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        Preface

        
            The front cover says “Surgery Notes.” Your curiosity is aroused: “I always wanted to know how an appendectomy is done. Let me look inside and find out.” You will not encounter that information. Surgeons obviously have to know that, but this little book was written for medical students and physicians preparing to take a licensure exam. For those purposes, you have to understand surgical diseases—to know when to operate and which procedure is indicated—but not exactly the technical steps.

            Surgeons themselves recognize that the most important thing they do is to choose the who and when and what, rather than the how. Although surgeons take great pride in providing flawless execution, which is of course terribly important, they dismiss it out of hand with the classic joke: “You could teach a monkey how to operate.”

            But before we leave the operating room, let’s look at what goes on in there with a brief historical perspective.

            By around 1910, virtually all our surgical armamentarium had been developed, mostly in Western Europe. The last two areas, open-heart surgery and transplantation, were added around the mid-1900s. As they pertained to the two major body cavities, the abdomen and the chest, they were approached via large incisions. That “open” route provided good exposure, allowing the surgeon and assistants to use normal hand motions. Not only could they see what they were doing, but they also could feel the structures being dissected. Stones could be palpated, pulsations detected. When unexpected bleeding arose, direct pressure could instantly stanch it while additional help was summoned. It worked.

            But it worked at a price—paid by the patient, as a true story from my days at the Mayo Clinic illustrates. Dr. C. W. Mayo, with his retinue of residents, students, and nurses, was making rounds on a postoperative patient. Pointing to the long, recently sutured abdominal incision, Dr. Mayo praised the virtues of generous access. “Make them big,” he said. “They heal from side to side, and not from end to end.”

            At which point the patient interjected, “Yes, but they hurt from end to end.”

            Indeed they did. And a laparotomy was not the worst. The traditional approach to the chest, a posterolateral thoracotomy, was the most painful incision that could be inflicted on a human being. Every breath afterward was pure agony.

            Unknown to the patients, and mostly ignored by the physicians, was the other cost of those big cuts: They were destructive. The vast majority of metabolic response to trauma often came from the incision itself rather than from what was done inside.

            The stage was thus set for the revolution that began in the second half of the 20th century and continues to this day: minimally invasive surgery.

            Consider the example of laparoscopic surgery: Carbon dioxide is insufflated into the abdomen to make room to conduct the procedure. A thin tube with a TV camera and a light source—a laparoscope—is introduced through a tiny incision, and the area to be worked on appears on a TV screen. Additional probes are then added through other ports to do the actual operation, with scissors, staplers, cautery tips, and so on at the working end of those long sticks. Moving these ingenious instruments requires complex, unnatural motions both to position the tip and to activate the various functions—requiring the surgeon and assistants to master new skills of hand-eye coordination.

            There is no palpatory input, the image is two-dimensional, and if anything goes wrong the belly has to be opened. In planning for a laparoscopic procedure, it is made clear to the patient that old-fashioned open surgery is the standard. Every effort will be made to complete matters with minimally invasive techniques, but converting to open is not a complication, an error, or an untoward outcome. It is simply the prudent thing to do if needed.

            Proprietary developments have improved the basic procedures. More sophisticated setups allow three-dimensional images, with robotic surgery representing the most expensive and elaborate end of the spectrum. In the latter, the surgeon sits at a console wearing gloves that transmit all the hand motions to a tiny robot that has been previously introduced into the patient. In contrast with the forced, awkward motions of laparoscopic surgery, the surgeon uses enhanced natural movements. The robot, for instance, can rotate more than a human hand can. That little device can twist and turn in every desirable way. Like magic.

            But even there, surgeon and patient are in the same room. The little robots can do wonders, but human intervention may become necessary if unexpected problems arise.

            In the field of vascular surgery, thoracotomies and laparotomies are nowadays often replaced by endovascular procedures, in which a stent is introduced via the femoral artery and then advanced under x-ray guidance and fixed in the location where a major vessel needs to be repaired.

            Let’s leave the operating room for now, and direct our attention to the contents of these surgery notes. For several decades, I ran a course at the San Antonio medical school that prepared our students to function in the surgical wards and confront their exams. To facilitate those tasks, I wrote a pocket manual for them—a humble, homemade product, distributed at no cost. Somehow, that booklet was posted on the Internet, and to my delighted surprise students all over the nation were downloading and praising it. That was the forerunner of this little book, currently enhanced by the editorial input of Kaplan, and regularly updated.

            This is not a substitute for learning “on the job.” Your professors, your residents, and your patients will be your best teachers, along with the library, standard textbooks, and your computer. (You just need to remember one word: “Google.”) But the clerkship does not expose you to every surgical disease, and there will be times when you need a quick answer. Keep my notes in your white coat, with the lab slips and the granola bars. There is a lot of information in here.

            I will now move on to address an issue that I have never seen covered in any other  publication or medical school lecture. Surgery is an art, more than a science. There are multiple ways to diagnose and treat patients: regional variations, institutional preferences, evolving criteria. Students are bewildered when they read two different books and are given different advice. They want to know which is the correct answer for the exam.

            Let me share a little secret with you. The design features of National Board exams stipulate that any given question can have only one correct answer. The distractors obviously have to be believable, but none of them can be true. Thus, if you read in one book that Disease A should be managed with Therapy X, while another text recommended Therapy Y, you have to remember both therapies. One of them will appear on an item dealing with Disease A—but not both. It’s against the rules.

