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Critical Care Nutrition

Scribe note:  There was a handout given in class.  If you can’t find a copy of it floating around the room somewhere, come talk to me.  However, I’ve included most of it in the scribe.  Also, sorry for the length of this, but Dr. O’Banion went over his allotted 50 minutes.

Introduction:  Dr. O’Banion wants to give us a “hands-on” assessment of what is seen and done in the intensive care unit.  Hence, there will be a little bit of both theory and case-study in the lecture.

Hypothetical situation:  During your surgery rotation, you present a patient to the attending and mention that the patient has an albumin of 1.1; the attending then asks you “why is the albumin 1.1?”  Well, Dr. O’Banion wants to give us an idea of what the answer is supposed to be later.  (This is a frequent pimp question from surgical attending).

· Slide 2:  Most of the nutritional assessment information presented in the first hour of path lecture today is not very helpful in the intensive care unit.  (Why?  Later).  How nutrition is used and absorbed is a very important part of the critical care.

· Slide 3:  These are some of the questions we will be trying to answer today:

· Why and how is the critical care patient different?

· Why do we feed?

· Why do we feed enterally?  Extremely important.

· Why do we feed early in the ICU?  Early means to begin feeding patients within 6 hours of admit.

· What do we feed?  This is a hot nutritional topic that he will talk about if there is time.

A quick review

· Slide 4:  Body Composition

· Lean body mass – the main part of the body that is looked at in the critical unit.

· Body fat – has very limited metabolic activity; it is primarily a storage area.  Not too important for us.

· Extracellular water – also has very limited metabolic activity; a great transport mechanism.

· Slide 5-6:  Malnutrition
· It is created by the difference between nutritive intake and nutritive utilization.

· It is observed as changes in lean body mass, which is measured primarily via albumin.  In ambulatory care, albumin is the “gold standard”.

· Marasmus – caused by a decreased calorie and protein intake.

· Slide 7-10:  Uncomplicated Starvation – he wants us to notice the simplicity of uncomplicated starvation.

· The response is almost completely driven by insulin.  

· In a normal human, an increase in insulin causes:

· 1)  Glucose metabolism and glycogen storage

· 2)  Inhibition of proteolysis

· 3)  Lipogenesis

· These responses are geared towards the storage of energy.

· Starvation process: there is primarily a decrease in insulin levels.

· Stage I:

· During the first 6 hours of starvation, there is glucose utilization.

· 24-48hours:  glycogen utilization.  At this point, we will see a small amount of proteolysis mainly to provide amino acids glutamine and alanine for gluconeogenesis.

· Stage II:  can last 40 days or so.

· Inhibition of proteolysis – the body is trying to spare what is important.

· Begin to access the body fat with ketone body formation.

· Decrease in metabolic rate.

· As this goes on, the main tissues in the body that utilizes glucose (RBC, brain) will switch over to the use of ketone bodies as a calorie source.

· Stage III:
· Depending on the health of the person before starvation, this stage can last from 30 days to about 70 days.

· Uncontrolled proteolysis – at this point, most of the body fat is gone, and the body uses the only remaining source of calorie.

· Loss of organ function

· Death – from immune function defects or loss of cardiac function.

· Slide 11:  Malnutrition

· Marasmus – already mentioned

· Kwashiorkor – protein malnutrition.  We have probably all seen picture of this (little babies that have pot bellies with very thin legs in Africa).

· Alcoholic patients – There is a second scenario where the patient has lots of caloric intake but no protein intake.

· These patients have normal body weight with normal serum protein as well, but if you stress them, the lack of protein intake rapidly comes to the forefront.

· Mixed – what is seen in intensive care unit

· Increased needs with lack of sufficient intake

· Picture:  a slide showing a really fat man lying on the hospital bed in the ICU.  “Would you think this guy is malnourished?”  No?  But if you look at his albumin level, it is probably 2 (very low).

· This shows that the patients in the critical care unit have an inability to access adipose tissue for calorie but can definitely access protein.

· Slide 12-13:  Metabolic Stress
· This is what causes sepsis in the patients.  Initially we have stimulation of macrophages that produce TNF, Interleukin-1 and interleukin-6.  In turn, these stimulate a whole host of hormone secretions.

