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INTRODUCTION—
Studies on imaging outcomes have documented quality of care for interpretation of radiographs by non-radiologists in family medicine and emergency medicine. This chapter will focus on the most common adult x-rays needed in primary care. These include common fractures and the chest x-ray (postero-anterior[PA]  and lateral).

Please see the chapter on fractures for detail in that area. This chapter will present a “how-to-do-it” guideline for interpretation of the adult chest film and  common long bone fractures. There will be an overview of purchase, maintenance, and staffing of equipment in the office. This includes the decision to have all or selected images interpreted by outside consultation. Published data suggests that consultation significantly changes management in less than 2% of cases if the physician has basic interpretation skills.1-3
 WHO READS THE FILM AND WHO COLLECTS THE FEE?

Practicing medicine in today’s world entails medico-legal risk. It cannot be eliminated, but it can be lessened by timely application of procedural skills such as interpretation of radiologic images at the point of service. The advantage of bedside correlation and subsequent follow-up cannot be overemphasized. 
Primary care residency training is adequate to train clinicians to interpret images or to seek consultation when needed. Levels of comfort vary from physician to physician. There is no legal requirement  to have images interpreted by a radiologist. Physicians are entitled to reimbursement for the technical component[TC] and the professional component of the CPT-4 charges for the image if they own the equipment, and create the formal report for the medical record. Only the physician signing the final report is entitled to bill for the professional component of the fee.
BUYING THE EQUIPMENT

Digital radiography offers  lower cost and higher reliability technology in the office. From a storage perspective, the space that developers, darkrooms, and films (both exposed and unexposed) occupied can be more efficiently used for patient care. This technology also promotes safety by eliminating developer chemicals that must be stored and disposed. Also, by decreasing the number of retakes, radiation to patients and office staff is reduced. Finally, images are easily stored and can be shared more quickly and efficiently, which prevents unnecessary repeated studies and minimizes expense and radiation exposure. 


Computed radiography [CR]is less expensive and equally accurate as the picture archiving and communication systems[PACS]  purchased by hospitals. CR refers phosphor plates that function within the cassettes of traditional x-ray equipment. The image is shot; the plate is transferred to a developer; the image is loaded to the computer. Installation of a new digital CR system costs less than $60,000. Digital images can be inserted directly into most electronic medical record systems.
STATE CERTIFICATION, LICENSING LAWS, AND INSURANCES VARY 

Lead lining a room is necessary to obtain state certification. This can be done for less than $10,000.  Physicians do not require additional licensing to obtain a radiographs, but unlicensed  staff must usually take a 6-10 day course and pass a state test for licensing. Hiring a dedicated radiology technician is an expensive option which may be beyond the budget of an office shooting less than 25 images a day. Data suggests that offices order 3-8 x-rays per 100 patients per day. Geriatric and urgent care-open access practices have higher demand.
Planning and cost-benefit analyses must be completed prior to purchase of equipment and staff training. Some HMO contracts forbid reimbursement to office based physicians, but  some emergency rooms are charging over $200 per chest film.  An average Medicaid reimbursement may be less than $40 per image. Local reimbursement rates, insurance rules, governmental policies, and patient mix must be reviewed before purchasing an x-ray unit..
CHEST RADIOGRAPHY

One example of expected documentation is shown below in Figure 1. 
Figure 1-INTERPRETATION OF THE CHEST X-RAY
Please fill this form out completely.  This helps maintain quality of care for the patient.
I.
CLINICAL CONTEXT—Date of Exam 

____________________
Patient ID#/Name_____________________________Age:______
Sex:_____

Are old films available for comparison?



Yes
No
REVIEW OF SYSTEMS (circle those that apply)

Cough
    Dyspnea    Pleuritic  Pain
Chest pain   Hemoptysis    HTN



List other significant illnesses, signs, or symptoms ______________________________

DURATION OF PROBLEM in days, weeks, or months _______________________


II.
VALIDITY—Does the image need to be repeated?

Circle the techniques used
PA
Lateral
       AP 
Portable
Decubitus

Is this film significantly rotated?