            
                What
                happens if you see two or more “correct” answers in the
                same question? Did the National Board of Medical Examiners make a
                mistake? No, they did not. Their quality control is awesome. They are
                simply testing you at a more advanced, sophisticated level. Hidden in
                the stem of the question, there is a bit of information indicating
                that for that particular patient, only one of those answers is
                acceptable because there is a complicating factor that renders the
                others unsuitable.

            Let’s look at an actual example. Go to the back of this book and read question 53. It describes a dissecting aneurysm of the ascending aorta, which can be diagnosed with a sonogram, an MRI, or a CT angiogram. Two of those appear to be correct answers. But the patient in question has a creatinine of 4, indicative of severe kidney disease. Her renal function would be wiped out by the intravenous dye needed to do the CT angio. That would not be good. You have to pick MRI for her.

            Which brings us to a little review of those practice questions at the end of the book.

            A Note on the Practice Questions

            An exam question, from the exam writer’s perspective, is designed to conceal the important
                diagnostic clues among a mass of information that is not particularly relevant to
                that specific case, thus testing the ability of the well-informed examinee to instantly
                separate the wheat from the chaff.
            

            The typical exam question starts with age and gender, followed by present complaint,
                past history, physical exam, and lab or imaging studies. Each of those “chapters”
                often includes data, whether relevant or not. For instance, the vital signs are
                always given: temperature, pulse rate, blood pressure, height, and weight. In a trauma
                patient who is in shock, the pulse rate and blood pressure are extremely important.
                In a woman with a breast mass, they are not. Personal habits are irrelevant in deciding
                whether somebody has a brain tumor, but would be virtually diagnostic in someone with
                a neck mass.
            

            By contrast, the questions in this book are primarily designed for content review, and are abbreviated versions of the longer, ritualized format of the actual USMLE
                or shelf exam questions. They are not cluttered with vital signs or other facts that
                will not help. Rather, these questions contain only the key combination of facts that should be immediately recognized by an astute clinician.
            

            A preface typically ends with words of thanks to those who helped with the text. My gratitude extends first of all to my readers, who, by accepting the five previous editions, made this sixth one possible. Then hats off to the faculty at the San Antonio medical school. They helped me teach the surgery course for many years, and they still keep me on my toes. But I mentioned something about regional and institutional preferences, which make this discipline an art rather than a science. So, let me recognize the coast-to-coast contributions of the Kaplan Medical faculty: Dr. Adil Farooqui of Los Angeles, Dr. Mark Nolan Hill of Chicago, and Dr. Ted A. James of Boston.

            Carlos Pestana, MD, PhD

                San Antonio, Texas
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                Chapter 1

                Trauma

            

            Initial Survey (the ABCs)

            Airway

            An airway is present if the patient is conscious and speaking in a normal tone of voice. The airway will
                soon be lost if there is an expanding hematoma or emphysema in the neck. An airway
                should be secured before the situation becomes critical.
            

            An airway is also needed if the patient is unconscious (with a Glasgow Coma Scale of 8 or under) or his breathing
                is noisy or gurgly, if severe inhalation injury (breathing smoke) has occurred, or
                if it is necessary to connect the patient to a respirator. If an indication for securing
                an airway exists in a patient with potential cervical spine injury, the airway has
                to be secured before dealing with the cervical spine injury.
            

            An airway is most commonly inserted by orotracheal intubation, under direct vision with the use of a laryngoscope, assisted
                in the awake patient by rapid induction with monitoring of pulse oxymetry, or less
                commonly with the help of topical anesthesia. In the presence of a cervical spine
                injury, orotracheal intubation can still be done if the head is secured and not moved.
                Another option in that setting is nasotracheal intubation over a fiberoptic bronchoscope.
            

            The use of a fiberoptic bronchoscope is mandatory when securing an airway if there is subcutaneous emphysema in the neck,
                which is a sign of major traumatic disruption of the tracheobronchial tree.
            

            If for any reason (laryngospasm, severe maxillofacial injuries, an impacted foreign
                body that cannot be dislodged, etc.) intubation cannot be done in the usual manner and we are running out of time, a cricothyroidotomy may become necessary. It is the
                quickest and safest way to temporarily gain access before the patient sustains anoxic
                injury. Because of the potential need for future laryngeal reconstruction, however,
                we are reluctant to do it before the age of 12.

            Breathing

            Hearing breath sounds on both sides of the chest and having satisfactory pulse oximetry
                establishes that breathing is okay.
            

            Shock

            Clinical signs of shock include low blood pressure (BP) (under

                90 mm Hg systolic), fast feeble pulse, and low urinary output (under 0.5 mL/kg/h)
                in a patient who is pale, cold, shivering, sweating, thirsty, and apprehensive.
            

            In the trauma setting, shock is caused by either bleeding (hypovolemic-hemorrhagic, by far the most common cause), pericardial
                tamponade, or tension pneumothorax. For either of the last two to occur, there must
                be trauma to the chest (blunt or penetrating). In shock caused by bleeding, the central
                venous pressure (CVP) is low (empty veins clinically). In both pericardial tamponade
                and tension pneumothorax, CVP is high (big distended head and neck veins clinically).
                In pericardial tamponade, there is no respiratory distress. In tension pneumothorax, there is severe respiratory distress, one side of the chest has no breath sounds and
                is hyperresonant to percussion, and the mediastinum is displaced to the opposite side
                (tracheal deviation).
            

