
guided by the clinical situation.

Pelvic fractures have a high associated mortality rate and
require urgent diagnosis and therapy. In addition, commonly
associated injuries such as hemorrhage, urethral injury, and
bladder rupture must be recognized.

If, after a careful physical exam, a urethral injury is sus-
pected, a retrograde urethrogram should be performed. The
most common site of urethral injury is the membranous ure-
thra. If gross hematuria is found, a retrograde cystogram
should be obtained. Keep in mind that gross hematuria also
can result from injuries to the urologic system that are proxi-
mal to the bladder (such as a renal contusion or laceration
which would require a computed tomography [CT] scan to
diagnose). Any injury noted on these diagnostic tests should
prompt urgent urology consultation.

Radiologic Evaluation
Most fractures of the pelvis can be seen on plain radi-

ographs if the clinician has a knowledge of the basic bony
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Figure 4. The Acetabulum and Its Bony 
Components
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structures of the pelvis. Familiarity with standardized radi-
ographs will enable the physician to interpret subtle fractures
that will need further evaluation and urgent orthopedic refer-
ral. (See Figure 5.) These lines are the iliopectineal (arcuate)
line, the ilioischial line, the roentgenographic U or teardrop,
the anterior lip/rim, and the posterior lip/rim.

The iliopectineal line is the most medial border of the
pelvic rim. Disruption of this line indicates fracture of the
anterior column of the acetabulum. The ilioischial line begins
at the sacroiliac joint posteriorly, runs along the medial border
of the ischium to the ischial tuberosity, then down to the distal
juncture of the ischium with the pubic ramus. This line delin-
eates the posterior column of the acetabulum, and disruption
indicates fracture. The roentgenographic U, or teardrop, is
located just medial to the femoral head. It is formed by the
roof of the acetabulum and the ilioischial line. The roentgeno-
graphic U defines the quadrangular plate, the most medial
aspect of the acetabulum, and disruption means penetration
into the pelvic cavity. Finally, the anterior and posterior
lips/rims define the lateral borders of the acetabulum. The
anterior lip always is more medial, with disruption again indi-
cating fracture.20

The anteroposterior (AP) pelvis x-ray can confirm the
diagnosis of 90% of fractures to the pelvis. Inlet and outlet
views of the pelvis also may be obtained to demonstrate ante-
rior-posterior and inferior-superior displacement, respectively.
A Judet view is very useful in evaluation of the acetabulum,
as it is a true AP view of the acetabulum. With a basic under-
standing of the anatomy of the pelvis and the radiologic lines
of the pelvis mentioned previously, most fractures can be
identified. Not every trauma patient will require radiologic
evaluation of the pelvis, however. Retrospective studies per-

formed in the last decade demonstrate that if a patient has a
normal physical exam and a Glascow Coma Score (GCS)
greater than 13, no radiologic evaluation is necessary.21-23 In
addition, one research group recently concluded that trauma
patients presenting with a normal physical exam, GCS greater
than 13, and a blood alcohol level greater than 100 mg/dL, did
not require radiologic evaluation to exclude fracture to the
pelvis.24 

CT scan also has become very useful in the evaluation of
bony injury to the pelvis. It is superior to plain radiographs in
the evaluation of sacral or acetabular fractures. CT scan also
will identify intra-abdominal injury, retroperitoneal and ongo-
ing hemorrhage, and confirms hip dislocation.16,25-27 CT scan,
along with all plain films, should be ordered according to the
clinical situation, but should be considered strongly when a
sacral or acetabular fracture is present.

Classification of Pelvic Fractures
There have been many classification systems derived to

group and organize fractures of the pelvis. The two major sys-
tems are those proposed by Tile and Young.9,27 The Tile classi-
fication system has the advantage of including stable single
bone and avulsion injuries and predicting the need for opera-
tive repair. (See Table 1.) However, it does not predict the
incidence of associated injury or mortality. The Young system
is more useful for both the surgeon and the non-surgeon. (See
Table 2.) The Young classification system groups pelvic frac-
tures based on mechanism of injury. Thus, the mechanism of
injury provided by the patient or witnesses will lead the clini-
cian to look for certain fracture patterns. In addition, the
Young system predicts the chance of associated injury (severe
hemorrhage, bladder rupture, and urethral injury) and will
give an estimate of the associated mortality. (See Table 3.)
The disadvantage of the Young system is that single bone
injuries, avulsion injuries, and fractures of the acetabulum are
not included.

The Young system will be presented in the following sec-
tion. A discussion of single bone and avulsion injuries to the
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Table 1. Tile Classification SystemFigure 5. Radiographic Lines of the Acetabulum
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TYPE A: STABLE—POSTERIOR STRUCTURES INTACT

• A1: Avulsion injury
• A2: Iliac wing or anterior arch fracture
• A3: Transverse sacrococcygeal fracture

TYPE B: PARTIALLY STABLE—POSTERIOR STRUCTURES INCOMPLETELY
DISRUPTED

• B1: Open-book injury
• B2: Lateral compression injury
• B3: Contralateral/bucket handle injuries

TYPE C: UNSTABLE—POSTERIOR STRUCTURES COMPLETELY 
DISRUPTED

• C1: Unilateral
• C2: Bilateral with one side Type B, one side Type C
• C3: Bilateral Type C



pelvis will follow, and finally, fractures of the acetabulum will
be discussed. 

The Young Classification
The classification system by Young differentiates pelvic

fractures based on the causative force and mechanism of
injury. It is a classification system of pelvic fractures that
result in disruption of the integrity of the pelvic ring. Compli-
cation rates and mortality rates also are correlated with the
type of fracture, making the Young system clinically relevant
and useful. There are three patterns of fractures identified in
the Young system and named by the mechanism of injury. The
patterns are lateral compression (LC), anteroposterior com-
pression (APC), and vertical shear (VS). Each of these frac-
tures makes up one category in the Young system, with a com-
bined mechanism (CM) of injury patterns being the last cate-
gory. (See Tables 2 and 3.) Figures 6-12 provide a schematic
representation of each of the types of fractures in the Young
system. LC fractures comprise nearly 50% of injury patterns,
APC approximately 25%, VS comprise 5%, and CM injuries
are seen in 20-25%.20 Mortality rates also have been correlat-
ed with the type of fracture pattern.28 (See Table 3.) Severe
APC and VS fractures have a mortality of approximately
25%, while severe LC fractures have a 13% associated mor-
tality. (See Table 3.)

The clinical utility of the Young system stems from the fact
that the different injury types (and associated complications
and mortality) can be predicted from history alone. However,
the mechanism of injury, and thus the Young classification,
can be derived radiographically. The first clue on radiograph
is the alignment of the pubic rami. Horizontal fractures sug-
gest LC injury, while APC injury typically results in a vertical

fracture. Second, the clinician should determine the direction
of a hip dislocation, if present. LC injury will produce a cen-
tral hip dislocation, while posterior hip dislocations are seen
in APC injuries. Third, if there is crush injury to the sacrum
with associated sacroiliac joint diastasis, then the injury was
due to LC. Finally, VS injuries produce vertical displacement
of fracture fragments. By combining these hints with a work-
ing knowledge of the fracture patterns in the Young system as
presented in Table 2, the astute clinician, working with radi-
ograph alone, can determine the Young classification for a
patient with a pelvic fracture and, thus, predict the associated
complication and mortality rates.

Treatment of Pelvic Fractures Resulting in Ring
Disruption

The treatment of a patient with a pelvic fracture should be
in the context of a multi-system approach as prescribed by
ATLS guidelines. Aggressive resuscitation is indicated in all
patients suspected of incurring a fracture of the pelvis. The
Young classification also suggests the typical definitive treat-
ment required for a fracture of the pelvis. LC-I and APC-I
injuries usually require a few days of bed rest followed by
protected weight-bearing. LC-II fractures usually require
open reduction and internal fixation (ORIF) with early mobi-
lization; however, these fractures alternatively may be man-
aged with 3-6 weeks of bed rest followed by progressive
weight-bearing. LC-III, APC-II and III, and VS require ORIF
within 5-14 days of injury.29 It is clear, however, that early
ORIF with subsequent mobilization of the patient reduces
morbidity and mortality.8 All open fractures, either due to
rectal or vaginal tear, should be treated with cefazolin and
gentamicin.

The management of the unstable patient with an unstable
pelvic fracture remains controversial. Clearly, early anterior
stabilization should be considered in hemodynamically unsta-
ble patients with unstable pelvic fractures, as stabilization
decreases the pelvic volume and results in tamponade of hem-
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Table 3. Occurrence of Associated Injury 
and Mortality, as Predicted by the Young 
Classification System

FRACTURE SEVERE BLADDER URETHRAL
TYPE HEMORRHAGE* RUPTURE* INJURY* MORTALITY*

LC-I 0.5 4 2 6
LC-II 36 7 0 6
LC-III 60 20 20 13
APC-I 1 8 12 7
APC-II 28 11 23 7
APC-III 53 14 36 25
VS 75 15 25 25
CM 58 16 21 17

*Expressed as percentages
Key: LC=lateral compression; APC=anteroposterior compression;
VS=vertical shear; CM=combination

Table 2. Young Classification System

LC—TRANSVERSE FRACTURE OF PUBIC RAMI, IPSILATERAL OR 
CONTRALATERAL TO POSTERIOR INJURY

• I: Sacral compression on side of impact
• II: Iliac wing fracture on side of impact
• III: LC-I or LC-II on side of impact with contralateral APC injury

APC—SYMPHYSEAL AND/OR LONGITUDINAL RAMI FRACTURES

• I: Slight widenening of the pubic symphysis and/or anterior SI 
joint

• II: Disrupted anterior SI joint, sacrotuberous, and sacrospinous 
ligaments

• III: Complete SI joint disruption with lateral displacement, with 
disruption of the sacrotuberous and sacrospinous ligaments

VS—SYMPHYSEAL DIASTASIS OR VERTICAL DISPLACEMENT ANTERIORLY
AND POSTERIORLY

CM—COMBINATION OF INJURY PATTERNS

Key: LC=lateral compression; APC=anteroposterior compression;
VS=vertical shear; CM=combination
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Figures 6-12. Types of Fractures in the Young Classification System

6. Type I lateral compression fracture. Lateral force is applied posteriorly
(arrow). This causes a crush effect on the sacroiliac joint: This may be
visible radiographically as a sacral fracture (A). The characteristic frac-
ture pattern of the pubic rami will be seen (B).

