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Estimated Number of Bariatric Operations Performed  
in the United States, 1992–2003. 

Overweight and obesity are at epidemic proportions in the USA, 
affecting nearly 65% (or ~130 million) of the adult population 



+ 

The management of the obese patient after bariatric surgery present  major 
challenges : 

- The management of the obese critically ill patient 
- The specific nutritional support 



Evidence for the Necessity to Systematically Assess Micronutrient 
Status Prior to Bariatric Surgery  
 Ernst B et al, Obesity Surg 2009, 19:66-73.  

Present data indicate a high prevalence (>10%) of albumin, zinc, and vitamin deficiency 
Obese patient may have protein depletion 



The prevalence of preoperative deficiencies : iron (16%) with a low prevalence of 
anemia ( 6.4%), Vit D ( 57%), Vit B12 ( <2%) or folates (< 6%) 

Obese patient  may have nutritional deficiencies or other nutritional inadequacies 
preoperatively 

Prevalence of nutrient deficiencies in bariatric patients 
Toh SY et al, Nutrition 2009, 25:1150-11156  



The management of the obese patient after bariatric surgery present two major 
challenges : 

- The management of the obese critically ill patient 
- The specific nutritional support 

Reeds DN, Curr Opin Gastoenterol 2009, 25:151-154 



Jeevanandam M et al, JCI 1991, 87: 262  

A reduced net fat oxidation rate  

Obese patients do not use their  most  abundant fat fuel 

sources, and depend upon other fuel sources such as protein 

Loss of lean body mass 



If adequate protein is provided with a caloric deficit , lean 

body mass maintenance or gain could be achieved with 

body fat loss 

Dickerson RN, Curr Opin Clin Nutr Metab Care 2005; 8:189 

Energy and protein intake interactions upon 
 body composition 



Control : 25 Kcal/ Kg + P 1.5 g / Kg  
Hypocaloric :  1000 Kcal /J +  P 70gr t/J 

Mc Cowen KC et al, Crit Care Med 2000; 28:3606 

Hypocaloric feeding may improve insulin sensibility in protein and  

glucose metabolism  

Glycemic control : NS 



Dickerson RN et al, Nutrition 2002, 18:241 

30 Kcal/IBW/J    22 Kcal/IBW/J  + 2 gr/IBW /J protein  

These data may indicate promise for the clinical superiority of a 

hypocaloric high-protein regimen over a conventional regime  



Nutritional requirements 

The primary goal of nutrition support should to achieve of net protein anabolism  

-  Calorie requirement  : 30-60% of estimated caloric needs,  
20-30 Kcal/Kg/J  on the basis of ideal body weight  

-  Protein requirement  :  2 gr/Kg/J on the basis of ideal body weight  

-   Enteral nutrition should be prefered 

-  The nutritional regiment should be readjusted  for additional protein 

Am J Respir Crit Care Med 2004; 169:557 



The management of the obese patient after bariatric surgery present two major 
challenges : 

- The management of the obese critically ill patient 
- The specific nutritional support 

RD Bloomberg et al, Obesity Surgery 2009, 15:145-154 



In comparison with purely restrictive procedures (VBG, LAGB, sleeve gastrectomy), 
more extensive perioperative nutritional evaluations are required for malabsorptive 

procedures 
The extent of metabolic and nutritional evaluation completed after bariatric surgery 

should be guided by the type of surgical procedure performed 

Nutritional deficiencies following bariatric surgery : 
What have we learned ? 

RD Bloomberg et al, Obesity Surgery 2009, 15:145-154 



There was a 23.3% reduction of total body weight and 9.6% of Fat Free Mass (FFM) 
Reduction of FFM was positively correlated with the rapidly of weight loss 

Effects of laparoscopic gastric banding on body composition, 
metabolic profile and nutritiona status of obese women 

Glusti V et al, Obesity Surgery 2004 , 14:239-245 

N=31 



236 consecutive RYGBPs : 11 patients with severe malnutrition 
were identified (4.7%), 17.9 +/- 15.8 months after RYGBP 

This is attributed to the development of intolerance of protein-rich foods 

Protein malnutrition remains the most severe macronutrient complication 

Severe protein-calorie malnutrition after bariatric surgery 
procedures  

Faintuch J et al, Obesity Surgery 2004, 14: 175-185 



Morbidity and mortality rates were fairly high in this special group 

Careful clinical and nutritional follow-up should be useful to prevent 
these uncommon but very dangerous complications 

Severe protein-calorie malnutrition after bariatric surgery 
procedures  

Faintuch J et al, Obesity Surgery 2004, 14: 175-185 



Protein depletion and supplementation 

•   Routine metabolic and nutritional monitoring is recommended 
after all bariatric surgical procedures (Grade A). 

