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Purpose: This study aimed to explore intervention strategies for fluid and electrolyte regulation in patients with high-output stomas,
to optimize their clinical outcomes and quality of life.

Results: Fifteen experimental and semi-experimental studies were systematically reviewed. Interventions were categorized into five
types by therapeutic purpose and route: gastrointestinal motility/anti-secretory agents, Glucagon-like Peptide-1/2 (GLP-1/2) analogs,
rehydration/electrolyte supplements, micronutrient supplements, and dietary restriction. Key HOS complications included hypona-
tremia, hypomagnesemia, metabolic acidosis, hypokalemia, hypocalcemia, and kidney injury.

Conclusion: Hydro-electrolyte management in patients with HOS requires a multidisciplinary approach that integrates fluid manage-
ment, pharmacotherapy, nutritional support, and surgical intervention. This framework may reduce dehydration-related readmission
and improve outcomes. Future large-scale prospective studies are warranted to verify the efficacy, safety, and novel therapies, explore
new therapeutic targets/drugs, and develop standardized guidelines, with an emphasis on individualized management for complex
cases and prioritizing patient quality of life.
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Introduction
Enterostomy is a temporary measure in the clinical surgical treatment of abdominal emergencies, and also an auxiliary
measure for radical surgery in the management of cancer, inflammatory bowel disease, and other related diseases. The
number of people using colostomy stands at over one million in the United States and 102,000 in the United Kingdom. '
In China, more than 100,000 new ostomy patients are diagnosed every year, and the total number of ostomy patients has
surpassed 1 million.”

The creation of a stoma directly disrupts the physiological continuity of the intestinal tract. Specifically, since
ileostomies are situated in the intestinal region critical for absorptive function, the absorptive surface area is significantly
reduced following surgery, leading to disorders in the transport and absorption of chyme and digestive juices. The human
body secretes approximately 4 L of endogenous digestive fluids (including saliva, gastric juice, pancreaticobiliary juice,
etc) daily, which are usually absorbed by the intestines, leaving only 1 to 2 L to enter the colon.*

High-output stomas (HOS) represent one of the most challenging postoperative complications of ostomy creation,
with an overall incidence of 23%,” significantly impeding postoperative recovery. It is characterized by increased stoma
output and loss of water and electrolytes. Uncontrolled HOS over the long term can result in electrolyte imbalances,
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dehydration, and even complications like renal function impairment. Considering current studies, the diagnosis of HOS
primarily relies on three following criteria, with variations across clinical guidelines and research: (1) a stoma output
exceeding 2000 mL/d for three or more consecutive days;® (2) a stoma output more than 1500 mL/d for two successive
days;’ (3) a stoma output greater than 1000 mL/d for more than three consecutive days.® These criteria reflect the
heterogeneous definition of HOS in the literature, with no universal diagnostic standard currently established.
Hydroelectrolyte management plays a crucial role in maintaining postoperative internal environment stability, as
circulating blood volume, organ function, and metabolic status are all significantly influenced by the balance of
hydroelectrolytes.

Currently, the management of HOS faces numerous challenges: medical personnel often lack systematic knowledge
and practical experience.” Globally, systematic evidence-based guidelines specifically addressing hydroelectrolyte man-
agement in HOS remain limited; current strategies primarily focus on etiological identification and symptomatic
interventions, while a standardized multidisciplinary team (MDT) - driven comprehensive management framework has
not yet been fully established. This can lead to delayed diagnosis or inappropriate management in some patients, thereby
exacerbating their conditions. Thus, experienced multidisciplinary team care is crucial for patient education and
management.'® This review contextualizes management of HOS within global guidelines (National Institute for Health
and Care Excellence: www.nice.org.uk/guidance/mib286. European Society for Clinical Nutrition and Metabolism:
https://doi.org/10.1136/gut.2006.091108), and aims to: (1) maintain fluid-electrolyte balance and prevent dehydration
and electrolyte disorders; (2) offer a comprehensive reference for medical personnel to develop adequate fluid and

electrolyte management protocols tailored to this patient population.

Materials and Methods

This evidence synthesis followed the PRISMA 2020 Statement. The review protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) (ID: CRD420251089227).

Search Strategy

Following the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines,'
a comprehensive literature search was performed across various databases, including PubMed, Cochrane Library, Web
of Science (WOS), Embase, China Biomedical (CBM), China National Knowledge Infrastructure (CNKI), Wanfang, and
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VIP databases. The search used keywords such as “Enterostomy/ Stoma”, “water/ fluid management”, “electrolyte

G

management”,

G

medication/drug/pharmacologic therapy”, “diet*/nutrition/food/nutrition management/dietary manage-
ment”, and “complication management”. Free-text terms and Medical Subject Headings (MeSH) terms were combined
and adjusted according to the requirements of each database. Figure 1 outlines the literature search process. The search
encompassed all available literature from the establishment of each database up to December 2025.

