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Medical Nutrition Therapy
for

Burn Patients




Objectives

» To know the principles of fluid resuscitation 1 burn
patients

» To be familiar with requirements for macronutrients
and micronutrients mn burn patients

» To know the methods of administering nutrition n
burn patients



Definition

A traumatic injury to the skin or other organic tissue
due to:

* Heat
* Cold
 Electricity
» Radiation

e Chemicals



Classification

According to the depth

1st degree

2nd degree

Zrd degree

<dth degree

v

epidermis -

subcutaneous -

tissue

dermis -

muscle -
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New Classification

= According to the depth

1-Supertficial

2-Partial-thickness
3-Full-thickness

Skin layers

Epidermis

Subcutaneous

4-Fourth degree burns

Burn depth

S superficial

(was first

-+ degree)

__. . Superfica
partial-thuckness

Deep

- - -'. .w
===~ - Full thicknocs



First-degree or superficial burns

= Affect only the outer layer of skin. the epidermis
* The burn site 1s red, panful, dry, with no blisters
* Mild sunburn 1s an example

* Long-term tissue damage 1s rare

* Generally heal 1n 3 to 6 days




Second-degree or partial thickness burns

Involve the epidermis and part of the lower layer of the dermis.
The burn site looks red, blistered, and may be swollen and painful

They heal in 7 to 21 days

Scarring 1s unusual, although pigment changes may occur




Third-degree or full thickness burns

Destroy the epidermis and dermis

They may go into the subcutaneous tissue

The burn site may look white or blackened and charred
Require over 21 days to heal g

Scarring may be severe




Fourth-degree burns

Go through both layers of the skin and underlymg
tissue as well as deeper tissue, possibly involving
muscle and bone
There 1s no feeling 1n the area since the nerve endings
are destroyed

Scarring 1s severe with contractures

Life-threatening



Classification

= According to the size
(percentage of the total body surface area. or TBSA)
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Lund- Browder Chart sus Las Jois b Sideu plo i =) Jsio

Area* Birth to 1 year 1to 4 years 5 to 9 years 10 to 14 years Adult

Head 8.5 B.S5 b5 53 4.1
Neck 1 l l 1 1
Trurk 13 13 13 13 13
Upper am 2 z 2 2 2
Farearm 13 L3 L3 13 1.1
Hand 123 L5 L& 1.2j 115
Thigh 475 3.5 i 4.2 4.5
Leg i3 L3 L3 3 3.03
Foat 173 1.73 1.73 173 115
Buttock 3 25 15 43 2.5
Geniktaia 1 1 1 1 1

Values kstad are for one surface area and aach ndwidual edramity. Antenor and postenior surface area values are equivalent in esbmating TRSA. For aroumferentid burns, multiply surface area bumed by bwo.



Pharmacologic agents

* Insulin: decreases protein breakdown and fat
oxidation

* Oxandrolone: decreases protein breakdown
and fat oxidation

* Propranolol: decreases fat oxidation and
promotes glucose homeostasis.
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Serum Albumin, Total protein
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Pre-albumin
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BUN, Creatinine, electrolytes
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15.7-29.6 mg/dL

12-15 mg/dL

8-10 mg/dL

8 mg/dL
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Fluid resuscitation

>15% TBSA non-superficial burns

The first 24-48 hs 1s for rehydration

Parkland formula:

Adult: Lactated Ringer: 4cc/kg/TBSA%/day

Child: Maintenance+ 4cc/kg/TBSA%/day

Half of the serum for the first 24 hs should be infused during the first 8 hs
Can gain 5-13 L of flud

Over the second 24 hs, thud requurements decrease to about 50%

30



Monitoring of fluid status

» Serum Na
» Urme output >0.5 mL/kg/hour (adult)

» Urme output >1 mlL/kg/hour (children)



Signs of Adequate Fluid Resuscitation

o Pulse < 120 beats per minute
o Urine output for adults 30 - 50 cc/hour
o Systolic blood pressure > 100 mm Hg

o Blood pH within normal range 7.35 -7.45

32



Challenges in nutrition support

» lleus

» Anorexic

» Inhalation mjury: airway compromise and may
require mtubation and mechanical ventilation.

