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Enteral nutrition. 

In general, the enteral route is preferred over the parenteral . Enteral feeding is 
simple, physiologic and relatively inexpensive. 

Enteral feeding maintains the GI tract cytoarchitecture and mucosal integrity (through 
trophic effects), absorptive function, and normal microbial flora. This results in less 
bacterial translocation and exotoxin release from the intestinal lumen to the 

bloodstream. 

Choice of an appropriate feeding site, administration technique, formula, and 

equipment may circumvent many of these problems. 

INDICATIONS : 

for patients who have a 

functional GI tract but are 

unable to sustain an adequate 

oral diet. 

l.Feeding tubes . 

Contraindications: 

l.intestinal obstruction I ileus 
2. GI bleeding, 

3. severe diarrhea/ vomiting 
4. Enterocolitis 
5. high-output enterocutaneous 

fistula 

. Nasogastric/ nasojejunal/ gastrostomy/ and jejunal tubes 

.Gastrostomy tubes can be placed using minimally invasive techniques, such as 

edndoscopic or laparoscopic insertion . 

. Jejunal tubes are preferred for long-term access and require a continuous infusion 

rather than bolus administration. 

2. Enteral feeding Products. 

-A variety of commercially available enteral feeding formulas are available 
-Standard solutions provide 1 kcaljml; 
-calorically concentrated solutions (>1 kcal/ml) are available for patients who require 

volume restriction. 



-Currently available dietary formulations for enteral feedings can be divided into 
polymeric (blenderized and nutritionally complete commercial formulas), chemically 

defined formulas (elemental diets), and modular formulas. 

NOTES : Enteral formulas 

a.Bienderized tube feedings can be composed of any food that can be blenderized. 
Caloric distribution of these formulas should parallel that of a normal diet. 

b.Nutritionally complete commercial formulas (standard enteral diets) vary in protein, 

carbohydrate, and fat composition They are recommended for patients experiencing 
minimal metabolic stress who have normal gut function. 

c.Chemically defined formulas are commonly called elemental diets. The nutrients are 
provided in predigested and readily absorbed form. However, they are more expensive 
than nutritionally complete commercial formulas and are hyperosmolar, which may 
cause cramping and diarrhea .. 

d. Modular formulations include special formulas that are used for specific clinical 
situations (e.g., pulmonary, renal, or hepatic failure or immune dysfunction). 

3.Enteral feeding Protocols. 

It is recommended to start with full-strength formula begun at a slow rate and steadily 
advanced. This reduces the risk of microbial contamination and achieves full nutrient 
intake earlier. 

Conservative initiation and advancement rates are recommended for patients who are 

critically ill, those who have not been fed for some time. and those who are receiving 
hiqh-osmolalitv or calorie-dense formula. 

a. Bolus feeding. 

-Reserved for patients with nasogastric or gastrostomy feeding tubes. 
-Feedings are administered by gravity and begin at SQ-100 mL every 4 hours and are 
increased in 50-mL increments until the intake goal is reached (usually 24Q-360 mL 
every 4 hours). 



****Tracheobronchial aspiration is a potentially serious complication. To prevent this, 
the patient's head should be elevated to 30-45 degrees during feeding and for 1-2 
hours after each feeding. 

-The residual gastric volume should be measured every 4 hours and before 

administration of the feeding bolus. If the gastric residual volume is greater than 50% 
of the previous bolus, the next feeding should be withheld. 

The feeding tube should be flushed with approximately 30 mL water after each use. 

b. Continuous infusion 

administered by a pump is generally required for nasojejunal, gastrojejunal, or jejunal 
feeding tubes. 

Feedings are initiated at 20 ml per hour and increased in 10- to 20-mL-per-hour 

increments, every 4-6 hours, until the desired goal is reached. 

The feeding tube should be flushed with approximately 30 ml water every 4 hours 

For some patients, the entire day's feeding volume can be infused over an 8- to 12-
hour period at night to allow the patient to be disconnected from the infusion pump 

during the day. 

4. Conversion to oral feeding. 

When indicated, an oral diet is resumed gradually. In an effort to stimulate appetite, 
enteral feeding can be modified by the following measures: 

!.Providing fewer feedings 

2.Holding daytime feedings 

3.Decreasing the volume of feedings. When oral intake provides approximately 75% of 
the required calories, tube feedings can be discontinued. 

