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Abstract

Background—Bariatric surgery provides durable weight loss and decreases the incidence of 

comorbid conditions for people with obesity. Most patients benefit from resultant weight loss, but 

some are at risk for postoperative refractory malnutrition, a serious but poorly understood 

complication.

Objective—To evaluate differences in bariatric surgery patients who received a feeding tube 

postoperatively for malnutrition compared with other indications

Setting—Retrospective cohort study at an academic bariatric surgery center (1985-2015)

Methods—All bariatric surgery patients that received a feeding tube postoperatively over a 30-

year period were identified. Data abstraction from the medical record was performed to assess 

demographics, operative details, tube indication, and resultant body mass index (BMI) changes.

Results—From a total of 3,487 patients who underwent bariatric surgery during the study period, 

139 (3.9%) required placement of a feeding tube postoperatively. Refractory malnutrition was the 

indication in 24 patients, all following Roux-en-Y gastric bypass. There were no significant 

differences between these patients and other bariatric surgery patients in terms of mean age 

(40.6±9.9 vs. 43.1±13.4 years, p=0.4) and preoperative BMI (47.5±10.5 vs. 51.0±9.6 kg/m2, 

p=0.1). The median time from surgery to tube placement for malnutrition patients was 4 years. 

Compared with other feeding tube indications, malnutrition patients had higher percent excess 

BMI lost after surgery (126.2±31.9 vs. 52.5±44.3%, p<0.0001). After tube placement, 

malnutrition patients had a significant increase in mean BMI compared to other indications 

(14.5±20.9 vs. -13.0±14.0%, p<0.001).

Conclusions—Patients with refractory malnutrition benefit from feeding tube placement, which 

results in a significant increase in BMI.
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Introduction

Bariatric surgery provides patients with durable weight loss, a reduction in associated 

comorbidities, and improved overall survival. (1-4) More than half of the United States 

population will be diagnosed with obesity by year 2030, with an estimated healthcare cost of 

$60 billion. (5, 6) As the number of bariatric surgeries performed increases, improving the 

management of postoperative complications is necessary to ensure long-lasting, sustainable 

health benefits. (7) Malnutrition after bariatric surgery is a poorly characterized, late 

postoperative complication that can abrogate the benefits associated with significant weight 

loss.

Patients are at risk for malnutrition following bariatric surgery due to anatomic and 

metabolic changes induced by the operation, along with required dietary changes. (8, 9) If 

nutrition counseling and dietary changes do not ameliorate malnutrition, patients may 

require feeding tube placement or parenteral nutrition. (10, 11) There is little data available 

that evaluates this unique cohort of bariatric surgery patients. (12-14)

The objective of this study was to identify differences between patients who need feeding 

tubes for refractory malnutrition after bariatric surgery compared to patients needing feeding 

tubes for other reasons. Better understanding of this uncommon but significant late 

complication is necessary to help clinicians provide better care and education to affected 

patients. We hypothesized that feeding tube placement would be beneficial and increase 

body mass index (BMI) in patients with refractory malnutrition after bariatric surgery.

Patients and Methods

Patients

The Institutional Review Board approved this study and waiver of consent was granted for 

retrospective chart review. A prospectively collected database was used to identify patients 

undergoing bariatric surgery at our academic medical center from 1985 through 2015. This 

database has been maintained over the past 30 years and includes age, sex, preoperative 

weight and comorbidities, postoperative complications and comorbidities, and annual 

postoperative weights recorded at follow-up appointments. To identify patients with feeding 

tube placement after surgery, we queried our prospectively collected Clinical Data 

Repository for all procedure codes related to gastrostomy and jejunostomy tubes in our 

bariatric surgery population.

Definitions

Each patient undergoing bariatric surgery and having feeding tube placement postoperatively 

was reviewed using the electronic medical record. Patients were identified as possibly 

having a feeding tube based on the Current Procedural Terminology (CPT) codes listed in 
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Table 1. All CPT codes that could be associated with feeding tubes were used initially to 

identify the target cohort, followed by confirmation of feeding tube placement in each 

patient using the electronic medical record.

Detailed chart review was performed to assess demographics, operative details, feeding tube 

indications, and resultant weight/BMI changes. Patients were categorized into nine groups 

based on their indication for feeding tube placement: refractory malnutrition, access for 

endoscopic retrograde cholangiopancreatography, dysphagia or dehydration, obstruction 

decompression, hypoglycemia, anastomotic leak diversion, marginal ulcer or perforation, 

superior mesenteric artery syndrome, and non-gastrointestinal indications such as trauma or 

stroke. Refractory malnutrition was defined as any malnutrition requiring feeding tube 

placement post-bariatric surgery as intensive dietary modifications and counseling are 

standard first line treatments at our institution. Feeding tube removal was defined as 

documentation of feeding tube removal prior to last medical center follow-up. There was no 

missing preoperative data and available follow-up data was used.

