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Summary

Background: Refeeding syndrome (RFS) can occur in malnourished patients when normal, enteral, or parenteral feeding is resumed. The syndrome
often goes unrecognized and may, in the most severe cases, result in death. The diagnosis of RFS can be crucially facilitated by the use of clinical
decision support systems (CDSS).

Methods: The literature in PubMed was searched for current treatment recommendations, randomized intervention studies, and publications on RFS
and CDSS. We also took account of insights gained from the development and implementation of our own CDSS for the diagnosis of RFS.

Results: The identification of high-risk patients and the recognition of manifest RFS is clinically challenging due to the syndrome’s unspecific
symptoms and physicians’ lack of awareness of the risk of this condition. The literature shows that compared to patients without RFS, malnourished
patients with RFS have significantly greater 6-month mortality (odds ratio 1.54, 95% confidence interval: [1.04; 2.28]) and an elevated risk of admis-
sion to intensive care (odds ratio 2.71 [1.01; 7.27]). In a prospective testing program, use of our own CDSS led to correct diagnosis in two thirds of

cases.

Conclusion: RFS is difficult to detect and represents a high risk to the patients affected. Appropriate CDSS can identify such patients and ensure

proper professional care.
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following significantly reduced or no caloric in-

take lasting at least 5 days are at risk for refeeding
syndrome (RFS). Any form of feeding can cause RFS:
oral, enteral, parenteral as well as simple normal meals.
Enteral feeding poses the highest risk for RFS (1).

The cardinal symptom is considered to be hypo-
phosphatemia with onset within 2—5 days of resumed
feeding, accompanied by hypokalemia and/or hypo-
magnesemia (2). This can be associated with severe
fluid shifts and cause central and peripheral edema. In
addition, neuromuscular, cardiac, and central nervous
complications such as tachycardia and impaired cog-
nition may develop.

RFS often goes unrecognized due to the fact that its
symptoms are nonspecific (3). By way of example, a
recent survey of 281 physicians clinically active in
Germany and based on sample case vignettes of RFS
found that only 14 % of physicians and nutritionist
teams correctly diagnosed RFS (4). Moreover, half of
the respondents in audits (New Zealand and the
United Kingdom) of prescribing practices in paren-
teral nutrition (PN) were unable to identify patients at
risk or name risk factors for RFS despite correct de-
termination of serum electrolytes (5, 6).

M alnourished patients in whom feeding is resumed
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TABLE 1

BMI < 16 kg/m?

within 3-6 months

Criteria of the National Institute for Health Care and Excellence
for the identification of patients at risk for the development of refeeding
syndrome with main and secondary criteria (10)*

Unintentional weight reduction of > 15%

Little or no food intake for > 10 days

Low to normal-low electrolyte levels
for phosphate, potassium, and/or
magnesium prior to refeeding

BMI < 18.5 kg/m?

Unintentional weight reduction of > 10%
within 3-6 months

Little or no food intake for > 5 days

Positive history of alcohol abuse,
treatment with diuretics, chemotherapeutic
agents, or antacid agents

* An increased risk for the development of refeeding syndrome is present if at least one main criterion or two
secondary criteria are met.
BMI, body mass index

The clinical relevance of RFS is high: If unrecog-
nized and untreated, fatal treatment outcomes are
possible (7, 8). Treatment includes replacement ther-
apy of the affected electrolytes and other vitamins (in
particular, vitamin B)), as well as the reintroduction
of feeding in a calorie-reduced manner. Against the
background of the diagnostic challenges posed by
RFS, a clinical decision support system (CDSS) for
the automated diagnosis of the syndrome was newly
developed and tested at the University of Leipzig
Medical Center, Germany.

