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Preface

The Clinical Practice of Emergency Medicine (CPEM) was written to serve as a comprehensive reference with a rapidly accessible collection of clinically relevant
material. We have made every effort to ensure that the third edition is current, thorough, and readable, with little waste of words, features crucial in the setting of a
busy emergency department. This uniquely formatted book was designed to include not only succinct discussions of basic disease processes and differential
diagnosis, but also key information on the role of the consultant, patient disposition, indications for admission, acceptable alternatives to admission (i.e., outpatient
treatment), guidelines for transfer, medico-legal issues, and clinical pitfalls. The Pitfalls section is particularly valuable in that it delineates the most common errors in
the care of the emergency patient, as well as those points most critical for the reader to recall. It “gently reminds the busy clinician to be careful and rethink the issues
in patient management one more time before discharge . . .”

As the editors planned the third edition, we made a conscious effort to respond to our readers’ suggestions and observations about the first two editions. We also felt
an obligation to respond to the changing environment of medicine.

As in the first two editions, the editors agreed that the text should be written by academic and practicing emergency physicians, those most capable of orienting the
discussion toward the undifferentiated emergency patient. On occasion, however, we called upon our colleagues in other medical specialties to contribute certain
areas of expertise. We are deeply appreciative of their efforts.

The preface would be incomplete without acknowledging the enormous time, talent, energy, and effort expended by the editors and contributing authors. There is a
daunting sense of responsibility when one undertakes a task such as this. To produce a readable, accurate, concise work demands literally thousands of hours. When
we see the text used in our busy Emergency Departments, whether to review therapy, disposition options, or pathophysiology, the rewards are obvious.

Ann Harwood-Nuss



CHAPTER 1
Chest Pain

Robert Zalenski and Rebecca R. Roberts
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Diagnostic Approach
Chapter References

The challenge in accurately diagnosing chest pain arises from some important neuroanatomic facts. First, neither the quality nor the intensity of pain produced by the
nerves coming from the thoracic viscera is specific for any single organ system. Spasm of the esophagus, ischemia of the heart, or distention of the great vessels can
produce feelings of pressure, aching, or burning. Pain can be severe, minimal, or even absent during the course of life-threatening conditions such as an acute
myocardial infarction.

Second, the location and radiation of the pain do not reliably identify the specific organ system involved. Thoracic organ pathology can produce pain that is referred
outside the thorax to the epigastrium, neck, or jaw. Conversely, cervical pathology from a ruptured cervical disk can produce pain in the shoulder and around the
clavicle. Abdominal pathology, such as a ruptured ectopic pregnancy, can produce chest and scapular pain due to diaphragmatic irritation.

The anatomic explanation for referred pain is simple: Somatic afferent nerves from the skin and muscle of the arms enter the same dorsal root nerve pools as the
visceral afferent nerves from the heart, esophagus, and other thoracic organs. Activation of this nerve pool by visceral afferents can stimulate the somatic afferent
nerves. The brain interprets the pain as coming from the arm, muscle, or joint innervated by the pooled somatic afferents. Pain from the heart can be perceived as
pain in the upper inner arm, forearm, or axilla, because both areas synapse in the dorsal roots T1-T5. ! Also, because dorsal nerve segments overlap three segments
above and below a particular level, thoracic pain can be referred to the neck or abdomen. Therefore, to identify the organ system and the disease process, the
physician must rely on the duration and frequency of the pain, the setting in which it occurs, the aggravating and relieving factors, and associated symptoms.

ORGAN SYSTEMS
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TABLE 1.1. Common Causes of Chest Pain

DIFFERENTIAL DIAGNOSIS

The historical features of chest pain are useful in establishing the “pretest” probability for each disease in the differential. Such probabilities guide the choice and
interpretation of further diagnostic tests.

Acute myocardial infarction (AMI) produces a nonlocalized pressure, ache, or burning, the intensity of which ranges from severe pain to minimal discomfort. The pain
is usually substernal and in the left chest, but can occur between the umbilicus and the neck. It frequently radiates to the shoulder or left arm and lasts several hours.

Stuttering presentations may last 12 to 24 hours. Determining the onset of constant pain is essential in deciding whether the patient is eligible for thrombolytic
therapy. Dyspnea, diaphoresis, nausea, and weakness are frequently associated symptoms. Occasionally, pain is felt only in a referred area, such as the arm, or via
the vagus nerve, in the ear. Elderly and diabetic patients often present without pain, and this diagnosis must be suspected with the presentation of syncope or

confusion.*

Pain features not suggestive of AMI include stabbing, knifelike sensations or radiation to areas outside of cervicothoracic nerve segments, such as the legs or flanks. 2

Very brief pain (lasting less than 5 seconds) or pain that is clearly pleuritic or exactly reproduced by bending or palpation is not likely to be of cardiac origin. ==

The pain of angina is similar to that of AMI but is of shorter duration. A clear exertional pattern is helpful to the diagnosis; pain can also be provoked by effort,
emotion, or exposure to cold. Prompt relief within 5 minutes from sublingual nitroglycerin is suggestive of angina but can also occur with esophageal spasm or
placebo. Pain that is relieved with exertion and brought on by rest is not anginal. Angina is unstable when it increases in severity (duration, intensity, frequency),
occurs with reduced activity or at rest, or has been present for less than 4 weeks. This diagnosis requires hospital admission.

Aortic dissection classically produces a severe tearing pain in the anterior chest radiating to the back, flank, or arm. The patient sometimes feels pain traveling down
the back as the dissection extends distally. Its onset is sudden, but it may be intermittent or wax and wane. Uncommonly, it presents as a myocardial infarction or as a
chronic pain that has become worse. The pain has no relieving factors, and writhing, diaphoresis, dyspnea, nausea, and vomiting are commonly associated.
Associated symptoms, such as weakness, paralysis, syncope, and numbness or pain in an extremity, are also common and more specific for dissection.

Pericarditis produces a sharp or aching pain in the precordium that may radiate to the scapula, neck, or shoulder. Unlike AMI, it has a long duration (days), and can
be continuous and severe. It is usually made worse by lying down or breathing (thus the associated “shortness of breath”). Patients may insist on leaning forward to
make themselves more comfortable.

Myocarditis can present with associated pericarditis. It also uncommonly masquerades as a myocardial infarction. *> Antecedent viral illness and younger age are

diagnostic clues, but an in-hospital evaluation is necessary for definitive diagnosis of this uncommon cause of chest pain.

The most common presentation of pulmonary embolism (PE) is dyspnea, pleuritic pain, or hemoptysis. 2 About 85% of cases of PE present with one or more of these

nonspecific symptoms. Tachypnea is common, but tachycardia is found in only a minority of proven cases of PE. Large pulmonary emboli can produce circulatory



collapse with syncope due to acute pulmonary hypertension and right heart failure. PE is mistaken for AMI about 7% of the time. *> Chest pain that is strictly

reproducible is not consistent with PE.

Pneumothorax may produce a severe, sudden stabbing pain in the affected side, or it may be asymptomatic. It has no characteristic pain radiation. It is made worse
by breathing, is relieved by splinting, and is associated with shortness of breath and nonproductive cough. Pleurisy, an inflammation of the parietal pleura, is similar
but does not have the associated symptoms or radiographic findings. Pneumonia can also cause pleuritic pain, but its association with productive cough, shortness of
breath (at rest or exertion), and fever is a helpful differentiating feature.

Pain may be due to an esophageal source. Pain from esophageal spasm is often indistinguishable from angina in quality, intensity, location, and radiation. Spasm has
been described as a perfect mimic of acute ischemia. Esophageal reflux is a midline epigastric discomfort usually described as indigestion or burning. It lasts minutes
to hours, and is worse after eating and lying down. It is associated with belching but not shortness of breath, and tends to be chronic.

Relief with antacids does not reliably rule out pain from cardiac ischemia. Esophageal rupture produces pain in the anterior chest, back, or epigastrium. Rupture
occurs in the setting of increased barotrauma from retching or prolonged vomiting or coughing. Vomiting that occurs before the pain suggests esophageal rupture, not

MAJOR EMERGENCY ENTITIES

The following immediately or potentially life threatening diseases of the thoracic organ systems must be considered in every patient who presents to the emergency
department with chest pain.

Acute Myocardial Infarction and Ischemia

Occlusion of a coronary vessel resulting in death of heart muscle can present as a catastrophic condition, with malignant dysrhythmias, pump failure, or myocardial
rupture, or as a completely compensated minimally painful state. It is by far the most common chest pain emergency, accounting for 40 of 1000 hospital admissions. ?
Although the Framingham study risk factors of smoking, hypertension, diabetes, family history, and elevated cholesterol further increase the likelihood of developing
AMI or angina over a period of years, they are not helpful in making the diagnosis in the acute care setting. Nevertheless, the physician should document, for
medicolegal purposes, the presence of risk factors in all patients with chest pain. The symptoms of coronary vasospasm may be very similar to those of AMI or angina
due to occlusive disease.

Emergency physicians frequently evaluate pain associated with recent cocaine use. Such patients commonly have vasospasm, and indeed have a lower confirmed
rate of myocardial infarction than non—cocaine-related admissions. @ Vasospastic ischemic pain is more common than AMI.

Electrocardiographically, even in patients without ischemia, ST segment elevation is present nearly 40% of the time due to repolarization abnormalities. Unless the
presentation of AMI is classic, these abnormal baseline findings make it helpful to have an old ECG without ST elevation, or serial ECGs showing evolving ST
elevation in the emergency department, before deciding to give thrombolytic therapy.

Thrombolytic therapy, percutaneous coronary interventions, adjunctive treatment with antithrombotic and antiplatelet agents, and treatment in the coronary care unit
have significantly lowered case fatality and reinfarction rates, making it imperative to diagnose AMI in the emergency department. Unstable angina is just as important
to recognize, because 10% to 20% of confirmed cases proceed to infarction. Heparin, glycoprotein 1IB/IlIA and ACE inhibitors, and vasodilators, or more invasive
procedures such as coronary revascularization and intraaortic balloon pumping, may be required to treat recurrent pain or associated heart failure or shock.

Dissection of the Thoracic Aorta

This disruption in the intimal layer of the aorta allows blood to track between the media and adventitia. Aortic rupture is an ever-present threat. Untreated dissection
has a mortality rate of 90%:; fortunately, it is responsible for fewer than 1 in 1000 hospital admissions. # Progression of the dissection can cause severe organ damage
to the spine, brain, kidneys, bowel, and heart, including AMI and cardiac tamponade. The patient must be carefully examined for evidence of these complications.
Hypertension is the most common risk factor, although younger patients with Marfan or Ehlers-Danlos syndromes may have dissection due to cystic medial necrosis.

Pulmonary Embolism

Pulmonary embolism (PE) is an obstruction of the pulmonary arterial system due to clot, which usually embolizes from deep femoral or pelvic veins. In addition to
dyspnea, pleuritic pain, and hemoptysis, it can produce acute respiratory failure or right-sided heart failure, as evidenced by cyanosis, hypotension, increased jugular
venous pressure, and a loud S2 or right heart gallop. The hospitalization rate is 2 in 1000. # Mortality from PE itself is uyncommon and is usually due to recurrent
emboli. Recognition of such predisposing conditions as immobilization, recent surgery, hypercoagulability, and low-flow circulatory states is critical to raising the

clinician's diagnostic suspicion. A high degree of suspicion is especially important, because PE often presents with subtle, nonspecific findings. #*

Tension Pneumothorax and Esophageal Rupture

Tension pneumothorax occurs when air escapes from the lung into the thoracic cavity, shifting the mediastinum to one side and compromising right-sided heart filling.
Dyspnea, diaphoresis, tachycardia, tachypnea, and hypotension commonly result. Jugular vein distention, tracheal deviation, decreased breath sounds, and
percussion tympany are noted on physical examination. Pneumothorax may be spontaneous or secondary to trauma, infection (such as tuberculosis and AIDS), or the
rupture of emphysematous blebs. Patients with tension pneumo- thorax require immediate needle thoracostomy and subsequent placement of a chest tube.

Esophageal rupture can occur in the cervical esophagus, but it usually occurs in the distal esophagus. Conditions associated with retching, vomiting, and coughing,

such as ethanol abuse, hyperemesis gravidarum, and status asthmaticus, predispose patients to this rare but important disease.

DIAGNOSTIC APPROACH

After verifying or establishing initial patient stability, the diagnostic approach proceeds from a consideration of age, sex, specific clinical presentation, and preexisting
conditions or risk factors for the specific emergency entities. The history and physical examination are essential for differentiating these entities and detecting their
complications.

The chest x-ray is key to the detection of pneumothorax, heart failure, pneumonia, and a widened mediastinum, as seen in aortic dissection. Mediastinal or
subcutaneous air can be a clue to devastating conditions such as mediastinitis or esophageal rupture. Diagnosis of certain entities may require more advanced
imaging modalities, such as CT scanning, MRI, angiography, or cardiography. Transesophageal echocardiography is sensitive, specific, and practical for the
emergency department diagnosis of aortic dissection. ?

Diagnosing PE continues to be clinically challenging. ¢ Arterial blood gas studies are useful to assess the severity of hypoxemia and response to therapy. A normal

PO, is present about 10% of the time in the patient with PE. The Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) study provided insights into

the limitation of the ventilation/perfusion scan. *< If the clinical presentation and scan results are both high or low probability, the diagnosis can be confirmed or

excluded with a high degree of confidence.

If the clinical probability is intermediate or high, then a low-probability or even a normal scan does not rule out PE, and angiography is suggested. More recently, new

A 12-lead ECG may be of significant diagnostic value in many of the clinical entities under consideration when determining the cause of chest pain. In the patient with
AMI, it may also help to guide therapy. On ECG, regional ST elevation of 1 mm (0.1 mV) in two leads is a requirement for the administration of thrombolytic therapy.



ST segment depression in leads opposite (i.e., reciprocal) to the ST segment elevation is helpful in confirming subtle ST elevation. Diffuse ST elevation with

associated PR depression (most frequent in lead Il) suggests pericarditis; low-voltage or electrical alternans suggests an effusion. In PE, the ECG most commonly

shows T-wave inversions in the anterior leads. *> Serial ECGs may be useful with recurrent pain or to detect AMI evolution or reperfusion.

The emergency department ECG is a simple prognostic indicator for in-hospital complications. In stable, pain-free patients who are being admitted to rule out AMI, an
ECG without ST segment changes, Q waves, T-wave inversion, or left bundle branch block is associated with a very low (less than 1%) incidence of life-threatening

complications. When an ST segment elevation of 0.1 mV is present in the right ventricular lead V4R in the setting of inferior AMI, suggesting coincident right

ventricular infarction, complication rates are higher than when it is absent. 23

Diagnostic decision tools, such as an algorithm for risk assessment in AMI ® or a single numerical probability for acute ischemia, *¢ have been developed and validated.

More recently, Goldman and associates have developed and tested a new algorithm for predicting short-term complication rates using ECG findings, presence of

heart failure, low blood pressure, and worsening angina. *

New approaches to the potentially ischemic patient in the emergency department are being implemented, such as the use of serial cardiac markers, continuous

a program of the emergency department organized specifically for treating and ruling out coronary syndromes.

The diagnostic value of the cardiac troponins is well established, but myoglobin has yet to find its diagnostic niche. Resting sestamibi scanning is an excellent
modality for risk stratification, but emergency echocardiography to assess regional wall motion abnormalities has yet to find its role. These technologies were
comprehensively reviewed in a recent NIH report. % It is hoped that these techniques will advance our ability to diagnose and exclude AMI and acute ischemia in the
emergency department.
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Evaluation of the patient with abdominal pain is one of the frequent problems encountered in emergency medicine, and one of the most challenging. The difficulties
related to evaluation stem from several factors. Diverse processes involving intraabdominal as well as extraabdominal diseases may give rise to pain patterns that are
similar because of the manner in which abdominal pain is perceived. Most conditions that produce abdominal pain usually evolve over time: Localizing signs or other
significant acute intraabdominal symptoms acquire a characteristic pattern that will permit specific diagnosis.

PATHOPHYSIOLOGY

Pain produced by disease of the intraabdominal organs is either visceral or deep somatic. The afferent visceral neurons are mainly of the small C-fiber unmyelinated
type that ascend in the sympathetic chain. The fibers enter the spinal cord by way of the dorsal root ganglia and travel with the somatic sensory fibers to the cerebral
cortex.

Stimulation of the visceral afferent fibers, usually by chemical irritants or distention, is perceived as a poorly localized, aching pain. In general, visceral pain is referred
to the abdominal wall in relation to the embryonic origin of the diseased organ. Diseases of organ systems derived from the embryonic foregut (the stomach,
duodenum, liver, and pancreas) cause upper abdominal or epigastric pain. Midgut processes (the small bowel and right colon) present with periumbilical pain.
Diseases of the hindgut-derived structure (the distal colon and urogenital system) cause lower abdominal pain.

Deep somatic pain results from irritation of the parietal peritoneum and mesenteric root. These structures are innervated by myelinated sensory afferent fibers
distributed by way of the segmental peripheral nerves. Deep somatic pain is intense and well localized. The early periumbilical pain of appendicitis is typical of
visceral pain, whereas the right lower quadrant pain caused by local peritoneal irritation is a deep somatic pain.

ORGAN SYSTEMS

The intraabdominal structures that give rise to abdominal discomfort are complex and varied. Pain may arise from perturbation of the intestinal tract, the biliary tree,
the pancreas, the genitourinary system, the vascular system, the abdominal wall and its apertures, the vertebral bodies, and segmental nerves.

Abdominal pain can also be referred from contiguous body cavities or from distant sites. Thus, a patient with basilar pneumonia may present with abdominal pain, or a
patient with an inferior myocardial infarction may present with epigastric distress.

Toxic-metabolic and systemic diseases can cause abdominal pain. Some of these are diabetic ketoacidosis, lead intoxication, porphyria, vasculitis, neurosyphilis, and
familial Mediterranean fever.

DIFFERENTIAL DIAGNOSIS

In taking the history, note the nature of the onset of pain. Patients who have a rapid onset of severe pain with minimal time for pain buildup should be assumed to
have a ruptured viscus until proven otherwise. It may represent a perforated peptic ulcer, a ruptured ectopic pregnancy, or a ruptured colonic diverticulum. In women
the menstrual history must be documented, and menstruating patients with acute abdominal pain must be evaluated as if they have an ectopic pregnancy until proven
otherwise.

Associated signs and symptoms may be as important as the pain pattern itself. Thus, the presence of vomiting and the type of vomitus and the presence of diarrhea,
blood in the stool, obstipation, fever, dysuria, vaginal discharge, and vaginal bleeding must be determined.

Often, a logical sequence of events and associated signs and symptoms are fairly consistent among patients who undergo the same abdominal process. Patients with
small bowel obstruction develop abdominal distention, nausea, and bloating, followed by vomiting, periumbilical colicky pain, and only late loss of bowel sounds and
obstipation. The initial signs and symptoms are nonspecific and may be confused with those of gastritis or other nonspecific gastrointestinal infections. The evolution
of the process, however, is fairly typical when taken in context.

The history should also detail the type, location, pattern, and referral of the pain; relieving and exacerbating factors; and prior occurrences. Note underlying significant
medical problems and prior surgical problems and procedures. Therapeutic and recreational drug and alcohol use should be carefully defined. Finally, as with all
emergency department patients, document avocational and vocational exposures.

The physical examination should include a rectal temperature, full vital signs including orthostatic vital signs, a cardiopulmonary evaluation, a genitourinary
examination, an examination for hernias, and a complete abdominal and rectal examination.

The abdominal examination is much less precise than the cardiac and pulmonary evaluation because of the diffuse nature of visceral pain and in no small part
because of the variability of pain thresholds. The patient presenting with a rigid abdomen, absent bowel sounds, and classic “peritoneal” signs offers little difficulty,
but this classic presentation of the acute surgical abdomen is relatively uncommon.

The abdominal examination begins with the observation of the patient's position and breathing. This often neglected aspect of the clinical examination can yield vital
information. One should be able to answer the following questions: Is the patient in respiratory distress? Is the abdomen distended? Does the abdomen move with
respiration? Is there voluntary or involuntary guarding? Is there visible peristalsis? Is there evidence of an abnormal vascular pattern? Are the legs kept flexed? Is the
patient icteric?

Auscultation of the abdomen for the presence or absence of bowel sounds is useful for diagnosing obstruction and perforation, but localization of bowel sounds to a
specific quadrant of the abdomen is not. The presence of systolic rushes temporally associated with the patient's colicky pain can help in the diagnosis of early
intestinal obstruction. The physician must listen for several minutes before truly saying that the bowel sounds are absent. In general, the statement that the patient
has diminished or hyperactive bowel sounds has no intrinsic meaning except as an indication that bowel sounds are present.

In a patient with a distended abdomen and absent bowel sounds, “peritoneal irritation” becomes the major diagnostic entity; next, carry out light percussion of the
abdomen to define areas of tenderness. Also, in a patient suspected of having ruptured a viscus, it is helpful to percuss the right upper quadrant for liver dullness,
because liver dullness may be absent with free intraabdominal air. A false-positive sign can be seen, however, when a distended hepatic flexure overlies the liver. If
peritoneal irritation is not suspected, percussion can be limited to the evaluation for hepatomegaly and splenomegaly, and for tympany in the case of bowel
obstruction and distention.

Then proceed directly with light palpation for organomegaly, tenderness, and masses. If the patient has minimal discomfort with light palpation, the pressure should be
gradually increased until the pressure itself becomes slightly uncomfortable. The examiner should attempt to localize the discomfort further by having the patient
grade each sector of the abdomen. The presence of referred tenderness is an important sign of localized peritoneal irritation. In appendicitis, deep palpation in the left



lower quadrant can cause discomfort referred to McBurney's point (Rovsing's sign).

Next, examine the patient for inguinal, umbilical, femoral, and ventral hernias. The umbilical, inguinal, and femoral rings should be defined and explored. In all older
patients, a bimanual examination of the epigastrium for an aortic aneurysm is mandatory. The pelvic and rectal examinations, including heme testing of stool, are then
performed.

An intraabdominal source of discomfort must be differentiated from pain originating in the abdominal wall from such diverse conditions as a rectus muscle hematoma,
a segmental neuropathy, or an internal hernia within the abdominal wall. This differentiation is facilitated by having a patient perform either a sit-up or a leg lift
(Carnett's test). Deep palpation of the abdomen is performed while the patient is maintaining the maneuver. If the process is in the abdominal wall, the discomfort of
palpation is increased, but with pain originating within the abdomen the discomfort is decreased. Once a full examination is performed, it is essential to remember that
serial examinations of the abdomen are often the most helpful adjunct to the diagnosis and treatment of abdominal pain.

MAJOR EMERGENCY ENTITIES

Several abdominal conditions require immediate or urgent surgical intervention. Perforated viscus, ruptured abdominal aortic aneurysm, acute appendicitis, ischemic
bowel, and strangulated hernia are included in this group. Identification of entities that mandate such emergent surgical care is imperative, and delays in diagnosis
may prove costly. In addition, some conditions (e.g., small bowel obstruction and acute pancreatitis), although they may not necessarily require surgery, must be
identified expeditiously so that hospitalization and appropriate supportive care can prevent morbidity and allow treatment of comorbid conditions.

About 50% of patients who present to an emergency department with abdominal pain cannot be diagnosed on the initial visit. Most of these patients have a minor,

self-limiting illness for which a specific diagnosis is not possible or even necessary. Some patients, however, have a subacute presentation of a serious surgical or
medical illness, and these patients must not be lost to follow-up. Having the same physician who established the initial baseline data follow the patient ensures that
subtle changes will be readily detected.

If the patient is to be followed by a consultant, this person must see the patient in the emergency department before discharge or immediately after discharge.
Follow-up should be as often as every 12 hours if the patient is not improving. If follow-up cannot be arranged or if patient compliance is an issue, the patient should
be admitted to the hospital.

Because of the difficulty in evaluating these patients and the large number of possible diagnostic entities and pitfalls to diagnosis, an approach has evolved that casts
a wide safety net and, it is hoped, minimizes the potential for serious errors or delays in diagnosis. In several situations, however, there is a high potential for serious
errors in diagnosis and management. Patients in the “coronary-prone years” with upper abdominal pain must have an immediate electrocardiogram and

with a leaking abdominal aortic aneurysm is often misdiagnosed on initial evaluation. To prevent this serious lapse in diagnosis, all older patients should have a
bimanual examination for an upper abdominal expansile mass. In addition, all older patients presenting with an initial episode of “renal colic,” usually with left flank as
well as upper abdominal pain, should have an immediate emergency study to rule out a leaking aortic aneurysm.

The relative frequency of ectopic pregnancy requires that all premenopausal patients have a thorough evaluation for this condition. Patients with ruptured ectopic
pregnancies can present with shock, shoulder pain, diffuse abdominal pain, and right upper quadrant pain, as well as with the typically localized lower quadrant pain.

DIAGNOSTIC APPROACH

Initial evaluation of any patient with abdominal pain must include a thorough history, a physical, and baseline laboratory studies. The most important issues in the
history are the pain pattern and associated signs and symptoms. The diagnosis is evident in approximately one half of patients after this part of the evaluation is
complete.

Most of the diagnostic tests available to the emergency physician that help to support acute evaluations are neither sensitive nor specific enough to play a significant
role in the evaluation process. However, exceptions to this rule (such as the finding of free intraperitoneal air on the abdominal film) do exist. All diagnostic studies
must be used judiciously in conjunction with a full history and physical exam. An initial evaluation plan should include a complete blood count, keeping in mind that a
normal white blood cell count should not dissuade you from ordering a further workup; an increased white count will increase your suspicion for serious pathology.

All patients need a urinalysis, and all premenopausal women with abdominal pain should have a pregnancy test. Most patients require measurement of glucose,
electrolyte, blood urea nitrogen, and creatinine levels to help guide fluid and electrolyte repletion, to provide a baseline for those who will receive intravenous
medications or contrast media, and to assist in the diagnosis of metabolic disturbances that can present with abdominal pain. Determination of the serum lipase level
is useful when pancreatitis is considered in the differential diagnosis. A lipase level is a more sensitive and specific test to obtain for suspicion of pancreatitis than an
amylase level, as amylase can be produced by several organs and may be elevated in alcoholic patients without pancreatitis.

Serum transaminases, bilirubin, alkaline phosphatase, and a prothrombin time are helpful laboratory tests in patients with a tender right upper quadrant when the
differential includes hepatitis as well as cholecystitis. Other specialized testing and imaging techniques of the abdomen, such as ultrasonography, CT scanning, and
radionuclide scanning of the biliary tree, may be extraordinarily helpful in selected cases.

Plain films of the abdomen are useful in cases in which one is looking for free air in the abdomen and in patients in whom intestinal obstruction is a major
consideration. The finding of appendicolithiasis, said to be diagnostic of appendicitis, is uncommon in adults, and its absence should not influence the
decision-making process.

More than 90% of renal calculi are radiopaque; therefore, an abdominal film, in combination with ultrasonography, is helpful when considering the diagnosis of renal
colic. An intravenous pyelogram or helical noncontrast CT should be obtained to confirm the diagnosis. Helical CT offers the added benefit of viewing other organ
systems and is very helpful in evaluating the presence of an abdominal aortic aneurysm (AAA) and appendicitis.

Ultrasound has emerged as a useful bedside adjunct in the emergency department. Right upper quadrant scans will help in the diagnosis of gallstones and acute
cholecystitis. Abdominal aortic aneurysms may be identifiable by ultrasound. Ultrasound remains the invaluable test of choice for rapid identification of ectopic
pregnancies. Used in conjunction with KUB plain films, ultrasound can also be helpful in the evaluation of renal colic.

Helical CT scans are useful in the diagnosis of renal colic, appendicitis, diverticulitis, abdominal abscesses, and AAA. These exams may be performed with or without
contrast, depending on the diagnosis in question and the patient's renal function. While the helical CT is a very useful tool, the emergency physician must remember
not to send an unstable patient out of the department for this evaluation unless appropriate monitoring can be maintained.

Approximately 50% of patients will not have a definitive diagnosis made on their first visit. Patients in this group are usually not sick enough to require hospitalization
and are followed as outpatients. After discharge, the problem remits spontaneously in most patients; a few (8% to 10%) continue to have pain and require further
evaluation. In this group, a diagnosis is made on the basis of findings on diagnostic studies and reexamination. The choice of which imaging techniques to use is
made on an individual basis: They include CT scanning, biliary imaging, intravenous urography, and upper and lower gastrointestinal series. At this point, peptic ulcer
disease may be definitely diagnosed, and unsuspected pancreatic or biliary tract disease uncovered. Here, too, an occasional patient with inflammatory bowel disease
has this diagnosis made based on radiographic or endoscopic findings. For persistent abdominal pain of unknown origin, diagnostic laparoscopy may prove to be
useful.

The elderly patient who presents with abdominal complaints can become a diagnostic dilemma. Such patients may have intraabdominal free air or free pus within the
abdomen, with few objective findings until late in their course. A “sluggish” leukocyte and febrile response to infection in the elderly may compound this diagnostic
challenge. Elderly patients with ill-defined abdominal pain should also be evaluated for an ischemic bowel syndrome. The initial presentation of ischemic bowel is
often that of midabdominal pain associated with nausea and vomiting and minimal objective findings. Metabolic acidosis is a characteristic early concomitant. If there
is evidence of metabolic acidosis, an ileus pattern is present on the abdominal film, and no other diagnosis is probable, then immediate surgical consultation is



mandatory. Early angiographic and surgical intervention should reduce the very high mortality of this condition.

Some patients initially diagnosed as having gastroenteritis return with the classic findings of acute appendicitis or small bowel obstruction. A patient with
gastroenteritis must have gastritis, manifested by vomiting, and enteritis, manifested by diarrhea. If the diagnosis of gastroenteritis is made without evidence of both
upper and lower gastrointestinal involvement, the diagnostic accuracy is questionable, and major surgical conditions can be overlooked.

Once a definitive diagnosis has been made, few would argue against administering a potent analgesic agent to the patient with severe abdominal pain. The dogma
that the “premature” administration of an analgesic agent may alter the abdominal examination and delay the diagnostic process is clearly incorrect. Several studies
have shown that analgesia actually may help evaluation and diagnosis by decreasing patient anxiety, thus allowing a more accurate physical examination. Of course,
if one is following a patient sequentially, the administration of analgesics requires that a new baseline be established for purposes of comparison. Exercise caution
when discharging any patient with undiagnosed abdominal pain who has received narcotics for pain control.

COMMON PITFALLS

e Formulating a definitive diagnosis can be extremely difficult, for the aforementioned reasons. In addition, the difficulty in diagnosing more occult processes often
results in a delay in diagnosis. Indeed, it is far better to follow these patients without a diagnostic label while workup is being pursued than to mislabel them
initially. Once a patient is given a diagnostic label, extraordinary efforts and circumstances may be required before the erroneous label is reconsidered.
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Cough is a common symptom faced by emergency department physicians. Often, the history and physical examination provide a diagnosis, effective treatment is
recommended, and the patient is discharged home. In other situations, cough may herald a serious underlying condition, and hospital admission is required.

Cough is a protective mechanism. Along with the mucociliary elevator, cough acts to clear secretions and foreign material from the respiratory tree. Physiologically,
the act of coughing is a reflex, initiated by stimulation of cough receptors. Receptors lie predominantly within the proximal portions of the pulmonary tree: the larynx,
trachea, and larger bronchi. Smaller populations reside within the terminal bronchioles, as well as in the pharynx, sinuses, pleura, pericardium, and diaphragm.
Receptors are activated by various factors: excess mucus production, environmental irritants (cigarette smoke, noxious gases, dust, allergens), aspiration,
inflammation (secondary to microbial invasion), or thermal factors (hot or cold air). Cough receptors can also be mechanically stimulated by pressure or extrinsic
tension exerted by tumor, adenopathy, or aortic aneurysm. Stimulation of cough receptors gives rise to afferents that are conveyed centrally by the vagus,
glossopharyngeal, trigeminal, and phrenic nerves. A discrete central cough center has not been demonstrated.

The typical cough consists of an initial deep inspiratory phase. This is followed by glottic closure, contraction of the thoracic and abdominal expiratory muscles, and
an increase in the intrapulmonary pressures. The sudden opening of the glottis provides for the explosive expiration of air at high velocities, with subsequent
clearance of secretions and foreign particles. These high velocities vibrate the vocal cords, secretions, tracheobronchial walls, and adjacent lung parenchyma,
creating the characteristic sound of a cough.?

CLINICAL PRESENTATION

A cough productive of purulent sputum is generally a reliable indication of infection within the respiratory tract. Infections involving the most proximal portion include
sinusitis, pharyngitis, rhinitis, and the common cold. Although these infections are usually associated with a productive cough, initially the cough may be
nonproductive. More distal infections include bronchitis, pneumonia, and abscess. With viral etiologies, the sputum is usually clear or mucoid; purulent sputum
suggests bacterial involvement.