•   Protein intake should be quantified periodically (Grade D). 

•  Ideally, protein intake with meals, including protein supplementation, should 
be in the range of 80–120 g/day for patients with a BPD or BPD/DS and  60 g/

day for those with RYGB (Grade D). 

•  In patients with severe protein malnutrition not responsive to oral protein 
supplementation, PN should be considered (Grade D). 

Obesity 2009, Supplement 1, S1-S70 



Fat malabsorption : EFA and fat-soluble vitamins 

Steatorrhea induced by malabsorptive surgical procedures can  
lead to deficiencies in fat-soluble vitamins 



15 operated subjects were maintained at an isoenergetic and  
isonitrogenic diet as similar as possible to their usual diet 

Weight loss after biliopancreatic diversion or duodenal switch is due to decreased 
calorie absorption secondary to fat malabsorption.  

Fat malabsorption may induce essential fat-soluble vitamin deficiencies 

Energy and nitrogen absorption after biliopancreatic diversion. 
Scopinaro N et al, Obesity Surgery 2000;10:436-41 



Class III obesity showed high percentage of VAD even during supplementation 
A fact attributed to the increase of oxidative stress on account of the chronic 

inflammatory condition presented by patients with obesity 

Class III obesity and its relationship with the nutritional status of 
vitamin A in pre- and postoperative gastric bypass 

Preira S et al, Obesity Surgery 2009;19:738-44. 

Vitamin A nutritional status :   
biochemical indicators (retinol and beta-carotene serum levels) 

+ supplementation of retinol acetate 



Prevalence of Vitamin D Insufficiency and Deficiency in Morbidly 
Obese Patients : A Comparison with Non-Obese Controls  

 Goldner WS et al, Obesity  Surgery 2008;18:145-50 

Vitamin D insufficiency and deficiency (25-OH-D < 75 nmol/l) are  
extremely common in obese populations,  

Vitamin D deficiency suggests a sequestration of vitamin D in adipose tissue despite 
potentially adequate amounts of sunlight exposure or oral vitamin D 



Fat and fat-soluble vitamin deficiency and supplementation 

•  The routine use of serum fatty acid (FA) chromatography to detect essential FA (EFA) 
deficiency should not be performed because this deficiency has not been reported 

(Grade D) 

•  Routine supplementation of vitamin A is usually not necessary after purely restrictive 
procedures (Grade C; BEL 3). 

•  In contrast, routine screening for vitamin A deficiency is recommended, and 
supplementation is often needed after malabsorptive bariatric procedures (Grade C; BEL 

3). 

•  Supplementation may be provided with use of vitamin A alone or in combination with 
the other fat-soluble vitamins (D, E, and K) (Grade C; BEL 3). 



Anaemia in bariatric surgical  patients   

Decreased liberation and absorption of heme are caused from bypass of the acid 
environment in the lower portion of the stomach and the absorptive surfaces of the 

duodenum and upper jejunum 



Iron deficiency and anaemia in bariatric surgical patients : causes, 
diagnosis and management 

Munoz M et al, Nutr Hosp 2006, 24:640-654 

Effects of chronic inflammation on iron metabolism in obese patients  

Pro-inflammatory adipokine 

Bariatric surgery leads to a greater decrease in pro-inflammatory adipokines 
and an improvement in iron homeostasis should be expected 



Iron-absorption capacity appears to be a main determinant of reduced iron stores 

Improved highly available iron formulations or, possibly, periodic parenteral infusions are 
likely necessary to prevent iron-status impairment after gastric bypass 

Geometric mean (±1 SE) iron absorption from a standard test meal (A) 
 and from a standard dose of ferrous ascorbate (B) 

Iron absorption and iron status are reduced  
after Roux-en-Y gastric bypass 

Ruz M et al , Am J Clin Nutr 90: 527-532, 2009 

+ iron 



Bariatric surgery may induce or aggravated iron deficiency 
The risk for iron deficiency increases with time, with some series  

reporting more than half of the subjects after RYGB, BPD, or BPD/DS 

Iron deficiency and anaemia in bariatric surgical patients : causes, 
diagnosis and management 

Munoz M et al, Nutr Hosp 2006, 24:640-654 



Vitamin B12 deficiency :  
malabsorption and inadequate of intrinsic factor secretion 

Nutritional deficiencies following bariatric surgery : 
What have we learned ? 

RD Bloomberg et al, Obesity Surgery 2009, 15:145-154 



Iron deficiency and supplementation 

•  Iron status should be monitored in all bariatric surgery (Grade D). 