7. Type II lateral compression fracture. The force is applied anteriorly
(arrow), causing the typical anterior pubic rami fractures (B). In this case,
rotation of the pelvis around the anterior sacral margin may occur, caus-
ing rupture of the sacroiliac ligaments (R). A crush fracture of the sacrum
also may be seen (A).

8. Type III lateral compression fracture. The force is applied anteriorly
(arrow), causing internal rotation of the anterior hemipelvis. Continuing
through to the contralateral hemipelvis (center arrow), the force causes it
to rotate externally. The result is a pattern of lateral compression on the
ipsilateral side, with apparent AP compression on the contralateral side.
This results in rupture of the posterior sacroiliac ligaments on the ipsilat-
eral side (R) and sacrospinous/sacrotuberous complex (T) and anterior
ligaments (A) on the contralateral side. Typical pubic rami fractures (B)
are to be expected.

76

8
9

10 11 12

9. Vertical shear vector. The injury force vector is delivered in a vertical
plane (large arrow), causing disruption along the line. Fractures of the
pubic rami usually are seen anteriorly, while fractures of the sacrum, SIJ,
or iliac wing usually are seen posteriorly. The fractures are vertical and
are associated with vertical displacement of fragments. Ligamentous
injury to the posterior (R) and anterior (A) sacroiliac ligaments may be
seen, as well as to sacrospinous/sacrotuberous (T) and, possibly, sym-
phesis ligaments.

10-12. Type I (10), Type II (11), and Type III (12) AP compression fractures. The force is delivered in an AP direction (large arrow, each figure), tending to
“open” the pelvis. In Type I, the splaying of the symphesis is mild, due to rupture of the anterior sacroiliac ligaments. In Type II, the anterior pelvis is further
“opened,” with additional rupture of the anterior sacroiliac, sacrotuberous, and sacrospinous ligaments. In Type III, there is total disruption of the SIJ due to
wide “opening” of the pelvis. All supporting ligament groups, including the posterior sacroiliac ligaments, may be disrupted.

Reprinted with permission of: Tintinalli J, Kelen G. Emergency Medicine—A Comprehensive Study Guide, 5th ed. New York: McGraw-Hill Education;

1999:1803-1806.



orrhage.25,30 This may be accomplished temporarily in the ED
by wrapping a sheet around the fractured pelvis. However,
there are no clinical studies showing a clear indication for any
of the current means of stabilization: military antishock
trousers (MAST), external fixator, and early ORIF. There also
are no studies to date showing a clear indication for angio-
graphic embolization of the pelvic vasculature, a direct means
of hemorrhage control.

MAST trousers are the first means of stabilization of
unstable pelvic fractures in the hemodynamically unstable
patient. The application of MAST trousers has been shown to
stabilize pelvic fractures and decrease bleeding.31 However,
there is an increased incidence of lower extremity compart-
ment syndrome with MAST trousers.31 In addition, the appli-
cation of the trousers limits exam of the lower abdomen, and
data on patient outcomes when this therapy is employed cur-
rently is non-existent. MAST trousers still are indicated in
ATLS guidelines for the hemodynamically unstable patient
with an unstable pelvic fracture and, thus, should be
employed if needed.

Application of external fixation and angiographic
embolization are the main tools in the acute setting for stabi-
lization and hemorrhage control in the patient with an unsta-
ble pelvic fracture and unstable vital signs. Pelvic fractures
that are most amenable to anterior external fixation are those
that are anteriorly unstable but have an intact posterior sup-
port system. The Young fractures that have the potential to
benefit from anterior stabilization are LC-III, APC II and III,
and VS patterns. External fixation should be considered in all
of these patients; however, there is no prospective randomized
trial to prove that acute external fixation decreases morbidity
and mortality in such patients.32 The literature has similar evi-
dence for the use of angiographic embolization. One group
reported 100% success in controlling pelvic hemorrhage using
angiographic embolization in a series of 15 patients with
unstable pelvic fractures and unstable vital signs in 1997.17

There have been many similar reports in the literature since
1997. In a 2000 clinical study of a series of 17 patients, 100%
success was reported for hemorrhage control with an 82.4% sur-
vival rate.33 However, there still has been no prospective, ran-
domized trial showing embolization improves patient outcomes.

With a lack of support in the literature for clear indications
for acute external fixation and embolization, the clinician is
left without sound evidence about how to approach the patient
with an unstable pelvic fracture and unstable vital signs.
However, a retrospective study published in 2000 demon-
strates a logical approach. This group reported on 75 cases of
patients with unstable vital signs with unstable pelvic frac-
tures. A base excess of less than or equal to -5.0, a systolic
blood pressure less than 90 mmHg on leaving the trauma bay,
or higher injury severity score (ISS) predicted worse outcome
in patients. All 75 cases had early anterior stabilization (exter-
nal fixator or ORIF within 24 hours), 21 had angiographic
embolization, and seven died (mortality rate 9.3%).34 The
mortality rate of the patients in this series was clearly less

than the 50% traditionally given in the literature for hypoten-
sive patients with pelvic fractures. This success was achieved
by the early involvement of orthopedic surgeons, intervention-
al radiologists, and a comprehensive trauma team in the ED to
coordinate resuscitation and stabilization using base excess,
blood pressure, and ISS as guides for adequate resuscitation.
In choosing an approach, the physician also must take into
account the expertise of the orthopedic surgeons and interven-
tional radiologists available at his or her institution.

Transfer of Patients
It is essential for every emergency physician to understand

the capabilities and limitations of his/her institution for pro-
viding definitive care of the multiple trauma patient. When
the capabilities of an institution are exceeded, it is essential to
provide prompt transfer, as patient outcome is related directly
to time from injury to properly delivered definitive care.18 All
unstable pelvic-ring disruptions, pelvic-ring disruptions with
evidence of shock or continued hemorrhage, or open injury
should be transferred promptly.18 However, LC-I and APC-I
injuries typically can be managed at a non-trauma center if
orthopedic support is available. Patients who are being trans-
ferred should have either blood available or transfusion in
progress and MAST trousers in place, either deflated or with
all three compartments inflated, depending on the hemody-
namic status of the patient. Consideration for transfer also
should be made for adults older than 55 years, pregnant
women, and children.

Single Bone and Avulsion Injuries
Avulsion injuries are some of the most common fractures

to the pelvis. These injuries typically are seen in adolescents,
but are not uncommon in adults, and are due to forced con-
traction of the muscle attaching to the avulsed fragment of
bone. The most common avulsion injuries are to the anterior
superior iliac spine (ASIS), the ischial tuberosity, and the
anterior inferior iliac spine (AIIS). An avulsion injury to the
ASIS will be seen after forced contraction of the sartorius
muscle. The patient will present with tenderness over the
ASIS and with pain on flexion and abduction of the thigh.
Forceful contraction of the hamstring musculature can lead to
an avulsion of the ischial tuberosity, and these patients will
have pain on thigh flexion with knee extension. The tuberosi-
ty will be tender on rectal exam. Finally, a sudden contraction
of the rectus femoris can lead to the avulsion of the AIIS. A
patient with an avulsion of the AIIS either will have pain on
flexion of the hip or be unable to flex the hip. A careful clini-
cal history eliciting activation of the involved muscle(s), a
thorough physical exam, and an AP pelvis radiograph will
define the diagnosis of an avulsion injury. Treatment consists
of rest, crutches, and a course of non-steroidal anti-inflamma-
tory drugs (NSAIDs), with consideration of opiate therapy.
Orthopedic follow-up should be arranged for 7-14 days later.

Single bone fractures also are very common injuries to the
pelvis. The four fractures that present most frequently are sin-
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gle ramus fractures, sacral fractures, coccyx fractures, and
iliac wing fractures. A fracture of a single ramus typically is
seen after a fall with direct trauma to the area. This injury
results in localized pain and tenderness, and the patient is
unable to ambulate. The fracture usually is apparent on an AP
pelvis radiograph. Treatment consists of rest, crutches,
NSAIDs, and consideration of opiate therapy. Typical follow-
up is in 1-2 weeks with an orthopedic surgeon.

Sacral fractures are due to direct trauma or forced flexion.
Patients with a sacral fracture will present with perianal pain,
buttock pain, and/or local ecchymosis. These injuries also
have the potential to have devastating neurologic sequelae.
Patients may have decreased anal sphincter tone, loss of peri-
anal sensation, cauda equina syndrome, or any lumbrosacral
plexopathy or radiculopathy. Up to 22% of patients with
sacral fractures will have neurologic deficit.35 It is essential
for the clinician to perform a detailed neurologic exam to
screen for these possible injuries. One researcher grouped
sacral fractures into three categories.36 Type A fractures are
vertically oriented, transforaminal, and associated with anoth-
er fracture to the pelvis. Type A makes up 90% of sacral frac-
tures. Type B fractures are transverse fractures below the S

2

level, while type C fractures are transverse and occur at or
above S

2
. Type B typically are due to direct trauma, while

type C usually are due to forced flexion when the patient is in
a seated position. Type C has a very high incidence of neuro-
logic deficit and often is associated with lumbar transverse
process fractures.36,37 Other sources have reported that the
incidence of neurologic injury climbs when the injury occurs
at or above the S

4
level.21 Diagnosis is confirmed with AP

pelvis radiograph or with CT scan. CT has been shown to be
superior to plain films for evaluation of the sacrum.16,25,26 The
disposition of the patient with a sacral fracture depends on
neurologic status. If there is no neurologic deficit, then rest,
analgesia, and follow-up with an orthopedic surgeon in one
week is prescribed. However, if the patient does present with
neurologic compromise, emergent orthopedic consultation
and admission are warranted.

Fractures of the coccyx occur due to direct trauma, most
commonly falls. The patient will present complaining of pain
with sitting, standing, or when having a bowel movement. On
physical exam, localized tenderness and ecchymosis will be
observed over the coccyx and lower sacrum. The diagnosis
can be made on clinical grounds with no radiologic evaluation
necessary. Therapy consists of stool softeners, a donut-ring
cushion, analgesia, and follow-up with the patient’s primary
care physician or orthopedic referral in 1-2 weeks.