            Management of pericardial tamponade is based on clinical diagnosis (do not order x-rays—if diagnosis is unclear choose
                sonogram), and centered on prompt evacuation of the pericardial sac (by pericardiocentesis,
                tube, pericardial window, or open thoracotomy). Fluid and blood administration while
                evacuation is being set up is helpful.
            

            Management of tension pneumothorax is also based on clinical diagnosis (do not order x-rays or wait for blood gases).
                Start with big needle or big IV catheter into the affected pleural space. Follow with
                chest tube connected to underwater seal (both inserted high in the anterior chest
                wall).
            

            Management of hemorrhagic shock includes two components: stopping the bleeding and replacing the lost blood.

            Bleeding from the extremities is controlled by direct pressure in the single civilian patient who shows up in a fully staffed emergency room. When there are multiple injured people in either the military or civilian setting, we resort to tourniquets.

            Internal bleeding in someone who happens to be near a trauma center is best dealt with by surgery followed by the replacement of the lost blood. But if the patient or patients are far away from hospital facilities, by necessity we have to start replacing the blood volume as we transport them, as quickly as possible, to where the lifesaving operation can be done.

            Intuitively, we know that the best replacement for lost blood is whole blood. The military has extensive experience with that notion. Soldiers are excellent blood donors who willingly come to the help of their injured comrades. In the civilian setting, we have not been so fortunate. Blood is a scare resource, and thus blood banks break it into its various components to make better use of it. Historically, if we wanted to give whole blood, we had to reconstitute it by mixing packed red cells, fresh frozen plasma, and platelet packs in a 1-1-1 ratio.

            Think about that for a moment: What comes out of a blood donor is whole blood. We go through effort and expense to break it down, and then take more steps to put it together again for a seriously injured patient. Weird.

            That is beginning to change. The management of trauma is becoming a highly organized effort, with areas of the country allotted to Level 1 centers and appropriate transportation provided. Many of those ambulances and helicopters now carry whole blood from universal donors to be given as the resuscitation fluid en route. The survival improvements have been so dramatic that we may soon have no further use for Ringer lactate or blood components in the severely injured.

            Preferred route of fluid resuscitation in the trauma setting is two peripheral IV lines, 16-gauge. If they cannot be inserted,
                percutaneous femoral vein catheter or saphenous vein cut-downs are alternatives. In
                children under 6 years of age, intraosseus cannulation of the proximal tibia is the
                alternate route.
            

            Brief detour: Shock in the nontrauma setting

            Shock can be hypovolemic, from bleeding or other massive fluid loss (burns, pancreatitis, severe diarrhea).
                The classical clinical signs of shock will include a low CVP. Treat the cause, and
                replace the volume.
            

            Intrinsic cardiogenic shock can happen with massive infarction or fulminating myocarditis. In this case the clinical
                signs will come with a high CVP, a key identifying feature. Treat with circulatory
                support.
            

            Vasomotor shock is seen in anaphylactic reactions and high spinal cord transection or high spinal
                anesthetic. Circulatory collapse occurs in flushed, “pink and warm” patient. CVP is
                low. Pharmacologic treatment to restore peripheral resistance is the main therapy
                (vasopressors). Additional fluids will help.
            

            Septic shock includes all three components. Early on, low peripheral resistance and high cardiac
                output predominate. Later, cardiogenic and hypovolemic features are seen. In addition
                to antibiotics, the initial treatment often includes a steroid bolus. Patients who
                respond beautifully at first but then suffer a relapse might not have septic shock
                at all, but rather adrenal insufficiency. It is not common, but you will look very smart if you make that diagnosis.
            

        

    
        
            A Review from Head to Toe

            Head Trauma

            Penetrating head trauma as a rule requires surgical intervention and repair of the damage.
            

            Linear skull fractures are left alone if they are closed (no overlying wound). Open fractures require wound
                closure. If comminuted or depressed, they have to be treated in the operating room
                (OR).
            

            Anyone with head trauma who has become unconscious gets a computed tomography (CT)
                scan to look for intracranial hematomas. If negative and neurologically intact, they can
                go home if the family will wake them up frequently during the next 24 hours to make
                sure they are not going into coma.
            

            Signs of a fracture affecting the base of the skull include raccoon eyes, rhinorrhea, and otorrhea or ecchymosis behind the ear. Expectant
                management is the rule. From our perspective, the significance of a base of the skull
                fracture is that it indicates that the patient sustained very severe head trauma,
                and thus it requires that we assess the integrity of the cervical spine. This is best
                done with CT scan, usually as an extension of the scan that is done for the head.
                Remember also that nasal endotracheal intubation should be avoided in these patients.
            

            Neurologic damage from trauma can be caused by three components: the initial blow, the subsequent development of a
                hematoma that displaces the midline structures, and the later development of increased
                intracranial pressure (ICP). There is no treatment for the first, surgery can relieve
                the second, and medical measures can prevent or minimize the third.
            

            Acute epidural hematoma occurs with modest trauma to the side of the head and has classic sequence of trauma,
                unconsciousness, lucid interval (with completely asymptomatic patient who returns
                to his previous activity), gradual relapse into coma, fixed dilated pupil (90%
                of the time on the side of the hematoma), and contralateral hemiparesis with decerebrate
                posture. CT scan shows biconvex, lens-shaped hematoma. Emergency craniotomy produces
                dramatic cure. Because every patient who has been unconscious gets CT scan, the full-blown
                picture with the fixed pupil and the contralateral hemiparesis is seldom seen.
            