A predominantly nonproductive cough is usually seen with the inhalation of environmental irritants and nonrespiratory sources of cough. These include masses that
exert extrinsic pressure on the trachea and bronchi, such as an aneurysm, tumor, foreign body, and adenopathy. Less common etiologies of cough include irritation of
the diaphragm, pleura, or pericardium.

DIFFERENTIAL DIAGNOSIS
Cough and its character are not diagnostic. It is the association of cough with other signs and symptoms that is usually suggestive of the underlying pathology.
Urgent Causes

Chest pain (not associated with the cough itself) or dyspnea generally accompanies cough when urgent conditions are present. Congestive heart failure, usually of a
mild degree, can present with cough as a predominant symptom. A careful history regarding cardiac risk factors, orthopnea, dyspnea, and dyspnea on exertion, along
with a careful examination of the lungs and chest x-ray usually clarifies this situation. Pulmonary embolism can also present as cough, but the primary symptoms
usually include chest pain (frequently pleuritic) and dyspnea. Another urgent consideration in the patient with cough is foreign body. Choking and stridor are typically
present with large foreign bodies in the proximal airway, but cough may be the predominant symptom with a smaller or more distal foreign body.

Acute Causes
Upper Respiratory Tract

The most common etiology for cough in a normal person is a viral upper respiratory tract infection, the common cold. Common symptoms include rhinorrhea and sore
throat; fever, chills, sweats, headache, hoarseness, sneezing, postnasal discharge, and constitutional malaise and myalgias may also be seen. Patients in whom
severe headache and systemic complaints (myalgias, malaise) predominate are more likely to have influenza. Rhinitis should be considered in patients with significant
nasal symptoms. A history of atopy, seasonal exacerbations, itchy and watery eyes, and a profuse thin rhinorrhea suggests an allergic rhinitis. Patients with
conjunctival injection along with their cough, pharyngitis, fever, headache, myalgia, and malaise may have pharyngoconjunctival fever, typically caused by adenovirus.

Patients with sinusitis complain of head congestion, fullness, toothache, headache, or facial pain. They may or may not have rhinorrhea or postnasal drainage.
Patients with laryngitis typically develop hoarseness and frequently have associated infection, either above or below the vocal cords. Cough secondary to tracheitis or
tracheobronchitis is typically associated with substernal burning. Patients who have had a tonsillectomy occasionally develop lingual tonsillitis and complain of
dysphagia, odynophagia, and a foreign-body sensation.

Lower Respiratory Tract

Acute bronchitis is a common cause of cough (or change in chronic cough) in emergency department patients. Sputum production is a hallmark of bronchitis.
Hemoptysis can be caused by vigorous coughing in bronchitis, but it also raises the suspicion of pneumonia, pulmonary embolism, tumor, bronchiectasis, or
tuberculosis. Productive sputum is also suggestive of pneumonia. Pain is not an unusual symptom in pneumonia, and not uncommonly precipitates the emergency
department visit. In patients with pneumonia, the clinical appearance varies widely. Pneumococcal pneumonia, classically characterized by rust-colored sputum,
presents with fever and shaking chills; the patient appears ill. Mycoplasmal pneumonia, on the other hand, is typically associated with low-grade fever, scanty mucus
production, hacking cough, headache, and minimal systemic symptoms; affected patients may wait a week before seeking a medical evaluation. Aspiration pneumonia
should be suspected in elderly or obtunded patients. Purulent and putrid sputum suggests an anaerobic infection such as a lung abscess. Sputum that is thick,
tenacious, excessive, and difficult to expectorate is seen in bronchiectasis. These patients have a history of poorly treated and recurrent infections, resulting in
impaired bronchial clearance and chronic colonization of the airways by microorganisms.

Cough is a symptom that all asthmatics experience as a consequence of their disease. Other symptoms of asthma, which can occur singly or in combination, are
chest tightness, wheezing, and dyspnea. Patients with asthmatic bronchitis lack a history of asthma, but present with cough and bronchospasm. These patients,
because they are unfamiliar with wheezing, frequently describe their chest as having “congestion.” Cardiac asthma refers to those patients whose congestive heart



failure precipitates bronchospasm.

A wide variety of parenchymal pulmonary infections may manifest cough symptoms. Symptoms of tuberculosis include hemoptysis, weight loss, weakness, and fever.
Specific fungal infections are associated with specific geographic regions. Coccidioidomycosis is common in the Southwest, and histoplasmosis in the Ohio and
Mississippi River valleys. Pneumocystis carinii, Mycobacterium tuberculosis, and Mycobacterium avium complex are associated with decreased host resistance from
chemotherapy and other forms of immunosuppression, and with underlying HIV infection.

Chronic Causes

Acute illnesses such as the common cold seldom last longer than 3 weeks. Patients who present with symptoms of longer duration should be considered to have
chronic cough. Chronic bronchitis is the most common cause of chronic cough. By definition, chronic bronchitis requires a chronic productive cough for 3 months in
each of 2 consecutive years.Z The cough is typically worse on arising in the morning. Superimposed acute infection changes sputum color and quantity. Although
tumor can produce a cough, bronchogenic carcinoma is not a common cause of chronic cough. Primary bronchogenic cancer should be suspected in smokers with a

change in their cough, persistent hoarseness, clubbing, weight loss, evidence of metastatic disease, or the triad of chest pain, cough, and hemoptysis.

In patients who do not smoke and who have a normal chest x-ray, postnasal drainage is the most frequent cause of chronic cough. This postnasal drainage is usually
secondary to sinusitis and rhinitis. The cough is short, frequent, and worse at night or when the patient is supine. Allergic etiologies are associated with seasonal
exacerbations. Asthma, in addition to causing acute cough, is another common cause of chronic cough. Cough and wheezing occurs in all asthmatics; however, dry
cough without wheezing is the sole symptom of cough-variant asthma. Patients with cough-variant asthma, like classic asthmatics, demonstrate airway
hyperresponsiveness with pulmonary function testing.’ Gastroesophageal reflux disease is also capable of causing a chronic cough as an isolated symptom. Less
common etiologies of cough include mediastinal masses such as tumor (thymoma, thyroid cancer, teratoma, neurofioroma, Hodgkin disease, metastatic malignancy)
and granulomatous disease (tuberculosis, sarcoid).

Some patients complain of a persistent cough following a respiratory tract infection. This has been described as postinfectious cough, and is attributed to airway
inflammation with or without transient airway hyperresponsiveness.? The diagnosis is one of exclusion. Pertussis patients initially develop a nonspecific upper
respiratory tract infection; as the upper respiratory tract symptoms wane, severe coughing paroxysms develop. Adult pertussis patients, unlike children, lack the
characteristic inspiratory whoop at the end of a coughing paroxysm. Cough is an adverse side effect of all angiotensin converting enzyme inhibitors, including
captopril (Capoten), lisinopril (Zestril, Prinivil), enalapril (Vasotec), fosinopril (Monopril), quinapril (Accupril), ramipril (Altace), moexipril (Univasc), trandolapril (Mavik),
and benazepril (Lotensin).®

EMERGENCY DEPARTMENT EVALUATION
History

The most common cause of cough is a viral upper respiratory tract infection, the common cold. The cough is secondary to secretions from the nasopharynx
stimulating cough receptors in the hypopharynx and larynx. Therefore, patients should be carefully questioned if the cough represents a throat-clearing maneuver, if
they note a sensation of a throat tickle or secretions draining from the back of the nose into the throat, and if there is nasal congestion or discharge. The cough may
last 2 to 3 weeks. A cough lasting longer than 3 weeks is unlikely to be an acute viral upper respiratory tract infection, except with back-to-back infections.

Patients with a cough lasting longer than 3 weeks have chronic cough. Chronic bronchitis is the most common etiology. Chronic bronchitis patients invariably have a
long history of smoking and usually note a productive cough on awakening. Postnasal drainage, in addition to being the most common cause of an acute cough, is
also the most common etiology of chronic cough in patients without chronic bronchitis. Bronchospasm should be suspected in those patients whose cough follows
exposure to cold air, strong odors, smoke, or exercise. Gastroesophageal reflux disease is suggested in patients with heartburn, a sour taste in the mouth, and
persistent regurgitation. Pertussis should be suspected in patients who present with severe paroxysms of cough following an upper respiratory tract infection.

Sputum production is indicative of a microbial infection within the respiratory tract. A predominantly nonproductive cough should lead the emergency physician to
consider etiologies other than infection. Angiotensin converting enzyme inhibitors are capable of causing a troublesome cough in 6% to 14% of patients taking any of
the antihypertensives from this class.® Patients with malignancy may have pulmonary metastasis, because the lung is the most common metastatic site.

Physical Examination

A general body habitus demonstrating cachexia and weight loss suggests chronic and potentially life threatening conditions. Abnormal vital signs, such as elevated
temperature, tachypnea, abnormal pulse oximetry, and tachycardia, should heighten the suspicion for significant underlying pathology.

With upper respiratory tract infection, the nasopharynx may be swollen and erythematous, with secretions. The oropharynx may have a cobblestone appearance, and
drainage or mucus may be seen adherent to the posterior pharyngeal wall. Tonsillar exudates may be seen in pharyngitis. In patients at risk for imnmunocompromise,

the oropharynx should be inspected for candidiasis. Sinusitis presents with sinus tenderness; rhinorrhea may or may not be present. One should palpate the neck for
adenopathy secondary to metastasis or infection.

Inspection of the lungs can ascertain an expanded anteroposterior diameter in patients with chronic bronchitis. With an acute exacerbation of chronic bronchitis,
retractions (subcostal, intercostal, suprasternal, and supraclavicular) may be noted. Auscultation determines the presence of bronchospasm from any cause, such as
asthma, acute or chronic bronchitis, congestive heart failure, pneumonia, or pulmonary embolism. Patients with localized rales may have early consolidation and
inflammation from pneumonia; alternatively, the rales may be secondary to proximal obstruction by foreign body, tumor, or adenopathy. Pleural rub is associated with
pulmonary embolism, lobar pneumonia, pulmonary infarction, and pleuritis. Breath sounds diminish when any process obstructs sound transmission from the patient's
airways to the listener's ears. This finding is due most commonly to pneumonia and pleural effusion. Dullness to percussion clinically confirms this diagnosis. The
patient should be examined for adenopathy if there is suspected malignancy, immunocompromise, or HIV infection.

Laboratory and Radiographic Evaluation

The laboratory and radiographic evaluation is dependent on the suspected underlying pathology as well as host factors. A chest x-ray is indicated for those patients
with chronic cough, risk factors, significant underlying morbidity, and an abnormal physical examination, and for those with abnormal pulse oximetry. Comparison of
current x-ray films with old films may help to make a new diagnosis or measure progression of disease. Pneumonias present not only with frank infiltrates, but also
with interstitial patterns and pleural effusions. In the immunocompromised, Pneumocystis carinii pneumonia should be suspected in the setting of hypoxia and a
normal or near-normal chest x-ray.

Cardiac asthma should be considered in patients with cardiomegaly and increased vascular markings. Aspiration pneumonia is usually seen in the dependent areas
of the lung, reflecting the patient's position at the time of the aspiration. Tumor and abscess can also be found. A primary tumor may be subtle, with metastatic
disease in the mediastinum more prominent radiographically. Other findings in patients with tumor include atelectasis and pleural effusions. Metastases to the lung
parenchyma tend to be multiple and bilateral.

In patients with a change in a chronic cough, a chest x-ray should be obtained in order to eliminate the possibility of a mediastinal tumor or adenopathy. Bronchogenic
carcinoma is very unlikely when the chest x-ray is normal. Adenopathy may compress or deviate the trachea and mainstem bronchi. Bilateral hilar adenopathy,
frequently out of proportion to a patient's symptoms, may be seen in sarcoidosis. Cavities, with air—fluid levels can be secondary to bacteria, fungi, and tuberculosis.
The lung apex is the usual site of tuberculosis. Rib fractures (particularly at the lateral portion of the rib), pneumothorax, and pneumomediastinum are occasionally
seen with severe paroxysms of coughing.

Patients without significant underlying illness who present with cough and involvement limited to the upper respiratory tract generally do not require further evaluation
beyond the history and physical examination, provided that their vital signs (including pulse oximetry) are normal. On occasion sinus films or soft-tissue neck films are
obtained. Sinus films may demonstrate air—fluid levels, and mucosal thickening of the maxillary sinuses may be appreciated in patients with chronic sinusitis. Sinus



films may be normal, however, in patients with sinusitis.

Neck films using a soft-tissue technique are helpful when evaluating patients for lingual tonsillitis and epiglottitis. Soft-tissue air on neck films can be seen with
pneumomediastinum; these patients complain of neck pain after forceful coughing. The effect of the associated Valsalva maneuver may be rupture of a pulmonary
bleb, with dissection of air along the bronchial tree to the mediastinum and subsequently into the neck.

The sputum Gram stain and culture and sensitivity studies are essential for appropriate antibiotic selection and management of infectious pneumonias. If the patient is
unable to produce sputum spontaneously, a specimen may be induced by the respiratory therapist. Sputum staining for acid-fast bacilli can be diagnostic, and sputum
cytology is a low-risk diagnostic test when neoplasm is suspected. Cultures for pertussis should be obtained from the posterior nasopharynx, using nasopharyngeal
swabs.

Blood work may be obtained for emergency department patients felt to be potential admissions. Bacterial infections may result in elevation of the white blood cell
count with a left shift, but lack of an elevated count does not exclude bacterial infection. The elderly, particularly in the face of an overwhelming infection, may fail to
generate a leukocytosis. A viral infection, on the other hand, manifests lymphocytosis with a normal or depressed white blood cell count. A marked leukocytosis with
an increase in lymphocytes characterizes pertussis. An elevated eosinophil count may be seen with parasitic infiltration, eosinophilic pneumonia, or allergies. An
arterial blood gas is indicated when pulse oximetry is abnormal. If Legionella is suspected, a urine for Legionella antigen may be collected.

Immunocompromised adults, especially those with AIDS or at risk for AIDS, should receive a chest x-ray and pulse oximetry. A CD4 count should be drawn if none
has been done recently; a CD4 lymphocyte count greater than 200/uL makes clinically significant opportunistic lung infection unlikely.

EMERGENCY DEPARTMENT MANAGEMENT

The emergency department physician should attempt a reasoned approach to determine the underlying cause, because specific therapy of cough has a high
likelihood of success. When urgent conditions are present, cough is usually associated with significant dyspnea and chest pain, and the patient appears ill. In these
situations, a brief history can be obtained from the paramedics, family, or patient regarding cardiac and pulmonary disease, medications, and similar events in the
past. A physical examination can be carried out quickly regarding the body habitus, neck veins, auscultation of the lungs and heart, and peripheral edema. An i.v.,
supplemental oxygen, and cardiac monitoring, if not already begun by the paramedics, are established immediately.

In nonurgent situations, the basis for management begins with the history and physical examination. An older patient with productive cough, tachypnea, fever, and
mental obtundation deserves a prompt portable chest x-ray. An i.v. is established, supplemental oxygen is begun, and labwork, old charts, and old chest-rays are
ordered. For patients found to have pneumonia, antibiotics may be started in the emergency department once sputum has been obtained. If a specimen cannot be
obtained or induced within 1 hour, antibiotics are nevertheless started. In the elderly with acute cough, it is especially important to have a high index of suspicion for
serious disorders such as congestive heart failure, pulmonary embolism, and aspiration, because the classic signs and symptoms may be absent or minimal.

The management of the older patient who does not appear quite so ill can proceed with the labwork, chest x-ray, and old charts and old chest x-rays being ordered in
the routine fashion. Usually, this scenario involves an older patient with a cough and underlying chronic disease, such as lung or heart disease.

For the previously healthy patient who does not appear ill, and whose vital signs (including pulse oximetry) are unremarkable, evaluation is frequently limited to the
history and physical examination. Asthmatics are treated in the usual fashion, with inhaled beta-2-agonists and steroids. Patients felt to have asthmatic bronchitis or
cough-variant asthma should have a chest x-ray and usually benefit from inhaled beta-2-agonists. Pre- and posttreatment peak expiratory flows are helpful to monitor
their response to treatment.

DISPOSITION

Hospital admission to a general medical bed is usually warranted in those patients with hypoxemia and lower tract diseases such as pneumonia, asthma, chronic
bronchitis, abscess, and tumor. A cardiac monitor may or may not be required if the patient has heart disease. Hospital admission is also indicated if i.v. medications
such as antibiotics are necessary. The final criterion for hospital (or observation unit) admission is the appearance of critical illness. These are generally older
patients who are vulnerable to bacteremia, sepsis, complications from their medications, and worsening of their clinical condition. Their chest x-rays may appear
normal initially, but after i.v. hydration, pneumonia becomes apparent on subsequent films.

Consultation with a specialist is indicated for those patients with serious and significant exacerbations of their underlying disease, such as chronic bronchitis.
Consultants also may be utilized for patients with less common etiologies of cough, such as lung abscess and tuberculosis, so that appropriate antibiotics,
antituberculous agents, and isolation procedures can be promptly initiated. Patients without hypoxemia suspected of having Pneumocystis carinii pneumonia may be
discharged, provided that arrangements have been made for outpatient continued diagnostic workup and provided that the patient can be followed closely for
progression of disease and toxicity.

If transfer to another hospital is necessary, patients may be transferred, provided their conditions have been evaluated and they are stable. Ground transport should
have oxygen, i.v., and cardiac monitoring capabilities when appropriate. For patients transferred with conditions such as pneumonia, the first dose of antibiotics
should be started in the emergency department prior to transport.

Patients with acute cough felt to have a cold and viral upper respiratory tract infection may be reassured and discharged. Antitussives shown to be effective toward
postnasal drainage include the antihistamine—decongestant combinations, dexbrompheniramine maleate/pseudoephedrine sulfate (Drixoral Cold & Allergy) 6 mg/120
mg b.i.d. and azatadine maleate/pseudoephedrine sulfate (Trinalin Repetabs) 1 mg/120 mg b.i.d. ® Sedation is the primary side effect. Initiating therapy once a day at
bedtime for several days prior to b.i.d. therapy may be helpful. Some improvement in cough is usually seen in several days to 2 weeks after the initiation of therapy.

Acute sinusitis patients with postnasal drainage also benefit from these same antihistamine—decongestant combinations, along with antibiotics and nasal
decongestants such as 0.05% oxymetazoline hydrochloride (Afrin, Dristan) b.i.d. for 2 to 3 days. Safe and effective treatment of allergic rhinitis includes intranasal
corticosteroids such as Flonase (fluticasone), 50-mg spray b.i.d., and second-generation nonsedating antihistamines such as fexofenadine (Allegra), 60 mg b.i.d., or
loratadine (Claritin), 10 mg q.d. Optionally, a nasal spray such as 0.05% oxymetazoline hydrochloride may be used b.i.d., but for no more than 3 to 5 days. Its
continued use for more than 5 to 7 days may result in rhinitis medicamentosa. ? Outpatient allergy testing may be useful in patients who have allergic rhinitis, a

seasonal component to a cough, or a cough associated with specific allergens, such as pollen or animal dander.

Patients with bronchitis or pneumonia (and normal pulse oximetry) may be discharged with appropriate prescriptions and instructions regarding follow-up with their
personal physician. Older patients with the potential for worsening of their clinical condition should see their physicians in 2 to 3 days. Ipratropium bromide (Atrovent),
administered qg.i.d. via a metered-dose inhaler and spacer device or via nebulization, and smoking cessation are effective antitussives in chronic bronchitis.
Cough-variant asthma patients may be discharged after instruction on the use of an albuterol metered-dose inhaler administered via a spacer device, two puffs q.i.d.
Daily inhaled antiinflammatories, such as cromolyn (Intal) g.i.d. or corticosteroids (Vanceril) b.i.d. are usually beneficial. A short course of oral corticosteroids may be

necessary for refractory cases.’

For cough induced by angiotensin converting enzyme inhibitor, switching to another angiotensin converting enzyme inhibitor or decreasing the dose is usually not
beneficial. Angiotensin Il receptor antagonists such as losartan (Cozaar) or valsartan (Diovan) may be used as an alternative, or a different class of hypertensive

have postinfectious cough do not require specific treatment; the cough is self-limited and resolves spontaneously.

In patients without a history of chronic bronchitis, whose chest x-rays are normal, and who do not take angiotensin converting enzyme inhibitors, chronic cough is
almost always secondary to postnasal drainage, asthma, or gastroesophageal reflux disease. ? Effective treatment of postnasal drainage includes
dexbrompheniramine maleate/pseudoephedrine sulfate, 6 mg/120 mg b.i.d., or azatadine maleate/pseudoephedrine sulfate, 1 mg/120 mg b.i.d. If the postnasal
drainage is secondary to a chronic sinusitis, then antibiotics and a nasal decongestant such as 0.05% oxymetazoline hydrochloride are given in addition to the
antihistamine—decongestant combination. The nasal decongestant is recommended b.i.d. for 5 days, the antihistamine—decongestant b.i.d. for a minimum of 3 weeks.
Asthmatics are treated in the usual fashion, with beta-2-agonist aerosols delivered by hand-held metered-dose inhalers and a spacer device, or administered by a



nebulizer. Steroids, either inhaled or oral, are also indicated. For patients felt to have chronic cough secondary to gastroesophageal reflux disease, antireflux
measures and acid suppression with H, antagonists, proton pump inhibitors, or prokinetic drugs are indicated.

Nonspecific antitussives may be prescribed when the underlying etiology of cough is unknown, or when the definitive therapy has not had a chance to work.
Antitussives shown to be effective include codeine, 30 to 60 mg PO g.d. or 20 mg PO b.i.d.; dextromethorphan, 10 to 20 mg qg.i.d. for 10 days or 20 mg b.i.d. for 3

days; and the combination dexbrompheniramine maleate/pseudoephedrine sulfate, 6 mg/120 mg b.i.d.?

COMMON PITFALLS

® The most common etiology of cough in emergency department patients is a viral upper respiratory tract infection, the common cold.

® |n patients with cough secondary to postnasal drainage, the combination of a first-generation antihistamine and a decongestant is more effective than the newer
nonsedating antihistamines, probably because the newer agents lack the anticholinergic properties of the older first-generation antihistamines.

e Patients who complain of chest congestion should be examined carefully for wheezing.

e Chronic cough (i.e., lasting longer than 3 weeks) is seen most frequently in chronic bronchitis.

¢ All angiotensin converting enzyme inhibitors are capable of causing a chronic cough.

¢ |n patients without chronic bronchitis and a normal chest x-ray (and who do not take angiotensin converting enzyme inhibitors), the three most common causes
of chronic cough are postnasal drainage, asthma, and gastroesophageal reflux disease.
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Dyspnea refers to difficult, labored, or uncomfortable breathing. Dyspnea is a symptom of many disorders that involve alterations or abnormalities in gas exchange,
pulmonary circulation, respiratory mechanics, O ,-carrying capacity of the blood, or cardiovascular function. Dyspnea results when ventilatory demand exceeds

respiratory function. A mismatch between supply and demand of oxygen and failure of CO , elimination is at the basis of dyspnea.

A person with normal breathing capacity may require a large increase in ventilatory demand before dyspnea is produced. On the other hand, in a person with a
preexisting diminished respiratory capacity, a small increase in ventilatory demand may produce significant shortness of breath (SOB). Because the perception of
dyspnea is also mediated by psychological and cultural factors, Z it may be helpful to assess breathing difficulty in terms of diminished ability to perform specific daily
functions, such as housework or climbing stairs.

The pathophysiology of dyspnea is complex. However, an understanding of the basic principles behind respiration is necessary to understand the cause and
treatment of dyspnea in a given disorder. Chemoreceptors in the blood and brain, as well as mechanoreceptors in the airways, lungs, and chest wall, are involved in
the automatic regulation of the level and pattern of breathing. # The carotid and aortic bodies and central chemoreceptors in the medulla sense changes in the partial
pressure of oxygen (PO,), partial pressure of carbon dioxide (PCO ,), and pH of the blood and transmit signals back to brainstem respiratory centers that adjust

breathing. These receptors cause changes in the rate of ventilation * to maintain blood—gas and acid—base homeostasis. ? In most individuals, the most profound
stimulus to the central nervous system respiratory control center is normally the arterial carbon dioxide tension (PCO ,). An increase in PCO, of 1.5 mm Hg from the
normal level of 40 mm Hg may produce a doubling of ventilation. Arterial oxygen tension and pH are other factors that significantly influence ventilation. In the patient
with chronic obstructive pulmonary disease (COPD) and hypercarbia, the arterial oxygen tension may be the most influential factor affecting respiratory drive.

Afferent impulses from vagal receptors in the airways and lungs also exert important influences on the level and pattern of breathing. Feedback of afferent information
from lung and chest wall mechanoreceptors provides respiratory motor and premotor neurons with important information regarding the mechanical status of the
ventilatory pump, as well as changes in length and force of contraction of the respiratory muscles. ? Elastic resistance of the lung to stretch, airway flow resistance, and
tissue friction must be overcome for breathing to proceed. Elastic resistance is the most significant of these factors at normal respiratory rates. At rates faster than 15
breaths per minute, airway resistance becomes more important.

may result from respiratory, cardiovascular, hematologic, neuromuscular, metabolic, or psychogenic derangement. Most commonly, cardiovascular and respiratory
disorders are the cause, with the degree of derangement proportional to the resultant dyspnea.
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TABLE 4.1. Causes of Acute Dyspnea

CLINICAL PRESENTATION

Patients presenting to the ED with dyspnea often complain of SOB. Depending on their level of distress and any preexisting respiratory problems, they may appear
comfortable or may exhibit varying degrees of distress. Once the initial examination assures that the airway is patent and oxygenation adequate, a thorough history

must be obtained.

Pertinent questions in the history can provide valuable information and diagnostic clues to the cause of dyspnea. The duration of dyspnea; associated chest pain or
palpitations; precipitating factors such as exertion, exercise, or anxiety; associated paresthesias of the mouth and fingers; the number of pillows the patient uses to
sleep; concomitant coughing or sputum production; exercise tolerance; tobacco use; recreational drug use; and occupational history are several important factors that
can help narrow the differential diagnosis. *2 Trepopnea, the presence of dyspnea in one lateral position but not the other, may be the result of unilateral lung disease,
unilateral pleural effusion, or, occasionally, chronic obstructive pulmonary disease (COPD). Paroxysmal nocturnal dyspnea, breathlessness that occurs while
sleeping, is usually associated with left ventricular failure. Orthopnea, or the presence of dyspnea in the recumbent position, is also associated with left ventricular
failure, but can be associated with COPD.

Although, in most patients, dyspnea may be readily apparent to the examiner, certain populations are not able to relay a history of shortness of breath. The very
young, the very old, and those with diminished mental capacity may present only with tachypnea** or an altered level of consciousness. In these patients, it is
important to keep respiratory difficulty in the differential diagnosis. On physical examination, the patient's vital signs, mental status, assumed position, use of
accessory muscles, conjunctival and mucous membrane color, skin and nailbed color, upper airway examination, neurologic examination, and cardiovascular and

pulmonary examinations may give valuable clues to the etiology. Problems with oxygenation may be easily revealed by pulse oximetry, and difficulty with CO ,
elimination may be revealed by arterial blood gas determination in the patient who is unable to relay an adequate history.



DIFFERENTIAL DIAGNOSIS
Upper Airway Obstruction

Obstruction of the upper airway may be the consequence of a diverse group of entities, including foreign-body aspiration, epiglottitis, croup, angioedema, peritonsillar
or retropharyngeal abscess, or neuromuscular dysfunction. The nature of the presenting picture depends on the site and degree of the obstruction, as well as the
underlying cause. Cough, stridor, dyspnea, aphonia, or hoarseness may be present. Although many of these conditions do not usually cause complete airway
obstruction, rapid deterioration is possible in these patients, and the emergency physician must be ready to provide immediate airway intervention.

Epiglottitis is an important cause of respiratory distress due to upper airway obstruction, although it is seen significantly less frequently with the use of HiB vaccine.
The incidence is greatest in children 2 to 4 years old. The onset is characteristically abrupt, with a mild upper respiratory infection progressing within hours to high
fever, lethargy, and difficulty in swallowing oral secretions. Respiratory distress and stridor are the most consistent signs. Restlessness, anxiety, and tachycardia are
also often present.

In adults, the presentation of epiglottitis is typically less dramatic, and dyspnea may be minimal or absent. Fever and sore throat are the most common complaints.
Consequently, the diagnosis is often delayed in adults.

Congestive Heart Failure

Congestive heart failure (CHF) is a clinical condition that develops when cardiac output becomes insufficient to meet systemic metabolic demands. * Acute failure of
the left ventricle to eject a normal quantity of blood may cause fluid to accumulate in the pulmonary interstitium, alveoli, and bronchioles, thereby producing pulmonary
edema. In addition to interfering with gas exchange, transudation of fluid into the perialveolar spaces reduces pulmonary compliance. Acute precipitating factors of
CHF include increased Na intake, noncompliance with CHF medications, acute myocardial infarction (Ml), arrhythmia, or anemia. The most common causes of CHF

are coronary artery disease and hypertension, + although valvular heart disease, cardiomyopathy, and renal failure are other common entities.

The patient with dyspnea of cardiac origin generally presents to the ED with complaints of dyspnea on exertion that is relieved by rest. Other pertinent information
obtained on history includes the presence of orthopnea, paroxysmal nocturnal dyspnea (PND) relieved by standing or walking, peripheral edema, and fatigue.

The physical examination may reveal jugular venous distention (JVD), rales, diminished breath sounds, cardiac gallop, cardiac arrhythmias, peripheral edema,
hepatomegaly, and ascites.* Pulmonary edema may also lead to bronchospasm and cardiac wheezing, so-called cardiac asthma. Chest radiography may reveal
cardiomegaly, pulmonary vascular redistribution, Kerley B lines, pleural effusion, and peribronchial cuffing. An uncommon but quickly fatal cardiac cause of dyspnea

is ventricular septal rupture post-MI. Although rare, prompt diagnosis is crucial if potential life-saving measures, such as surgery, are to be employed. *

Chronic Obstructive Pulmonary Disease

The American Thoracic Society defines COPD as a disease state characterized by the presence of airflow obstruction due to chronic bronchitis or emphysema.  The
airflow obstruction is often continuous and progressive and, in contrast to asthma, dyspnea is usually always present. Chronic bronchitis is defined as the presence of
a chronic, productive cough for 3 months in each of 2 successive years in which other causes of chronic cough have been eliminated. ? Emphysema is defined as
abnormal permanent enlargement of the air spaces distal to the terminal bronchioles, accompanied by destruction of bronchiolar walls but without obvious fibrosis. =
Although COPD is a chronic disorder, exacerbations of diminished respiratory function often bring patients to the ED.

COPD exacerbations are usually caused by a worsening of airflow obstruction due to increased bronchospasm, increased sputum production from superimposed
respiratory infection, environmental irritants (such as tobacco smoke), or cardiovascular deterioration. The patient may present with progressive dyspnea, increased
sputum production, and audible wheezing. Hypoxemia, tachypnea, cyanosis, and agitation may be seen. Signs of hypercarbia, such as confusion, stupor, inadequate
respiratory effort, or apnea, may be seen and indicate severe compromise with impaired gas exchange. ? These patients attempt to improve ventilation by sitting
forward, using pursed-lip exhalation, and using accessory muscles of respiration in order to overcome the increase in airflow resistance that accom- panies
bronchoconstriction and dynamic airway collapse. *° Auscultation may reveal a combination of diminished breath sounds, a prolonged expiratory phase, wheezes, or
rales. The chest radiograph may reveal an increased anterior—posterior diameter, flattened diaphragms, hyperinflated lungs, attenuation of the peripheral lung

markings, and, in cases of superimposed infection, an infiltrate.
Asthma

Asthma is a chronic inflammatory disease, clinically characterized by recurrent episodes of wheezing, chest tightness and discomfort, dyspnea, and cough.
Exacerbation is characterized by an early phase, which chiefly consists of bronchospasm, edema, and obstruction; and a late phase, which is caused primarily by the
inflammatory response. Numerous triggers may cause an exacerbation. Among them are respiratory infections, allergens, cold air, exercise, cigarette smoke,

emotional stress, outdoor pollutants, and other factors associated with seasonal changes. ** Viral upper respiratory infections may be the most common cause of acute

asthma exacerbations.** Duration of symptoms for greater than 24 hours suggests a greater component of inflammation in the absence of any evidence of infection.

Patients with an asthma exacerbation present to the ED with the complaints of SOB, wheezing, cough, and chest tightness. ** The physical examination may reveal an

increased AP diameter of the chest due to air trapping, tachypnea, wheezing, and mild-to-severe respiratory distress. Auscultation may be misleading in the case of
severe obstruction; wheezing may be absent, as bronchial airflow is diminished to such an extent that no sound is audible. Chest radiographs may be normal, reveal
signs of airway obstruction (such as in COPD), demonstrate a pneumothorax or pneumomediastinum, or, in the case of a precipitating infection, reveal an infiltrate.