Methods

A selective literature search on RFS was carried out in
the PubMed database on the basis of current treatment
recommendations, meta-analyses, systematic review
articles, randomized controlled studies, cohort studies,
and observational studies. Publications in English and
German from between 1990 and 2022 were taken into
consideration. Particular focus was placed on publi-
cations relating to RFS in conjunction with CDSS. The

following search terms were used: “refeeding
syndrome” [AND] “diagnosis,”  “recognition,”
“incidence,” “management,” ‘“prospective” ‘“clinical

decision support system,” and “CDSS.” Practical
experience with the use of our own CDSS for RFS
diagnosis in inpatient care was additionally taken into
consideration.

Definition and epidemiology

There is no standardized definition of RFS still today.
In April 2020, the American Society for Parenteral and
Enteral Nutrition (ASPEN) published consensus rec-
ommendations on RFS, thereby offering for the first
time standardized diagnostic criteria for future studies.
RFS is defined as falls in serum levels of phosphate,
potassium, and/or magnesium by 10-20% (mild),
20-30% (moderate), or > 30% (severe), with or without
organ damage, within 5 days of resumption of
previously strongly decreased caloric intake (2). A
significantly decreased caloric intake is defined as a

reduced food intake over at least 5 days, meeting less
than 50% of the individual patient’s calorie require-
ments. For the identification of risk patients, appli-
cation of the British National Institute for Health and
Care Excellence (NICE) criteria (9) has become
established in clinical practice (7able 1).

There are differing definitions of RFS in the litera-
ture, and reliable findings on the incidence of RFS are
lacking. This is highlighted by the results of a recent
meta-analysis of 35 observational studies (10). Mal-
nourished individuals are at risk of developing RFS.
According to the 2019 Nutrition Report of the
German Nutrition Society (Deutsche Gesellschaft fiir
Erndhrung, DGE), 35% of patients in German hospit-
als are affected by malnutrition (15% to a moderate
and 20% to a severe extent) (11). In the acute medical
inpatient setting, multicenter randomized studies
show an RFS incidence of 8—14.6% in the feeding of
malnourished patients (12, 13).

Diseases associated with malnutrition increase the
risk for RFS. These include consumptive diseases (for
example, cancer, tuberculosis, HIV), malabsorption
and malassimilation syndromes (chronic inflamma-
tory bowel diseases, radiation enteritis, etc.), and
psychiatric disorders (alcohol addiction, anorexia
nervosa, etc.). Decreased food intake over several
days (for example, due to multiple surgical proce-
dures, loss of appetite) or chronic nutrient deficiency
following bariatric surgery can also lead to RFS (2,
14, 15). The risk profile of oncology patients for RFS
is characterized by weight loss, loss of appetite,
persistent inflammation, and multiple medical inter-
ventions and is thus particularly unfavorable (16).
The fact that chemotherapy is included in the NICE
criteria takes this risk profile into account (7able 1).
According to current knowledge, the metabolic
switch from catabolic to anabolic is relevant from a
pathophysiological perspective (more on pathophysi-
ology in Figure 1).

Evidence from randomized controlled studies

For over 50 years, case reports have been published
describing the severe courses of RFS, such as cardiac
arrhythmias, delirium, and death, in a number of differ-
ent patient populations (17). A large proportion of
scientific investigations into RFS are observational
studies. Prospective randomized controlled studies on
RFS and its treatment, especially in non-anorexic pa-
tients, are rare (14). In German-speaking countries,
there is only one secondary analysis of a multicenter
randomized controlled study investigating the effect on
malnourished medical inpatients of individualized nu-
tritional therapy compared to standard hospital food
(18, 19). The secondary analysis of this study on RFS
was a planned part of the study design, screened the lar-
gest sample to date for the occurrence of RFS
(n=967), and analyzed its clinical outcomes. The sec-
ondary analysis compares malnourished patients under
individualized nutritional therapy that did not develop
RFS (n=826) with malnourished patients that did
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Pathophysiology of refeeding syndroms (RFS), modified from Nguyen et al (40). In catabolism, energy production takes place via glyco-
genolysis and gluconeogenesis. Liver glycogen is generally used up after 12-24 h. Thereafter, primarily ketones from fatty acid oxidation serve
as substrates of gluconeogenesis. Intracellular reserves of phosphate, potassium, and magnesium are used to maintain electrolyte homeostasis
and become depleted in the absence of food intake. Serum electrolyte concentrations within the reference range mask a growing intracellular
deficit. Upon reintroduction of feeding, insulin is secreted, thereby stimulating sodium-potassium ATPase and enabling the intracellular influx of
glucose and phosphate. Thus, carbohydrates are once again available as substrates for glycolysis. Carbohydrate metabolism requires mag-
nesium and thiamine (vitamin B, ) as essential cofactors. The half-life of physiological vitamin B, storage is 7-10 days and is quickly exhausted
in the case of low food intake. The onset of glycolysis triggers a rapidly increasing requirement for vitamin B1 and electrolytes. Acute deficiency