            Acute subdural hematoma has the same sequence, but the trauma is much bigger, the patient is usually much
                sicker (not fully awake and asymptomatic at any point), and the neurologic damage
                is severe (because of the initial blow). CT scan will show a semilunar, crescent-shaped
                hematoma. If midline structures are deviated, craniotomy will help, but prognosis
                is bad. If there is no deviation, therapy is centered on preventing further damage
                from subsequent increased ICP. Do ICP monitoring, elevate head, hyperventilate, avoid
                fluid overload, and give mannitol or furosemide. Do not diurese to the point of lowering
                systemic arterial pressure. (Brain perfusion = arterial pressure — intracranial pressure.)
                Hyperventilation is recommended when there are signs of herniation, and the goal is
                a PCO2 of 35. Sedation and hypothermia have been used to decrease brain activity and oxygen
                demand. Hypothermia is currently suggested as a better option to reduce oxygen demand.
                As an interesting aside, we will encounter the topic of increased intracranial pressure
                again when we review brain tumors. We treat that problem with high-dose steroids,
                rather than in the way we have just detailed in cases of trauma.
            

            Diffuse axonal injury occurs in more severe trauma. CT scan shows diffuse blurring of the gray-white matter
                interface and multiple small punctate hemorrhages. Without hematoma there is no role
                for surgery. Therapy is directed at preventing further damage from increased ICP.
            

            Chronic subdural hematoma occurs in the very old or in severe alcoholics. A shrunken brain is rattled around
                the head by minor trauma, tearing venous sinuses. Over several days or weeks, mental
                function deteriorates as hematoma forms. CT scan is diagnostic, and surgical evacuation
                provides dramatic cure.
            

            Hypovolemic shock cannot happen from intracranial bleeding. There isn’t enough space inside the head for the amount of blood loss needed to produce
                shock. Look for another source.
            

            Neck Trauma

            Penetrating trauma to the neck leads to surgical exploration in all cases where there is an expanding
                hematoma, deteriorating vital signs, or clear signs of esophageal or tracheal injury
                (coughing or spitting up blood). A strong tradition of surgical exploration for all
                gunshot wounds of the middle zone of the neck (regardless of symptoms) is giving way
                to a more selective approach.
            

            More selective approaches in other settings include the following: for gunshot wounds to the upper zone, arteriographic diagnosis and management is preferred; for gunshot wounds to the base of the neck, arteriography, esophagogram (water-soluble, followed by barium if negative), esophagoscopy,
                and bronchoscopy before surgery help decide the specific surgical approach.
            

            Stab wounds to the upper and middle zones in asymptomatic patients can be safely observed.
            

            In all patients with severe blunt trauma to the neck, the integrity of the cervical spine has to be ascertained. If there are neurologic
                deficits, the need to radiologically examine the neck with a CT scan of the cervical
                spine is obvious, but it also has to be done in neurologically intact patients who
                have pain to local palpation over the cervical spine. In the emergency department
                setting, CT scan is the best way to assess the status of the cervical spine. If a
                CT of the head is ordered secondary to head trauma, this scan can be extended to include
                the neck.
            

            Spinal Cord Injuries

            Complete transection is unlikely to be on the exam because it is too easy: Nothing works (sensory or motor)
                below the lesion.
            

            Hemisection (Brown-Séquard) is typically from clean-cut injury (knife blade) and has paralysis and loss of proprioception
                distal to the injury on the injury side and loss of pain perception distal to the
                injury on the other side.
            

            Anterior cord syndrome is typically seen in burst fractures of the vertebral bodies. There is loss of motor
                function and loss of pain and temperature sensation on both sides distal to the injury,
                with preservation of vibratory and positional sense.
            

            Central cord syndrome occurs in the elderly with forced hyperextension of the neck (rear-end collision).
                There is paralysis and burning pain in the upper extremities, with preservation of
                most functions in the lower extremities.
            

            Management: Precise diagnosis of cord injury is best done with magnetic resonance imaging (MRI;
                CT is easier to do if we only have to look at the bone). The use of corticosteroids
                immediately after the injury is no longer recommended. Further surgical management
                is too specialized for our level of review.
            

            Chest Trauma

            Rib fracture can be deadly in the elderly, because of progression of pain → hypoventilation → atelectasis → pneumonia. Treat with local nerve block and epidural catheter.
            

            Plain pneumothorax results from penetrating trauma (which could be the jagged edge of a broken rib or
                any of the more common penetrating weapons). There is moderate shortness of breath,
                and one side of the thorax has no breath sounds and is hyperresonant to percussion.
                Get chest x-ray, place chest tube (upper, anterior), and connect to underwater seal.
            

            Hemothorax happens the same way, but affected side will be dull to percussion. It is diagnosed
                by chest x-ray. Blood needs to be evacuated to prevent development of empyema, thus
                chest tube (placed low) is needed, but surgery to stop the bleeding is seldom required.
                The lung is the usual bleeding source, and it will stop by itself (low pressure system).
                If we get 1,500 mL or more of blood when the chest tube is inserted (or more than
                600 mL is collected in the ensuing 6 hours), we realize that a systemic vessel is
                lacerated. This is typically an intercostal artery, and video-assisted thoracotomy
                will be needed to control the bleeding.
            