Iliac wing fractures, or Duverney’s fractures, also are due to
direct trauma. The patient may have localized pain, swelling,
and tenderness. The patient also may have a waddling gait,
known as Trendelenburg’s sign. In 30% of cases of iliac wing
fractures, there will be an associated fracture of the acetabu-
lum.38 The patient also may have abdominal rigidity, or may
develop an ileus. Diagnosis of the fracture again is confirmed
with an AP pelvis radiograph. If the patient does not have

abdominal rigidity, he or she may be discharged safely with
rest, analgesia, and orthopedic follow-up in one week. The
patient must be given careful return instructions concerning
the signs and symptoms of ileus. The patient should be admit-
ted if there is abdominal rigidity on initial exam, and the
patient should undergo appropriate diagnostic studies (CT
scan, ultrasound) to determine if there is an associated intra-
abdominal injury.

Fractures of the Acetabulum
Fractures of the acetabulum make up 20% of all fractures

of the pelvis. Up to 13% will have an associated sciatic nerve
injury.12,13 The mechanism of injury is most commonly an
MVA; however, motorcycle accidents also cause a significant
number of injuries to the acetabulum. There are four types of
acetabular fractures: posterior rim, transverse, iliopubic col-
umn, and ilioischial column.

Posterior rim fractures are the most commonly seen
acetabular fractures. This injury pattern is seen when a poste-
rior force is directed through the femur when the knee and hip
are in a flexed position. This is seen very commonly in MVAs
when the knee meets the dashboard in a head-on collision. A
posterior dislocation of the hip often is seen with this injury
to the acetabulum. If the patient has a dislocation, the lower
extremity on the affected side will be shortened and internally
rotated. On radiograph, the posterior line of the acetabulum
will be disrupted. Therapy consists of analgesia, a CT scan,
and orthopedic consult and admission. If a dislocation of the
hip is present, it must be reduced within six hours to reduce
the incidence of avascular necrosis of the femoral head. A
careful neurovascular exam of the affected lower extremity
must be documented before and after any attempt at reduc-
tion, as neurovascular structures can become entrapped in the
joint after reduction, which would be an indication for emer-
gent surgical intervention. After adequate analgesia and seda-
tion, the Allis maneuver or Stimson maneuver may be used
for reduction. 

The Allis maneuver, the most widely performed method,
involves having an assistant bilaterally stabilize the anterior
superior iliac spines while the patient is supine. First, the knee
is flexed, then the hip is flexed with traction placed below the
knee pulling upward. The leg is internally and externally
rotated until the femoral head is rearticulated with the acetab-
ulum. The Stimson maneuver has the patient in the prone
position and is the least traumatic of the closed reductions. An
assistant provides pressure on the lower back for stability
while the injured leg is allowed to hang from the side of the
bed with the knee and hip fully flexed. Traction is applied
along with the force of gravity behind the knee, while internal
and external rotation is applied to pop the femoral head back
into place. This technique is contraindicated in the setting of
thoracoabdominal trauma or a difficult airway.39 Post-reduc-
tion radiographs should be obtained.

Transverse fractures of the acetabulum occur when a flexed
hip receives a force directed lateral to medial on the greater
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trochanter. This injury often is seen when the patient is
involved in a “T-bone” MVA on the patient’s side of the car.
Central hip dislocation can be seen in these fractures. The
roentgenographic U often is disrupted on plain radiograph.
Treatment consists of adequate analgesia, and the patient
should undergo CT scan to further define the fracture. Ortho-
pedic consultation and admission is warranted.

Iliopubic column fractures of the acetabulum are due to a
lateral to medial force directed on the greater trochanter when
the hip is flexed and externally rotated. This is seen most fre-
quently in motorcycle injuries. The iliopectineal line and ante-
rior rim on plain radiograph are disrupted, and the roentgen-
graphic U is displaced medially. Central or anterior disloca-
tion of the hip is possible in this injury. The patient should
receive adequate analgesia and undergo CT scan if possible.
Again orthopedic consultation and admission is necessary.

Ilioischial column fractures occur when a posteriorly
directed force is applied to the knee with the thigh abducted
and flexed. This is the most common acetabular fracture to
have an associated sciatic nerve injury, which occurs in 25-
30% of cases.13 On plain radiograph, the ilioischial line is dis-
rupted, and the femoral head may be displaced medially.
Therapy again is directed toward adequate analgesia. The
patient should have a CT scan if possible, and orthopedic con-
sultation and admission is warranted.

Conclusion
Acute pelvic fractures are potentially lethal, even in the

care of highly skilled physicians. To ensure the appropriate
treatment of patients who have suffered acute pelvic fractures,
it is essential for the practicing physician to understand basic
pelvic anatomy and the biomechanical mechanisms that result
in the various types of fractures. With this foundation, the
physician can then classify the fracture, predict and diagnose
associated complications, and estimate mortality. It is impera-
tive that all patients with suspected pelvic fracture undergo
early resuscitation. Prompt multi-system trauma support and
orthopedic care are essential for stabilization and quality
management. A comprehensive trauma team of trauma sur-
geons and orthopedic surgeons working collaboratively in the
ED can optimize outcome.
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Physician CME Questions

1. Which of the following are the most common types of pelvic 
fractures?
A. Single pubic rami and avulsion fractures
B. Lateral compression fractures
C. Acetabular fractures
D. AP compression fractures

2. Which of the following statements concerning the stability of the
pelvis is true?
A. The anterior stabilizing structures contribute 60% to the

strength of the pelvis.
B. The anterior support is composed of two separate systems.
C. The sacrospinous ligament contributes to the posterior 

stability.

D. The posterior stabilizing forces are not necessary for the

pelvis to remain stable.

3. The most common source of hemorrhage from a pelvic fracture 

originates from:

A. the internal iliac artery.

B. the superior gluteal artery.

C. venous hemorrhage.

D. the external iliac artery.

4. Disruption of which of the following radiographic lines of the

acetabulum definining the quadrangular plate indicates penetra-

tion into the pelvic cavity?

A. Iliopectineal line

B. Ilioischial line

C. Anterior rim

D. Roentgenographic U line

5. The presence of a hematoma above the inguinal ligament on

physical exam of a patient with a pelvic fracture is known as:

A. Earle’s sign.

B. Destot’s sign.

C. Grey-Turner sign.

D. Trendelenburg’s sign.

6. CT scan is superior to plain radiographs in the evaluation of

which of the following fractures?

A. Fractures of the acetabulum

B. Pubic ramus fracture

C. Sacral fractures

D. Iliac wing fractures

E. Both A and C

7. According to the Young classification of pelvic fractures, which 

fracture type is associated with the highest occurrence of severe 

hemorrhage?

A. Lateral compression

B. AP compression

C. Vertical shear

D. Mixed pattern

8. Which of the following avulsion injuries is correctly paired with

the muscle whose forced contraction results in the injury?
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and manage pelvic fractures;
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A. ASIS—sartorius

B. AIIS—hamstring musculature

C. Ischial tuberosity—rectus femoris

D. AIIS—sartorius

9. Which of the following is true regarding sacral fractures?

A. Sabiston type A fractures usually present as isolated injuries.

B. Sabiston type B fractures are the most common sacral 

fractures.

C. CT scan plays no role in the evaluation of sacral fractures.

D. Sabiston type C fractures have a high incidence of associat-

ed fractures of the lumbar vertebrae and require evaluation

of the lumbar spine.

10. The most common type of acetabular fracture is:

A. posterior rim.

B. transverse fracture.

C. iliopubic column.

D. ilioischial column.
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Thyroid disease may have a variety of manifestations. In the
younger population, many symptoms are characteristic, while
thyroid disease in the elderly may present with much more non-
specific findings. Although thyroid disease is quite common,
thyroid-related emergencies are rare and require a high index
of suspicion to address their high rate of mortality. 

The total prevalence of the disorders of hyperthyroidism and
hypothyroidism in adolescents and adults is estimated to be 1-4%
in the United States. The annual incidence for hypothyroidism is
0.08-0.2%, with higher incidence
cited in the elderly female popu-
lation. Subclinical hypothy-
roidism as defined by elevated
thyroid stimulating hormone
(TSH) exists in 6-8% of adult
women and 3% of adult men,
with slightly greater prevalence
in whites (vs blacks), in women,
and in people older than 75
years of age.1,2 In one report, the
prevalence of hypothyroidism
was 10.3% in the elderly.3 In
another, hypothyroidism was found to affect approximately 8% of
women and 2% of men older than 50 years.4 Progression to clini-
cal hypothyroidism occurs in fewer than 2% in those without thy-
roid antibodies.5,6 The elderly may be prone to thyroid dysfunc-
tion for several reasons. The incidence of autoimmune thyroiditis
and nodular goiter rises with age. These conditions predispose to
hypothyroidism and hyperthyroidism, respectively. 

— The Editor

Lab Tests for the Diagnosis of Thyroid Disease
In general, serum TSH, also known as thyrotropin and free thy-

roxine (free T4) will suffice in the emergency department (ED) to
make the diagnosis of thyroid emergencies. However, an overview
of individual tests should give the emergency physician an idea of
the role of specific testing in the diagnosis of thyroid disorders.

There will be specific instances in which any of the follow-
ing tests may be utilized in the acute setting:

Free T4 (reference range 0.7-1.8 ng/dL) is actually a prohor-
mone, converted by de-iodination in peripheral tissues—largely
liver and kidney—to triiodothyronine (T3), the more active
form. The thyroid gland is the sole source of T4, normally the
predominant circulating hormone. Free T4 measures the nonpro-
tein-bound circulating T4; 

Total T4 (normal range 50-120 ng/mL, or 5-12 mcg/dL) mea-
sures all T4. Multiplying by T3

resin uptake is designed to cor-
rect for variation in plasma pro-
teins. Measurement of total T4

is not particularly helpful, as it
is dependent upon total albumin
and thyroid-binding globulin,
which may be affected by non-
thyroidal illness such as liver
disease. Only 0.03% of T4 cir-
culates in the unbound state.7

There is no clinical indication
for performing total thyroid

hormone measurements8; and 
TSH (normal 0.4-5.5 mIU/L) should be measured using a

third generation assay sensitive at low levels for detecting
hyperthyroidism. Serum TSH will be decreased to < 0.1 mIU/L
in all hyperthyroid patients except in rare instances of hyperthy-
roidism due to inappropriate secretion of TSH. First generation
assays detect serum TSH to about 0.1 mIU/L, third generation
to 0.01-0.03 mIU/L.9 The findings of a low serum T4 and low
TSH mandate a search for pituitary disease, although the
patient’s thyroid function tests may be related to non-thyroid ill-
ness (the euthyroid sick syndrome).