causes RFS complications.

*1 Balanced diet, e.g., 50% calories from carbohydrates, 30% fats, 20% protein; 2intracellularly used for pyruvate entry into the cycle

kcal: kilocalories; CHO, carbohydrates.

develop RFS (n=141). Patients with RFS exhibited
significantly higher 180-day mortality (42/141 [29.8%]
versus 181/826 [21.9%], odds ratio [OR] 1.53;
p <0.05), an increased risk for admission to intensive
care (6/141 [4.3%] versus 13/826 [1.6%], OR 2.71;
p <0.05), and longer hospital stay (10.5+ 6.9 versus
9.0 + 6.6 days; median additional days 1.57; p=0.01)
(12). In addition, a recent meta-analysis on mortality in
RFS patients showed a significantly increased 6-month
mortality rate (OR 1.54; 95% confidence interval:
[1.04; 2.28]) (20).

The therapeutic effects of low-calorie to high-
calorie nutritional protocols on RFS have been inves-
tigated in randomized controlled studies in intensive
care patients, in the normal inpatient setting, in
patients on geriatric units, as well as in patients re-
ceiving treatment for anorexia nervosa. These studies
yielded partially conflicting results.

A multicenter randomized study conducted by
Doig et al. investigated 60-day survival in intensive
care patients that developed RFS 72 h following com-
mencement of nutritional support and received either
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caloric restriction (n=163) or standard nutritional
support (n = 164). The group receiving caloric restric-
tion had significantly better 60-day survival (standard
nutritional support: 128/164 [78%] versus caloric re-
striction 149/163 [91%]; p=0.002) (21). In 2021,
Olsen et al. investigated the effect of an intensive nu-
tritional protocol of 20 kcal/kg/day, whereby energy
intake was increased to reach the targeted caloric in-
take within 3 days, compared to a reduced-calorie
protocol of 10 kcal/kg/day, whereby energy intake
was increased to reach targeted caloric intake within 7
days. The 85 geriatric patients were investigated for
hand grip strength, 3-month mortality, and the devel-
opment of RFS. All patients could be classified as
high-risk patients for RFS according to NICE criteria.
Nutrition was administered enterally via nasogastric
tube feeding. Patients receiving intensive nutrition
were more likely to develop RFS (group receiving
20 kcal/kg/day 17.1% versus group receiving 10 kcal/
kg/day 9.3%; p = 0.29). The occurrence of RFS was
not statistically significant, but patients were signifi-
cantly more likely to experience respiratory distress
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FIGURE 2
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Increasing

caloric intake

caloric intake by 50%

o Every 1-2 days by 33% of the targeted
calories while monitoring electrolyte levels
o If electrolyte level falls, consider reducing

o If the level of electrolytes is low, a slower
increase in caloric intake or an increase
only after electrolyte replacement may be

If the level of electrolytes is low, a slower
increase in calorie intake or an increase
only after electrolyte replacement may be
necessary.

necessary.
Vitamin B, Intravenous or oral adminis- If there are signs of vitamin B, deficiency
tration of 100 mg vitamin B, (e.g., alcohol abuse, prolonged food
H abstention), replacement for 5-7 days
Mulitvitamins o Parenteral nutrition: daily supplement for

the duration of feeding

o Orallenteral nutrition: daily administration
for up to 10 days or more is possible,
depending on clinical and nutrition status

