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Nutritional Status of Sleeve
Patients, Micronutrients
and Vitamins: Post-op

Christine Stier

1 Introduction

The preoperative nutritional status of patients undergoing sleeve gastrectomy (SG)
has already been discussed in the previous chapter and represents at least one pre-
condition for the postoperative nutritional status.

In addition, postoperative specific changes such as the limited oral intake,
emerging food intolerances, and possible malabsorption in the short and long term
have further impact on the postoperative nutritional status. Studies have shown
that the most affected micronutrients after SG are iron, thiamine, folate, vita-
min B12, and vitamin D [1]. It seems that the nutritional consequences of SG
are fundamentally different from that of bypass surgery. Bypass surgery excludes
the duodenum from food passage, which is the major absorption site for minerals,
with resulting respective resorption limitations.

SG differs fundamentally. This procedure exclusively modifies the anatomy
of the stomach by reducing its extensible volume along the “Magenstrasse” by
about 90%. Thus, the cause of possible postoperative deficiency symptoms may be
explained with anatomical and physiological alterations of the stomach.
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2 Effect on Vitamin B12

SG involves, in particular, the resection of the fundus and the largest part of the
corpus, while the volume of the antrum is only marginally diminished [2]. Thus,
the parietal cells that produce acid and intrinsic factor are drastically reduced
in number (Fig. 1), while the number of gastrin-producing antral G cells remains
only slightly reduced.

The intrinsic factor forms a complex with vitamin B12 (cobalamin) ingested
from food, thus enabling its absorption. Subsequently this certainly plays an influ-
ential part after SG on the absorption of vitamin B12. Vitamin B12 cannot be
synthesized by the body itself and must therefore be gained through food. As it is
sensitive to acids, it is first attached to haptocorrin secreted by the parotid glands
and thus protected from the acidic pH of the stomach. Haptocorrin is then split off
from vitamin B12 in the alkaline milieu of the duodenum by pancreatic proteases
and further linked to intrinsic factor. This complex formation between vitamin
B12 and the intrinsic factor is essential for its absorption which is mediated by the
cubam receptor complex in the terminal ileum [3-6].

3 Effect on Iron

Furthermore, volume reduction can interfere with iron absorption. The human
organism utilizes both bivalent (Fe2+) and trivalent (Fe3+) iron ions, only diva-
lent iron is able to be absorbed directly, whereas trivalent iron needs to be con-
verted into bivalent ions. A distinction is made between heme—iron, which is
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present as bivalent iron protoporphyrin, and non-heme iron, which is present
as free ionized iron bivalent or trivalent iron. Since Fe3+and Fe2+are basically
firmly bound to food proteins, the breakdown of the proteins by special digestive
enzymes such as pepsin is a prerequisite for the absorption of iron. If there is suf-
ficient gastric acid (HCI) production in the stomach, this breakdown is ensured.
The amount of gastric acid production is modified after SG, as well. Thus, another
influence of the remaining petite gastric volume with thereby reduced acid and
pepsin production on the absorption behavior of iron can be supposed. However,
usually SG only marginally affected the antrum with its gastrin-producing G-cells.
Gastrin is a peptide hormone and is the strongest stimulus for the production of
gastric acid, but the interaction between the surgical significantly increased num-
bers of parietal cells at almost the same number of G-cells in SG still remains
unclear [4, 7, 8].