Study Population

The Population, Intervention, Comparison, Outcome, Study design (PICOS) framework is employed to clarify the scope
of this systematic review and evidence synthesis. [P] The study population included adults (age >18 years) with a HOS
(ileo-, jejuno-, and/or colostomy with residual small intestine, output >1500mL/day for >2 days) as defined by the
original authors, regardless of underlying cause. [I] Interventions included fluid/electrolyte/drug/nutrition/complication
treatment to manage HOS. [C] Interventions were compared with each other, placebos, and/or no interventions. [O] The
primary outcome was correction of fluid and electrolyte balance disorder. Secondary outcomes included quality of life,
mortality, morbidity, and complications. [S] Types of research design included Randomized Controlled Trials (RCTs),
cohort studies, and case-control studies (n>7).

Eligibility Criteria

Inclusion criteria: (1) Studies focusing on the management of fluid and electrolyte balance in adult HOS patients; (2)
Evidence types including guidelines, clinical decisions, evidence summaries, randomized controlled trials(RCTs), expert
consensus, or expert opinion; (3) Publications in Chinese or English.
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Figure | PRISMA flow diagram of literature search and study selection. A total of 128,779 records were identified through database searching, including Cochrane Library
(n=21,826), PubMed (n=47,696), Web of Science (n=59,202), CNKI (n=15), VIP (n=15), Wanfang (n=14), and CBM (n=11). After removing 106,938 duplicate records,
21,841 records were screened by title and abstract. A total of 21,483 irrelevant records were excluded based on population or topic, and 358 full-text articles were assessed
for eligibility. Among these, 186 articles were excluded (134 for wrong study type, 14 for off-topic, and 9 for other reasons), with 15 studies finally included in the review.

Exclusion criteria: (1) Duplicate publications or updated versions of previously included studies; (2) Translated
materials or interpretative documents based on guidelines; (3) Incomplete references or inaccessible full texts; (4) Studies
with a quality evaluation grade of C or lower, indicating low-quality evidence; (5) Studies focusing on pure colostomies
without residual small intestine.

Results

Search Results

A systematic review of 15 experimental and quasi-experimental studies was conducted in the present study. Interventions of
the assessed studies included the following categories based on therapeutic purposes and administration routes: (1)
Gastrointestinal motility regulators and anti-secretory agents: clonidine;'*> budesonide;'® loperamide;'* ' codeine;'
omeprazole;'”'® and ranitidine."” (2) GLP-1/2 analogs: liraglutide;' and teduglutide.?® (3) Rehydration and electrolyte
supplements: Pharmaniaga oral rehydration salts plus;>' Glucodrate®™ 500 mL administration;** glucose electrolyte solution,

glucose-polymer electrolyte solution, or salt capsules;>> and 0.9% saline + 5% dextrose + MgSO..>* (4) Micronutrient
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supplements for electrolyte balance: 1-0-OH vitamin D5 or 1,25(0OH), vitamin D3, with optional subsequent addition of
magnesium oxide in cases of incomplete symptom resolution.”® (5) Dietary intervention: oral intake limitation to achieve
stoma output at less than 1000 mL/day.% The details of the interventions are presented in Table 1.

Notably, a key limitation identified across the included studies is the lack of standardized protocols for oral food and
fluid intake. Intestinal/stomal output is inherently dependent on the volume and composition of oral intake. Yet, most
studies did not control for baseline dietary patterns, caloric intake, or consistency of fluid consumption among
participants. Additionally, potential indirect effects of interventions on stoma output were observed: some pharmacolo-
gical agents (such as GLP-1 analogs and high-dose loperamide) may modulate appetite, which could secondarily reduce

oral intake and consequently lower stoma output, independent of their direct effects on intestinal motility or secretion.

Management of Electrolyte, Acid-Base, and Renal Complications in High-Output

Stomas

Hyponatremia

In patients with HOS, the loss of sodium-rich secretions triggers a sensation of thirst, leading to the consumption of
hypotonic fluids. This drives sodium from the plasma into the bowel, increasing stomal output and perpetuating a vicious

cycle of acute kidney injury, dehydration, and further electrolyte loss.?*"** !