» Dysphasia as a result of the mhalation injury or

prolonged 1ntubation and may require enteral

nutrition
» In children: growth requirements



Energy requirement

» Providing adequate calories to prevent weight
loss of greater than 10% of usual body weight

» A 10% loss of total body mass leads to immune
dysfunction;

» 20%, to decreased wound healing;

» 30%, to severe ifections;
» 40%. to death



Energy requirement

» Indirect calorimetery
» Harris-Benedict equation
» Ireton-Jones equation

» Toronto formula

» Simple formula




Energy requirement

¢ Harris-Benedict equation

» Men: 665+ (13.8) WtinKg+ (5) Ht incm - (6.76) Age
» Women: 655 + (9.6) Wtin Kg + (1.85) Ht in cm - (4.68) Age

Then multiply by stress factor and activity factor

* Stress Factor:

» Up to 10% burn: 1.0-1.1
» 10-25%: 1.1-1.3
» 25-90%: 1.3-1.7
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Energy requirement

Activity factor

Ventilated patients 1-1.1

Bed-ridden patient 1.1-1.2

L

Ambulatory patient 1.

37



Energy requirement

** Simple Formula

= Male: BMR=1 Kcal x 24 h x Wt
= Female: BMR=0.95 Kcal x 24 h x Wt
= BMI =25: AIBW

» Use actual body weight even 1f below 1deal weight

Then multiply by stress factor and activity factor

8



Metabolic Response in ICU

Ebb phase Flow phase
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Metabolic Response in ICU

Ebb Phase

* Decrease m: cardiac output, oxygen consumption, metabolic rate, body temp.
tissue perfusion

* Jtmay be extremely short-lived and last a few hours. or persist for a few days
depending on the severity of njury and the quality of resuscitation

Flow Phase
= Acute response:

Increase 1n acute-phase proteins, catecholamines. cortisol, glucagon. cytokines.
O2 consumption, REE. temp. tissue perfusion

» Adaptive response:
Decrease 1 hyper-metabolic rate, potential for restoration of body protein
* (an last for 9-12 months post-bun.

40



Energy requirement in ICU

» Ireton-Jones Equation:

EEE (s) =629 -11 (A) + 25 (W) -609 (O)

EEE (v)=1784-11 (A) +5 (W) + 244 (S) + 239 (T) + 804 (B)

EEE=estimated energy expenditure (kcal/day): s=spontaneously breathing,
v=ventilator dependent; A=age (years); W=body weight (kg): O=obesity
defmed as =30% IBW (if present=1, absent=0); S=sex (male=1, female=0):

T = trauma (O=absent; 1=present), B= burn (0=absent, 1=present)
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Energy requirement in ICU

» Toronto Equation:

* REE=-4343 + 10.5 (IBSA burned) +0.23 (caloric intake) +
0.84 (BEE based on Harris Benedict formula) + 114
(Temp©°C) - 4.5 (days post-burn)

* TEE=REE x 1.1

42



Energy requirement in Pediatric

Age Kcal/kg weight/day*

0-6 months 108 Male and female
6-12 months 98 Male and female

1-3 vears 102 Male and female

4-10 vears 920 Male and female
11-14 years 33 Male
11-14 years 47 Female

> 15 vears 37 Male and female

* Based on RDI

43




Energy requirement in pediatric

Energy requirement in children based on Curreri Junior formula

Age (vears) Kcal/kg weight/day
<1 RDI + 15 Kcal/TBSA
1-3 RDI + 25 Kcal/TBSA
4-15 RDI + 40 Kcal/TBSA

44



Energy requirement in ICU pediatric patients

» Schofield Equation:

Age Requirement (kcal /day)

Girls Schofield (16.97 = weight in kg) + (1.618 x height in cm)
3-10yrs + 3712

Boys Schofield (19.6 x weight in kg) + (1.033 x height in cm)
3-10yrs + 4149

Girls Schofield (8.365 x weight in kg) + (4.65 x height in cm)
10-18 yrs + 200

Boys Schofield (16.25 x weight in kg) 4 (1.372 x height in ¢cm)

10-18 yrs + 5155
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Protein

» Increased amino acid efflux from the skeletal muscle:
« Accommodate amino acid needs for tissue repair.