4 Effect of Volume Reduction on Vitamin Status

A further anatomical influence can be derived from the quantity of volume reduc-
tion and the resulting shape of SG. In adults the average stomach volume is about
1.5-2 L. SG reduces stomach volume down to 75-150 ml [2]. There is very little
literature available that describes objectively the volume determination with SG,
and only one paper dealt specifically with the preoperative stomach volume, the
achieved SG volume, and the volume of the obtained specimen and its correla-
tion to weight (Fig. 2a, b) [9]. Hence, it does not seem to be clear at what extent
the quantity of volume change itself exactly influences weight loss, nor are there
many facts available regarding the influence of the extend of gastric volume
change on possible postoperative nutritional deficiencies, especially on vitamin
B 12 and iron. However, it appears that the rhythm and speed of gastric empty-
ing has a significant influence on many aspects of the effects and side effects of
bariatric interventions. In the physiological stomach the exact tuned regulation
of gastric emptying speed of the chyme into the duodenum is crucial for further
digestion processes and subsequently provides feedback from the intestine via a
variety of gastrointestinal hormones [10, 11]. However, it seems to be clear that
a too rapid gastric emptying of the physiological stomach alters the secretion of
intestinal hormones and thus has complex effects not only on carbohydrate metab-
olism. A surgical induced accelerated gastric emptying has been reliably proven
for SG, even if only few data are available due to rare publications on basic physi-
ology of bariatrical procedures [12]. In addition, it has not yet been demonstrated
to what extent and how pronounced the influence of the reduced volume leads to
this acceleration of gastric emptying [13—15]. It is conceivable whether this will
lead to a shorter enterocyte contact time with subsequently reduced absorption
rates of vitamins and minerals, but this has not yet been investigated. In the case of
folic acid, this could be an aspect for the, albeit low, rates of folic acid deficiencies
observed following SG [16]. Folic acid must be broken down enzymatically in the
duodenum and proximal jejunum, but is subsequently absorbed in the entire small
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Fig.2 a Volume-rendered 3D image of the distended stomach with multi-detector CT (preop-
erative) (volume 1108 ml). b Volume-rendered 3D image of the gastric sleeve 3 months postop-
eratively (volume 158 ml)
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intestine. The ubiquitous nutritional undersupply with folic acid can be another
aspect of the observed deficiencies [4].

5 Effect on Thiamine

Thiamine (Vitamin B1) is also absorbed throughout the entire small intestine.
The enteral uptake of thiamine is subject to a dose-dependent dual mechanism.
Physiological amounts of thiamine below a concentration of 2 umol/l are absorbed
by an energy-dependent sodium-mediated carrier mechanism, above a concentra-
tion of 2 umol/l, vitamin B1 is absorbed by passive diffusion. The comparison of
biopsies of the intestinal mucosa of patients with and without thiamine deficiency
revealed a significantly higher intestinal vitamin B1 intake in subjects with poor
thiamine status. The increased absorption of thiamine in the deficient state results
from the upregulation of apical thiamine transporters in the intestinal mucosa cells
[17-19].The biological half-life of thiamine is relatively short and is reported to
be 9.5-18.5 days in humans. The maximal limited storage capacity and high con-
version rate of thiamine make a daily supply of sufficient quantities necessary to
meet demand [19]. These facts may lead to special nutritional problems with thia-
mine, which must be kept in mind after bariatric surgery, and especially after SG,
as postoperative nausea and vomiting (PONV) may be considered the most com-
mon adverse effect of LSG. Without prophylaxis the incidence can be as high as
80% [20]. Another and even more important and longer lasting reason for chronic
vomiting after SG is due to functional gastric stenosis at the angulus fold [21-
24]. The incidence can be as high as 4%, but with that incidence only proven and
treated cases are represented [21-24]. In fact, more patients suffer from chronic
vomiting after SG. Further reasons for this issue can be the presence of a hiatal
hernia or emerging food intolerances. Important in this context is the fact that
chronic vomiting easily leads to a thiamine deficiency based on its short half-life
and its absolute limited storage capacity. Another contributing aspect is the fact
that these patients often almost stop eating due persistent nausea.

This can lead to two clinical pictures with a pronounced thiamine deficiency,
both of which can take a dramatic course. Acute thiamine deficiency occurs when
patients in an already catabolic state (e.g. like after bariatric surgery) additionally
fast for some time, (e.g. due to chronic vomiting) and then resume eating.