Hypomagnesemia
Hypomagnesemia, prevalent in up to 78% of jejunostomy patients,*" is a critical electrolyte disorder in the management
of HOS. Its pathophysiology is multifactorial, primarily driven by the direct loss of magnesium-rich digestive fluids and

32,33

secondary hyperaldosteronism, which enhances renal magnesium excretion. Contributing factors include a reduced

intestinal absorptive surface area, malabsorption leading to magnesium soap formation (bicarbonate loss from high-

3435 insufficient dietary

output stoma effluent, which indirectly impairs magnesium absorption by altering intestinal pH),
intake, and the use of certain medications such as proton pump inhibitors(PPIs).*® This magnesium depletion often
coexists with hypokalemia, though hypokalemia is relatively rare in HOS patients, and hypocalcemia, creating
a synergistic electrolyte imbalance. Hypokalemia typically arises from secondary hyperaldosteronism induced by sodium
depletion, where the body prioritizes sodium retention at the cost of increased renal excretion of potassium and
magnesium.>’ Furthermore, chronic hypomagnesemia, frequently accompanied by metabolic acidosis, disrupts calcium-
magnesium homeostasis, leading to decreased bone density and an augmented risk profile for fractures and

calciphylaxis.®®

Metabolic Acidosis

The development of metabolic acidosis in individuals with HOS is attributable to two key factors: excessive loss of
carbonate and the kidneys’ reduced ability to excrete acid loads when sodium depletion is present.>’ The primary
pathophysiological event is the depletion of the terminal ileum and right colon, the anatomical sites most responsible for
the reabsorption of the approximately 70-80 mmol/day of luminal bicarbonate. Consequently, large volumes of alkaline
intestinal fluid are lost, leading to a severe depletion of the body’s alkali reserve. Concurrently, the significant fluid loss
results in volume depletion and secondary hyperaldosteronism. This creates a critical renal dilemma: while the kidneys
strive to conserve sodium, this process inherently impairs their ability to excrete hydrogen ions and regenerate
bicarbonate in the proximal tubule. Aldosterone itself further inhibits distal acid secretion. The combination of ongoing
bicarbonate loss from the stoma and impaired renal compensation for daily metabolic acid loads induces persistent high-
anion-gap metabolic acidosis.*’

Hypokalemia
Jejunostomy discharge has low potassium (about 15 mmol/L), with net stoma loss only if residual jejunum < 50 cm.*!
Hypokalemia mainly stems from sodium depletion-induced secondary aldosteronism or hypomagnesemia-impaired

potassium transport.*?
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Table | Characteristics of the Included Studies

Author Study Sample | Sex (F/M) | Age [Years] Intervention (I) Control Absolute Output (Main Output c/t Baseline
Design Size ©) Outcomes) (Main Outcomes)
Buchman et al'? Prospective, 8 5/3 49.9 (10.2)° Clonidine 0.3 mg patch for 7 days Within- C: 4394 g/day (1727)* —438 g/day (527)*
single-arm, patient
within-patient, analysis
open label
Ecker et al'? RCT, matched | 40 25/15 Group A: Budesonide po 3 mg TDS for 8 days Placebo NA I: =375 mL/day®
pair, double 39.2 (9.0) C: —2.5 mL/day®
blinded Group B:
37.8 (8.4)*
King et al'* RCT, 10 9/1 57.5 (37-74)° I1: Loperamide po 4 mg TDS for 4 days | Placebo I1: 464 g/day (116)* NA
crossover, 12: Codeine po 60 mg TDS for 4 days Crossover 12: 524 g/day (200)*
double design C: 633 g/day (253)*
blinded
Tytgat et al'® RCT, 20 NA 25-73¢ Loperamide po 4 mg BID for 4 days, then | Placebo I: 500 g/day (80-2010)° I: =145 g/day®
crossover, 4-6 mg BID for 3 days Crossover C: 660 g/day (100-2020)° C: +15 g/day®
double design
blinded
Tytgat et al'® RCT, 7 3/4 40 (26-57)° Loperamide po 4 mg TDS for 7 days Placebo I: 481 g/day (286-1158)¢ NA
crossover, Crossover C: 716 g/day (409—1158)°
double design
blinded
Jeppesen et al'’ RCT, 13 8/5 46 (17)f I1: Omeprazole iv 40 mg BID for 5 days | SOC 11: 2.39 kg/day (2.13-2.58)" NA
crossover, 12: Ranitidine iv 150 mg BID for 5 days Crossover 12: 2.47 kg/day (2.20-3.31)f
double design C: 2.93 kg/day (2.33-4.36)"
blinded
Nightingale et al'® | Prospective, 11 NA NA Omeprazole po 40 mg OD for 3 days Within- I: 3.5 kg/day (2.1)* NA
single-arm, patient C: 3.8 kg/day (2.2)*
within-patient, analysis
open label

(Continued)
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Table | (Continued).