            In severe blunt trauma to the chest there may be obvious injuries, plus hidden injuries. The latter have to be monitored
                for (blood gases and chest x-ray to detect developing pulmonary contusion; cardiac
                enzymes [troponins] and electrocardiogram [EKG] to detect myocardial contusion) or
                actively sought at the outset (traumatic transection of the aorta).
            

            Sucking chest wounds are obvious from physical exam, as there is a flap that sucks air with inspiration
                and closes during expiration. Untreated, it will lead to deadly tension pneumothorax.
                First aid is with occlusive dressing that allows air out (taped on three sides) but not
                in.
            

            Flail chest occurs with multiple rib fractures that allow a segment of the chest wall to cave
                in during inspiration and bulge out during expiration (paradoxic breathing). The real
                problem is the underlying pulmonary contusion. Contused lung is very sensitive to
                fluid overload, thus treatment includes fluid restriction and use of diuretics. Pulmonary
                dysfunction may develop, thus blood gases have to be monitored. If a respirator is
                needed, bilateral chest tubes are advisable to prevent tension pneumothorax from developing
                (the multiple broken ribs may have punctured the lung). To get a flail chest big trauma
                is required, thus traumatic transection of the aorta must be actively sought.
            

            Pulmonary contusion can show up right away after chest trauma, with deteriorating blood gases and “white
                out” of the lungs on chest x-ray, or it can appear up to 48 hours later (thus it is
                one of those hidden injuries that have to be monitored for). Treatment as detailed
                above for flail chest.
            

            Myocardial contusion should be suspected in sternal fractures. EKG monitoring will detect it. Troponins
                are quite specific. Treatment is focused on the complications, such as arrhythmias.
            

            Traumatic rupture of the diaphragm shows up with bowel in the chest (by physical exam and x-rays), always on the left
                side. All suspicious cases should be evaluated with laparoscopy. Surgical repair is
                typically done from the abdomen.
            

            Traumatic rupture of the aorta is the ultimate “hidden injury.” It happens at the junction of the arch and the descending
                aorta, requires big deceleration injury, and is totally asymptomatic until the hematoma
                contained by the adventitia blows up and kills the patient. Suspicion should be triggered
                by the mechanism of injury (knowing that the patient suffered severe deceleration
                injury) or by the presence of fractures in chest bones that are “very hard to break”:
                first rib, scapula, or sternum, or by the presence of wide mediastinum. Noninvasive
                diagnostic tests include transesophageal echocardiography, spiral CT scan, or MRI
                angiography. In the trauma setting, the most practical of these is the spiral CT scan,
                which is enhanced by intravenous dye and thus is also known as CT angio. As in other areas of vascular surgery, repair of these is now done, whenever possible, with endovascular prosthesis rather than open thoracotomy.

            Traumatic rupture of the trachea or major bronchus is suggested by the development of subcutaneous emphysema in the upper chest and lower neck,
                or by a large “air leak” from a chest tube. Chest x-ray confirms the presence of air
                in the tissues, and fiberoptic bronchoscopy identifies the lesion and allows intubation
                to secure an airway beyond the lesion. Surgical repair follows.
            

            Differential diagnosis of subcutaneous emphysema also includes rupture of the esophagus (but the usual setting is after endoscopy)
                and tension pneumothorax (but in the latter the other findings—shock and respiratory
                distress—are far more alarming and deadly).
            

            Air embolism should be suspected when sudden death occurs in a chest trauma patient who is intubated
                and on a respirator. It also happens when the subclavian vein is opened to the air
                (supraclavicular node biopsies, central venous line placement, CVP lines that become
                disconnected), also leading to sudden collapse and cardiac arrest. Immediate management
                includes cardiac massage, with the patient positioned with the left side down. Prevention
                includes the Trendelenburg position when the great veins at the base of the neck are
                to be entered.
            

            Fat embolism may be seen in multiple trauma patients with several long bone fractures. They develop
                petechial rashes in the axillae and neck; present with fever, tachycardia, and low
                platelet count; and eventually become a full-blown picture of respiratory distress
                with hypoxemia and bilateral patchy infiltrates on chest x-ray. Treatment is respiratory
                support using a respirator. Rarely, fat droplets may reach the brain, producing unexpected
                coma. A “star-field pattern” on MRI is diagnostic. Spontaneous resolution is possible,
                and thus one should not rush to declare irreversible damage and withdraw further care.
            

            Abdominal Trauma

            Gunshot wounds to the abdomen require exploratory laparotomy for repair of intraabdominal injuries (not necessarily
                to “remove the bullet”). Any entrance or exit wound below the level of the nipple
                line is considered to involve the abdomen. In very select cases of abdominal trauma
                due to low caliber gunshot wounds involving the right upper quadrant, conservative
                therapy may be used if the patient is properly monitored with close follow-up of clinical
                signs and serial abdominal CT scans.
            

            Stab wounds allow a more individualized approach. If it is clear that penetration has occurred
                (protruding viscera), exploratory laparotomy is mandatory. The same is true if hemodynamic
                instability or signs of peritoneal irritation develop. In the absence of the above,
                digital exploration of the wound in the ER (gentle insertion of gloved finger) and
                observation may be sufficient. If digital exploration is equivocal, a CT scan is diagnostic.
            