S.Comolications : 

a. Metabolic derangement : 

Abnormalities in serum electrolytes, calcium, magnesium, and phosphorus can be 

minimized through vigilant monitoring 
Hyoernatremia may lead to the development of mental lethargy or obtundation. 

Hyoerglycemia may occur in any patient but is particularly common in individuals with 



preexisting diabetes or sepsis. The serum glucose level should be determined 
frequently, and regular insulin should be administered accordingly. 

b. Clogging 

- can usually be prevented by careful attention to routine flushing of the feeding tube. -
-Wire stylets should not be used to unclog a feeding tube because of the risk of tube 
perforation and injury to the esophagus or stomach. 
Instillation of carbonated soda, cranberry juice, or meat tenderizer teaspoon papain in 
30 mL water) is sometimes useful for unclogging feeding tubes. 

c. Tracheobronchial aspiration 

of tube-feeding solutions may occur with patients who are fed into the stomach or 
proximal small intestine and may lead to the development of pneumonia. 

Patients at particular risk are those with central nervous system abnormalities and those 
who are sedated. 

d.High gastric residuals 

of tube feedings as a result of outlet obstruction, dysmotility, intestinal ileus, or bowel 
obstruction may limit the usefulness of nasogastric or gastrostomy feeding tubes. 
Treatment of this problem should be directed at correcting the underlying cause. If 
gastric retention prevents the administration of sufficient calories and intestinal ileus or 
obstruction can be excluded, a nasojejunal or jejunostomy feeding tube may be . 

necessary. 

e.Diarrhea 

-Is a potential consequence of enteral feeding, occurring in lQ-20% of patients; 
however, other causes of diarrhea (e.g.Ciostridium difficile or other infectiouscolitis) 
should be considered. ---------
-Diarrhea may result from numerous causes: too rapid an increase in the volume of 

hyperosmolar tube feedings// some medications (e.g., metoclopramide)// a diet that is 
high in fat content// or the presence of components not tolerated by the patient (e.g., 
lactose). 

-If other causes of diarrhea can be excluded, the volume or strength of tube feedings 
should be diminished. If no improvement occurs, a different formula should be used. 
Antidiarrheal agents (e.g., loperamide) should be reserved for patients with severe 
diarrhea. 



Disease-specific nutrition 

1. Thermal injury 

has a tremendous impact on metabolism because of prolonged, intense 

neuroendocrine stimulation. The increase in metabolic demands following thermal injury 
is proportionate to the extent of ungrafted body surface. Decreasing the intensity of 

neuroendocrine stimulation by providing analgesia and thermoneutral environments 
lowers the accelerated metabolic rate in many of these patients and helps to decrease 

catabolic protein loss until the burned surface can be grafted 

2.Diabetes often complicates nutritional management. Complications that are 
associated with TPN administration (e.g., catheter-related sepsis) are more common 
with prolonged hyperglycemia. Unopposed glycosuria may cause osmotic diuresis, loss 
of electrolytes in urine, and nonketotic coma. The goal in glucose-intolerant patients is 
to maintain the serum glucose level at 100-200 mg/dl. Hypoglycemia can result in 

shock, seizures, or vascular instability. This can be prevented by adjusting the insulin 
dosing, with the understanding that insulin requirements will decrease as the patient 

recovers from the initial stress that is associated with the illness. 

3.Renal failure may be associated with glucose intolerance, negative nitrogen 
balance (resulting from increased losses through dialysis), loss of protein with 
decreased protein ynthesis, and diminished excretion of phosphorus. Dialysis should be 
adjusted accordingly, and these patient s should be nutritionally replenished according 
to their calculated needs. Patients who receive peritoneal dialysis absorb approximately 

80% of the dextrose in the dialysate fluid (assuming a normal serum glucose level). 
These factors must be considered when designing a nutritional support strategy. 