Yes
No

Is there an adequate inspiration?




Yes
No

Is the amount of penetration[exposure]within normal limits?
Yes
No

III.
Check the lateral—Are there abnormalities of the spine, diaphragms, anterior clear space or the posterior cardiac space?




Yes
No

IV. 
Bones and soft tissues. See any significant abnormalities?
Yes
No

V.
Mediastinum. Is it normal?





Yes      No
VI.
Cardiac silhouette. Is it normal?



 
Yes
No
VII.
Diaphragms. Are there any significant abnormalities?

Yes
No


VIII.    Lungs

A.  Are there any significant abnormalities on the left or right hilum? 
Yes
No

B.  Any significant abnormalities to the lung parenchyma?


Yes
No

C.  Any significant abnormalities of the lung pleurae?


Yes
No

IX. My interpretation is[circle one]:

A. Within normal limits. 

B. Normal, but I want to comment on some findings which are probably insignificant.  Consultation not required. _____________________________________________________________________

C. Questionable findings exist and consultation will be requested.

D.   Abnormalities findings: 
X.    PLAN 
XI.   SIGNATURES


Student/Resident:______________Attending Physician: ____________________CC:_______
INTERPRETATION GUIDELINES FOR THE ADULT PA AND LATERAL CHEST RADIOGRAPH

I.
CLINICAL CONTEXT
The clinician who performs the history and bedside examination has a tremendous advantage  compared to a radiologist remote in time and space. The immediacy of clinical data differentiates  imaging as a diagnostic procedure for the patient in real time versus a radiologic consultation which usually occurs after the patient has left the office. The bedside examination at the point of service minimizes errors of interpretation. 

II.
VALIDITY


Postero-anterior[PA] and lateral views are the standard view for the cooperative adult. The patient stands and takes a deep breath.  Views are standardized as noted below. Cardiomegaly definitions are different on PA versus antero-posterior[AP] views so it’s important that radiographs be taken appropriately. Without a lateral, lesions in the retrocardiac and poststernal[anterior clear space] space can be missed. Other potential views are not covered  here. 

Perfect views are not necessary to gain useful information, but a disclaimer describing technique limitations must be inserted with every film. For chest films, the acronym “RIP” describes the characteristics of rotation, inspiration, and penetration[aka exposure]. Images must be labeled and dated. These validity checks must be addressed prior to any other interpretation. 
 

Is this film rotated? Measuring the distance from the spinous processes of the vertebral bodies to the medial heads of the clavicles is recommended. These are easily identifiable bony landmarks on the PA chest film. Commonly, there is 2-3 mm of slight rotation which does not invalidate the film. 

Is there an adequate inspiration? Inadequate inspiration is a cause of decreased specificity[increased opacity] for lung parenchyma. The “best” method for measuring  inspiration is by counting posterior ribs as they join the spine. A minimally adequate inspiration uncovers nine ribs. Avoid counting anterior ribs which are less predictable.

Is the amount of penetration within normal limits? Penetration describes the amount of radiation exposure applied to the tissue. A practical rule of thumb for evaluating over-penetration and under-penetration is the anatomical point at which the vertebral interspaces are no longer visible. An over-penetrated PA chest image, will create a “spine film” with all elements of the vertebral bodies visible down into the abdomen. When penetration technique is ideal, inter-vertebral spaces disappear somewhere in the cardiac shadow and do not appear beneath the diaphragm.
Over-exposure burns out the ability to see the lung parenchyma and vessels; i.e., turns the lung fields  black. Excessive penetration[exposure] will obliterate the visible vessels in lungs. These normally start to disappear as they approach within 3-4 mm of the chest wall. Over-exposure increases the probability of false negative interpretation.
Physicians should comment on limitations of interpretation as caused by suboptimal technique. The physician should request additional views or insert a disclaimer about techniques if necessary. This includes the need for a lateral image in the ambulatory adult and older child.  

These validity checks, and the following system for reviewing the film, establish guidelines for quality assurance. A written report in the patient’s medical record is required.