            Blunt trauma to the abdomen requires exploratory laparotomy if signs of peritoneal irritation (an acute abdomen)
                develop. Otherwise, in blunt trauma one must determine whether there are internal
                injuries, whether there is bleeding into the peritoneal cavity, and whether the bleeding
                is likely to stop by itself or will require surgical intervention. The finding that
                triggers such investigation is the presence of signs of internal bleeding (patient
                going into shock, with low CVP, with no obvious external source of blood loss).
            

            Signs of internal bleeding in a patient with blunt trauma include a drop in blood pressure with fast thready pulse, low CVP, and low urinary
                output in a cold, pale, anxious patient who is shivering, thirsty, and perspiring
                profusely. Those signs of shock occur when 25–30% of blood volume is acutely lost
                (about 1,500 mL in the average size adult), and thus there are few places within the
                body where such large amounts of blood could hide. It cannot be in the head (a
                much smaller amount would produce lethal neurologic damage by compression and displacement
                of the brain). The neck could accommodate a large hematoma, but gross deformity would
                be obvious on physical exam. Blood in the pericardial sac would lead to pericardial
                tamponade. The pleural cavities could easily accommodate several liters of blood,
                with relatively few local symptoms, but that blood could not hide from an x-ray machine
                (a few hundred milliliters show up on chest x-ray). By virtue of their size, the arms
                and lower legs would also show gross deformity if they were the site of a 1,500-mL
                hematoma. That leaves the abdomen, thighs (secondary to femur fractures), and pelvis
                (in pelvic fractures) as the only three places where 1,500 mL of blood could “hide” in
                a blunt trauma patient who has developed shock. The femurs and pelvis are always checked
                for fractures in the initial survey of the trauma patient (by physical exam, with
                x-rays if needed). So, the multiple trauma patient who has a normal chest x-ray and
                no evidence of pelvic or femur fracture has to be suspected of intraabdominal bleeding
                when he or she goes into hypovolemic shock for no obvious reason. This has to be proven,
                because the blood loss might have been to the outside, rather than internal.
            

            The diagnosis of intraabdominal bleeding can be made most accurately with CT scan. CT will show the presence of blood, locate the injury that is the source of the blood (most frequently liver or spleen), and even give an idea of how bad that injury is. In conjunction with the patient’s
                response to fluid administration, it allows a decision to be made for surgery or expectant
                therapy. The patient with minor internal injuries who responds promptly to fluid resuscitation
                does not need surgery. The patient with major injuries and vital signs that do not
                improve with fluid resuscitation will require surgery. Even though fast CT scanners
                are available in Level I trauma centers, it is imperative that the patient be hemodynamically
                stable so that pictures can be taken without all the commotion of continuing resuscitation
                efforts.
            

            The diagnosis of intraabdominal bleeding in the patient who is hemodynamically unstable has to be made quickly in the ER or OR, at the same time that resuscitation efforts
                are under way. This is best done with a limited sonogram, known by the acronym FAST
                (Focused Abdominal Sonogram for Trauma). The test simply confirms that the belly is
                full of blood, and prompt laparotomy will ensue. (FAST has already displaced the older,
                invasive, diagnostic peritoneal lavage.)
            

            A ruptured spleen is the most common source of significant intraabdominal bleeding in blunt abdominal
                trauma. (If all patients are counted—significant and insignificant—the liver is a
                more common source.) Often there are additional diagnostic hints, such as fractures
                of lower ribs on the left side. Given the immunologic function of the spleen, every
                effort will be made to repair it rather than remove it—particularly in children. If
                removal is unavoidable (truly smashed to pieces, or there are many other life-threatening
                injuries that preclude the use of operative time for repair), postoperative immunization
                against encapsulated bacteria is mandatory (pneumococcus, Haemophilus influenza B, and meningococcus).
            

            Intraoperative development of coagulopathy during prolonged abdominal surgery for multiple trauma with multiple transfusions
                is treated empirically with platelet packs and fresh-frozen plasma, approximately
                10 units of each. If in addition to coagulopathy there is hypothermia and acidosis,
                the laparotomy has to be promptly terminated, with packing of bleeding surfaces and
                temporary closure. The operation can be resumed later when the patient has been warmed
                and the coagulopathy treated.
            

            The abdominal compartment syndrome occurs when lots of fluids and blood have been given during the course of prolonged
                laparotomies so that by the time of closure all the tissues are swollen and the abdominal
                wound cannot be closed without undue tension. In those cases, a temporary cover is
                placed over the abdominal contents, either an absorbable mesh (that can later be grafted
                over) or nonabsorbable plastic to be removed at a later date when closure might be
                possible. This syndrome may not be evident until the second postoperative day in a
                patient on whom closure was done, who subsequently goes on to develop distention,
                with the sutures cutting through the tissues, hypoxia secondary to inability to breathe,
                and renal failure from the pressure on the vena cava. In that setting, the abdomen
                must be opened and a temporary cover provided.
            

            Damage control laparotomy has become the standard concept that now guides management of the severely traumatized
                patient, who is subject to consumption coagulopathy, hypothermia, and the abdominal
                compartment syndrome. These patients can now be identified ahead of time, as surgeons
                have gained experience with their management. The operation is designed, up front,
                to be brief. Clamp all the bleeders, temporarily occlude damaged viscera, clean up
                all the contamination, and get out of there. Then do the rest of the resuscitation,
                and at a later date go back in and finish the job.
            