» Acute-phase protein production,

« Cellular immunity

* Gluconeogenesis

» Inadequate protein intake compromises:
* Wound healing
= Muscle function

* Immune system

46



Protein

» Increased protein loss from skin and urine

» 1.5-2 g/kg (20-25% calorie)

» Burmn = 50%: 2.5 g/kg BUN>100 : Pr =1-1.3 g/kg
» Children: 2.5-3 g/kg s 1 Pr=15-2g/kg

» In high protein diets, check for Cr, BUN, and hydration

47
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Carbohydrates and glycemic control

* 50-60% of total calorie
» Without exceeding S mg/kg/min both 1n adults and children
» Corresponds to 7 g/kg/day 1n a standard adult patient

» Blood glucose targets between 100-150 mg/dl:

« Significant clinical benefits including better graft take, less
infectious complications. and decreased mortality

» High CHO:

* Osmotic diuresis

* Dehydration

* Increased CO2 product :



Fat

» 15-20% of total calorie specially in severe burns:

» Fewer infectious complications
» Improved wound healing
» Shorter length of stay in hospital

» Decreased mortality

» Monitor the non-nutritional lipid intakes, such as delivered with

the sedative propofol. which can reach 15-30 g/day 1n adults.
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Fat, 15-20%

* MCT ??? Some theoretical benefits

e w3 7?7 Some outcome benefits in animal
model

* Linoleic acid 2-4%
JMCNE
! g 2 Jood g (el Gl (6390 -
Lo (25959) 9 b (pailSliwg p adgi loe -
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Micronutrients

Vitamin A, Vitamin D, Vitamin E, Vitamin C, Vitamin K., Folate, Cu, ke, Se, In,

Age, v v IU U mg meg meg mg mg mecg mg
0-13

Nonburned 1300-2000  &00 6-16 1550 2-60  A5-300 0.2-0.7 038 1540 2-8

Burned 25003000 250500 1000°  0.8-2.8 60-140 12.5-23
>13 (includes adults)

Nonburned 20003000 w00 23 7580 73120 300400 09 S-18 4060 811

Burned 10,000 1000 1000° 4.0 300500 2540
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Glutamine

v Most abundant amino acid in body

v Conditionally essential

v" Substrate for lymphocytes and enterocytes

v Improves immune function and decrease infectious complications
v' Preserves integrity of intestinal mucosa/permeability

v’ Stimulates blood flow to gut

v Reduces length of hospital stay and mortality rates

v 0.3-0.5 g/kg body weight/day for 10-15 days in >20% of
TBSA burn patients
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Methods of Nutrition Support

» Most patients with burns of less than 20% TBSA
are able to meet their needs with a regular

high-calorie, high-protein. oral diet

» Calorically dense, high-protein drinks
» Puddings, Milks. Gelatins

» Immediate access to food and fluids at the bedside

55



Methods of Nutrition Support

%+ Enteral nutrition:

= Major burns

» Elevated energy expenditure

* Poor appetites

* Because ileus 1s often present only in the stomach.
severely burned patients can be fed successfully by

tube 1into the small bowel

+ Total parenteral nutrition

* may be needed for: Persistent ileus
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Assays for adequate Calorie & Protein intake

» Wound healing

» Graft take

» Clinical course

» Nutritional parameters (prealbumin, transferrin, RBP, ...)