III.
Check the lateral image.


Review the spine, diaphragms, anterior clear space, and the retro cardiac space. The majority of diagnoses will come from the PA view.
IV.
Does a survey of the bones and soft tissues reveal any significant abnormalities? This area is of limited value when the radiograph has been ordered to investigate dyspnea, cough, hypertension, and other routine cardiovascular issues. A systemic sweep of the bones and soft tissues is mandatory.

IV.
Is the appearance of the mediastinum within normal limits on this patient?

The physician cannot miss a shifted or widened mediastinum.  In addition to dissections and pericardial tamponade, a widened mediastinum has been associated with tumors of the thymus, thyroid, lymphoma, and germ cell[teratoma]. l A quoted dimension for “wide” is 8 cm in the average adult. Another method measures the mediastinal width at the level of the carina. If it is more than 25% of the thoracic diameter, it is considered”wide”. The mediastinum cannot be too thin. Dissections have occurred in mediastini measuring less than 8 cm. 
V.
Does a review of the cardiac silhouette reveal any significant abnormalities on the PA view?

Cardiomegaly exists if the transverse diameter of the heart on a PA view is greater than 50% of the trans-thoracic diameter measured at the same level. The thoracic diameter is measured from one side of the rib cage to the other at the level of the middle of the heart. An an enlarged pulmonary artery segment can be seen as an extra hump on the left side of the PA heart.  On the lateral, left ventricular enlargement can cause a shadow more than 2cm posterior to the shadow of the inferior vena cava{IVC].  Pneumopericardium creates a black line around the border of the heart. The thin heart of deep inspiration, such as in COPD, is not indicative of cardiac disease.
VI.
Does a review of the diaphragms reveal any significant abnormalities[PA view]?

Air beneath the diaphragms is a surgical emergency until proven otherwise. Normally the right diaphragm is higher than the left by 2-20 mm. Abnormal elevation occurs due to lung atalectasis, paralysis, effusion, lobectomy, and others.

VII. Lungs.  Obtaining a second opinion[ over reading by a second physician] is suggested until the reader becomes feel comfortable with the many variations of normal versus abnormal. It is now that the lung tissue itself is evaluated. 

A.
Are there any significant abnormalities on the left or right hilum? 


In normal patients, the left hilum is higher than the right in 70% of cases, and at equal elevations in 30%. The right hilum in not normally higher than the left.  Abnormal hilar adenopathy indicates serious infection, sarcoid, or malignancy in most cases. 
B.
Any significant abnormalities to the lung parenchyma?



A rapid visual ping-pong comparison of the left and right lung fields should detect flagrant asymmetries caused by pathologies such as hemothorax, metastatic nodules, sarcoid, primary TB,  pneumonias, and others. Failure to detect an obvious abnormality in the face of a seriously ill patient, may require consultation and/or hospitalization. 
Poor inspirations and AP views cause false positive “fluffiness” similar to congestive heart failure[CHF] patterns. Normally on the PA film, the vascular markings stop short of the lung wall by 3-5 mm. Gravity causes subtle tapering of the vessels as they go toward the head[cephalad]. “Cephalization of flow” is jargon for the phenomenon of enlarged lung vessels in the  upper lung fields secondary to CHF.
The silhouette sign helps the clinician to localize the lesion. In the chest, there are anatomical structures that exist in fixed air-soft tissue relationships. Given proper rotation and penetration, the heart borders, the ascending and descending aorta, the aortic knob, and the diaphragms are visible.The “silhouette sign” describes the event where parenchymal pathology masks the silhouette of a common anatomical landmark. The heart and diaphragm are most common. For example when anterior left upper lobe (LUL) pneumonia of the lung obscures the border of the left heart, it is called a silhouette sign. When pleural effusion obscures the contour of the diaphragm, it is a silhouette sign. 

Nodules are classified by their diameter of 5-30 mm. Above 30 mm these lesions are classified as masses. Calcified granulomas, vessels on end are usually small, slow growing, and innocent. Pet scans can differentiate metabolically active lesions from those that are metabolically quiescent[benign].