T3 is the more biologically active form of thyroid hormone,
formed when T4 is converted by de-iodinases in the kidneys,
liver, pituitary, and hypothalamus. It circulates bound to several
binding proteins, including thyroid-binding globulin, trans-
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thyretin (prealbumin), and albumin. Some feel that free T4

alone is adequate to document the hyperthyroid state, while
others feel that a free T3 is necessary to gauge the true severity
of biochemical hyperthyroidism.10 An increased free T3 level
occurs in approximately 5% of clinically hyperthyroid patients
with a normal free T4 level (T3 thyrotoxicosis).11

Functional examinations measure the uptake of iodine, or a
surrogate marker, into the thyroid gland. These tests all use
radioisotopes, and include I-123, I-131, technetium-99, and
thallium-201. The iodine isotopes can be used to identify nodu-
lar thyroid disease, to determine if these nodules are hot (func-
tioning) or cold (hypofunctioning), to determine the cause for
the hyperthyroid state (Graves’ disease vs thyroiditis), and to
determine a dose of radioiodine for treatment. Radioiodine
uptake will be elevated in nearly all cases of thyroid storm, and
can be accomplished over a two- to six-hour period. A 24-hour
radioactive uptake will confirm whether thyrotoxicosis is due
to true excess production of thyroid hormones; and

An erythrocyte sedimentation rate may be drawn to confirm
the diagnosis of subacute (viral) thyroiditis in patients with
tenderness on thyroid palpation and decreased thyroid uptake
on nuclear scan. In these cases, thyrotoxicosis tends to be
mild, and thyroid uptake on scan will be low.

Hypothyroidism
Overview. Despite the relative high prevalence of hypothy-

roidism, true emergencies, including myxedema coma, are
rare. There is little objective evidence upon which to base
diagnosis and triage disposition of thyroid emergencies, since

no comparative studies have been done. Suggested therapies
are based on the practice guidelines and recommendations of
experts. Until 1996, only about 200 cases of myxedema coma
were reported in the literature.12

Hypothyroidism mimics a great number of other disease
entities in medicine, presenting in many possible ways includ-
ing fatigue, anemia, cold intolerance, change in mental status,
and a variety of other symptoms. (See Table 1.) With the avail-
ability of rapid thyroid hormone assays now available, the diag-
nosis of hypothyroidism can be made promptly. True emergen-
cies, however, continue to be evident clinically, and require
laboratory tests mainly to confirm the diagnosis. Hypothyroid
coma, or myxedema coma, requires prompt recognition and
treatment since it carries a mortality rate approaching 60%.12

Cases of hypothyroidism that require laboratory testing to make
the diagnosis generally will not be emergencies and, as a rule,
can be referred for initiation of outpatient treatment.

The Role of the History in Diagnosing Hypothyroidism.
Patients with previous thyroid ablation or a history of elevated
thyroid autoantibodies have been shown to progress to overt
clinical hypothyroidism. A history of thyroid surgery or a his-
tory of medications containing lithium or iodine is sugges-
tive.13 The most common cause of hypothyroidism is autoim-
mune or Hashimoto’s thyroiditis, suggested by the presence of
antithyroid microsomal antibodies.14

Signs and Symptoms. The hypothyroid state may present
in myriad ways, many of which are nonspecific. The patient
may be less active than usual, with loss of interest in things pre-
viously enjoyed. Lethargy may be a prominent complaint, as is
decreased mobility.15 Misdiagnosis as depression is common.
Fatigue and dry skin may be prominent complaints. Caregivers
may report that the patient has been acting confused, with
memory problems.16 The usual clinical findings in the elderly
population are apathy and psychomotor retardation, which may
develop over a long period of time.17

Patients also may present with weakness, arthralgias, and
myalgias. Coarsening of the voice may have been noted. Lethar-
gy, dry skin, constipation, edema, and weight gain may be elicit-
ed in the history.18 A history of cold intolerance is typical.

There is a diminished ventilatory drive, possibly leading to
alveolar hypoventilation, carbon dioxide (CO2) retention, and
coma. An impaired ventilatory drive leads to increased sensi-
tivity to sedative drugs. Obesity and sleep apnea may con-
tribute to respiratory alterations.

The Physical Examination in Hypothyroidism. Vital signs
suggestive of the hypothyroid state include hypotension or dias-
tolic hypertension. Body temperature is below normal in 80%,
and bradycardia may be present.19,20 Classically, patients with
hypothyroidism have facial features that are puffy and coarse.

The skin may be dry and cold. An orange or yellow tint with-
out scleral icterus indicates carotenemia. Most patients have
varying degrees of brittle nails and hair. Acid glycosaminogly-
cans in the papillary and reticular layers may cause the skin to
exhibit pallor, induration, and thickening.21 Periorbital edema
and macroglossia may be present. Myxedema is a peculiar non-
pitting edema of the skin, classically of the lower extremities.

Neurologic findings may include mental status changes.
Delayed relaxation time of deep tendon reflexes is variably pre-
sent. Physical evidence of effusions into the pleural, peritoneal,
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or pericardial cavities may be detectable.
Delirium and psychosis may be present,
characteristic of “myxedema madness.”

The Heart in the Hypothyroid State.
Inotropic and chronotropic alterations of
hypothyroidism may be manifested by
decreased stroke volume, bradycardia,
and decreased cardiac output. Peripheral
vasoconstriction shunts blood away from
the skin and muscle to maintain core body
temperature. Diminished beta-receptor
responsiveness leads to unopposed alpha
activity and contributes to the diastolic
hypertension seen in hypothyroidism.10

The electrocardiogram (ECG) may show a variety of abnor-
malities. Sinus bradycardia and a prolonged PR and QT intervals
may be present. Low voltage as evidence of a pericardial effu-
sion may be present. Heart block and T-wave flattening or inver-
sion may be present, but ST abnormalities are nonspecific. Tor-
sades de pointes with marked QT prolongation and sudden death
have been reported in association with the hypothyroid state.22,23

Echocardiography may be useful to show regional wall
abnormalities and to verify infiltrative cardiomyopathy. It also
will diagnose a pericardial effusion, which may occur in 30-
80% of severely hypothyroid patients.24 Pericardial tamponade
is rare, so a pulsus paradoxus and distended neck veins are not
common findings.25 A normal echocardiogram does not rule
out myocardial infarction. 

Laboratory Diagnosis. TSH and free T4 levels are needed to
confirm the diagnosis of hypothyroidism. The normal range for
TSH is 0.4-5.5 IU/L, and levels are invariably high. Rarely, TSH
may be decreased if there is a central (hypothalamic or pituitary)
cause.26 In unselected populations, TSH has a sensitivity of 89-
95% and a specificity of 90-96% for overt thyroid dysfunction.27

Subtle abnormalities in these tests can be found but do not warrant
further work-up in the ED since they can be referred to outpatient
care. The normal range for free T4 is 0.7-1.8 ng/dL or approxi-
mately 12-30 pmol/L, and will be decreased in hypothyroidism. 

Possible non-thyroid laboratory abnormalities are numer-
ous, and warrant investigation in the proper clinical setting. A
macrocytic anemia due to vitamin B12 deficiency may be pre-
sent. Erythropoietin levels also are low, leading to a fall in
hematocrit, typically to approximately 30%.10

Hyponatremia with low serum osmolality is characteristic
of hypothyroidism, and should respond to thyroid hormone
replacement.28 Hyponatremia may be due to reduced free
water clearance, reduced renal blood flow and glomerular fil-
tration, and elevated plasma vasopressin levels. Hypoglycemia
occurs because of increased insulin sensitivity, along with
decreased gluconeogenesis and glycogenolysis.1,10,29

Cardiac enzymes such as aspartate aminotransferase
(AST/SGOT) or creatine kinase (CK) may be elevated as a
result of increased muscle membrane permeability and reduced
metabolic clearance.28 However, in severe hypothyroidism
without acute MI, the troponin I level remains normal.30

Adrenal hypofunction is important to consider following a
diagnosis of severe hypothyroidism. Central hypothyroidism
may be associated with adrenocorticotropic hormone deficien-
cy, and primary hypothyroidism may be associated with pri-

mary adrenal insufficiency (Schmidt syndrome). Serum pro-
lactin levels (normal range 1-25 mcg/L), growth hormone lev-
els (normal range < 880 pmol/L), and luteinizing hormone
(LH) levels (normal range 6-30 IU/L), and follicle-stimulating
hormone (FSH) levels (normal range 6-30 IU/L) may help
delineate this, but are of little value in the emergency setting.28

In the non-emergency setting, thyroid antibody tests may
elucidate the etiology of the hypothyroid state. Elevation of
thyroid microsomal antibodies is consistent with a diagnosis of
chronic autoimmune (Hashimoto’s) thyroiditis. Thyroid anti-
bodies may be associated with Graves’ disease, vitiligo, myas-
thenia gravis, Addison’s disease, pernicious anemia, and other
autoimmune diseases.

Myxedema Coma. The hypothyroid crisis of myxedema
coma is a life-threatening manifestation of the hypothyroid state.
Myxedema coma can be defined as severe thyroid hormone defi-
ciency contributing to a decreased level of consciousness.1 In
severe decompensated hypothyroidism, respiratory depression is
characteristic as a result of respiratory muscle weakness and
upper airway obstruction due to an enlarged tongue and myxede-
matous infiltration of the upper airway. Defective thermoregula-
tion is characteristic of myxedema coma. It most frequently is
encountered in patients with a known history of hypothyroidism
in the winter months, often after cold exposure. Thyroid hormone
exerts its action by stimulating calorigenesis via sodium/potassi-
um ATPase, and most of the clinical features of myxedema coma
are related to the failure of this action. The diagnosis of myxede-
ma coma is largely a clinical one. In the presence of nonpitting
edema, hypothermia, hypoventilation, and stupor, abnormal TSH
and free T4 values confirm the diagnosis.31 Hyponatremia, hypo-
glycemia, and associated infection are confirmatory.

Three findings are required to make the diagnosis of myxede-
ma coma: 1) A precipitating illness or event; 2) defective thermo-
regulation (hypothermia); and 3) altered mental status. 