4.Hepatic failure may result in wasting of lean body mass, fluid retention, vitamin 
and trace metal deficiencies, anemia, and encephalopathy. More than 7Q-80 g per day 
of amino acids is required to maintain nitrogen balance in these patients. It may be 
difficult or impossible to limit the amount of nitrogen that a patient receives each day 

yet still provide adequate nutritional support. Branched-chain amino acids are 
metabolized by skeletal I muscle and serve as an energy source during periods of 

stress. These amino acids are available enterally or parenterally to decrease the levels 
of aromatic amino acids and, therefore, the severity of encephalopathy; however, their 

efficacy has not been proved 

5.Cachexia and cancer are associated with lean muscle wasting. More than two-thirds 

of patients with cancer experience significant weight loss during their illness, and 
malnutrition is a contributing cause of mortality in 20-40% of these individuals. 



Reasons for this development include decreased nutrient intake and impaired nutrient 
use. Antineoplastic therapies, such as chemotherapy, radiation therapy, or operative 
extirpation, can worsen preexisting malnutrition.Aithough the addition of TPN to these 

modalities in clinical studies has shown improvement in weight, nitrogen balance, and 

biochemical markers, there islittie evidence to suggest better response rates or survival. 
Use of specialized formulas supplemented with various substrates (arginine, glutamine, 

nucleic acids, and omega-3 fatty acids) may reduce morbidity and length of hospital 

stay, but ongoing studies need to be done before these formulas are routinely 

recommended. 

6. Short-bowel syndrome 

commonly occurs in patients with less than 200 em of functional jejunum. It may result 
from mesenteric ischemia, Crohn's disease, or necrotizing enterocolitis. It is 
characterized by nutrient malabsorption, electrolyte imbalance, diarrhea, and 

dehydration. Most of these patients require intravenous nutrition for life, at costs of 

more than $100,000 per year, with frequent hospitalizations for conditions such as 

catheter sepsis, progressive organ dysfunction, and osteoporosis. The estimated length 
of small bowel that is required for adult patients to become independent of TPN is 
greater than 120 em without colon or greater than 60 em with some colonic continuity. 
Salvage of the ileocecal valve improves outcome. Intestinal adaptation may occur in 

some patients, thereby allowing for the transition from intravenous to enteral feeding. 
Uniquely formulated diets (supplemented with glutamine and growth hormone) show 
promise for accelerating this process ( 

7 .Patients with AIDS develop PCM and lose weight. Malnourished AIDS patients 
require 35--40 kcal and 2.D--2.5 g protein/kg per day. In addition to the required 
electrolytes, vitamins, and minerals, they should receive glutamine, arginine, 
nucleotides, omega-3 polyunsaturated fats, branched-chain amino acids, and trace 
metal supplements. Those with normal gut function should be given a high-protein, 

high-calorie, low-fat, lactose-free oral diet. Patients with compromised gut function 
require an enteral (amino acid, polypeptide, or immuno enriched) diet or TPN. 



Nutritional Assessment 

- Nutrition plays an imp. Role in the recovery of patients from surgery 

- while most healthy patients can tolerate 7 days of starvation , subjects to major 
trauma /surgerv/sepsis or other critical illnesses require nutritional intervention earlier. 

-Poor nutrition has deleterious effects on wound healing and immune function , which 
increase postop. Morbidity and mortality. 

I. Types oF m<!lnuhition: 

A. Overnutrition : obesity is defined as BMI > 30 
B. Undernutrition : 

1. Caloric : 
a. Marasmus 

Characterized by inadequate protein + caloric intakeis 
Typically caused by illness-induced anorexia. 

It is a chronic nutritional deficiency marked by losses in weight, body fat, and skeletal 
muscle mass (as identified by anthropometric measurements). Visceral protein stores 
remain normal as do most lab indices . 

(i.e Patients with marasmus may lose substantial body weight but are able to resist 
infection and respond appropriately to minor or moderate stress. ) 

2. Non caloric 

a. Kwashiorkor 

Charact. By catabolic protein loss ,resulting in HYPOALBUMINEMIA and generalized 

edema. 
This malnutrition develops when the period of starvation is prolonged or if the stress is 
severe. 

Even in a well-nourished patient, a severe stress (e.g., major burn or prolonged sepsis) 
may rapidly lead to the depletion of visceral protein stores and impairment in immune 

function. 

b. Vitamins and trace elements 

vitamins are involved with wound healing and healthy immune function while many 
trace elements are important as cofactor and enzymatic catalysts. 

These substances cannot be synthesized de novo and must be part of dietary intake. 