C.
Any significant abnormalities of the lung pleurae?



The absence of pulmonary vasculature indicate a pneumothorax until proven otherwise. The visceral pleura is the outer lining of the lung, and the pariental pleura is the inner lining of the chest cavity. The pleural space, under normal conditions, is a potential space. Pleural effusions are caused by primary disease processes such as infection, neoplasm, inflammation. Specific diseases such as subphrenic abcess, hepatitis, pancreatitis can cause effusions. Cardiac failure, renal failure or, any disease that alters the osmolar and hydrostatic equilibrium among the body compartments can cause effusions. Untreated chronic pleural effusions can cause loculations and adhesions.
IX.  Interpretation
A.Within normal limits.

B. Normal, but I want to comment on some findings which are probably insignificant.  Consultation not required, but….( perhaps the penetration was not ideal or the entire right shoulder was not seen, etc.). 

C. Questionable findings exist and consultation will be requested. This could include a CT of the chest which is the most commonly ordered test for ambiguous finding on the plain radiograph. Consultation reports can be ambiguous or wrong. CHF can appear to be pneumonia and vice versa.

D. Abnormalities include the following:

Naming the disease is not necessary. Stating that the entire right lung is “whited out” , or that “multiple 2-3 cm nodules are present in both lungs” will lead to dramatic changes in management which will be mentioned in the plan.

X.   Plan----By offering an interpretation or a ”preliminary interpretation” in the office at the point of service, quality is improved. Poorly worded or ambiguous interpretations which arrive hours or days after the patient has left the office decrease the quality of care. Consultant reports can be lost or misplaced. The beauty of imaging is the high predictive value of a positive. Specificity is high when lesions are obvious, and delay of management pending formal interpretation is often not wise. The risk of a false negative[low sensitivity] is always present. Multiple studies have documented that failure to diagnose a lesion of significance is less than 1-2%.1-3
Student/Resident:_______________Attending Physician: ____________________CC:______
Date:_____________________________

IMAGES THE PHYSICIAN SHOULD UNDERSTAND—
FOLLOWS ON THE NEXT PAGE-These can be improved, redrawn, or rejected. 

IMAGE 1-SCHEMATIC ANATOMY OF THE POSTERO-ANTERIOR[PA]  CHEST IMAGE

[image: image1.jpg]



IMAGE 2—SCHEMATIC ANATOMY OF THE LATERAL ADULT CHEST IMAGE

[image: image2.jpg]



IMAGE 3—SELF ASSESSMENT;THINGS NOT TO MISS—Fill out the form and check your findings against the answer at the bottom of each image. This is a 43 year old African American female with a 3 month history of increasing fatigue and shortness of breath. Other than being overweight, her past medical history is noncontributory. Her lungs were clear, and vital signs were normal.
[image: image3.jpg]
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On  the PA film there is clinically insignificant rotation with an adequate inspiratory effort. The left costophrenic angle is partially cut off.  Penetration[exposure] is slightly strong but not clinically significant.  The bones are normal, but soft tissue breast shadows are causing transparent opacity over the lower outer lung fields bilaterally.


The mediastinum and cardiac shape are normal. The right diaphragm is  slightly higher than the left, and the left hilum is slightly higher than the right. Both hilar areas are enlarged and there is paratracheal node enlargement on the right in the area of the clavicle. There parenchymal streaks extending down and outward from the hilar areas, but they do not constitute infiltrates. 

The lateral film is not an optimal inspiration, but does not change the findings on the PA film. The films are adequate to be called “abnormal chest”. Rather than repeating the films, she was sent for CT of the chest.


The differential diagnosis includes sarcoidosis, lymphoma, tuberculosis, and others. This was biopsy proven sarcoidosois.

IMAGE 4 SELF ASSESSMENT


A  59 year old Caucasian male with a long history of chronic obstructive pulmonary disease reports a mild cough, a mild increase in dyspnea, and a fever last night.  He has dropped out from care in the cardiology and pulmonary clinics, many years ago he was told he needed a heart operation, but he has refused. He is demanding an antibiotic shot because his “pneumonias” start like this.