Author Study Sample | Sex (F/M) | Age [Years] Intervention (1) Control Absolute Output (Main Output c/t Baseline
Design Size ((9) Outcomes) (Main Outcomes)
Hvistendahl et al'® | Prospective, 8 3/5 63 (I11)* Liraglutide sc 0.6 mg/day for 14 days, Within- C: 3249 ml/day (1352)* —474 g/day (563)*
single-arm, then 1.2 mg/day for 14 days, then 1.8 mg/ | patient
within-patient, day for 28 days analysis
open label
Jeppesen et al*® Prospective, 18 177 49.5 (13.0)* Teduglutide sc 0.03 mg/kg/day or Within- C: 3258 g/day (1410)* —682 g/day (911)*
single-arm, 0.10 mg/kg/day or 0.15 mg/kg/day for 21 | patient
within-patient, days analysis
open label
Chia et al*' Retrospective | 50 13/37 62 (29-85)% Oral rehydration salts plus (Pharmaniaga) | SOC I: 659 mL/day® I: =33.3%
cohort | sachet TDS for 3 days C: 1020 mL/day® C:-7.3%
Culkin et al? RCT, 29 12/17 Group A: 60.1 | Glucodrate®500 mL WHO I: 0.44 L/6 h (0.23)* NA
crossovet, (14.0)* solution C: 0.32 L/6 h (0.27)*
open label Group B: 60.8 Crossover
(13.8)* design
Nightingale et al® | Prospective, 6 5/1 56.5 (26—65)° 11: Glucose electrolyte solution: 7g NaCl | No salt Stomal output: 0.60-2.84 kg/ | C: improved Na*
randomized, + 8g glucose/ L tap water (280 mOsmol/ | supplement | day; absorption;
within-patient, kg, 30 keal), daily for 48h; (IL tap C: 3 patients had negative 11: no negative Na*
open label 12: Glucose-polymer electrolyte solution: | water, daily | Na* balance (25, —94, balance cases;
7g NaCl + 55g Maxijul/IL tap water (280 | for 48h) =101 mmol/day); 12 increased energy

mOsmol/kg, 200 keal), daily for 48h;
13: Salt capsules: 14x500mg capsules
(total 120mmol Na*) + IL tap water,
daily for 48h

I1: mean Na* balance

96 mmol/day (range 0-226);
12: mean Na* balance

96 mmol/day (range
—25-164);

13: mean Na* balance

66 mmol/day (range —8-145)

absorption by |15
keal/day;

13: vomit
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Martinez-Riquelme | Prospective, 10 6/4 65.3 (40-82)8 Self-administered subcutaneous infusion: | Within- Baseline: Urea 16.4 Sodium and water
et al** randomized, 0.5—-1.0L 0.9% saline patient +|1.0mmol/L, Creatinine 201 | balance restored
within-patient + 0.5L 5% dextrose analysis +87.8umol/L, Na 134.3 rapidly: Na increased
+ 2—4mmol MgSO4 +4.6mmol/L, Serum Mg 0.49 | from 134.3+4.6 to
via gravity drip overnight (6—12h), 3-7 +0.06mmol/L; 139.8+2.7mmol/L at |
days/week I month: Urea 6.3+4.Immol/ | month;
L, Creatinine 102.3 Urea decreased from
+47.9umol/L, Na 139.8 16.4+11.0 to 6.3
+2.7mmol/L; +4.Immol/L at |
3 months: Urea 7.0 month;
+3.4mmol/L, Creatinine Serum Mg increased
171.6x46.4umol/L, Na 141.0 | from 0.49+0.06 to
+3.9mmol/L; 0.83£0.10mmol/L at
4 weeks: Serum Mg 0.83 4 weeks;
+0.10mmol/L Transient oedema in 2
patients, resolved by
reducing infusion dose
Selby et al*® Prospective, 7 3/4 43 (38-65)° 11: Initial: 1aOH vitamin D3 (5 patients, Within- Baseline: Plasma Mg 0.24 Plasma Mg: Significant
randomized, 2-6pg/day) or 1,25(OH), vitamin D3 (2 patient +0.05mmol/L, Plasma Ca 1.78 | increase from baseline
within-patient patients, 2ug/day) orally, no Ca/Mg analysis +0.09mmol/L, PTH 666 to 3—4 days and to Mg

supplements;