· In simple starvation, only insulin was “running the show”.  BUT in metabolic stress, there is a whole host of hormones that are involved to confuse the picture.

· Increase amount of counter-regulatory hormones:  glucagons, insulin, ACTH, cortisol, Catecholamines, histamine, growth hormone, TSH, thyroxin, aldosterone, vasopressin.

· Ironically, even though theses patients are starving in metabolic stress, there is an increase in insulin.

· The substantial increase in cortisol also wrecks havoc of protein production.

· Catecholamines increase blood pressure and increases metabolism.

· All of these hormones just create a metabolic disaster.

· Slide 14:  A graph that show exactly what happens in metabolic stress at the cellular level

· Adipocytes – mainly driven by the increase in insulin levels.  It is often said in the ICU that obese patient can “afford to lose a few pounds”, but if you look at what is really going on, will realize that these patients CANNOT significantly access adipose tissue (because of the increase in insulin levels) no matter how much fat they have stored.  This is why these patients burn protein for calories. Emphasized.

· Decrease in lipoprotein lipase

· Decrease in triglyceride deposition

· Increase in hypertriglyceridemia

· Slide 15:  Metabolic Stress – physiological

· Just get a picture of what is going on here.

· Fever – for every degree centigrade the fever goes up, there is a 13% increase in metabolic rate.

· Increase WBC – more later.

· Vasodilation

· Hepatic reprioritization – remember this term.

· Proteolysis

· Increase heart rate

· Hypotension

· Hyperglycemia

· Increase metabolism

· Slide 16:  Normal Protein Metabolism
· 250 gm/day turnover

· 7gm of free amino acid circulating in the serum available for synthesis of protein

· Intake of 70 –100 gm protein/day

· Slide 17:  Protein Metabolism during Metabolic Stress
· Reprioritization of hepatic protein synthesis

· Significant increase in the pools of available protein that are in the serum now ready for catabolism and synthesis.

· 500-600 gm/day turnover

· 100gm free amino acid pool – this is because amino acids are needed for gluconeogenesis.  This pool is so high because the body just wants to make sure that there are enough amino acids around for the synthesis of various products.

· To maintain a WBC count of 25,000 requires an additional 20gm of protein/day – the body’s needs are increasing.  The body will find this extra amount of protein somehow, either you have to increase intake of protein, or the body will just cannibalize itself.  (In the notes, it said “20gm for WBC of 15,000”).  Question from the class asked what this “15,000” is.  Answer:  15,000 WBC per ml of serum.  The professor is not sure about the units.

· 25gm for acute phase proteins

· gluconeogenesis
· Slide 18:  Hepatic Reprioritization - concept emphasized
· The liver is stimulated to decrease production of normal transport proteins:

· Albumin
· Retinol binding protein – for vitamin A

· Transferrin – for iron

· Prealbumin

· Others

· Increased production of acute phase reactants:

· C reactive protein – great measurement of inflammation.  The main one we have to worry about.  If the albumin level is not decreased, then they like to look at the level of C reactive protein to see if inflammation is still occurring.
· Fibrinogen

· Antitrypsin

· Antichymotrypsin

· Other acute phase proteins (about 18 of them total)

· Slide 19:  Metabolic Consequences

· Increase protein synthesis – mainly the acute phase proteins

· Huge increase in protein catabolism

· Increase gluconeogenesis

· RESULT:  NET PROTEIN LOSS.  This is something we can actually measure.

· Slide 20:  Stress Response – this response is actually normal especially after stressors like surgery.  

· When is the response abnormal?

· When the response lasts longer than 5-7 days and you end up with loss of organ function
· When the patient is already initially protein depleted – they do not have the metabolic back-up to handle the stress for very long.  You have to watch out for these patients.  Sometimes, these patients will need to have their proteins replenished before a stress (like surgery) is introduced.