» Nitrogen balance = N 1ntake - (total UUN + fecal N loss +
wound loss)

» (Calculate mitrogen wound loss:

» <]10% open wound: 0.02 g N/kg/d

» 11-30% open wound: 0.05 g N/kg/d
» >30% open wound: 0.12 g N/kg/d



Case Study \



Case of oral feeding

Male CBR patient

The second day of hospitalization with normal biochemical

measures
Age: 40 yrs
TBSA: 25%
Weight: 70 kg
Height: 170 cm

BMI: 24
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Case of oral feeding
Energy requirements

<+ Simple Formula:
BEE:1x70x24=1680 kcal
TEE=BEE=1.3x1.1
TEE=1680x1.3x1.1=2402 kcal

“+ Harris—Benedict equation
BMR= 66 +13.7 (70) + 5 (170) -6. 8 (40) =1603 keal
TEE=1603x1.3x1.1=2292 kcal

s+ Toronto formula
REE=-4343 + 10.5 (25) +0.23 (1800) + 0.84 (1603) + 114 (37) -4.5 (2)=1897
TEE=1897x1.1=2086 kcal
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Case of oral feeding
Macronutrients

Protein: 20%
CHO: 50-55%

Fat: 25-30% (lower fat in major burns)



Case of oral feeding
Micronutrients

Vit C: 500 mg BD (5-10 times of the RDA)
Pearl Vit A: 25000 biweekly

Folate: 1 mg daily

Tab Selentum 200 pg daily

Cap Zinc sulfate 220 mg (50 mg) daily
Cap Multivitamin-mineral daily

Glutamin: 0.3-0.5 g/kg
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Case of enteral feeding

Male patient in the second day of admission to intensive care

unit (ICU)

Age: 30 years old
TBSA: 32%
Weight: 78 kg
Height: 180 cm

BMI: 24
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Case of enteral feeding
Energy requirements

«¢» Catabolic Flow Phase

» Ireton-jones equation
TEE=629 — 11 (A) +25 (W) - 609 (O)
TEE= 629 — 11 (30) + 25 (78) — 609 (0) = 2249 kcal

» Toronto formula
REE =—-4343+10.5(32)+0.23 (2059)+ 0.84 (1830)+ 114 (37) - 4.5 (2)
= 2213 keal
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Case of enteral feeding
Energy requirements

v* Anabolic Flow Phase

~ Simple Formula:
BEE:1x78%24=1872 keal
TEE=1872x1.4x1.1=2880 kcal

“* Harris—Benedict equation
BMR= 66 +13.7 (78) + 5 (180) -6.8 (40) =1830 keal
TEE=1603x1.4x1.1=2818 kcal
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Case of enteral feeding
Micronutrients

» Vit C: 500 mg BD

» Pearl Vit A: 25000 biweekly
» Folate: 1 mg daily

» Tab Selenium 200 pg daily

» Cap Zmc sulfate 220 mg (50 mg) daily

» Cap Multivitamin-mineral daily

» Glutamin: 0.3-0.5 g/kg



Case of total parenteral nutrition

Male patient in the second day of admission to intensive care

unit (ICU)

Age: 30 years old
TBSA: 32%
Weight: 78 kg
Height: 180 cm

BMI: 24
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Case of parenteral nutrition
Energy requirements

s* Catabolic & Anabolic Flow Phase

» Ireton-jones equation

TEE= 629 — 11 (A) + 25 (W) — 609 (O)
TEE= 629 — 11 (30) + 25 (78) — 609 (0) = 2249 kcal

» Toronto formula

REE =-4343 +10.5(32) +0.23 (2059) + 0.84 (1830) + 114 (37) - 4.5 (2)
= 2213 keal
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Case of parenteral nutrition

= 1 s,
» Fluid requirements: 30-40 ml/kg body weight N
30-40 ml x 78 kg = 2340-3120 == S

| b e,
» First week s !

20% protein: 2213 x 0.20=110g == 1110 ml amino acid 10%
60% dextrose: 2213 x 0.60 =390 g == 1300 ml D/W 30%
or 1500 ml D/W 10% + 480 ml D/W 50% (9 vial)

No lipid
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Case of parenteral nutrition

» The second week

20% protein: 2213 x 0.20=110g == 1110 ml amino acid 10%
60% dextrose: 2213 x 0.60 =390 g == 1300 ml D/W 30%