12.: Subsequent: Magnesium oxide 100mg
capsules (6-8/day) added in 5 patients
(mean 42 days) if incomplete symptom

resolution

+138pg/mL, “Ca absorption
0.13+0.02 fraction of dose/h;
3—4 days post-vitamin D:
Plasma Mg 0.45+0.08mmol/L,
Plasma Ca 2.10£0.12mmol/L;
Pre-Mg supplement: Plasma
Mg 0.51+0.04mmol/L, Plasma
Ca 2.21£0.14mmol/L;

On Mg supplement: Plasma
Mg 0.81+0.05mmol/L, Plasma
Ca 2.37+0.06mmol/L, **Ca
absorption 0.50+0.08 fraction
of dose/h

supplement stage;
Plasma Ca: Significant
increase to 3—4 days,
then maintained in
normal range;

*>Ca absorption:
Marked increase from
0.13+0.02 to 0.50
+0.08 fraction of dose/
h;

Neuromuscular
symptoms (tetany/
convulsions) resolved
by first week; no Gl
intolerance to Mg

oxide

(Continued)
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Table | (Continued).

Author Study Sample | Sex (F/M) | Age [Years] Intervention (I) Control Absolute Output (Main Output c/t Baseline
Design Size (©) Outcomes) (Main Outcomes)
Sobocki et al*® Retrospective | 20 9l Group A: Oral intake restriction No intake I: 2900 mL/day (1800-3200) | I: —1950 mL/day
cohort 61 (28—75)f Aiming for stoma output <1000 mL/day | restriction C: 2700 mL/day (I500—3900)f C: +100 mL/day
Group B:
52 35-72)

Notes: Adapted with permission from Lederhuber H, Massey L H, Kantola V, et al. Clinical management of high-output stoma: a systematic literature review and meta-analysis. Tech Coloproctol. 2023;27(12):1139-1154. Springer Nature.?’”

Data reported as mean (SD). ®Data reported as mean. “Data reported as median (range). 9Data reported as range. “Data reported as median. Data reported as median (IQR). #Data reported as mean (range).
Abbreviations: F/M, female/male ratio; NA, not available; TDS, three times daily; BID, two times daily; OD, once daily; po, oral; sc, subcutaneous; iv, intravenous; c/t, compared to; SOC, standard of care.
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Hypocalcemia

Hypocalcemia in HOS stems from multiple mechanisms. Fat malabsorption leads to the formation of calcium soaps,
preventing its absorption.*> Concurrently, damage to the intestinal mucosa and impaired renal hydroxylation hinder the
activation and absorption of vitamin D, which is essential for calcium uptake.** Furthermore, metabolic acidosis and

. . . . . . . . . 444
volume depletion can increase renal calcium excretion, collectively disrupting calcium homeostasis.***>

Kidney Injury & Renal Failure

Excessive stoma drainage and electrolyte disturbances predispose to dehydration and renal impairment, with stoma-
related fluid loss linked to acute kidney injury (AKI) and a 17% 30-day readmission rate.*® Delayed fluid replacement
causes renal ischemia, reduced glomerular filtration, and tubular injury, progressing to AKI; chronic imbalance induces
irreversible chronic renal failure.*’ High-output stomas are an independent risk factor for AKI,*® primarily driven by
hypovolemia resulting from the loss of sodium-rich fluid.** The prognosis is abysmal, with a 30 to 90 day mortality risk
increased 2.7 fold, approaching 60%.*° Therefore, meticulous fluid and electrolyte management is crucial in preventing
this fatal complication.

Discussion

Fluid Management

Optimal fluid management for patients with HOS demands an individualized approach based on the patient’s net secretor
or absorber status. For net secretors, parenteral support is often essential to maintain balance, while net absorbers may be
managed with optimized oral or enteral intake.’® Initial treatment of dehydration involves intravenous saline to achieve
“oral zero”, followed by a cautious reintroduction of restricted fluids. The primary goals include stable body weight
maintenance plus approximately 800 mL daily urine output that has sodium concentration above 20 mmol/L.>"!

Monitoring plays a critical role, with the most vital parameters including daily weight measurements, fluid balance
assessments, and stoma output. In contrast to the potentially deceptive nature of plasma sodium, urinary sodium
represents a far more reliable indicator of sodium depletion status, with a value below 10 mmol/L suggesting significant
sodium loss.’? Serum creatinine and urinary sodium should be measured frequently during the initial phase and
periodically thereafter.

It is essential to emphasize that intestinal/stomal output is dynamically influenced by oral food and fluid intake—an
important confounding factor that is rarely standardized in the reviewed studies. Variability in baseline dietary habits and
ad libitum fluid consumption may have contributed to heterogeneous stoma output responses across interventions. For
instance, patients with higher baseline oral intake may exhibit greater reductions in output following dietary restriction,
independent of pharmacologic effects. In contrast, inconsistent fluid intake could mask or exaggerate the efficacy of
rehydration strategies.

