
Hypertensive disorders of pregnancy range from chronic pre-
existing disease to life-threatening conditions such as HELLP
syndrome (hemolysis, elevated liver enzymes, low platelets) and
eclampsia. They often represent a continuum from bad to worse.
The emergency department
(ED) physician is likely to eval-
uate a pregnant patient for
many conditions unrelated to
the pregnancy itself, and knowl-
edge of abnormalities that war-
rant further assessment and fol-
low-up is essential. Abnormal
vital signs must be addressed
even if the patient’s chief com-
plaint is a sprained ankle or
sore throat. This article will
identify those conditions related
to hypertensive disorders of
pregnancy and their evaluation and treatment, specifically
preeclampsia, eclampsia, and the HELLP syndrome. Although
the ED physician often does not provide definitive care for these
disorders, a working knowledge of abnormalities that may por-
tend adverse outcomes for the mother and/or the fetus is essen-
tial. The number of times an ED physician diagnoses the HELLP
syndrome, preeclampsia, or eclampsia may be small, but a
missed opportunity for diagnosis may be catastrophic for all

involved. Management of the variety of hypertensive pregnancy
disorders is similar in many respects. Where appropriate, diag-
nostic pitfalls likely to present to the ED will be discussed.

—The Editor

Introduction

The mechanism by which
pregnancy-induced hyperten-
sion (PIH) occurs is unclear,1,2

and the primary complication
of this disorder is the later
development of preeclampsia
or eclampsia, both of which
have significant fetal and
maternal morbidity and mortal-
ity.1,3-6 Hypertensive disorders
of pregnancy affect 7-10% of

all pregnancies in the United States and are responsible for 15%
of all maternal deaths, most commonly from cerebral hemor-
rhage.1,4,5,7,8 They are the second most common cause of maternal
death in the United States, behind only thromboembolic disease.9

Preeclampsia complicates 2-3% of pregnancies and may compli-
cate up to 30% of pregnancies if the woman has pre-existing
insulin dependent diabetes mellitus, hypertension, or kidney dis-
ease.1,3,10-12 Hypertensive disorders of pregnancy cause significant
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perinatal morbidity and mortality as well, including abruptio pla-
centae, fetal growth restriction, and pre-term delivery.6

Currently, as defined by the American College of Obstetrics
and Gynecology (ACOG), PIH exists if the blood pressure is
equal to or greater than 140/90 in the seated patient, using the
appropriate size cuff, and defining the diastolic as the point at
which no more sound is heard (Korotkoff Phase V).13 In the preg-
nant patient with pre-existing hypertension, a rise of 30/15 above
her baseline blood pressure is cause for concern.14,15

Blood pressure measurements may be inaccurate for a variety
of reasons, including operator error, improper cuff size, and fail-

ure to calibrate equipment. Ambulatory high blood pressure
monitoring may be useful in determining “white coat hyperten-
sion” and for ongoing follow-up in the patient with hyperten-
sion, but is not without error, either. Two readings six hours
apart that are elevated are necessary to support the diagnosis of
hypertension.16-18

The diagnosis of hypertensive disorders of pregnancy and
preeclampsia has varied over the years and begs for a standard
definition.19 Currently, hypertensive pregnant patients are divided
into two subgroups: those with pre-existing disease, and those
who develop hypertension in the second half of pregnancy. (See
Table 1.) Those who are found to be hypertensive in the first 20
weeks probably have pre-existing undiagnosed disease (chronic
hypertension) because it is usual for the blood pressure to fall
during the first 20 weeks.20 Blood pressure measurements that
are elevated and occur after the gestational age of 20 weeks are
part of the continuum of PIH. These include:

• hypertension without proteinuria or edema (gestational
hypertension) (PIH); 

• hypertension with associated proteinuria and/or edema
(preeclampsia);  

• hypertension with seizures (eclampsia); 
• new onset proteinuria in the hypertensive patient (superim-

posed preeclampsia on chronic hypertension); and 
• chronic hypertension.15 (See Table 1.)  
Non-proteinuric hypertension, now termed gestational hyper-

tension or previously termed PIH, is estimated to occur in 8-10%
of nulliparous women; preeclampsia in 2-3%; and eclampsia in
5-6/10,000 pregnancies that progress beyond 20 weeks.4,5

It is important for the ED physician to keep in mind that in the
normal gravid patient, the blood pressure drops during the sec-
ond trimester of pregnancy. Any reading over 140 mmHg sys-
tolic or 90 mmHg diastolic is abnormal. Close attention should
be paid to blood pressure readings in any pregnant patient pre-
senting to the ED, regardless of the reason for the visit. All
abnormal values should be rechecked, and if persistent elevation
is noted, contact should be made with the patient’s obstetrician.
Significant blood pressure elevation, especially in the absence of
proteinuria, should prompt a urine drug screen for cocaine.14

It is not uncommon for an ED physician to encounter a pedi-
atric patient who is pregnant; therefore, a brief mention of defini-
tions is given, as they differ from those in adults. In females
younger than 18 years, hypertension is defined by the American
Academy of Pediatrics as a blood pressure consistently greater
than the 95th percentile of pressures, corrected for age and
height. These levels often are much lower than the 140/90 pres-
sure used for adults. For example, in females 16 years of age, the
95th percentile is 125-132/83-86 mmHg.21

Many women choose to delay pregnancy until their 30s or
40s, which allows for a concomitant rise in pre-existing hyper-
tension or chronic hypertension. Chronic hypertension also caus-
es an increase in the prevalence of abruptio placenta, which
occurs in approximately 10% of such pregnancies.22 Pregnancies
with pre-existing hypertension also are at increased risk for
superimposed preeclampsia, with a reported rate of 25% in one
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study.23 The risk for small for gestational age infants, premature
delivery, and perinatal death also increases.24

Blood Pressure Control in Pregnancy,
Preeclampsia, Eclampsia, and HELLP 

Identification of hypertension in a pregnant patient visiting the
ED for any reason warrants re-evaluation of the vital signs, a
urine dip for protein, a complete physical examination, and
obstetrical consult. (See Figure 1.) Patients who have pre-existing
disease, are currently receiving antihypertensive therapy, do not
have proteinuria and who come back to their baseline on recheck
after lying down for 30 minutes, may be managed for their initial
presenting problem without further attention to the hypertension.
However, if the patient’s blood pressure remains elevated on
recheck, even in the absence of proteinuria, adjustment should be
made to her antihypertensive regimen in consult with her obstetri-
cian. The management of the patient with a hypertensive disorder
of pregnancy varies with the disorder being treated. Patients
should not be discharged from the ED if their blood pressure is
not controlled to less than 140/90. (See Figure 1.)

If the patient presents to the ED without a prior history of
hypertension and has a painful condition, pain management may
be all that is necessary to control the blood pressure. Unless oth-
erwise indicated, these patients may be discharged from the ED. 

Over the years, numerous recommendations have been put
forth for the management of the pregnant hypertensive patient so
as to decrease maternal morbidity and mortality and allow for the
delivery of a viable newborn as close to maturity as possible. The
threshold for beginning antihypertensive therapy is a diastolic
blood pressure of 100 mmHg or greater. Antihypertensive choic-
es in pregnancy are predicated on fetal safety and maintenance of
uteroplacental blood flow. Studies have demonstrated that treat-
ment of diastolic blood pressures greater than 110 mmHg with
medication decreases the incidence of maternal cerebral and car-
diac events.25 Blood pressure control, however, does not prevent
or cure preeclampsia.18

Bed rest is the primary non-pharmacologic treatment of PIH,
which results in lower blood pressure and often diuresis. Strict bed
rest may place the patient at increased risk for thromboembolic
events, and should be avoided.26 In addition, avoidance of alcohol
and tobacco may help.10 The choice of an antihypertensive agent
depends on the urgency with which the blood pressure must be
controlled. For patients who purely have hypertension, there are a
variety of medications that may be used. (See Table 2.)10,14,27-29

Treatment of mild hypertension (less than 150/100) has not
been shown to produce significant maternal or fetal benefits in
most studies, and referral to obstetrics for further monitoring,
once preeclampsia has been ruled out by the absence of protein-
uria, is appropriate.10 For moderate hypertension (diastolic 100-
110 mmHg) that does not resolve with 30 minutes of rest without
proteinuria or evidence of end organ involvement, methyldopa
(Aldomet) 250-500 mg PO may be used to begin therapy. An
alternative would be nifedipine (Procardia, Adalat) 10 mg PO,
repeated in 30-60 minutes if blood pressure is greater than
150/100. Labetolol (Normodyne, Trandate) also may be used
with a starting dose of 100 mg twice daily. When the blood pres-
sure has been controlled to less than 150/100 and the patient’s
obstetrician has been consulted for follow-up within 24 hours,
the patient may be discharged from the ED from a hypertensive
standpoint with a prescription for the antihypertensive agent
used. (See Table 2.)

Once preeclampsia develops (see next section) there often is a
need to prevent the development of eclampsia, and initially hos-
pital admission or in-patient observation in an obstetrical special
care unit is warranted. An initial dose of dexamethasone
(Decadron) 10 mg should be given if the patient is fewer than 34
weeks gestation.  

For oral use, methyldopa has a very long track record of safety
and is the only agent whose effects have been studied in children
exposed in-utero. If this agent cannot be tolerated or is ineffective,
alternatives should be chosen based on mechanism of action and
age of the pregnancy. In all cases, angiotensin-converting enzyme
(ACE) inhibitors and angiotensin receptor antagonists are con-
traindicated. If a patient becomes pregnant while on these agents,
she should have her medication changed.10,15 As many pregnan-
cies are first diagnosed in the ED, once this diagnosis is made, a
review of the patient’s current medications should be undertaken
for safe use in pregnancy, with modifications made in consulta-
tion with the patient’s primary care physician or obstetrician.
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Table 1. Definition of Hypertensive Disorders
of Pregnancy in Adult Patients15,22,34,35

CHRONIC HYPERTENSION

Blood pressure (BP) > 140 mmHg systolic or > 90 mmHg 
diastolic diagnosed before 20 weeks gestation or persists > 12 
weeks post-partum

GESTATIONAL HYPERTENSION AND/OR TRANSIENT HYPERTENSION 
OF PREGNANCY

BP >140/90 develops after mid-pregnancy without proteinuria. If 
preeclampsia doesn’t develop in the woman with gestational 
hypertension and BP returns to normal within 12 weeks post-
partum then the term is transient hypertension of pregnancy (a 
retrospective diagnosis)

PREECLAMPSIA

BP > 140/90 after 20 weeks, with associated proteinuria > 300 
mg/24 hours, (or > 100 mg/dL on two random collections), or 
generalized edema

SUPERIMPOSED PREECLAMPSIA

Proteinuria > 300 mg/24 hours that occurs past 20 weeks in the 
patient with chronic hypertension without pre-existing protein-
uria, or increasing proteinuria, or sudden rise in BP, or develop-
ment of thrombocytopenia or elevated liver enzymes in the 
patient with hypertension and pre-existing proteinuria

ECLAMPSIA

Grand mal seizure that occurs in the pregnant patient past 20 
weeks, not attributable to other etiologies, associated with 
preeclampsia
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Figure 1. The Emergency Department Management of the Pregnanct Patient Noted 
to be Hypertensive
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If the patient has severe hypertension, (greater than 180/110)
or evidence of preeclampsia or end organ involvement, intra-
venous medications such as hydralazine (Apresoline) 5 mg IV,
followed in 10 minutes by a repeat dose of 5 mg and then 10 mg
every 30 minutes to a total dose of 30 mg, should be used. Fluid
loading with 500-1000 cc normal saline may be necessary to pre-
vent placental hypoperfusion. An alternative in the non-asthmatic

patient would be the use of IV labetolol, beginning with 20 mg
IV, followed by 40-80 mg IV every 10 minutes to a total dose of
300 mg or a blood pressure less than 140/90. Labetalol also can
be administered as a continuous infusion of 0.5-2 mg/minute.
This does not require fluid loading. In addition, loading with
magnesium sulfate to prevent the development of eclampsia in
the severely pre-eclamptic patient should be started in the ED if
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Table 2. Antihypertensive Medications and their Usage in Pregnancy10,14,27-29

MEDICATION DOSAGE POTENTIAL MATERNAL (M) OR FETAL (F) COMPLICATIONS

Methyldopa 0.5-2.0 g/day, divided Q12 hours M: Sedation, orthostatic hypotension, rarely fever and 
(Aldomet) abnormal liver functions and Coombs’ + hemolytic 

anemia

Clonidine 0.1-0.7 mg/day M: Drowsiness, xerostomia, rebound hypertension if 
(Catapres) Generally start with 0.2 mg and give medication is stopped abruptly

0.1 mg/hour to a total of 0.7 mg

Labetolol* 5-20 mg IV, maximum of 300 mg/day M: Not used in patients with asthma or chronic lung 
(Normodyne, disease, heart blockage
Trandate) No reflex tachycardia, headache, or F: Readily crosses placenta, causing bradycardia. Neonatal 

fluid retention complications include hypoglycemia, respiratory 
problems, and hyperbilirubinemia.