It is important to remember that the preeminent contributing factor to death in acute asthma remains the failure to administer appropriate treatment, typically because
the patient or physician underestimates the severity of the attack. *> Therefore, it is important to treat not only based on the patient's symptoms, but also based on

clinical parameters and ancillary studies.
Pneumonia

Pneumonia classically presents as an acute febrile illness with cough and purulent sputum production. Dyspnea results from alveolar obstruction secondary to sputum
production, bronchiole obstruction due to mucous plugging, increased work of breathing, and hypoxia.

Pneumonia should be suspected in patients with newly acquired lower respiratory symptoms (cough, sputum production, and/or dyspnea), especially if these
symptoms are accompanied by fever, altered breath sounds, and rales. * Streptococcus pneumoniae remains the most common etiology of community-acquired
pneumonia, even in the immunocompromised host.* Patients with atypical pneumonia caused by Mycoplasma pneumoniae, Legionella pneumophila, and Chlamydia
psittaci may present with an insidious or subacute onset, moderate fever, and less purulent sputum. Headache, nonproductive cough, myalgias, arthralgias, and
malaise may predominate.? Immunosuppressed patients may present with staphylococcal pneumonia or pneumonia caused by opportunists such as Pneumocystis

carinii, mycobacteria, or fungal organisms.

The physical examination in pneumonia may reveal rales, egophony or vocal resonance, increased vocal fremitus, or bronchial breath sounds. A chest radiograph
may demonstrate lobar consolidation, as in bacterial pneumonia; patchy infiltrates, suggesting staphylococcal pneumonia, Haemophilus influenzae, or gram-negative

pneumonia; interstitial infiltrates, suggesting Mycoplasma, Legionella, or Pneumocystis; or cavitary lesions, as in tuberculosis;® or, as seen in up to 30% of

Pneumocystis carinii pneumonia (PCP), it may be entirely normal.* A sputum Gram stain performed in the ED may also provide valuable clues to the cause of the

pneumonia. Early recognition is important, so that appropriate antibiotic treatment may be rendered promptly.
Pneumothorax

Pneumothorax, or air in the pleural cavity, can occur spontaneously or as the result of trauma. Normally, the visceral and parietal pleura are in close apposition, but



when the potential space between the two is occupied by gas, the lung can no longer fully expand. Depending on the amount of air within the pleural space,
respiratory compromise results. Spontaneous pneumothorax typically occurs in tall, thin, young males. The cause of the pneumothorax is the rupture of a subpleural
bleb, which is usually apical in location. Spontaneous pneumothorax also may be seen in patients with asthma, COPD, and tuberculosis, and in AIDS patients with
PCP. Traumatic pneumothorax results from blunt or penetrating injury to the chest. Hemothorax, pulmonary contusion, and bronchial rupture 2 may accompany the

pneumothorax.

Patients may present to the ED in obvious respiratory distress or may complain of dyspnea and chest pain. Auscultation may reveal unilateral diminution of the breath
sounds associated with increased tympany on percussion. Signs of imminent cardiovascular collapse, such as hypotension, mediastinal shift, and the aforementioned
findings, may herald a tension pneumothorax, which should be promptly relieved prior to any further examination or diagnostic studies. Subcutaneous emphysema
also may be present. Chest radiography may reveal an obvious pneumothorax or may be more subtle. In the supine patient, the only sign of a pneumothorax may be
an abnormally prominent costophrenic angle on the AP or PA view. A spontaneous pneumomediastinum also may present as dyspnea or chest pain. Although

uncommon, this entity should be suspected in the setting of cocaine freebasing or inhalational drug use. **

Pulmonary Embolism

Pulmonary embolism (PE) is an obstruction of the pulmonary artery or one of its branches by an embolus, usually a blood clot derived from the leg or pelvic veins. The
diagnosis of PE is often subtle and may be difficult. Despite attempts to identify a reliable, cost-effective, and readily available test to use in the noninvasive diagnosis

of PE, significant inadequacies of both sensitivity and specificity have hindered all such efforts to date. °

The most common symptom in a patient with PE is dyspnea. Chest pain and cough are also not infrequent complaints. * Frequent signs of PE include tachypnea and

tachycardia. Although embolism may present as pulmonary infarction, with the acute onset of pleuritic pain, hemoptysis, and an audible pleural friction rub, such a
presentation is uncommon. PE may also mimic other entities. Associated fever and cough may suggest pneumonia, while associated rib tenderness or pleuritic chest
pain may suggest a musculoskeletal etiology.

Clinical suspicion plays a key role in the decision to pursue an evaluation for acute PE. *° Patients at high risk include those who have had a previous PE or DVT, a

recent surgery, or a recent immobilization; those with a malignancy or cardiopulmonary disease; those with lower extremity or pelvic trauma; and women during
pregnancy or in the postpartum period.*° Laboratory analysis should include an arterial blood gas, which may reflect hypoxemia and/or hypocarbia. The
arterial—-alveolar oxygen gradient is classically increased and, in combination with blood—gas analysis, may contribute to the formulation of a higher clinical suspicion. =
A ventilation—perfusion scan, spiral computed tomography scan, and pulmonary angiogram, used in conjunction with the clinical pretest probability and duplex

Doppler evaluation of the lower extremities, will help the physician determine the likelihood of the presence of PE and the necessity of anticoagulation and admission.

Psychogenic Hyperventilation

Dyspnea can also occur as a somatic manifestation of psychiatric disorders, such as anxiety disorder, with resultant hyperventilation. * Patients with hyperventilation

syndrome are often seen in the ED. Tachypnea and anxiety are the predominant findings. The patient may complain of paresthesias around the mouth and the
fingers. Carpopedal spasm also may be present. The patient may give a history of obtaining relief of dyspnea with exertion, which is not a typical feature of organic
disorders producing difficulty breathing. The presence of respiratory alkalosis without hypoxemia on arterial blood—gas analysis is characteristic, as is a normal
arterial—-alveolar oxygen gradient. Given that a number of important processes produce respiratory alkalosis (e.g., salicylate, intoxication, PE, and anemia),
psychogenic hyperventilation should be a diagnosis of exclusion.

EMERGENCY DEPARTMENT EVALUATION

The most important initial treatment in the evaluation of dyspnea is to secure the airway and assure oxygenation and circulation. In cases of obvious severe distress,
this may mean endotracheal intubation and mechanical ventilation, whereas mild-to-moderate distress may warrant only the use of oxygen initially. Once the ABCs

have been addressed, the physician should perform a rapid, complete history and physical examination, as the cause of the dyspnea may be readily identified. **

It is important to remember that many of the common diseases that produce dyspnea share many physical findings. Intermittent adventitious sounds (crackles or rales)
are heard in a variety of illness, such as COPD, CHF, and pulmonary fibrosis, and are not specific for any one disease entity. Continuous adventitious sounds

with a crowing or musical sound of fixed pitch) can be heard, | B%Hgﬁiinamly during inspiration, when the trachea, bronchus, or larynx is obstructed. The presence of
other signs and symptoms, such as fever and purulent sputum production in pneumonia, or JVD and gallop rhythm in CHF, significantly supplement the auscultatory
findings in establishing the diagnosis in a dyspneic patient.
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TABLE 4.2. Causes of Wheezing

Pulse oximetry is an easy, noninvasive monitoring technique that allows continuous, reliable measurements of oxygen saturation while avoiding repeated arterial
punctures.*! Every person that presents to the ED complaining of dyspnea should have his or her oxygen saturation recorded. Use of the pulse oximeter does have
several limitations, however. First, because of the shape of the oxyhemoglobin dissociation curve, measurement of oxygen saturation is relatively insensitive in
detecting changes in PaO, at high levels of oxygenation. In patients receiving supplemental oxygen, for example, a substantial drop in PaO , may be unaccompanied
by any change in saturation. In addition, the curve has a steep downward slope normally commencing at a saturation of 91% corresponding to a PaO , of 60 mm Hg,

and even relatively modest desaturation below this level represents a significant decline in PaO ,.** The curve may also shift due to changes in body temperature and

pH. Pulse oximetry may be inaccurate in reflecting oxygen saturation in the presence of high carboxyhemoglobin levels, methemoglobinemia, severe anemia, and
low-perfusion states. Finally, pulse oximetry does not relay any information regarding PCO .

Measurement of arterial blood gases may be necessary in evaluating patients who present with dyspnea. Blood gases demonstrate the severity of gas exchange
impairment and are useful as diagnostic tools, as well as for establishing a baseline for monitoring therapy. In disease states such as COPD and asthma,
measurement of the carbon dioxide level and degree of acidosis can provide valuable information about the severity of the exacerbation and may be more helpful than
oxygen saturation at guiding treatment. The physician should use discretion, however, when obtaining blood gases. In cases of mild dyspnea due to asthma or COPD
exacerbation, a normal oxygen saturation on room air pulse oximetry, and other noninvasive diagnostic studies, such as spirometry (FEV1 or FVC), may be adequate.

If a blood gas is obtained, the A-a oxygen gradient may be calculated. The most common formula used for calculation is as follows:

A-a =[150 - (1.2 x PCO,)] — arterial PO,



This formula is accurate at sea level, where the alveolar partial pressure of oxygen is 150 mm Hg. The normal gradient should be around 10 in a young person and
may increase to no more than 20 as a person ages. A quick way to calculate a patient's normal A-a gradient is to add one-tenth of the patient's age plus 10. Patients
in whom hypoxemia is caused by alveolar hypoventilation alone, such as those with drug overdose or neuromuscular disease, have a normal A-a gradient. On the
other hand, in hypoxemia produced by ventilation—perfusion mismatch, right-to-left shunting, and diffusion barrier, such as typically occur in COPD, parenchymal lung
disease, PE, and pneumonia, the A-a gradient is increased.

The chest radiograph is a valuable diagnostic tool in elucidating the cause of dyspnea and should be obtained in most cases. Diagnostic radiographic findings can be
expected in certain entities, such as pneumonia, PE, and pneumothorax. However, the chest radiograph may be entirely normal, even when significant iliness is
manifested by dyspnea, such as with PE.

Chest radiographic findings may also be minimal in certain conditions, such as aspiration or toxic inhalation, when the study is obtained as part of the initial
evaluation. Also, the presence of radiographic abnormalities does not necessarily imply that a given iliness is producing the current episode of dyspnea. For example,
the radiograph of the patient with COPD manifests various abnormalities, but a given episode of dyspnea may be unrelated to the chronic findings displayed on the
radiograph. In addition, the presence of chronic radiographic changes in such instances may render the appearance of acute disease processes, such as CHF or
pneumonia, less apparent.

Special views of the chest may be in order in certain circumstances. An expiratory view may accentuate the presence of a small pneumothorax, because the constant
volume of the intrapleural air is accentuated by the reduced size of the hemithorax on expiration. The lateral decubitus view may confirm the presence of a pleural
effusion. Inspiratory—expiratory, or positional, films may indicate a bronchial foreign body. Other radiographic studies, such as a lateral view of the neck in suspected
epiglottitis, also may be in order.

Measurement of the pulsus paradoxus may prove helpful to the physician in detecting certain causes of dyspnea, such as pericardial tamponade or pediatric asthma. ?
The paradoxical pulse is obtained by inflating a blood pressure cuff above the systolic pressure, then slowly deflating it until the first systolic sound is heard during
expiration. After noting this pressure, the cuff is further deflated until systolic sounds are heard throughout the respiratory cycle. The difference of pressure is normally
4 to 5 mm Hg, and pulsus paradoxus is present when the value is greater than 10. This test is accurate in identifying patients with moderate-to-severe asthma.

Peak flow meters are inexpensive instruments that provide a rapid bedside measure of airway function, *> and may provide additional useful information during the

management of asthmatic patients. With proper instruction on use and good patient cooperation, the physician can make a rapid and objective assessment of the
patient's condition and can also use sequential peak flow measurements as an additional measure of the effectiveness of therapy. Knowledge of the patient's baseline

peak flow is the best guide to therapy. **

Other diagnostic studies may be helpful when evaluating a patient with dyspnea. An ECG can show abnormalities of heart rate and rhythm, or evidence of ischemia,
injury, or infarction.*? An ECG also may be helpful in evaluating patients with a suspected pulmonary embolus, although suggestive changes are present in only a
minority of patients. Anemia is an important cause of dyspnea,’ and a check of the patient's hemoglobin or hematocrit may be useful as part of the workup. Rarely,

bedside laryngoscopy or bronchoscopy may provide a definitive diagnosis, especially in the case of upper airway obstruction or suspected foreign body.

EMERGENCY DEPARTMENT MANAGEMENT

Management of the dyspneic patient in the ED depends on the patient's baseline respiratory status, the cause of the current respiratory decline, and the degree of
respiratory distress. The goal of the treatment of dyspnea is to correct the underlying disorder causing the symptoms. Unfortunately, in many patients, treatment of the
underlying cause is ineffective or only partly effective, and dyspnea persists. *° (Specific therapies can be found in the chapters devoted to each of the differential

diagnoses.)

Every patient who complains of SOB should have pulse oximetry performed and, at least initially, be provided with supplemental oxygen. If the clinical condition
warrants mechanical ventilation, the physician must be prepared to intubate promptly and should have all necessary material at the patient's bedside. The history and
physical examination will suggest the choice of other appropriate diagnostic studies; that is, suspected pneumonia will require the performance of a chest radiograph
and sputum Gram stain and culture, or a patient with a history of chest pain will need to have an ECG performed to help evaluate the likelihood of significant ischemic
heart disease. Once a preliminary diagnosis is made, treatment should be appropriately tailored to alleviate the patient's SOB. A patient with COPD or asthma

the disorders producing dyspnea share similar ED interventions, although the underlying pathologies may be different.

DISPOSITION

The disposition of the dyspneic patient depends on the cause of the respiratory difficulty, the severity of the respiratory compromise, and the success of the ED
treatment. Any patient with continuing dyspnea, despite treatment, should be admitted for further evaluation. Depending on the clinical condition and diagnosis, the
patient may need observation in the general ward, on telemetry, or in the intensive care unit. The patient may be safely discharged home if he or she has
improvement in or resolution of SOB and an appropriate diagnosis, such as mild asthma exacerbation, has been made. When considering discharge in dyspneic
patients, it is important to assure that they are back to their baseline respiratory status, will be able to obtain the medications prescribed, are capable of caring for
themselves at home, and will have adequate, prompt follow-up care.

COMMON PITFALLS

e Do not rely on pulse oximetry alone to gauge a patient's respiratory status; it gives no information about pCO .

¢ |f a tension pneumothorax is suspected, do not wait for radiographic confirmation before decompressing the pleural space.
* The chest radiograph may be totally normal in PE.

¢ Do not withhold oxygen for fear of blunting the hypoxic respiratory drive in a patient with COPD; correct the hypoxia first.

e Absence of wheezing in a patient with asthma or COPD in respiratory distress indicate severely obstructed airways.
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Humanity has but three great enemies: fever, famine, and war; of these, by far the greatest, by far the most terrible, is fever.
Sir William Osler

Fever is one of the oldest and most widely recognized signs of disease and accounts for approximately 6% of adult and 20% to 30% of pediatric visits to the
emergency department. While the exact temperature that constitutes a fever is debatable, most consider a rectal temperature of 38°C in children and a temperature of
38.3°C in adults to represent a fever. Although fever has been recognized as a pathologic sign for at least 2500 years, and despite Sir William Osler's acclamation, it
is still unclear whether fever represents the physician's ally or foe.

Regulation of body temperature is under the control of the preoptic area of the anterior hypothalamus. This area acts like a thermostat, continuously balancing heat
production and heat loss. It constantly receives input from central receptors, which monitor the temperature of blood perfusing the brain, and peripheral receptors,
which monitor skin temperature.

Heat production is controlled in several ways. The basal metabolic rate is under the direct control of the hypothalamus and can be varied, depending on the demand
for heat production. The basal metabolic rate may be altered by varying the level of circulating thyroxine, which increases cellular metabolism. In addition, the fastest
and most sensitive way in which the body increases heat production is by increasing muscle activity (shivering when cold, or the shaking chill of a fever).

The principal method of body heat loss is to vary the volume of blood flowing to the skin's surface. Blood flow to the fingertips can vary more than 100-fold over
different environmental temperatures. The exocrine sweat glands can also contribute to heat loss. Sweating cools the body by vaporization (conversion of a liquid to a
vapor). After acclimatization to a hot environment, up to 4 L of sweat can be produced each hour.

The hypothalamic thermostat has an inherent set-point of about 37°C. The normal circadian rhythm exhibits daily variations of up to 2°C. Temperatures are lowest
around 4 a.m. and then gradually increase until they peak between 6 and 10 p.m. The reason for this circadian rhythm is unclear, but, unlike other circadian rhythms,
such as cortisol secretion, it is not reversed in shift workers who are awake at night and sleep during the day. Most fevers follow this pattern, being higher in the
evening and lower in the morning.

Elevation of the hypothalamic set-point appears to be mediated by cytokines. Exogenous pyrogens such as microorganisms, as well as toxins and metabolic
byproducts of these organisms, act to stimulate the release of cytokines from lymphocytes, monocytes, and macrophages. While the detailed mechanism by which
cytokines produce fever is not clear, it is believed that they travel via the bloodstream to the hypothalamus, where they act to increase prostaglandin synthesis,
primarily prostaglandin E2 (PGEZ2). The resulting increase in prostaglandins causes an elevated cyclic adenosine monophosphate (CAMP) level, resulting in an
elevated hypothalamic set-point. This elevated set-point increases body temperature by affecting peripheral vasoconstriction and internal heat production. Fever is
maintained until pyrogen levels fall or until prostaglandin production is inhibited. Aspirin, ibuprofen, and acetaminophen exert their antipyretic effects by blocking
central hypothalamic prostaglandin synthesis, without any effect on circulating endogenous pyrogen. Corticosteroids can block the release of endogenous pyrogen as
well as inhibit prostaglandins, but are nevertheless relatively weak antipyretics.

Cytokines produced in response to pyrogens include interleukins (ILs), tumor necrosis factor (TNF), and interferons (IFNs). Because of the complex interaction
between cytokines, the exact role each plays in the production of fever is difficult to establish. Different pyrogens appear to induce different cytokines. It is generally
believed that bacteria and their products of metabolism typically provoke release of IL-1. However, an intravenous injection of lipopolysaccharide (a compound used
to model systemic bacterial infections) induces a large rise in IL-6 while minimally increasing IL-1 and TNF. ? In contrast, viral proteins appear to stimulate IFN. In
addition to elevating temperature, IL-1 induces the liver to produce acute phase reactants, including C-reactive protein (CRP), which are responsible for the elevated
erythrocyte sedimentation rate (ESR) associated with some fevers. IFN, although a potent pyrogen, does not enhance production of acute-phase reactants. Although
not supported by data, this is the rationale behind the expectation of an elevated ESR and CRP level with a bacterial fever but not with one of viral etiology.

Other physiologic parameters that affect body temperature are exercise, the menstrual cycle, and the environmental temperature. Strenuous exercise can significantly
elevate temperature. During a race, marathon runners may have temperatures as high as 41°C. There is a rapid fall to normal, usually over 30 minutes, after
cessation of activity. At ovulation, there is a 0.5°C increase in temperature that persists until just before the next menses. In a group of normal volunteers, elevation of
the room temperature from 20°C to 30°C resulted in an increase in rectal temperature from 36.7°C to 37.3°C.

Not all elevations of body temperature necessarily constitute a fever. A true fever is an elevation of body temperature caused by a change in the hypothalamic
set-point. This new elevated set-point causes the body to engage its normal heat-generating mechanisms to elevate the temperature until the new set-point is
reached. In contrast, in hyperthermia a true fever does not exist; rather, the body attempts to maintain a normal temperature, but its homeostatic mechanisms are
overwhelmed. Some causes of hyperthermia include heat exhaustion or heat stroke, vigorous exercise, hyperthyroidism, hypothalamic stroke or tumor, burns,
malignant hyperthermia, and the use of amphetamines, phenothiazines, or anticholinergic drugs. In adults, temperatures greater than 41.5°C almost always represent
hyperthermia and not a true fever. Additionally, in middle-aged to elderly patients who present with what appears to be a septic syndrome, chronic salicylate
intoxication should be considered. Fever above 38°C, an elevated white blood cell count with an associated bandemia, decreased systemic vascular resistance, and
evidence of multisystem organ failure all have been documented in cases of chronic salicylate intoxication. A careful inquiry into a history of a chronic inflammatory
condition or chronic use of one of the myriad salicylate-based antiinflammatory agents (e.g., aspirin, Pepto-Bismol, salsalate, oil of wintergreen) is important in
avoiding the significant morbidity and mortality associated with this condition.

The phenomenon of night sweats represents a nocturnal fluctuation in the hypothalamic set-point, causing a slight rise in body temperature that leads to reactive
perspiration. Night sweats are most commonly related to tuberculosis or lymphoma, but are also seen in elderly patients with disorders of catecholamine excess and
in solid malignancies. Gobbi and colleagues evaluated temperature fluctuations in patients with Hodgkin disease who complained of night sweats and found that their
body temperature rose 0.5°C to 1.5°C within 30 minutes before sweating began. The temperature fluctuations were not enough to awaken the patients, but the

discomfort related to the sweating was.”

Many metabolic abnormalities are associated with the febrile state. There is a 7% increase in the basal metabolic rate for each 0.55°C increase in temperature. Fever



alone can cause significant proteinuria as well as achlorhydria, both of which resolve when the fever resolves. Fever increases both the oxygen tension (PO ,) and the
carbon dioxide tension (PCO,), and shifts the oxyhemoglobin dissociation curve to the right, resulting in lower oxygen saturation. Fever also seems to lower the

seizure threshold, causing febrile seizures in children without a predisposition to epilepsy. Fever also can cause reactivation of latent herpes simplex infections (fever
blisters).

The value of fever to the host remains a subject of debate, but evidence suggests that fever may have a significant protective effect. Neutrophils and lymphocytes are
most active at elevated temperatures. In addition, higher temperatures decrease the level of serum iron, a substrate that many bacteria need in order to replicate.
When iron levels are experimentally kept in the normal range, increased mortality is noted for a given inoculum of bacteria. Fever also seems to inhibit certain viruses,
such as coxsackievirus and poliovirus. Experimental evidence on poikilotherms also suggests the benefit of fever. Lizards and goldfish exhibit a higher mortality when
kept in a cooler environment and infected with bacteria. Both seek a warmer environment after infection, and those allowed to do so demonstrate significantly greater
survival. The only two human infections in which elevation of temperature is of proven value are neurosyphilis and disseminated gonorrhea. Interestingly, neither of
these diseases is associated with a significant natural fever.

There is, however, some evidence that argues against a protective effect of fever. Mice infected with tetanus spores or streptococci had decreased survival with an
elevation of temperature. Mice and possibly humans are more susceptible to pneumococcal infections when febrile.

CLINICAL PRESENTATION

Most febrile patients present to the emergency department with a chief complaint of fever. However, some patients may present with more generalized complaints.
Elderly patients may complain of general malaise or not feeling well; parents may bring in infants who are eating poorly or appear lethargic. In these patients, fever
may be an incidental finding.

In children, fevers documented at home should be treated as real, even in the absence of a documented fever in the emergency department. Additionally, in children
with subjective fevers, one study showed that mothers have an overall accuracy of 79%, with positive and negative predictive values of 68% and 88%, respectively. £
Further, bundling of infants has been shown to have no effect on the rectal temperature of healthy infants, so elevated rectal temperatures should not be attributed to
bundling.’

DIFFERENTIAL DIAGNOSIS

Infection

Infection is the most common cause of fever. Infection may originate in any portion of the body and lead to a febrile response. Much of the emergency physician's time
is spent ascertaining the source of the fever and attempting to differentiate a viral from a bacterial etiology.

Drug Fever

While any drug can cause a febrile reaction, penicillin and penicillin analogues are the most frequent causative agents. The fever typically begins 7 to 10 days after
the patient starts taking the drug, and there is an associated rash in 18% of cases and eosinophilia in 22% of cases. Drugs that are commonly associated with a drug

TABLE 5.1. Drugs Commonly Associated with Drug Fevers

Neoplastic Diseases

While many different malignancies and tumors may produce fever, leukemia, Hodgkin disease and non-Hodgkin lymphoma, hepatoma, and atrial myxoma are the
most common. Because the underlying disease or its treatment often leaves the patient immunosuppressed, however, it is important to eliminate occult infection as
the etiology of the fever.

Central Nervous System Lesions

Structural lesions, head trauma, and strokes can cause elevated temperature either by direct destruction of the hypothalamic thermoregulatory center (hypothermia is
more likely) or, more commonly, by blood irritating of the central receptors in the preoptic area.

Rheumatologic and Connective Tissue Disorders

Fever may be the only initial manifestation of many connective tissue and rheumatologic disorders. In systemic lupus erythematosus (SLE), fever is the initial
symptom in 5% of the cases. In older patients, temporal arteritis may present as recurrent fevers with no identifiable source.

Drug Ingestion

Drugs associated with elevated temperature include cocaine, amphetamines, belladonna alkaloids, tricyclic antidepressants, and monoamine oxidase inhibitors. As
discussed previously, older patients with chronic salicylate poisoning are also prone to fever.

Pulmonary Embolus

Approximately two-thirds of patients with a pulmonary embolus will exhibit a fever. While the majority of these fevers are low grade, temperatures may exceed 39.5°C
in up to 10% of the cases.

Factitious Fever

Factitious or self-induced fever should be suspected if the history is suspicious, if other vital signs do not correlate with the degree of fever, or if the patient does not
appear ill. Patients may have an underlying psychiatric disorder, such as a personality disorder or psychosis, or there may be an issue of secondary gain (e.g., work
avoidance). Factitious fever is most common in females. Many are health care professionals or have a medical background. The easiest way to detect a factitious
fever is to simultaneously measure temperatures at two or more body sites (e.g., oral and rectal), or measure the temperature of a freshly voided urine sample, which



should reflect the true core temperature.

EMERGENCY DEPARTMENT EVALUATION

At presentation, it is important to obtain an accurate temperature measurement. Unfortunately, this measurement is commonly overlooked for the sake of
convenience. Recorded temperatures may vary widely depending on the method used to obtain them. Rectal temperatures have long been the gold standard, but
because of the invasiveness and relative difficulty of obtaining them, easier methods, such as oral, axillary, and tympanic temperatures, are often employed. Multiple
studies have shown that none of these alternative methods consistently provides a temperature comparable to the rectal temperature. In addition, there appears to be
no standard correction factor that may be used to improve their accuracy.

The rectal temperature, which most accurately reflects the core temperature, tends to be, on average, 0.7°C higher than a simultaneously obtained oral temperature.
Oral temperatures can, in fact, vary more than 1.6°C, depending on where the probe is positioned in the mouth. In addition, the respiratory rate also influences oral

temperatures. Tandberg and Sklar*’ found that the oral temperature decreased by almost 0.5°C for each increase of 10 in the respiratory rate. Kresovich-Wendler and

associates*: evaluated several characteristics in patients who were found to be afebrile on oral temperature measurement (mean temperature, 37.4°C) but febrile on
rectal temperature measurement (mean temperature, 39.2°C). The two variables that most accurately predicted a wide disparity between the two measurements were

a heart rate above 115 beats per minute and the presence of mouth breathing. *>

While axillary temperatures are generally felt to be approximately 1°C lower than rectal temperatures, they have repeatedly been shown to be unreliable and miss
many patients with significant fevers. In a large study # of over 1100 pediatric patients, there was a greater discrepancy between axillary and rectal temperatures
shortly after the onset of fever (1.04°C) than 2 hours after a temperature elevation (0.53°C). In addition, this study showed there was no reliable correction factor that
would allow conversion of axillary to rectal temperatures. &

The latest innovation for obtaining temperatures is the tympanic thermometer. Although this method is frequently employed because it is noninvasive and rapid,
numerous studies in both adults and children have shown that temperatures obtained tympanically are a poor reflection of the rectal temperature. In one study of
pediatric patients less than 6 years old, the correlation between rectal and tympanic temperatures was best ( r = 0.83) in afebrile patients (T less than 100.5°F) and
significantly worse (r = 0.61) in febrile patients. ** Like oral and axillary temperatures, no single correction factor will allow conversion of tympanic to rectal

temperatures. The discrepancy in this study was present despite the use of the rectal equivalency setting on the tympanic thermometer.

A patient with a low-grade fever may suffer from an acute, life-threatening condition, while another with a much higher temperature may have a benign viral infection.
The source of the fever may be readily apparent, or it may remain undiagnosed after weeks of sophisticated evaluation. While pediatric patients often require a more
extensive evaluation, history and physical alone can identify the etiology of a fever in the majority of adults.

History

Important points in the history include

1. Associated symptoms (e.g., vomiting, dysuria, cough, shortness of breath, joint pain, rashes)

2. Duration and magnitude of fever

3. Close contacts with similar illness

4. Occupational, travel, or recreational exposure

5. History of diseases associated with immunocompromise (e.g., HIV), diabetes, chronic renal failure, blood dyscrasia, alcohol or drug abuse, chronic lung disease,
or cardiac valve disease

6. Presence of medical hardware (e.g., prosthetic valves)

7. History of recent hospitalizations, which might suggest nosocomial infections

8. Current medications, particularly antibiotics and antipyretics, and duration of use

9. Allergies

Physical Examination

The most important observation on the physical examination is the general overall appearance and mental status of the patient. Specifically, does the patient look well
or toxic? Does the patient have an altered mental status, which might indicate infection or sepsis, especially in the elderly? Vital signs should be obtained, including
pulse oximetry in selected patients with respiratory signs or symptoms. In the presence of a fever, the pulse can be expected to increase by 10 beats per minute for
each 0.55°C increase in temperature. Some diseases are associated with a relative bradycardia for the degree of fever (pulse—temperature dissociation). This
association is classically seen with typhoid fever, but it can be seen in legionnaire disease, mycoplasmal infections, drug fever, factitious fever, and some viral
syndromes. In addition, patients taking beta-blockers may have no change in their pulse in response to a fever. The earliest sign of septic shock is an inappropriately
elevated pulse. Tachypnea and dyspnea are suggestive of pulmonary disease, while tachypnea without dyspnea may indicate sepsis or metabolic acidosis of any
cause. The history will frequently direct the physician to the most likely source of the infection. In the absence of localizing symptoms, a thorough examination should
be undertaken. The entire body should be examined for rashes, skin breakdown or decubiti, cellulitis, “track marks,” or lymphadenopathy. Rashes may suggest a viral
exanthem, vasculitis, meningococcemia, Rocky Mountain spotted fever, Lyme disease, or toxic shock syndrome (staphylococcal or streptococcal). Lymphadenopathy
associated with fever may suggest malignancy, autoimmune disorders, or infection. Tender, localized adenopathy is usually associated with an infection in the region
drained by the involved nodes. The most common cause of acute generalized adenopathy is infectious mononucleosis. Nodes secondary to malignancy are usually
painless, rubbery, and firm.

The head and neck should be examined for scleral icterus, which might indicate hepatitis or cholecystitis. Examination in and around the ears may reveal otitis
externa or media, or suggest mastoiditis. The oropharynx may show evidence of pharyngitis, peritonsillar or retropharyngeal abscess, or periodontal infection. Sore
throat, drooling, and fever may suggest epiglottitis in children or adults. While children should be examined in the operating room, the adult epiglottis may be
visualized by direct or indirect laryngoscopy in the ED.

The chest should be examined for indications of a pulmonary or cardiac cause of fever. Localized rales or rhonchi suggest pneumonia. As x-ray findings frequently lag
behind physical findings, an early pneumonia may not be visible on x-ray. A pericardial rub is indicative of pericarditis, and a new heart murmur should suggest
endocarditis, especially in intravenous (i.v.) drug users. However, functional murmurs may increase due to fever-induced tachycardia.

The abdomen should be examined for signs of peritoneal irritation or ascites. Localized pain may suggest cholecystitis, appendicitis, pancreatitis, or diverticulitis.
Suprapubic pain suggests a urinary tract infection. A rectal examination may demonstrate evidence of a perirectal abscess or prostatitis. In patients with a urethral
discharge, a detailed sexual history should be obtained. A swollen or painful testicle suggests epididymoorchitis or torsion. In women, a pelvic examination should be
performed to evaluate for sexually transmitted diseases, cervical motion or upper tract tenderness suggestive of pelvic inflammatory disease, or tuboovarian
abscesses.