A cornerstone of management is the strict restriction of hypotonic fluid intake (water, tea, coffee) to below
500-1000 mL daily, as their intake promotes sodium efflux into the intestinal lumen, worsening dehydration.”® This
finding is supported by Sobocki’s study,?® where oral intake limitation (aimed at < 1000 mL daily stoma effluent) resulted
in a mean reduction of 1950 mL/day in stoma output, compared to a 100 mL/day increase in the non-restriction group—
even though baseline output was slightly higher in the intervention group (2900 mL/day vs 2700 mL/day). When daily
stoma discharge is under 1200 mL, patients can preserve fluid-electrolyte balance through dietary sodium intake, whereas
those with higher outputs require glucose-saline solutions or salt capsules.”® Nightingale’s study?® demonstrated the
efficacy of targeted sodium supplementation: glucose electrolyte solution (7g NaCl + 8g glucose/1L), glucose-polymer
electrolyte solution (7g NaCl + 55g Maxijul/1L), and salt capsules (14x500mg capsules + 1L water) all achieved positive
sodium balance, in contrast to the negative sodium balance observed in patients receiving only tap water. Notably, the
glucose-polymer solution also increased energy absorption by 115 kcal/day, addressing the dual challenges of electrolyte
balance and nutritional deficiency. An effective rehydration solution, such as St. Mark’s Electrolyte Mix, is formulated
with 20g of glucose, 2.5g of sodium bicarbonate, and 3.5g of sodium chloride per liter of water and should be consumed
in small, frequent sips.?’ Sodium chloride capsules are an alternative, but they can cause gastrointestinal discomfort.”®
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For patients with very short remaining jejunum (<100 cm) or those who cannot be maintained on an oral regimen, regular
subcutaneous or parenteral saline supplementation becomes necessary to prevent severe dehydration and renal failure.”'

Medication

If oral fluid restriction and glucose-saline fail to maintain HOS fluid balance, multiple pharmacologic strategies can
reduce stoma output, including antidiarrheals, antisecretory agents, as well as budesonide, clonidine, and GLP-1/2
agonists, with pre-meal dosing critical for postprandial secretion surges. Antidiarrheals like loperamide and codeine
phosphate cut ileostomy volume by 20-30%.'*'*>*5 Loperamide is preferred due to its non-sedating, non-addictive
properties and no fat malabsorption.'*'¢ High-dose liquid loperamide (caution with osmolality) or crushed/opened tablets
(if intact in output) may be needed, especially in short bowel patients with disrupted enterohepatic circulation (12—-24 mg/
dose). A combination of 4 mg loperamide and 60 mg codeine phosphate, administered four times daily, is more
effective.’® Oral budesonide (3mg thrice daily) reduces ileostomy output by ~30% via enhancing water absorption,
with a higher response in patients with <20cm ileal resection.'® Transdermal clonidine (0.3mg patch) modestly lowers
fecal weight/volume and reduces sodium loss in proximal jejunostomy patients.'?

A crucial consideration when evaluating pharmacologic efficacy is the potential for appetite modulation. Some agents
may reduce stoma output indirectly by suppressing appetite and subsequent oral intake, rather than solely via direct
intestinal effects. For example, GLP-1 agonists (like liraglutide) are known to exert anorexigenic effects, which may
contribute to the observed 13% reduction in jejunostomy output beyond their direct impact on intestinal absorption.
Similarly, high-dose loperamide or codeine may cause nausea in some patients, inadvertently reducing oral intake and
stoma output. This confounding effect is rarely quantified in the included studies, highlighting the need for standardized
dietary protocols (such as controlled caloric intake, fixed fluid volume) in future research to isolate direct pharmacologic
effects from indirect intake-related changes.