20% lipid: 2213 x 0.20 =663 kcal ==p 600 ml lipid 10%

or 330 ml lipid 20%

» Total feeding serums: 3012 mlin 24 h == 125 ml’h

» The infusion rate of TPN 1s mncreased gradually, starting at a rate of no
more than 25-50% of total energy requirements
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Case of parenteral nutrition

Micronutrients

T,
L

Tom,
e,

Tom,
e,

Vial multivitamin (soluvit) 10 ml daily

Solution selenium: 400 pg

Solution Zinc: 10 cc: 5 mg/ce (5 cc = 25 mg) daily
Amp Folic Acid (5 mg) weekly

Amp Vit C (500 mg) BD
Amp Vit A (50000 unit) weekly
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Daily electrolyte additions to adult EN formulations*

Electrolyte
Caleium
Magnesium

Phosphorus
Sodium
Potassium

Acetate
Chlonde

Standard Requirement

10-15 mKq

5-20 mEq

2040 mmol

1-2 mEq/kg

1-2 mEq/kg

As needed to mantain acid-bage balance
As needed to mantain acid-bage balance




Trace element formulations

Daily trace element supplementation to adult PN formulations *

Trace Element Standard Intake'4*
Chromium 10-15 meg

Copper 0.3-0.5 mg

[ron Not routinely added
Manganese 60-100 meg?
Selenium 20-60 meg

\\ Linc 2.5-5 mg
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In Iran

Addamel

Contains:

Iron

Zinc
Manganese
Copper
Chromium
Sodium molybdate
Sodium selenite
Sodium fluoride
Potassium iodide

Tracutil
Contains:

Iron

Zinc

Manganese
Copper

Chromium
Sodium molybdate
Sodium selenite
Sodium fluoride
Potassium iodide
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Vitamins

o All patients receiving PN should receive a parenteral vitamin
preparation on a daily basis.

o With & without vit K

Daily requirements for adult parenteral vitamins*

Vitamin Requirement
Thiamin (B,) 6 mg
Riboflavin (B,) 3.6 mg
Niaan (B,) 40 mg
Folic acad 600 meg
Pantothemic acid 15 mg
Pyridoxine (Bg) 6 mg
Cyanocobalamun (B,,) 5 meg
Biotin 60 mcg
Ascorbic Aad (C) 200 mg
Vitamin A 3300 IU
Vitamin D 200 IU

| Vitamin E 10 IU
Vitamin K 150 meg

O ——
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Soluvit N

* Vitamin Bl

* Vitamin B2

* Nicotinamide
 Vitamin B6
 Pantothenic acid
* Vitamin C

* Biotin

* Folic acid
 Cyanocobalamin

2.5 mg
3.6 mg
40 mg
4.0 mg
15.0 mg
100 mg

60 ng
0.4 mg

5.0 ug

Soluvit N

Powder for solutines

ASIANE L0 Infusen s I
DO NOL SLOre AoV B LE
wus Kabs AR Loosh 8
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CONTRAINDICATIONS

Lipid-containing formulations

Dextrose

Amino acids

» Hypersensitivity

» Severe eqg allergy

» Severe soybean allergy

* Hyperlipidemia

« Severe liver damage

« Acute myocardial infarction
« Shock

Hypersensitivity to
corn or corn products
Hypertonic solutions
In patients with
intracranial or

Intraspinal hemorrhage

Hypersensitivity to
one or more amino

acids

77



MONITORING PARAMETERS

Electrolytes:

o Na, K, chloride, and bicarbonate should be monitored frequently upon
Initiation and until stable;

o P: should be monitored closely in patients with pulmonary disease.

Efficacy:
o Nutrition and outcome parameters should be measured serially.

Line site:
o Monitor for signs and symptoms of infection.
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Glucose:

o In diabetics or patients with glucose intolerance risk factors, monitor
closely. Monitor frequently upon initiation of therapy and with any changes
in insulin dose or renal function.

Liver function tests:
o Monitor periodically.

Triglycerides:
o Before initiation of lipid therapy and at least weekly during therapy.

Bone densitometry:
o Perform upon initiation of long-term therapy.

Vitamin A status:
o Should be carefully monitored in patients with chronic renal failure.
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