Examination of the musculoskeletal system is often overlooked in febrile patients, but examination of the spine may reveal tenderness suggestive of osteomyelitis,
discitis, or epidural abscess (especially in i.v. drug users). A detailed examination of the extremities may demonstrate a septic or inflamed joint, or it may suggest
osteomyelitis, myositis, or deep venous thrombosis. In i.v. drug users, skin-popping and track-mark sites should be examined for evidence of cutaneous abscesses,
crepitance suggestive of soft-tissue infection, and infected pseudoaneurysms.

Laboratory Evaluation

While no test exists that easily identifies patients with serious infections, a thorough understanding of certain basic laboratory tests can greatly enhance patient
evaluation. The white blood cell (WBC) count is the oldest and best-known screening test used to differentiate serious bacterial infections from other disorders. In
adults, however, its discriminatory value is not as great as most expect. In a study of febrile adults with unexplained fever after careful physical examination, only 56%
of those subsequently shown to have a bacterial source had a WBC count over 15,000/uL. In addition, an elevated WBC count is nonspecific. Neutrophilia can occur
secondary to emotional or physical stress, acute or chronic inflammation, benign or malignant tumors, myeloproliferative disorders, asthma, seizures, or medications



such as steroids, lithium, or epinephrine. Neutrophil counts over 30,000/uL have been reported secondary to strenuous exercise, seizures, and lithium use. * In

addition, patients with low WBC counts (less than 1,000/uL) are at significant risk for occult bacterial infections.

A “left shift” is only slightly more useful. A total neutrophil band count greater than 1500/uL was found in approximately one-third of patients with unexplained fever, of
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TABLE 5.2. Noninfectious Processes That May Alter WBC Counts

Certain changes in neutrophil morphology are associated with bacterial infections. Toxic granulations are small, dark cytoplasmic inclusions found in 75% of
bacteremic patients. They can also be seen in patients with vasculitis and in those who are on chemotherapy. Déhle bodies are round or oval cytoplasmic inclusions
seen in 29% of bacteremic patients, as well as in patients with burns, trauma, or neoplasms, or during pregnancy. Cytoplasmic vacuolization has the best correlation
with significant bacterial disease. In one study, 91% of patients with more than 10% vacuolization had bacteremia. Cytoplasmic vacuolization has not proved useful in
pediatric studies.

Measurement of acute-phase reactants, ESR and CRP, is often used to help recognize patients with serious occult infections. The results can be misleading, as these
tests are neither sensitive nor specific. The ESR is often used as a screening test for temporal arteritis, bacterial endocarditis, tuberculosis, osteomyelitis, and occult

bacteremia in children. **

A major disadvantage of the ESR is the 1-hour time to complete the test (ESR is the distance, in millimeters, that red blood cells in citrated blood fall in 1 hour). In a
recent study of 192 patients,** no patients with elevated sedimentation rates (greater than 20 mm in males, greater than 30 mm in females) had an ESR less than 5
mm at 30 minutes. Therefore, values less than 5 mm at 30 minutes should allow the physician to conclude that the ESR is normal while waiting only half the normal

time of the test.** When the ESR is elevated, no conclusion can be made prior to the 1-hour time frame.

Several newer tests have been developed to measure the ESR more rapidly (e.g., the zeta sedimentation rate, which determines the ESR in 4 minutes).
Unfortunately, these tests require more expensive equipment, and they are not accurate at high ESR values.

CRP, an acute-phase reactant in serum, is more sensitive and specific and rises faster than the ESR, but again it is not particularly useful in the emergency
department. While many small studies have indicated that an elevated CRP may be useful in detecting acute intraabdominal infections, a recent metaanalysis of 22
studies using CRP to aid in the diagnosis of appendicitis found a combined sensitivity and specificity of only 62% and 66%, respectively. *¢ The individual studies
showed a wide range of sensitivities (40% to 99%) and specificities (27% to 90%), believed to be due in part to the wide variation of cut-off values used. With the few

exceptions noted previously, both the ESR and CRP are probably best used for following the resolution of a known disease.

There is no consensus on the value of screening for streptococcal pharyngitis in febrile patients with a sore throat. Throat cultures may be falsely positive (in the case
of a carrier state) or falsely negative. The sensitivity of commercial rapid streptococcal screens varies between 55% and 96%, with specificities between 50% and
98%. In addition, the rapid screens test only for streptococcal disease and not for other causes of pharyngitis, such as gonococcus, Chlamydia, or Mycoplasma.
Consequently, it is debatable whether cultures or rapid screens should be obtained or whether treatment should be based solely on clinical suspicion (sore throat,
fever, lymphadenopathy, lack of other upper respiratory tract symptoms, or recent exposure to group A streptococcus).

An appropriately performed urinalysis demonstrating pyuria and bacteriuria in patients with suprapubic pain, dysuria, frequency, or hesitancy supports a diagnosis of
urinary tract infection (UTI). In young adult women, urine cultures are probably not necessary at the time of initial diagnosis. In older women, men, children, and

frequency of a UTI was approximately 5%, whether or not a UTI was suspected. In this study, the sensitivity of pyuria (greater than 5 WBC/hpf) and bacteriuria on
urinalysis for detecting a UTI was 54% and 86%, respectively. *2 In addition, in adults in whom there is a high clinical suspicion but a negative urinalysis, urine cultures
should be obtained and initial treatment based on the degree of suspicion. The formation of significant levels of nitrites or leukocytes in the urine occurs over time (up

to 6 hours), and individuals with urinary frequency may thus have a falsely negative urinalysis.

Because acute diarrhea is usually self-limited, stool evaluation is rarely helpful or necessary. In the evaluation of chronic diarrhea, traveler's diarrhea, or
antibiotic-associated diarrhea, or in cases in which there are a cluster of causes, evaluation for fecal leukocytes is the most useful test. The presence of fecal
leukocytes is 82% sensitive and 83% specific for detecting bacterial diarrhea. ¢ Stool should be tested for Clostridium difficile toxin if there is a history of recent
antibiotic use. The presence of ova or parasites is indicative of a parasitic etiology for diarrhea. In patients with presumed viral or benign disease, stool cultures are
probably not necessary in the absence of fecal leukocytes. Cultures are indicated in any patient who appears toxic, has been exposed to other patients with enteritis,
or is at risk for unusual pathogens or parasitic diseases. In travelers from malarious areas, malaria should also be considered, as it may present with fever,

gastrointestinal (GI) symptoms, and anemia, but without cells in the stool.

Like many laboratory tests, there is no consensus on the value of routine blood cultures in febrile patients. The incidence of bacteremia in the emergency department
has been reported to vary from 2.6% to as high as 10.7% of febrile patients. The higher figures generally come from tertiary referral centers, the lower figures from
community hospitals. Most community hospitals report approximately equal numbers of gram-positive and gram-negative bacteremia, whereas university centers
report a much higher incidence of gram-negative bacteremia. Mortality from bacteremia ranges from 20% to 40%; there are no data, however, on mortality for clinically
unsuspected bacteremia.

Several studies have shown that blood culture results rarely alter the treatment of patients with either community-acquired pneumonia (CAP) or nosocomial
pneumonias. In one study of 517 patients admitted for CAP, cultures were positive in only 6.6% (34) of patients, and of those the culture results altered therapy in only
seven patients (1.4% of the total). Of these seven, six were already on drugs to which the organism was sensitive, and the change was made to a cheaper,
narrow-spectrum drug.?

Sklar and Rusnak*® examined the value of outpatient blood cultures in febrile adults discharged from the emergency department. In this study, 5 of 86 patients

subsequently proved to have positive blood cultures. All were contacted, and four were subsequently admitted. No long-term morbidity was noted. *> Of these patients,
three were diagnosed with endocarditis and one with pyelonephritis. The fifth patient, who refused to return for admission, had presumed pneumococcal endocarditis.
Each of the patients with endocarditis had identifiable risk factors (two with murmur and a history of rheumatic fever, one on dialysis and with a murmur, and one i.v.
drug abuser). Other studies have shown that patients with underlying illnesses, most commonly diabetes, are at greater risk for bacteremia, and this study seems to

support those findings. Therefore, it might prove prudent to limit outpatient blood cultures to febrile patients who have underlying diseases or risk factors

For inpatients, the current recommendations are to obtain cultures in patients with fever and signs of sepsis (hypotension, tachycardia, fevers, chills), in those with
altered mental status, in ill-appearing patients with unexplained leukocytosis, and in immunocompromised patients. In addition, some recommend blood cultures to



identify the causative organism in pneumonia, osteomyelitis, meningitis, or septic arthritis, but in general, it is preferable to obtain cultures directly from the infected
site. Cultures are rarely helpful adjuncts in the management of immunocompetent patients with simple infections such as cellulitis, orchitis, dental infections, and most
CAPs.

Lumbar puncture to obtain cerebrospinal fluid (CSF) for analysis is recommended in patients with fever, headache, photophobia, and signs of meningeal irritation
such as nuchal rigidity or Kernig's or Brudzinski's sign. However, signs of meningeal irritation are frequently absent, especially in the very young or old; one must
have a low threshold to perform a lumbar puncture in these patients. The CSF should be routinely analyzed for protein, glucose, Gram stain, and cell count with
differential. In selected cases, a VDRL/RPR for syphilis, viral cultures, or tests for bacterial antigens should be added.

Various antigenic tests are available; they have the advantage of identifying a specific organism when positive. Latex agglutination is rapid, economical, and
noninvasive. Better results are obtained with urine than with serum or CSF, presumably because the antigens are more concentrated in urine. Unfortunately, these
tests historically have had a high specificity (greater than 99%) but a low sensitivity. The sensitivity is best for Haemophilus influenzae and group B streptococci (61%
and 67%, respectively) and much worse (7%) for Streptococcus pneumoniae.* Fortunately, children have much less morbidity with pneumococci than with H.
influenzae. In addition, the importance of detecting H. influenzae has diminished with the decline in documented cases as a result of the introduction of the H.
influenzae vaccine. While there may be a theoretical advantage in identifying the causative organism, one study * has shown that, in clinical practice, treatment and
disposition decisions are made without utilizing the latex agglutination results. Latex agglutination is less useful in adults because they are at risk for many more

pathogens. Commercial reagents are available only for Streptococcus pneumoniae, Neisseria meningitidis, H. influenzae, and group B streptococci.

Enzyme-linked immunosorbent assay (ELISA), an immunologic test, is much more sensitive in detecting pneumococci than is latex agglutination. The ELISA is
positive in 76% of cases. Quicker means of identifying organisms grown in blood cultures is also available. DNA probes have been developed that, when mixed with
the growth from positive blood culture bottles, directly and rapidly identify Staphylococcus aureus, S. pneumoniae, Escherichia coli, H. influenzae, Enterococcus sp.,
and Streptococcus agalactiae. This method uses a chemiluminescent probe that detects the rRNA of the target organism.

Radiologic Studies

Routine chest radiographs are commonly obtained in patients who present with fever without an obvious source. This practice is largely based on studies that show
lack of auscultatory findings in up to 25% of patients with infiltrates on chest radiographs. Better sensitivity should be obtained, however, when auscultatory findings
are correlated with respiratory symptoms such as tachypnea, shortness of breath, or cough. In infants and children, chest radiographs are currently recommended
only in patients with fever and signs or symptoms of a lower respiratory tract infection (e.g., rales, rhonchi, wheezing, retractions, tachypnea, stridor, cough). In one
study* of 197 febrile infants less than 3 months old, 40 had no respiratory signs or symptoms. Radiographs in these 40 were normal in all but four, and the only
abnormality present in these four was hyperinflation.

Signs or symptoms should guide the need for other radiologic studies. Plain films may reveal osteomyelitis in patients with fever and bone pain, but bone scans are
more sensitive. Abdominal radiographs may identify free air (bowel perforation), appendicoliths or focal ileus (appendicitis), thumbprinting or gas in the bowel wall
(mesenteric ischemia), or pneumobilia or gallstones (cholecystitis). Patients with fever and abdominal pain may benefit from an ultrasound to evaluate for the
presence of cholecystitis, pelvic inflammatory disease, or a tuboovarian abscess. Computed tomography scans should be used in selected patients to evaluate for
appendicitis, abdominal abscess, or diverticulitis. Magnetic resonance imaging should be considered in i.v. drug abusers with back pain and fever to rule out epidural
abscess.

EMERGENCY DEPARTMENT MANAGEMENT

While antipyretics are frequently used in febrile patients who are significantly uncomfortable or tachycardic, their use should always be weighed against any potential
benefit of the fever, as well as the inherit toxicity of the medication. In spite of popular belief, the response to antipyretics does not allow the differentiation between
serious (e.g., bacterial) and nonserious (e.g., viral) infections. In addition, some practitioners believe there is an unwarranted phobia of fever in children, resulting in
knee-jerk administration of antipyretics without first judging the overall appearance of the child (i.e., when febrile, does the child look toxic, or is he or she active and
playful?). When a decision is made to use antipyretics and there are no contraindications, adults should receive oral doses of 650 to 1000 mg acetaminophen or 800
mg ibuprofen. Children should receive 15 to 20 mg per kilogram acetaminophen orally or 30 to 40 mg per kilogram rectally. Ibuprofen dosed at 10 mg per kilogram
orally may be used in children over 6 months of age. Because of the potential for dehydration in febrile infants less than 6 months old, ibuprofen is not recommended
because it may increase the risk of kidney damage.

The choice of antibiotics should, when possible, be based on the type and site of infection. Septic patients should be started on broad-spectrum antibiotics after

antibiotics in a febrile patient with an unknown source who appears nontoxic or is not thought to be septic.
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TABLE 5.3. Suggested Antibiotic Regimens for the Initial Treatment of Septic Patients

DISPOSITION

When considering the disposition of the febrile patient, the single most important consideration is his or her general health. A young person with no medical problems
has a very slight chance of developing a serious infection (with the exception of i.v. drug abusers). As the age and presence of underlying medical problems increase,
the chance of serious occult infection increases and makes admission advisable. Keating and associates ** found that 95% of patients who were older than 60 years
and had a temperature above 101°F (38.3°C) on admission to the emergency department had a serious infection, with 92.5% requiring admission. Wasserman and
colleagues* reported that the sensitivity and specificity of fever (37.5°C or greater) as an indicator of bacterial infection in an elderly patient were 50% and 86%,
respectively. The sensitivity and specificity of a WBC count above 14,000/uL were 44% and 88%, respectively, and the sensitivity and specificity of a band percentage
on the differential of 6% or higher were 32% and 93%, respectively. All patients with fever, elevated WBC, and bandemia meeting the previously described criteria

were diagnosed with bacterial infections. Only 6% of the patients with none of the criteria described were diagnosed with bacterial infection. *

Any patient with unexplained fever and neutropenia or malignancy should be admitted for a full “septic” workup. Patients with diabetes are at special risk, as
discussed, as are patients who are taking corticosteroids. Alcoholics are also considered to be immunosuppressed and at increased risk. They have many alterations
in their host defenses and may require admission for infections that are often treated on an outpatient basis among other populations.

The postsplenectomy patient is at special risk for developing clinically inapparent bacteremia, usually from S. pneumoniae. Such patients often have fever and a
flulike syndrome as their only complaints. Even when these patients are promptly diagnosed and started on antibiotics, there is a 50% to 75% mortality; they should all
be encouraged to be immunized against S. pneumoniae.



If good follow-up can be arranged, specimens for cultures can be obtained in the emergency department, and the nontoxic, low-risk patient can be discharged and
rechecked in 24 hours, when initial culture results become available. Continued follow-up or contact is necessary until cultures are confirmed negative.

COMMON PITFALLS

When a fever is important to the evaluation and management of a patient, the temperature should be obtained rectally.

Do not ignore parental reports of fever in infants who are afebrile on arrival to the emergency department.

Do not attribute fever in infants to overbundling.

In adults and the elderly, the WBC count should be interpreted cautiously when used to judge the seriousness of an infection.
The response to antipyretics does not help differentiate serious from nonserious infections.
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Edema is the presence of increased interstitial (extravascular) fluid that becomes clinically detectable. Edema may be localized to one portion of the body or
generalized throughout many areas of the body. Severe generalized edema is termed anasarca. An increased amount of interstitial fluid may also accumulate in
potential body cavities, such as the pleural space or peritoneal cavity, producing the conditions of hydrothorax or ascites, respectively. The amount of fluid necessary
to produce detectable edema depends on its distribution. Localized edema of the lips (like that seen with acute allergic angioedema) is evident with the accumulation
of only a few milliliters, whereas the generalized edema of congestive heart failure (CHF) requires an increase of several liters of body water to be detected.

The pathogenesis of edema is intimately connected with the concept of total body water and its division into various components. Total body water is responsible for
approximately 70% of body weight; roughly two-thirds is intracellular, and one-third is extracellular. Extracellular water is approximately one-fourth intravascular and
three-fourths interstitial. Because water is freely diffusible across most cell membranes, there is a constant exchange between these compartments. Under
steady-state conditions, the relative amounts found in each compartment are determined by the interplay between hydrostatic and oncotic forces as represented by
the Starling equation.

Fluid accumulation = K[(P . — Py) = s(p, = Pi)] = Qyympr. With

K = hydraulic conductance
P. = mean intracapillary hydrostatic pressure

P, = mean interstitial hydrostatic pressure

s = reflection coefficient of oncotically active macromolecules
P, = plasma oncotic pressure

p;; = interstitial fluid oncotic pressure
Qyympr. = lymphatic flow

Intravascular hydrostatic pressure tends to force fluid out of vessels into the interstitium, and plasma oncotic pressure tends to draw it back. The usual intensity of
these forces in viva is such that there is bulk flow of fluid out of the capillaries into the interstitial space. Overexpansion of the interstitial volume and clinical edema
are prevented by the lymphatics, which return excess interstitial fluid to the vascular space. The edematous disorders can be classified according to which component
of the Starling equation is deranged.

Increased capillary permeability can be due to mechanical, toxic, chemical, thermal, immunologic, or radiation damage to vascular endothelium. * Edema associated

with focal inflammation or infection is produced by increased capillary permeability caused by the chemical or immunologic mediators of inflammation. As capillaries
become more permeable, plasma protein leaks into the interstitial space and interstitial oncotic pressure rises, drawing more fluid out of the vessels. A new steady
state is reached when increased interstitial pressure balances the other forces. Edema fluid resulting from capillary leak has a relatively high protein content and
tends not to “pit” under the examiner's fingertip pressure. *

Vasomotor tone provided by the autonomic nerves is an important factor in maintaining the integrity of the venous and lymphatic microcirculation. Neurologic iliness or
injuries that affect the autonomic nervous system can promote the development of edema. Patients with hemiplegic cerebrovascular accidents (CVAs) tend to develop
unilateral edema on the paralyzed side, especially if the involved side is dependent. Likewise, vasodilation—either local or systemic—can lead to the development of
edema. Nonsteroidal antiinflammatory agents, monamine oxidase inhibitors, beta-adrenergic blockers, and other vasodilators may produce edema as a side effect.

Increased capillary hydrostatic pressure can be generalized due to an elevated systemic venous pressure, which unbalances the Starling equation throughout the
systemic circulation. Edema usually becomes manifest where the hydrostatic forces are greatest—in the legs during upright posture. Many systemic causes of edema
lead to renal retention of sodium and an increase in total body water, further exaggerating the formation of edema. Increased capillary hydrostatic pressure can be
localized to a portion of the vascular system due to venous outflow obstruction, venous valvular incompetence, or prolonged upright posture. Patients with venous
hypertension have increased skin blood flow and a defective vasoconstrictive response to upright posture; both are associated with a marked increase in capillary
filtration. Prolonged dependency of the legs without muscle activity will cause edema in healthy people.

Reduced plasma oncotic pressure is usually due to decreased levels of plasma albumin, the most oncotically active plasma protein. Conditions such as starvation,
malabsorption, protein-losing enteropathies, cirrhosis, nephrotic syndrome, and severe catabolic states may cause hypoalbuminemia. Edema from hypoalbuminemia
tends to pit slowly but easily and to accumulate in the soft tissues about the eyelids, especially when the patient is supine.

In most capillary beds, the interplay between hydrostatic and oncotic forces is such that there is a consistent flow of fluid out of the vascular system into the interstitial
space. The accumulation of excess interstitial fluid is prevented by lymphatic flow, but if the regional lymphatics are blocked, then edema can develop. ® Because of
the high protein content that develops in the interstitial space, lymphedema tends to be brawny, nonpitting, and resistant to treatment. Lymphedema tends to
accumulate in the interstitial tissues, whereas edema from venous disease collects in the subfascial areas. In primary lymphedema, the problem appears to be an
abnormality in the cutaneous and subcutaneous lymphatic channels. Secondary lymphedema is caused by obstruction of lymph flow in the regional lymph nodes or
lymphatic channels. In Western countries, the most common causes of lymphedema are neoplastic infiltration, surgical resection, and irradiation of regional lymph

In some conditions, edema develops without clear-cut imbalances in the Starling equation. These include hyperthyroidism, hypothyroidism, and idiopathic (cyclic)
edema. Idiopathic edema is a syndrome with several manifestations, the most characteristic being edema formation during orthostasis, with resolution during
recumbency. Weight gains of more than 4 Ib during the day are common. The syndrome is found almost exclusively in women of childbearing age. Edema formation is
observation in attempting to unravel the pathogenesis of idiopathic edema has been that of an increase in capillary permeability with loss of effective arterial volume
when the patient is in an upright position. As discussed later, this leads to expansion of body water and greater edema. Some patients initially thought to have
idiopathic edema may have subclinical hypothyroidism. Others may have subtle CHF or edema caused by wearing tight clothes.



TABLE 6.1. Classification of Edema According to Cause (Example)

In understanding the production of edema, it is important to distinguish between primary events (such as diminished cardiac output or decreased serum albumin
levels) and secondary responses. Many, if not most, of the primary processes lead to a decrease in effective arterial volume by reducing blood volume or cardiac
output. This diminished arterial volume leads to renal underperfusion and increased retention of sodium. To preserve normotonicity, water excretion also decreases.
The resultant overexpansion of body water tends to restore effective arterial volume, albeit at the expense of overexpansion of the other fluid compartments,
especially the interstitial space. For example, edema caused by cirrhosis tends to be initially localized in the abdomen because the portal venous system is
obstructed. However, as ascites volume increases, effective arterial volume decreases, and secondary renal retention of sodium leads to expansion of total body
water. Therefore, a disorder that may initially be localized can become generalized. Although edema can be distinguished as that which is usually generalized or
usually localized, exceptions are common.

CLINICAL PRESENTATION

Edema is clinically important because it motivates patients to seek medical attention. Occasionally, localized or generalized edema can produce serious or
life-threatening effects when vital organs are obstructed. For example, laryngeal edema can cause asphyxia. In some patients with chronic obstructive pulmonary
disease (COPD), peripheral edema may be a marker of pulmonary decompensation with right-sided heart failure. *! Other complications directly attributable to edema

include local skin breakdown, respiratory compromise, and cardiovascular impairment.

Because hydrostatic forces are important in producing or exacerbating edema, generalized edema due to a number of causes (particularly CHF) is usually first noted
in dependent body parts, such as the feet and pretibial areas when the patient is sitting or standing and the presacral areas if the patient is bedridden. Edema caused
by hypoalbuminemia tends to accumulate in the periorbital loose tissues, and patients first notice puffiness about the eyes on arising in the morning. Some patients
may notice tightness in the hands when edema of the fingers makes it difficult to slip rings on and off. Edema caused by increased hydrostatic pressure or
hypoalbuminemia is usually soft and pitting. Lymphedema, edema caused by increased vascular permeability, and edema seen with thyroid disease tend to be firm
and nonpitting. Primary lymphedema, or edema of systemic etiology, may be uncomfortable but is usually not frankly painful.

Another cause of lower extremity swelling is lipedema, a lipodystrophy that can be confused with lymphedema. ** Lipedema produces symmetric swelling with soft fatty

tissue, extending from the proximal thighs to the ankles, exhibiting prominent malleolar fat pads, but sparing the feet. Lipedema is more common in women, and
produces soft, minimally pitting swelling that is often tender. Other family members may be affected. Lipedema does not produce the skin changes common in
lymphedema. Lipedema also does not appear to predispose the limb to infection, whereas lymphedema may be complicated by episodes of cellulitis.

Edema confined to a single limb is usually due to obstruction of the draining veins or lymphatics. ’ Patients with hemiplegic CVAs may develop unilateral edema due to
loss of autonomic innervation to the paralyzed side of the body, and the edema is more prominent when the affected side is dependent. Asymmetric leg edema,

usually on the left side, may also be seen in elderly bedridden patients due to iliac vein obstruction. *% Unilateral extremity edema can been seen in limbs with

arteriovenous fistulas (placed for hemodialysis) or arterial bypass grafts (performed for ischemic disease). ** In both cases, edema appears to result from arterial
pressure reaching the venous and capillary beds, promoting fluid extravasation due to increased intravascular pressure. Lymphatic disruption during arterial exposure
may also play a role. Edema of the neck, face, and shoulders is common in superior vena caval obstruction. Isolated facial edema can be seen with angioedema and

other allergic reactions.

Sustained edema produces changes in the overlying skin, causing it to thicken and eventually become scarred. Occasionally, edema may produce local vasodilation
and a slight erythematous appearance of the skin, but marked redness or warmth usually indicates local inflammation or infection. Prolonged venous stasis leads to a
change in skin pigmentation and, occasionally, skin breakdown and chronic ulceration (usually just above the medial malleolus).

DIFFERENTIAL DIAGNOSIS

Edema is one of the classic signs of inflammation. A major differential diagnostic consideration, therefore, in patients with edema is whether focal inflammation or
infection is present. The problem is complicated by the observation that patients with one cause of edema (such as CHF or cirrhosis) may be susceptible to other
causes of edema (such as deep vein thrombosis or cellulitis). Clues to inflammation or infection include marked redness, warmth, significant pain, and lymphangitis.

Several disorders may present with leg pain and swelling, mimicking some of the edematous disorders. Erythema nodosum, an inflammatory disease involving the
cutaneous and subcutaneous blood vessels, may present with acute (less than 72-hour) unilateral or bilateral lower extremity edema. A leaking or ruptured popliteal
(Baker's) cyst of the knee may produce calf swelling and pain. An acute tear of the medial head of the gastrocnemius muscle presents as pain in the medial mid-calf
area and may mimic deep venous thrombosis. Reflex sympathetic dystrophy often presents with swelling as an early sign, in addition to the other symptoms of burning
pain, hyperesthesia, and skin changes. Malignancies of bone, cartilage, and soft tissues may produce unilateral limb swelling.

An important suspicion is the possibility of the development of an acute venous obstruction in a patient with chronic leg edema caused by CHF or venous
insufficiency. Helpful clues include a sudden increase in edema over a short time (less than 72 hours), erythema and/or warmth, and increased edema confined to
one leg.

EMERGENCY DEPARTMENT EVALUATION

The initial assessment of edema should focus on the following issues: (1) the distribution, (2) the presence of pitting versus nonpitting, (3) the time course of its onset,

The first distinction to make is whether edema is generalized or focal. Focal edema is usually caused by local venous obstruction, lymphatic obstruction, or
inflammation.” Marked warmth, redness, and pain indicate inflammation. The sudden onset of edema in the face or lips is typical of allergic angioedema or
angioedema associated with angiotensin converting enzyme (ACE) inhibitors or other drugs. ¢ The incidence of ACE-inhibitor angioedema has been estimated to be

one to 12 cases per 1000 patients treated.** Most cases present within 1 week after onset of therapy. Unilateral leg edema is most commonly caused by chronic

venous insufficiency.’ Other clues that support this diagnosis are chronic skin changes, hyperpigmentation, and ulcerations.

Generalized edema is common in a number of systemic diseases and functional abnormalities. In CHF, other signs of left or right heart failure will usually be evident,
such as cardiomegaly, elevated jugular venous pressure, hepatojugular reflux, third and fourth heart sounds, and pulmonary rales. Patients with cirrhosis who develop
edema usually have other stigmata of liver disease and ascites. In patients with generalized edema, the urine should be checked for the presence of protein and cells.
Moderate-to-large proteinuria detected with a standard urine dipstick strongly suggests renal disease. Patients with acute glomerulonephritis or acute renal failure
occasionally present with edema. Chronic renal failure is a rare cause of edema, because most patients can balance their fluid status despite markedly low urine
output. Measurement of serum albumin levels is necessary to detect patients in whom hypoalbuminemia (less than 2.5 g/dL) is a causative factor.

The production of pitting requires firm pressure over a bony area for at least several seconds. Slow pitting and recovery are common in hypoalbuminemia-related
edema. Nonpitting edema is characteristic of lymphedema, increased vascular permeability, and thyroid disease, and is sometimes seen in long-standing cases of
edema due to other causes.

Edema that develops over 24 to 48 hours is most consistent with acute inflammation or venous obstruction. ¢ Lower extremity edema, often asymmetric, is common in
elderly patients who live in chronic care facilities. A predisposition to left-sided edema has been noted. ** Compression of the left common iliac vein and the
accompanying lymphatics by the right iliac artery were proposed to explain this observation. If no obstructive cause can be found on physical examination (inguinal or

supraclavicular lymphadenopathy, abdominal or pelvic mass, or signs of deep venous thrombaosis), further investigation of elderly patients with asymmetric or



unilateral left-sided edema is not felt to be warranted.

Recurrent edema is characteristic of idiopathic edema. Variability of edema throughout the day is often seen because of the influence of hydrostatic forces in edema
formation, but it is most marked in idiopathic edema. The diagnosis of idiopathic edema requires the exclusion of other causes and is supported by an abnormal
water-loading test. Normally more than 65% of a standard oral water load (20 mL/kg) is excreted within 4 hours, regardless of body position. Patients with idiopathic
edema excrete a normal amount when recumbent but excrete less than 65% when they remain upright during the 4 hours.

Pain is unusual in primary lymphedema. It is also unusual in other systemic causes of edema.

The inguinal lymph nodes should be checked for enlargement. Venous valvular incompetence can be checked with the Brodie-Trendelenburg test.

EMERGENCY DEPARTMENT MANAGEMENT

Treatment is directed toward the underlying cause, as identified by the clinical evaluation. There is little benefit, and potential harm, to the empiric treatment of edema

with diuretics. Drug-induced iatrogenic edema is common and, when possible, the responsible drugs should be changed or stopped. Angioedema is treated with

beta-adrenergic agonists, antihistamines, and steroids. ® Angioedema secondary to ACE inhibitors is generally refractory to epinephrine, antihistamines, and

steroids.*1¢ The only treatment that has been shown to be clearly beneficial is discontinuation of the agent. Those patients with venous and arterial disease who

present with peripheral edema and chronic skin ulcers benefit from layered compression bandage therapy and should be referred to a wound treatment specialist for

DISPOSITION

Patients with edema may require admission for evaluation and treatment of the underlying cause, such as CHF, COPD, or cirrhosis. Patients with angioedema
affecting the upper airway should be observed closely; such swelling may suddenly worsen. ACE-inhibitor-induced angioedema is usually refractory to treatment, may
persist, and may relapse after improvement.® It is prudent that patients with angioedema of the face and neck be observed carefully; overnight observation or
hospitalization is common practice. Patients with angioedema affecting solely the face, without evidence of airway involvement, and who improve dramatically while in
the emergency department, can be discharged after a period of observation.

COMMON PITFALLS
Edema is a sign, not a diagnosis. The common pitfalls associated with the assessment of edema are

Failing to distinguish between focal and generalized distributions of edema

Ignoring the local complications of edema

Failing to detect the presence of cellulitis in patients with chronic edema

Failing to elevate a swollen body part to promote resolution of edema

Using diuretics overzealously to treat edema

Failing to educate the patient about the causes of edema and the value of simple measures, including bed rest and dietary salt restriction
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PATHOPHYSIOLOGY

Consciousness is the result of the interaction between the reticular activating system and the cerebral cortex. The general state of alertness and wakefulness occurs
in the reticular activating system, a group of neurons in the brain stem. The cognitive functions, or an awareness of the environment, are a cerebral cortical function.
For a human to be fully conscious, both of these systems must be functioning.

An altered level of consciousness may be clinically characterized as a progression through various stages. Drowsiness or lethargy may be the first change seen:
There is slightly decreased wakefulness and decreased interaction with the environment. The patient may be aroused by verbal stimuli. A worsening in the severity of
these changes leads to obtundation, which may progress to stupor, in which the patient may be awakened only briefly by vigorous stimulation. Coma is the state in
which the patient cannot be awakened by any environmental stimuli.

ORGAN SYSTEMS

Central nervous system (CNS) function can be impaired at a cellular or structural level. If impaired at a structural level, there is focal destruction of the CNS anatomy.
This may result from increased intracranial pressure, with mechanical compression of CNS structures, or from direct destruction due to tumors, trauma, or
intracerebral hemorrhage. A malfunction in almost any of the other organ systems may impair CNS function at a cellular level. This dysfunction may occur with
hypothyroidism or adrenal insufficiency; with disturbances of electrolyte regulation, which produce hypo- or hypernatremia or hypercalcemia; or with other metabolic
disturbances, such as hypoglycemia or hyperosmolar states. llinesses resulting in renal or hepatic damage may cause uremia and hepatic encephalopathy. Hypoxia
from a pulmonary or cardiac etiology may also affect CNS function. Hypotension with decreased intracranial perfusion may result from a cardiac etiology, sepsis, or
volume loss from gastrointestinal (Gl) bleeding or organ trauma.