5.1 Refeeding Syndrome

The initial phase of starvation (e.g. low food intake after bariatric surgery plus
nausea) leads to a high consumption of the total concentration of essential electro-
lytes within the extracellular space. During such a period carbohydrate metabolism
is minimized, and thus insulin release is suppressed, whereas gluconeogenesis,
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lipolysis and proteolysis are increased, the substrates of which are fatty acids,
glycerol, ketones and amino acids. At the same time intracellular electrolyte con-
centration is still high. Subsequently, along this concentration gradient magne-
sium, phosphate and potassium shift to the extracellular space. “Starvation seizes
the cellular level” is probably the best way to describe convincingly this state. In
this phase of starvation, when electrolytes already have been shifted from intra-
to extracellular, resumption of food results in a massive insulin release, which
immediately leads to increased glycogeno-, proteino- and lipogenesis. Henceforth,
massive amounts of thiamine are consumed by acting as cofactor for the glucose
transport into the intracellular space. Simultaneously, with indication of this meta-
bolic process, phosphate, potassium and magnesium massively flux back into the
cell. This results in an engraving and persisting deficiency of potassium, phos-
phate, magnesium and thiamine in the extra cellular space followed by all its clini-
cal consequences. This phenomenon is known as refeeding syndrome (Fig. 3a—)
that has so far been recognized mainly in the context with anorexia [25-28].
The hallmark biochemical feature of this phenomenon is hypophosphatemia.
Regardless of the serious symptoms of that malignant electrolyte imbalance, addi-
tionally, the acute thiamine deficiency may result in symptoms of an acute dry
and/or wet Beriberi syndrome with severe cordial and neurological impairments
(Table 1). This situation mostly represents a life-threatening condition. Milder
forms of electrolyte shifts have been frequently observed as moderate hypophos-
phatemia in the post-bariatric phase, characterized by the significant reduction of

a
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Fig.3 a Starvation leads to a consumption of extracellular electrolytes. Carbohydrate metabo-
lism is minimized, gluconeogenesis, lipolysis, and proteolysis is increased. This results in a con-
centration gradient of electrolytes from intracellular to extracellular. b “Starvation seizes the cel-
lular level”. This results in a shift of intracellular phosphate, magnesium and potassium into the
extracellular space. ¢ Refeeding Syndrome. Resumption of food in the state of starvation results
in a massive insulin release, which simultaneously leads to increased glycogeno-, proteino- and
lipogenesis. Thiamine is consumed as cofactor for the transport of glucose, phosphate, potassium
and magnesium back into the intracellular space. The hallmark biochemical feature of refeeding
syndrome is hpophosphatemia and thus phosphate is the indicator electrolyte
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Fig. 3 (continued)

c
Massive Insulin Output

Fig. 3 (continued)

food intake over weeks. Some published cases of patients with “bariatrical refeed-
ing syndrome” demonstrated impressively that this clinical picture can occur inde-
pendently of body weight, but is solely induced by prolonged starvation with a
subsequent electrolyte shift [28].

Emergency intensive care therapy of the refeeding syndrome includes a reduced
and controlled protocol of nutrient supply under monitoring and ad hoc substitu-
tion of electrolytes and thiamine, potassium and magnesium according to the
NICE guidelines [25]. Often the adequate therapy necessitates very high doses
especially of phosphate and thiamine for several days,

The Refeeding Syndrome leads to an excessive lack of thiamine by shifting
the vitamin between the different spaces of the body. If the deficiency is due to
an insufficient extrinsic supply or waste through vomiting, Beriberi syndrome
can develop without further phosphate imbalance. The Beriberi syndrome shows



628

C. Stier

Table 1 Classification and symptoms of beriberi syndrome

Dry Beriberi
More frequent than wet
Beriberi

‘Wet Beriberi
Cardio-vascular manifestation

Cerebral Beriberi
Wernicke-Korsakoff syndrome
Complete remission is rare
Mortality rate: 10-20%