            Pelvic Fractures

            Pelvic hematomas are typically left alone if they are not expanding.

            In any pelvic fracture, associated injuries have to be ruled out. These include rectum (do rectal exam and proctoscopy), penile urethra (do retrograde urethrogram), vagina (do pelvic exam), and bladder (more about that later).

            Pelvic fractures can be the site of significant, potentially deadly hemorrhage. We
                realize that is happening when we see signs of hypovolemic shock in a trauma patient
                who has a pelvic fracture with a big hematoma and no evidence of bleeding anywhere
                else. This problem does not have a surgical solution. The site of blood loss is often
                inaccessible and not amenable to clamping or electrocoagulation. We rely instead on
                two things: immobilizing the pelvis as best we can and angiographic management. We
                do the first with binding or external fixation and the second with embolization of
                either specific bleeding arteries or of internal iliacs to minimize venous bleeding.
            

            
            Urologic Injuries

            The hallmark of urologic injuries is blood in the urine in someone who has sustained penetrating or blunt abdominal
                trauma. Gross hematuria in that setting must be investigated with appropriate studies.
            

            Penetrating urologic injuries are as a rule surgically explored and repaired.
            

            Blunt urologic injuries may affect the kidney, in which case the associated injuries tend to be lower rib
                fractures. If they affect the bladder or urethra, the usual associated injury is pelvic
                fracture.
            

            Urethral injury occurs almost exclusively in men, is typically associated with a pelvic fracture,
                and may present with blood at the meatus. A more complete clinical picture might include
                a scrotal hematoma, for posterior injuries the sensation of wanting to void but not
                being able to do it, and a “high-riding” prostate on rectal exam. The key issue in
                any of those is that a Foley catheter should not be inserted (it might compound an
                existing injury), but a retrograde urethrogram should be done instead. If by chance
                someone had attempted to pass a Foley catheter and met resistance, that would be another
                diagnostic clue suggesting urethral injury.
            

            Bladder injuries can occur in either sex, are usually associated with pelvic fracture, and are diagnosed
                by retrograde cystogram. The x-ray study must include postvoid films to see extraperitoneal
                leaks at the base of the bladder that might be obscured by the bladder full of dye.
                If the latter are found, they can be treated simply by placing a Foley catheter. For
                intraperitoneal leaks, surgical repair is done and protected with a suprapubic cystostomy.
            

            Renal injuries secondary to blunt trauma are usually associated with lower rib fractures. They are
                assessed by CT scan and most of the time can be managed without surgical intervention.
                A rare but fascinating potential sequela of injuries affecting the renal pedicle is
                the development of an arteriovenous fistula leading to congestive heart failure. Should
                renal artery stenosis develop after trauma, renovascular hypertension is another potential
                sequela.
            

            Scrotal hematomas can attain alarming size but typically do not need specific intervention unless the
                testicle is ruptured. The latter can be assessed with sonogram.
            

            Fracture of the penis (fracture of the corpora cavernosa, fracture of the tunica albuginea) occurs to an
                erect penis, typically as an accident during vigorous intercourse (sex partner on top).
                There is sudden pain and development of a large penile shaft hematoma, with a normal-appearing
                glans. Frequently, the true history will be concealed by an embarrassed patient who
                concocts a cover story (the toilet seat lid fell on him, or some such thing). Emergency
                surgical repair is required. If not done, impotence will ensue as arteriovenous shunts
                will develop.
            

            The Extremities

            In penetrating injuries of the extremities, the main issue is whether a vascular injury has occurred or not. Anatomic location
                provides the first clue. When there are no major vessels in the vicinity of the injury
                tract, only tetanus prophylaxis and cleaning of the wound are required. If the penetration
                is near major vessels and the patient is asymptomatic, Doppler studies or CT angio is done. If there is an obvious vascular injury (absent distal pulses, expanding
                hematoma), surgical exploration and repair are required.
            

            Combined injuries of arteries, nerves, and bone obviously need repair, but they pose the challenge of which one to do first. The
                usual sequence is to stabilize the bone first, then do the delicate vascular repair
                (which would be otherwise disrupted by the rough handling needed to put together a
                bone), and leave the nerve for last.

                A fasciotomy should be added because the prolonged ischemia could lead to a compartment
                syndrome.
            

            High-velocity gunshot wounds (military or big-game hunting rifles) produce a large cone of tissue destruction
                that requires extensive debridements and potential amputations.
            

            Crushing injuries of the extremities pose the hazard of hyperkalemia, myoglobinemia, myoglobinuria,
                and renal failure, as well as potential development of compartment syndrome. For the
                first, vigorous fluid administration, osmotic diuretics, and alkalinization of the
                urine are good preventive measures. For the latter, a fasciotomy may be required.
            

        

    
      
      
         
         Burns

         
         Chemical burns require massive irrigation to remove the offending agent. Alkaline burns (Liquid
            Plumr, Drano) are worse than acid burns (battery acid). Irrigation must begin as soon
            as possible at the site where the injury occurred (tap water, shower). Do not “play
            chemist” and attempt to neutralize the agent.
         