The typical presentation is that of elderly women in the win-
ter. Approximately 80% of myxedema coma cases occur in
females.32 There is usually a history of hypothyroidism, hypopi-
tuitarism, or use of antithyroid medications.10 True myxedema
coma is rare, and to a certain extent depends on one’s definition.
One report noted only 24 cases during a two-year period in Ger-
many, of which 12 were re-classified by the authors as severe
hypothyroidism without coma.33 Another study reported 200
cases in the literature between 1953 and 1986.34-36

Precipitating Events for Myxedema Coma. Potential precipi-
tating events for myxedema coma are numerous, and include

• Paresthesias • Tiredness • Deafness (in elderly)
• Loss of energy • Weakness • Macroglossia
• Cold intolerance • Constipation • Intestinal ileus
• Pseudomyotonic reflexes • Joint pains • Gastric atony
• Menstrual irregularities • Muscle pains • Nonpitting edema of the hands, feet
• Hypothermia • Depression • Cognitive impairment
• Dry, coarse, scaly skin • Infertility • Delayed deep tendon reflexes
• Puffy eyelids • Weight gain • Psychosis
• Hoarse voice • Ataxia • Bradycardia
• Carotenemic pallor • Hair loss • Diastolic hypertension

Table 1. Signs and Symptoms of Hypothyroidism
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surgery, severe infection, and trauma.29 Some medications,
including sedatives, narcotics, and tranquilizers, as well as
missed doses of T4, may be implicated.4,37,38 (See Table 2.)

Clinical Features of Myxedema Coma. Myxedema coma
may present with many features of the hypothyroid state. (See
Table 3.) Recognition may be hampered by its insidious onset
and rarity. The characteristic four features facilitating the diag-
nosis include: alteration in mental status, presence of a precipi-
tating factor, hypothermia, and increased serum CK levels.39

The patient typically appears pale and edematous. Perior-
bital edema is common. The lateral eyebrows may be missing.
A neck scar might be a clue to a previous thyroidectomy.

Respiratory symptoms may be related to stupor, obesity, and
to the large myxedematous tongue which, along with aspira-
tion, may cause obstruction of the upper airway. Myxedema-
tous patients exhibit decreased respiratory drive in response to
carbon dioxide.40,41 Ascites, pericardial effusions, and pleural
effusions related to the hypothyroid state may impede effective
ventilation. Defective cough reflex, inability to clear secretions,
and sleep apnea all may contribute to respiratory acidosis.21

Cardiac sounds may be distant. Usually, bradycardia is pre-
sent. Classically, high serum cholesterol levels are present,
along with low voltage on the ECG. 

With longstanding hypothyroidism, patients may develop
various cardiac manifestations. Dyspnea on exertion, fatigue,
and edema may be a result of pericardial effusion or conges-
tive heart failure. Patients have an increased incidence of
hypercholesterolemia and hypertriglyceridemia. The
decreased metabolic demands on the heart may be protective
from myocardial infarction and angina.42

Gastrointestinal findings include signs of decreased motili-
ty. The abdomen is distended, and paralytic ileus and fecal
impaction may be present. Myxedema megacolon is an
unusual and late finding, appearing as pseudomembranous
colitis and intestinal ischemia.43

All patients with myxedema coma display deterioration of
their mental status. Central nervous system findings may
include disturbances in consciousness ranging from delirium

to stupor and coma. Some of the depressed level of conscious-
ness as well as seizures have been attributed to hyponatremia.
Hallucinations (“myxedema madness”), cerebellar signs, or
somnolence may be present. Muscle relaxation times of the
deep tendon reflexes are delayed markedly. (See Table 3.)

Laboratory Database. In addition to confirmatory serum TSH
and free T4 levels, laboratory testing should include measure-
ments of blood glucose, electrolytes, and arterial blood gases.
Since treatment includes corticosteroid replacement, a serum cor-
tisol should be obtained in suspected myxedema coma. Chest
films, urinalysis, and blood cultures should be obtained for evi-
dence of infection, which may be masked by the hypothermic
state. Creatine kinase (CK-MM fraction) and serum glutamic
oxaloacetic transaminase (SGOT/AST) elevations may demon-
strate enzyme leakage or evidence of rhabdomyolysis. Arterial
blood gases may need to be repeated at intervals due to insensi-
tivity of the respiratory centers in the brain stem to hypoxia and
hypercapnea, and to weakness of the intercostal and diaphrag-
matic muscles.31 Serum electrolytes, creatinine, blood urea nitro-
gen (BUN), and glucose should be monitored. Hyponatremia
occurs in approximately 50% of severely hypothyroid patients,
possibly related to decreased delivery of sodium and volume to
the distal renal tubules as a result of decreased renal blood
flow.1,19 Serum concentrations of atrial natriuretic peptide have
been noted to be low, and may contribute to the hyponatremia.44

Treatment of Myxedema Coma. Thyroid hormone replace-
ment is the definitive treatment for myxedema coma. Because
this condition is rare and prospective, randomized controlled
clinical trials are lacking; there is not uniform agreement as to
the optimal dosage or form of replacement of thyroid hor-
mone, which is most effective. Since hypotension and intesti-
nal ileus are common, intravenous (IV) therapy is preferred.
Levothyroxine (T3) has been given via nasogastric tube, but its
bioavailability (50-80%) is unpredictable.31

Levothyroxine is the biologically active form, and levothyrox-
ine (T4) is converted to T3 in vivo. Liothyronine is ideal for imme-
diate thyroid hormone action, since it binds serum proteins to a
lesser extent than levothyroxine, has a larger volume of distribu-
tion, and a shorter half-life. Intravenous liothyronine, marketed
for parenteral administration as Triostat, is expensive and may be
associated with increased mortality.45 Oral T3 is well absorbed
even in a severely hypothyroid state.10 Both levothyroxine and
liothyronine can be given alone or in combination, but levothy-
roxine alone often is recommended.1,10,29,39 Thyroxine-binding

• Infection • Trauma
• Burns • Surgery
• Stroke • Hypoglycemia
• Hyponatremia • Hypercapnea
• Acidosis • Hypothermia/cold exposure
• Drug overdose • Diuretic therapy
• Congestive heart failure • Lung/chronic obstructive 
• Myocardial infarction pulmonary disease
• Drugs with thyroid-specific effects: • Gastrointestinal bleeding30

lithium carbonate, amiodarone37,38

• Rifampin, diphenylhydantoin therapy
• Use of tranquilizers, anesthetics, narcotics, antidepressants, 

sedatives, analgesics4

• Failure to restart thyroid therapy after surgery, omission of
thyroxine doses

• Untreated hypothyroidism: prior thyroidectomy, radioiodine 
therapy, hypopituitarism

Table 2. Common Precipitating Events 
for Hypothyroid Crisis

• Decreased mental status • Paralytic ileus
• Hypoventilation • Macroglossia
• Hypothermia • Facial or periorbital edema
• Bradycardia • Pallor
• Hyponatremia • Sparse body hair, alopecia
• Hypoglycemia • Thyroidectomy scar
• Associated infection • Nonpitting edema of the

(pneumonia, urinary tract) extremities
• Toxic drug levels secondary • Bladder dystonia and 

to decreased drug clearance distention
• Delayed reflex relaxation • Dry, cool, doughy skin

Table 3. Major Clinical Features of Myxedema
Coma
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proteins have a large binding capacity, and it is necessary to satu-
rate these proteins to provide an effective circulating level of T4.
Conversely, rapid thyroid replacement runs a risk of inducing car-
diac dysrhythmias, ischemia, and death. As discussed above, due
to the adrenal hypofunction which accompanies severe hypothy-
roidism, it is important to give steroids when starting thyroid
replacement therapy to avoid precipitating adrenal crisis. 

It is important to note that T4 is highly protein bound. Only
0.02% is available as free T4, so it has a long biologic half-life
of seven days. T3, the more active hormone, also is largely
bound to plasma proteins, but at a lower affinity of 0.2% as
free T3, so its biologic half-life is approximately one day. This
explains the rationale of some authors for giving adequate T3

to patients in myxedema coma until they are able to generate
T3 endogenously. After IV injection of T4, the T3 increases
gradually. Since T3 has a much more rapid metabolic clear-
ance and a small body pool, it cannot replete the body pool of
thyroid hormone. The IV T4 preparation is in lyophilized form;
an ampule contains 200 or 500 mcg. The IV T3 preparation is
in a solution form containing 10 mcg in 1 mL solution, to be
given every eight hours until the patient is conscious. Treat-
ment guidelines are summarized in Table 4. There is evidence
that high dose thyroid replacement of greater than 500
mcg/day of levothyroxine, or greater than 75 mcg/day of T3,
may be associated with a high incidence of mortality.46

Treatment adjuncts include passive rewarming for
hypothermia and maintenance of appropriate hydration status
to address hyponatremia. (See Table 4.) Transfusion with
packed red blood cells is appropriate if the hematocrit is below
20%. If hypotension is present, its pathogenesis may be multi-
factorial. Possible adrenal insufficiency should be addressed.
Infectious sources should be sought and treated.29,47 Echocar-
diography should be performed to evaluate for evidence of
pericardial effusion and global vs. regional hypokinesis.

General Treatment Recommendations in Myxedema Coma.
First, confirm diagnosis of hypothyroidism in the ED with
highly sensitive TSH and free T4 if rapidly available. Consider
endocrinology consult prior to initiation of therapy in elderly
hypothyroid patients or those with medical complexity. Full
thyroid replacement can precipitate a myocardial infarction.29

Initiate treatment promptly if there is clinical evidence of
myxedema coma; treatment should not await laboratory con-
firmation unless results are available rapidly. Aggressively

address ventilatory, chemical, and vital sign abnormalities.
Treatment of myxedema coma takes precedence over possible
cardiac complications of therapy.

Hypotension should prompt a search for associated illness,
including myocardial infarction or sepsis. Prophylactic antibi-
otics generally are not recommended. Cautious volume expan-
sion should be tried initially. Dopamine may be preferable to
other pressors because it better maintains coronary perfusion.10

Amrinone, an ino-vasodilator, may improve myocardial con-
tractility because its mechanism of action does not depend on
beta-receptors.15

Starting thyroid hormone replacement without also giving
steroids (hydrocortisone) may precipitate adrenal crisis.
Appropriate use of steroids also is important because thyrox-
ine increases cortisol clearance. 

If sodium values are below 120 mEq/L and there are signifi-
cant mental status changes, isotonic or even hypertonic saline
may be needed to raise levels to above 120 mEq/L.39,48 Asympto-
matic hyponatremia can be monitored and usually resolves with 
l-thyroxine therapy.10 After establishment of adequate respiratory
ventilation, thyroid hormone replacement, and care for the precip-
itating illness, patients should begin to show clinical improvement
within the following 24-48 hours. Animal studies indicate that the
earliest metabolic effects of T3 can be seen after 12-24 hours.39

Factors associated with poor outcome include advanced age,
body temperature lower than 93°F, hypothermia persisting
more than three days, bradycardia less than 44 beats/minute,
hypotension, myocardial infarction, and sepsis.10,49

Elderly patients typically are stabilized at T4 dosing of 100-
170 mcg/day, or 1.7 mcg/kg/day.