Statistics

Univariate statistical analysis was performed using χ2 for categorical variables. For 

normally distributed continuous variables, t test was performed and the results reported as 

mean ± standard deviation. For continuous variables that were not normally distributed, 

Mann-Whitney U test was performed and the results reported as median with interquartile 

range. Hierarchical regression modeling was performed to obtain adjusted odds ratios with 

year of surgery as a fixed effect. Alpha less than 0.05 was used for statistical significance. 

SAS version 9.4 (SAS Institute, Cary NC) was used for analyses.

Results

A total of 3,487 patients underwent bariatric surgery during the 30-year study period, of 

which 139 (3.9%) required placement of a feeding tube postoperatively. These patients were 

predominantly female (82.7%) and had a Roux-en-Y gastric bypass (RYGB) (92.1%). The 

mean age was 44.5±9.9 years, with a pre-bariatric surgery BMI of 50.8±9.7 and a median 

time from bariatric surgery to feeding tube placement of 9.2 (IQR 1.3 – 73.6) months.

The indications for and the characteristics of the feeding tubes placed are shown in Table 2. 

The most common indications for feeding tube placement were decompression of 

obstruction (21.1%), anastomotic leak diversion (19.4%), and refractory malnutrition 

(17.3%). The majority of patients received laparoscopically-placed feeding tubes (68.4%) 

and most were placed into the gastric remnant (79.8%).

Comparing patients who received tubes for refractory malnutrition with all other bariatric 

surgery patients in the database, there were no differences in age, sex, preoperative BMI, or 

comorbidities (gastroesophageal reflux disease, degenerative joint disease, diabetes mellitus, 

hypertension, chronic obstructive pulmonary disease, and psychiatric history) (Table 3). Of 

the 24 patients that received tubes for refractory malnutrition, all underwent RYGB, which 

resulted in a significantly higher rate of malabsorptive procedures compared with the overall 

cohort (100% vs. 81%, p=0.02). These patients also had a higher rate of open surgery (67% 
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vs. 24%, p<0.001). Compared to other indications for tube placement, the malnutrition 

patients were younger (40.6±9.9 vs. 45.3±8.6 years, p=0.032), but had similar preoperative 

BMIs and rates of comorbidities (Table 3).

Feeding tube differences between malnutrition patients compared with other tube indications 

are shown in Table 4. Malnutrition patients had lower BMIs at the time of tube placement 

(20.2±6.0 vs. 38.2±13.6, p<0.001) and required their feeding tube later after bariatric 

surgery (median [IQR]: 48.5 [16.9 – 109.0] vs. 3.8 [1.0 – 50.6] months, p<0.001). 

Malnutrition patients required their feeding tube for a longer period of time, which trended 

toward significance (median [IQR]: 5.3 [2 – 45.8] vs. 4.6 [1.4 – 12.8] months, p=0.056).

There was no significant difference in pre-bariatric surgery BMI between malnutrition 

patients and those receiving tubes for other indications (47.5±10.5 vs 51.4±9.5, p=0.075). 

However, malnutrition patients gained significantly more weight after tube placement 

compared to other indications (14.5±20.9 vs. -13.0±14.0% increase in BMI, p<0.001). 

Likewise, compared with mean BMI before tube placement, malnutrition patients had a 

significant increase in BMI after tube placement (before: 20.2±6.0 vs. after: 24.7±6.9 kg/m2, 

p<0.001), which was not observed in other indications (38.2±13.6 vs. 36.4±10.6 kg/m2, 

p=0.11) (Figure 1a). The difference in percent excess BMI lost from before tube placement 

to after is shown in Figure 1b.

Based on hierarchical regression modeling, risk factors for feeding tube placement due to 

malnutrition included preoperative BMI and surgical approach (open vs. laparoscopic). 

Every one-point increase in preoperative BMI was associated with an adjusted odds ratio of 

0.92 (95% CI 0.87 – 0.97) and for patients undergoing an open operation, the odds ratio was 

9.79 (95% CI 0.04 – 999.99). The model had poor discriminatory power (AIC 85.91, BIC 

95.26).

Discussion

Refractory malnutrition is a late complication after bariatric surgery that is not well 

characterized in the literature. Poor compliance with dietary and lifestyle recommendations 

along with malabsorption induced by surgery can contribute to postoperative caloric, 

protein, and vitamin deficiencies. (15) The present study sought to evaluate patients with 

malnutrition after bariatric surgery that progress until feeding tube placement was required. 