Electrolytes

Measure of

o Replacement according to serum level

Depending on clinical status and

-K K, o Depending on clinical status and electrolyte levels, control measurements
- Mg Mg, electrolyte levels, control measurements at least every 12 h on days 1-3

- PO, PO, every 12 h

Monitoring o Vital signs every 4 h in the first 24 h Cardiovascular monitoring and

intensive care for unstable individuals

kcal/Day

Daily: weight, fluid balance, vital signs, cardiopulmonary status

=

Recommendations on refeeding in patients at risk of refeeding syndrome and treatment recommendations in manifest refeeding syndrome according to the consensus
recommendations (2) of the American Society for Parenteral and Enteral Nutrition
P, potassium; Mg, magnesium; PO,, phosphate

(group receiving 20 kcal/kg/day 53.6% versus group
receiving 10 kcal/kg/day 30.2%, p=0.029). There
were no differences in hand grip strength or mortality
(22). Lower-calorie refeeding had a favorable effect
on morbidity and mortality in the investigations car-
ried out by Doig et al. and Olsen et al. (21, 23).

A UK interventional study conducted at two
centers investigated the effect of different refeeding
rates with a newly prescribed PN on the occurrence of
electrolyte disturbances, ECG changes, infections,
and hospital stay in patients at risk for RFS. Within
the first 48 h, patients at risk for RFS received low-
calorie (15 kcal/kg/day) or high-calorie (30 kcal/kg/
day) PN, followed by a standard PN regimen of
30 kcal/kg/day in line with standard practice for the
two centers. The different refeeding rates had no
effect on the endpoints (24). However, the study
protocol was significantly hampered by problems
during the inclusion of patients. Instead of the
planned 225 patients, ultimately only 48 were

included in the final data analysis (24). This resulted
in small samples in the study arms (for example, mod-
erate RFS risk and high-calorie feeding with 30 kcal/
kg/day = 10). It was unlikely that an effect would be
demonstrated with this reduced sample size.
Investigations conducted in the US on patients with
anorexia nervosa show contrasting results for caloric
restriction as a therapeutic intervention in RFS. A
multicenter study investigated the effect of oral
refeeding on the medical stability of hospitalized pa-
tients receiving high-calorie (n=60, starting at
2000 kcal/day, increasing daily by 200 kcal) com-
pared to low-calorie refeeding (n=51, starting at
1400 kcal/day, increasing daily by 200 kcal). High-
calorie refeeding resulted in faster medical stability
during hospitalization (hazard ratio 1.67 [1.10; 2.53];
p=0.01) (25). Medical stability was determined by
heart rate (HR) > 45/min, systolic RR > 90 mmHg,
body temperature >35.6° C, an intact orthostatic
response (maximum increase in HR <35 and
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TABLE 2

Characteristics of patients with confirmed refeeding syndrome (RFS) in the test phase of a clinical decision support system (CDSS).

All individuals in whom the CDSS resulted in a diagnosis are shown above the line. Those in whom RFS was already known are shown