Admission Criteria for the Hypothyroid Patient. Table 5
summarizes suggested admission criteria. Although intensive
care (ICU) criteria may vary by institution, specific vital sign
abnormalities, including significant bradycardia, hypothermia,
or clinical diagnosis of myxedema coma, warrant initiation of
care in the ICU setting.

Hyperthyroidism
Background and Overview. The incidence of clinical and

subclinical hyperthyroidism has been estimated to be 0.05-0.1%.

1. 200-300 mcg (4 mcg/kg) IV bolus thyroxine, followed by 50-
100 mcg/day31

2. T3 20 mcg IV bolus (loading dose 10-25 mcg), then 10 mcg
every 8-12 hours for 24-48 hours until the patient is conscious
and taking maintenance T4

12

3. Hydrocortisone 100 mg every 8 hours
4. Broad spectrum antibiotics pending culture results recommended 

if there is evidence of infection29,47

5. Supportive care for underlying illness 
6. Consider elective intubation for myxedema coma
7. Consider hypertonic saline for severe hyponatremia
8. Consider appropriate rewarming techniques

Table 4. Initiation of Treatment in ED 
for Myxedema Coma

Table 5. Recommendations for Admission 
for the Hypothyroid Patient

• Clinical diagnosis of myxedema coma warrants ICU admission. 
Initiate treatment in the ED.

• Body temperature less than 93°F or bradycardia less than 44 
beats per minute warrants ICU admission.

• Comorbidity in a hypothyroid patient: CHF, cachexia, COPD, 
pneumonia, or any pulmonary problem 

• Underlying disorder that would warrant admission (aspiration 
pneumonia, urosepsis, MI)

• CNS dysfunction: Seizures, ataxia, somnolence, lethargy, confu-
sion, coma

• Behavioral disorders: Disorientation, paranoia, hallucination 
(“myxedema madness”)

• Hypoglycemia suggesting hypopituitarism or adrenal insufficiency
• Hyponatremia less than 128 mEq/L
• Social factors that jeopardize patient safety
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Subclinical hyperthyroidism, as recognized by a subnormal
TSH level, is seen in 0.2-5% of the elderly population, with less
than 1% progression per year to overt disease.50,51

In older patients, the clinical expression of the hyperthyroid
hypermetabolic state becomes blunted. Some researchers have
proposed routine screening for thyroid disease in the elderly
because the medical history and findings on physical examina-
tion become less sensitive and less specific for thyrotoxicosis.
As well, treatment with medications such as beta-adrenergic
blocking drugs and antianxiety medications also may blunt
symptoms and signs of the hypermetabolic state. Many of the
signs and symptoms of thyroid hormone excess described may
have different manifestations in patients older than 60 years.5

Symptoms can be masked in apathetic hyperthyroidism.
Hyperthyroidism is an illness that can present a diagnostic

challenge. For all practical purposes, the disease can be broken
down into three categories: 1) sub-clinical or apathetic; 2) clin-
ical hyperthyroid state; and 3) thyroid storm. Subclinical and
apathetic hyperthyroidism both represent pathologic states not
yet clinically evident with corresponding abnormal thyroid
function. Clinical hyperthyroidism and thyroid storm, howev-
er, have signs and symptoms which may make the diagnosis
evident clinically and which then can be confirmed with labo-
ratory tests. Now that high sensitivity TSH assays commonly
are available to emergency physicians, it is possible to make or
confirm the diagnosis of hyperthyroidism in less obvious
cases. In individuals without signs or symptoms, emergency
treatment or admission generally is not required. The diagnosis
of storm or hyperthyroid crisis, however, is critical because
these patients invariably die without treatment.

Historically, thyroid storm was associated with surgery.
Now with pre-treatment of hyperthyroidism prior to surgery,
surgically related storm is rare; the majority of episodes are
triggered by the stresses of medical illnesses. Graves’ disease
accounts for the great majority of hyperthyroidism currently,
followed by functionally autonomous (TSH-independent) mul-
tiple or solitary nodules.11 The exacerbation can be secondary
to a known hyperthyroid state that is being treated, or an exac-
erbation of unknown, or apathetic, hyperthyroidism. 

Symptoms and Signs of Thyrotoxicosis. This is a hyper-
metabolic state, and one of the common findings is excessive
weight loss despite an unchanged or even increased caloric
intake. It is notable that hyperthyroidism may present with a
paucity of symptoms in the elderly, especially in patients older
than 75 years. In older patients, weight loss may be the most
common presenting complaint, with palpitations, weakness,
dizziness and syncope following in that order.52 Alteration in
mental status may be a presenting sign in the elderly, prompt-
ing a consideration of physical findings such as thyroid bruit.
The American College of Emergency Physicians lists thyroid
screening tests in its guidelines for the workup of the elderly
patient with lethargy, agitation, or any alteration in level of
consciousness.20 Weight loss results in depletion of fat stores
and a decrease in muscle mass. Patients may complain of heat
intolerance, with hyperhidrosis and flushing.5 They may have
nonspecific symptoms of generalized weakness and a sense of
fatigue resulting from changes both in their cardiorespiratory
and neuromuscular systems. They may report nervousness or
restlessness.

Apathetic thyrotoxicosis in the elderly is characterized by
extreme fatigue, weakness, decreased activity, and emotional
apathy.53 Tachycardia and thyromegaly may be absent. The
patient is mentally slow and withdrawn. The skin is dry,
coarse, cool, and wrinkled. There may be muscle wasting and
proximal myopathy.53

Weakness in respiratory and skeletal muscles may be fac-
tors in decreased exercise tolerance and dyspnea. Decreased
lung compliance and high output cardiac failure may con-
tribute to shortness of breath.

Tracheal compression from an enlarged thyroid gland may
cause shortness of breath, hoarseness, wheezing, and stridor.
Pemberton’s sign is defined as inducing these dyspneic symptoms
when patients are asked to raise their arms above their heads.
Thyromegaly may cause wheezing, hoarseness, stridor, or dys-
phagia. A retrosternal thyroid in the elderly will not be palpable.

Vital signs classically include fever, with tachycardia out of
proportion to the fever. However, these findings may be muted
in the elderly, especially in patients on medications such as
beta-blockers.

Gastrointestinal symptoms may be prominent. Dysphagia
may be related to an enlarged thyroid gland that compresses
the esophagus. Rapid intestinal transit time may cause
increased bowel movement frequency. Nausea and vomiting
occur frequently. Jaundice may be present, but is unusual.

Most patients with thyrotoxicosis have myopathy, which
affects the proximal muscle groups of the shoulder and pelvic
girdles more than distal muscles.54 Patients most often complain
of difficulty standing up from a squatting position, or difficulty
in climbing stairs.55 Muscle weakness resolves with therapy.

Many thyrotoxic patients complain of memory loss, confu-
sional states, and short attention span. Unusual central nervous
system (CNS) presentations include chorea, delirium, convul-
sions, stroke, cerebral venous thrombosis, and coma.5,54,56,57

Some psychiatric conditions may be mistaken for thyrotox-
icosis. Patients may exhibit anxiety and restlessness. They
may be emotionally labile or irritable. Speech and thought pro-
cessing may be rapid. Dysphoric moods may be manifested by
insomnia, phobias, delusions, vivid dreams, psychosis, and
nightmares.3,58 (See Table 6.)

Physical Findings in the Hyperthyroid State. The skin
may be flushed, with hyperhidrosis of the palms and soles.
Hair may be fine and brittle; alopecia is common. Fever and
tachycardia may be prominent.20

The orbitopathy of thyrotoxicosis is the result of contrac-
tion of the levator palpebrae superioris because of sympathetic
hyperactivity. Measurable proptosis in Graves’ disease is
caused by enlargement of the extraocular muscles. There may
be lid lag, chemosis, exophthalmos, and vasodilatation of the
conjunctiva with edema of the lids. Visual acuity may be com-
promised by compressive optic neuropathy. 

Myxedema of the pretibial areas, feet, and toes is associated
with autoimmune thyroid disease, and affects women more
frequently than men. Raised pink or purple plaques are charac-
teristic, with nonpitting edema.

Diffuse enlargement of the thyroid gland is characteristic of
thyrotoxicosis from Graves’ disease, but it is infrequently palpa-
ble in patients older than 75 years of age.51 Elderly patients fre-
quently have shrinking of the gland with age; as well, the thyroid
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may be substernal in the elderly.2 A bruit may be audible over the
thyroid gland and is virtually diagnostic of Graves’ disease.5 One
or more nodules palpable over the thyroid gland is suggestive of
toxic adenoma or toxic multinodular goiter (Plummer’s disease).
Patients with subacute thyroiditis may have tender thyroid glands. 

Intestinal transit time is shortened, and abdominal pain or
secretory diarrhea may be a presenting complaint.

Neuromuscular symptoms may be related to myopathy with
proximal muscle weakness. Patients may exhibit muscle weak-
ness, hyperactive reflexes, and tremor.59 Alterations in mental
status may range from agitation to coma. The presence of
myasthenia gravis in Graves’ hyperthyroidism is 0.35%, or 30
times that of the general population.3

Apathetic hyperthyroidism occurs frequently in advanced
age, making the clinical diagnosis of hyperthyroidism in the
elderly difficult. Symptoms such as tachycardia, weight loss,
weakness, nervousness, palpitations, and heat intolerance, which
make the diagnosis easier in younger patients, may be present
only in a minority of older individuals.52 The diagnosis of apa-
thetic hyperthyroidism frequently is made only during the work-
up for atrial fibrillation, unexplained weight loss in the elderly,
or worsening cardiovascular disease. Dementia and severe psy-
chomotor retardation may be the most prominent findings.60

The Heart in Thyrotoxicosis. Thyrotoxicosis increases the
work of the heart. Thyroid hormone can increase myocardial
inotropy and heart rate and dilate peripheral arteries to increase
cardiac output.61 Therefore, systemic vascular resistance is
diminished, as is diastolic blood pressure.62 Most thyrotoxic
patients report palpitations. A sense of irregular or rapid heart-
beat becomes more apparent with increases in activity or exer-
cise, eventually leading to decreased exercise tolerance.5,63

Dyspnea on exertion is common. 
The pulse generally is bounding, with increased pulse pres-

sure and elevated systolic blood pressure and a strong apical
impulse. An increased myocardial oxygen demand as a result of
the increased cardiac work of thyrotoxicosis may unmask previ-
ously unsuspected coronary artery disease. Sinus tachycardia and
atrial fibrillation are common. Atrial arrhythmias frequently are
accompanied by high output failure.64 In hyperthyroid patients
older than 75 years, atrial fibrillation has been reported in 32-
39% of cases.52,65 Anginal pain in the absence of coronary ather-
osclerosis may occur secondary to coronary artery spasm.66,67

ECG changes generally are nonspecific and may include short-
ening of the PR interval, or ST changes suggestive of myocardial
ischemia or coronary spasm.62 Atrial fibrillation may be present.

