General Surgery—Principles of Critical Care

Critical Care

ICU’s should be reserved for persons with reversible medical conditions who have “a reasonable prospect of recovery.”  Critical care is a modern, multi-disciplinary specialty in healthcare that cares for patients with acute, life-threatening illness or injury.  Term used to describe the practice of medicine in ICU.  The first ICUs opened in Europe in the late 1950s.


Open ICU model is when the PCP makes the decisions and ICU team/specialists act as consults.  The presence of a properly trained ICU physician significantly reduces morbidity, mortality, and cost.  Closed ICU model is when the intensive care team looks over all aspects of patient care.
ICU Differences from Other Wards
1) Patients admitted to ICU for intensive monitoring, in anticipation of possible aggressive interventions – very high doctor/nurse: patient ratio, availability of invasive monitoring, mechanical, and pharmacological therapies, i.e. Swans-Ganz catheter, mechanical respirators, and dialysis
2) Act as extension of post-op recovery room, allowing abnormal peri-operative physiology to reverse; may alter normal stress response

3) Patients who do not necessarily require life-sustaining treatments but whose physiology is taken under control in order to prevent organ injury
4) Patients with minimal physiologic reserve, undergo acute potentially reversible injury, requiring life support until the abnormalities have been reversed and reserve restored

5) Patients who undergo massive disruption of physiology, due to overwhelming stress, injury, or inadequate compensation to the response
Factors to Consider ICU Admission

1) Diagnosis, Disease Severity, and Prognosis

2) Age and Coexisting illness

3) Physiological reserve

4) Availability of Suitable Treatment

5) Response of Treatment to Date

6) Recent cardiopulmonary arrest

7) Anticipated QOL

8) The Patient’s Wishes
Criteria for ICU Assessment

1) Threatened airway, respiratory arrest, respiratory rate >40 or <8 breaths/min

2) Oxygen saturation <90% on >50% oxygen, rising arterial CO2 with respiratory acidosis

3) Cardiac arrest, pulse rate <40 or >140 beats/min, systolic blood pressure <90mmHg

4) Sudden fall in level of consciousness and prolonged or repeated seizures
Critical Illness


Critical illness is a very specific series of disease syndrome that arise from an enormous spectrum of causes all of which are characterized by an acute injury which overwhelms the physiologic reserve to the extent that life cannot be sustained without outside intervention

Example is profound vasodilation seen in septic shock.  Normally, cardiovascular system compensates for pathologic vascular tone by auto-transfusion of ECF, increased heart rate and cardiac output.  In severe sepsis, uncontrolled release of cytokines and myocardial depressant factors undermine the body’s compensatory mechanisms causing hypotension and shock.  Give body fluids, vasopressors, antibiotics, Antithrombin III and activated protein C.
Solution


A patient may be admitted following emergency surgery, but the course may be complicated by systemic sepsis, acute lung injury, renal failure, nosocomial pneumonia, etc.  Each subsequent injury makes its successor more likely, and with each hit the physiologic reserve is further depleted.
Physiologic Reserve

Physiologic reserve decreases with age and chronic disease.  The difference between a young person and an old patient is how much is left “in the tank” and how much additional activity can be dragged out of organs before they become exhausted.  There is no single indicator of physiologic reserve although there are many different clinical and laboratory markers of individual organ reserve.
Cardiovascular System


Cardiovascular system delivers oxygen and nutrients to the tissues and removes waste products.  The reserve is the maintenance of BP and cardiac output without provoking myocardial ischemia.  This can be quantified by a stress test.  Can give vasopressors and IVF.
Pulmonary System


For the pulmonary system, a patient who develops acute pneumonia, asthmatic attack, or acute lung injury, the increased work of breathing is compensated for by increase in respiratory rate and minute ventilation.  A progressive increase in CO2 is an indication the reserve is being depleted and mechanical respiration is required.  
Renal System

Renal system has an enormous reserve.  Most young people have a GFR = 120mL/min, but rarely require dialysis until this has fallen well below 20mL/min.  The most efficient way of quantifying this is to measure is 24-hour CrCl.  Treatment of failed renal reserve is dialysis.
Hematological System


For the hematological system, a patient can tolerate hemoglobin levels of 6-7g/L without adverse symptoms.  This allows us to lose a considerable amount of blood without dying.  Likewise, significant capillary bleeding does not occur until platelet levels fall below 50,000.  Spontaneous intracerebral hemorrhage occurs at 20,000.  Treated with blood component transfusion, usually packed RBCs.
Neuroendocrine System