in the shaded portion
F, 84 Cardiogenic shock in AV block IlI 235 0.41 3.21 0.52 Positive Severe
M, 78 NSCLC, pneumonia 20.3 PN 0.59 418 0.79 5 Positive Mild
F, 65 Hypopharyngeal cancer 11.9 PN 0.3 2.7 0.63 5 Positive Severe
M, 74 COVID-19 16.4 ON+LD 0.5 2.98 0.76 6 Positive Moderate
F, 79 Exsiccosis, flu 30.8 ON 0.58 31 n.a. 3 Negative Moderate
F, 56 Breast cancer 271 ON 0.55 2.93 0.76 3 Positive Moderate
F, 84 Staphylococcus aureus sepsis 20.5 ON+LD 0.53 3.06 0.74 na. Positive Moderate
M, 44 Good syndrome 17.4 PN 0.44 2.21 0.86 3 Positive Severe
F, 54 Anastomosis after Roux-en-Y bypass 247 PN 0.56 3.12 0.7 3 Positive Moderate
M, 86 Sigmoid diverticulitis 216 PN 0.31 5.13 0.55 4 Positive Moderate
M, 61 DLBCL, diarrhea 235 ON+LD 048 2.16 0.71 4 Negative Severe
M, 64 Liver cirrhosis, malnutrition 23.9 ON 0.15 2.7 0.7 2 Negative Moderate
M, 55 Depression 18.6 ON+LD 0.25 2.94 0.66 4 Positive Moderate
F, 68 Depression 19.5 ON+LD 0.5 2.96 0.85 5 Positive Moderate
M, 57 Poisoning (alcohol) 20.7 ON 0.43 2.33 n.a. 4 Positive Severe
F, 59 Clostridium difficile enteritis 226 PN 0.34 3.1 0.45 2 Negative Severe
F, 69 COVID-19, DLBCL 271.5 ON 0.5 3.08 0.77 S Positive Moderate
M, 66 COVID-19 216 ON 0.53 3.09 n.a. 6 Negative Moderate
M, 47 Poisoning (alcohol) 247 ON 0.2 34 0.56 3 Positive Moderate
F, 72 Urinary tract infection 19.2 ON 0.59 3.56 n.a. 4 Negative Mild
F, 46 Hypokalemia, alcohol abuse 19.5 ON 0.36 3.08 0.48 3 Positive Severe

* Classification into severity levels is in accordance with the RFS diagnostic criteria of the American Society for Parenteral and Enteral Nutrition (ASPEN).
AV, atrioventricular; BMI, body mass index; DLBCL, diffuse large B cell lymphoma; P, potassium; M, male; Mg, magnesium; NICE, National Institute for Health and Care Excellence;
NRS, Nutritional Risk Score 2002; NSCLC, non-small-cell lung cancer; n.a., not available; ON, oral nutrition; PN; parenteral nutrition; PO,, phosphate; LD, liquid diet; F, female

maximum decrease in systolic RR 20 mmHg), as well
as reaching at least 75% of an age- and sex-adjusted
median BMI. RFS did not develop more frequently in
the high-calorie group than it did in the low-calorie
group (four versus three individuals) (25). The stable
long-term study effects that were published in 2022
confirm the robustness of these results (26).

Despite the conflicting results from interven-
tional studies, caloric restriction is the therapeutic
feeding intervention recommended in RFS. The re-
liability of the UK interventional study is reduced
by its diminished sample size. It is unclear whether
the results from anorexia nervosa patients can be
extrapolated to other patients. The mean age of the
111 individuals included in the abovementioned
study was 16.4 + 2.5 years (mean + standard devi-
ation [SD]) (25). One can assume that the organism
of'a 16-year-old patient can better tolerate faster re-
feeding than can a multimorbid patient of more ad-
vanced age.
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Treatment and monitoring

A number of different recommendations for the preven-
tion and treatment of RFS have been published in Eu-
rope and the US (9, 27, 28). The most recent treatment
recommendations on refeeding in patients at risk for
RFS are the consensus recommendations of the Ameri-
can Society for Parenteral and Enteral Nutrition
(ASPEN) published in 2020 (2). These recommend
extensive replacement of the required electrolytes and
vitamins (in particular vitamin B;) and a stepwise
approach to refeeding with a reduced caloric intake
(Figure 2) (2,9, 27-29). The primary goal of a stepwise
reintroduction of nutrition is to prevent RFS, much like
prophylaxis. If manifest RFS develops, the further nu-
trition and replacement therapy follows the recommen-
dations on the refeeding of high-risk patients (Fig-
ure42). Due to the above-mentioned conflicting results
from interventional studies, the level of evidence for
the recommendations on caloric restriction is based on
expert consensus. The increase in caloric intake is
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determined by the risk for RFS, the patient’s clinical
status during refeeding, and the intensity of occurring
electrolyte disorders, in particular phosphate. The
severity of electrolyte disturbances determines the fre-
quency of electrolyte monitoring and simultaneously
serves as a decision-making criterion for increases in
caloric intake. In the intensive care setting, monitoring
should be adapted to the individual needs of the patient.
The initial caloric amount per kilogram body weight is
5-20 kcal/kg/day, depending on the specialist society,
whereby the following applies: the higher the risk of
RFS, the lower the initial caloric amount per kilogram
bodyweight (2, 9, 27). The ASPEN recommends an in-
itial caloric intake of 10-20 kcal/kg/day. There is no
recommendation for a restriction of salt, fluid, or pro-
tein intake. Usually, the targeted caloric intake can be
reached within 7 days.