Due to the interrelationships between various organ systems, CNS dysfunction may result from a combination of organ system failures, such as hepatorenal syndrome
or a large myocardial infarction causing hypotension and heart failure, with resulting pulmonary compromise and hypoxia. External environmental or toxic insults may
also cause CNS depression at the cellular level through a direct toxic effect or secondarily through damage to other organ systems.

In general, when the CNS is impaired at a cellular level, diffuse CNS depression ensues, producing no focal findings on the clinical examination. Two exceptions are
hypoglycemia and hepatic failure, in which focal findings may be seen. Pupillary light reflexes remain intact, except when the CNS depression is caused by toxins that
affect pupillary size, such as anticholinergics or opiates.

There may be focal findings on examination when a destructive process causes structural damage to a specific area of the CNS. However, a localized problem may

also cause a secondary diffuse process. This may be seen with the postictal state following a seizure, in cerebral edema secondary to a tumor, or in a subarachnoid
hemorrhage secondary to a ruptured aneurysm.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of coma is extensive. In the emergency department, a thorough history and physical examination will help narrow the possibilities. The list of

TABLE 7.1. Differential Diagnosis of Transient Loss of Consciousness and Coma

MAJOR EMERGENCY ENTITIES

In the evaluation of any patient with mental status changes or frank coma, an hypoxic etiology must always be considered and ruled out. After evaluating and treating
for hypoxia, other major emergency entities must be considered.

Hypoglycemia

A common cause of altered mental status is hypoglycemia. This is most common in patients on insulin therapy. It may be due to dosage errors, missed meals, a
change in exercise pattern, or erratic absorption from injection sites. Interaction with other drugs, such as alcohol, beta-blockers, or salicylates, may also lead to
hypoglycemia. The oral hypoglycemic agents, including the first- and second-generation sulfonylureas and newer agents such as troglitazone, may also produce
hypoglycemia. The half-life of these agents is long, so the patient should be admitted for appropriate glucose supplementation and careful monitoring.

The following drugs can potentiate the action of the oral hypoglycemics: clonidine, ethanol, beta-blockers, monoamine oxidase inhibitors, sulfonamides, coumarin
anticoagulants, and salicylates. Ethanol and salicylates are two common substances that may, by themselves, induce hypoglycemia. The predominant cause of
hypoglycemia until age 2 is salicylate ingestion; alcohol predominates in the succeeding 8 years. Insulin and the oral hypoglycemics, alone or with alcohol,



predominate until age 50. Over age 60, the oral hypoglycemics are the most important cause.

Renal or hepatic disease with impairment of function increases the risk that a patient will develop hypoglycemia. Beta-blockers may inhibit the warning signs for
hypoglycemia, although sweating is minimally affected. Hypoglycemia may also be seen in other medical conditions, such as sepsis.

When blood glucose levels begin to fall (50 to 70 mg/dL), symptoms of CNS excitation appear; these may include anxiety, tremor, sweating, and occasionally
hallucinations. With a fall to the range of 20 to 50 mg/dL, further symptoms appear, including clonic convulsions, loss of consciousness, hyperreflexia, pupillary
dilation, and tachycardia. As the glucose level continues to fall, progressive CNS depression and coma may occur. Brain stem reflexes are preserved until late.
Primitive movements such as sucking and pouting movements of the lips, forced grasping, or extensor plantar responses may be seen as cortical control is removed.
Loss of consciousness is usually preceded by a period of confusion, but it may occur suddenly. Focal neurologic signs may be present during a hypoglycemic episode
due to the effect on cells that are especially sensitive or lack an adequate arterial blood supply.

Hyperglycemia

At the other end of the spectrum is diabetic ketoacidosis (DKA). This may be seen in the emergency department as the initial presentation of new-onset juvenile
diabetes, in a known diabetic with poor compliance, or in a diabetic with a precipitating stressful event, such as infection. Acute myocardial infarction or treatment with
steroids may also be a factor. A history of polyuria, polydipsia, nausea, vomiting, or abdominal pain may be obtained. Weight loss may be a complaint in new-onset
diabetes. The patient is commonly dehydrated. Acetone breath or Kussmaul respirations may be present. Mental status changes, including coma, may be seen.

Hyperosmolar hyperglycemic nonketotic coma is more typically seen in an older patient with an undiagnosed or mild type Il diabetes who experiences a precipitating

severe illness. Gram-negative pneumonia, uremia with vomiting, and acute viral illness are the most commonly reported predisposing conditions. The patient typically
has a longer history of symptoms before admission than in DKA and commonly presents in a coma. Mortality figures vary from 40% to 70%, in contrast to 1% to 10%
in DKA.

Adrenal and Thyroid Emergencies

Adrenal and thyroid emergencies are not commonly seen in the emergency department, but it is important to keep them in mind in the differential diagnosis of coma,
as life-saving treatments are available. In a patient with suspected myxedema coma, a history may reveal prior symptoms of hypothyroidism. The patient may have a
history of thyroid problems, such as Graves disease, which may result in hypothyroidism. The treatment of Graves disease with radioactive iodine is associated with a
relatively high incidence of eventual hypothyroidism. A surgical scar on the neck should alert the physician to the possibility of thyroid or parathyroid dysfunction. A
history of noncompliance with thyroid medications may be obtained from the family.

Clinically, hypothermia to 36°C or less may be seen, blood pressure may be normal or hypotension may occur, and the pulse is generally bradycardic. Periorbital and
pretibial nonpitting edema and macroglossia may be present. The patient's hair may be dry, with loss of the lateral eyebrows. The cardiac examination may be
consistent with a pericardial effusion. On neurologic examination, the muscle relaxation phase of the deep tendon reflexes is classically delayed. Laboratory studies
may reveal hyponatremia, hypoosmolarity, and an elevated creatine phosphokinase.

Thyroid storm rarely presents as coma. Confusion, agitation, or occasionally hallucinations may occur. Hyperthermia above 38°C and tachycardia, with or without
cardiac failure, are noted. A precipitating event such as trauma or infection must be sought.

Acute adrenal crisis may occur due to an acute exacerbation of chronic adrenal insufficiency, rapid cessation of chronic steroids, or adrenal hemorrhage, which is
usually secondary to sepsis. Stressors such as infection, trauma, or surgery may precipitate an adrenal crisis. Nausea, vomiting, abdominal pain, and fever may be
noted. Hypovolemic shock may develop, and the mental status may deteriorate into lethargy and coma. An Addison disease patient maintained on chronic
glucocorticoid replacement may not develop dehydration and hypotension until late in the course of adrenal crisis, as mineralocorticoid secretion is usually preserved.

Hypertension

In a patient with severe hypertension who presents with mental status changes, the cause may be primary hypertensive encephalopathy or an intracranial bleed. A
subarachnoid hemorrhage due to a ruptured aneurysm or an arteriovenous malformation usually presents with diffuse findings. The patient may have only mild
preceding mental status changes but may present comatose. The classic history is the sudden onset of a severe headache associated with nausea and vomiting. A
patient may give a history of prodromal headaches in the preceding weeks. Sudden transient loss of consciousness is seen in 45% of patients. If a subarachnoid
hemorrhage is suspected and the computed tomography (CT) scan is negative, a lumbar puncture must be performed. In a small percentage of patients with
subarachnoid hemorrhage, the CT scan is normal.

Toxic Causes

Overdose of a wide variety of medications or illicit substances may produce a variety of mental status changes that may progress to coma. Appropriate diagnosis
requires an adequate history and familiarity with the constellation of signs and symptoms that may appear in specific toxicologic emergencies.

High doses of benzodiazepines may produce sedative—hypnotic effects. Cardiac depression is usually minor, as is respiratory depression; however, respiratory
depression may become a problem if benzodiazepines are combined with other CNS depressants, in the elderly, or in patients with underlying respiratory disease.
Opiates and barbiturates produce more severe respiratory depression. Hypotension is commonly seen with barbiturate overdoses and may also be seen with opiates.
Miosis is usually present with opiates (an exception is meperidine, in which mydriasis may be seen). Glutethimide, formerly used as a sedative—hypnotic, has
properties similar to those of the barbiturates; patients generally present with dilated pupils, and the drug tends to produce a fluctuating level of consciousness. The
coma may be prolonged, lasting up to several days. Pulmonary edema is most commonly seen with intravenous heroin overdose, but may be present in other opiate
or barbiturate intoxications. Cutaneous bullae and hypothermia may occur with barbiturate overdoses.

Alcohol intoxication, depending on the degree of tolerance, may produce a somnolent, difficult-to-arouse patient with varying degrees of respiratory depression.
Ingestion of substitute substances such as methanol, ethylene glycol, or isopropyl alcohol may also occur. Ingestion of isopropyl alcohol can present as stupor in a
known alcoholic or as an encephalopathy of unknown cause in persons with hidden addictions. Along with CNS depression, Gl effects (abdominal pain, gastritis,
nausea, or vomiting) and cardiac toxicity can occur. The major metabolite of isopropyl alcohol is acetone; as such, the severe anion-gap metabolic acidosis seen in
methanol and ethylene glycol poisoning is not seen with isopropyl poisoning. In methanol intoxication, the patient may present with visual changes ranging from
blurred vision to blindness. Calcium oxalate crystals may be present in the urine of patients who have ingested ethylene glycol. The osmolal gap should be calculated;
any discrepancy that cannot be attributed to ethanol ingestion must be explained.

Ingestion of tricyclic antidepressants may produce rapid mental status changes, seizures, and cardiovascular effects. Sinus tachycardia is most commonly noted. The
QRS complex may become widened. Atrial and ventricular dysrhythmias may occur. Anticholinergic effects such as delayed gastric emptying, decreased bowel
sounds, and mydriasis may be present.

Acetaminophen and salicylate levels should always be obtained. A history of prior tinnitus and vomiting may lead the clinician to suspect salicylate intoxication.
Chronic salicylism in the elderly is often subtle. Respiratory alkalosis in adults or metabolic acidosis in children may be seen.

Carbon monoxide or cyanide inhalation should be suspected if the patient has been involved in a fire. Carbon monoxide poisoning should also be suspected in colder
weather, particularly if the patient or others in the household have experienced flulike symptoms. Arterial blood gas levels may show a normal PO ,, but the measured

hemoglobin saturation will be low. Cyanide interferes with the cellular use of oxygen; therefore, mixed venous PO , will be high, as cells cannot use the available
oxygen. Cyanide also causes a severe metabolic lactic acidosis.

DIAGNOSTIC APPROACH

The initial assessment of a patient presenting with coma or transient loss of consciousness should be performed in a relatively short time and should be focused on



stabilization. The state of consciousness is determined by both the cerebral cortical and midbrain ascending reticular activating systems. Key observations will help
confirm whether the disease is of the brain stem or hemispheres.

Before the patient arrives in the emergency department, field personnel should assist with airway support and administer oxygen. The spine is immobilized and
stabilized. Intravenous access is obtained, and cardiac monitoring is ongoing. Bedside evaluation of blood sugar is performed, and the patient should receive glucose
if hypoglycemic. Any of the support mechanisms not performed by field personnel are initiated immediately in the emergency department.

The history, physical examination, and serial neurologic examinations are of utmost importance. Often, however, little information is available before intervention is
required to protect the brain against irreversible damage. Life-threatening and reversible processes causing coma or altered level of consciousness should be
addressed; these include hypoxia, hypoglycemia, poisoning, infections, increased intracranial pressure secondary to trauma, and other mechanisms, such as
alteration in body temperature. Evaluation of the cardiorespiratory status and blood glucose takes precedence over investigation of other potential etiologies. Avoid
giving a large glucose load to a patient who may not be hypoglycemic, because it may worsen any brain injury.

The history is obtained while stabilizing the patient. Information should include the abruptness of change in mental status, preceding events, medical history, current
medications, and use of toxic agents. The clothing should be checked for suicide notes and drug bottles, and any medical alert tags should be noted. After the ABCs
have been addressed, the patient is evaluated for signs of head trauma, including pupillary asymmetry and reactivity, hemotympanum, and Battle's sign. The level of
consciousness is documented, and the Glasgow Coma Scale used to quantify the patient's condition. Vital signs, including a core body temperature, are assessed.

Examination of the patient's eyes may be the single most important assessment in the evaluation of coma. An unresponsive patient who has open eyes may appear
awake but may actually be in a state of akinetic mutism. These patients may be abulic (with long delays in response to stimulation) secondary to hydrocephalus,
frontal meningioma, metastatic or primary tumor, hemorrhage, or contusion. Other causes of akinetic mutism include psychiatric disorders such as catatonia and
dissociative states, and the “locked-in syndrome,” which refers to patients who are paralyzed but in fact awake. This syndrome may be due to pontine infarct, but high
cervical spinal cord injuries and severe drug-related dystonias can be causative. The fundi are examined for lack of venous pulsation or other evidence of
papilledema, which would suggest increased intracranial pressure.

Eye movements are generated by the brain stem. The shape and size of pupils and their reactions are recorded. Reactive asymmetric pupils differing in size by 1 to 2
mm can be seen in 10% of normal people. Pupils are more likely to remain equal and reactive in cases of metabolic and drug etiology; a fixed, unilaterally dilated
pupil suggests transtentorial herniation. Local trauma or topical mydriatics can also cause unilateral dilation. The patient with a possible head or neck injury presents
a problem with the performance of the doll's-eye maneuver (oculocephalic reflex).

Ice water caloric testing (oculovestibular reflex) can be performed to induce nystagmus, in which the slow phase is driven by the brain stem and the fast phase is
driven by the cortex. This test, done correctly in a comatose patient, helps differentiate a brain stem lesion from a hemispheric lesion. If the brain stem is normal, the
eyes will turn conjugately toward the side where ice water is flushed into the ear. This is the slow phase of the eye movement. If the hemispheres are intact, the slow
phase of eye movement will be followed by a fast phase, in which the eyes move away from the side of the water infusion. This fast phase is a jerking movement.
Stimulation of the cornea will cause an eye blink if the fifth and seventh cranial nerves are intact, another method to evaluate brain stem function.

Respirations are observed. Apneustic breathing, characterized by deep inspiration followed by a long apneic phase and only a few breaths per minute, suggests brain
stem failure. Ataxic breathing is an ominous sign of brain stem failure. Normal or Cheyne-Stokes respiration indicates good brain stem function. However,
Cheyne-Stokes respiration may be due to bilateral dysfunction of structures deep in the cerebral hemispheres or diencephalon, bilateral cerebral infarctions, or
hypertensive encephalopathy. When Cheyne-Stokes respiration is noted, metabolic diseases as well as incipient transtentorial herniation should be considered.

The neck is flexed to check for nuchal rigidity if there is no contraindication. Rigidity of the neck suggests meningeal inflammation due to meningitis or subarachnoid
hemorrhage. Empiric antibiotic coverage is immediately initiated in cases highly suspicious of meningitis. Antibiotic coverage should not be delayed by the diagnostic
workup (i.e., inability to perform lumbar puncture due to delay in obtaining a head CT).

The patient's posture is noted. Decorticate and decerebrate posturings are abnormal postures that may be recognized in the comatose patient. Decorticate posturing,
characterized by flexor positioning of the upper extremities and extension, internal rotation, and plantar flexion in the lower extremities, suggests injury to the brain
above the level of the midbrain. Decerebrate posturing is characterized by arms that are extended, adducted, and hyperpronated; legs that are extended with feet
plantar flexed; clenched teeth; and opisthotonus. Decerebrate posturing occurs in patients with infarcts of the brain stem rostral to the midpons and also in patients
with large cerebral hemorrhages that destroy or compress the lower thalamus and midbrain. This motor pattern typically emerges in the wake of lesions of the internal
capsule or cerebral hemisphere that interrupt the corticospinal pathways. Clinical disease patterns often cloud the demarcation between decerebrate and decorticate
posturing, and motor responses can shift back and forth depending on the location of the lesion and pressure effects on the upper brain stem.

Suggested steps in the management of the comatose patient are as follows:

Establish and maintain airway patency and protect the patient from aspiration.

Administer oxygen.

Provide adequate ventilation.

Support circulation.

Establish intravenous access and draw blood for rapid glucose determination; evaluation of electrolytes, calcium, and renal and liver function; drug screen,;
blood gas determination; complete blood count; magnesium; thyroid function studies; platelet count; prothrombin time; and partial thromboplastin time.

arwbE

If indicated by the rapid glucose determination, administer glucose as 25 to 50 mL of 50% dextrose solution to adults and 2 mL per kilogram of 25% dextrose solution
to children. To avoid precipitating acute Wernicke-Korsakoff syndrome in a thiamine-deficient patient, give 100 mg thiamine in conjunction with the glucose. Patients
should receive multivitamins in the initial bag of intravenous solution. Give 2 to 4 mg of naloxone intravenously in adults, and 0.01 to 0.1 mg per kilogram in children.
Measures to decrease intracranial pressure include hyperventilation to reduce PCO , to about 26 to 30 mm Hg and administration of intravenous mannitol (0.5to 1.0 g

per kilogram). Fluid restriction may be necessary, and ultimately cerebrospinal fluid may need to be drained by intraventricular catheter. Seizures are treated and
seizure precautions taken. Normalize body temperature. An electrocardiogram is obtained, pulse oximetry applied, and a Foley catheter placed.

After the initial treatment of reversible causes and stabilization, definitive workup and therapy are instituted to prevent further CNS damage. In addition to diagnostic
laboratory studies, plain radiographs (cervical spine series, chest x-ray), head CT scan and magnetic resonance imaging, carotid duplex studies, Doppler studies, and
a lumbar puncture may prove helpful.

There are three primary pathologic processes that produce coma: expanding mass lesions that secondarily destroy the reticular activating system, brain stem lesions
that directly damage the reticular activating system, and metabolic disorders that disrupt brain stem function.

immediately receive high-flow oxygen. Hyperbaric treatment may also be indicated. Patients suspected of meningitis receive intravenous antibiotics without delay.
Patients intoxicated with ethanol receive supportive care and careful observation, and determination that methanol, ethylene glycol, or isopropyl alcohol is not
responsible for their presentation. All metabolic causes, such as hypothyroidism, adrenal insufficiency, and electrolyte abnormalities, receive specific treatment.
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TABLE 7.2. Mnemonic for Coma and Transient Loss of Consciousness

Operable lesions are definitively treated by a neurosurgeon and may include clipping of aneurysms, resection of arteriovenous malformations, and evacuation of
hematomas, abscesses, and tumors. Nimodipine may help prevent brain injury and improve outcome after subarachnoid hemorrhage. In subarachnoid hemorrhage
patients who exhibit sustained systolic blood pressure greater than 180 mm Hg, antihypertensive treatment may be beneficial. Elevated blood pressure should be
managed in ischemic stroke, but caution must be used, because the response to therapy may be exaggerated. In ischemic stroke patients, various neuroprotective
agents are currently being evaluated. The use of tissue plasminogen activator within 3 hours of stroke onset should be appropriately considered.

The approach to coma and transient loss of consciousness must be systematic. Orderly evaluation, with simultaneous stabilization, is of the utmost importance. Early
recognition and correction of reversible causes and prevention of further brain damage by definitive intervention are the basic principles of treatment in patients with
altered consciousness.

COMMON PITFALLS

® Not approaching the patient with transient loss of consciousness in a systematic fashion
e Not intervening in a timely fashion to prevent reversible causes of brain damage
* Not observing hypoglycemic patients who take oral hypoglycemic agents for an appropriate amount of time or providing adequate glucose supplementation
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Patients presenting to the emergency department with a complaint of weakness pose a great diagnostic challenge for the physician. This nonspecific complaint has
myriad causes, and a systemic evaluation is critical. Specific attention to potentially life-threatening etiologies is the principal focus, and diligence in data gathering is
essential to the establishment of a diagnosis. A detailed history and physical examination guide the selection of diagnostic studies in these challenging cases. Though
rarely encountered, when approaching the patient with a complaint of weakness, consideration is given to disorders such a botulism, myasthenia gravis, and
Guillain-Barré syndrome because of their associated high morbidity and mortality. The emergency physician should have a high clinical suspicion for these and all
other disorders that can precipitously compromise the respiratory and functional status of their patients. Accepting the challenge and proceeding in an organized
fashion can offer great reward for the patient and physician.

The complaint of “dizziness” may accompany that of “weakness,” and, at times, patients use these terms interchangeably. There is considerable overlap in their
etiologies. In the ambulatory care setting, dizziness is the most common presenting complaint in patients over the age of 75. * Weakness is defined as a decrease in
muscle strength or power. It may be a focal symptom, involving a single muscle group, or it may be generalized. Dizziness is imprecisely interpreted by patients and
may be used to describe lightheadedness, disequilibrium, disorientation, confusion, or vertigo. The emergency physician must appreciate the distinction between
these symptoms and endeavor to understand the patients' intended meaning. This chapter specifically addresses those patients who present with a complaint of
“weakness.”

EMERGENCY DEPARTMENT EVALUATION

An exhaustive history and physical examination must often be performed to uncover the subtle details essential in establishing the cause of a patient's complaint of
weakness. The patient's definition of weakness must first be clarified. Whether the weakness is focal muscle weakness or generalized fatigue must be determined
early in the evaluation. If muscular weakness is meant, then the clinician must determine whether it is focal or generalized, proximal or distal. The history of present

onset of weakness may suggest botulism, while a slower progression may suggest the Guillain-Barré syndrome or myasthenia gravis, although these illnesses may
also have accelerated courses. The weakness of myasthenia gravis may fluctuate, and a careful history is needed to elicit a progression of symptoms throughout the
day or an association with exercise or repeated activity, such as chewing or combing one's hair. Recent iliness, other medical problems, recent vaccination,
occupational history, travel history, history of tick bites, use of medication, and use of recreational drugs are important in assessing the patient complaining of
weakness. A thorough review of systems should include inquiry about recent weight loss, fever or sweats, visual changes (including diplopia), difficulty swallowing,
joint or muscle pain, palpitations, change in bowel habits, and skin rashes.

The patient's age is an important consideration in developing the differential diagnosis in a patient with weakness. The elderly have a higher incidence of comorbid
medical conditions than do their younger counterparts and are at higher risk of acute central nervous system and cardiovascular events. They are more likely to
present with occult infections and metabolic disorders that are symptomatically manifested as weakness. * In the pediatric age group, infantile botulism and
intussusception are two rare but important considerations. Infantile botulism may be seen in children days old to over 1 year of age. This variant of botulism is much

more common than food-borne or wound botulism, and it presents with weakness, poor tone, poor suck, or constipation.

On the physical examination, orthostatic monitoring and oxygen saturation should be included in the vital signs. Supplemental oxygen is indicated if hypoxemia is
present; the airway must be secured if there is a potential for imminent compromise. Tachycardia, with or without hypotension, suggests volume depletion or toxic
drug ingestion. Rectal temperature measurement is particularly important, because infection frequently presents with nonspecific complaints, such as weakness. A
blood glucose level should be obtained early during the evaluation, as hypoglycemia may present with an array of symptoms, including weakness. The ears, sinuses,
thyroid, and cardiac status should be assessed, and there should be a careful evaluation for signs of trauma, which may suggest physical abuse. A rectal
examination, including a guaiac test for occult blood, is recommended.

The neurologic examination begins early in the course of the patient's evaluation with the assessment of the mental status. Altered mental status, including confusion,
slowness, or agitation, may represent underlying disease or toxic exposure; suspicion of cognitive defects should prompt a formal mental status evaluation. Cranial
nerve testing in the patient with a complaint of weakness focuses on the motor examination. Ptosis, usually symmetric but sometimes unilateral, can be an early sign
of myasthenia. When myasthenia is a consideration, having the patient hold an upward gaze for several minutes is helpful in assessing for fatigue. Difficulty with
accommodation can be the earliest sign of weakness due to botulism and does not occur with myasthenia. Diplopia due to weak oculomotor muscles must be
assessed, with an emphasis on the evaluation of the sixth cranial nerve. The abducens is the longest cranial nerve and the most sensitive to toxins such as botulism
or to increased pressure from intracranial mass lesions.

The remainder of the neurologic examination in the patient complaining of weakness concentrates on motor strength, deep tendon reflexes, and assessment for
neurons arise in the cerebral cortex and their axons extend through the subcortical white matter, internal capsule, brainstem, and spinal cord, where they synapse
directly with lower motor neurons or interneurons, fine-tuning motor activity. Lower motor neuron cell bodies lie in the brainstem motor nuclei and anterior horn of the
spinal cord. Their axons extend to the skeletal muscles they innervate. The weakness of upper motor neuron disease is generally unilateral, the Babinski sign is
present, muscle tone is increased, deep tendon reflexes are increased, and no fasciculations are visible or palpable. In general, distal muscle groups are more
severely affected than are proximal groups.
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TABLE 8.1. Upper Versus Lower Motor Neuron Weakness

Lower motor neuron disease affects single muscle groups. Flexors and extensors are equally compromised in an extremity. Deep tendon reflexes and muscle tone are
decreased with lower motor neuron disease. Absent reflexes may also indicate Guillain-Barré syndrome or other systemic processes such as hypothyroidism or
hypokalemia. Muscle atrophy and fasciculation are long-term results of lower motor neuron lesions. The presence of fasciculations with upper motor neuron signs,



such as hyperreflexia, is suggestive of amyotrophic lateral sclerosis. Fasciculations in the setting of a toxic exposure point to organophosphate poisoning. Table 8.2
lists the Medical Research Council's strength grading from 0 to 5, which permits standardization of documentation between examiners.
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TABLE 8.2. Medical Research Council Grading of Strength

symptoms, physical signs, and laboratory findings that distinguish the etiologies of lower motor neuron weakness. Weakness due to a myopathy tends to involve
proximal muscle groups, while neuropathic disease (Guillain-Barré syndrome) affects distal muscle groups. Myoneural junction diseases have a more distal
distribution and are particularly inclined to affect respiratory and bulbar muscle groups (myasthenia gravis and botulism).
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TABLE 8.3. Myopathy Versus Neuropathy Versus Myoneural Junction Disease

When psychogenic weakness is considered in the differential diagnosis, several maneuvers may be helpful. Weak muscles give way to pressure in a smooth fashion,
but psychogenic weakness usually results in a jerking or sudden release. In a patient with upper extremity weakness from organic disease, making a fist should not
result in wrist extension (unless there is an isolated lesion of the flexor tendons); in functional states, the wrist extends as the patient tries to make a fist. In patients
with psychogenic bilateral lower extremity weakness, attempts to lift one leg against resistance result in the other leg firmly thrusting downward, while in patients with
organic disease, the downward thrust is diminished or absent.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of the weak patient is extensive, and no single list can cover every possible cause. Division of the etiologies into broad categories, such as
infectious, toxic, metabolic, endocrinologic, structural, mechanical, and rheumatologic, permits a more organized approach to this extensive list. A complete history
and physical examination should direct the physician to one of these categories. Other diagnostic testing may then be used to further hone the diagnosis.

All infections can potentially cause weakness, either through nonspecific mechanisms, such as those seen with mononucleosis or hepatitis, or from specific toxins
affecting neuromuscular function, such as those in poliomyelitis, botulism, Guillain-Barré syndrome, or tick paralysis. Sinus and ear infections can affect the
labyrinthine system and produce lightheadedness or vertigo. The human immunodeficiency virus can directly or indirectly cause the full spectrum of weakness, from
nonspecific fatigue to neuropathies and myelopathies. Chronic fatigue syndrome, thought to be viral in origin, requires an extensive workup to exclude all other
processes before the diagnosis can be established, and it is not a diagnosis that should be made in the emergency department. °

with a chief complaint of weakness or dizziness, 9% of all patients and 20% of those over age 60 had symptoms attributed to prescription medications. * Drugs
associated with vasodilation, bradycardia, or diuresis can produce orthostatic blood pressure changes, and patients who are taking them may present with the
complaint of weakness. Other drugs can cause myopathies or neuropathies. Carbon monoxide poisoning commonly presents with weakness, emphasizing the
importance of a complete occupational and social history in evaluating the patient. Toxins that act at the neuromuscular junction, such as the organophosphates and
the carbamates, can cause weakness, fasciculations, or paralysis. Heavy metal poisoning presents with diffuse weakness that is slowly progressive and often
associated with CNS findings.
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TABLE 8.4. Commonly Used Drugs and Other Substances Associated with Weakness

All metabolic derangements can present with weakness, including hypoxia and alterations in serum glucose, potassium, sodium, and calcium. 2 Hypokalemia may be
induced by drugs or gastrointestinal losses, or it can be secondary to familial periodic paralysis. Familial periodic paralysis, which may also be due to hyperkalemia, is
characterized by profound weakness that often spares the respiratory muscles. 2 Anemia often presents with a complaint of weakness and lightheadedness due to the
associated decreased oxygen delivery and hypotension.



Hypothyroidism is the most common endocrine cause of weakness and is often initially misdiagnosed. Thyrotoxic periodic paralysis can present with weakness as a
primary complaint, probably mediated through hypokalemia. ? Adrenal insufficiency, perhaps the most life-threatening endocrine etiology of weakness, may present
with hypotension, hyperkalemia, and hyponatremia. It is a diagnosis that must be considered in weak patients on chronic steroid therapy. Diabetics often complain of
weakness. Weakness in these individuals may be due to either hypo- or hyperglycemia or to a neuropathy. Neuropathies predispose to silent myocardial infarction

and to vasomotor instability.

Weakness is a prominent complaint of most rheumatologic diseases and occasionally is the primary presenting symptom. Systemic lupus erythematosus,
polymyositis, dermatomyositis, polymyalgia rheumatica, and particularly myasthenia gravis must all be considered in patients presenting with symmetric weakness.

Structural lesions often cause focal weakness. Lesions in the spinal canal can result in weakness that is symmetric and distal to the site of compromise. Lesions in the
frontal lobes, basal ganglia, and cerebellum can cause disequilibrium. Brainstem infarcts can present with difficulty with swallowing, talking, or respiration, in addition
to weakness.

Mechanical causes of weakness are associated with lightheadedness or presyncope and include postural hypotension, carotid and vertebral artery insufficiency,
cardiac dysrhythmias, vasovagal events, and states of decreased cardiac output.

Radiographic and Laboratory Examination

Clinical suspicion gathered from the history and physical examination guides further testing. In general, a complete blood count, serum chemistry, and urinalysis are
obtained. A sedimentation rate is helpful if rheumatologic disease is suspected. A Monospot test, liver function tests, and thyroid function tests are sometimes
indicated. Heavy metal screening and red blood cell acetylcholinesterase level are required in selected cases, but these are rarely available to the emergency
physician while the patient is in the department. Carboxyhemoglobin is indicated in suspected cases of carbon monoxide poisoning. A serum creatine phosphokinase
and aldolase are helpful in cases of suspected myopathy.

Pulse oximetry and arterial blood gas analysis are indicated in cases of suspected pulmonary dysfunction. Pulmonary function testing, including vital capacity and
maximum inspiratory force, is recommended when respiratory muscle compromise is suspected. An electrocardiogram and cardiac monitoring have a low diagnostic
yield in patients with generalized weakness, though they may be helpful when dysrhythmias or electrolyte abnormalities are suspected. Rarely, more specialized
laboratory testing is indicated in the evaluation of the weak patient in the emergency department. Patients with suspected Guillain-Barré syndrome require
cerebrospinal fluid analysis. This characteristically exhibits fewer than 50 lymphocytes per milliliter, a normal sugar, and an elevated protein. A Tensilon test should
be considered in patients with suspected myasthenia gravis. Computed axial tomography or magnetic resonance imaging with intravenous contrast best evaluates
structural lesions in the brain or spinal canal.

EMERGENCY DEPARTMENT MANAGEMENT

The focus of the emergency physician's approach to the patient complaining of weakness is to rule out the life-threatening diagnoses, specifically those diagnoses
patients, based on the history and physical examination, must be assessed for hypoxemia, hypercapnia, or carboxyhemoglobinemia. Assessment of pulmonary
function with measurements of tidal volume and vital capacity may be valuable, especially in patients with suspected myasthenia gravis; patients with a vital capacity
less than 1.5 L are possible candidates for intubation.
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TABLE 8.5. Acute Life-Threatening Causes of Weakness

Potentially unstable patients require intravenous access, pulse oximetry, and cardiac monitoring. Regular reassessment throughout the emergency department stay is
necessary to avoid missing deterioration in the patient's status. Specific interventions depend on the diagnosis. Sedating drugs should be avoided in anxious patients
who are hypoxemic. Drugs that interfere with myoneural junction function, such as the aminoglycosides, should be avoided in patients with suspected myasthenia
gravis. Hypoglycemia is treated with dextrose, and hypokalemia with potassium. Hydrocortisone, 100 mg intravenously, should be given to patients with suspected
adrenal insufficiency. Patients with periodic paralysis do not have a total body deficit of potassium, but instead have an alteration in intra- and extracellular potassium
levels; therefore, the potassium must be carefully corrected to avoid inducing hyperkalemia. Patients who are weak due to toxins require specific antidotes when
available. Significant carbon monoxide poisoning is an indication for hyperbaric oxygen treatment; organophosphate poisoning requires the use of atropine and
pralidoxime. Heavy metal poisoning is treated with chelation therapy.