3\ 



sz 

II. Clinic:ql Assessment: 

A .History 

Hx of weight fluctuation with intention to the timing as intent. 

Recent weight loss (5% in the last month or 10% over 6 months) or a current body 
weight of BD-85% (or less) of ideal body weight suggests significant malnutrition. 

Anorexia, nausea, vomiting, dysphagia, odynophagia, gastroesophageal reflux, or a 

history of generalized muscle weakness should prompt further evaluation. 

A complete history of current medications is essential to alert caretakers to potential 
underlying deficiencies as well as drug-nutrient interactions. 

B. Physical examination 

May identify!. muscle wasting (especially thenar and temporal muscles), 

2.1oose or flabby skin( LOSS OF SUBCUT. FAT) ,3. and peripheral edema and/or ascites 
(as a result of hypoproteinemia). 

More subtle findings of nutritional deficiency include skin rash, pallor, glossitis, gingival 
lesions, hair changes, hepatomegaly, neuropathy, and dementia 

***Adjuncts to P/E : 

--Anthropometric measurements : , such as triceps skinfold thickness and midarm 

muscle circumference, are a reflection of body-fat stores and skeletal muscle mass, 
respectively. These values are standardized for gender and height, and they should be 

reported as a percentage of the predicted value. Typically, anthropometric 
measurements include assessment of body weight, height, and body mass index, and 

these values allow the clinician to assess the patient's visceral and somatic protein mass 
and fat reserve. 

-- Creatinine height index (CHI) : used to determine degree of malnutrition. A 24-hour 
urine creatinine excretion ration is measured and compared to normal standards. CHI 
is calculated using following equation : 

where greater than 80% = zero to mild depletion, 6Q-80% = moderate depletion, and 

less than 60% = severe depletion. 



C. Laboratory tests 

Tests associated with nutrition are nonsoecific indicators of the deoree of illness rather 
than strict markers. 
Albumin, Prealbumin and transferrin vary with hepatic metabolism ( dec. 
synthesis) and capillary leak response to inflammation as well as the nutritional status. 

Levels associated with illness are as follows: 

1. Serum albumin of less than 3.5 g/dl in a stable, hydrated patient; half-life of 
14-20 days. 

2. Serum prealbumin a more useful indicator of nutritional status .. 10-17 mg/dL = 

mild depletion, 5-10 mg/dl = moderate depletion , less than 5 mg/dl =severe 
depletion. half-life of 2-3 days . 

3. Serum transferring of less than 200 mg/dl; half-life of 8-10 days .. 

ill Estim<ttion of Energy Needs : 

1. Basal energy expenditure (BEE) : can be predicted using the Harris-Benedict 
equation (in Kcaljday ): 

BEE for men = 66.4 + (13.7 x weight in kg) + (5.0 x height in em) - (6.8 x age in 
years) 

BEE for women = 65.5 + (9.6 x weight in kg) + (1.8 x height in em)- (4.7 x age in 
years) 

These equations provide a reliable estimate of the energy requirements in 
approximately 80% of hospitalized patients. The actual caloric needs is obtained by 
multiplying BEE by specific stress factor (disease specific factor) .Most stressed patients 
require 25-35 kcaljkg per day. 

2.Estimates of protein requirements: 

The appropriate calorie-nitrogen ratio is approximately 150:1( calorie :protein ratio 
24:1). In the absence of severe renal or hepatic dysfunction, approximately 1.5 g 
protein per kg body weight should be provided daily 

Twenty-four-hour nitrogen balance is calculated by subtracting nitrogen excretion 
from nitrogen intake. Nitrogen intake is the sum of nitrogen delivered from enteral and 
parenteral feedings. Nitrogen output is the sum of nitrogen excreted in urine, fistula 
drainage, diarrhea, and so forth. The usual approach is to measure the urine urea 
nitrogen concentration of a 24-hour urine collection and then multiply by urine volume 



to estimate 24-hour urinary loss. Nitrogen loss equals 1.2 x [ 24-hour urine urea 

nitrogen (in gm) + 2 gm /day as a correction factor to account for nitrogen losses in 
stool and skin) 
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INGUINAL HERNIA 
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ANATOMIC LOCATION 

Indirect Inguinal Hernia 

Direct Inguinal Hernia 
Fernoral Hernia 

Inguinal and Femoral Hernias are in the inguinal region 

Patients may complain of bulge, swelling, pain, cosmetic apperance. 