Diagnostic challenges and the potential

offered by clinical decision support systems

As a result of the nonspecific symptoms of RFS, phy-
sicians often fail to recognize this clinical picture. If the
risk for the development or manifestation of RFS goes
unrecognized, it is not possible to initiate clinical steps.
This results in vulnerable patients being put at risk (8,
30). Due to its characteristic electrolyte disturbances,
RFS lends itself to the development of an automated
diagnostic algorithm with a notification system. Auto-
mated diagnostic suggestions, complemented by treat-
ment recommendations, can be represented in a CDSS.
To date, CDSS are poorly established in clinical nutri-
tional medicine. However, they have already been able
to achieve improved compliance with protein and cal-
orie targets (31) and improved glycemic control in
clinical nutritional medicine (32-34). As part of the
AMPEL research project (35) (analysis and notification
system to improve patient safety through real-time inte-
gration of laboratory findings, www.ampel.care), a
CDSS of this kind has been newly developed for RFS
at the University Medical Center Leipzig (UMCL). It
was prospectively tested over a 6-month period (for in-
clusion and exclusion criteria as well as CDSS develop-
ment, see the eMethods Section). The CDSS checks
adult patients with hypophosphatemia (< 0.84 mmol/L)
as to whether other states of electrolyte deficiency in
relation to potassium and magnesium have been present
in the preceding 5 days. In the case of electrolyte imbal-
ances suspicious for RFS, the CDSS then checks exclu-
sion criteria using laboratory values and coding data
pointing to the presence of procedures and comorbid-
ities (for example, terminal kidney failure with dialy-
sis) that cause hypophosphatemia of other etiology
(36-38). In the 6-month exploratory prospective test
phase, the CDSS was able to identify 21 individuals
with suspected RFS (patient characteristics, 7able 2).
Their diagnoses were confirmed in subsequent bedside
visits. RFS severity was determined on the basis of the
ASPEN diagnostic criteria. The distribution of
principal diagnoses shows that RFS patients encounter
physicians in all specialties (7able 2). According to a

telephone survey of the treating physicians, 13 (62%)
cases would not have been recognized without a CDSS
notification (7able 2, patients above the cut-off line).
Determination of the necessary serum electrolytes
alone failed to establish the diagnosis in a relevant pro-
portion of patients. Thus, an additional assessment by a
CDSS can improve diagnosis, enabling affected indi-
viduals to receive nutritional medical support. Due to
the low case numbers in the retrospective development
phase (100 patients in 30 months, eFigure), neither ran-
domization nor comparison to a control group could be
performed in the prospective testing (6 months).