Hydralazine** 5 mg IV, repeat in 10 min, then 10 mg M: Fluid retention, reflex tachycardia, and headache
(Apresoline) Q 30 min until BP controlled. If 30 mg doesn’t 

control BP, switch agents.

Thiazide 12.5-25 mg PO of hydrochlorothiazide— M: Limit use secondary to decreased uterine blood flow
diuretics may maintain chronic therapy, don’t add after secondary to volume depletion

20 weeks unless CHF

Loop diuretic 20-40 mg IV or PO, especially for pulmonary M: Limit use secondary to decreased uterine blood flow
edema secondary to volume depletion

Nifedipine 30-60 mg/day (generally 10 mg every 30-60 min M: Constipation
(Procardia, until diastolic < 110 mmHg)
Adalat)

Verapamil 120-360 mg/day M: Constipation
(Isoptin, Calan, Verelan)

Enalapril, (Vasotec) Contraindicated in pregnancy. Change to Causes IUGR, oligohydramnios, congenital malformations 
lisinopril (Zestril, different medication.
Prinivil), and 
captopril (Capoten)

Losartan (Cozaar) Contraindicated in pregnancy. Change to Causes IUGR, oligohydramnios, congenital malformations
Valsartan (Diovan) different medication.

Key:
CHF = congestive heart failure; IUGR = Intrauterine growth restriction

*Newer agent used for hypertensive emergency while in labor and delivery (L&D) with severe preeclampsia.  Also drug of choice for
Marfans and coarctation patients. Risky in patients with lung disease. Fewer side effects than hydralazine
** Longstanding drug of choice for hypertension control in L & D



rapid admission is not possible. (See discussion on magnesium
sulfate therapy.) (See Tables 2 and 3.) Alternatively, 1 g of
methyldopa may be given orally, followed by 250-500 mg every
6 hours. The maximum dose is 4 g/day.29

Table 2 lists several antihypertensives that may be of use in
pregnancy-related hypertension. Both IV hydralazine and IV
labetolol have been used parenterally to manage the acute
hypertensive emergency in pregnancy. Hydralazine IV has
been associated with decreased blood flow in the placenta
causing fetal distress, especially if the mother is not pre-treat-
ed with volume expansion. Women with preeclampsia often
are at risk for pulmonary edema, and excessive fluid loading
can be problematic.30 Labetolol has become more popular as
an IV agent to control severe hypertension because it hasn’t
been shown to require fluid loading, but it is problematic and
often contraindicated in patients with underlying lung disease
such as asthma.10,31

Although not directly related to the management of hyper-
tension in pregnancy, the ED physician often is queried as to
the safety of medications while breast-feeding. Occasionally
blood pressure control must be initiated, or often maintained,
once the patient has delivered the baby. This may have a direct
impact on the breast-feeding mother and her infant. All antihy-
pertensives studied have been found in breast milk.31 Long-
term neonatal effects have not been studied.24 Methyldopa as a
first-line oral agent is reasonable unless contraindicated, and
then labetolol may become first-line therapy. If the patient has
renal disease, then calcium channel blockers are the drugs of
choice. ACE inhibitors and angiotensin II receptor antagonists
should not be used due to neonatal renal effects. Diuretics may
decrease milk production.24 Certain beta blockers are concen-
trated in breast milk (atenolol [Tenormin] and metoprolol
[Lopressor, Toprol]) while others are not (labetolol and propra-
nolol [Inderal]).32
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Table 3. Anticonvulsant Dosage Regimens for Preeclampsia and Eclampsia28,56-64,67

IM MAGNESIUM SULFATE

• 4 g IV of MgSO4 USP (MgSO4 > 7 H2O) as a 20% solution IV at 
a rate not to exceed 1 g/min

• 5 g deep IM of MgSO4 (50% solution) each buttock immediately 
after IV dose (may be mixed with 1 cc of 2% lidocaine to 
decrease pain)

• If seizures persist > 15 minutes, give an additional 2-4 g IV 
over 2-4 minutes depending on maternal size.

• If seizures persist or recur following this, add 250 mg of 
amobarbital slow IV

• 5 g deep IM of MgSO4 (50% solution) every 4 hours, alternat-
ing buttocks provided: patellar reflexes are present, 
respiratory rate is > 16/min and urine output is >100 cc in 
the previous 4 hours 

IV MAGNESIUM SULFATE

• 4-6 g IV of MgSO4 USP (MgSO4 > 7 H2O) as a 20% solution IV 
at a rate not to exceed 1 g/min, preferably diluted to 100 cc 
and administered over 15-20 minutes

• 20 g of MgSO4 diluted in 1000 cc of IV fluid given at a rate of 
2 g/hour (100 cc/hr)

• Use half of the maintenance dose/hour if renal insufficiency is 
present

• If seizures persist > 15 minutes, give an additional 2-4 g IV 
over 2-4 minutes depending on maternal size.

• If seizures persist or recur following this, add 250 mg of 
amobarbital (Amytal) slow IV

MAGNESIUM SULFATE MONITORING

• Monitor patient reflexes, respiratory rate, and urine output on 
an hourly basis, halting therapy if patellar reflexes are 
absent, respiratory rate is < 16/min, or urine output is 
< 100 cc/4-hour period

• Monitor serum magnesium levels at 4-6 hours and adjust dose 
accordingly to maintain levels between 4-7 mEq/l (4.8-8.4 
mg/dL; 2-4 mmol/L)

• Discontinue 24 hours after delivery or the last seizure

ANTIDOTE TO MAGNESIUM SULFATE  

At all times that MgSO4 is being administered, a 10 cc ampule 
of calcium gluconate 10% solution should be at the bedside, 
and given slowly IV when signs of toxicity are present. The 
dose may have to be repeated if signs/symptoms of toxicity 
recur despite halting magnesium therapy. Any time respiratory 
impairment occurs, prompt intervention with intubation and 
mechanical ventilation will be lifesaving.

Contraindications to MgSO4 include myasthenia gravis and 
cardiac conduction defects in the setting of cardiac muscle 
damage. Caution should be use in patients on calcium 
channel blockers or with renal insufficiency.

PHENYTOIN DOSING

• Phenytoin (Dilantin) should be used cautiously if at all in the 
myasthenic patient, and is recommended only for prophy-
laxis of seizures; therefore, diazepam 10 mg IV is given to 
immediately control seizures then:
• 1 g of phenytoin, or phenytoin equivalents should be 

administered IV over 20 minutes.
• This is followed by any one of the following regimens:

• 100 mg IV every 6 hours for 24 hours OR 500 mg 
orally 10 hours later OR after bolus start infusion of
500 mg diluted in 20 0cc saline over 4 hours, and 
repeat infusion 12 hours after the initial therapy. 

• Phenytoin therapy should be continued for 24 hours after 
delivery or after the last seizure, whichever is later.

DIAZEPAM DOSING

• 10 mg IV over 2 minutes, repeated if seizure recurs, followed 
by a 40-80 mg/liter in 1000 cc D5%/W IV infusion over 24 
hours, followed by a 20-40 mg/liter infusion over 24 hours 



Preeclampsia and Hypertension 
with Superimposed Preeclampsia 

Introduction. Preeclampsia is defined as the condition where
hypertension and proteinuria, with or without generalized edema,
develops after 20 weeks gestation.33-34 (See Table 1.) This condi-
tion also may be superimposed on pre-existing hypertension, and
thus the name superimposed preeclampsia. Preeclampsia compli-
cates 2-3% to 2-8% of pregnancies, and 75-80% of preeclampsia
patients are primigravidas.4,5,33,35 Maternal complications of
preeclampsia include eclampsia, but also disseminated intravas-
cular coagulation (DIC), HELLP, pulmonary edema, renal fail-
ure, cerebral edema and hemorrhage, and liver failure with
potential for hepatic rupture and hemorrhage.10,25 Fetal complica-
tions are related to the severity of the decreased perfusion and
may include intrauterine growth restriction, premature delivery,
hypoxemia, acidosis, and death.10

Pathophysiology and Classification. The precise etiology of
preeclampsia remains an enigma, with multiple unproven theo-
ries being offered.36 Evidence of increased platelet and endothe-
lial activation has been noted to precede preeclampsia in some
women. Abnormal placentation causing ischemia of the placenta
and release of toxic factors that result in endothelial damage is
thought to cause vascular constriction, increased capillary leak-
age, and platelet aggregation leading to preeclampsia and, in
more severe cases, the HELLP syndrome and eclampsia.37,38

Immunologic factors also may be the instigator of preeclampsia
and HELLP, with tumor necrosis factor (alpha) being cited as
one possible cause of both disorders.37 Oxidative stress, in which
there is a preponderance of oxidants, has been postulated as yet
another cause of endothelial damage in preeclampsia and
HELLP. N-acetylcysteine has been proposed to help tip the bal-
ance in the direction of anti-oxidation, thus helping prolong the
pregnancy and decreasing fetal and maternal morbidity and mor-
tality.39 Lastly, in normal pregnancies, cytotrophoblast cells
invade the uterine spiral arteries and replace the normal endothe-
lial lining of these vessels. This allows for the development of a
low resistance arteriolar system to supply the growing fetus.40

Due to unknown causes, this trophoblastic remodeling is limited

to the proximal vessels in patients with preeclampsia, causing a
decreased uteroplacental perfusion and leading to hypoxia of the
placenta, causing regions of placental infarction.40 Regardless of
the underlying cause, patients with preeclampsia have increased
vascular reactivity when compared to normal healthy pregnant
controls or patients with HELLP syndrome.41,42

Preeclampsia and even eclampsia can occur under all socio-
economic conditions, and risk factors are listed in Table 4.24,43,44

Preeclampsia is classified as either mild or severe; there is no
moderate level. Severe is defined in a pregnant patient past 20
weeks gestation with new onset proteinuria, hypertension, and
one or more of the following complicating signs, symptoms, or
lab values: central nervous system (CNS) dysfunction, liver cap-
sule distention, hypertension, proteinuria, oliguria or renal fail-
ure, pulmonary edema, HELLP syndrome or any of its lab com-
ponents separately.10,18,22 (Table 5.) Absence of these classifies the
preeclampsia as mild.33 However, preeclampsia by nature has an
unpredictable course and, therefore, all patients, whether labeled
mild or severe, should be managed cautiously. Rapid progression
from mild disease to an eclamptic seizure is not uncommon.18,45

HELLP syndrome is a form of severe preeclampsia, and approxi-
mately 4-12% of cases of preeclampsia manifest as HELLP syn-
drome.46-49 (See section on HELLP.) 

Clinical Presentation. The signs and symptoms of
preeclampsia can be variable. Patients presenting with CNS dys-
function, including headache, visual disturbances, or evidence of
a cerebrovascular accident (CVA), should be evaluated for
preeclampsia. In addition, right upper quadrant pain may be the
presenting complaint, and preeclampsia may be the final diagno-
sis when other etiologies are ruled out. Occasionally, preeclamp-
sia patients will present in pulmonary edema or acute renal fail-
ure. At times, hypertension will be an incidental finding in the
ED patient seeking care for another problem. Because
preeclampsia may be abrupt in onset or the patient may be
devoid of prior prenatal care, hypertension and/or peripheral
edema noted on physical exam should prompt the treating physi-
cian to obtain a urine specimen to evaluate for proteinuria. If the
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Table 4. Risk Factors for Preeclampsia24,43,44

• Primigravida
• Primipaternity (first child from this father, especially if he has 

fathered another preeclampsia pregnancy or barrier contra-
ception was used prior to this pregnancy)

• Age > 35 years
• Multiple gestations, Hydrops fetalis, Hydatidiform mole
• Family history of preeclampsia
• Underlying medical conditions such as hypertension, dia-

betes, insulin resistance, obesity, or hyperhomocysteinemia 
• Familial thrombophilic conditions such as Factor V Leiden, 

Protein S deficiency
• Sickle cell trait
• Employment at a high stress job

Table 5. Signs, Symptoms, or Lab Values
Associated with Severe Preeclampsia10,18,22

• CNS dysfunction including CVA, headache, vision changes, 
or seizures (eclampsia) 

• Right upper quadrant abdominal pain due to liver capsule 
distention

• Blood pressure >160-180 mmHg systolic or 110 mmHg 
diastolic on two occasions at least 6 hours apart

• Proteinuria > 3.5-5 g/24 hours
• Oliguria, renal failure, or elevated creatinine
• Pulmonary edema
• HELLP syndrome or any of its laboratory components 

separately (hemolysis, elevated liver enzymes, low 
platelets) 

Key:
CNS = central nervous system; CVA = cerebrovascular accident 



systolic blood pressure is greater than 160 mmHg or the diastolic
blood pressure is greater than 100 mmHg, obstetrical consult
should be sought from the ED and an antihypertensive agent
begun. (See discussion on management of hypertension.) If
preeclampsia is diagnosed based on hypertension, proteinuria,
+/- peripheral edema, then hospital admission is the norm, at
least for a period of observation to further evaluate and monitor
the mother and fetus. 