· Slide 21:  Comparison

· Starvation:

· Primarily insulin driven

· Preserve skeletal muscles

· Decrease hepatic mass

· Consume hepatic glycogen

· Fat to ketones as energy source

· Consume hepatic proteins

· Stress response:

· Counter-regulatory hormone driven – for the list of hormones, see slides 12-13

· Loss of skeletal muscles instead of fat

· Preserve hepatic mass – the liver is so important during the stress state.  This is why there is a loss of skeletal muscles in order to preserve the liver.

· Increase hepatic protein synthesis – acute phase proteins

· Gluconeogenesis

· Fluid resuscitation – in the first 48 hours, the stressed patients receive a significant fluid resuscitation.  The counter-regulatory hormones mentioned earlier causes vasodilation so that a fluid bolus is required to keep blood pressure up.  In the surgical intensive care unit, it can be as much as 10-20 liters of fluid in 24 hours.  In the burn intensive care, it can be as much as 40 liters.

· Slide 22:  Assessment Comparison
· Metabolic Stress – the fluid resuscitation required by many patients make some of these assessments not useful in the ICU.

· Anthropometrics – includes height, weight, triceps skin fold, mid-arm circumference.

· Weight increases lots because of the fluid resuscitation.  Thus, weight is not a good indicator in the ICU.

· Mid-arm circumference is also not a good indicator because of all that extra fluid.

· Bottom line:  not helpful in the ICU.

· Immunity markers– skin testing is a measurement you can use is nutritional assessment.

· BUT again, all that extra fluid makes it difficult to inject someone (did not elaborate).  

· Also, the stress state can “kill” your immune system in the process so that you may have a sudden decrease in lymphocytes.  This way, you wouldn’t get a reaction to the skin test, so you don’t know if your immune system is actually working.  

· Bottom line:  Not helpful in the ICU

· Visceral proteins – can use albumin (emphasized)

· Caloric needs

· Protein needs – significantly increased over the normal requirement

· Slide 23:  Albumin Under Stress:  the answer to the question “why is the albumin 1.1?”  4 reasons.

· 1)  Decreased synthesis – hepatic reprioritization

· 2)  Dilution – fluid resuscitation:  if you pump someone with 30 liter of fluid, you will dilute the albumin.

· 3)  Catabolism – amino acid pool – albumin can be broken down into amino acids to contribute to the pool that can be used for gluconeogenesis or the synthesis of acute phase reactants.

· 4)  Direct loss – wounds, fistula, diarrhea

· Can we fix this decrease in albumin in people?  Yes, but not until they get over the stress first.  We can provide protein so that the body stops cannibalizing itself, but the hepatic reprioritization will not be reversed with nutrition.

· Slide 24:  Nutritional Requirements in the ICU – the # are all relative

· High stress (greater than 30% burn, sepsis, severe close head injury, necrotizing pancreatitis, long bone fractures)

· 35-40 kcal/kg

· 1.8-2.5gm/kg

· Moderate stress (unplanned surgical procedures, burns <30%, moderate trauma, blunt trauma without fractures)

· 30-35kcal/kg

· 1.3-1.8 gm/kg

· Mild stress (mild infection, community acquired pneumonia)

· 25-30 kcal/kg

· 1.0-1.3 gm/kg

· Patients who are depleted or have a chronic condition prior to stress will need more nutrition.  How much more depends on the patient.

· Slide 25:  Assessment Tools in the ICU

· Indirect Calorimetry – There is a machine that will so this for you.  But first, take a measurement of oxygen consumption and CO2 production.  Plug the numbers in the machine, wait 10 minutes and it will churn out a basal metabolic rate.  The “gold standard” for nutritional support in the ICU.  Not every hospital has one.

· Urine Nitrogen Studies – for assessment of protein requirements.

· Positive nitrogen balance – the desired state for patients.  Measured via a 24hour urine test.  Look at the urea that is in the urine test and recalculate the result to gm of proteins.  

· Modified Fick – use this if you don’t have indirect calorimetry.  Requires a pulmonary artery catheter.

· REE = CO x Hgb (SaO2 – SvO2) x 95.18

· REE = resting energy expenditure

· Slide 26-27:  Real Life

· 28 years old male who flipped his pick-up and was thrown out of it.  He has an openbook pelvic fracture (where the pelvic is broken completely open), femur fracture, ankle fracture, clavicle fracture, and multiple abdominal injuries.