The neuroendocrine system is the one system that is probably most important for regulating stress response to illness.  This becomes exhausted in late stages of critical illness.  A large number of critically ill patients develop relative adrenal insufficiency (normal serum cortisol but an inadequate response considering the stress involved)
Multi-Organ Dysfunction Syndrome (MSOF)


The patient has an initial injury.  This either causes a direct cascade of sequential injuries or causes massive release of inflammatory cytokines, which causes collateral damage.  The result is widespread microvascular injury, organ dysfunction, and failure.  Goal is to prevent this.
Pitfalls of the ICU


It is very difficult to die in an intensive care unit.  We are able to maintain life almost indefinitely, but at a very high cost – constant suffering.  If the patient cannot be weaned off life support such that they can return to a (relatively) normal life, then prolonged intensive care is futile.  In the end, most patients die patients die due to withdrawal of life support.  They die because they have multi-organ dysfunction, loss of physiologic reserve and neuroendocrine exhaustion
DISEASES FREQUENTLY ENCOUNTERED IN CRITICAL CARE


In 1991, the American College of Chest Physicians/Society of Critical Care Medicine Consensus Panel developed definitions of the various stages of sepsis, which are as follows:

1) Infection – microbial phenomenon in which there is an inflammatory response to the presence of microorganisms of the invasion of normally sterile host tissue

2) Bacteremia – presence of viable bacteria in the blood
3) Systemic inflammatory response syndrome (SIRS) – may follow a variety of clinical insults, including infection, pancreatitis, ischemia, multiple trauma, tissue injury, and hemorrhagic shock.  SIRS occurs in the absence of infection
4) Sepsis – systemic response to infection and is identical to SIRS but it must occur as the result of infection.  The sepsis syndrome is a process of malignant intravascular inflammation characterized by release of cytokines and other immune modulators that create a state of destructive immunologic conflict.  It is recognized clinically by the presence of 2 or more of the following: a) Temperature >38oC or <36oC b) heart rate >90 c) RR >20 breaths/min or arterial pCO2 <32mmHg d) WBC >12,000 or <4,000
5) Septic shock – sepsis with hypotension (SBP <90mmHg or a decrease of 40mmHg from baseline) despite adequate fluid resuscitation.  Concomitant organ dysfunction or perfusion abnormalities may be present (lactic acidosis, oliguria, and obtundation)

6) MOSF – evolving clinical syndrome of otherwise unexplained progressive physiological failure of several interdependent organ systems.  Hemostasis cannot be maintained without intervention.  
Multi-System Organ Failure

Circulatory Failure – bradycardia, hypotension, ventricular tachycardia or fibrillation, metabolic acidosis


Tx – optimize cardiac preload with IVF, maximize contractility with positive inotropes, correct anemia with packed RBCs, treat arrhythmias as they arise, and maximize perfusion pressure with vasopressors.  
Respiratory failure – rate <5 or >40, hypercapnia, hypoxemia


TX – oxygen (mechanical ventilation, PEEP, CPAP)
Hematologic Failure – fever, leukopenia <1000, thrombocytopenia <20,000, evidence of DIC


TX – blood component transfusion
Hepatic Failure – coagulation defect, rising hepatic enzymes, decreased albumin


TX – fresh frozen plasma and nutritional support
GI Failure – ileus (hypokalemia, post-op), gastroparesis (diabetes, gastric cancer), hemorrhage


TX – parenteral nutrition and stress ulcer prophylaxis 
Neurological failure – depressed level of consciousness, GCS <6, seizures


TX – oxygen and anticonvulsants
Acute Renal Failure


Acute renal failure is a reduction in renal excretory or regulatory function resulting in the retention of water and waste products normally excreted by the kidney.  Urine output is <400mL/day and serum creatinine is increased.  Renal failure may be anuric, oliguric, and polyuric. 
Pre-renal failure – hypovolemia, fluid, and electrolyte depletion


Dx – urine specific gravity >1.016, low urine sodium <20, high osmolality >500
Intrinsic renal failure – acute tubular necrosis (hypoperfusion, contrast nephropathy), acute glomerulonephritis, drug-induced nephrotoxicity, and acute pyelonephritis.