Over a 30-year period, 139 patients (3.9%) were identified who received a feeding tube after 

bariatric surgery. Of those, 24 patients (17.3%) required tube placement to manage 

refractory malnutrition, all of which underwent RYGB. Compared with patients who 

received feeding tubes for other indications (82.7%) such as dysphagia and dehydration, 

malnutrition patients lost significantly more weight after their bariatric surgery and had 

lower BMIs at the time of feeding tube placement. Although malnutrition was less common 

than surgical complications as an indication for tube placement, these patients benefited 

from feeding tube placement as indicated by a significant increase in BMI.

RYGB is associated with consistent weight loss and improved overall health in patients with 

obesity, but can occasionally lead to significant nutritional deficiencies. (16) The most 
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common deficiencies seen after bariatric surgery include protein malnutrition, low levels of 

iron and calcium, and deficiencies in vitamin B1, vitamin B12, folate, and fat-soluble 

vitamins. (15, 17, 18) A case report by Wade AN et al. describes a 48-year-old female who 

developed unrecoverable malnutrition 6 years after RYGB and died. (19) The patient 

presented initially with severe protein calorie malnutrition, which is reported to occur in 

approximately 4.7% of patients after RYGB. (20) Although not well understood, protein 

malnutrition may lead to reduced protein catabolism, decreased availability of amino acids, 

and hepatic dysfunction characterized by reduced levels of acute phase proteins. (21) In the 

present study, patients with malnutrition required feeding tube placement years after 

bariatric surgery (median time from surgery to tube placement of 4 years), similar to the 

amount of time described in the aforementioned case report. Future studies are needed to 

identify any trends related to macro and micronutrient deficiencies and the development of 

refractory malnutrition requiring feeding tube placement.

In a case series of 12 patients in France who required enteral or parenteral nutrition after 

bariatric surgery, the authors identified “one-anastomosis gastric bypass” (OAGB) 

procedures as potentially associated with increased malabsorption and nutritional 

complications. (11) OAGB is a relatively new bariatric surgery procedure first reported in the 

early 2000s that consists of reducing the size of the “working” stomach and then performing 

a single latero-lateral gastro-jejunal anastomosis to bypass a segment of small intestine. 
(22, 23) This combined restrictive and malabsorptive procedure is effective at causing 

significant weight loss and has high rates of diabetes remission. (24) OAGB is currently not 

performed at our institution but the potential postoperative malnutrition further highlights 

the need for close nutritional support following gastric bypass surgery.

Of the 3.9% of bariatric surgery patients in this 30-year observational study that required 

postoperative feeding tube placement, it appears as though patients who received a feeding 

tube for refractory malnutrition benefited significantly from the intervention based on a 

mean BMI increase of 4.5 kg/m2 and a switch from continued weight loss to an appreciable 

weight gain. There is little data available in the bariatric surgery literature to help guide 

clinicians on how to best manage severe postoperative malnutrition, and whether enteral or 

parenteral nutrition is preferred. A study published by Hamilton C et al. describes 23 

patients who were managed with hypocaloric home parenteral nutrition after presenting with 

anastomotic leak, fistula, or bowel obstruction after bariatric surgery. (25) While appropriate 

for these indications, feeding tube placement and initiation of enteral feeding is reasonable 

for patients with malnutrition and no anatomic abnormalities that preclude enteral nutrition. 

Enteral nutrition may help reduce mucosal atrophy and prevent loss of epithelial barrier 

function, both of which can exacerbate malabsorption and lead to subsequent malnutrition. 
(26-29) Further research is needed to determine the ideal management strategy for refractory 

malnutrition that does not resolve with dietary changes and vitamin supplementation. As 

demonstrated by this study, feeding tube placement should be considered.

Limitations

Although the present study describes the largest cohort of bariatric surgery patients with 

postoperative refractory malnutrition requiring feeding tube placement in the literature, the 
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findings are limited by the observational design, the relatively small sample size, and the 

lack of specific data points (such as level of compliance with nutrition recommendations) 

that may be important for completely understanding this complication. As bariatric surgery 

continues to be performed more frequently worldwide, improved understanding of late 

complications will be necessary. Considering that nutritional counseling is part of the 

recommended multidisciplinary approach to the surgical management of obesity, appropriate 

strategies for treating refractory malnutrition should be developed and included in 

comprehensive care recommendations.

Conclusions

Using a 30-year prospectively collected bariatric surgery database, the present study 

identified the unique characteristics associated with refractory malnutrition after bariatric 

surgery requiring feeding tube placement. Malnutrition requiring tube placement was 

uncommon in the overall cohort, and compared with other indications for tube placement, 

malnutrition was less common than surgical complications. Malnutrition patients lost 

significantly more weight after bariatric surgery compared with patients receiving feeding 

tubes for other indications, and did not require tube placement until years after their initial 

operation. As demonstrated by the poor discriminative power of our model, this rare 

complication after bariatric surgery is difficult to predict and may be related to compliance 

with postoperative nutrition recommendations as opposed to operative-specific factors. 