· He had external fixators placed in his abdomen (6 rods of metal about a ¼ inches thick sticking out of his tummy).

· His albumin is 1.1 gm/dl

· Dr. O’Banion flashed the patient’s chart showing a measured resting energy expenditure of 4,426 kcal in 24 hours.  A machine calculated this.  This only includes the amount needed by the stress.  This does not include any kcal needed for other activities (i.e. physical therapy).  Thus, must add another 15% of the 4,426 kcal to get the true expenditure for 24 hours.  This guy needed about 5,300 kcal in 24 hours.

· His Urine Urea Nitrogen Excretion:

· 72,000mg/24hours

· His Protein needs:

· > 450 gm/24hours

· We only eat about 100, 120gm of protein a day.

· Slide 28:  Critical Care Nutrition:  Why do we feed?  The next slide answers.

· Slide 29:  Malnutrition (again)

· Created by difference between nutritive intake and nutritive utilization.

· This guy is loosing 450gm of protein and 5,000 kcal every day that we don’t do anything.

· The body will start to cannibalize lean body mass if we don’t give it something else instead.

· Slide 30:  The Effects of Malnutrition

· Decrease immune function

· Decrease wound healing

· Decrease pulmonary function – do not have the kcal to drive the pulmonary system

· Decrease cardiac function

· Increase morbidity and mortality – very significant

· Slide 31:  Real Life

· Caloric deficit in one week

· >30,000 kcal - lost in one week if you don’t do something

· Protein deficit in one week

· >3,400 grams (>22 lbs of muscle)

· Slide 32:  Critical Care Nutrition:  Why do we feed enterally?  

· Slide 33-34:  Gastrointestinal System & GI Defense Mechanisms

· The GI system is an immune organ.

· There are 2 parts to it

· Physiologic

· Immunologic

· Slide 35:  Physiologic barrier

· Salivary glands – saliva has bacterial inhibition properties.

· Gastric acid – “kind of obvious from a bacterial point of view”.  Not too many bugs except may be H. pylori can live at the pH of 1.

· Bile salts – also has the ability to bind up bacteria and endotoxin (to some extent).

· Motility – propels bacteria and endotoxin thru the intestines.  The bacteria must be able to adhere to the GI mucosal in order to enter the body.  If it is being propelled thru, the bacteria don’t have the chance to adhere.

· Mucus – also blocks adhesion of bacteria

· Bacterial flora – “about 50 cells deep” lining the mucosa.  This is a significant physical barrier.

· Epithelial lining

· Slide 36:  Immunologic – Gut-associated Lymphoid Tissues (GALT) – remember this.

· 25% of intestinal mucosal is lymphoid tissue responsible for production of WBC.

· 70-80% of ALL immunologic secreting cells in the body are located in the intestine

· Largest immune organ in the body – some might argue the skin is the largest.

· Until the last 10 years, the GI tract has been considered a “passive organ”.  This is not the case.  GI tract supplies immune function for the other mucosal organs, i.e. GU, pulmonary

· Slide 37:  Immune Function of the GI tract – a picture of villi

· “Just to let us know how much of it and where the immune function comes from”

· Slide 38:  Factors Affecting the GI Defense Mechanisms – what we do in the intensive care unit to mess up the barrier function of the GI tract . . .

· We put tubes down the stomach and suck out all of the acid; give drugs such as H2 blockers to stop acid production.

· Decrease GI stimulation from not feeding them enough causing a decrease in mucous and bile salt production as well as loss of motility (aka ileus)

· Kill bacterial flora – antibiotic therapy

· Loss of endothelial cells (fuel, trophic factors) – the intestinal epithelia has one of the fastest turnover rates.  If you don’t feed the patient enough for them to fuel this turnover, the patient will end up with a net deficit of epithelial cells.

· Slide 39:  Factors affecting the GALT

· IgA & sIgA – primary function is binding to bacterial and keeping it from adhering to the mucosal.

· Factors that decrease sIgA secretion:

· Trauma can decrease secretion by 80%

· Decrease fuel

· Decrease GI stimulation

· Slide 40:  Bacterial Translocation – movement of bacteria thru the epithelial lining.  