Laboratory Testing. The diagnosis of hyperthyroidism
generally requires testing for T4 and TSH. However, other tests
may be applicable in the work-up of thyrotoxicosis and are
worthy of mention.

Free thyroid hormone determinations are recommended for
the assessment of thyroidal state. Both T4 and T3, which is mostly
derived from the mono-deiodination in peripheral tissues of T4,
are bound to the proteins thyroxine-binding globulin (TBG),
transthyretin (TTR), and albumin. Only 0.025% of T4 and 0.35%
of T3 are free (non-protein bound). Since it is the free hormone
that best correlates with the thyroidal state, the free T4 level—
rather than the total T4 levels—is of most significance clinically.
Furthermore, an increase in serum free T3 with normal free T4

estimate occurs in fewer than 5% of patients in North America

(T3 thyrotoxicosis), so measurement of free T3 generally is
unnecessary. Normal range for free T4 is 0.7-1.8 ng/dL. Free T3

reference levels are 1.5-3.5 pg/mL, but rarely are indicated in the
emergency situation.15 It is notable that free T4 may be elevated
with a normal TSH in patients taking levothyroxine for primary
hypothyroidism, as well as in patients taking amiodarone.

Serum TSH also is required to diagnose hyperthyroidism.
Assays for TSH now can distinguish levels in the normal range
from those that are suppressed below the limits of assay sensi-
tivity. Rarely, hyperthyroidism results from a TSH-secreting
pituitary tumor. Suppressed TSH levels (< 0.05 mIU/mL) and
increased serum free T4 estimates occur in approximately 95%
of patients with clinically evident thyrotoxicosis.

While free T4 and TSH will suffice in the diagnostic work-up
from the ED, a note on further testing is in order. Radioactive
iodine uptake may be increased in the thyroid gland diffusely in
Graves’ disease, or localized to thyroid nodules in toxic adenoma
or multinodular goiter (Plummer’s disease). The erythrocyte sedi-
mentation rate may be elevated markedly in patients with thyroid
tenderness to palpation from subacute (viral) thyroiditis. Serum
thyroglobulin is increased in thyroiditis. Since treatment of thy-
roid storm includes corticosteroids, a serum cortisol level prior to
treatment should be obtained to document adrenal function.

Thyroid Storm. Thyroid storm is a life-threatening crisis of
the hyperthyroid state characterized by decompensation of one
or more organ systems.68 Exaggerated signs and symptoms of
hyperthyroidism are present, characterized by fever, altered
mental status, and cardiovascular dysfunction, usually with
precipitating medical or surgical illness. Estimated mortality
historically has been 20-30%.68 Historically, thyroid storm
mainly was the result of thyroid surgery, although with preop-
erative treatment, thyrotoxic crisis has been caused more often
by antecedent Graves’ disease, frequently with an identifiable
precipitating event. Toxic multinodular goiter or toxic adeno-
mas are less frequent causes for the hyperthyroid state. 

Precipitants and Pathophysiology of Thyroid Storm. Precipi-
tants include surgery, radioiodine therapy, iodinated contrast dyes,
thyroid hormone ingestion, and a variety of medical emergencies,
including diabetic ketoacidosis, cerebrovascular accident, pul-
monary embolism, and congestive heart failure.69-72 (See Table 7.)
Events that decompensate the hyperthyroid patient into thyroid

• Heat intolerance • Warm, moist skin, flushing
• Systolic hypertension • Widened pulse pressure
• Thyroid enlargement, diffuse • Tachycardia, regular or irreg-

or nodular ular (atrial fibrillation)
• Exophthalmos • Tremor
• CNS symptoms: Agitation,  • Congestive heart failure

confusion, psychosis, coma • Hypotension, shock
• Muscle atrophy in hands • Goiter, thyroid bruit
• Weakness, fatigue • Pelvic girdle and shoulder 
• Shortness of breath muscle weakness
• Sandy, gritty sensation in eyes • Weight loss
• Hoarseness • Hair loss
• Memory loss, poor attention • Dysphagia

span • Chorea, delirium

Table 6. Symptoms of Hyperthyroidism26,98
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storm must be identified and treated.39 Withdrawal or discontinua-
tion of antithyroid medications may be causative, as well. 

The specific mechanism by which thyroid storm occurs
remains uncertain, and many theories have been proposed for the
development of thyroid storm. The effects of acidosis or medical
illness on thyroid hormone binding to carrier proteins have been
proposed, resulting in higher levels of free hormone, possibly
due to an acute decrease in thyroxine-binding globulin.39

Another theory proposes a role for enhanced adrenergic
activity. There appears to be an exaggerated response to adren-
ergic stimuli, although levels of catecholamines do not seem to
be higher in hospitalized patients with thyroid storm compared
with other medically ill patients.4 Thyroid hormone increases
the density of beta-adrenergic receptors, and appears to alter
responsiveness to catecholamines at a postreceptor level.68

Therefore, the sensitivity of some tissues to catecholamines
may be increased in some patients.

Diagnosis of Thyroid Storm. Thyroid storm is largely a
clinical diagnosis. On physical examination, many of the stig-
mata of the hyperthyroid state may be present; for example,
the exophthalmos, goiter, and widened pulse pressure of
Graves’ disease. Thyrotoxic myopathy, with weakness of the
proximal muscles, may occur. Fever, tachycardia, diaphoresis,
and emotional lability may be present. Anorexia and crampy
abdominal pain may be other gastrointestinal manifestations.
Jaundice is a poor prognostic sign.

CNS disturbances occur in 90% of patients and range from
restlessness, agitation, emotional lability, psychosis, and manic
behavior to obtundation and coma. Status epilepticus and
stroke may be presenting signs.

Nausea, vomiting, and diarrhea may contribute to dehydra-
tion. Atrial arrhythmias and ventricular tachyarrhythmias may
complicate high output congestive heart failure. 

It is critical for the emergency physician to diagnose storm
or impending storm. Mortality when untreated is nearly 100%,
but mortality with treatment has been reported to be 20-50%.73-

75 Recently published data listed in-hospital mortality of 1.8%
with aggressive therapy.76 While no uniform diagnostic criteria
have been established to differentiate uncomplicated thyrotoxi-
cosis from impending thyroid storm and established thyroid
storm, Burch and Wartofsky have authored diagnostic criteria
to diagnose impending thyroid storm.15,77 (See Table 8.)

Laboratory Diagnosis. Current recommendations include
ordering a TSH and a free T4. Free T4 is elevated in 95% of
hyperthyroid patients.78 Free T4 has not been shown to differen-
tiate simple thyrotoxicosis from thyroid storm.79 TSH is highly
sensitive, but its use alone is not recommended at this time.

A combination of low TSH and elevated free T4 makes the
diagnosis. If TSH is lower than normal and free T4 is normal,
free T3 testing is recommended. Free T3 will confirm the diag-
nosis of hyperthyroidism that results mostly from T3 secretion

• Infection
• Surgery (thyroid and non-

thyroid)
• Trauma69

• Hypoglycemia
• Parturition
• Toxemia of pregnancy
• Vigorous palpation of the 

thyroid
• Withdrawal of antithyroid drug

therapy
• Iodine-131 therapy
• Diabetic ketoacidosis

• Pulmonary thromboembolism
• Cerebrovascular accident
• Congestive heart failure
• Lithium treatment
• Amiodarone treatment70,71

• Thyroid hormone ingestion
• Iodine or iodinated contrast 

dyes
• Ingestion of other iodides 

(e.g., expectorants, kelp)
• Phenylephrine72

• Severe emotional stress
• Bowel infarction

Table 7. Precipitants of Thyroid Storm 

TEMPERATURE (°F) POINTS

99-99.9 5
100-100.9 10
101-101.9 15
102-102.9 20
103-103.9 25
> 104 30

CARDIOVASCULAR DYSFUNCTION
(TACHYCARDIA RATE, BEATS/MIN)

90-109 5
110-119 10
120-129 15
130-139 20
> 140 25

CENTRAL NERVOUS SYSTEM EFFECTS

Absent 0
Mild (agitation) 10
Moderate (delirium, psychosis, extreme lethargy) 20
Severe (seizure, coma) 30

CONGESTIVE HEART FAILURE

Absent 0
Mild (pedal edema) 5
Moderate (bi-basilar rales) 10
Severe (pulmonary edema) 15

ATRIAL FIBRILLATION

Absent 0
Present 10

GASTROINTESTINAL/HEPATIC DYSFUNCTION

Absent 0
Moderate (diarrhea, nausea/vomiting, abdominal pain) 10
Severe (unexplained jaundice) 20

PRECIPITANT HISTORY

Negative 0
Positive 10

Total points from all seven categories:
< 25—Thyroid storm unlikely
25-44—Suggestive of thyroid storm
> 45—Highly suggestive of thyroid storm

Adapted from Burch HB, Wartofsky L. Life-threatening thyrotoxicosis, 
thyroid storm. Endocrin Metabol Clin North Am 1993;22:266.

Table 8. Diagnostic Criteria for Thyroid Storm 
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as well as providing a quantitative assessment of the hyperthy-
roid state, since T3 is the metabolically more active hormone.
There is no indication for ED measurement of thyroglobulin or
thyroid antibodies.5,78

Levels of circulating hormone may not be significantly dif-
ferent in thyroid storm from those seen in uncomplicated thy-
rotoxicosis. The clinical state may relate more to the rapidity
with which thyroid hormone levels rise rather than with the
absolute levels measured. 