Imitators of preeclampsia may include hemolytic uremic syn-
drome (HUS), thrombotic thrombocytopenia (TTP), acute fatty
liver of pregnancy, autoimmune diseases such as system lupus
erythematosis (SLE), and sepsis.32,50 The same organ systems can
be affected in all diseases in this differential, and preeclampsia
may be superimposed on any of them, making the final diagnosis
difficult and one that takes many tests and often much time to
delineate. In the ED, ordering the initial battery of tests, namely a
complete blood count (CBC) with peripheral smear, prothrombin
time (PT), partial thromboplastin time (PTT), fibrinogen, blood
urea nitrogen (BUN), creatinine, glucose, electrolytes, uric acid,
and hepatic panel to include bilirubin, LDH, AST, and ALT as
well as a urinalysis will help begin the process. Obstetrics should
be involved early, and a hematology consult may be necessary
for plasma exchange in the patient with TTP. TTP and HUS are
less common than HELLP syndrome, and often present with
bleeding, bruising, or epistaxis. Mental status changes including
seizures may occur, and abdominal pain is frequent. Fever and
elevated creatinine occur in half of patients, and most demon-
strate microscopic proteinuria and hematuria. However, DIC is
uncommon with TTP and HUS, and, therefore, fibrinogen, PT,
and PTT are normal. In addition, more than 50% of cases of TTP
occur before 24 weeks gestation, and plasma transfusions and
exchanges markedly have increased the survival, thus the need
for urgent hematology consultation if TTP or HUS is suspected.50

Acute fatty liver of pregnancy usually develops in the third
trimester and carries a 90% mortality if untreated. Presenting
symptoms include headache, nausea, vomiting, abdominal pain, or
malaise, with 50% of patients demonstrating hypertension and

thrombocytopenia. Hypoglycemia and hyperammonemia suggest
the disease. Abnormal coagulation studies in the form of decreased
fibrinogen and abnormal PT and PTT are present 70-80% of the
time. Elevation of bilirubin and hepatic transaminases is typical.50

Autoimmune diseases will share common findings with
preeclampsia, but serologic testing for disorders such as SLE and
antiphospholipid antibody syndrome should help differentiate the
disorders. Finally, sepsis may mimic preeclampsia and/or
HELLP syndrome. Often the vital signs will help make the diag-
nosis. Blood cultures and early broad spectrum antibiotics are
essential for treatment of sepsis.50

Prevention. In recent years, several attempts to prevent
preeclampsia have given mixed results. Low-dose aspirin thera-
py, vitamin and mineral supplements, calcium supplements,
nutritional supplements such as fish oil, and various antihyper-
tensive regimens have been studied, with none proven to be
effective in all groups.1,51-54 Aspirin given at 100 mg/day ingested
eight hours after arising demonstrated a significant decrease in
blood pressure when compared to the effect when taken immedi-
ately upon arising, and an even stronger effect was noted if the
aspirin was taken at bedtime.54 Until the pathogenesis of
preeclampsia is defined more accurately, no accurate prevention
is likely.52

Management of Preeclampsia. Over the years, many man-
agement strategies have been used to treat the preeclampsia
patient. Definitive therapy is delivery, with the first priority being
the safety of the mother, and the second priority the delivery of a
mature live newborn.55 Initial evaluation of the preeclamptic
patient usually is performed as an in-patient and, following a
thorough evaluation of the mother and fetus, a variety of options
may be chosen, including at-home monitoring, day units, or con-
tinued hospitalization.15 Therapy with at-home monitoring by the
mother and frequent out-patient clinic visits now has become the
standard in reliable patients without co-morbid diseases.26

Despite the fact that delivery is the definitive treatment for
preeclampsia, increased efforts have been instituted to manage
severe preeclampsia remote from term to increase fetal viability
and decrease long-term sequelae associated with premature birth.
This should be done only in a tertiary center with the ability to
monitor the mother and fetus appropriately. The precise age of
the fetus is most important in making clinical decisions that may
have long-ranging consequences. In selected patients, hospital
admission, careful monitoring, corticosteroid administration to
encourage fetal lung maturation, and prophylaxis with magne-
sium sulfate26, 56-64 (see Table 3) to prevent seizures, along with
oral antihypertensives to control blood pressure in the 130-
150/80-100 mmHg range (see Table 1) has been used with some
success.65 The frequency of eclampsia was decreased in patients
with severe preeclampsia by the use of magnesium sulfate.15,66,67

Eclampsia  
Introduction. Eclampsia is a disorder confined exclusively to

the pregnant or newly delivered patient up to two weeks postpar-
tum and still accounts for significant fetal and maternal morbidi-
ty and mortality, with approximately 50,000 maternal deaths
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Table 6. Differential of Patients Presenting
with Hypertension, Proteinuria, 
and Edema10,17,50,73

• Preeclampsia
• Eclampsia
• Cholecystitis
• Viral hepatitis
• Pancreatitis
• Encephalitis
• Pyelonephritis
• Glomerulonephritis
• Nephrolithiasis
• Lupus exacerbation
• Cerebral vein thrombosis
• Intracerebral aneurysm rupture
• Acute fatty liver of pregnancy



annually worldwide.4 It is defined as cerebral involvement result-
ing in convulsions in association with pre-eclampsia. It is further
divided into antepartum, intra-partum, and postpartum, depend-
ing on when convulsions occur in relation to labor.26 Eclampsia
complicates approximately 1 in 2000 pregnancies in developed
countries, but may rise as high as 1 in 100 pregnancies in devel-
oping countries.35,56,57,68 It complicates 0.2-0.5% of all deliver-
ies.10 Up to 30% of women with eclampsia will have HELLP
syndrome, which results in a greater number of pre-term infants
and higher mortalities than in patients with eclampsia alone.69

The frequency of eclamptic seizures in women with
preeclampsia is fewer than 1%.70,71 Approximately 40% of
seizures occur antepartum before women receive medical atten-
tion, and nearly 50% occur at a gestational age fewer than 36
weeks. Sixteen percent of eclamptic seizures occur more than 48
hours post-partum. Unfortunately, this means only 45-50% of all
seizures will occur during a time when the patient actually is in
the hospital being monitored, severely limiting efforts at seizure
prophylaxis.71,72 Ten percent of women who suffer an eclamptic
seizure will develop some form of blindness, which usually
resolves within a week and often is due to retinal detachment or
occipital lobe involvement with edema, ischemia, or infarct.26

The pathophysiology of eclampsia is an extension of preeclamp-
sia, and predicting which patients will progress to this most
severe form remains a mystery.  

Clinical Presentation and ED Management. Eclampsia
should be the ED working diagnosis in any pregnant patient past
20 weeks who presents with a new onset grand mal seizure.
Although the differential should be sufficiently broad to include
underlying epilepsy, intracerebral events such as a CVA, tumor
or subarachnoid hemorrhage, as well as drug ingestions, the ini-
tial work up needs to include an urgent dipstick urine analysis to
rule in or out proteinuria. By definition, eclampsia is a seizure in

conjunction with preeclampsia. However, the patient may not be
aware of her preeclamptic state due to rapid onset of preeclamp-
sia in some patients, rapid progression from preeclampsia to
eclampsia in some, and lack of prenatal care prior to the onset of
seizure in others. The ED physician also should be suspicious of
this diagnosis in the newly post-partum patient (up to 2 weeks)
who presents with a grand mal seizure. Although eclampsia often
is a diagnosis of exclusion, the work-up is fairly straightforward
and should include a thorough history and physical with attention
to the neurologic exam and fetal monitoring for signs of distress.
This is followed by basic metabolic studies, a urine analysis,
non-contrast head CT scan, and a urine drug screen. The differ-
ential for the pregnant patient with hypertension, proteinuria, and
edema is broad and includes many conditions other than
preeclampsia or eclampsia.10,17,50,73 (See Table 6.) However, with
appropriate lab tests and a non-contrast head CT scan, the ED
physician should be able to rapidly rule out most other causes of
these disorders.

Patients with eclamptic seizures are at risk for status seizures.
In antepartum eclampsia, labor may ensue and delivery may be
rapid, at times before the post-ictal period is resolved.57 Continu-
ous fetal monitoring in the ED is warranted, with emergent obstet-
ric consultation. Patients may not present to the hospital of planned
delivery with their eclamptic seizure; therefore, regardless of the
level of obstetrical care available at the institution, the ED physi-
cian must be adept at making this diagnosis and begin rapid emer-
gent treatment of the mother and monitoring of the fetus. (See
below.) Overall, 6.5% of patients with eclampsia develop multiple
neurological complications, including cortical blindness, aphasia,
paresis, psychosis, coma, or cerebrovascular accidents.74 CT scans
in patients with eclampsia often yield relevant diagnoses. Approxi-
mately 43% are normal, 44% have hypodensities, 6% reveal
intracerebral hemorrhages, and 6% hydrocephalus.74 There are two
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Table 7. Signs and Symptoms of Magnesium Toxicity28,58,64,77,79

SIGNS/SYMPTOMS LEVEL IN MG/DL LEVEL IN MEQ/L LEVEL IN MMOL/L

Therapeutic range 4-8 3.3-6.7 2-4

Nausea, warm feeling, 
somnolence, diplopia, 
dysarthria, weakness 9-12 7.5-10 3.5-5

Loss of patellar reflex 9-12 10 > 5 (3.5-7)

Respiratory depression 12 10 > 6

Muscle paralysis 14.1 (14-17) 11.75 (12.5-14.1) 6-7.5

Cardiotoxicity
Prolonged PR and QRS > 14.1 > 11.75 > 7.5

Respiratory arrest 14.4 (14-17) 12 (12-14.1) 5-7.5

Cardiac arrest 31.5 (30-35) 26.25 (25-29) 12.5



reported cases in the literature of eclamptic seizures precipitated
by the administration of the anticholinergic drug scopolamine for
epigastric pain in the patient with HELLP syndrome. The pro-
posed mechanism is unopposed sympathetic nervous system activ-
ity due to inhibition of the parasympathetic system, exacerbating
vasospasm, and hypertension.75

Management of Eclampsia. Management of eclampsia is
multifaceted and must include management of hypertension (see
previous section), prevention of further seizures, and safe deliv-
ery of the fetus once the mother is stabilized. The majority of
eclamptic seizures will resolve in 60-90 seconds, and delivery
should be planned as soon as the mother’s condition permits.70

Magnesium therapy is designed to prevent further seizures and
has been established as the most effective drug to prevent recur-
rent seizures in the eclamptic patient.72 Intravenous and IM regi-
mens exist and are effective for magnesium sulfate therapy, but
the IM route is more painful, associated with abscess formation
in 0.5% of cases, and very risky in patients with HELLP syn-
drome and a platelet count of fewer than 100,000.76 (See discus-
sion below.)  

Use of Magnesium Sulfate. Magnesium sulfate first was
administered intrathecally in 1906 to prevent eclamptic seizures.
It first was used IM in 1926 to prevent recurrent seizures, and in
1933 it was given IV to women with preeclampsia and eclamp-
sia.59 Worldwide, the use of magnesium sulfate for eclampsia is
variable. The Collaborative Eclampsia Trial has established mag-
nesium sulfate as superior to diazepam or phenytoin for the pre-
vention of recurrent seizures in eclampsia. In addition, it may
have benefits to the fetus, and in preeclamptic females may
reduce the risk of first convulsions.57,67,77,78 Both the IM and IV
regimens begin with 4 g of a 20% solution of magnesium sulfate
IV over 4 minutes. In the IM regimen, this immediately is fol-
lowed by 5 g IM of a 50% solution of magnesium sulfate in each
buttock, followed by 5 g IM every 4 hours, alternating buttocks.
In the IV regimen, the initial loading dose is followed by a con-
tinuous infusion of 2 g/hour—generally mixed as 20 g in a liter
of IV solution and run at 100 cc/hour. The IV maintenance dose
should be cut in half in the presence of renal insufficiency. In
either case, if seizures persist after 15 minutes, an additional load
of 2-4 g of magnesium sulfate is given IV, depending on mater-
nal size. If the seizure persists, 250 mg of amobarbital (Amytal)
should be given slowly IV. The patient receiving magnesium
therapy must be monitored closely. Patellar reflexes, respiratory
rate, and hourly urine output should be monitored in each
patient, and magnesium therapy should be halted in the absence
of patellar reflexes, a respiratory rate less than 16/min, or urine
output less than 100 cc/4-hour period. Magnesium levels should
be monitored every 4-6 hours, and the dose adjusted to maintain
levels between 4 and 7 mEq/liter (4.8 - 8.4 mg/dL; 2-4 mmol/L).
(See Table 3.)26,56-64 The conversion of magnesium levels from
mEq/L to mg/dL is as follows: 1.2 times magnesium level in
mEq/L = magnesium level in mg/dL.64

Table 7 lists the common signs/symptoms of magnesium toxi-
city. Early signs and symptoms include nausea, somnolence, a
sensation of warmth, diplopia, dysarthria, and weakness. Further

increases in levels lead to loss of patellar reflexes, followed by
respiratory depression, muscle paralysis, prolonged PR and QRS
on ECG, respiratory arrest, followed by cardiac arrest and
death.26,58,59,64,77,79 In addition to being cautious with magnesium
sulfate in patients on calcium channel blockers, the ED physician
needs to give consideration to other drug/drug interactions that
may occur, especially with paralytics. When performing rapid
sequence intubation, the ED physician should not give a defasic-
ulating dose of a non-depolarizing blocker. A single dose of suc-
cinylcholine (Anectine) 1 mg/kg may be used without difficulty.
If paralytics need to be continued, the succinylcholine should be
allowed to wear off, and then the dose of the non-depolarizing
neuromuscular blocking agent should be decreased due to its
potentiation with magnesium sulfate.80,81

Use of Other Anticonvulsants. In the patient in whom mag-
nesium therapy is contraindicated (those with myasthenia gravis,
cardiac conduction defects in the setting of cardiac muscle dam-
age), or in those in whom it should be used cautiously if at all
(those on calcium channel blockers or with renal insufficiency),
phenytoin (Dilantin) or diazepam (Valium) may be used. It
should be noted that in the myasthenic patient, phenytoin is not
without risk, and therefore diazepam is probably the drug of
choice. Initially diazepam should be used to control the seizure,
beginning with 10 mg IV over 2 minutes, repeated if seizure
recurs. Prevention of further seizures may continue with
diazepam via infusion 40-80 mg/liter of D5/W over 24 hours
titrated to seizure control and restlessness, followed by 20-40
mg/ liter D5W over the second 24 hours. Alternatively, once the
seizure has been controlled, prevention may begin with  pheny-
toin (or phenytoin equivalents) 1 g IV over 20 minutes, followed
by one of the following: 100 mg IV every 6 hours for 24 hours;
500 mg orally 10 hours after initial dose; or an infusion of 500
mg in 200 cc of NS over four hours beginning immediately after
the bolus, and repeated once 12 hours after the bolus. Phenytoin
should be continued for 24 hours after delivery or after the last
seizure, whichever is later.