Antisecretory drugs reduce bowel secretions. Proton pump inhibitors (PPIs), such as omeprazole, 40 mg oral daily or
intravenous (IV) administration twice daily, reduce jejunostomy output, particularly in net secretors with an output

17.18 v PPIs are recommended due to impaired absorption;’’ Histamine H2 Receptor Antagonists

exceeding 2 L per day.
(400 mg cimetidine IV four times daily, 300 mg ranitidine oral twice daily) are alternatives for PPI-related
hypomagnesemia.'”>® Studies show omeprazole (oral/IV) outperforms ranitidine in output reduction, with similar
efficacy to octreotide (50 mg SC twice daily) but no impact on electrolyte absorption—requiring continued

supplementation.'” Additionally, GLP-1 agonists

liraglutide (escalated to 1.8mg/d SC) cuts jejunostomy output
teduglutide (0.03—0.15mg/kg/d SC) reduces faecal wet
weight by 711g/day, boosts wet weight absorption by 22%, and increases jejunal villus height in short bowel patients.?

by ~13% and improves energy absorption;'> GLP-2 agonists

Nutrition Therapy

Regarding dietary intake, malnutrition risk is prevalent in HOS patients, as significant volumes of liquids and essential
nutrients are depleted through the stoma; therefore, nutritional modifications are required.>® For most patients with HOS
who depend exclusively on oral feeding, a 30% approximate rise in caloric intake is necessary to offset malabsorption-
related losses;®” this goal can be attained via dietary modifications and oral nutritional formulas with dietitian oversight,
but semi-factorial beverages and fiber-containing supplements are not recommended because they may increase stoma
expulsion or are not easily tolerated.®’ In terms of fat intake, for individuals undergoing jejunostomy, a dietary fat
provision comprising 30—40% of the overall daily energy requirement is clinically recommended, as this does not
increase stoma expulsion and does not interfere with mineral absorption.>> Carbohydrates should account for 40-50% of
energy and should be based on low-fiber starchy foods, avoiding large amounts of simple sugars to prevent increased
stoma discharge.®” It is recommended that protein contribute approximately 20% of the overall caloric content.°> A high-
carbohydrate, low-fat diet is indicated for jejuno-colonic anastomosis patients, aiming at boosting colonic absorption as
well as lowering steatorrhea risk.®® If enteral feeds are administered, sodium chloride supplementation is mandatory to
titrate the total sodium concentration of the formula to roughly 90 mmol/L, with concurrent maintenance of an osmolality
level of about 300 mOsm/kg.>> Two key scenarios warrant parenteral nutrition initiation: first, when oral energy
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absorption is less than 1/3 of total intake; second, when the small bowel segment remaining after jejunostomy measures

under 75 cm.**

Surgical Options

Surgical strategies for individuals with HOS demand a comprehensive evaluation of reconstructive potential and
individual anatomical variance. It has been proven that restoration of intestinal continuity markedly enhance nutritional
status in individuals who develop short bowel syndrome that arises as a consequence of extensive intestinal resection,
enabling 77% of individuals to wean off parenteral nutrition within five years.®> However, any surgical intervention
involving intestinal bypass or reconstruction must be predicated on a personalized anatomical assessment, given the
profound individual variation in human small intestinal length. Consequently, precise measurement of the remaining
small bowel is a critical step when planning corrective or metabolic procedures, as it is essential for preventing
postoperative short bowel syndrome and severe malnutrition.®® Furthermore, to address adaptive dilation of the intestinal
remnant, autologous gastrointestinal reconstruction techniques, such as the Serial Transverse Enteroplasty Procedure
(STEP) or Longitudinal Intestinal Lengthening and Tailoring (LILT), present surgical options to augment absorptive
surface area, though their application requires stringent adherence to indications.®” Ultimately, when all conservative and
reconstructive measures prove futile, intestinal transplantation emerges as the definitive consideration for end-stage

intestinal failure.®

Hypomagnesemia

Hypomagnesemia secondary to HOS requires a multifaceted approach, starting with correcting underlying water and
sodium depletion.®® Oral magnesium oxide (1224 mmol per day) is frequently prescribed nocturnally for mild cases,
leveraging slower intestinal transport to enhance absorption.** However, gastrointestinal side effects like nausea and
diarrhea are common due to poor salt absorption. Selby’s study demonstrated that combining magnesium oxide (6—8
capsules/day) with vitamin D achieved significant improvements in plasma magnesium: from a baseline of 0.24 +
0.05 mmol/L to 0.81 + 0.05 mmol/L with supplementation. Plasma calcium also increased from 1.78 + 0.09 mmol/L to
2.37 £+ 0.06 mmol/L, and **Ca absorption nearly quadrupled (from 0.13 £ 0.02 to 0.50 + 0.08 fraction of dose/h), with
neuromuscular symptoms (tetany/convulsions) resolving within the first week—highlighting the synergistic benefits of
combined vitamin D and magnesium supplementation.?