DISPOSITION

Patients with progressive symptoms or those with suspected or confirmed disease with a known progressive course, such as myasthenia gravis, Guillain-Barré, or
botulism, must be admitted to an intensive care setting regardless of their initial appearance. Early consultation with appropriate specialists is recommended, and a
comprehensive management plan should be determined. No laboratory tests should be ordered unless results will be available before emergency department
discharge or careful follow-up has been arranged.

COMMON PITFALLS

Not taking the complaint seriously, and thus not performing a detailed history and physical examination

Failing to obtain a drug and toxin exposure history and missing an occupational exposure, drug-induced myopathy, or drug-induced adrenal insufficiency
Diagnosing a psychogenic etiology or the chronic fatigue syndrome in the emergency department

Not recognizing absent reflexes as an early manifestation of the Guillain-Barré syndrome

Failing to distinguish periodic paralysis from hypokalemia induced by drugs, gastrointestinal loss, or other etiologies
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CHAPTER 9
The Ophthalmic Examination

Geoffrey Broocker

Common Complaints

The Ocular Examination
The Physical Examination
Slit-Lamp Examination

The Ocular Fundus Evaluation
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Figure 9.1. Cross section of the eye.

HISTORY

Often, the history provides enough information to establish a reasonable differential diagnosis, allowing the physician to focus on the appropriate segment of the
visual system. Key historical points include age, trauma, family history, systemic illnesses, occupation, allergies, and ocular history. It is essential to know whether the
patient had any previous visual problems or wears glasses.

Common Complaints
Pain and Discomfort

It is often difficult to identify the source of pain because of the sensory overflow from various segments of the fifth cranial nerve (e.g., acute angle-closure glaucoma
may present with pain in the frontal sinus region). Discomfort may be localized according to specific symptoms. Discomfort related to the anterior ocular surface or lids
usually involves burning, itching, tearing, and foreign-body sensation. Orbital or periorbital discomfort may involve eye muscle fatigue, sinus congestion, and vascular
headaches, all of which are nonocular causes. These, along with ocular and intracranial pathology, are best described as dull aches or pressure. Ocular inflammatory
disorders (including episcleritis, scleritis, and acute glaucoma) are common, but intracranial pathology (arteritis, aneurysm, pituitary apoplexy, and tumors) is not.

Photophobia

Photophobia is a common type of discomfort particular to ophthalmic disease. It is the hallmark of uveal inflammation (e.g., iritis or uveitis of any cause). It may also
occur in corneal, retro- bulbar, and meningeal inflammatory conditions.

Discharge

Tearing

Tearing, most often reflex in origin, indicates abnormal surface irritation from dysfunctional lubrication (chemical and infectious sources) and injured epithelium
(corneal foreign body or abrasion). The dry-eye syndrome is therefore a common cause of tearing.

Redness and Swelling

Redness and swelling are signs of congestion; they may be due to the release of inflammatory mediators. Allergens and infectious agents contribute to anterior
surface signs. The orbital outflow disorders (congestive) are of concern; they include trauma, thyroid ophthalmopathy, orbital cellulitis, orbital inflamma- tory
syndromes, cavernous sinus thrombosis, and fistulas. Intraocular inflammation tends to cause circumlimbal redness (ciliary flush) or generalized redness, but usually
does not cause swelling. Exceptions to this are endophthalmitis and some cases of scleritis.

Changes in Appearance

A sense of urgency arises most often when there is an acute change in appearance. A common example is the subconjunctival hemorrhage. Although usually benign,
it may be more ominous in the setting of possible penetrating trauma. Swelling and mass effect are noted with chalazia and dacryocystitis (over the lacrimal crest
region). Proptosis may be due to a retrobulbar mass effect (thyroid ophthalmopathy, mucocele, tumor, and fistula).

Visual Disturbances

Visual disturbances are a frequent complaint and are often related to a nonocular cause. Blurred vision may originate from refractive errors all the way through the
visual system to occipital cortex disorders. A good clinician should use the history as a starting point in the evaluation. Glare or halos are common disturbances. They
are usually the result of light-scatter phenomena from unclear ocular media (mucinous tear film, corneal edema of any cause, corneal epithelial abnormalities,
cataract, or vitreous haze). Spots or floaters are commonly degenerative opacities within the vitreous; they may, however, indicate red or white blood cells in the
agueous or vitreous. The sudden appearance of floaters may be clinically important.

Transient visual loss is a potentially serious problem. If uniocular, consider the anterior circulation and pathways. If binocular, consider generalized hypoperfusion,



posterior circulation, or pathways from the chiasm back to the occipital cortex.
Diplopia

Diplopia may be due to serious underlying disease. A major point is whether it is uniocular or binocular (Does it disappear when one eye is covered?). Uniocular
diplopia is generally due to pathology within the eye, binocular diplopia to ocular motility disturbances (cranial nerve palsies or muscle disorders). Whether the
diplopia is horizontal or vertical may be key information. Horizontal diplopia is significant and may imply possible intracranial pathology (third- or sixth-nerve palsies
caused by increased intracranial pressure, tumor, or aneurysm). Painful ophthalmoplegias are important and suggest intracranial disease. Pupil-sparing third-nerve
palsies are usually vascular in origin (diabetes).

Dizziness

Dizziness can be categorized as lightheadedness, which may be a manifestation of hypoperfusion, and vertigo, in which objects appear to be spinning. Vertigo is
usually associated with nystagmus.

THE OCULAR EXAMINATION

Visual acuity is the key vital sign in ophthalmology. A Snellen chart (or equivalent), near card, or description of visual ability from any source (e.g., finger counting or
newsprint) is necessary before proceeding with further examination. It is critical to evaluate each eye separately. Most physicians tend to focus only on the
symptomatic eye. The physician must be certain that the nonexamined eye is completely covered while checking the vision in the other eye. Patients often look around
hands and occluders and through fingers in an attempt to perform well. Carefully document the visual acuity, and note whether it was checked with or without glasses.
If the vision is subnormal, consider rechecking the vision through pinholes, which optically correct most refractive errors. If the vision improves significantly, one must
consider a refractive abnormality.

A “step back and look” approach to the inspection of the eye and adnexa is critical. By going right to the slit lamp or direct ophthalmoscope, one may miss key findings
such as small puncture wounds in the eyelid. Evert the upper lids to look for retained foreign bodies. An applicator stick can be used to provide a fulcrum for the lid.
The lid margins are often a source for anterior surface disorders of the eye and should be carefully inspected for erythema, crusting, lash loss, and irregularity. A
marginal laceration, especially near the nasal canthus, should be referred for proper repair.

The pupillary examination, often labeled PERRLA (pupils equal, round, reactive to light, and accommodation), is one of the most important tests of the integrity of the
anterior visual pathway. Iris color and pupil size and shape are important. Drugs and trauma (blunt or sharp) affect these circumstances. Iritis tends to cause miosis as
well as adhesions to the lens (posterior synechiae). Systemic and topical medications may dilate or constrict the pupil, depending on parasympathetic or sympathetic
effects. Narcotics, barbiturates, psychotropics, and psychedelic drugs affect the pupil size, depending on their toxicity and whether the patient is in withdrawal.
Essential anisocoria (inequality in diameter of pupils) occurs in a significant percentage of the normal population. Horner syndrome and tonic pupil (Adie's pupil)

cause anisocoria. The anisocoria of Horner syndrome may be accentuated in dim illumination and diagnosed pharmacologically. Adie's pupil has a light-near
dissociation (minimal light reaction, greater for accommodation) and is generally larger than the Argyll Robertson pupil. Dorsal midbrain syndromes also create this
finding but are associated with paresis of upward gaze and retraction nystagmus. Trauma may cause pupillary dilation through sphincter injury or miosis from
traumatic iritis. Ruptures can be seen on slit-lamp examination. Corneoscleral lacerations are often plugged with a segment of iris, creating a peaked pupil toward the
laceration.

The deafferented, or Marcus Gunn, pupil has ocular and neurologic significance. Using a bright light, the physician should check the pupils individually for size,
shape, and direct reaction. The physician can view the consensual response in the other eye. By swinging the light directly from one eye to the other and back again,
the midbrain can sample the intensity of input from each eye. For example, in retrobulbar neuritis, if the light swings from the normal eye to the eye with the problem,
the midbrain quickly interprets a relative reduction in input and the efferent response is subsequently less. The examiner will see the pupil dilate instead of constrict.
One must be careful not to confuse this with hippus (rhythmic wavering pupil). A bright light and a notable initial constriction differentiate these two. If both optic
nerves are equally damaged, the examiner cannot demonstrate the Marcus Gunn pupil because there is no relative difference.

Ocular position and motility are part of the “step back and look” approach. Exophthalmos and enophthalmos are usually obvious. Enophthalmos is commonly seen in
severe orbital floor fractures. A tethered inferior rectus causing marked upgaze restriction may also be seen. The extraocular movements involve a complex
coordination of frontomesencephalic and cerebellomesencephalic interactions through the third, fourth, and sixth cranial nerves. Any disturbance in intracranial
processing or in midbrain or cranial nerve function, or an intraorbital or cranial nerve or muscle abnormality may result in an imbalance in ocular position response.
This includes abnormalities in primary gaze (straight ahead) or congruity of gaze in the six cardinal positions (left, right, up and right, up and left, down and right,
down and left). Esotropia (cross-eye) can be seen by observing the light reflex off the cornea to be temporal to the central cornea; exotropia (walleye) can be seen by
observing the light reflex nasal to the central cornea. This can be documented by the cover—uncover test. Ask the patient to fixate on a distant object or target; cover
and then uncover each eye. The deviated eye straightens when the normal eye is covered (opposite to the direction of the original deviation). An esotropic eye moves
temporally when the normal eye is covered. Vertical deviations can be noted by the higher eye, which is labeled a hypertropia. The light reflex is lower on the cornea
in the hypertropic eye than in the other eye. During cover testing, that eye moves downward when the normal eye is covered. It is a challenge to determine whether
the origin of the motility disturbance is inherited, acquired, neural, muscular, or some combination.

The eyes are just the anteriormost extension of the visual system. Probably the single most important test of the “total” system is the visual field. Defects in the visual

ancillary test that assesses the visual field of the central 10 degrees of vision. Because this is the macular projection of the retina, it provides useful information on
central retinal disorders (hemorrhage, edema, and degeneration). The Amsler grid is essentially a “tile floor” pattern with a central dot. Using one eye at a time, the
patient fixates on this dot and is asked to describe wavy lines or missing areas. Principal findings are metamorphopsia (wavy distortion) and scotomas (blind spots) of
macular lesions or optic nerve disorders (e.g., toxic amblyopia and optic neuritis).
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Figure 9.2. Lesions in the optic pathways.



Figure 9.3. Performing confrontation fields.
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Figure 9.4. Amsler grid.

Because the central retina and optic nerve are essentially a color projection system, even simple analysis of color perception may help isolate the problem. Color
vision testing can be performed using many techniques, but in the emergency setting, the testing of the central red saturation is a good way to localize the problem to
the central retina or optic nerve. Using the red bottle top of a dilating or cycloplegic agent (e.g., tropicamide [Mydriacyl] or phenylephrine hydrochloride [Mydfrin]), the
examiner can ask the patient to quantitate the “degree” of red seen in each eye (“If this is a dollar's worth of red in the good eye, how much is it worth in the other?”). If
the response reveals desaturation, macular or optic nerve disease may be present.

THE PHYSICAL EXAMINATION

Every physician should develop proficiency using the penlight. A bright penlight is helpful for pupil evaluation and is also useful in assessing the lids and anterior
surface of the eye. Loupe magnifiers should be used if available. Many penlights are equipped with a cobalt blue filter that can be used with fluorescein application.
The light should be moved across the eye to perceive the glassy reflective surface of the cornea. Epithelial abrasions and edema can be identified from the
discontinuity in the reflections. It is useful to compare the findings with those of the other eye. The patient should be asked to look up while the lower lid is pulled down
to evaluate the lower cornea and globe. Foreign bodies commonly are located under the upper lid. The examiner should look for discharge and areas of inflammation.

Fluorescein is a stain picked up by severely damaged or absent epithelial cells (corneal abrasion). It changes color in the presence of abnormal pH. A dark flow in a
green-yellow background is seen if aqueous humor is present from a corneal laceration.

Slit-Lamp Examination

The anterior segment of the eye is best examined with the slit-lamp biomicroscope. The view of the anterior segment anatomy is astounding under high magnification.
In the presence of injury or infection, the slit-lamp examination is mandatory. The patient's head is positioned in the chin rest, with the forehead against the bar. The
black line on the right vertical pole next to the patient's face is aligned with the level of the eyes. The examiner sets the oculars (usually to 0) and then adjusts the
interpupillary distance, as with binoculars. The light source is moved to 45 degrees from the examiner—patient axis, and the chassis is adjusted forward or backward to
bring the eye into focus. The examination is started on low magnification (10x). Once the eye is in focus, the magnification may be increased. Fine adjustments are
made with the joystick. On some models, the up—down control is on the joystick. The beam is adjusted to a slit rather than a full circle. The three-dimensional box seen
on the cornea shows the 0.5-mm thickness. With the slit lamp, the extent and level of corneal injuries can be assessed. The lids, conjunctiva, cornea, anterior
chamber, and irises of both eyes should be examined systematically.

The lid margins may demonstrate information related to “the red eye.” Lacerations may be appreciated, especially in the nasal canthal region, where the identification
of a canalicular laceration is critical.

The conjunctiva has epibulbar and tarsal components. The examiner should look for discharge, follicles (lymphoid aggregates characteristic of certain viral, toxic, or
allergic conditions), chemosis (subconjunctival fluid swelling), and hyperemia. Small foreign bodies can be swept from under the upper lid during the slit-lamp
examination.

The examination of the cornea involves the following:

1. Epithelium: to detect abrasions, edema, ulcers, and foreign bodies

2. Stroma: to detect primarily edema, but also deep ulcers, deep scars, and penetration

3. Endothelium: to detect keratitic precipitates (white cells on the endothelium). These precipitates are a hallmark of iritis. Penetration through this layer is called a
laceration.

The size and shape of the findings are noted. A drawing of front and side views is helpful.

The anterior chamber is bounded by the cornea and iris and is filled with agueous. Its depth can be assessed by adjusting the slit beam. By narrowing the beam into a
small column of light, the examiner may see a cellular reaction (iritis) as well as flare (light scatter caused by inflammatory proteins in the aqueous). Red or white
blood cells may be present in the anterior chamber. Red blood cells usually result from trauma; the layering of these cells in the anterior chamber is called a
hyphema. Sometimes, pigment dispersion (granules of pigment) is difficult to differentiate from mild diffuse red blood cells. White blood cells are pres-ent in iritis; the
layering of these cells in the anterior chamber is called a hypopyon.

The iris—lens examination involves noting pupil dysfunction, which may include traumatic tears in the sphincter or adhesions to the anterior lens capsule (posterior
synechiae). The iris may plug corneoscleral lacerations (thereby peaking the pupil) or be torn at its root (iridodialysis). Opacities of the lens are defined as cataract
opacities and may be due to many causes. Injury to the anterior capsule of the lens in penetrating trauma has diagnostic and surgical significance, because these
lenses generally become rapidly opaque and incite tremendous inflammation.

The Ocular Fundus Evaluation

The ophthalmoscope can be used to magnify the anterior surface of the eye, using the higher, black-numbered lenses. Impaired view may be due to cloudy media



(e.g., corneal and lens opacities, and vitreous blood), but it can also be due to unusual refractive errors. One tip for better viewing is to have the patient wear his or
her corrective lenses while undergoing this test. It is expected that the refractive correction has made the patient “normal-sighted.” If the examiner and patient are
“normal-sighted,” generally a —2 or —3 lens (the red 2 or 3) allows a comfortable view of the fundus.

The optic nerve head should be evaluated for margins, shape, and cup. The examiner should be aware of anomalies, such as small disks with little or no cup and
central vessels with multiple early bifurcations. Spontaneous venous pulsations should be noted. Hemorrhages and blurred margins can be critical findings, and
should be compared with findings in the other eye. The macula should be examined with attention to the presence of hemorrhages, exudates, and edema. It is
important to note if these findings are generalized (diabetic or hypertensive retinopathy) or localized (any vascular retinopathy, especially occlusive disease). It is
difficult to determine the layer of retinal bleeding, especially when the bleeding is subretinal. Deep hemorrhages tend to be small and irregular. Superficial
hemorrhages are flame-shaped. Edema makes the retina look gray-white. In central retinal artery occlusion and other causes of a thickened nerve fiber layer of the
retina (e.g., Tay-Sachs disease), one will see a distinctive, central red area called the cherry-red spot. This represents the visualization of the normal choroidal
circulation through the one area of the retina where the nerve fiber layer is absent (fovea centralis).

Recognition of vascular retinopathies has important implications. The retinal vessels are a mirror of the body's microcirculation in a host of systemic processes.

Finally, intraocular pressure should be evaluated. The intraocular pressure is to the eye what the blood pressure is to the cardiovascular system. Normal values range
from 10 to 21 mm Hg, and are measured in various ways:

Indentation tonometry. The Schigtz tonometer is cumbersome, can spread infection, and may create its own trauma, but it is relatively easy to use.

Noncontact tonometers are for screening only; they may be inaccurate.

Pneumotonometers are effective and relatively easy to use, but somewhat expensive to maintain; they must be calibrated.

Manual assessment of the tensions may be crude and inaccurate. The eyeball is palpated through closed lids in a gentle balloting motion. Each eye is compared with
the other. The ex-aminer's eye may be used as a control. By measuring the intraocular pressure with a tonometer and then doing finger tensions, the examiner may
become more proficient. This method should be avoided in recently operated globes or if lacerations are suspected.

DISPOSITION
Role of the Consultant

The urgency of referral depends on multiple factors. Through a careful history and physical examination, the emergency physician should be able to arrive at a
diagnosis. Medicolegally, one can never be faulted with a phone consult with the ophthalmologist, documenting the details. Providing the necessary information to the
ophthalmologist is the key to an effective consultation. The minimum information the consultant needs includes the patient's age, chief complaint, ocular history (and
any pertinent medical history), and visual acuity in both eyes, as well as any other pertinent findings.

COMMON PITFALLS

¢ |n the setting of trauma, epibulbar (subconjunctival) hemorrhage associated with a history of high-velocity or potentially lacerating objects (e.g., glass, metal)
suggests the possibility of ocular penetration, especially if the vision is diminished (vitreous hemorrhage).

* A key piece of information often missing on the emergency department evaluation is the patient's visual acuity. Each eye must be assessed while occluding the
other. The use of a pinhole is extremely useful when vision is reduced. Improved vision through the pinhole suggests routine referral for refraction and glasses,
thus avoiding an unnecessary urgent consultation or expensive diagnostic testing.

¢ “Red-top” ocular medication bottles are mydriatic—cycloplegic agents. The vast majority of dilated pupils presenting in the emergency setting are pharmacologic
in origin. Other findings, such as horizontal diplopia, motility disturbance, and ptosis of the lid, suggest more serious neuroophthalmic etiologies.

* Headache is a common complaint, and may have an ocular origin. Be aware that shared sensory influx from a host of anterior cranial and facial structures (e.g.,
the paranasal sinuses) can refer pain to the orbit and periorbital regions.

e Anterior visual pathway and carotid circulation problems tend to be associated with uniocular visual loss; posterior pathways and vertebrobasilar circulation
problems often present with binocular complaints (check for hemianopia).

e Penlight diagnoses are difficult. Use the slit-lamp biomicroscope, if available, to examine the eye. Turn the light intensity rheostat down low when turning on the
slit lamp to avoid blowing out expensive bulbs and also to reduce patient discomfort from high-intensity light.

® Excess fluorescein should be avoided when evaluating ocular surface problems or checking intraocular pressure.

¢ Avoid the indiscriminate use of topical antibiotics in serious ocular infections without first obtaining adequate samples for culture and sensitivities.

* The emergency physician should not be afraid to use topical anesthetics to aid in the evaluation of the eye, especially in the setting of trauma (to reduce lid
spasm). However, these agents retard corneal epithelial wound healing; hence, discharging a patient with a topical anesthetic is a medicolegal risk and should
always be avoided.

e Pupillary dilation may be essential to visualize the posterior segment of the eye (optic disk and retina) for proper diagnosis. A weak mydriatic should be used
and documented in the record. Tropicamide 0.5% or 1.0% should be used because it is short-acting (4 to 6 hours) and relatively easy to reverse with miotics.
The incidence of precipitating angle-closure glaucoma in the general population is extraordinarily low (about 2:10,000). If there is concern with regard to this
problem or compromising the pupillary examination neurologically, the appropriate specialist should be called to assist in the decision.

e Topical corticosteroids, used alone or in combination with other topical medications, should be used only after proper consultation by phone.

e Even though ocular medications are most often delivered topically, there are significant systemic side effects seen with certain agents, especially those that treat
glaucoma (e.g., beta-blockers). Punctal compression, to avoid drainage down the nasolacrimal system into the posterior nasopharynx (subsequently swallowed),
will reduce this problem.
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CHAPTER 10
Acute Eye Infections

Robert S. Porter

Clinical Presentation

Differential Diagnosis

Role of the Consultant

Indications for Admission

Special Considerations

The red eye poses a diagnostic challenge to everyone, including the ophthalmologist. Infection is only one cause, and a diligent search must be made for other
etiologies. This chapter addresses ocular infections of the anterior surface (conjunctiva and cornea). Intraocular infections also occur, but are much rarer and are not
discussed in detail.

Conjunctivitis is the inflammation of the mucous membrane that covers the anterior sclera and inner eyelids. Infection of the conjunctiva is one of the most common
causes of red eye treated in the emergency department, and usually is viral or bacterial. Most cases are self-limited, but serious complications can occur. The
conjunctiva contributes to the formation of the tear film, and severe conjunctivitis may result in scarring and an abnormal tear film. Because the precorneal tear film is
an important optical surface determining clarity of vision, treatment must be accurate and the patient followed carefully.

Keratitis is an inflammation of the cornea. The corneal epithelium may be involved in a superficial manner (with punctate erosions or ulceration), or there may be
deeper involvement with infiltration. Quite often there is simultaneous involvement of the conjunctiva as well. Keratitis is usually quite painful and can be associated
with either viral or bacterial disease. The intact corneal epithelium is normally an effective barrier against bacterial organisms, with several exceptions, including
Neisseria gonorrhoeae, Corynebacterium diphtheriae, Listeria monocytogenes, and Haemophilus aegyptius. However, any damage to the corneal epithelium can
permit access by a wide variety of other organisms. Because corneal scarring is one of the leading causes of blindness worldwide, aggressive, appropriate treatment
is essential.

Endophthalmitis is infection or inflammation of the intraocular tissues. This can result from direct inoculation or hematogenous spread of organisms. Panophthalmitis is
the term used when infection also involves the orbital soft tissues. These conditions typically require subconjunctival or intravitreal as well as systemic antibiotics and
must be managed by an ophthalmologist.

VIRAL PATHOGENS
There are three viral pathogens of particular note: the adeno-viruses, herpes simplex, and herpes zoster viruses.

Adenovirus infection is very common and highly transmissible. Infection starts in one eye and several days later becomes bilateral, with significant watery discharge

progression as the immunologic response increases. Development of pseudomembranes may indicate corneal injury not present on the initial examination. Epidemic
keratoconjunctivitis is caused by adenovirus types 8 and 19 and is highly contagious. This is the classic “pinkeye.”
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Figure 10.1. Viral infection.

Occultly contaminated equipment in ophthalmology offices is a leading cause of outbreaks. Contact with infected persons in physicians' offices, emergency
departments, and schools is also a source. The period of contagion is roughly 2 weeks after onset of symptoms. Adenoviral keratoconjunctivitis does not respond to
topical antiviral agents. Supportive care includes isola- tion, cool compresses, ocular decongestants, lubricants, and a broad-spectrum antibiotic to prevent secondary
overinfection. Evaluation of therapeutic response is not always easy. Knowledge of the course of this condition will ease patient expectations as to the therapeutic
response. Progressive visual loss, increasing discomfort, and pseudomembrane formation are indications for urgent referral. Reduced discharge, swelling, and
hyperemia indicate therapeutic success.

Herpes simplex conjunctivitis may present with unilateral conjunctival hyperemia associated with a clear discharge. Other findings may include lid vesicles or

diagnosis is made. In simple, early epithelial herpes, mechanical debridement is an important aspect of treatment and should be done by an ophthalmologist. Topical
vidarabine 3%, trifluorothymidine 1%, or idoxuridine 0.5% may be used in consultation with the ophthalmologist.



Figure 10.2. Herpes simplex keratitis. (A) Early epithelial dendritic ulcer. (B) More advanced or geographic ulcer.

Herpes zoster ophthalmicus, ocular involvement, should be suspected, especially if the nasociliary branch of the fifth cranial nerve is involved. Punctate keratopathy,
lid vesicles, or dendritic infiltrates may be present. In fact, herpes zoster may mimic herpes simplex. Early ophthalmologic consultation may be indicated. Systemic
steroids to avoid postherpetic neuralgia should not be administered by an emergency physician. Topical cycloplegics and steroids are beneficial. There is evidence
that systemically administered acyclovir may diminish the severity of the process and postherpetic neuralgia when administered early in the course of the disease.
When iritis is present, intraocular pressure may be elevated.

Bacterial Pathogens

The pathogens of greatest clinical importance and frequency include Staphylococcus, Haemophilus, pneumococci (and other streptococci), Neisseria gonorrhoeae,
diphtheroids, coliforms, Pseudomonas, Proteus, and Moraxella. Of lesser frequency, but still important, are Parinaud's oculoglandular syndrome (cat-scratch fever)
and luetic and tuberculous disease. Mucopurulent conjunctivitis is most commonly caused by Staphylococcus aureus, followed by Streptococcus pneumoniae and
Haemophilus influenzae. The onset is often acute and unilateral but may rapidly become bilateral. Crusting of the lids is common. Epidemic forms can be caused by
pneumococci and Haemophilus. Gram stain and culture are usually unnecessary unless the case is quite severe, is unresponsive to therapy, or occurs in a
compromised host.

Treatment consists of warm compresses, lubricants, and broad-spectrum antibiotics (drops during the day and ointments at bedtime). Commonly used antibiotics
include sulfa-cetamide 10%, gentamicin 0.3%, Polytrim, and Neosporin. The sulfa drugs are less sensitizing than neomycin. Chloram- phenicol is least sensitizing.
Bacterial conjunctivitis should be notably improved in 48 hours.

Gonococcal conjunctivitis usually causes unilateral conjunctival hyperemia, a severe purulent discharge with associated edema, and erythema of the lids. The
population at risk includes neonates, sexually active adults, and health-care workers. The incubation period is from 1 to 3 days. Culture and Gram stain should be
done and will reveal gram-negative intracellular diplococci. The patient should be seen by an ophthalmologist immediately and may require admission for systemic
therapy and frequent irrigation of the eye, because the gonococcus can penetrate the intact cornea. Topical antibiotics, irrigation, and parenteral penicillin or
cephalosporins are used. Single-dose ceftriaxone may allow for selected outpatient therapy.

Pseudomonas aeruginosa is a very aggressive ocular pathogen, producing an adherent mucopurulent, yellow-green exudate and a “ground glass” appearance of the
cornea adjacent to the ulcer. Perforation and extension of the infection to the sclera are major concerns.

Fungal Pathogens

The common fungal pathogens include Actinomyces, Aspergillus, Blastomyces, Candida, Coccidioides, Mucor (in diabetics), and Sporothrix. Fungal infection is
generally not fulminant. Patients taking corticosteroids and those with suppressed immune systems are at risk. A history of trauma involving vegetable matter is
important. Beneath the corneal infiltrate, an endothelial plague may be seen. The hypopyon associated with this type of corneal infection may contain fungal
elements. Gram and Giemsa stains and cultures are essential. Fungal blepharoconjunctivitis can be controlled with lid hygiene and compresses. If the physician
identifies fungal elements on corneal ulcer smears, natamycin 5% suspension (Natacyn) should be given every hour after appropriate consultation.

Rickettsial Disease

It is difficult to diagnose rickettsial disease of the eye. Rocky Mountain spotted fever and scrub typhus can cause anterior surface ocular problems. History, other
lesions, clinical suspicion, and complement fixation may aid in the diagnosis. Treatment may be curative with systemic tetracycline or chloramphenicol.

Chlamydia

Gram stain and a positive immunofluorescent antibody screen. The presence or history of a urethral discharge may suggest concomitant gonococcal disease.
Conjunctival scrapings may be helpful acutely. Systemic therapy is necessary and includes erythromycin or tetracycline, 1 g daily (250 mg every 6 hours) for 3 to 4
weeks (doxycycline 100 mg b.i.d. is preferred). Ocular therapy (topical sulfa or erythromycin) is supportive only and not curative. Partners should be referred for
treatment. Neonatal inclusion conjunctivitis occurs several days to 2 weeks after birth. The treatment is similar, but topical therapy with sulfacetamide 10%, g.i.d. for 3
weeks, is more effective. Systemic therapy with erythromycin is necessary in the neonate due to concomitant pneumonitis. Trachoma continues to be a major cause of
inflammatory blindness worldwide, although it is not prevalent in the United States.
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Figure 10.3. Inclusion conjunctivitis (Chlamydia).

Parasitic Disease

Acanthamoeba is a growing concern, especially in contact lens wearers. Pediculosis ( Phthirus pubis) affects the lids, brows, and ocular surface. Toxocariasis
(Toxocara) and toxoplasmosis (Toxoplasma) are principally diseases that affect the retina and uvea.



Clinical Presentation

The hallmark of anterior surface infection is the red eye. In addition, discomfort, discharge, lid crusting, sticking, photophobia, and visual loss are often seen.

sorting them out. Inquire about known eye conditions, contact lens use, previous trauma, use of eye medications, and contact with infected people. Symptoms of
systemic illness or infection are particularly important, especially any that might increase suspicion of an immunocompromised state.

TABLE 10.1. Differential Diagnosis of Selected Causes of Visual Disturbance

Eye infections can be bilateral or unilateral. Herpetic disease is usually unilateral. Adenoviral infections generally start in one eye and “ping-pong” to the other after
several days. Post- traumatic iritis is limited to the injured eye, but be alert for secondary infection of a traumatic corneal lesion. Allergens tend to involve both eyes.

Most of the inflammatory and infectious eye conditions cause a discharge, but purulent discharge should increase suspicion of bacterial infection. History of trauma

involving vegetable matter (e.g., tree branch) may implicate fungal disease as the cause of infection. Contact lens wearers are especially prone to all types of
infectious disease, as well as to ischemic injury from overwear syndrome and toxic infiltrates from old or contaminated lenses.

DIFFERENTIAL DIAGNOSIS

Allergic reactions

Airborne irritants

Foreign bodies

Chemical or thermal burns

Medicamentosus (common)

Trauma

Vascular conditions (carotid—cavernous sinus fistulas, blood dyscrasias)
Orbital inflammatory or congestive diseases (e.g., thyroid ophthalmopathy)
Glaucoma (acute and neovascular)

Uveitis (includes episcleritis or scleritis)

Neoplasia (squamous and meibomian cell carcinoma)

Mucocutaneous syndromes (ocular pemphigoid, Stevens-Johnson syndrome)
Dry eye syndromes

This is a sizable list because many conditions cause a release of vasoactive substances (e.g., histamine and prostaglandins), resulting in redness, discharge, or both.
To complicate matters, however, these noninfectious conditions may create a milieu conducive to secondary bacterial infection. For example, any irritation may cause
the patient to rub the eye and either transfer agents from the hand or create mild trauma, serving as a nidus for infection. Conversely, certain bacteria (most often
staphylococcal lid infections) are occasionally associated with hypersensitivity reactions.

EMERGENCY DEPARTMENT EVALUATION

After taking a careful history, as described, visual acuity testing of both eyes is the first step in the physical examination of the eye. This should be performed prior to
instillation of any medication. After this, direct inspection of the eye, followed by slit-lamp examination, should be done with attention to the following anatomic
structures.