         
         High-voltage electrical burns are always deeper and worse than they appear to be. Massive debridements or amputations
            may be required. Additional concerns include myoglobinemia-myoglobinuria-renal failure
            (give plenty of fluids and osmotic diuretics like mannitol, and alkalinize the urine),
            orthopedic injuries secondary to massive muscle contractions (posterior dislocation
            of the shoulder, compression fractures of vertebral bodies), and late development
            of cataracts and demyelinization syndromes.
         

         
         Respiratory burns (inhalation injuries) occur with flame burns in an enclosed space (a burning building, car, plane) and
            are chemical injuries caused by smoke inhalation. Burns around the mouth or soot inside
            the throat are suggestive clues. Diagnosis is confirmed with fiberoptic bronchoscopy,
            but the key issue is whether respiratory support (a respirator) is needed or not,
            and blood gases are best to make that determination. Intubation should be done if
            there is any concern about adequacy of the airway. The level of carboxyhemoglobin
            must be monitored. If elevated, 100% oxygen will shorten its half-life.
         

         
         Circumferential burns of the extremities can lead to cutoff of the blood supply as edema accumulates underneath
            the unyielding eschar. In circumferential burns of the chest, a similar mechanical
            problem may interfere with breathing. Escharotomies (done at the bedside, with no
            need for anesthesia) will provide immediate relief.
         

         
         Scalding burns in children should always raise the suspicion of child abuse, particularly if the pattern of
            the burn does not fit the description of the event given by the parents. A classic
            example is burns of both buttocks, which are typically produced by holding a small
            child by arms and legs, and dunking him into boiling water.
         

         
         Fluid replacement in the severely burned patient is the most critical, life-saving component of the management of extensive thermal
            burns. Underneath a deep burn, a lot of fluid accumulates. This is essentially plasma
            that has been temporarily lost from the circulating space and trapped at the burn
            site. In extensive burns, this internal shift of fluids is enormous and, if untreated,
            leads to hypovolemic shock and death. Thus, large infusions of intravenous fluids
            are required.
         

         
         Complicated formulas were devised to estimate how much fluid would be needed. They
            multiplied the weight of the patient in kilograms by the extent of the burn as a percentage
            of body surface (capped at 50%; beyond that there is no further fluid loss). The involved
            body surface was calculated by the “rule of 9s,” assigning 9% of body surface to the
            head and to each upper extremity, double that to each lower extremity, and 4 times
            that much to the trunk. The product was then multiplied by another number, empirically
            arrived at, ranging between 4 and 6, depending on the specific formula. That final
            calculation gave us milliliters of Ringer lactate that were meant to be infused most
            rapidly in the first 8 hours, tapering afterwards, and supplemented by a couple of
            liters of D5W every day and, if desired, by colloids on the second day. The expectation
            was that no fluids would be needed by the third day, when the plasma trapped in the
            burn edema would be reabsorbed and a large diuresis would ensue.
         

         
         In reality, most of these complicated calculations and instructions were never carried
            out: As soon as hourly urinary output was available, the therapy was fine-tuned based
            on the patient’s response, aiming for an hourly urinary output of 1 or 2 mL/kg/h,
            while avoiding CVP over 15 mm Hg. Furthermore, those detailed formulas too often failed
            to provide accurate numbers. As a result, they have been mostly abandoned in favor
            of a simpler approach in which fluid infusion is begun at an arbitrary, predetermined
            rate and then adjusted as needed. 
         

         
         An appropriate predetermined rate of fluid infusion in the adult is to start at 1,000 mL/h of Ringer lactate (without sugar) on anyone whose burns
            exceed 20% of body surface, and then adjust as needed to produce the desired urinary
            output. (Sugar is avoided in the Ringer lactate so as not to induce an osmotic diuresis
            from glycosuria, which would invalidate the meaning of the hourly urinary output.)
         

         
         Estimation of fluid needs in burned babies differs from the adult in several measures. Babies have bigger heads and smaller
            legs; thus the “rule of 9s” for them assigns two 9s to the head, and both legs share
            a total of three 9s instead of four. In determining what is third-degree, we should
            remember that in babies those areas look deep bright red (rather than the leathery,
            dry, gray appearance in the adult). Babies need proportionally more fluid than the
            adult. An appropriate rate of initial fluid administration is 20 mL/kg/h if the burn
            exceeds 20% of body surface, to be subsequently fine-tuned in response to urinary
            output.
         

         
         Other aspects of burn care include tetanus prophylaxis, cleaning of the burn areas, and use of topical agents.
            The standard topical agent is silver sulfadiazine. If deep penetration is desired
            (thick eschar, cartilage), mafenide acetate is the choice (do not use it everywhere
            else; it hurts and it can produce acidosis). Burns near the eyes are covered with
            triple antibiotic ointment (silver sulfadiazine is irritating to the eyes). In the
            early period, all pain medication is given intravenously. After an initial day or
            two of NG suction, intensive nutritional support is provided, preferably via the gut,
            with high-calorie/high-nitrogen diets. After 2 or 3 weeks of wound care and general
            support, the burned areas that have not regenerated are grafted. Rehabilitation starts
            on day one.
         

         
         The concept of early excision and grafting is used whenever possible to save costs and minimize pain, suffering, and complications.
            It implies removal in the OR (on day one) of the burned areas, with immediate skin
            grafting. This can be done only for fairly limited burns (under 20%) that are obviously
            third-degree, but the experts are extending the concept to highly selected patients
            with more extensive burns. On an exam question, you can expect the candidate for early
            excision and grafting to have a very limited burn.
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