Dx – urine specific gravity <1.010, high urine sodium <40, low or normal osmolality >300

Post-renal outflow obstruction – calculi, blood clot, prostatic hypertrophy, ureter damage

Treatment of Acute Renal Failure

1) Remove precipitating cause

2) Fluid and potassium regulation

3) Drug dose adjustment

4) Dialysis

5) Bicarbonate if the patient is very acidic
Indicators for Dialysis

1) BUN >100

2) Hyperkalemia

3) Fluid overload

4) Change in mental status
Acid-Base Disturbances

1) Respiratory acidosis – results from hypoventilation that is manifested by the accumulation of CO2 in the blood and a drop in blood pH.  This may be caused by CNS depression, pleural or lung disease, musculoskeletal disorders, etc

2) Respiratory alkalosis – results from hyperventilation that is manifested by the excess elimination of CO2 in the blood and a rise in blood pH.  This may be caused by CNS events, drugs, pregnancy, decreased lung compliance, and anxiety

3) Metabolic alkalosis – results from elevation of serum bicarbonate.  This may be caused by volume contraction, hypokalemia, bicarbonate ingestion, etc.

4) Metabolic acidosis – results from elevation of serum acid levels and may be characterized by 

Anion Gap

The normal anion gap = 12mEq/L.  It is the calculated difference between negatively charged ions (anions) and positively charged ions (cations) measured in serum assays.  

Anion gap acidosis results from accumulation of acidic metabolites and is manifested by low HCO3- and an anion gap >12.  This may be caused by LAMUDPIES (lactic acidosis, alcohol, methanol, uremia, DKA, paraldehyde, ethylene, hyperkalemia, salicylates).


Non-anion gap acidosis results from loss of bicarbonate or external acid infusion and is manifested by low HCO3- and an anion gap <12.  This may be caused by GI loss (diarrhea), renal loss (respiratory alkalosis compensation, renal tubular acidosis, etc).
HIGH-SPEED BLUNT TRAUMA


MVAs account for 60-90% of high-speed blunt trauma in the United States.  Associated with deceleration injuries, acts of violence, or direct blows to the chest.
Patient History

1) Mechanism of injury

2) Time of injury – important for the type of bleed
3) Speed of the cars
4) Use of restraints
Labs to Order

1) CBC

2) ABG

3) BMP

4) Serum lactate

5) CT of head
6) X-rays
7) EKG
8) Echocardiogram and cardiac enzymes
9) PT/PTT and coagulation studies
10) D-dimer
11) Type and Cross
Sternal Fracture


Sternal fractures occur in 5% of all patients with blunt trauma.  Most fractures are in the upper to middle third and are transverse fractures.  Patients have an 18-62% risk of associated thoracic, mediastinal, or cardiac injury, such as flail chest, cardiac contusion, pulmonary contusion, and aortic rupture.  Also associated with compression fractures of the thoracic spine secondary to hyperflexion of the spine at the time of injury.  Unless associated with a consequence of pulmonary or cardiac contusion, it is rarely of any consequence.  The fractures heal well on their own.  
Cardiac Contusion


Cardiac contusion presents with bruises or abrasions on the anterior chest and may be associated with multiple rib fractures, the imprint of the steering wheel on the anterior chest wall and first rib fracture.  Most common site for cardiac injury is the right ventricle.  In minor blunt trauma with no significant cellular damage, enzymes are normal or slightly elevated.  Majority of patients develop pericardial effusions.  Most of the time, the pericardial effusions resolve on their own.  NSAIDs can be given but use caution if there is an underlying coagulopathy because that could predispose the patient to bleeding.  Severe contusions may cause significant hemodynamic abnormalities.  Such problems include valvular disruption, papillary muscle rupture, and ventricular aneurysms or rupture.  In the case of rupture, the majority of patients will die from tamponade or if the pericardium is not intact, exsanguination before treatment.
Diagnosis

1) EKG, cardiac arrhythmias, tachycardia – right-sided or anterior MI; sinus tachycardia
2) Serial cardiac enzymes – at least three sets
3) ECHO – valvular damage, fluid in the sac, and dyskinetic heart movements
4) CT/MRI
5) Angiography – gold standard for checking the aorta
Treatment

1) Conservative, overnight ICU observation

Aortic Rupture


Aortic rupture occurs with sudden deceleration injury usually in MVAs where rotational and sheer forces on the movable aortic arch and the stationary descending aorta.  80% die with 1 hour.  Of the remaining 20%, 33% die in 3 hours and another 33% die within 24 hours.