Incarceration vs. Strangulation: Incarcerated: hernia is irreducible, but there are no 
local signs. Strangulation has local signs of inflammation {redness, induration, 
warmth, pain) 

DDX of Hernia:(lr.qintl\\ 
• Hydrocele, Lymph nodes, Saphena Varix, Testicular Torsion, Testicular Tumor, 

femoral artery aneursym, psoas abscess, varicocele, undescended testis, ep_idydmo 
orchitis, lipoma 
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INDIRECT INGUINAL HERNIA 

Most common type of hernia in rnales and females 

Protrude at the internal inguinal ring 
• The origin of the hernia sac is located lateral to the inferior 

epigastric artery. 

• Indirect hernias develop more frequenHy on the right in both 
Sexes r"~ p.,te.SS~S 'V"~.~)) 
Most indirect inguinal hernias in adults are congenital. even 
though they may not be clinically apparent in the neonatal 
period or childhood 

Deep (Internal Inguinal) ring is the site where the spermatic cord in the males and 
the round ligament in females exit the abdomen. The ring is found 1-2 em above 
the midway point of the inguinal ligament. The inguinal ligament stretches 

between the ASIS (anterior superior iliac spine) and pubic tubercle. 

Note: The midinguinal point is different. That is from AS IS to pubic symphysis, 
and that is where the femoral pulse is felt. 

Spermatic cord contents: 
3 arteries: Cremasteric artery, Artery to VAS, Testicular artery, (CAT) 
3 nerves: genital branch of genitofemoral nerve, sympathetic nerves note: 
Ilioinguinal nerves runs above the cord in the canal but not in the cord 
itself 
3 layers of fascia: external spermatic, cremasteric, and internal spermatic 
fascia. ~ .. e.o:r. ~bJ . .,_w.. .., ... ,.-.:4. h..;., J:r.k,rr..-J .:bl•>t<- 'i.t.~ .... -k"""'>'-Ml"l .J:.d,.,,...-· 

3 others: pampiniform plexus of veins, vas deferens, lympatics, 

More hernias on the right: which is thought to be due, in males, to a later descent 
of the right testicle, and in females, by the asymmetry of the female pelvis. 
They are usually reducible, and if the thumb is kept on the deep inguinal ring and 
the patient is asked to cough, an indirect hernia will not appear. However, a direct 
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A helpful mnemonic to remember inguinal canal walls: MALT (2M, 2A, 2L, 2T) 
Starting from superior, moving around in order to posterior: 

Superior wall (roof): 2 Muscles: 
internal oblique Muscle 

transverse abdominus Muscle 

Anterior wall: 2 Aponeuroses: 
Aponeurosis of external oblique 
Aponeurosis of internal oblique 

Lower wall (floor): 2 Ligaments: 
inguinal Ligament· 
lacunar ligament 

PosTerior wall: 2Ts: 
Transversalis fascia 
conjoint Tendon 
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DIRECT INGUINAL HERNIA 

Direct inguinal hernias protrude medial to the 
inferior epigastric vessels within Hesselbach's 
triangle 

Direct inguinal hernias occur as a result of a 
weakness in the fioor of the inguinal canal. 
This weakness appears to be due to connective tissue 
abnormalities in many cases, although some may occur due 
to deficiencies in the abdominal musculature resulting from 
chronic overstretching or injury. 

Hesselbach's triangle borders: Formed by the inguinal ligament inferiorly, the 
inferior epigastric vessels laterally, and the rectus abdominus muscle medially 
Direct hernias are usually bilateral. 
If they can be reduced, they reappear with cough impulse if the thumb is kept on 
the deep inguinal ring. 

\ 3.9 
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-Paraumbilical hernias produce a crescent-like or smiley-face umbilcius shape 
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FEMORAL HERNIAS 

~--

-Femoral Hernias appear below the inguinal ligament, and are more common in 
females than males .. 
NOTE: Overall, inguinal hernias are more common in BOTH females and males. So 

the Most Common hernia in females is still inguinal hernia. But, pts with femoral 
hernias are more likely to be female. 