HELLP Syndrome 
Introduction. The HELLP syndrome is a severe form of

preeclampsia that occurs in 0.2-0.8% of all pregnancies,46,73,82,83

carries a 1-2% maternal mortality rate when care is provided in a
tertiary center,84,85 and an 11% perinatal mortality.86 It occurs in
20% of women with severe preeclampsia and 10% of women
with eclampsia.84 The development of liver disease and a coagu-
lopathy in association with hypertension portend a poorer fetal
and maternal outcome in preeclampsia, as does a platelet count
of fewer than 50,000.46,69 In contrast to non-HELLP preeclamp-
sia, HELLP syndrome is more common in multiparous women
who are Caucasian.84

HELLP syndrome has been further classified as follows:
Class I: maternal platelet count < 50,000/microliter
Class II: maternal platelet count  >50,000 and <

100,000/microliter
Class III: maternal platelet count > 100,000 and <

150,000/microliter
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In one study, all groups with HELLP syndrome had higher
maternal and perinatal morbidity than a control group with
severe preeclampsia without HELLP.69

Maternal morbidity may include premature delivery, an
increased cesarean section rate, more use of blood products, mul-
tisystem organ failure, sepsis, adult respiratory distress syndrome
(ARDS), pulmonary edema, ascites, pleural effusion, cerebral
edema, retinal detachment, hemorrhage (both spontaneous and
postpartum), DIC, or hepatic rupture. Given the severe nature of
HELLP complications, HELLP can be fatal for both mother and
fetus.46,84 The pathophysiology of HELLP is similar to
preeclampsia. The reason certain patients go on to develop the
HELLP syndrome while most do not is still an enigma and hin-
ders definitive therapy.69

Clinical Presentation. The most common presenting com-
plaints of this disorder are epigastric or right upper quadrant pain
(65-90% of patients) believed to be secondary to liver capsule
distention, often associated with nausea and vomiting.46,73,69

These symptoms worsen as the severity of HELLP worsens.83

The mother often has a shallow respiratory pattern due to
diaphragmatic irritation, which may predispose her to atelectasis
and pneumonia.25 In Class I HELLP syndrome, 35% reported
nausea with or without vomiting, 50% reported epigastric pain,
and 61% reported a headache. Mean blood pressures were lower
in patients with Class I or II HELLP syndrome when compared
to patients with severe preeclampsia alone. Although HELLP is a
form of preeclampsia, be aware that the presence of proteinuria
and hypertension are variable, with up to 14% of patients with
HELLP having no proteinuria, and nearly 20% being normoten-
sive.83,87 HELLP syndrome occurs most often before term,
although up to one-third of cases may present post-partum, with
development up to seven days post-partum reported.84,88 The dif-
ferential is similar to preeclampsia and is listed in Table 6. (See
previous discussion under pre-eclampsia section.) Coagulation
studies will help differentiate acute fatty liver of pregnancy and
DIC from the other disorders. Most other labs tests are somewhat
variable, and the patient condition as well as clinical experience
will be necessary to reach a final diagnosis.  

The intensity of HELLP generally reaches a peak 24 hours
after delivery, and lab values return to normal following this in
most patients.73 Patients who do not demonstrate an increase in
platelet count by 96 hours after delivery often have severe sys-
temic, non-compensated disease.69 Patients with more severe
HELLP have shorter times from admission to delivery and longer
lengths of stay overall.83

ED Evaluation. The ED physician evaluating any pregnant or
recently delivered woman with complaints of upper abdominal
pain should consider and work up the patient for the HELLP syn-
drome. Even though this is a preeclampsia syndrome, not all
patients have hypertension or proteinuria.84,89 This variability in
patient presentation makes the possibility of misdiagnosis by the
ED physician more likely. As with other hypertensive disorders
of pregnancy, the criteria used to define HELLP vary somewhat.
The most useful lab tests are a CBC with a peripheral smear,
LDH and transaminases, creatinine, uric acid, fractionated biliru-

bin, and a urine analysis. Coagulation studies are useful in
patients with platelets fewer than 100,000.69,73 Thrombocytopenia
is defined as a platelet count fewer than 150,000, and liver
enzymes (LDH and the transaminases) are mildly to moderately
elevated in most cases. Evidence of hemolysis may be seen on a
peripheral smear, or the hematocrit may be low without another
etiology.46,49,82,90 A low threshold for admission to obstetrics from
the ED should be maintained by the treating ED physician.

Misdiagnoses of HELLP syndrome include gastritis, cholelithia-
sis, appendicitis, pancreatitis, nephrolithiasis, pyelonephritis, viral
gastroenteritis, and hepatitis. In the converse, severe diseases misdi-
agnosed as HELLP syndrome include dissecting aneurysms, car-
diomyopathy, chronic hypertension with concomitant renal disease,
acute fatty liver, alcoholic liver disease, cholecystitis, glomeru-
lonephritis, and acute cocaine intoxication. As misdiagnosis may
result in catastrophic maternal and fetal consequences, one should
consider HELLP syndrome in patients diagnosed with the above
conditions.69

In addition, it has been determined that on admission nausea,
vomiting, or epigastric pain are all independent risk factors for
increased maternal morbidity in patients with severe preeclamp-
sia or HELLP syndrome. Laboratory values on admission that
portend a high risk for significant maternal morbidity include;
LDH greater than 1400 IU/L, AST greater than 150 IU/L, ALT
greater than 100 IU/L, uric acid greater than 7.8 mg/dL, urinary
protein of 4+, serum creatinine greater than 1.0 mg/dL. The
LDH, AST, and uric acid have the strongest predictive value and
are risk additive with worsening thrombocytopenia.91

Management of HELLP. Once the diagnosis of the HELLP
syndrome has been established, consideration should be given to
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Table 8. Pitfalls in the ED Management 
of Patients with Preeclampsia, HELLP, 
and Eclampsia

• Failure to rule out HELLP syndrome or preeclampsia in the 
patient presenting with a non-pregnancy related complaint, 
when their blood pressure is noted to be elevated.

• Failure to rule out HELLP syndrome in the evaluation of a 
pregnant patient past 20 weeks gestation with upper 
abdominal pain, nausea, or vomiting.

• Failure to consider HELLP syndrome in the newly delivered 
patient who presents to the ED with upper abdominal pain, 
nausea, or vomiting.

• Failure to administer dexamethasone early based on clinical 
suspicion in the pregnant patient past 20 weeks who may 
have HELLP syndrome.

• Failure to consider eclampsia as the etiology of a grand mal 
seizure in the patient fewer than 2 weeks post-partum.

• Failure to avoid anticholinergic medications in the patient with 
severe preeclampsia, especially in the face of upper 
abdominal pain.

• Failure to search current medication lists for ACE inhibitors and 
angiotensin receptor antagonists and change them in 
consultation with obstetrical or primary care consultation in 
the newly pregnant patient.



transfer to a tertiary care facility if available. Urgent delivery is
the usual treatment, although under certain circumstances in a
tertiary facility prepared for delivery 24 hours/day, expectant
management may be considered to allow for steroid administra-
tion, especially if the gestational age is fewer than 34 weeks. In
addition to fetal lung maturation, antenatal steroids and/or post-
partum steroids have been shown to stabilize the maternal condi-
tion.85,92,93 The only contraindication to antenatal steroids is
intrauterine infection or maternal tuberculosis.58,85,92,93 The current
recommended protocol is dexamethasone 10 mg IV every 12
hours through delivery and into the postpartum period until the
maternal blood pressure has stabilized, urine output is adequate
without fluid boluses or diuretics, platelets are greater than
100,000, and the patient is clinically stable. Following this, two
additional doses of 5 mg dexamethasone are given every 12
hours.85,92,93 Isler, in a double blind study, demonstrated that dex-
amethasone 10 mg IV every 12 hours was superior to 12 mg
betamethasone IM every 24 hours for the stability of HELLP
syndrome.94 Dexamethasone IV often allows a 48-hour window
in the fetus fewer than 34 weeks gestational age for fetal lung
maturation.95 The ED physician faced with a pregnant patient
fewer than 34 weeks gestation who presents with preeclampsia
or HELLP should administer the initial dose of dexamethasone,
providing contraindications are absent (i.e., intrauterine infec-
tion, maternal TB).

In summary, if the ED physician suspects the HELLP syn-
drome, plans should be made to admit or transfer the patient
to a tertiary care facility and, if the patient is fewer than 34
weeks gestation, dexamethasone 10 mg IV should be given. In
addition, as eclamptic seizures frequently develop in the
HELLP patient, magnesium sulfate therapy is indicated as a
prophylactic measure to prevent the development of this most
serious complication, and may need to be continued 48 hours
into the puerperium until evidence of recovery is apparent.69

(See Table 3.) (See Table 8 for a summary of pitfalls in ED
management of patients with preeclampsia, HELLP, or
eclampsia.) 
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Physician CME Questions

101. In the normal gravid patient, blood pressure drops during the second

trimester of pregnancy.

A. True

B. False

102. Which of the following statements is true of blood pressure in females

younger than 18 years?

A. The definition of hypertension is the same as for adult women.

B. Hypertension in these patients is defined as those above 140/90.

C. Hypertension is defined as blood pressure consistently greater

than the 95th percentile of pressures, corrected for age and

height.

D. The levels for hypertension usually are higher than for adult

women.

103. Which of the following is an indication that magnesium therapy

should be stopped?

A. The absence of patellar reflexes

B. A respiratory rate less than 16/min.

C. Urine output less than 100 cc/4-hour period

D. All of the above

104. Which of the following is the definition of preeclampsia?

A. Blood pressure greater than 140 mmHg systolic or greater than

90 mmHg diastolic diagnosed before 20 weeks gestation

B. Blood pressure greater than 140/90 after 20 weeks with associat-

ed proteinuria greater than 300 mg/24 hours or generalized

edema

C. Blood pressure greater than 140/90 that develops after mid-preg-

nancy without proteinuria

D. Grand mal seizure that occurs in the pregnant patient past 20
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weeks and that is not attributable to other etiologies

105. Which of the following is/are risk factor(s) for preeclampsia?

A. Primigravida

B. Age greater than 35 years

C. Employment at a high stress job

D. Multiple gestations

E. All of the above

106. Which antihypertensive agents are contraindicated in patients who are

pregnant?

A. ACE inhibitors

B. Labetolol

C. Clonidine

D. Hydralazine

107. Which of the following is/are maternal complications of 

preeclampsia?

A. Disseminated intravascular coagulation

B. Pulmonary edema

C. Renal failure

D. Cerebral edema and hemorrhage

E. All of the above

108. What is the definitive therapy for preeclampsia?

A. At-home monitoring

B. Continued hospitalization

C. Day units

D. Delivery

109. Magnesium sulfate has significant toxicity. Which of the following

correctly shows the order of the signs and symptoms of toxicity from

lowest magnesium level to highest magnesium level?

A. Loss of patellar reflexes, nausea and diplopia, muscle weakness,

cardiac arrest

B. Nausea and scotomas, respiratory arrest, muscle weakness, loss

of patellar reflexes
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CME Objectives

To help physicians:
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C. Loss of patellar reflexes, cardiac arrest, muscle paralysis, respi-

ratory arrest

D. Nausea and diplopia, loss of patellar reflexes, respiratory arrest,

cardiac arrest

110. The presenting symtpom(s) of HELLP syndrome is/are:

A. epigastric or right upper quadrant pain.

B. nausea

C. vomiting. 

D. chest pain.

E. A, B, and C.
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Prepare Your Hospital for a Very Unusual
Flu Season

Vaccine Shortages May Wreak Havoc 
with Hospital EDs, Absenteeism

With the unprecedented shortage of influenza vaccine this flu
season, hospitals are scrambling to prepare for what may be a
record number of flu patients presenting to their already over-
crowded emergency departments (EDs) and for staff shortages
due to record absenteeism. After almost half of the U.S.’s
planned vaccine supply was contaminated, high-risk
candidates—including the very young, the elderly, those with
chronic illnesses, pregnant women, the immunocompromised,
and health care workers with direct patient care—have been
identified as those to receive the vaccine. 