· It is a normal occurrence, but fortunately, we have the immune system in place to catch all the bacteria that translocates into the epithelia.  

· The translocation is handled by the reticuloendothelial system.

· It increases in frequency when barrier defenses damaged – can end up with spontaneous peritonitis, etc.

· Showed a picture of healthy villi vs. a villi from a patient that has not has been fed for 3 days.

· The starved villi are blunted at the ends, and the cells have begun to collapse on each other.  The cells also appear less differentiated with a loss in function.

· Slide 41:  The 11th Commandment:

· If thy patient’s gut worketh, thou shall use it. – if the patient’s GI tract is functioning and you are not using it, you are doing the patient a great disservice. 

· Slide 42:  Parenteral Nutrition

· Obstruction – the only absolute indication for parenteral nutrition.

· These are some “decent indications”

· Ileus (>1000ml/24hours = nasal-gastric tube output) – with an ileus, you probably can’t feed into the stomach, but may still be able to feed into the small bowel if you have a tube placed there.

· Fistula – if you have a proximal fistula, you may be able to feed past it and thus not use parenteral nutrition.

· Pancreatitis – probably use parenteral nutrition if you have the severe necrotizing kind.  (Pancreatitis often resolves on its own because by the time you see the patient, the cause has probably gone away.  So when a patient presents with pancreatitis, you usually just watch them for 3 days or so and see what happens).  The necrotizing type of pancreatitis is a different story though.

· Short Bowel Syndrome – a syndrome where patient do not tolerate enteral feeding.  The food passes thru so quickly that they do not absorb any nutrients.  Can be due to a massive diarrhea or just the fact that they only have 3 feet of bowel left.

· Inability to meet total needs – possible reason.  There is only a certain amount of food you can put into people’s stomach in a 24 hour period.  Perhaps for burn patients.

· Eightball theory – Patients that are so malnourished that you cannot wait to see if they tolerate enteral feeding.  Start them on parenteral nutrition, and switch to enteral as soon as you know they can tolerate it.

· Slide 43:  Review – Critically ill patient

· Metabolic Stress

· Increased energy needs

· Net protein catabolism

· Inefficient utilization of energy (lipids) - emphasized

· Organ hypoperfusion

· Hepatic reprioritization

· GALT

· Loss of barrier function

· Decreased sIgA production

· Decreased function of reticuloendothelial system

· Slide 44-45:  Critical Care Nutrition:  Early Enteral Feeding
· Why do we feed early?

· So that we don’t lose GI function – would like to fool the stomach into thinking that it’s not sick.

· Once you loose GI function, it is hard to get it back (may take you a week).

· Decrease deficits

· Blunt metabolic response – more later

· Would like to start patients on enteral feeding within 24 hours of admit whenever we can.

· Slide 46:  Attenuation of hepatic protein reprioritization – A graph.

· Alpha-antichymotrypsin (an acute phase protein) - level seen after exploratory laparotomy for major abdominal trauma.  Patients were randomized to TPN or enteral nutrition.

· This study was done in 1988.

· When they started enteral feeding early, where was a significantly lower alpha-antichymotrypsin level in the patient versus parenteral feeding.

· This study also showed that even if you can’t get their entire nutritional needs met enterally for whatever reason, something fed enterally is still better than nothing.

· A second experiment:  this time, it measures cortisol and glucagons levels instead of Alpha-antichymotrypsin.  

· Cortisol and glucagons levels were measures in early enteral-feeding vs. delayed enteral-feeding.  The early enteral-feeding group of people had a lower level of glucagons and cortisol (which is desirable).

· Slide 47:  Real life

· Hospital Day 2

· Initiate enteral feeding

· Hospital Day 7 – unfortunately, the patient developed pancreatitis, so Dr. O’Banion has to start TPN (parenteral feeding).

· Hospital Day 13

· Re-initiated enteral feeding after pancreatitis stabilized.  They fed him BOTH via TPN and enterally.