-Femoral canal: 
superiorly: inguinal ligament, 
medially: lacunar ligament, 
base: pectineal ligament, 
laterally: femoral vein 

H:,....,...J. l.utlio.. i\. 

~ ~ecJ = ~eJ;<J to - - ~,). ,..,t.J; 
(~!'A) 

jf 8 r;)'l, o.«. ~ 

-Femoral hernias are more likely to have complications than inguinal hernias, 
because the borders of the femoral canal are rigid. (only the femoral vein is a 
compressible wall of the canal, the rest of the borders are ligaments) 

c _0 b"' i> %""OL. Mcv-"j (c..,Q6s · ) 
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MANAGEMENT 

"Asymptomatic" hernias can be managed with 
watchful waiting in pts who are high risk for surgery. 
Young patients should be repaired. and infants 
should be repaired immediately. 
Trusses are the only non-surgical option. strongly 
discouraged 
Surgical Indications: 

Elective Surgery: Uncomplicated Hernia but 
symptomatic {painful, cosmetic appearance 
bothersome. interrupting lifestyle .. ) 
Emergent Surgery: Complicated Hernia 
{Strangulated, Bowel Obstruction .. ) 

-Watchful waiting vs. Repair to prevent complications: individualized according to 
patient 
-No truly "asymptomatic" hernias. Unless high risk for operations, all hernias should 
be repaired to prevent complications. 
-Trusses (Hernia belts) is a device with a metal/hard plastic plug that is positioned 
over the hernial defect. Not enough data to prove its benefit, but may potentially 
lead to harm if it impinges on hernia contents. Proglonged tissue pressure can lead to 
atrophy of the spermatic cord or fusion to the hernia sac. Atrophy oft he fascial 
margins can occur which complicate surgical repair. 

8 
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HERNIA REPAIR 

1. Herniotomy: ligating and cutting the sac. Only done in 
peds patients. because they have a patent processus 
vaginolis ll.I:Sft·. 1-\fi"k 11~..h~ 

2. Herniorapphy: hernia repair by approximation and 
suturing of ligaments and tissues. These produce tension, 
and alter anatorny. Largely abandoned due to high 
reccurence. 

3. Hernioplasty: hernia repair using a rnesh. Using a rnesh 
allows for repairs to be tension free. as tissues do not 
need to be approximated. May be done Open or Lap (
plasty refers to use of prostl1esis) 

In Peds patients it is due to a patent processcus vaginalis, so the sac must be cut 
and ligated. It is an emergent surgery in pediatric patients due to high risk of 
complications. 
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HERNIA REPAIR 

; ) OPEN Repair: 
a) Non-Mesh Primary Tissue Approximation 

Examples: BassinL McVay. Shauldice 
These 3 have been largely abandened. due to the 
higher reccurence rates and pain. (Herniorapphy) 

b) Tension-Free Repair With Mesh 
Examples: lichtenstein. Plug and Patch (Plug 
instead of mesh) 

LAPAROSCOPIC Repair (both with mesh) 
1) TEP (Totally Extra Peritoneal) 
2) TAPP (TransAbdominal ProPeritoneal) 

Tension Free Repair with mesh: although hernia surgeries are classically 
considered "clean" (classification 1), the use of Mesh, a foreign body, makes it 
class ld, and prophylactic antibiotics should be given 1 hour pre-op, because the 
control of infection with prosthesis, such as mesh, is difficult, and sometimes may 
necessitate removal of prosthesis. 
Tension free repair with mesh and Laparoscopic repairs are all considered 
hernioplasties. 
LAP Repair indications: 

Bilateral Hernia 
Recurring Hernia 
Minimal post-op time needed 

10 



1 :;o 



TENSION-FREE REPAIR WITH MESH 

sh cverlay 

® 1.009 floyd E. Hosmer 

Open mesh repair. Mesh is used to reconstructthe inguinal canal. Minimal tension is 
used to bring tissues together. 

I 5 I 
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McVay 

MCVAY REPAIR 

Spcrm<~lic 

CCfd retracted 

- Cccpm 's 
ligament 

@ 1~9 Floyd E. Hosmer 

NOT DONE ANYMORE Open anterior repair. This repair reconstructs the inguinal 
canal without using a mesh prosthesis. 
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