In response to the national shortage of vaccine, Thomson
American Health Consultants has developed an influenza
sourcebook to ensure you and your hospital are prepared for
what you may face this flu season. Hospital Influenza Crisis
Management will provide you with the information you need to
deal with ED overcrowding, potential liability risks, staff short-
ages, and infection control implications for staff and patients.

This sourcebook will address the real threat of a potential
pandemic and the proposed response and preparedness efforts
that should be taken in case of such an event. Major guidelines
and recommendations for influenza immunization and treatment
are included, along with recommendations for health care work-
er vaccination and the efficacy of and criteria for using the live
attenuated influenza vaccine. 

Don’t miss out on this valuable resource in preparing your
hospital for this most unusual flu season. Hospital Influenza
Crisis Management will also offer readers continuing education
credits. For information, or to reserve your copy at the pre-pub-
lication price of $149 (a $50 discount off the regular price), call
our customer service department at (800) 688-2421. Please ref-
erence code 64462.
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Hypertensive
Disorders 

of Pregnancy

RAPID ACCESS MANAGEMENT GUIDELINES

®

Exclusive to our subscribers

Antihypertensive Medications and Their Usage in Pregnancy

MEDICATION DOSAGE POTENTIAL MATERNAL (M) OR FETAL (F) COMPLICATIONS

Methyldopa 0.5-2.0 g/day, divided Q12 hours M: Sedation, orthostatic hypotension, rarely fever and 
(Aldomet) abnormal liver functions and Coombs’ + hemolytic 

anemia

Clonidine 0.1-0.7 mg/day M: Drowsiness, xerostomia, rebound hypertension if 
(Catapres) Generally start with 0.2 mg and give medication is stopped abruptly

0.1 mg/hour to a total of 0.7 mg

Labetolol* 5-20 mg IV, maximum of 300 mg/day M: Not used in patients with asthma or chronic lung 
(Normodyne, disease, heart blockage
Trandate) No reflex tachycardia, headache, or F: Readily crosses placenta, causing bradycardia. Neonatal 

fluid retention complications include hypoglycemia, respiratory 
problems, and hyperbilirubinemia.

Hydralazine** 5 mg IV, repeat in 10 min, then 10 mg M: Fluid retention, reflex tachycardia, and headache
(Apresoline) Q 30 min until BP controlled. If 30 mg doesn’t 

control BP, switch agents.

Thiazide 12.5-25 mg PO of hydrochlorothiazide— M: Limit use secondary to decreased uterine blood flow
diuretics may maintain chronic therapy, don’t add after secondary to volume depletion

20 weeks unless CHF

Loop diuretic 20-40 mg IV or PO, especially for pulmonary M: Limit use secondary to decreased uterine blood flow
edema secondary to volume depletion

Nifedipine 30-60 mg/day (generally 10 mg every 30-60 min M: Constipation
(Procardia, until diastolic < 110 mmHg)
Adalat)

Verapamil 120-360 mg/day M: Constipation
(Isoptin, Calan, Verelan)

Enalapril, (Vasotec) Contraindicated in pregnancy. Change to Causes IUGR, oligohydramnios, congenital malformations 
lisinopril (Zestril, different medication.
Prinivil), and 
captopril (Capoten)

Losartan (Cozaar) Contraindicated in pregnancy. Change to Causes IUGR, oligohydramnios, congenital malformations
Valsartan (Diovan) different medication.

Key:
CHF = congestive heart failure; IUGR = Intrauterine growth restriction

*Newer agent used for hypertensive emergency while in labor and delivery (L&D) with severe preeclampsia. Also drug of choice for
Marfans and coarctation patients. Risky in patients with lung disease. Fewer side effects than hydralazine
** Longstanding drug of choice for hypertension control in L & D

Anticonvulsant Dosage Regimens for Preeclampsia and Eclampsia

IM MAGNESIUM SULFATE

• 4 g IV of MgSO4 USP (MgSO4 > 7 H2O) as a 20% solution IV at 
a rate not to exceed 1 g/min

• 5 g deep IM of MgSO4 (50% solution) each buttock immediately 
after IV dose (may be mixed with 1 cc of 2% lidocaine to 
decrease pain)

• If seizures persist > 15 minutes, give an additional 2-4 g IV 
over 2-4 minutes depending on maternal size.

• If seizures persist or recur following this, add 250 mg of 
amobarbital slow IV

• 5 g deep IM of MgSO4 (50% solution) every 4 hours, alternat-
ing buttocks provided: patellar reflexes are present, 
respiratory rate is > 16/min and urine output is >100 cc in 
the previous 4 hours 

IV MAGNESIUM SULFATE

• 4-6 g IV of MgSO4 USP (MgSO4 > 7 H2O) as a 20% solution IV 
at a rate not to exceed 1 g/min, preferably diluted to 100 cc 
and administered over 15-20 minutes

• 20 g of MgSO4 diluted in 1000 cc of IV fluid given at a rate of 
2 g/hour (100 cc/hr)

• Use half of the maintenance dose/hour if renal insufficiency is 
present

• If seizures persist > 15 minutes, give an additional 2-4 g IV 
over 2-4 minutes depending on maternal size.

• If seizures persist or recur following this, add 250 mg of 
amobarbital (Amytal) slow IV

MAGNESIUM SULFATE MONITORING

• Monitor patient reflexes, respiratory rate, and urine output on 
an hourly basis, halting therapy if patellar reflexes are 
absent, respiratory rate is < 16/min, or urine output is 
< 100 cc/4-hour period

• Monitor serum magnesium levels at 4-6 hours and adjust dose 
accordingly to maintain levels between 4-7 mEq/l (4.8-8.4 
mg/dL; 2-4 mmol/L)

• Discontinue 24 hours after delivery or the last seizure

ANTIDOTE TO MAGNESIUM SULFATE  

At all times that MgSO4 is being administered, a 10 cc ampule 
of calcium gluconate 10% solution should be at the bedside, 
and given slowly IV when signs of toxicity are present. The 
dose may have to be repeated if signs/symptoms of toxicity 
recur despite halting magnesium therapy. Any time respiratory 
impairment occurs, prompt intervention with intubation and 
mechanical ventilation will be lifesaving.

Contraindications to MgSO4 include myasthenia gravis and 
cardiac conduction defects in the setting of cardiac muscle 
damage. Caution should be use in patients on calcium 
channel blockers or with renal insufficiency.

PHENYTOIN DOSING

• Phenytoin (Dilantin) should be used cautiously if at all in the 
myasthenic patient, and is recommended only for prophy-
laxis of seizures; therefore, diazepam 10 mg IV is given to 
immediately control seizures then:
• 1 g of phenytoin, or phenytoin equivalents should be 

administered IV over 20 minutes.
• This is followed by any one of the following regimens:

• 100 mg IV every 6 hours for 24 hours OR 500 mg 
orally 10 hours later OR after bolus start infusion of
500 mg diluted in 20 0cc saline over 4 hours, and 
repeat infusion 12 hours after the initial therapy.

• Phenytoin therapy should be continued for 24 hours after 
delivery or after the last seizure, whichever is later.

DIAZEPAM DOSING

• 10 mg IV over 2 minutes, repeated if seizure recurs, followed 
by a 40-80 mg/liter in 1000 cc D5%/W IV infusion over 24 
hours, followed by a 20-40 mg/liter infusion over 24 hours 

Signs and Symptoms of Magnesium Toxicity

SIGNS/SYMPTOMS LEVEL IN MG/DL LEVEL IN MEQ/L LEVEL IN MMOL/L

Therapeutic range 4-8 3.3-6.7 2-4

Nausea, warm feeling, 
somnolence, diplopia, 
dysarthria, weakness 9-12 7.5-10 3.5-5

Loss of patellar reflex 9-12 10 > 5 (3.5-7)

Respiratory depression 12 10 > 6

Muscle paralysis 14.1 (14-17) 11.75 (12.5-14.1) 6-7.5

Cardiotoxicity
Prolonged PR and QRS > 14.1 > 11.75 > 7.5

Respiratory arrest 14.4 (14-17) 12 (12-14.1) 5-7.5

Cardiac arrest 31.5 (30-35) 26.25 (25-29) 12.5
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The Emergency Department Management of the Pregnant Patient Noted 
to Be Hypertensive
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Differential of Patients Presenting 
with Hypertension, Proteinuria, 
and Edema

• Preeclampsia
• Eclampsia
• Cholecystitis
• Viral hepatitis
• Pancreatitis
• Encephalitis
• Pyelonephritis
• Glomerulonephritis
• Nephrolithiasis
• Lupus exacerbation
• Cerebral vein thrombosis
• Intracerebral aneurysm rupture
• Acute fatty liver of pregnancy

Definition of Hypertensive Disorders 
of Pregnancy in Adult Patients

CHRONIC HYPERTENSION

Blood pressure (BP) > 140 mmHg systolic or > 90 mmHg 
diastolic diagnosed before 20 weeks gestation or persists > 12 
weeks post-partum

GESTATIONAL HYPERTENSION AND/OR TRANSIENT HYPERTENSION 
OF PREGNANCY

BP >140/90 develops after mid-pregnancy without proteinuria. If 
preeclampsia doesn’t develop in the woman with gestational 
hypertension and BP returns to normal within 12 weeks post-
partum then the term is transient hypertension of pregnancy (a 
retrospective diagnosis)

PREECLAMPSIA

BP > 140/90 after 20 weeks, with associated proteinuria > 300 
mg/24 hours, (or > 100 mg/dL on two random collections), or 
generalized edema

SUPERIMPOSED PREECLAMPSIA

Proteinuria > 300 mg/24 hours that occurs past 20 weeks in the 
patient with chronic hypertension without pre-existing protein-
uria, or increasing proteinuria, or sudden rise in BP, or develop-
ment of thrombocytopenia or elevated liver enzymes in the 
patient with hypertension and pre-existing proteinuria

ECLAMPSIA

Grand mal seizure that occurs in the pregnant patient past 20 
weeks, not attributable to other etiologies, associated with 
preeclampsia

Signs, Symptoms, or Lab Values 
Associated with Severe Preeclampsia

• CNS dysfunction including CVA, headache, vision changes, 
or seizures (eclampsia) 

• Right upper quadrant abdominal pain due to liver capsule 
distention

• Blood pressure >160-180 mmHg systolic or 110 mmHg 
diastolic on two occasions at least 6 hours apart

• Proteinuria > 3.5-5 g/24 hours
• Oliguria, renal failure, or elevated creatinine
• Pulmonary edema
• HELLP syndrome or any of its laboratory components 

separately (hemolysis, elevated liver enzymes, low 
platelets) 

Key:
CNS = central nervous system; CVA = cerebrovascular accident 

Risk Factors for Preeclampsia

• Primigravida
• Primipaternity (first child from this father, especially if he has 

fathered another preeclampsia pregnancy or barrier contra-
ception was used prior to this pregnancy)

• Age > 35 years
• Multiple gestations, Hydrops fetalis, Hydatidiform mole
• Family history of preeclampsia
• Underlying medical conditions such as hypertension, dia-

betes, insulin resistance, obesity, or hyperhomocysteinemia 
• Familial thrombophilic conditions such as Factor V Leiden, 

Protein S deficiency
• Sickle cell trait
• Employment at a high stress job



As an isolated injury or a frequent component in a multiple
trauma patient, the knee is one of the most commonly injured
joints. Although not usually a life-threatening injury, correct
management may significantly affect the quality of life and
mobility for a patient following a traumatic event. In addition,
failure to make a timely and
accurate diagnosis of a vascu-
lar injury may have significant
detrimental effects for the trau-
ma patient and result in perma-
nent disability. 

It is critical that emergency
department (ED) physicians use
the history of the injury to
direct the physical examination
and diagnostic testing, as well
as provide prompt referral to an
orthopedic specialist if the con-
dition requires surgical inter-
vention. The ED physician also
must understand the limitations
faced in making a definitive diagnosis in the first 24 hours fol-
lowing an acute injury, a critical time period. 

The authors present a thorough review of the anatomy, critical
features of the physical examination, and indications for further
diagnostic testing in a patient who has sustained a traumatic
knee injury.

— The Editor 

Introduction
Traumatic knee injuries are a common reason for presentation

to EDs following injury; approximately 1 million knee injuries
are treated in EDs in the United States each year.1,2 In addition to
isolated knee injuries, the knee joint is frequently injured in asso-

ciation with other injuries in
multiple trauma victims. 

Because the knee is a com-
plex joint, it is critical to under-
stand the different patterns of
injury that can occur: injuries to
bone, ligaments, cartilage, and
surrounding soft tissue. 