His lungs are clear and his heart sounds are distant. His vital signs are normal including a respiratory rate of 16 per minute.

[image: image5.jpg]
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The initial impression is over exposure with blackening of the lung fields, but the vertebral interspaces are not obvious.  Clearly there is an adequate inspiration without rotation. Bones and soft tissues are unremarkable, but the mediastinal and cardiac contours look abnormal. 

The diaphragms are flattened as is common with COPD patients and suggests a hyperaeration common with these patients. The opacities on the right do not constitute a mass or an infiltrate of significance.

The lateral reveals flattened diaphragms and a barrel chest. This accentuates the anterior clear space in front of the heart and the retrocardiac space which do not contain any abnormal findings.

The extra hump on the left side of the heart is significant enlargement of the pulmonary artery segment, and it is likely that the patient has a compensated congenital heart defect.

IMAGE 5 ACUTE CHEST PAIN RADIATING TO THE BACK

33 year old Latino male with unremarkable PMH walked away from an MVA last night. He reports that he was hit in the chest very hard. He is in moderate distress with a pulse of 110 beats per minute with a blood pressure of 100/70.
[image: image7.jpg]



The mediastinum is widened, and the diagnosis is traumatic aortic dissection. Overall the film is insignificantly rotated with an adequate inspiration. Nine posterior ribs are showing, but the film is mildly underpenetrated-underexposed. Minor imperfections in technique are the rule not the exception. The mediastinal findings are enough to send the patient to the hospital.

The bones and soft tissues are inconsequential. The left hilum is higher than the right, and the right diaphragm is higher than the left. The underexposure makes the parenchymal markings more prominent but they do not represent infiltrates. As with all previous images there is no air under the diaphragms.
IMAGE 6 COUGH AND FEVER

23 year old Latino female with cough and fevers for a month. Past medical history is noncontributory.

[image: image8.jpg]



Example of infiltrate on right, calcified hilar node on left, visible sequestration in minor fissure on left.—and more. Lateral image did not add to the information seen here. Diagnosis is turberculosis. 
IMAGE 7 –HISTORY OF HYPERTENSION AND DYSPENA WORSENIING TODAY


68 year old Caucasian female with a history of uncontrolled hypertension. Vital signs are a pulse of 105, blood pressure of 190/115, temperature of 98 degrees F, and a respiratory rate of 24 per minute. She is in mild distress. 

[image: image9.jpg]


  
Good example of cardiomegaly and “cephalization” of flow. Inspiration is adequate with nine visible posterior ribs. The heart measures greater than 50% of the trans-thoracic distance. Blood vessels at a level superior to the tracheal bifurcation appear larger than those at the level of the mid-heart. This is the reverse of what you would normally see. Cephalization is another term for the “reversal of flow” seen in congestive heart failure. This is a good view demonstrating the clavicular heads as equidistant from the spinous processes of the spinal column. In this case, the lateral image did not change the management
IMAGE 8 COUGH, FEVER, PRURULENT SPUTUM


A 55 year old  smoker coughed up blood this morning. Lateral view does not change management.
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Bilateral acute pneumonia. Note abnormalities of cardiac border on the left and right.  A good example of the silhouette sign with the right heart border obscured by an inflammatory process. This man was sent to CT which led to tissue diagnosis of lung cancer.
If these images need replacement, we can do so. They can be resized, reformatted, repixilated, etc. The authors wanted to cover examples of common pathologies which should not be missed. We still need to add a pneumothorax, but its time to make sure we are on the right track. Your comments are appreciated. 

IMAGE 9 Pneumothorax

A 27 year old male with reported gun shot wounds to chest. Unable to stand and patient is tachycardic and clammy.  Portable technique antero-posterior.
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Because he is unable to raise his arms, the scapulae are in the lung fields, but interpretation of the most significant event is reasonable. There is a bullet on the right side and buckshot in the left.. The heart is shifted to the right and the radiograph confirms the need for chest tube insertion. The entire left lung is collapsed. Note the absence of vascular markings on the left. Although a lateral image would localize the depth of the bullets and buckshot, the emphasis should be on stabilizing these critical injuries.
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