Neuritis Cardiac insufficiency Encephalopathy

Neuropathy, Tachycardia Omphtalmoplegia, with nys-
esp. of the lower limbs with tagmus and impairment of eye
loss of tendon reflexes movements

Muscle atrophy with muscle | Right heart insufficiency Hemorrhagic lesions of the
pain 3.and 4. Ventricle

General weakness Edema Ataxia

Respiratory symptoms Korsakoff pychosis

Hypertension Coma

three different clinical manifestations, with dry Beriberi being the most com-
mon of all. Its symptoms include neuritis and neuropathy that manifests particu-
larly at the lower extremity, but also muscle pain and atrophy with loss of tendon
reflexes. The cardio-vascular manifestation with hypertension, formation of ede-
mas and possible respiratory symptoms is called wet beriberi. An acute severe
thiamine deficiency may even lead to cerebral Beriberi, which is also known as
Wernicke-Korsakoff Syndrome. If the disease occurs in this severe form, com-
plete remission is rare and mortality rate ranges high as between 10-20%. Even
early therapy cannot cure the cognitive impairment, which is not reversible in most
cases [29].

Therapy of symptomatic Beriberi is the immediate administration of thiamine
(up to 400 mg parenteral per day) [29, 30], directly after the blood sample has
been taken for current vitamin level determination. In suspected cases, there is no
need to wait for the result and an initial dose of 100 mg is administered ex juvan-
tibus. In such situations, however, it is always worth controlling the indicator elec-
trolyte phosphate to differentiate suspected Beriberi from refeeding syndrome.

6 Effect on Vitamin D

Vitamin D deficiency is not specific.

Although only parts of the stomach are removed in SG, the resulting reduc-
tion in gastric acid and intrinsic factor and the rapid emptying of the stomach can
have effects on the vitamin and mineral balance. Other influencing factors are the
drastically reduced postoperative food and vitamin intake or recurrent vomiting
after SG. Additionally, proton pump inhibitor (PPI) intake, which is frequently
after SG, has a considerable effect on iron, and vitamin B12 levels, as well as it
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Table 2 Nutrient supplementation for patients with weight loss surgery according to the guide-
lines of American Society for Metabolic and Bariatric Surgery integrated health nutritional
guidelines for the surgical weight loss patient 2016 update: micronutrients [35]

Patients after sleeve gastrectomy

Vit Bl At least 12 mg/d
At risk patients: at least 50-100 mg/d

VitB12 | 350-500 ug/d oral, disintegrating tablet, sublingual or liquid or nasal—as directed
or 1000mcg/mo IM

Folate 400-800 mcg oral
800—1000 mcg F childbearing ages

Calcium | 1200-1500 mg/d1800

Vit A 5000 IU/d

VitE 15 mg/d

Vit K 90—-120ug/d

VitD At least 3000 IU/d to maintain D,25(OH) levels >30 ng/mL

Iron At least 18 mg/d from multivitamin
At least45-60 mg/d in F with menses and/patients with history of anemia

Zinc 8-11 mg/d

Copper 1 mg/d

interferes with the calcium and bone metabolism [31-34]. Besides that, PPI retard
the clinical response to iron supplementation [34].

A vitamin D deficiency is not specific after SG, but is generally widespread in
obese patients. Indeed, deficiencies of fat-soluble vitamins are more likely after
bypass procedures due to the duodenal exclusion.

7 Conclusion

In summary of all these influences on the absorption of vitamins and minerals fol-
lowing SG, the lifelong supplementation is obligatory according to the guidelines
(Table 2). Standardized follow up examinations and lab tests are necessary to
monitor the vitamin and mineral status in bariatric patients after SG, to conclude,
according to the current state of knowledge, postoperative supplementation after SG
should be recommended life-long, since anatomical and physiological changes pro-
vide at least deficiencies in iron, thiamine, folate, vitamin B12, and vitamin D.
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