The emergency physician
(EP) must develop a rational
imaging strategy to identify
potential injuries and have a
good understanding of the types
of injuries to properly care for
the patient with knee trauma.
Many traumatic knee injuries

require orthopedic consultation for operative management, and
those injuries must be identified quickly and efficiently to expe-
dite care of the patient. 

Finally, there are many pitfalls in the evaluation of the knee,
especially the failure to diagnose arterial injury, which makes a
thorough understanding of the knee and its surrounding struc-
tures essential to the active clinician.
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Anatomy of the Knee
An understanding of the anatomy of the knee is imperative to

assessing injuries involving this complex joint. The knee is the
largest articular joint in the body and consists of a hinge joint
formed by the articulation of the femur and the tibia. The femur
broadens out at the knee joint into two rounded articular promi-
nences: the medial and lateral condyles. Those prominences
articulate with the tibial plateaus on the proximal tibia. Small
eminences from the condyles form the medial and lateral epi-
condyles, which serve as attachment points for the collateral liga-
ments. The anterior portion between both condyles contains a
shallow depression that accommodates the patella. 

The patello-femoral articulation is not involved in weight
bearing.2 The proximal tibia also contains medial and lateral
condyles, which are flattened surfaces that support weight bear-
ing. These surfaces are referred to as the medial and lateral tibial
plateaus. Each plateau has approximately 10° of downward slope
away from the center of the tibia. Centrally, the tibial plateau

contains two superior projections: the anterior and posterior tibial
spine. These projections serve as attachment points for the cruci-
ate ligaments. 

Also of interest is the tibial tuberosity, which is located on the
anterior surface of the tibia below the knee. This bony promi-
nence serves as the attachment of the quadriceps tendon. The
proximal fibula, although not technically part of the knee, is
included in this discussion. These structures combine to form the
major bony articulations of the knee. (See Figure 1.)

The popliteal fossa is a depression found behind the knee
joint. Several important structures are located in this recess,
including the popliteal artery and vein, as well as the peroneal
and tibial nerves. The popliteal artery represents the continuation
of the femoral artery into the knee joint. This artery supplies a
rich anasthomosis of blood vessels supplying the knee joint and
then divides into the anterior and posterior tibial arteries. The
artery is relatively fixed within the popliteal fossa, thus, making
it prone to injury with any stress on the knee joint.3,4

The common peroneal nerve wraps around the proximal fibu-
la. Injury to this nerve may result in a foot drop.5 Intact dorsiflex-
ion at the ankle must be documented with any significant trauma
to the proximal fibula.

The static stability of the knee joint depends on its surround-
ing ligaments (See Figure 1). The anterior cruciate ligament
(ACL) prevents anterior displacement of the tibia in relation to
the femur. The posterior cruciate ligament (PCL) prevents poste-
rior and rotational displacement. Both the ACL and PCL also
contribute to proprioception. The medial collateral ligament
(MCL) resists valgus stress, while the lateral collateral ligament
(LCL) resists varus stress. 

With the knee in full extension, all of the ligaments are taut,
ensuring complete stability of the knee joint. The knee must be
flexed to 20-40° before the joint is relaxed, and some rotational
movement of the joint is possible. The medial and lateral menisci
are cartilaginous structures that support the femorotibial articula-
tion and also aid in weight bearing. (See Figure 2.) The menisci
contribute to joint stability and provide both lubrication and
cushioning to the knee. The medial meniscus is attached firmly
to the MCL and joint capsule making it more susceptible to
injury. Because of the absence of pain fibers, menisci injuries may
have a delayed detection or go undetected.

The muscular structures of the knee provide dynamic stability
to the joint. The knee extensors (quadriceps group) include the
vastus medialis, vastus intermedius, vastus lateralis, and rectus
femoris. They combine to form the quadriceps tendon, which
inserts into and encompasses the patella. The quadriceps tendon
then becomes the patellar tendon and inserts into the tibial
tuberosity. The vastus medialis exerts a medial force on the patel-
la, thus, preventing lateral subluxation. The knee flexors (ham-
strings group) include the semimembranosus, semitendinosus,
and biceps femoris. The knee adductors include the gracilis, sar-
torius, and a portion of the semitendinosus, combining to form
the pes anserinus medially. The iliotibial tract, popliteus muscle,
and a portion of the biceps femoris attach laterally. 
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History and Physical Examination
A thorough history regarding the mechanism of injury is cru-

cial to identification of the particular pattern of knee injury. For
example, an anterior force applied to the tibia with the foot plant-
ed typically results in an ACL injury; the PCL frequently is dam-
aged by a posterior force under the same conditions.6,7 

It should be noted, however, that an accurate history of the
injury may be absent in patients with multiple trauma; therefore,
a careful examination of the knee is imperative and correlation
with historical information appropriate in all patients. Informa-
tion obtained should include the direction of the force that caused
the injury and the weight-bearing status of the patient at the time
of impact. The knee is commonly subjected to compression, dis-
traction, flexion, extension, rotation, valgus or varus stress, and
sliding forces. 

Additional information, including the position of the patient
in an automobile (e.g., driver, front-seat or rear-seat passenger),
anticipated impact, and damage to the dashboard, may be partic-
ularly important in association with motor vehicle trauma. The
location of pain and the presence of a pop or snap (noted in up to
90% of cases associated with ACL rupture at the time of injury )
are also very important.8-10

Patients with ACL or PCL injuries also may complain of the
knee “giving out,” especially with pivoting. Complaints of knee

locking may indicate a torn meniscus, a loose body, rupture of
the ACL or PCL, or an osteochondral fracture.11-12

An osteochondral fracture occurs when a portion of the articu-
lar surface, including both lining cartilage and underlying bone,
becomes separated from either the femur or tibia. The time of
injury and the amount of swelling or effusion that has developed
can be helpful in distinguishing the injured structure. The cruci-
ate ligaments are well vascularized, and a tear can produce a
large effusion within a couple of hours.8,9,13,14 Acute hemarthroses
is a sign of intra-articular injury, with a high percentage of these
injuries involving ACL tears. Osteochondral fractures also can
produce large effusions quickly and account for as many as 67%
of traumatic hemarthroses in children without apparent fracture
on x-ray.15 A smaller effusion that collects during a longer period
of time is more indicative of a partial ligament tear or meniscal
injury.

A detailed examination of the knee in flexion and extension
can provide very specific information about the type of injury
involved. The initial evaluation should include assessment of
deformity, swelling, effusion, tenderness, and open wounds. It is
also helpful to compare any findings to the uninjured knee. Loca-
tion of tenderness on examination corresponds with the site of
injury identified surgically in up to 76% of cases.10 As noted
above, the presence of a large effusion that is noted within 1-2
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Figure 1. Knee Bony Anatomy Figure 2. Knee Ligamentous Anatomy

The bony anatomy of the knee consists of the articulation of
the femur and the tibia, which meet to form a hinge joint. The
joint is protected in front by the patella. The joint is cushioned
by articular cartilage that is located at the ends of the tibia,
femur, and under the patella. The lateral and medial meniscus
are cartilaginous and further cushion the joint.

Reprinted with permission from: The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at: www.nis-
mat.org.

The ligaments of the knee are designed to stabilize the knee.
The collateral ligaments are located along the sides of the knee
and limit lateral motion. The ACL is located at the center of the
knee and connects the tibia to the femur. The ACL functions to
limit rotation and forward motion of the tibia. The PCL limits
backward motion of the tibia. The MCL restricts valgus stress,
and the LCL resists varus stress.

Reprinted with permission from: The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at www.nis-
mat.org.
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hours of injury is highly suggestive of cruciate ligament rupture
or an osteochondral fracture. A full popliteal fossa may be seen
with popliteal artery disruption, suggesting that the knee may
have been dislocated, that a bicruciate ligament rupture may be
present, or that both injuries have occurred simultaneously.

It is extremely important to remember that a reliable examina-
tion may not be possible within the first few hours of injury, and
the patient may need to have a repeat exam in 24-48 hours when
the pain and swelling have subsided. In the multiply injured
patient, other priorities may limit the initial examination of the
knee and associated structures. Following stabilization, a com-
plete and directed physical examination will reveal likely injury
patterns.16

Valgus and varus stress should be applied to the knee in 20-
30°of flexion and in full extension. This action will help to iden-
tify MCL and LCL injuries. Examination of the knee in slight
flexion allows for relaxation of the major muscle groups that pro-
vide support to the knee and isolates the supporting ligamentous
structures of the knee joint.

Anterior and posterior drawer tests should be performed with
the hip flexed at 45°, the knee flexed at 90°, and the foot secured
in a neutral position on the exam table. Anterior force should be
applied to the proximal tibia to assess for ACL integrity and pos-
terior force applied to assess for PCL integrity. The same exami-
nations also should be repeated with the foot secured in internal
and external rotation.2 The tibia should be limited by a discrete
end-point in the anterior and posterior directions. Any sliding

forward or backward suggests an ACL or PCL injury.
Lachman’s test is more sensitive for ACL rupture (up to 99%

sensitivity vs 77% for the anterior drawer test).17 Hold the distal
femur with one hand, and apply anterior force to the proximal
tibia with the other hand while the knee is flexed 20-30° (See
Figure 3.). Here again, a discrete end-point should be appreciat-
ed. A lack of a discrete end-point or significant anterior move-
ment of the tibia is indicative of a positive test.

The Lateral Pivot Shift test is performed with the knee in full
extension. The leg is lifted by the distal tibia, which will produce
subluxation of the proximal tibia with ACL disruption. The knee
is flexed carefully to 20-40°, while a mild valgus force is applied
to the knee, and the foot is moved laterally. A thud can be appre-
ciated as the tibia subluxes against the femur with this motion. 

Meniscal injuries are detected using the McMurray’s test,
Apley compression test, or medial-lateral grind test.18 The
McMurray test involves flexion of the knee beyond 90° with the
foot externally rotated in the examiner’s hand. (See Figure 4.)
The other hand palpates the medial joint line as the knee is
extended gradually beyond 90°. Pain, a popping sensation, or
crepitus indicates a medial meniscus injury. Repeat the test with
the foot internally rotated while the lateral joint line is palpated.
Pain and crepitus with flexion indicate lateral meniscus injury.
The McMurray’s test alone has been shown to have a low sensi-
tivity and specificity for detecting medial meniscus injuries. 19,20 

Apley’s compression test is performed with the patient in a
prone position, and the knee flexed to 90°. Pain with rotation of
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Figure. 3 The Lachman Test

The Lachman’s test is more sensitive than the anterior
drawer test for ACL rupture. As illustrated above, the knee
should be flexed 20-30°. One hand should hold the distal
femur. With the other hand, apply anterior force to the
proximal tibia. If an end-point is not appreciated or signifi-
cant movement of the anterior tibia occurs, the test is con-
sidered positive.

Reprinted with permission from The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at
www.nismat.org.

Figure 4. The McMurray Test

The examiner flexes the knee beyond 90° with the foot exter-
nally rotated in the examiner’s hand. The other hand palpates
the medial joint line as the knee is extended gradually beyond
90°. A medial meniscus injury is indicated by pain, a popping
sensation, or crepitus.

Reprinted with permission from The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at www.nis-
mat.org.



the foot while upward traction is applied suggests damage to the
capsule and/or ligaments. Pain with rotation of the foot while
downward traction is applied indicates meniscal injury.

The medial-lateral grind test is performed in the supine
patient by cradling the calf in one hand and palpating the medial
and lateral joint lines with the other. Valgus and varus stress is
applied to the joint. Any crepitus felt along the joint line indi-
cates possible meniscal injury.

Bragard’s sign is tenderness along the anterior medial joint
line upon internal rotation and extension of the tibia and indi-
cates a likely medial meniscus injury.

Payr’s sign is pain with pressure applied to the medial aspect
of the knee with the patient sitting cross-legged. The knees
should be flexed at 90°. This finding is also consistent with medi-
al meniscus injury.

First Steinmann’s sign is either pain in the anterolateral joint
space with internal rotation and flexion of the knee, which is
consistent with a lateral meniscus tear, or pain in the anteromedi-
al joint space with external rotation and flexion of the knee,
which suggests a medial meniscus tear.

Secondary Steinmann’s sign helps to distinguish a meniscal
injury from an LCL or MCL disruption. It involves a shifting

location of tenderness from the region of the collateral ligament
when the knee is flexed to the anterior aspect of the knee when
fully extended. 

In addition, a thorough evaluation of the neurovascular status
of the knee should be done, focusing on the presence or absence
of pulses in the posterior tibial, dorsalis pedis, and popliteal
arteries, as well as the sensory function of the various nerves sup-
plying the area below the knee.

Injury to the Bony Structures of the Knee
Bony injuries to the knee can involve the distal femur, proxi-

mal tibia and fibula, patella, or dislocation of the knee. The man-
agement of these various injuries differs based on the mechanism
and location of injury. 

Femoral Fractures. Fractures of the distal femur are rare
injuries 1,21,22 and are grouped into four different categories: Class
A, supracondylar fractures; Class B, intercondylar fractures;
Class C, condylar fractures; and Class D, epiphyseal fractures
(See Figure 5.)