Signs and Symptoms

1) Systolic murmur

2) Pressure difference between upper and lower extremities

3) SOB

4) Dysphagia due to pressure on the esophagus
Diagnosis

1) CXR – widening of superior mediastinum, blurring of aortic arch, tracheal deviation to right, left pleural cap, downward displacement of the left mainstem bronchi, hemothorax

2) Definitive diagnosis – aortogram/CT scan of the chest
Treatment
1) Immediate surgical repair

Diaphragmatic Rupture


Diaphragmatic rupture is caused by transmission of externally applied pressure through the abdominal contents to the diaphragm.  The liver acts as a buffer of the pressure on the right side, accounting for a higher incidence of left-sided diaphragmatic rupture.  About 3% of patients with blunt chest trauma will have a diaphragmatic hernia.  Herniation of the bowel into the chest causes bowel obstruction and/or respiratory distress.

Diagnosis

1) Most are delayed due to associated more life-threatening injuries

2) Clinical – decreased breath sounds on side of injury due to lung compression, basilar dullness, dyspnea, bowel sounds in chest, and dullness to percussion
3) CXR – poorly defined blurred diaphragm or an arched diaphragmatic shadow and loops of bowel where the lung used to be
Treatment

1) Surgery – reduce the hernia and fix the diaphragm
2) NG tube – decrease the amount of bowel gas, limit hernia size, and decrease obstruction
Flail Chest


Flail chest results when multiple rib fractures allow chest wall to become unstable.  As patient breathes in, negative pressure “sucks in” unstable segment.  May be associated with pulmonary trauma.  As pulmonary conditions worsen, paradoxical rib motion becomes more severe and respiration is inefficient.  At the point were respiration becomes insufficient, mechanical ventilation is necessary
Diagnosis
1) Crepitus of broken ribs

2) Paradoxical motion
3) CXR

4) CT of the chest if suspecting pulmonary contusion

5) Rib fractures 1-2 – aggressively exclude underlying trauma

Treatment

1) Large flail segment may be temporary stabilized with towel rolls, tape, or sandbags placed against it.

2) Intubation and ventilator support required for all patients with large flail segments (bigger than 4-6 inches) and for any patient with underlying acute or chronic lung disease
Pulmonary Contusion


Pulmonary contusion has a history and physical exam consistent with chest trauma, rib fracture, pneumothorax, and flail chest with progressive hypoxia, lung stiffness, and bibasilar rales on the side of the contusion.    
Diagnosis

1) CXR – increased opacity in peripheral lung near to injured chest wall.  May lag 12-24 hours behind clinical extent of the contusion

Treatment
1) Pain control

2) Oxygen for progressive hypoxia

3) Mechanical ventilation for continuous progressive hypoxia

Scapular Fracture


Scapular fracture is usually due to high-velocity trauma.  There is a 70-100% incidence of associated head, lung, and cardiac damage.

Treatment

1) Immobilization of the shoulder

2) Pain management

3) R/O injury to other organs
Acute Respiratory Distress Syndrome (ARDS)


Acute respiratory distress syndrome (ARDS) is a diffuse pulmonary parenchymal injury associated with non-cardiogenic pulmonary edema, severe respiratory distress and hypoxemic respiratory failure.  Diffuse alveolar damage results in loss of integrity of the alveolar-capillary barrier with exudate followed by varying degrees of pulmonary fibrosis.
Risk Factors

1) Direct – involves the lung, such as pneumonia, trauma, and acute respiratory illness

2) Indirect – sepsis, pancreatitis, drugs
Signs and Symptoms

1) Dyspnea

2) Tachypnea

3) Cyanosis

4) Tachycardia

5) Rales

6) Agitation

7) Lethargy
Diagnosis

1) Clinical – acute onset
2) ABG – pO2 <50
3) CXR – bilateral infiltrates, diffuse alveolar interstitial infiltrates in all lung fields, absence of CHF
Treatment

1) Support ventilation and oxygenation

2) Mechanical ventilation and PEEP

3) Avoid excess fluid

4) Treat underlying problem

5) Prevent iatrogenic lung injury – barotrauma from mechanical ventilation and oxygen toxicity
Shock


All types of shock (hypovolemic, cardiogenic, distributive, neurogenic) are seen in critical care.  It is perfusion failure in which tissue blood flow and oxygen delivery are critically reduced, impairing metabolism.

Treatment

1) Fluid replacement

2) Inotropic support

3) Assessment of restoration of preload – systolic pressure, urine output, hematocrit >30%, normal plasma lactate, adequate oxygen saturation