Lids

Crusting of the lids is common in bacterial overgrowth, infection, and dermatologic conditions (seborrhea). Ulcerations are common in herpetic and staphylococcal
infections. Lice (Phthirus) may also be seen. Lid eversion should be performed if indicated (foreign body, pseudomembranes).

Conjunctiva

Note the presence of chemosis or discharge (serous, mucoid, or mucopurulent). Follicles represent lymphoid aggregates, which are a hallmark of acute adenoviral
disease, but are, on occasion, seen in other cases of infectious, toxic, and allergic conjunctivitis. Membranes, or fibrinous pseudomembranes, are seen in severe
conjunctivitis associated with adenovirus, occasionally in other conditions (such as S. pneumoniae and diphtheria), and rarely in herpetic disease. Hemorrhage is
usually petechial but may be more extensive, as in adenovirus, hemorrhagic conjunctivitis virus, Haemophilus, and S. pneumoniae. An acute, markedly purulent
conjunctivitis should be thoroughly and rapidly evaluated before treatment. Corneal perforation is possible, especially in conditions such as gonococcal disease.

Cornea

The hallmark of epithelial injury, especially in viral disorders, is punctate areas of cell loss. These appear as stained specks with fluorescein and are diagnostic of
adenovirus (superficial punctate keratopathy). However, many other conditions may mimic this, including herpetic disease, so consider additional clues. Ulceration
implies a larger epithelial defect and is important to identify. Immediate referral is indicated in this setting because of the potential for permanent scarring or
perforation. The ulceration description should include size, shape, and anterior stromal involvement. Herpetic ulcers are usually dendritic or geographic. Bacterial and
lid-sticking. Infiltrates are epithelial, subepithelial, or stromal collections of inflammatory cellular debris that are nonspecific but common in viral (adenoviral, herpetic),
chlamydial (inclusion), bacterial (in association with the ulcerative defect), and hypersensitivity reactions (small and near limbus).
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Figure 10.4. Bacterial or fungal corneal ulcer.

Anterior Chamber

The presence of white blood cells in the aqueous is the hallmark of iritis (uveitis), which occurs with severe anterior surface infections (herpetic disease, adenovirus).
The grading of the reaction (1+ to 4+) of these cells correlates with the severity of the iritis. Layering of the cells in the anterior chamber is called a hypopyon and is a
hallmark of severe ulceration of the cornea and endophthalmitis. Usually seen with bacterial and fungal infection, a hypopyon warrants immediate consultation and
referral. In the presence of a small corneal ulcer without hypopyon, consult first. After stains and cultures have been performed, cover with “heavy” topicals (e.g.,
topical ciprofloxacin [Ciloxan 0.3%] every 30 to 60 minutes). Fortified drops are most often used and are prepared by the pharmacy. If a hypopyon is present, or the
ulcer is large or multiple, this is an ocular emergency, and the ophthalmologist should be called. Infectious ulcers of the cornea tend to be more central, whereas
hypersensitivity immune ulcers (e.g., rheumatoid and staphylococcal) tend to be peripheral.

Other Physical Findings

Preauricular lymphadenopathy is an important sign of adenoviral conjunctivitis, but it may be seen in severe bacterial infection (streptococcal and neisserial). It is
classically seen in Parinaud's oculoglandular syndrome, in which the nodes are very large and tender and occasionally draining. Distant skin ulcerations or vesicles,
including the lids, suggest herpetic disease (simplex or zoster), as well as impetigo. Moraxella and Staphylococcus tend to cause ulceration and maceration in the
lateral canthal regions.

Diagnostic Aids
Fluorescein

The ocular surface is stained with a moistened, sterile fluorescein strip and viewed with a slit lamp. A small quantity is used. The examiner should look for areas of
epithelial loss on the conjunctiva and cornea. The noninfected eye is stained first.

Rose Bengal

Rose bengal is not used as frequently, but it does indicate devitalized epithelium. A small amount should be used; a slit lamp is generally required. It is occasionally
helpful in the diagnosis of herpetic ulcers. The dendritic pattern of a herpetic ulcer may appear similar to that of a healing corneal abrasion. The margins of a healing
abrasion are healthy, with proliferating epithelial cells, and do not stain with rose bengal. The margins of a herpetic dendritic ulcer contain actively infected epithelial
cells that are devitalized and pick up the red stain.

Laboratory Studies

Routine conjunctival infections are not cultured, but it is appropriate, in the setting of a severe or unusual purulent conjunctivitis, to perform Gram and Giemsa stains
of the material. After cultures, conjunctival scrapings should be taken. A flamed platinum spatula that has cooled is gently scraped across the anesthetized tarsal
conjunctiva. The material is spread thinly on a glass slide. Corneal scraping of ulcers must be performed at the slit-lamp biomicroscope, preferably by an
ophthalmologist; it is essential before initiation of antibiotics. Conjunctival cytology of cell types and the identification of intracytoplasmic inclusions are also helpful. In
culturing organisms, blood, chocolate, and Sabouraud dextrose agar, and thioglycollate broth are basic media for corneal ulcers. At a minimum, culturettes of
conjunctival exudates should be placed into liquid culture media. Viral and chlamydial studies are available at large medical centers but are generally not performed in
the emergency setting. Deeper ocular infections (endophthalmitis) typically require culture of the anterior chamber and/or vitreous prior to treatment. This should be
performed by an ophthalmologist. Evaluation of other body fluids is occasionally necessary. For example, a urethral discharge may help determine a possible
gonococcal or Reiter's conjunctivitis.

EMERGENCY DEPARTMENT MANAGEMENT

It is important to avoid contagion. In the setting of ocular infection, it is essential to maintain clean equipment and to avoid checking the intraocular pressure, unless
absolutely necessary, because of the risk of spreading contamination with the tonometer. The emergency physician is at risk to contract or spread these highly
contagious diseases and should be fastidious about hand-washing. Appropriate medical excuses need to be offered to school-age children and health-care workers.

Certain bacteriostatic antibiotics (e.g., sulfa) can be bactericidal at the high levels delivered in topical preparations; therefore, hospital sensitivity profiles may not be
reliable.

........

TABLE 10.2. Antibiotics for Topical Use

Be aware of antibiotics with increased sensitizing ability. Neomycin, a major component of Neosporin, is highly sensitizing and should be avoided. It may mask
evaluation of response as well as create reactions that look worse than the original condition. Sulfa agents, bacitracin, and aminoglycosides can create a similar
picture, but much less frequently. There have been cases of Stevens-Johnson-like reactions to topical sulfa. By prescribing only a small amount at a time and no



multiple refills, patient retention of old medications that may be contaminated can be avoided.

Severe anterior surface disorders can result in iritis, with the potential to cause subsequent scarring of the pupil to the lens (posterior synechiae), as well as iris to
cornea (peripheral anterior synechiae). Cycloplegics are essential and improve patient comfort. Longer acting cycloplegics (scopolamine, homa-tropine, and atropine)
may be necessary. Although cortico-steroids play an important role in the management of iritis and may reduce corneal scarring, their use in the emergency setting is
controversial, and they should be used only in consultation with the ophthalmologist.

It is important to understand the immunologic inflammatory consequences after proper antibiotic coverage (usually corneal infiltrates). Ophthalmologic referral is
indicated because of the possible indication for corticosteroid therapy.

The goal should be to do a thorough examination and treat ocular infection in a way that will least harm the patient. Sulfacetamide 10% or Polytrim solutions given
four to six times daily for several days will clear most simple surface infections. Gentamicin, tobramycin, and several quinolone solutions are currently available and
are extremely helpful, but they may be more beneficial when reserved for special situations. Chronic use will cause eye toxicity and permit resistant organisms and
fungal overgrowth. Drops are aesthetically superior and provide high levels quickly; however, they are cleared by tear drainage too quickly. Ointments reduce this
clearing effect as well as the irritation, but cause blurred vision. Use of ointments (polymyxin—bacitracin combinations) may be particularly helpful at bedtime. For the
previously stated reasons, drops are better used in adults, but ointments may be more efficacious in children.

DISPOSITION

Role of the Consultant

Immediate consultation is indicated in the following circumstances:

Purulent conjunctivitis associated with a corneal infiltrate, ulcer, or hypopyon. Risk factors include trauma and contact lens history.

A hyperacute conjunctivitis with a history or Gram stain suggesting gonococcal disease

Membranous conjunctivitis. Secondary injury to the cornea or severe corneal epithelial injury may occur.

Consultation within 24 to 48 hours:

Relatively severe conjunctivitis or keratitis that suggests possible herpetic disease, especially if it is near the visual axis

Consultation within 3 to 7 days:

Bacterial conjunctivitis that does not improve within 48 hours

Viral disease that is nonmembranous with intact vision. Adenoviral disease (e.g., epidemic keratoconjunctivitis) may show persistent signs of involvement for weeks!
Indications for Admission

Emergency admissions are rare, but are required for endophthalmitis; occasionally, severe or recalcitrant corneal ulcers, and Neisseria conjunctivitis with corneal
infiltrates may also require hospital admission. It is uncommon to admit a patient with herpes simplex or zoster. The principal goal for admission is systemic therapy,
frequent topical antibiotic administration, and subconjunctival or intravitreal injections. Topical therapy may need to be administered every 30 to 60 minutes (and
prepared fortified).

Special Considerations

Outpatient care may be possible, but many patients are incapable of intensive care at home. Most patients with corneal ulcers should be rechecked in 24 hours.

Moderately severe cases of bacterial conjunctivitis should be seen in 48 to 72 hours. Referral should be based on progression of the disease, lack of response,
increased pain, and decreased vision.

COMMON PITFALLS

® The red eye is not always infected!

e High-risk situations for purulent conjunctivitis should be sought and include conjunctival pseudomembranes, posttraumatic reaction, and contact lens wear.

e Multiple antibiotics are often used when progression of the infection is really due to hypersensitivity (Neosporin) or toxicity to the drug. Prolonged therapy
creates the same risk as overtreating systemic infection with regard to the emergence of resistant organisms or fungal growth.

e |nitiating antibiotic therapy before diagnostic studies are performed may force the ophthalmologist into “shotgun” therapy.

¢ The indiscriminate use and distribution of topical anesthetics and corticosteroids are to be condemned
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CHAPTER 11
Common Ophthalmic Medications

Geoffrey Broocker

Steroid Antiinflammatory Agents

Nonsteroidal Antiinflammatory Agents

Antibiotic=Steroid Combinations

Antiglaucoma Agents

Ocular Allergic Conditions
Ocular Decongestants

Antihistamines

Mast-cell Stabilizers

Common Pitfalls

The information provided here describes representative therapeutic preparations for many ocular conditions. Please refer to compendiums such as the Physician's
Desk Reference for Ophthalmology for a thorough listing with pharmaceutical manufacturers' specifications. Frequency of medication applications depends on the
agent used and the severity of the condition being managed.

DIAGNOSTIC MEDICATIONS

These agents facilitate the ability to examine the eye.

Stains

These are topical solutions that highlight epithelial abnormalities of the cornea and conjunctiva.

Fluorescein: Sterile paper strips are preferred to the 2% solutions, owing to ease of contamination of the latter.

Rose bengal: This 1% solution stains devitalized corneal—conjunctival epithelium; it is helpful in differentiating a herpetic corneal ulcer from a healing abrasion.
Anesthetics

These are topical solutions that promote patient cooperation for the examination; they are also used in conjunction with the aforementioned stains. Anesthetics are
usually required for determining intraocular pressure.

Tetracaine hydrochloride (Pontocaine): 0.5% to 1.0% solution, lasts for 15 minutes; may sting
Proparacaine hydrochloride (Ophthetic, Ophthaine): 0.5% solution, less irritating

Cocaine (0.25% to 0.5%): Effective but highly toxic to the corneal epithelium

Mydriatics and Cycloplegics

These are used diagnostically or therapeutically to dilate the pupil (mydriasis) and/or paralyze the ciliary body (cycloplegia). This permits evaluation of the internal
ocular structures and gauges the baseline refractive error of the eye by blocking accommodation. In addition, these agents prevent synechiae formation (adhesions of
the iris to lens and cornea) by reducing intraocular inflammation through stabilization of the blood—aqueous barrier. These agents are capped in red.

Phenylephrine hydrochloride (Neo-Synephrine, Mydfrin): Vasoconstricts the surface vessels and dilates the pupil without cycloplegia; 2.5% solution is the strength
recommended because of a higher incidence of cardiovascular side effects with 10%. Dilation capability varies, used alone, and may last up to 4 hours, depending on
the amount of pigmentation of the iris.

Tropicamide (Mydriacyl 0.5% and 1.0%): Provides an excellent short-term dilation of the pupil, plus cycloplegia (4 to 6 hours). Relatively easy to reverse (if concerned
about potential angle-closure glaucoma); used most often by ophthalmologists

Cyclopentolate hydrochloride (Cyclogyl 0.5%, 1.0%, and 2.0%): Best short-term cycloplegic for determining refractive error, may last for 6 hours up to a day!
Homatropine hydrobromide (1%, 2%, and 5%): Lasts for a few days and is useful for short-term on low-level inflammation (iritis) caused by trauma or abrasions
Scopolamine hydrobromide (Hyoscine 0.25%): Lasts for 3 to 5 days and is more effective for long-term inflammation seen postoperatively or in severe uveitis

Atropine sulfate (0.25% to 2.0% solution, 0.5% and 1.0% ointment): Lasts for 10 to 14 days; most commonly used postoperatively and in severe uveitis. Corneal
epithelial and systemic toxicities are important to note.

THERAPEUTIC AGENTS
Lubricants

The precorneal tear film is the most important layer of the eye with regard to comfort and vision. Abnormalities of this complex multilayered film are responsible for a
large percentage of surface complaints (burning, itching, foreign-body sensation, epiphora, and blurred vision that vacillates with blinking). Artificial lubricants are an
effective but temporary treatment for any condition that causes this “dry-eye syndrome.”

“thickness” of the solution and single-use, nonpreserved packets. Frequency of use, especially when preserved, multiuse bottles are selected, can have limited return
on symptoms. Overall, these agents not only are benign, but also relieve most anterior surface irritation from any cause. Be liberal in dispensing these agents!



mgs ootk T e [ g R ]

| e m i s e Bl ey W b @l
L e L bl LT Sl Lt R

et S
by ek i e i P e e B b el
[

TABLE 11.1. Artificial Tear Preparations

Bland lubricating ointments (Hypotears, Lacri-Lube): Especially helpful for lubrication during sleep or conditions with incomplete lid closure (e.g., general anesthesia,
seventh-nerve palsies). Nonpreserved varieties without lanolin are preferable.

Antibiotics

Refer to Table 11.2.

TABLE 11.2. Antibiotics for Topical Use

Antiinflammatories

These agents are used most often to suppress allergic (i.e., immunologic) reactions of the eye of all types, both externally and internally. It may be necessary to
suppress severe external inflammation to avoid corneal scarring or permanent tear-film abnormalities. Within the eye, these agents help to prevent scarring
(synechiae) and subsequent development of glaucoma. Topical application often allows excellent penetration into the anterior chamber. This category is divided into
steroid and nonsteroid (NSAID) varieties.

Steroid Antiinflammatory Agents

These are very effective in blocking pathways of inflammation. A significant portion of the population will raise their intraocular pressure in response to prolonged use
of these agents (generally 2 weeks or more). Because of this and infectious concerns, ophthalmic initiation and follow-up may be necessary.

Medrysone 1% (HMS): Mild steroid, few side effects. Used for surface allergy problems

Fluorometholone 0.1% (FML): Slightly more potent, with fewer side effects than prednisolone and dexamethasone. As fluorometholone acetate 0.1% (Flarex), potency
comparable to prednisolone acetate 1% due to better penetration

Rimexolone 1% (Vexol): Similar profile to that of fluorometholone, but with a lower propensity to raise intraocular pressure
Loteprednol etabonate 0.5% (Lotemax): Relatively new preparation with high potency and lower propensity to raise intraocular pressure.

Prednisolone acetate and phosphate 0.125% and 1.0% (Pred Mild, Pred Forte, Inflamase Forte): Potent and highly effective for anterior segment inflammation. High
risk for side effects (intraocular pressure and infection, especially herpes simplex facilitation)

Dexamethasone 0.1% (Decadron): Potent and highly effective. Very high risk for side effects
Nonsteroidal Antiinflammatory Agents

Recent emphasis on these therapies used topically have paralleled systemic usefulness. Although there is therapeutic overlap, the Food and Drug Administration has
recommended indications for each of these agents.

Flurbiprofen 0.03% (Ocufen): Used to keep the pupil dilated during cataract surgery
Diclofenac 0.1% (Voltaren): Used for postoperative inflammation after cataract surgery
Ketorolac 0.5% (Acular): A product developed for allergic conjunctivitis

Suprofen 1% (Profenal): Used to keep the pupil dilated during cataract surgery
Antibiotic—Steroid Combinations

A number of products are available with broad-spectrum antibiotics combined with varying concentrations of potent topical corticosteroids (e.g., TobraDex
tobramycin/dexamethasone) both in drop and ointment forms. These formulations may be helpful in postoperative circumstances, but they should be reserved for
other conditions, with ophthalmic consultation.

Antiglaucoma Agents

These either suppress aqueous production or increase outflow facility, or both. Because the ciliary body and muscle are critical determinants of the intraocular
pressure (with regard to aqueous production and outflow), autonomic agents and their blockers may affect the intraocular pressure. Carbonic anhydrase inhibitors



block aqueous production because this enzyme is essential in the active production of aqueous humor. The most recent addition to the management regimen includes
topical prostaglandins, which act in a different manner by reducing outflow through a uveoscleral route.

Miotics (cholinergic agonists): Pilocarpine 0.5% to 10%; carbachol 0.75%, 1.5%, and 3.0%; echothiophate iodide (phospholine iodide) 0.06% to 0.25%: Rarely cause
systemic problems, but use of depolarizing agents in general anesthesia (succinylcholine) is contraindicated in patients taking phospholine. Miotics make the pupils
small; usually capped in green (pilocarpine and carbachol).

Adrenergic agents: Epinephrine compounds 0.5% to 2.0%, dipivalyl epinephrine 0.1% (Propine): Tolerance develops commonly, and the eyes turn red! These
products have white caps.

Alpha-2 agonists: Apraclonidine 0.5% and 1.0% (lopidine), brimonide tartrate 0.2% (Alphagan): Reduce aqueous production and may increase uveoscleral outflow.
Alphagan has fewer side effects. As with most adrenergic agents, ensure that the patient does not have a problem with cardiovascular sensitivity. Beware of use with
MAO inhibitors.

Beta-blockers: Timolol 0.25% and 0.5% (Timoptic), betaxolol 0.25% (Betoptic-S), levobunolol 0.5% (Betagan), metipranolol 0.3% (OptiPranolol), and carteolol 1%
(Ocupress): Most have yellow caps and may cause beta-blocker side effects (heart and lung). Betoptic is cardioselective (beta-1) and has fewer side effects, but also
has less ocular efficacy. Cardiac sensitivity and adverse effects on libido and serum cholesterol are reasons to swing toward use of newer agents.

Carbonic anhydrase inhibitors: Oral Agents: Acetazolamide (Diamox 250-mg tablets, 500-mg capsules) and methazolamide (Neptazane 50 mg) are the principal
agents used. These are mild diuretics and may facilitate potassium depletion when given chronically. If glaucoma therapy is given systemically, the incidence of side
effects goes up dramatically. These agents are sulfa-related compounds; therefore, allergic reactions can occur. They may also precipitate renal stones in susceptible
patients. Topical Agents: Dorzolamide hydrochloride 2% (Trusopt), and brinzolamide 1% (Azopt) offer fewer side effects, but they are not as efficacious in reducing the
intraocular pressure as are the oral agents. Dorzolamide also comes in a combination form, with the beta-blocker timolol, as Cosopt.

Osmotic agents: Oral glycerin (Osmoglyn) 50% to 75% (1.0 to 1.5 g/kg) over ice, frequently produces nausea and vomiting; isosorbide 45% (Ismotic), 1.5 g/kg, will
lower the pressure adequately over 1 to 2 hours, a preferred agent in diabetic patients. A rapid response is most often accomplished with a 20% solution of mannitol,

1 to 2 g/kg i.v. over 30 to 45 minutes. These agents are used emergently to shrink the vitreous and rapidly lower the intraocular pressure. It is essential to know the
patient's fluid, renal, and cardiovascular status before using these compounds.

OCULAR ALLERGIC CONDITIONS

Surface reactions to a host of airborne agents (e.g., pollen, dust) and irritants can cause conjunctival swelling (chemaosis), redness, itching, and tearing. Management
of these reactions should start conservatively with cool compresses and decongestant—antihistamine combinations. More aggressive therapy can involve more potent
topical antihistamines, mast-cell inhibitors, topical NSAIDs (see previous discussion), and corticosteroids.

Ocular Decongestants

These agents, many of which are available over the counter, are topical solutions used to whiten the eye. Although overtly effective, the utilization of these agents
often hinders timely diagnosis and treatment of the condition that presents as “the red eye.” Chronic use of these agents causes tolerance and eventual worsening of
the vascular dilatation. A few of these agents may also include a mild topical antihistamine, which may be a useful way to initiate therapy for mild allergic phenomena.
When an antihistamine is present, the decongestant product will usually include the suffix “-A” to indicate such.

Naphazoline hydrochloride (Naphcon, Vasocon, others): Contain preservatives that may be sensitizing

Phenylephrine hydrochloride (Prefrin, Relief, others): These compounds are not as stable, and are also preserved (except for Relief).
Tetrahydrozoline hydrochloride (Murine, Visine, others): Available over the counter, also preserved

Oxymetazoline hydrochloride (OcuClear, Visine L.R.): Similar to tetrahydrozoline but more potent

Antihistamines

Along with the combination antihistamines used with the previously noted decongestants, these agents have been marketed specifically for ocular allergy
management.

Levocabastine hydrochloride 0.05% (Livostin): Very effective, but does sting on administration
Emedastine difumarate 0.05% (Emadine): Has effects similar to those of previous agent
Mast-cell Stabilizers

Seasonal allergy disorders usually revolve around IgE-mediated (Type |) hypersensitivity reactions. This involves the release of histamine and many vasoactive
substances that create the signs and symptoms of allergy. By blocking the mast-cell release of these vasoactive substances, symptomatology is relieved. Because
this affects only unsensitized mast cells, the effects of these agents take days to weeks to work properly.

Cromolyn sodium 4% (Crolom, Opticrom): Used extensively in Europe, became popular in the United States in 1980s, especially in the management of vernal
conjunctivitis

Lodoxamide tromethamine 0.1% (Alomide): May have somewhat different mechanism of action (calcium influx on mast cell), but almost as effective

Olopatadine hydrochloride 0.1% (Patanol): Has inherent antihistaminic effects and also appears to have mast-cell-stabilizing capability

COMMON PITFALLS

¢ Avoid the indiscriminate use of topical antibiotics in serious ocular infections without first obtaining adequate samples for culture and sensitivities.

e Topical corticosteroids, used alone or in combination with other topical medications, should be used only after proper consultation by phone.

e Even though ocular medications are most often delivered topically, there are significant systemic side effects seen with certain agents, especially those that treat
glaucoma (e.g., beta-blockers). Punctal compression, to avoid drainage down the nasolacrimal system into the posterior nasopharynx (subsequently swallowed),
will reduce this problem.
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Loss of vision, whether unilateral or bilateral, partial or complete, is an emergent ophthalmologic complaint, and requires rapid and thorough evaluation and
management. Emergent evaluation includes taking the relevant ocular history, examination of the eyes and other relevant systems, pertinent laboratory evaluation,
determination of the differential diagnosis, and rapid institution of appropriate therapy. Consultation with an ophthalmologist and/or other appropriate specialists is
often indicated.

CLINICAL PRESENTATION

Patients with visual loss or visual disturbance may present with a variety of symptoms. Typically, any degree of visual loss is disturbing to the patient and may lead to
early evaluation; however, some patients may procrastinate and not seek medical evaluation. A thorough history can be crucial and the most efficient approach to the
wide differential diagnosis of visual disturbances.

Several historic points may be particularly useful in determining the etiology of symptoms. The onset of symptoms, whether gradual or abrupt, transient or persistent,
constant or waxing and waning, may be of importance. The unilateral or bilateral nature of the disturbance, and association of pain, may be valuable in the
differentiation of certain disorders. Associated symptoms, including systemic symptoms (fever, weakness, rash, etc.), previous history of similar symptoms, history of
trauma, and other ocular symptoms, including eye pain, redness, discharge, and so forth, should be sought when obtaining historical information from the patient.

DIFFERENTIAL DIAGNOSIS

abnormality of the cornea, lens, vitreous, retina, optic nerve, optic tract, optic radiations, or occipital cortex should be considered.

TABLE 12.1. Differential Diagnosis of Selected Causes of Visual Disturbance

EMERGENCY DEPARTMENT EVALUATION

primary importance are visual acuity and visual field testing.

Visual acuity can be measured with a Snellen eye chart. The acuity of each eye should be tested independently, with the patient's usual visual correction, if available.
For patients who normally wear corrective lenses, but which are unavailable for testing, pinhole testing can be easily performed by creating a device with paper and
“pinholes” created with an 18-gauge needle. For patients unable to adequately read from the eye chart, their ability to count fingers, detect movement, and perceive
light and dark should be evaluated.

Visual field testing can be useful in determining the extent of visual loss and in developing the appropriate differential diagnosis. Eyes should be tested independently.
The confrontation technique may be employed, in which the examiner presents variable numbers of fingers in various visual fields, and asks the patient to count the
fingers, while maintaining a forward gaze. Each quadrant should be tested for both eyes. More advanced visual field testing can be performed by an ophthalmologist.

Additionally, the examination should evaluate the external and slit-lamp appearance of the cornea and conjunctiva, and trauma, foreign bodies, hyphema, infection,
corneal opacities, and other abnormalities should be ruled out. Intraocular pressure (IOP) should be measured, using a hand-held tonometer, applanation tonometry,

Pupils should be evaluated, utilizing the swinging flashlight test. Pupillary response can be valuable in differentiating afferent from efferent defects. The normal
response is bilateral pupillary constriction in response to bright light in either pupil.

Funduscopic examination should be performed using a hand-held ophthalmoscope. Pupillary dilation may be required to perform an adequate examination of the
retina. In particular, the optic disc, macula, and retina should be evaluated for any abnormalities.

Radiographic evaluation (including magnetic resonance imaging [MRI] or computed tomography [CT]) may be indicated in cases in which intracranial pathology or
mass lesions involving the optic nerve or globe are suspected. Patients presenting with complaints related to loss of vision require a complete ophthalmologic
examination, which should include measurement of visual acuity, visual field testing, tonometry, and slit-lamp examination.



EMERGENCY DEPARTMENT MANAGEMENT

Numerous disease processes can produce visual disturbance or visual loss. The most commonly encountered are discussed next. This discussion is not an
exhaustive review of ophthalmologic disorders, but a summary of salient points relevant to the emergency physician.

Inflammatory Processes
Giant-cell Arteritis

Giant-cell arteritis (GCA), an inflammatory disease of medium and large arteries, typically affects patients over the age of 60, with a female predominance of 3:1. Peak
incidence occurs between the ages of 70 and 80. Patients may present with malaise, headache, fever, anorexia, jaw claudication, pain over the temporal or occipital
arteries, and painless visual loss secondary to ischemic optic neuropathy, or cranial nerve palsies. Diagnostic tests include an elevated erythrocyte sedimentation rate
(ESR) (typically 80 to 100 mm within the first hour; elevated in 98% of documented cases) and an abnormal temporal artery biopsy. Findings and symptoms may be
atypical (ESR may be normal, there may be no visual involvement, etc.) Early administration of corticosteroids (80 to 120 mg of prednisone per day, or intravenous
methylprednisolone, 1 g per day) may prevent blindness and other long-term visual defects, as well as contralateral eye involvement (common within 10 days without
treatment), and may provide dramatic pain relief. Patients may have a 34% chance of improvement in visual function after steroid therapy. & A biopsy should be

Optic Neuritis

Optic neuritis is an inflammatory disorder from varying etiologies, including multiple sclerosis, sarcoidosis, systemic lupus erythematosus, leukemia, syphilis, collagen
vascular diseases, alcohol abuse, £ idiopathic, or other causes.> Most patients (65%) have pain with eye movement. Typically, there is an afferent pupillary defect,
and elevation of the optic disc may be seen on funduscopic examination. Visual field defects may be noted. Although treatment with oral steroids has not been shown
to be beneficial (and may even be harmful), treatment with intravenous methylprednisolone may be indicated for patients with suspected multiple sclerosis. Although

steroids do not affect recovery, they have been shown to delay the onset of symptoms of multiple sclerosis. Consultation with an ophthalmologist is indicated for

patients with suspected optic neuritis. 2

Uveitis

Uveitis, inflammation of the iris, ciliary body, or choroid, may cause visual impairment. Uveitis may be caused by Reiter syndrome, ankylosing spondylitis, sarcoidosis,
tuberculosis, collagen vascular disorders, and other diseases. Treatment with topical corticosteroids and cycloplegic agents is often effective. Systemic steroids may

Vascular Events

Central Retinal Artery Occlusion

The cause is often due to emboli from carotid plaques, cardiac valves, fat emboli, arteriosclerosis, or a host of other underlying disorders, including such entities as
collagen vascular disease, hypotension, sickle cell disease, and GCA. Elderly patients are more commonly affected, and men are more commonly affected than are
women. Visual loss is typically profound, with 90% of patients sustaining losses that range from counting fingers to light perception. An afferent pupillary defect may
be present. Physical findings include pallor of the involved retina, “cherry-red spot” of the fovea, “boxcars” of the arterioles, and opacification of the superficial retina.
Branch RAO may occur and may present with sudden loss of visual field and reduction in visual acuity. The long-term prognosis is related to the duration of symptoms
prior to resolution. Full vision may be restored if resolved within 1 to 2 hours. *? Treatment is often unsatisfactory, but should be offered, and it may include intermittent
globe massage in an attempt to dislodge an embolus (moderate pressure for 5 seconds and release for 5 seconds), anterior chamber paracentesis (to decrease IOP
and increase retinal perfusion), intravenous acetazolamide (to decrease IOP), inhaled carbogen (oxygen—carbon dioxide mixture of 95%/5%) to induce retinal

vasodilation and increase retinal pO ,.*> Hyperbaric oxygen and nifedipine have also been reported as successful therapies. * Other treatment offered by an

ophthalmologist may include ophthalmic artery infusion of urokinase or tissue plasminogen activator. *°

Figure 12.1. Central retinal artery occlusion.

Central Retinal Vein Occlusion

also have significant cardiovascular disease. Other associated disorders include hypertension, glaucoma, venous stasis, diabetes mellitus, and collagen vascular
disorders. Physical findings may include retinal hemorrhage, which may be pronounced and diffuse, venous dilatation, cotton-wool spots, and optic disc edema.
Treatment is often unsuccessful, but should include a careful evaluation of the probable etiology in order to prevent contralateral eye involvement. Spontaneous
resolution may occur in some cases. Treatment offered by an ophthalmologist may include panretinal laser photocoagulation.

Figure 12.2. Central retinal vein occlusion.



Branch RVO may occur, and may have segments of intraretinal hemorrhage. Complications may include macular edema, ischemia, and neovascularization with
associated vitreous hemorrhage. Laser photocoagulation has an important role in the treatment of branch RVO, which has a better prognosis. *

Amaurosis Fugax

Amaurosis fugax, a unilateral transient obstruction of a retinal artery, may cause temporary loss of vision (up to 15 minutes). The visual loss is often described by the
patient as a curtain being drawn across the visual field. Amaurosis fugax is usually caused by cholesterol emboli or fibrin—platelet emboli, and may be associated with
carotid artery disease, cardiac arrhythmias, anemia, sickle cell disease, hypertension, or episodic hypotension. Carotid and cardiac studies may be indicated to
determine the source of the emboli. Treatment with aspirin should be initiated, and ophthalmologic consultation obtained.

Ischemic Optic Neuropathy

Ischemic optic neuropathy is typically found in patients over the age of 50, and often presents with painless decreased visual acuity. This disorder may result from an
infarction of the optic nerve (90% of cases) or from GCA (10% of cases). An afferent pupillary defect may be found, as well as a pale, elevated optic disc.

Vitreous and Retinal Disorders
Vitreous Hemorrhage

Vitreous hemorrhage typically presents with acute unilateral painless loss of vision, and may be accompanied by symptoms of “floaters” or “cobwebs.” Associated
visual disturbances may be mild or severe, depending on the extent of the hemorrhage. The normal red reflex of the fundus is absent. Diffuse, dark, particulate
opacities may be seen, or if severe, a black uniform reflex (“eight ball hemorrhage”) will be seen instead of the normal retinal red reflex. Vitreous hemorrhage may be
associated with numerous disorders, including diabetes, trauma, malignancy, CRVO, leukemia, anemia, and thrombocytopenia. Management includes ophthalmologic
consultation and treatment of any underlying condition.