• . Orally administered (320 mg twice a day) may be needed to prevent iron 
deficiency in patients who have undergone a malabsorptive bariatric surgical 

procedure, (Grade A; BEL 1). 

•  Vitamin C supplementation should be considered because vitamin C can 
increase iron absorption and ferritin levels (Grade C; BEL 3). 

•  Intravenous iron infusion may be needed if oral iron supplementation is 
ineffective at correcting the iron deficiency (Grade D). 



Vitamin B12 deficiency and supplementation  

•  Evaluation for vitamin B12 deficiency is recommended in all bariatric surgery 
patients (Grade B; BEL 2 (nonrandomized)). 

• Oral supplementation with crystalline vitamin B12 at a dosage of  350  g daily 
may be used to maintain vitamin B12 levels (Grade B; BEL 2 (nonrandomized)). 

• Parenteral supplementation with either 1,000  g of vitamin B12 monthly or 
1,000–3,000  g every 6–12 months is necessary if vitamin B12 sufficiency 
cannot be maintained by means of oral supplementation (Grade C; BEL 3). 



Neurologic complications in bariatric surgical  patients   

Thiamine deficiency can occur as a result of bypass of the jejunum, where thiamine is 
primarily absorbed, or as a result of impaired nutritional intake from the result of 

prolonged nausea and vomiting 



These results support the hypothesis that small intestinal bacterial overgrowth results 
from altered gut ecology and induces thiamine deficiency after gastric bypass surgery in 

obese patients  

elevated serum folate levels = 
an indirect marker of small 
bowel bacterial overgrowth  

Small intestinal bacterial overgrowth and thiamine deficiency 
 after Roux-en-Y gastric bypass surgery in obese patients 

Lakhani SV et al, Nutr Res. 2008;28:293-8. 

antibiotic therapies designed to treat small intestinal bacterial overgrowth reverse 
thiamine deficiency 



Wernicke’s encephalopathy is a medical emergency that may occur 
after any weight-loss operation.  

All reported cases presented after a few weeks of vomiting and within 
 6 months of surgery 

Wernicke encephalopathy after bariatric surgery:  
a systematic review. 

Aasheim ET, Ann Surg. 2008;248:714-20 



•  In patients presenting with neurologic symptoms suggestive of 
thiamine deficiency, aggressive parenteral supplementation with 
thiamine (100 mg/day) should be administered for 7–14 days (Grade C; 
BEL 3). 

•  Subsequent oral thiamine supplementation (100 mg/day) should be 
continued until neurologic symptoms resolve (Grade C; BEL 3). 

Wernicke encephalopathy after bariatric surgery:  
a systematic review. 

Aasheim ET, Ann Surg. 2008;248:714-20 



A controlled study of peripheral neuropathy after bariatric surgery. 
Thaisetthawatkul P et al, Neurology 2004 26;63:1462-70. 

Peripheral neuropathy (PN) occurs more frequently after bariatric surgery (BS) than after 
another abdominal surgery. 

Inflammation and altered immunity may play a role in the pathogenesis, but further study 
is needed. 

Patients developed PN more often after BS than after obese patients undergoing 
cholecystectomy  (p < 0.001).  



Thiamin deficiency and supplementation 

•  All bariatric surgery patients should be provided with an oral multivitamin 
supplement that contains thiamine (Grade D). 

•  Routine screening for thiamine deficiency is not recommended in bariatric 
surgery patients who are already routinely receiving a multivitamin supplement 

that contains thiamine (Grade C; BEL 3). 

• Patients with protracted vomiting should be screened for thiamine deficiency 
(Grade C; BEL 3). 

• In patients with persistent vomiting after any bariatric procedure, aggressive 
supplementation with thiamine is imperative; intravenously administered 

glucose should be provided judiciously (Grade C; BEL 3). 



+ 

The management of the obese  
critically ill patient  The specific nutritional support 



Early Postoperative Care (<5 Days) 

•  The primary goal of nutrition support should to minimize the loss of lean body 
Protein intake should average 60–120 g daily (Grade D) 

•  Minimal nutritional supplementation includes one to two adult multivitamin–
mineral supplements containing iron, calcium, and a vitamin B-complex 

preparation (Grade B; BEL 2 (nonrandomized)) 

•  Parenteral nutrition (PN) should be considered in high-risk patients, such as 
critically ill patients unable to tolerate sufficient enteral nutrition (Grade D). 

•  Gastric bypass-specific problem : dumping syndrome should be managed 
(Grade D) 



Medical follow up after bariatric surgery : 
 nutritional and drug issues general recommendations for the 

prevention and treatment of nutritional deficiencies 
Ziegler O et al, Diabetes Metab 2009;35:544-57. 