If oral intake fails, intravenous magnesium sulfate—typically four mmol diluted in 500-1000 mL saline—is
recommended for rapid correction. Martinez-Riquelme’s study further supported the role of parenteral supplementation:
subcutaneous infusion of 0.9% saline + 5% dextrose + 2—4mmol MgSO, (3—7 days/week) restored serum magnesium
from 0.49+0.06 mmol/L to 0.83+£0.10 mmol/L at 4 weeks, along with improvements in sodium (134.3+4.6 to 139.8
+2.7 mmol/L) and urea (16.4+11.0 to 6.3+4.1 mmol/L) levels. Transient edema occurred in 2 patients but resolved with
dose reduction, indicating a favorable safety profile.**

A unique therapeutic option involves administering oral 1-a-hydroxycholecalciferol gradually (0.25-9.00 pg/day
every 2-4 weeks) to improve magnesium balance.”>’® Crucially, this condition rarely exists in isolation; concurrent
hypokalemia and hypocalcemia are frequent. Potassium supplementation alone is ineffective without magnesium
correction, as low magnesium impedes cellular uptake.”' Monitoring is critical. Serum magnesium levels should be
checked every 1-2 days initially, then weekly as stability improves.’* Patients with severe absorption disorders may

require home infusions or outpatient monitoring.

Kidney Injury & Renal Failure

Avoid the use of drugs that are detrimental to the kidneys, such as non-steroidal anti-inflammatory drugs. Kidney-
protecting drugs, such as angiotensin-converting enzyme inhibitors (ACEls) or angiotensin II receptor antagonists
(ARBs), can be used when necessary. In the case of severe renal failure and ineffective conservative treatment, renal
replacement therapy, such as hemodialysis and peritoneal dialysis, may be required.”®
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International Guideline Framework for Management of HOS

International guidelines, such as National Institute for Health and Care Excellence (NICE), European Society for Clinical
Nutrition and Metabolism (ESPEN), and British Association for Parenteral and Enteral Nutrition (BAPEN: https://www.
bapen.org.uk/pdfs/bifa/bifa-top-tips-series-1-updated.pdf) demonstrate a highly synergistic, evidence-based framework

for managing HOS, centered on individualized risk assessment stratified by remaining small bowel length to inform
tiered treatment protocols. A cornerstone across all recommendations is the limitation to hypotonic liquid ingestion,
supplemented by electrolyte solutions with sodium concentration matched to stoma losses. Pharmacologically, there is
a consensus recommendation for antimotility and antisecretory agents; however, guidelines also caution against the risk
of PPI-induced hypomagnesemia, proposing H2 receptor antagonists as a feasible substitute in those with parenteral
nutrition dependence. Novel therapies such as GLP-2 analogues are incorporated into recommendations, with a strong
emphasis on their administration within specialized centers.

Furthermore, these guidelines collectively advocate for a service model centered on multidisciplinary teams and
specialized centers, a strategy designed to ensure both quality of care and cost-effectiveness while providing essential
emergency support pathways. This model transcends purely technical interventions by recognizing the patient as an
expert in their own management, integrating a philosophy of psychosocial support. In doing so, it constructs
a comprehensive management system that spans from foundational fluid management to cutting-edge therapies, and
from individualized assessment to systemic support, thereby securing the scientific rigor and advanced nature of clinical
practice on a global scale.

Conclusion

Based on the findings of this study, fluid and electrolyte management of HOS demands a multidisciplinary approach
that integrates precise fluid and electrolyte strategies with targeted pharmacologic and nutritional interventions. The
clinical significance of this comprehensive framework is profound, directly translating into improved patient outcomes
by mitigating life-threatening complications. By implementing evidence-based protocols—ranging from restricting
hypotonic fluids to utilizing advanced therapies like GLP-2 analogues—clinicians can substantially reduce hospital
readmissions related to dehydration. The ultimate goal is not merely to correct biochemical imbalances but to
empower patients for self-management, thereby reducing the long-term burden of care and enhancing functional
independence.

Looking forward, the current evidence base, while robust in its principles, reveals critical gaps that must be addressed
to refine and standardize care. Priority areas for future research include the rigorous evaluation of novel therapies, such as
teduglutide and other GLP-2 analogues, through well-designed, large-scale clinical trials with standardized oral intake
protocols to control for confounding variables and ascertain their long-term effectiveness, their safety profile, as well as
their ideal positioning within treatment algorithms. Concurrently, there is an urgent need to develop universally accepted,
standardized management guidelines that can harmonize practices across different healthcare systems. Until such data are
available, a wealth of practical insights can be gleaned from meticulously documented case reports and case series. These
narratives are invaluable for capturing innovative or highly individualized management approaches, particularly for rare
or complex patient populations where large-scale trials remain infeasible. This ensures that every patient, regardless of
the complexity of their condition, can benefit from the collective evolution of clinical expertise.
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