Thyroid storm involves multiple systems, and may be asso-
ciated with lactic acidosis, evidence of liver dysfunction, rhab-
domyolysis, and reversible cardiomyopathy.53

Treatment of Thyroid Storm. Treatment should address
the following broad categories: supportive care, correction of
the hyperthyroid state, managing the end organ effects of the
syndrome, and diagnosis and treatment of the precipitating
event. Specifically, thyroid hormone formation should be
inhibited, release of hormone from the thyroid gland should
be accomplished, and beta-adrenergic blockade provided.80

(See Table 9.) Dehydration and electrolyte imbalances
should be addressed aggressively. Fever should be controlled
with acetaminophen and additional cooling measures as
needed. Since aspirin decreases protein binding and theoreti-
cally may increase free levels of T3 and T4, it should be
avoided. Since thyrotoxic patients have accelerated degrada-
tion of cortisol, glucocorticoids should be administered to
treat relative adrenal insufficiency. 

Propylthiouracil (PTU) and methimazole (MMI) are
thioamides, which block synthesis of thyroid hormone by
inhibiting organification of tyrosine residues. The onset of
action is within one hour, and peaks within weeks. These
drugs inhibit synthesis of new thyroid hormone but do not
affect the release of stored hormone. PTU has the additional
benefit of inhibiting T4 to T3 conversion at high doses.81 It has
been administered rectally, by retention enema when abdomi-
nal distention and hyperemesis were present.82-84

Iodide or lithium carbonate block release of preformed hor-
mone within the gland. They should be given at least one hour
after the loading dose of PTU or MMI. Otherwise, the iodide
theoretically could increase intrathyroidal hormone stores by
providing further substrate for hormone synthesis. The iodinat-
ed medications utilized include the oral contrast agents
iopanoic acid (Telepaque) and ipodate (Oragrafin), Lugol’s
iodine, and a saturated solution of potassium iodide (SSKI).
Iopanoic acid and ipodate inhibit T4 to T3 conversion and have
been considered the iodide preparations of choice.4,39 SSKI (5
drops every 6 hours) or Lugol’s solution (30 drops each day in
3-4 divided doses) are acceptable alternatives.13,85,86 Therapy
with iodides may preclude future therapy with radioiodine for
several months. SSKI has been administered sublingually and
potassium iodide has been administered per rectum when eme-
sis or small bowel obstruction has been present.82,83 When
iodide is used in conjunction with the thioamides, serum T4

levels approach normal within 4-5 days.68

In patients who have a contraindication to iodide therapy,
lithium has been used to inhibit thyroid hormone release. The
usual dose is 300 mg every 6 hours orally or by nasogastric
tube, adjusted to maintain serum lithium levels of approxi-
mately 1 mEq/L.59

Glucocorticoids at high doses may reduce conversion of T4

to T3. Use of glucocorticoids in thyroid storm is associated with
improved survival rates.87,88 Administration of stress doses of
corticosteroids is now routine, typically 100 mg hydrocortisone
every 6-8 hours. There is a higher incidence of concomitant
adrenal insufficiency in patients with Graves’ disease. 

Blockade of peripheral thyroid hormone effects with beta-
adrenergic blocking agents is the mainstay of treatment for thy-
roid storm. Oral propranolol has onset of action within one
hour. For patients with contraindications to beta-blocker use,
such as bronchospastic disease or heart block, a short-acting
beta-blocker such as esmolol has been used safely.89 If beta-
blockers are contraindicated absolutely, guanethidine 1-2
mg/kg/day in divided doses (30-40 mg orally every 6 hours), or
reserpine (2.5-5 mg every 6 hours) may be considered.68,85,90

The serum half-life is six days for T4 and 22 hours for T3.
Degradation of the circulating thyroid hormones must occur
for complete resolution of the illness. The average duration of
thyroid storm is three days, although the disease may take one
week to resolve. 

Thyroid Storm: Other Treatment Considerations. Adjunc-
tive therapies for thyroid storm are listed in Table 10. Blood
cultures, urinalysis, urine cultures, and chest radiography are
routine to look for infection in thyroid storm.

Rarely, other treatment modalities have been employed to
enhance the clearance of thyroid hormones. These include
hemo-dialysis, peritoneal dialysis, charcoal hemoperfusion,
exchange transfusion, plasmapheresis, and plasma
exchange.91-93 Plasmapheresis has to be repeated several times,
as only 20% of the T4 pool and even less of the T3 pool can be
extracted per session.94

Side effects of the thionamides, PTU, and methimazole
include allergic reactions, hepatotoxicity, and
leukopenia/agranulocytosis. Most cases of agranulocytosis
occur within three months of onset of treatment.95 It presents in

1. Block hormone synthesis with either:
a) Propylthiouracil 100-600 mg load, PO or NG 200-250 mg 
q 4 hours for total daily dose of 1200-1500 mg.26,90 (Also 
stops peripheral conversion of T4 to T3); or
b) Methimazole 20 mg PO (10-40 mg range) q 4 hours.26

2. Inhibit hormone release (at least one hour after Step #1):
Iodides—Potassium iodide (SSKI) 5 drops PO every 6-8 hours 
or Lugol’s solution 7-8 drops (1 mL PO every 6 hours) or
ipodate 1-3 g daily (as 1 g every 8 hours for 24 hours, then
500 mg twice daily). If severe iodide allergy, lithium carbonate
300 mg every 6 hours.

3. Glucocorticoids: Hydrocortisone (300 mg IV, then 100 mg IV 
q 8 hours); dexamethasone (2 mg IV every 6 hours)

4. Adrenergic blockade: Propranolol (0.5-3 mg IV over 15 min-
utes slow IV, then 60-80 mg PO every 4 hours); Esmolol 
(0.25-0.5 mcg/kg loading, infusion of 0.05-0.1 mcg/kg/min).90

If propanolol is contraindicated because of congestive heart fail-
ure or reactive airway disease, use reserpine (2.5-5 mg IM 
every 4 hours following a test dose of 1 mg).

Table 9. Treatment of Thyroid Storm
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the ED as fever and sore throat most commonly, although
pneumonia and urinary tract infection may be present.96

Improvement in clinical status occurs over several days,
although it may be 7-8 days before full recovery occurs, and a
euthyroid state may not be achieved for 6-8 weeks.15 Mental sta-
tus is a good clinical marker to monitor response to therapy.88

In thyrotoxicosis without storm, beta-blockers such as pro-
pranolol are considered the drugs of choice to reverse the
tachycardia, widened pulse pressure, palpitations, and
increased stroke volume that are present. Beta-adrenergic
blockade is accompanied by improvement in tremulousness
and heat intolerance, and is the treatment of choice for rate
control for patients with atrial fibrillation.62 Calcium channel
blockers have been used successfully to decrease the heart rate
in patients with contraindications to beta-blocker use.97 Vera-
pamil has been cited as the drug of choice.3

Rarely, patients may have severe hyperthyroidism in
which iodine contamination is a difficult therapeutic problem.
The most common cause for high iodine dosages in the elder-
ly currently is amiodarone given to elderly cardiac patients.39

In such cases, perchlorate ions may have a role in treatment.
Potassium perchlorate blocks the uptake of iodides by the thy-
roid cell. The recommended dose is 0.5 grams twice daily,
given with propylthiouracil.80 Perchlorate has a high inci-
dence of inducing bone marrow aplasias.

Antipyretic therapy should be with acetaminophen and not
with salicylates, which displace thyroid hormone from thyroid
binding proteins. (See Table 10.) Central thermal regulation,
especially shivering, may be controlled with chlorpromazine
(25-50 mg IV every 4-6 hours).80

Definitive ways of reducing thyroid hormone secretion
include radioiodine and surgical ablation. The latter entails
subtotal thyroidectomy and has fallen out of favor.11 Radioac-
tive iodine, when it is trapped by hyperactive thyroid tissue,
causes an intense radiation thyroiditis that leads to progressive
fibrosis and glandular atrophy. The resulting destruction of the
gland’s synthetic activity often causes hypothyroidism. Thion-
amides are prescribed to make the patient euthyroid prior to the
administration of radioiodine. 

Admission Criteria for the Hyperthyroid Elderly
Patient. Suggested admission criteria are enumerated in
Table 11. Many patients warrant hospitalization because of
underlying cardiovascular, neurologic, or gastrointestinal

manifestations, which would warrant hospitalization with or
without thyroid disease. Any patient who meets the definition
of thyroid storm warrants hospital admission.

Conclusions
Thyroid disease may present atypically in the elderly. The

absence of the full constellation of symptoms, characteristic in
a younger population, may make the clinical diagnosis elusive.
Symptoms also may be masked by medications the patient
may be taking for unrelated disease. Development of unstable
illness, especially cardiac disease, is a frequent mode of pre-
sentation. In the elderly, there may be merit in screening for
thyroid disease.89
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Physician CME Questions
To earn CME credit for this issue of Geriatric Emergency 

Medicine Reports, please refer to the enclosed Scantron form
for directions on taking the test and submitting your answers.

1. Factors in the medical history that may precipitate hypothyroid 
crisis include:
A. previous thyroid surgery.
B. congestive heart failure.
C. use of sedatives or narcotics.
D. hypothermia or cold exposure.
E. All of the above

2. The typical group presenting with myxedema coma is:
A. elderly women.
B. elderly men.
C. children.
D. adolescents.
E. No group presents more often than others.

3. Currently, the most common cause of thyroid storm is:
A. thyroid surgery.
B. Graves’ disease.
C. functionally autonomous multiple or solitary nodules.
D. toxemia of pregnancy.

4. Estimated mortality associated with thyroid storm historically has
been:
A. 0-5%.
B. 5-15%.
C. 20-30%.
D. greater than 50%.

5. Ninety-five percent of thyroid storm patients will have elevated
levels of:
A. free T4.
B. TSH.
C. epinephrine.
D. All of the above

6. To reverse tachycardia, widened pulse pressure, palpitations, and
increased stroke volume in thyrotoxicosis without storm, beta-
blockers are considered the drugs of choice.
A True
B. False

7. Treatment of thyroid storm should include:
A. hormone synthesis blockade.
B. inhibition of hormone release.
C. glucocorticoids.
D. adrenergic blockade.
E. All of the above

8. Fever in severe hyperthyroidism should be treated with:
A. aspirin.
B. acetaminophen.
C. Either A or B

CME Objectives
Upon completing this program, participants will be able to:
• Quickly recognize or increase index of suspicion for specific conditions 

in the elderly patient;
• Understand the epidemiology, etiology, pathophysiology, and clinical 

features of the entity discussed;
• Perform necessary diagnostic tests correctly and take a meaningful 

patient history that will reveal the most important details about the par-
ticular medical problem discussed; 

• Apply state-of-the-art therapeutic techniques (including the implica-
tions of the pharmaceutical therapy discussed) to patients with the par-
ticular medical problem discussed; and

• Provide patients with any necessary discharge instructions.