Diabetic Retinopathy

Diabetic retinopathy may be divided into proliferative and nonproliferative. It may occur in Type | or Type Il diabetes mellitus. Nonproliferative diabetic retinopathy is a
progressive microangiopathy. Symptoms may be mild or nonexistent, and may include hue discrimination abnormalities, scotomas, contrast sensitivity, or a variety of
other visual complaints. Physical findings include multiple hemorrhages throughout the retina and macular edema. Proliferative retinopathy refers to ischemia as a
result of microvascular occlusions, and may present with cotton-wool spots, retinal vein beading, and irregular dilation of the retinal capillary bed. Sudden visual loss
may occur with massive vitreous hemorrhage from fragile neovascularization or from retinal detachment. Treatment by an ophthalmologist is indicated, and may
include laser photocoagulation.

Retinal Detachment

rhegmatogenous, occurs as a result of tears, holes, or breaks in the sensory layer of the retina. It may be associated with advancing age, male gender, significant
myopia, diabetes mellitus, sickle cell disease, or ocular contusion or penetrating injury, or it may be idiopathic. Additionally, exudative or traction types of retinal
detachment may be seen. Symptoms include photopsia (light flashes), floaters, or a shower of black dots in the periphery secondary to hemorrhage into vitreous
humor, or a sensation of a shadow or curtain obscuring the visual field. Visual acuity may be normal if the macula is unaffected, or severely impaired if involved. On
examination, the detached area may appear gray, opaque, or translucent. Folds may be seen. Vessels may appear dark red. Oph- thalmologic consultation is
indicated, and therapy may include diathermy, laser photocoagulation, or other intraocular surgical therapies. Symptoms often resolve within 1 week.

Figure 12.3. Retinal detachment.

Macular Degeneration

Macular degeneration is the most common cause of permanent blindness among older patients. The incidence is associated with advanced age, family history,
tobacco history, race (Caucasian), and gender (slight female predominance). The etiology is unknown. Symptoms include blurred vision, visual distortion, scotoma, or
central visual loss. Physical findings include drusen (yellow-white deposits beneath the pigment epithelium) and clumps of pigment throughout the macula. Treatment
Neurologic and Structural Disorders

Cerebrovascular Accident

Cerebrovascular accidents (CVASs) and transient ischemic attacks may be associated with visual loss. A bilateral homonymous hemianopsia may result from
involvement of the optic tract or occipital lobes. Involvement of both occipital lobes may produce complete blindness (cortical blindness). Treatment should be initiated
in consultation with a neurologist.

Other Etiologies of Cortical Blindness

Cortical blindness may be caused by such entities as ischemia, mass lesions, hydrocephalus, anoxia, encephalitis, meningitis, edema, or hemorrhage into the
occipital lobe(s). 11 Evaluation should be conducted promptly, and may include CT, MRI, and lumbar puncture.

Compression of the Optic Chiasm

The optic chiasm may be compressed by mass lesions such as pituitary adenomas, meningiomas, craniopharyngiomas, or aneurysms. These patients may present
with bitemporal hemianopia. Treatment of the underlying disorder should be undertaken by the appropriate consultant.



Infectious Processes

Although some infectious processes cause symptoms of visual disturbance (such as blurring), most are not associated with reduction of visual acuity or loss of
peripheral visual fields.

Cytomegalovirus Retinitis

Cytomegalovirus (CMV) retinitis may present with sudden or gradual visual loss when the infection invades the macula. It is seen primarily in immunocompromised
patients, such as those with AIDS, or those on chemotherapy, or after organ transplantation. Findings include retinal hemorrhagic areas combined with zones of white
retinal necrosis (“tomato and cheese pizza” appearance). Early treatment with intravenous antiviral therapy (foscarnet or ganciclovir) is indicated, in consultation with

an ophthalmologist.*

Glaucoma

Patients with glaucoma may present with acute or chronic visual loss. Visual field testing may indicate a diminished perception in the nasal region. Optic nerve pallor
and cupping is seen on examination. Elevated IOP (often 50 to 70 mm Hg) is typically found. Early initiation of therapy is indicated and includes a miotic (e.g.,
pilocarpine), topical beta-blocker (e.g., timolol), a carbonic anhydrase inhibitor (e.g., acetazolamide), mannitol or glycerin, and topical steroids. A more detailed

Malignancies of the Eye

Although space does not permit a detailed study of ophthalmologic malignancies, it is prudent for the emergency physician to have an awareness of the spectrum of
malignancies that may affect vision. Benign intraocular tumors may include retinal angiomas or astrocytic hamartomas. Malignant intraocular tumors include
retinoblastoma (tumor of childhood, usually under age 1, presenting with leukocoria or strabismus) and malignant melanoma. Metastatic tumors may involve the eye,
most often with choroidal metastasis. Patients with cancer of the breast, lung, gastrointestinal tract, melanoma, kidneys, prostate, and thyroid may have choroidal
metastases.? Complications of intraocular malignancies that affect vision include hemorrhage from tumor vascularization, retinal detachment, retinal degeneration,

and retinopathy. Abnormal physical findings should alert the physician to the importance of timely ophthalmologic follow-up.
Toxicologic Effects
Methanol Toxicity

Methanol toxicity is associated with transient visual disturbances. Symptoms and signs usually occur within 18 to 48 hours of the ingestion. Associated symptoms

Other Toxins

Numerous other toxins that may be associated with visual disturbances include carbon monoxide, lead, salicylates, sulfonamides, ergots, tin, quinine, barbiturates,
chemotherapy, and nitroglycerin. Visual loss is usually bilateral, and therapy consists of the appropriate treatment of the underlying condition. =

Eye Disorders Associated with Systemic Disease

Patients with vascular disease may develop hemorrhages of various types, including preretinal, linear, punctate, subretinal, and white central hemorrhages (Roth's
spots). Additionally, there may be acute ocular ischemia due to infarction of the optic disc (ischemic optic neuropathy), which presents with sudden visual loss, and a
pale, swollen optic disc. It may be caused by GCA, hypertension, or arteriosclerotic disease. Other causes of ocular ischemia may include choroidal infarction, retinal
infarction, and transient retinal ischemia (amaurosis fugax). Patients with AIDS may present with toxoplasmosis, candidal endophthalmitis, herpes zoster
ophthalmicus, or optic neuropathy.

Many other systemic disorders are associated with abnormal ocular complaints, and include metabolic, infectious, * endocrine, autoimmune, granulomatous,

hematologic, vascular, malignancies, connective tissue, and other disorders. Generally, the primary disorder should be treated, and ophthalmologic consultation
should be obtained in a timely fashion.

Functional Visual Loss

The diagnosis of functional visual loss should always be a diagnosis of exclusion. There may be a variety of complaints, but no abnormalities are seen on
examination. The swinging flashlight test, IOP, and external and funduscopic examinations are normal. Optokinetic responses may be tested in a cursory fashion in
the emergency department by passing a tape measure, or sheet of paper with prominent vertical lines, rapidly before the affected eye(s). Another simple test involves
placing a mirror before the patient's face and rocking the mirror from side to side. The presence of optokinetic nystagmus (following movements with rapid returns to
the primary position of the eye) indicates that vision is present. Additionally, patients feigning blindness may demonstrate an inability to oppose outstretched
forefingers while bringing outstretched arms together; this ability would not ordinarily be affected by blindness. Additional tests to differentiate organic from functional
visual loss should be conducted by an ophthalmologist.

DISPOSITION

For the majority of patients with acute visual loss, consultation with an ophthalmologist is indicated. The severity and nature of the disease process will dictate
whether emergent or urgent consultation is necessary. Patients considered for hospital admission should be those who require intravenous medications, surgery, or
other invasive procedures, or for whom serious worsening of vision is imminent.

COMMON PITFALLS

Failure to consider the diagnosis of glaucoma in atypical presentations
Failure to measure intraocular pressure

Failure to test visual fields adequately

Failure to administer steroids rapidly to patients with giant cell arteritis
Delay in treatment of central retinal artery occlusion
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Glaucoma is a group of disorders characterized by an intraocular pressure (IOP) elevated to a degree sufficient to result in loss of vision. The clinical presentations
and underlying pathologic mechanisms within this group of disorders are diverse. The two common classifications of primary glaucoma—open-angle glaucoma and

angle-closure glaucoma—occur in about one of 50 Americans over age 35, and represent overall the second leading cause of blindness in the United States. 22

Primary angle-closure glaucoma accounts for 6% of all patients with glaucoma, and occurs in 0.6% of the general population. Primary acute angle-closure glaucoma
is less common among Blacks than among Whites; however, the chronic form is more common in Blacks, Eskimos, and Southeast Asians. Women are affected three
times more often than are men.

There are three clinical types of primary angle-closure glaucoma. The chronic form is often subtle and difficult to diagnose, with a gradual visual loss over a prolonged
period. The sub-acute, or intermittent, form is characterized by periodic episodes of mild pain, blurred vision, and halos. In contrast, manifestations of the acute form
of angle-closure glaucoma are dramatic, with the sudden onset of unilateral ocular pain and decreased visual acuity. Without appropriate therapy, acute angle-closure
glaucoma is devastating and can result in blindness within a few days. A high index of suspicion by the astute emergency physician will lead to prompt diagnosis and
treatment of acute angle-closure glaucoma.

AQUEOUS HUMOR DYNAMICS AND THE ANTERIOR CHAMBER ANGLE

Aqueous humor is produced by the ciliary body. In the normal eye, the aqueous humor first fills the posterior chamber and then passes between the posterior surface

of the iris and the lens to enter the anterior chamber ( Fig. 13.1). The iris touches the lens only at the pupillary margin. 2 Once the aqueous humor circulates within the

.............................................

formation of agueous humor and the resistance to outflow from the anterior chamber. In glaucoma, the elevated IOP is due to an obstruction to outflow from the
anterior chamber, rather than to higher-than-normal rates of aqueous production.

Comnea

-

— Anterior
A5, Champer

Figure 13.1. Normal anterior chamber angle. Aqueous passes from the posterior chamber through the pupil into the anterior chamber and out through the trabecular
meshwork.
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Figure 13.2. Normal appearance of anterior chamber angle.



Figure 13.3. Pathway of aqueous out of the anterior chamber is through (1) the trabecular meshwork, (2) Schlemm's canal, and by way of (3) collector channels to (4)
the episcleral vessels.

Obstruction to outflow from the anterior chamber occurs in both open-angle and angle-closure glaucoma. The location and mechanism of the resistance to outflow
distinguish these two conditions. In open-angle glaucoma, the angle is open, and the aqueous has access to the trabecular meshwork to exit the anterior chamber.
Although the exact nature of the resistance to outflow is not completely understood, the obstruction to outflow is located in the tissue between the trabecular
meshwork and Schlemm's canal. In angle-closure glaucoma, the peripheral iris touches the trabecular meshwork and blocks the flow of aqueous to the trabecular
meshwork. This apposition between the iris and the trabecular meshwork may be temporary or may become permanent if pathologic adhesions develop. These
adhesions, known as peripheral anterior synechiae, can occur in eyes with narrow angles, inflammation, fibrovascular proliferation, and previous surgical intervention

Figure 13.4. Peripheral anterior synechiae (PAS). These abnormal adhesions of the iris to the trabecular meshwork are seen in angle-closure glaucoma.

Predisposition and Pathophysiology

Several anatomic features predispose an eye to angle-closure glaucoma. A shallow anterior chamber, which results in excessive narrowing of the entrance to the
angle, can be occluded more easily than an anterior chamber of normal depth. In a shallow anterior chamber, the area of lens—iris contact is greater than normal. This
lens-to-iris apposition impedes the flow of aqueous from the posterior chamber to the anterior chamber through the pupil. A pressure differential results between the
posterior and anterior chambers, with a slightly higher pressure in the posterior chamber. This condition, known as relative pupillary block, produces a forward bowing

— omed
— Shallow
Antericr Chamber

Figure 13.5. Angle closure with pupillary block. The angle is closed as the iris is pushed up against the trabecular meshwork.

Eyes prone to develop greater-than-usual degrees of pupillary block are at risk to develop angle-closure glaucoma. Hyperopic (farsighted) eyes are smaller than
average (shorter anterior-to-posterior length). These eyes have greater iris-to-lens contact and an increased risk for angle-closure glaucoma. In addition, the lens size
and position are major factors in the degree of relative pupillary block. For example, the development of a cataract may thicken the lens and increase the contact of
the posterior surface of the iris to the lens, resulting in an increase in pupillary block. These anatomic relations—the size of the eye and the position of the
lens—predispose to angle closure. The actual event that triggers an attack of acute angle closure is often identified as a pharmacologic or physiologic event that
alters the balance between the aqueous humor dynamics and the pathologic anatomic relations.

In predisposed eyes, pupillary dilatation is the most significant event that can precipitate an acute angle-closure attack. During dilatation, the peripheral iris becomes
more flaccid and may be pushed against the trabecular meshwork, closing the angle. There is usually sudden and complete blockage to aqueous outflow. When the
pupil is middilated, 5 to 7 mm, both relative pupillary block and peripheral laxness of the iris are greatest. *2 If the pupil continues to dilate beyond the midposition, the
peripheral chamber angle deepens as pupillary block is reduced. Such a widely dilated pupil may be at risk to develop angle closure if it assumes the precarious

middilated position during constriction.

classifications of topical and systemic medications most often implicated in precipitating acute angle-closure glaucoma are the parasympatholytics and the
sympathomimetics. Parasympatholytics, such as atropine, and sympathomimetics, such as 10% phenylephrine, as well as many over-the-counter medications with

anticholinergic or sympathomimetic activity, can produce pupillary dilatation and precipitate angle closure ( Table 13.1).211 1€ Although uncommon, a third class of
medications that can induce angle closure comprises the topical parasympathomimetics, such as pilocarpine. Often used to treat angle closure, topical
parasympathomimetics that produce miosis can, in some eyes, aggravate relative pupillary block by increasing the area of surface contact between the iris and the

lens. However, in general, miotics tend to make the peripheral iris more taut and decrease the forward bowing into the peripheral angle.



TABLE 13.1. Commonly Used Pharmacologic Preparations That Can Precipitate Angle Closure

CLINICAL PRESENTATION
Symptoms

In acute angle-closure glaucoma, outflow of agueous is suddenly and completely halted. This cessation is associated with a marked elevation of IOP, which can occur
within 30 to 60 minutes.*’ This acute pressure rise with distention of the ocular coats causes a sudden onset of severe pain that may be either localized to the eye,
orbit, or brow, or generalized, as a severe headache. Vagal stimulation with the onset of sudden, severe pain often results in hausea and vomiting. On occasion, the

gastrointestinal distress dominates the presenting clinical picture, leading to an erroneous diagnosis of a gastrointestinal illness or an acute surgical abdomen.
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TABLE 13.2. Diagnosis of Acute Angle-Closure Glaucoma

Clinical Signs and Clinical Course

On presentation, the patient with acute angle-closure glaucoma has a unilateral red eye with congested episcleral and conjunctival blood vessels, nonreactive

(aggregates of white blood cells) on the corneal endothelium are not a typical finding.
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Figure 13.6. This eye demonstrates the hallmarks of acute angle-closure glaucoma: perilimbal injection, corneal edema, and a middilated nonreactive pupil.

The I0P is usually high, 60 to 90 mm Hg (less than 21 mm Hg is considered normal). However, if the attack has been prolonged, and the ciliary body becomes
ischemic and aqueous production is reduced, the IOP may be low. The anterior chamber appearance is shallow. Corneal involvement varies with the duration of the
attack. The cornea is usually hazy or steamy- appearing with epithelial edema. Diffuse stromal edema ensues after prolonged exposure to elevated 10P.

The untreated course of acute angle-closure glaucoma is varied. An attack damages the corneal endothelium, the lens, the retinal ganglion cell layer, and the optic
nerve. The amount of damage depends more on the duration of an attack than on the degree of pressure elevation. 2 The lens may develop glaukomflecken (tiny,
white focal opacities beneath the lens capsule) as a result of lenticular ischemia. A generalized cataract may occur months to years after the attack. Optic nerve
damage is often generalized.*° In some patients, the attack will continue and, if untreated, will result in pain and permanent blindness within 2 to 3 days. Visual

prognosis improves with the initiation of prompt, effective treatment. °

DIFFERENTIAL DIAGNOSIS

Causes not related to the corneal surface include acute iritis or anterior uveitis, acute angle-closure glaucoma, episcleritis, scleritis, orbital cellulitis, periorbital
cellulitis, and septic cavernous sinus thrombosis. Most conditions are readily distinguished by a careful history and examination. Other ophthalmic disorders that more
closely mimic acute angle-closure glaucoma are glaucomatocyclitic crisis, neovascular glaucoma, glaucoma secondary to iritis or uveitis, and the lens-induced



TABLE 13.3. Differential Diagnosis of Acute Angle-Closure Glaucoma
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Figure 13.7. Differential diagnosis of the painful eye.

Glaucomatocyclitic Crisis

The chief complaint in glaucomatocyclitic crisis is recurrent attacks of visual blurring and halos. IOP is elevated and the conjunctiva moderately injected. In contrast to
acute angle-closure glaucoma, pain is an occasional complaint but not a prominent feature. Additionally, the anterior chamber is deep, few cells are present in the
anterior chamber, and keratic precipitates are on the corneal endothelium.

Neovascular Glaucoma

Patients with neovascular glaucoma often present with a chief complaint of a painful red eye that has had severe loss of vision months before inflammation of the eye
occurred. Clinical findings include high IOP, corneal edema, anterior chamber inflammation, and usually a normal-depth anterior chamber.

Neovascular glaucoma is usually secondary to one of several retinal disorders, and occasionally is associated with other ocular or extraocular conditions. The two
most common asso- ciations are proliferative retinopathy of diabetes mellitus and retinal vascular occlusion. The underlying stimulus for neovascularization is

hypoxia. The neovascularization of the iris, known as rubeosis iridis, can be seen on slit-lamp biomicroscopy as randomly oriented vessels on the surface of the iris. #
These vessels typically progress to the anterior chamber angle, where a fibrovascular membrane covers the trabecular meshwork, preventing outflow of aqueous. # In
the early stage of neovascularization, the anterior chamber depth is normal. Only actual examination of the angle structures by gonioscopy, a technique using the slit
lamp and a mirror to view the angle, would reveal the vascular membrane. If the neovascularization is progressive, a secondary form of angle closure develops as the
fibrovascular membrane contracts, pulling the iris to the trabecular meshwork, which leads to the development of peripheral anterior synechiae. Anterior chamber

depth is often normal, but it can be shallow in the periphery.

To distinguish neovascular glaucoma from acute angle-closure glaucoma, a history of diabetes mellitus or previous severe loss of vision before the acute attack is
helpful. Also, the pupil is often miotic, and tufts of neovascular vessels may be evident.

Acute Iritis

The clinical presentation of acute iritis with secondary glaucoma is typically mild-to-moderate pain, photophobia, and blurred vision. The onset is gradual, in contrast
to acute angle-closure glaucoma. Clinical findings may mimic angle closure, with conjunctival perilimbal injection (the conjunctiva adjacent to the cornea) and corneal

Figure 13.8. Acute iritis. This eye demonstrates the perilimbal injection and corneal edema that is common to both acute iritis and acute angle-closure glaucoma. The
constricted miotic pupil seen here is characteristic of acute iritis.

Phacolytic Glaucoma

The typical patient with phacolytic glaucoma presents with the acute onset of a unilateral painful red eye. Similar to angle-closure glaucoma, the examination reveals
a high 10P and conjunctival injection. The cornea may be either edematous or clear at the time of presentation. In contrast to acute angle-closure glaucoma, the
anterior chamber depth appears normal, there is moderate-to-marked anterior chamber cell reaction, keratic precipitates are present, and a mature or hypermature

With the availability of modern cataract surgery, phacolytic glaucoma is a rare cause of acutely elevated I0P.



Figure 13.9. Phacolytic glaucoma. This eye demonstrates the milky-white lens of a hypermature cataract.

Lens Particle Glaucoma

Lens particle glaucoma is associated with either spontaneous or traumatic disruption of the lens capsule. The presentation in the setting of spontaneous disruption is
the acute onset of a unilateral painful red eye. In the case of trauma, either surgical or accidental, the onset is soon after the inciting event. The I0P is elevated, the
conjunctiva injected. In contrast to angle-closure glaucoma, the anterior chamber is of normal depth, the pupil is often miotic, and lens cortical material is present in

Figure 13.10. Lens patrticle glaucoma. The fluffy white material seen here in the anterior chamber is lens cortex. This eye had a spontaneous rupture of the lens
capsule in a mature cataract.

Intumescent Lens

Characterized by a gradual, painless loss of vision in the involved eye over many years, intumescent lens is associated with the development of an advanced
cataract. The patient presents to an emergency department when secondary angle closure occurs as the cataract changes configuration by absorbing water and
swelling. Similar to acute angle-closure glaucoma, the anterior chamber depth is shallow, the IOP is elevated, and the eye is painful. In contrast to acute

€ This is a rare cause of secondary angle closure.

Figure 13.11. Intumescent lens. The large opaque cataract is associated with an acute-onset glaucoma.

EMERGENCY DEPARTMENT EVALUATION
History

A careful history is an essential part of the emergency department evaluation of acute angle-closure glaucoma, to establish the diagnosis and plan appropriate
therapy. Question the patient about the following factors:

Onset of symptoms (sudden, gradual, subsequent to accidental or surgical trauma)

Previous symptoms similar to those of the current complaint (brief episodes of pain, blurred vision, and halos around lights)

Visual acuity in the affected eye as well as in the fellow eye

Pain in or about the eye

Discharge or secretions from the eye (tearing is common with ocular pain; however, a purulent discharge may indicate an infectious cause)
Medical history of asthma or congestive heart failure and history of drug allergies (particularly sulfa drugs).

Physical Examination

Visual Acuity

Visual acuity is probably one of the most important evaluations done during the ocular examination. If a distance or near visual acuity cannot be recorded due to
inability to read the chart, the following should be recorded, including the distance at which each is tested: finger counting, hand motions, light perception, or no light



perception. As is often the case in evaluating an acutely painful red eye, severe lacrimation or blepharospasm may prevent the examiner from testing visual acuity.
These problems can be temporarily relieved in some cases with a topical anesthetic such as proparacaine hydrochloride or tetracaine hydrochloride.

Lids and Adnexa

The lids and adnexa are first observed. Edema and erythema of the lids are common to most of the conditions that present with a painful red eye. Some clues to
diagnosis may include the following:

An enlarged preauricular node in the setting of viral conjunctivitis

Localized swelling in the lid that is painful, as in a hordeolum (stye)

Lid edema and erythema in association with fever, indicating periorbital or orbital cellulitis (history of paranasal sinus infection or previous trauma)

Proptosis associated with lid edema and erythema, indicating orbital cellulitis (check for fever) or cavernous sinus thrombosis (check for cranial nerve
involvement)

5. Decreased visual acuity associated with lid edema and erythema (consider acute angle-closure glaucoma, neovascular glaucoma, and lens-induced glaucoma).

PonNE

Conjunctiva

The conjunctiva is often nonspecifically injected; however, observation of the pattern of injection may be of some assistance. Perilimbal injection may indicate acute
iritis or angle closure. Segmental injection characterizes episcleritis, and diffuse injection more commonly typifies keratoconjunctivitis. The presence of purulent

Figure 13.12. Acute red eye with purulent discharge.

Cornea

A slit-lamp examination, using a small quantity of fluorescein, helps identify corneal disease such as keratitis, ulcer, erosion, or foreign body as a possible cause of
the painful red eye. Corneal edema, either epithelial (hazy) or diffuse stromal (steamy), should be noted. The rapid elevation of IOP is often associated with corneal
decompensation.

Anterior Chamber

Assessment of the anterior chamber depth is essential in the evaluation of the painful red eye and the diagnosis of acute angle-closure glaucoma. An accurate
determination can be done with gonioscopy, a technique performed by an ophthalmologist. In the emergency department, an adequate estimation of the anterior
chamber depth can be accomplished with an oblique flashlight and a slit-lamp examination.

....................................................

The examiner shines the light across the eye from the temporal side. In an eye with a normal-depth anterior chamber, the entire iris is illuminated. In an eye with a

narrow angle or shallow anterior chamber depth, a shadow is cast on the nasal side of the iris. 22

Figure 13.13. Flashlight test for wide and narrow angles. (A) Wide angle: Entire iris is illuminated. (B) Narrow angle: Only temporal half of iris is illuminated. (Photo
courtesy of D.R. Anderson, M.D.)

Slit-Lamp Examination. The central and peripheral anterior chamber depth can be estimated during the slit-lamp examination. Van Herick and associates developed a
technique for making this estimate. A narrow slit beam of light is directed obliquely to allow an estimate of corneal thickness and of the distance between the corneal
than one-fourth of the corneal thickness, the anterior chamber angle is extremely narrow. If the angle is closed, the iris will be seen in contact with the cornea. Both
the affected and the nonaffected eye are evaluated. The fellow eye in acute angle-closure glaucoma may vary slightly but will have similar anatomic relations and
appear narrow. If a unilateral shallow chamber is detected, the diagnosis of acute angle-closure glaucoma is doubtful.




Figure 13.14. Shallow anterior chamber estimation using narrow slit beam on slit-lamp examination.

Pupils

The size and shape of the pupil and its reaction to light are recorded for each eye. Unequal pupil size (anisocoria) is noted, specifically with respect to the involved,

Lens

A mature (opaque) or hypermature (liquid cortex) lens may be associated with lens-induced glaucoma (see Fig. 13.9,Fig. 13.10 and Fig. 13.11). Phacodonesis,

movement of the lens, indicates a dislocated or subluxed lens. This may occur secondary to trauma, * or it may be part of a systemic syndrome, most notably Marfan

syndrome. The dislocated lens may increase pupillary block and result in a secondary angle-closure glaucoma.

Intraocular Pressure

The range of IOP considered normal is from about 10 to 21 mm Hg (mean, 16 + 2.5 mm Hg).% Three commonly used tonometers available in the emergency

department are the air-puff noncontact tonometer, the Schigtz tonometer, and the applanation tonometer.

Air-Puff Noncontact Tonometer. The air-puff tonometer measures the IOP without the application of topical anesthesia and without contact between the instrument
and the eye. A 3-millisecond puff of air is blown against the cornea. The pressure is calculated by the amount of corneal flattening. This tonometer is not as accurate
as the Schigtz or applanation tonometer, but it has the advantage of use without contact with the eye.

Schigtz Tonometry. Schigtz, or indentation, tonometry determines IOP by measuring the indentation of the cornea produced by a known weight. Each instrument is
accompanied by a graph that expresses the scale readings in millimeters of mercury. To perform Schigtz tonometry, the patient is placed in a supine position and a
drop of a local anesthetic, such as proparacaine hydrochloride or tetracaine hydrochloride, is instilled. The patient is asked to look upward and fix on some object in
the distance. While separating the lids, the instrument is gently placed in a vertical position directly over the cornea, and the plunger is allowed to rest completely on
the eye. With the instrument held steady, the pointer will stay fixed at a value on the scale. Readings between 3 and 6 with a 5.5-g weight will be accurate. Readings
below 3 are inaccurate, and a 7.5-g weight should be added. Falsely elevated IOPs are associated with excessive lid squeezing or inadvertent pressure on the globe.
Falsely low IOPs are associated with high myopia (nearsightedness), thyroid disease, and previous ocular surgery.

Applanation Tonometry. The applanation tonometer is usually mounted on a slit-lamp biomicroscope, but it can be hand-held. In applanation tonometry, the cornea is
flattened, and the IOP determined by measuring the applanating force and the area flattened. To perform applanation tonometry, a local anesthetic and fluorescein
are instilled into the lower cul-de-sac. Correctly positioned at the slit lamp, with the chin in the chin rest and the forehead firmly against the headband, the patient is
fluorescein semicircles are seen. The semicircles should be aligned by turning the calibrated dial until the inner border of each semicircle jUSt touches. This reading is
multiplied by 10 and is the measurement of the IOP in millimeters of mercury.

.
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Figure 13.15. Applanation tonometry. (A) The tonometer tip should just contact the patient's cornea. (B) Viewed through the slit lamp are two fluorescent semicircles
aligned edge to edge.

Laboratory Studies

Due to vagal stimulation with the sudden increase in IOP, patients with acute angle-closure glaucoma frequently present with nausea and vomiting. The duration and
severity of these symptoms may necessitate obtaining appropriate studies to assess metabolic imbalance and dehydration. In elderly patients on multiple medications,
including diuretics, serum electrolyte levels should be measured before initiating medical treatment with carbonic anhydrase inhibitors or hyperosmotics.

EMERGENCY DEPARTMENT MANAGEMENT

Acute angle-closure glaucoma is an ophthalmic emergency. Once the diagnosis has been established in the emergency department, the immediate goal is twofold: to
obtain appropriate consultation with an ophthalmologist and to decrease the elevated IOP. If examination by a ophthalmologist is imminent, therapy should be
delayed. However, if prompt consultation is unavailable, therapy to decrease I0OP should be initiated.

Therapy to reduce IOP is directed at decreasing aqueous production, increasing aqueous outflow, and reducing vitreous volume by dehydrating agents. A
combination of topical agents and systemic medications directed toward these three goals is often effective in reducing IOP. The therapeutic options used in the
medical management of acute angle-closure glaucoma are discussed next. The exact therapy used should be tailored to each patient's medical status.

Corneal Indentation

When I0P is 50 mm Hg or greater, topical miotics are ineffective due to ischemia of the iris constrictors. In this situation, a quick maneuver to lower IOP is corneal
indentation.* As the cornea is indented, the aqueous is displaced and forced into the peripheral anterior chamber, which temporarily opens the angle. This results in
an immediate decrease in IOP and, on occasion, can abort an attack. If, however, the attack is long-standing, it is unlikely that the agueous can be forced through
regions of iris to the trabecular meshwork adhesions (peripheral anterior synechiae). The advantages of corneal indentation are that it is rapid and may break an
attack without additional medical intervention. The disadvantage is that corneal epithelium may be disrupted, which can complicate further therapy.

Corneal indentation is performed with topical anesthetics, and the patient is seated or in a reclining position. Any smooth instrument or a cotton-tipped applicator can
be used, but the Goldmann applanation prism is readily available and easily held. The prism is held with the fingers to the patient's cornea and firm pressure applied



Figure 13.16. Corneal indentation with applanation prism. (From Anderson DR. Corneal indentation to relieve acute angle-closure glaucoma. Am J Ophthalmol
1979;88:1091, with permission.)

Topical Therapy
Timolol Maleate

Timolol maleate (Timoptic solution, 0.25% and 0.5%) is a nonselective beta-blocker. Lowering of IOP occurs by decreasing agueous humor formation. Timoptic
solution should be used with caution in patients with known conditions that are contraindications for the use of systemic beta-blockers, such as asthma, heart block,
and heart failure. Side effects include decreased pulse rate, bronchial spasm, and altered mental state. The recommended dosage for treating acute angle-closure
glaucoma is Timolol 0.5% solution, one or two drops at 10- to 15-minute intervals initially for three doses, and then one drop every 12 hours.

Pilocarpine Hydrochloride 1% and 2%

Pilocarpine is a direct-acting parasympathomimetic miotic agent. The mechanism of action in acute angle-closure glaucoma is mechanical. With miosis, the peripheral
iris is pulled taut and away from the trabecular meshwork. Ocular side effects include a brow ache and diminished night vision. Systemic side effects, such as
sweating, tremors, bradycardia, and hypotension, are uncommon in routine use of pilocarpine. However, these complications have been observed as a result of too
frequent administration in the treatment of acute angle-closure glaucoma. The recommended dosage for treating acute angle-closure glaucoma is pilocarpine 2%, one
drop every 30 minutes until the pupil constricts, and then one drop every 6 hours. Note: Miotics cause congestion of the iris stroma and aggravate inflammation; for
this reason, concentrations higher than 2% are seldom used in an acute attack. Pilocarpine is not recommended if the diagnosis of acute angle-closure is unclear, or

if the patient presents with a unilateral shallow anterior chamber.

Prednisolone Acetate

Topical corticosteroids reduce inflammation. The complications of long-term steroid use are not seen in the acute situation. The recommended dosage for treating
acute angle-closure glaucoma is prednisolone acetate 1% (PredForte), one drop every 30 minutes to 1 hour until surgical treatment is completed.

Apraclonidine

Apraclonidine is a topical alpha-2 agonist used in chronic glaucoma. IOP is lowered by reduction of aqueous humor production, and effects are additive to those of
topical beta-blockers. ? Success in acute angle-closure glaucoma treatment has also been reported, and its use should be considered. ¢ The recommended dosage for
treating acute angle-closure glaucoma is Apraclonidine 0.5% solution, two drops (single administration).

Systemic Therapy

A