All femoral fractures present with knee pain or hip pain,
inability to bear weight, and tenderness over the distal femur.
These fractures usually occur as the result of a direct blow to the
distal femur, such as from a dashboard or steering wheel. A large
amount of force is required to produce a femoral fracture and
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Figure 5. Intercondylar Femoral Fracture Figure 6. Tibial Plateau Fracture

This patient sustained an intercondylar femur fracture.
Because a large amount of force is necessary to produce this
injury, the patient should be assessed carefully for other
injuries. In addition, the close proximity of the popiteal artery
and vein to the distal femur should alert the clinicial to the pos-
sibility of vascular injury.

Image courtesy of Howard Werman, MD.

This patient sustained a tibial plateau fracture. Meniscal and
ligamentous injuries commonly accompany these fractures.

Image courtesy of Howard Werman, MD.



consequently, these fractures often are associated with other
injuries. Additionally, because of the muscular attachments of the
quadriceps group, the hamstring muscles and both the gastrocne-
mius and soleus muscles, displacement of the fracture fragments
is common. Remember that the popliteal artery and vein are in
close proximity to the distal femur and are prone to injury with
such fractures.

Supracondylar Fractures. By definition, these fractures
occur above the femoral condyles and do not involve the knee
joint. As a result, effusions are not associated with this type of
injury. Five percent to 10% of these fractures are open frac-
tures.23 All of the other fractures mentioned above have an intra-
articular component. Epiphyseal fractures usually occur in chil-
dren older than 10 years. Because bone growth around the knee
joint accounts for almost two-thirds of adult leg length, these
injuries commonly are associated with leg shortening, and all
Salter-Harris fractures of the knee joint should have urgent ortho-
pedic evaluation.10,21,22

Distal femur fractures all require urgent orthopedic consulta-
tion and can be treated with immobilization, traction, or opera-
tive fixation at the discretion of the consulting orthopedic spe-
cialist. Skeletal traction often is the preferred method by orthope-
dic surgeons once the patient is admitted; however, a hare trac-
tion splint can be used to immobilize the fracture in the ED until
the skeletal pins can be placed. Significant pain control often is
required; traction on the femur is extremely painful.2 Commonly
associated injuries include ipsilateral hip fractures, popliteal vas-
cular injuries, peroneal nerve injury, and damage to the quadri-
ceps or hamstring groups.

Tibial Fractures. Tibial fractures are divided into four class-
es: Class A, condylar fractures; Class B, spine fractures; Class C,
tuberosity fractures; and Class D, subcondylar fractures.

Tibial fractures typically occur in one of two ways: 1) a direct
blow to the tibia (bumper injury); or 2) axial compression of the
tibia, which occurs when the knee is forcibly extended in antici-
pation of a frontal impact. 

Class A injuries (condylar and plateau fractures) usually are
produced by axial loading (e.g., a fall from a height). (See Figure
6.) The rotational stress on the knee will determine whether the
medial or lateral tibial plateau is affected.24 The lateral plateau is
the site of fracture in the majority of cases.1 Meniscal and liga-
mentous injuries commonly accompany these fractures; the
menisci and medial and lateral collateral ligaments are related
closely to and attached to the tibial plateaus.25 A plateau fracture
without depression of the articular surface can be treated by a
long leg cast. Any depression or irregularity of the articular sur-
faces requires immediate orthopedic consultation and surgical
repair. ACL and MCL tears are associated with lateral plateau
fractures; PCL and LCL tears are associated with medial plateau
fractures. Lateral plateau injuries are more common and usually
are due to involvement of the tibial spine.25

Class B injuries (spine fractures) are rare but present similar
to ACL and PCL tears, depending upon which spine is fractured.
The mechanism of injury typically involves an anterior or poste-
rior force to the proximal tibia with the knee in flexion. Anterior

spine fractures are 10 times more common than posterior spine
fractures and are associated with ACL injuries.25 Complete spine
avulsion requires urgent orthopedic consultation and surgical
repair, while incomplete fractures can be treated by a knee
immobilizer and orthopedic follow-up. 

Class C injuries (tuberosity fractures) involve the attachment
of the quadriceps tendon, and present with pain over the anterior
tibia with signs similar to either partial or complete quadriceps
tendon rupture (difficulty or inability to perform a straight leg
raise). These fractures can occur as the result of a shearing force
or more commonly, due to forced flexion of the knee, creating
stress on the quadriceps tendon. Partial avulsions can be treated
by immobilization and orthopedic follow-up; complete avulsions
require operative fixation. Clinically, this type of injury is indis-
tinguishable from quadriceps tendon rupture, but plain x-rays
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Figure 7. Patellar Fracture

This radiograph demonstrates a patellar fracture. Patellar frac-
tures typically occur secondary to direct knee trauma. Non-
displaced patellar fractures may be managed with a knee
immobilizer and pain control.

Image courtesy of Howard Werman, MD.



will show the avulsed segment of the tibial spine attached to the
end of the quadriceps tendon.

Class D injuries (subcondylar fractures) can be treated with
immobilization and do not require urgent orthopedic consultation
unless there is comminution of the fragments or associated
injuries. Like supracondylar patellar fractures, these injuries do
not involve the joint space.

Proximal Fibular Fractures. These fractures are typically
noted as the result of a direct blow to the area or a valgus stress
on the knee joint. The latter mechanism typically produces lateral
collateral ligament injury and peroneal nerve injury.1 Isolated
proximal fibular fractures can be treated symptomatically with a

knee immobilizer and analgesics. A variant of the proximal fibu-
lar fracture, the Maisonneuve’s fracture, involves a distal tibial
fracture or ligamentous disruption, resulting in instability of the
ankle. Thus, the ankle joint should be assessed carefully if a
proximal fibular fracture is present, and x-rays should be
obtained if the ankle is tender.

Patellar Fractures. Patellar fractures typically are caused by
direct knee trauma (e.g., a knee striking a dashboard), and are
divided into several classes: non-displaced, transverse, pole frac-
tures, comminuted (non-displaced or displaced), vertical, or
osteochondral. High impact injuries are associated with hip frac-
tures and dislocations. A secondary mechanism may involve an
avulsion caused by the pull of the quadriceps mechanism. Patel-
lar fractures are more common in males. 

A non-displaced fracture can be treated with a knee immobi-
lizer and pain control. If the quadriceps mechanism is intact (See
Figure 7), the patient can bear weight as well. Fractures associat-
ed with disruption of the extensor mechanism or displacement
more than 3 mm requires operative repair in an urgent manner.

Remember that anatomical variants of the patella can include
a bipartite and tripartite patella. With a bipartite patella, a second-
ary ossification center typically is noted in the upper outer por-
tion of the patella, which may be confused with a fracture.
Because these variants tend to be bilateral, a comparison view of
the uninjured patella should be obtained. 

Patellar Dislocation
Patellar dislocations typically occur when the patient twists on

an extended knee. Rarely, dislocation can occur as the result of a
lateral or medial blow to the patella. The condition is more com-
mon in women.26 Many patients (10–50%) will have recurrent
episodes during their lifetimes. The patella almost always dislo-
cates laterally (80%).26 Sometimes this injury is associated with
medial joint capsule injury. 

Patellar dislocation is very painful, and the patient often pres-
ents with a fixed, partially flexed knee with obvious displace-
ment of the kneecap. The reduction can be performed in one of
two manners.

Passive Hyperextension of the Knee. This is a painful proce-
dure and often requires pain control and sedation. The lower leg
is grasped in one hand, the upper leg in the other, and the knee is
straightened passively. The patella then is moved back into place
by hand, forcing the patella medially.

Active Hyperextension of the Knee. The patient can be
asked to straighten the knee (e.g., to touch the bed with the back
of his knee while standing or lying). A cooperative patient can
perform this maneuver, and reduction causes immediate cessa-
tion of pain.

Whichever method is chosen, plain knee radiographs should
be obtained following successful reduction to identify any asso-
ciated patellar fractures or osteochondral injuries, which are seen
in up to 5% of cases.1,26 Additionally, a thorough knee examina-
tion should be performed once the patella is in anatomic align-
ment; up to 12% of patients with a patellar dislocation have an
associated ligamentous or meniscal injury.1,26 Knee immobiliza-
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Figure 8. Angiogram of Popliteal Artery 
Showing Intimal Tear

Injury to the popiliteal artery is common in patients with
knee dislocations. These injuries require early recognition
and, optimally, a repair within 6-8 hours of the injury. Intact
pulses in the foot do not exclude vascular injury.

Image courtesy of Howard Werman, MD.



tion should be used to prevent recurrent dislocation, and follow-
up within one to two weeks is indicated. If recurrent dislocation
occurs, operative fixation may be needed.

Knee Dislocation
Knee dislocation is the result of a significant force delivered

to the knee and occurs as the result of hyperextension, posterior
forces to the tibia, or significant rotary forces.27 One example is a
bumper impact by a motor vehicle against a planted lower
extremity. Any knee dislocation is associated with significant lig-
amentous disruption.5 There are three types of dislocation of the
knee: anterior, posterior, and lateral. In anterior dislocations (the
most common type), the tibia is displaced anteriorly to the femur
and typically is the result of hyperextension of the knee joint. In
posterior dislocations, the tibia is forced posteriorly by a direct
force applied to the proximal tibia. Lateral dislocations can be
medial or lateral, and occur with equal frequency. Lateral dislo-
cations can be complicated further with rotary deformity of the
knee as well. Any type of knee dislocation carries a 20% inci-
dence of open joint injury5 and classically presents with a
deformed knee and severe pain. Pulses in the foot must be
assessed immediately and may be present or absent. Reduction
of all three types of dislocations requires longitudinal traction.
Sedation and pain relief commonly are required.1,5 Post-reduction
radiographs should be obtained to assess for concomitant frac-
tures, which can include tibial and patellar fractures, as well as
fibular head fractures. A thorough neurovascular examination
must be conducted following successful reduction to determine if
there is injury to the peroneal and tibial nerves. One additional
injury pattern is worthy of mention—proximal tibiofibular dislo-
cations or subluxations—rare injuries that are seen after a signifi-
cant fall. Peroneal nerve injuries commonly are associated with
this type of dislocation.

Injury to the popliteal artery is common in knee dislocations
(up to 40% of all dislocations).3,28 (See Figure 8.) It is critical that
such injuries be identified early and repaired within 6-8 hours of
injury.28 Intact pulses in the foot do not exclude the possibility of
arterial injury. An arteriogram should be performed on these
patients according to most experts, although an alternative strate-
gy of admission and repeated clinical examination after normal
ankle brachial indices (ABI) in the ED has been suggested.5 An
ABI is performed by obtaining a blood pressure in the arm, by
standard technique, then taking a blood pressure at the ankle.
Dividing the ankle pressure by the arm pressure determines the
ABI. Ankle pressure should be greater than brachial pressure.
Thus, a ratio of one or greater is considered normal. An ABI of
0.9 or less is concern for possible arterial injury. Patients who
have peripheral arterial disease also will have an ABI of less than
0.9, possibly leading to a false positive result. Whichever strategy
is used, knee immobilization and urgent orthopedic consult is
required.

Treatment of Bony Knee Injuries
Many bony knee injuries can be treated by casting; immobi-

lization of the joint above and below the injury is critical for opti-

mal

healing. For tibial and fibular fractures, it can be accomplished
either with a long leg cast or through the combined use of a short
leg cast and a knee immobilizer. When properly applied, the knee
immobilizer will combine effectively with the cast to immobilize
both the knee and ankle. This technique can be used for a variety
of knee fractures. Some fractures, however, require surgical
repair and should have urgent orthopedic consultation. 

Injury of the Supporting Structures of the Knee
Sprains involve injury to the ligaments of the knee. A Grade 1

sprain corresponds with a small incomplete tear and involves
local tenderness with minimal swelling, no instability of the
knee, and little increased pain with stress applied to the knee. A
Grade 2 sprain corresponds with a moderate incomplete tear and
involves local tenderness with moderate swelling, and some joint
instability with a firm end-point on stress. A Grade 3 sprain cor-
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Figure 9. Knee Ligamentous Injury

Sprains involve injury to the ligamentous structures of
the knee. They vary in severity from a Grade 1 sprain (a
small incomplete with no instabiity of the knee) to a
Grade 3 sprain (a complete ligamentous disruption with
complete joint instabilty).

Reprinted with permission from Hughston Sports Medi-
cine Foundation.
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responds with a complete ligamentous disruption and involves
local tenderness, swelling that can be minimal or marked, and sig-
nificant joint instability with no clear end point.29 (See Figure 9.)

Partial ligament tears typically are more painful and can pro-
duce significantly more swelling than complete disruptions. The
MCL is the most commonly injured knee ligament. (See Figure
9.) The mechanism usually involves a strong lateral force applied
to a slightly flexed knee. This type of injury also can produce
ACL disruption and tearing of the medical meniscus. Isolated
Grade 1 or Grade 2 sprains can be treated with immobilization,
compression, rest, ice, elevation, and non-steroidal anti-inflam-
matory medications with orthopedic or primary care follow-up
within a few days. Grade 3 injuries can be treated similarly with
prompt orthopedic referral (within 24 hours).