Long-term follow-up with a physician or nutritionist may allow for early identification of 

patients who will benefit from nutritional support. If intensive counseling and noninvasive 

nutritional support fail, our study demonstrates that patients with refractory malnutrition 

may benefit from feeding tube placement and can expect a significant increase in BMI.
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Figure 1. 
(a) Body mass index and (b) percent excess body mass index lost (%EBMIL) before and 

after feeding tube placement for bariatric surgery patients with refractory malnutrition 

compared with other indications. All values shown as mean ± standard deviation.
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Table 1
Current Procedural Terminology codes used to identify all bariatric surgery patients from 
January 1, 1985 through December 31, 2015 who had a postoperative feeding tube placed

CPT1 Code Procedural Detail

43246 UGI ENDO; W/PLCMT2 GASTROSTOMY TUBE

43653 LAP SURG3; GASTROS W/O TUBE-SEP PROC4

43760 CHANGE OF GASTROSTOMY TUBE

44372 SM INTEST ENDO5; W/PLCMT JEJUNO6 TUBE

44373 SM INTEST ENDO; W/GASTRO TO JEJUNO7

49440 PLACE GASTROSTOMY TUBE PERC8

49441 PLACE DUOD/JEJ9 TUBE PERC

49446 CHANGE G-TUBE TO G-J10 PERC

49450 REPLACE G/C11 TUBE PERC

49451 REPLACE DUOD/JEJ TUBE PERC

1
CPT = Current Procedural Terminology

2
UGI ENDO; W/PLCMT = Upper gastrointestinal endoscopy; with placement

3
LAP SURG = Laparoscopic surgery

4
GASTROS W/O TUBE-SEP PROC = Gastrostomy without tube-separate procedure

5
SM INTEST ENDO = Small intestine endoscopy

6
W/PLCMT JEJUNO = With placement of jejunostomy

7
W/GASTRO TO JEJUNO = With gastrostomy to jejunostomy

8
PERC = Percutaneous

9
DUOD/JEJ = Duodenostomy/jejunostomy

10
G-TUBE TO G-J = Gastrostomy tube to gastrojejunostomy

11
G/C = Gastrostomy/cecostomy
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Table 2
Indications for and characteristics of feeding tube placement in patients following 
bariatric surgery (n=139)

Indications

 Refractory malnutrition 17.3 (24)1

 Access for ERCP2 5.0 (7)

 Dysphagia or dehydration 14.4 (20)

 Obstruction decompression 21.1 (30)

 Hypoglycemia 2.2 (3)

 Anastomotic leak diversion 19.4 (27)

 Marginal ulcer or perforation 10.1 (14)

 SMA3 syndrome 1.4 (2)

 Non-GI4 (trauma, neurologic status) 8.6 (12)

Characteristics

 Placement Method

  Open 22.3 (31)

  Laparoscopic 68.4 (95)

  Endoscopic 9.3 (13)

 Tube Location

  Jejunum 13.7 (19)

  Gastric pouch 6.5 (9)

  Gastric remnant 79.8 (111)

 Tube Removed 54.7 (76)

1
% (n), all such values

2
ERCP = Endoscopic retrograde cholangiopancreatography

3
SMA = Superior mesenteric artery

4
GI = Gastrointestinal
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Table 4
Feeding tube differences between malnutrition patients compared with other tube 
indications

Malnutrition (n=24) Other tube indications p-value

BMI1 before tube placement (kg/m2) 20.2±6.02 38.2±13.6 < 0.001

BMI after tube removal (kg/m2) 24.7±6.9 36.4±10.6 0.004

Time from bariatric surgery to tube placement (months) 48.5 (16.9 – 109.0)3 3.8 (1.0 – 50.6) < 0.001

Time from tube placement to removal (months) 5.3 (2 – 45.8) 4.6 (1.4 – 12.8) 0.056

%EBMIL4 prior to tube placement 126.2±31.9 52.5±44.3 < 0.001

%BMI increase after tube placement 14.5±20.9 -13.0±14.0 < 0.001

Placement Method 0.4

 Open 20.8 (5)5 22.6 (26)

 Laparoscopic 62.5 (15) 69.6 (80)

 Endoscopic 16.7 (4) 7.8 (9)

Tube Location 0.026

 Jejunum 29.2 (7) 10.4 (12)

 Gastric pouch 0 (0) 7.8 (9)

 Gastric remnant 70.8 (17) 81.7 (94)

Tube Removed 37.5 (9) 58.3 (67) 0.063

1
BMI = Body mass index

2
Mean ± standard deviation, all such values

3
Median (Interquartile range), all such values

4
%EBMIL = Percent excess BMI lost

5
% (n), all such values
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