· Slide 48:  Nutritional support

· The bottom line in these ICU patients:

· Cannot replete the patient, not until we turn the stress around

· Support the metabolic response to the injury

· Blunt the metabolic response

· Aid the immune response

· Improve nitrogen balance

· Improve wound healing

· Early is better

· Slide 49:  Critical Care Nutrition - What do we feed?

· Slide 50:  Glutamine
· Most abundant amino acid in the body (50%)

· Major fuel for the epithelia cells in the small intestine including lymphocytes, macrophages, fibroblasts

· Major substrate for gluconeogenesis along with alanine (but glutamine is the main one)

· Stored in skeletal muscle

· Conditionally essential amino acid – there are times that the body outruns it’s ability to release glutamine.  In stress states, the body can’t get glutamine from skeletal muscles fast enough so that certain areas of the body (like GI epithelium) doesn’t get enough.

· Feed patients with glutamine enhanced formulas for ICU patients.

· The disadvantage to glutamine enhanced formulas is that they may be much more expensive, so it will depend on the patient whether or not you should give it.

· Slide 51:  Arginine
· Nonessential amino acid

· Enhanced immune function – it’s main function

· Enhanced wound healing

· Arginine is often mixed with glutamine in the formulas

· Stimulates GH, glucagons, insulin release

· Precursor for nitric oxide

· Modulate hepatic protein synthesis

· Mediate vascular effects of endotoxin

· Reduce bacterial growth

· Slide 52:  Omega 3 fatty acid (fish oil)
· Polyunsaturated fatty acids (PUFA)

· First double bond at 3rd carbon

· It stimulates the immune function

· Decrease in stress response

· Decrease production of TNF, IL1

· Decrease production of arachidonic acid, metabolites PGE2, PGI2, TXA2, LTB4
· In the ICU, you tend to see patients with an initial stress such as trauma, but then a lot of times, about 10 days later, they will develop a secondary septic response.  The theory is that if you feed them with these omega 3 fatty acids, the secondary septic response is substantially decreased.  The patient gets better faster.

· Does this work?  Data seems to say yes.

· Slide 53:  Specialty Formulas

· Essential amino acids – were designed for patients with renal failure.

· Patients on dialysis have increase needs for amino acids.

· Branch chain amino acids – indicated for liver failure patients with stage IV encephalopathy (basically comatose).  There are a couple of papers out that showed they were able to take these patients out of coma using this formula.

· Pulmonary & Diabetic – decrease glucose & carbohydrates formulas.  This formula is for pulmonary diseases also because the metabolism of carbohydrate yields more CO2 than the metabolism of fat.  Works only for COPD patients with lots of CO​2 retention. 

· Elemental – contains free amino acids, short chain peptides, and medium chain triglycerides.  These are good because they are absorbed easily especially since medium chain triglycerides are absorbed passively instead of actively.

· Slide 54:  Real life – same guy as before (with pancreatitis)

· Restarted enteral feeding with semi-elemental formula – passive absorption of the feed so it does not stimulate the pancreas as much.

· Provide 2,000 kcals

· Providing 100gms protein

· Continued TPN – because he needs were SO high.

· Providing 3,000 kcals

· Providing 250gm protein

· Total 5,000 kcals and 350gm protein

· Did guy ended up doing really well even though he was not expected to live in the beginning.

· Slide 55-56:  Refeeding Syndrome (the setup) – occurs when the patient has increased metabolism or have been starved for a long time.

· Bottom line:  these patients have a significant loss of intracellular electrolytes specifically K+ & phosphorus

· You can build up a significant loss of intracellular K+ without showing it physiologically – when you measure their blood, looks normal

· So what happens is that when you feed these patients with dextrose, insulin is produced.  Insulin will cause the repletion of intracellular potassium and phosphorus.  This then causes a drop in the serum potassium level (from K+ having all gone into the cell), and the patient can become severely hypokalemic and die.  Other effects, see next slide.

· Slide 57:  Refeeding Syndrome (the effect)

· Hypophosphatemia

· Hypokalemia

· Hypomagnesemia

· Fluid overload – this is because of heart problems caused by hypokalemia

· Heart failure

· Death – told a story about Jews in concentration camps.  When they were finally rescued, the Jews were fed by the Allie soldiers and started to drop like flies because of this refeeding syndrome.
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