The medial and lateral menisci also are commonly injured
structures within the knee. They are not innervated, but injury
may produce pain because of irritation from injury to adjacent
ligaments. These structures are relatively avascular with their
blood supply coming from peripheral capillaries. This poor blood
supply results in slower accumulation of joint effusions associat-
ed with meniscal injury. The medial meniscus is fixed more
securely and is more commonly injured. Acute meniscal tears are
usually longitudinal and located peripherally.14 If it extends along
the entire length of the meniscus, it is considered a bucket-handle
tear. Traumatic ruptures are rare before age 10 years. They typi-
cally produce a triad of symptoms including joint line pain,
swelling, and locking of the knee. The patient also may complain
of the knee “giving out.” Treatment is the same as for a grade 1
or 2 sprain.

Knee trauma also can produce disruption or injury to the
many tendinous insertions about the knee. Disruption of the
quadriceps mechanism can occur in a number of possible loca-
tions. Such injuries commonly occur as the result of forced flex-
ion of the knee with the quadriceps muscle contracted.30 Rupture
of the quadriceps tendon superior to the patella is more frequent
in the elderly population, while patellar tendon ruptures inferior
to the patella are more common in young athletes.30 The extensor
tendon mechanism also can be disrupted with a complete trans-

verse fracture of the patella and with avulsion of the tibial tuber-
cle. Split and referral for orthopedic repair of the injury is recom-
mended. Repeated, low-grade stress to the patella tendon may
produce tendonitis or jumper’s knee.31,32

Radiography
Plain radiography can be very helpful in the diagnosis of frac-

ture, dislocation, and effusion about the knee after trauma; how-
ever, it reveals little useful information about ligamentous, men-
iscal, or tendon injuries.9,33-35 Standard views include a true ante-
rior-posterior and lateral view of the knee along with one or two
oblique views of the knee. Additional views may include a sun-
rise view of the knee, which is specifically used to identify patel-
lar injuries.1 In this projection, the knee is flexed, and the beam is
directed tangentially to the longitudinal axis of the patella. 

Historically, x-rays of the knee have been overused, and sev-
eral clinical decision rules have been proposed to assist the
examiner in determining which patients do not require imaging.
The most widely accepted are the Ottawa Knee Rules,36 which
state that plain films of the knee are indicated if the patient is: 1)
55 years of age or older; 2) has tenderness at the head of the fibu-
la; 3) has isolated tenderness of the patella; 4) is unable to flex
the knee to 90°; or 5) is unable to bear weight for four steps both
in the ED and immediately after the injury. (See Table 1.) These
rules have helped decrease radiography rates, decrease cost to the
patient, and decrease the length of stay in the ED without
decreasing the rate of identifying clinically significant fractures
of the knee.15,36

Computerized tomography (CT) scanning of the knee occa-
sionally is used by the orthopedic consultants to delineate further
the anatomy of a fracture, but it has a limited role in the ED eval-
uation of the acutely injured knee.37 Magnetic resonance imaging
(MRI) is useful in the outpatient setting for evaluating the soft-
tissue structures about the knee when the specific injury is in
question, but usually is not necessary as part of the emergency
assessment.9,33 When the type of injury is readily apparent from
history and physical examination, the patient often will undergo
arthroscopy without having an MRI.

Other Diagnostic Studies
Saline Arthrogram. When concerned about the possibility of

a penetrating joint injury (e.g., a laceration that overlies the joint
space), a saline arthrogram can be used safely to exclude com-
munication with the joint. Proper performance of a saline arthro-
gram can help identify otherwise occult, open joint injuries.38

To perform a saline arthrogram, the knee is prepped and
draped in a sterile fashion, with the knee in a 30° flexion. Lido-
caine 1% with or without epinephrine can be used as local anes-
thesia. A superior medial or lateral approach should be used sim-
ilar to an arthrocentesis. The choice of approach is based upon
avoiding the suspected area of penetration. Using the margin of
the patella as a landmark, the clinician inserts an 18-gauge nee-
dle attached to a syringe containing sterile saline into the knee
joint under negative pressure. Once placement is confirmed by
aspiration of synovial fluid, 20-30 mL of saline is instilled into
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Plain radiographs are indicated if the patient has any one of
the following conditions:

•    Age 55 years or older
•    Tenderness at head of fibula 
•    Isolated tenderness of the patella (no bone tenderness

of knee other than patella)
•    Inability to flex to 90°
•    Inability to bear weight for four steps both in the ED and 

immediately after injury 

Adapted from: Bachman LM, et al. The accuracy of the
Ottawa knee rule to rule out knee fractures: A systematic
review. Ann Intern Med 2004;140:121-124.

Table 1. Ottawa Knee Rules



the joint space, while the laceration or other skin injury is
observed. Leakage of saline from the laceration confirms that
there is communication with the joint space. Open joint injuries
require emergent orthopedic consultation, and usually operative
debridement and irrigation.

After finishing the procedure, be sure to remove all injected
saline from the joint; the extra fluid may be quite uncomfortable
for the patient.

Angiography. Angiography is a critical imaging modality
used with suspected anterior dislocations, posterior dislocations,
or bicruciate ruptures. Popliteal artery injury occurs in associa-
tion with these injuries in 30-40% of cases.3,28 The prognosis is
good when arterial injury is identified and repaired within 8
hours of injury. When the diagnosis is delayed, up to 86% of
patients with popliteal artery injury require amputation, and 66%
of those remaining have permanent ischemic changes of the leg
and foot.16,21 If distal pulses are absent with this type of injury
post-reduction, immediate surgical exploration is necessary.

Pitfalls
Several potential pitfalls exist in the evaluation of patients

with knee injuries, including: 1) not getting a complete history
regarding the mechanism of injury; 2) failure to have the knee re-
examined in 24-48 hours when pain and swelling have
decreased; 3) failure to examine the knee in flexion and exten-
sion; and 4) failure to consider popliteal artery injury in the face
of significant knee injury, especially in the case of dislocations,
and address this condition with either angiography or immediate
surgical exploration.

Summary
Patients frequently present in the ED with trauma to the knee.

It is critical for the ED physician to be familiar with the anatomy
of the knee, trauma associated with certain mechanisms of injury,
and appropriate diagnostic testing that is indicated based on the
history and a thorough physical examination. Limitations of the
initial examination should be recognized, as well as the more
subtle findings of potential vascular compromise. Appropriate
diagnostic testing should be performed and orthopedic consulta-
tion and follow-up obtained when indicated. 
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CE/CME Questions

1. Which of the following statements regarding the popliteal fossa is not

true?

A. The popliteal fossa is a depression found behind the knee joint.

B. The popliteal artery represents the continuation of the femoral

artery into the knee joint and is located in this recess.

C. The artery is not fixed within the fossa, which protects it from

injury when the knee is stressed.

D. The peroneal nerve is located within this recess.

2. Which of the following statements is true regarding meniscal injuries?

A. Meniscal injuries are detected using the McMurray’s test, Apley

compression test or medial-lateral grind test. 

B. The McMurray test involves flexion of the knee beyond 90°

with the foot externally rotated in the examiner’s hand. The

other hand palpates the medial joint line as the knee is extended

gradually beyond 90°. Pain, a “popping” sensation, or crepitus

indicates a medial meniscus injury. 

C. The McMurray test alone has been shown to have a low sensitiv-

ity and specificity for detecting medial meniscus injuries. 

D. Apley’s compression test is performed with the patient in a

prone position and the knee flexed to 90°. Pain with rotation of

the foot while upward traction is applied suggests damage to the

capsule and/or ligaments. Pain with rotation of the foot while

downward traction is applied indicates meniscal injury.

3. Which of the following statements regarding tibial fractures is not

true?

A. Tibial fractures typically occur in one of two ways: 1) a direct

blow to the tibia (bumper injury); or 2) axial compression of the

tibia, which occurs when the knee is forcibly extended in antici-

pation of a frontal impact. 

B. Class A injuries (condylar and plateau fractures) usually are 

produced by axial loading (e.g., a fall from a height). 

C. The rotational stress on the knee will determine whether the

medial or lateral tibial plateau is affected.

D. The medial plateau is the site of fracture in the majority of cases.

4. Which of the following statements regarding disruption of the quadri-

ceps mechanism is true?

A. Such injuries commonly occur as the result of forced extension

of the knee with the quadriceps muscle contracted.

B. Rupture of the quadriceps tendon superior to the patella is more

frequent in the elderly population, while patellar tendon ruptures

inferior to the patella are more common in young athletes. 

C. The abduction tendon mechanism also can be disrupted with a

complete transverse fracture of the patella and with avulsion of

the tibial tubercle.

D. Immediate arteriography is indicated.

5. Based upon the Ottawa rules, in which of the following patients

should plain radiographs not be obtained?

A. A 65-year-old male who has fallen down the steps and com-

plains of knee pain.

B. A 42-year-old female who presents after falling at a football

game with tenderness at the head of the fibula.

C. A 37-year-old skiier who presents after falling and has isolated

tenderness of the patella.

D. A 52-year-old male who presents with knee pain and can flex

his knee to 90°.
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CE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a certificate of completion. When your evaluation is
received, a certificate will be mailed to you.

CME Objectives
Upon completing this program, the participants will be able to:
a.) Quickly recognize or increase index of suspicion for occult

knee injury;
b.) Be educated about how to correctly and quickly stabilize,

and then to manage patients with knee trauma;
c.) Understand various diagnostic modalities for arterial

injuries; and
d.) Understand both likely and rare complications that may

occur.



6. Which of the following statements regarding knee dislocations is not

true?

A. Knee dislocation is the result of a significant force delivered to

the knee and occurs as the result of hyperextension, posterior

forces to the tibia, or significant rotary forces.

B. Any knee dislocation is associated with significant ligamentous

disruption. 

C. There are three types of dislocation of the knee: anterior, poste-

rior, and lateral. 

D. In anterior dislocations (the most common type), the tibia is 

displaced anteriorly to the femur and typically is the result of

hyperextension of the knee joint. 

E. In a lateral dislocation, the tibia is forced posteriorly by a direct

force applied to the proximal tibia. 

7. Which of the following statements regarding lateral dislocations is not

true?

A Lateral dislocations can be medial or lateral and occur with

equal frequency

B. Lateral dislocations can be complicated further with rotary

deformity of the knee. 

C. Any type of knee dislocation carries a 75% incidence of open

joint injury.

D. Reduction of the dislocation requires longitudinal traction. 

E. Sedation and pain relief commonly are required.

8. Which of the following statements regarding vascular injuries is true?

A. Injury to the popliteal artery is common in knee dislocations

(up to 40% of all dislocations).

B. It is critical that such injuries be identified early and repaired

within 6 to 8 hours of injury.

C. Intact pulses in the foot do not exclude arterial injury. 

D. An arteriogram should be performed on these patients accord-

ing to most experts, although an alternative strategy of admis-

sion and repeated clinical examination after normal ankle

brachial indices (ABI) in the ED has been suggested.

E. All of the above statements are true.

9. Which of the following statements regarding an ABI is not true?

A. An ABI is performed by obtaining a blood pressure in the arm

by standard technique, then taking a blood pressure at the ankle.

Dividing the ankle pressure by the arm pressure determines the

ABI. 

B. Ankle pressure should be greater than brachial pressure. 

C. A ratio of one or greater is considered normal. 

D. An ABI of 0.9 or less always means that the patient has 

sustained an arterial injury.

E. Patients who have peripheral arterial disease also may have an

ABI of less than 0.9.

10. A 35-year-old male presents with a patellar fracture. Which of the fol-

lowing statements is true?

A. A patellar fractures typically is caused by direct knee trauma. 

B. A secondary mechanism may involve an avulsion caused by the

pull of the quadriceps mechanism. 

C. Patellar fractures are more common in males.

D. A non-displaced fracture can be treated with a knee immobiliz-

er and pain control. 

E. All of the above statements are true.

Answer Key:
1. C; 2. B; 3. D; 4. B; 5. D; 6. E; 7. C; 8. E; 9. D; 10. E

12 Special Editorial Supplement/Trauma Reports

In Future Issues: Ocular Trauma

You face hundreds of trauma patients every week; finding quick and accurate answers to your
critical questions shouldn't be another traumatic experience. That's why Thomson American
Health Consultants offers you this new pocket-sized guide.

You get at-a-glance treatment strategies in a summarized format. Our most popular, and heavily-used
"guideline cards" are all pulled together into this single pocket guide. You get proven effective…

“Trauma Reports: Rapid Reference Guidelines” gets right to the point. 
Your job is too hectic for anything else.

A new rA new resouresource perfect for heat-of-battle patient carce perfect for heat-of-battle patient caree

• diagnosis and treatment charts •  algorithms  •  treatment guidelines

Because the topics covered in this pocket guide cover the situations you encounter every day,
the facts are immediately applicable! You get the added confidence of always having relevant,
clinically accurate answers in the pocket of your lab coat.

ORDER YOUR COPY
FOR ONLY $79
(BOOK # S04115)

RAPID
REFERENCE
GUIDELINES

From the Publisher of

®

RAPID
REFERENCE
GUIDELINES

Useful tools for adult 
and pediatric trauma care

Volume 1

Call (800) 688-2421 (404 262-5476 outside the US and Canada) or visit our website 
at www.ahcpub.com. Please refer to code 61182. 