The greatest limitation of the CDSS is the detection
of hypophosphatemia as the initiator of the subse-
quent automated electrolyte analysis. Phosphate de-
terminations are not routine in clinical practice: Only
18% of investigated individuals (n = 13,325, eFigure)
had this checked in the retrospective CDSS develop-
ment phase. Hypophosphatemia was found in
approximately a third of these (n= 4186, eFigure).
The CDSS is unable to identify patients with RFS
without phosphate determination. Thus, it is not
possible to determine the proportion of patients
recognized as false-negative by the CDSS. The elec-
trolyte disturbances in RFS show a frequency peak 72
h after nutrition therapy (12, 39). The use of the RFS-
CDSS in combination with a standardized deter-
mination of serum phosphate 72 h following the initi-
ation of feeding, at least in malnourished patients,
would be a cost-effective approach to screening (lab-
oratory costs according to the German Uniform
Evaluation Standard [einheitlicher Bewertungsmaf3-
stab, EBM] 32 086: 0.40 Euros) to improve the effec-
tiveness of the CDSS. It is also necessary that
physicians caring for people at increased risk for the
development of RFS educate themselves about this
clinical picture. This would enable at-risk patients to
be promptly identified and correspondingly treated
prior to the initiation of refeeding. Only then is it
possible to prevent a hazardous drop in serum electro-
lyte levels and the development of RFS.

Conclusion

RFS receives insufficient clinical attention. It can occur
in malnourished individuals across the entire spectrum
of medicine and is characterized by nonspecific symp-
toms that hamper diagnosis. In severe cases, RFS can
cause death. The ability to recognize this clinical pic-
ture and identify at-risk patients is relevant to all those
treating malnourished patients. The use of CDSS can
assist clinically active physicians in establishing its di-
agnosis. Evidence on the prevention and treatment of
RFS is sparse. Current treatment recommendations
based on expert consensus include replacement therapy
of the necessary electrolytes and other vitamins (in par-
ticular, vitamin B,;), as well as the reintroduction of
feeding in an initially calorie-reduced form. Prospec-
tive randomized analyses are needed in the future in
order to systematically improve RFS treatment guide-
lines while taking into account appropriate CDSS.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2023; 120: 107-14
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&6} CLINICAL SNAPSHOT

Acute Vocal Fold Hemorrhage While Singing

d

A 40-year-old female opera singer presented
to the phoniatric department due to hoarse-
ness resulting from vocal strain. The soprano
described intermittent functional impairment to
her singing voice (dysodia) since changing
from lyric to dramatic voice type (fach) a few
months previously. Transoral videolaryngo-
stroboscopy revealed a marginal edema of the
right vocal fold (arrow) with supramarginal
varices (vocal cord varix; asterisk). In contrast to other varices, such as for example in the esophagus, these are caused by strain rather than con-
gestion. During the examination, subepithelial hemorrhage occurred in the region of the middle third of the vocal fold (arrowhead) while the patient
used her singing voice. After several weeks of vocal rest and hematoma resorption, phonosurgical microlaryngoscopic resection of the residual
vocal fold edema and vocal fold varices was performed. Postoperative follow-up showed functional recovery of phonatory vocal fold mobility with
complete glottic closure and restored performance. Given the low incidence of vocal fold varices, no cases of variceal hemorrhage directly during
transoral videolaryngostroboscopy have been described in the literature to date. The present case illustrates that vocal fold varices can lead to
recurrent organic voice dysfunction due to strain-related tissue hemorrhage, particularly in elite vocal performers.
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eMETHODS

Development of the clinical decision support system

A diagnostic algorithm was drawn up on the basis of the diag-
nostic criteria published in 2020 by the American Society for
Parenteral and Enteral Nutrition (ASPEN). The description of the
development of the algorithm, the final algorithm, the design of
the clinical decision support system (CDSS), and its implemen-
tation in clinical workflow are currently in the process of being
published, meaning that the algorithm used is currently not pub-
licly available. A description of the content of the diagnostic
steps is given in the section “Process of automated patient evalu-
ation.” The algorithm was retrospectively tested using a dataset
from laboratory data from January 2019 to June 2021 and further
developed for adults. The dataset contained all serum levels and
blood gas analyses as well as point-of-care testing of whole
blood concentrations of the electrolytes phosphate, magnesium,
and potassium at the University Medical Center Leipzig
(UMCL), Germany. The algorithm thus developed was then in-
corporated in a CDSS together with action and treatment recom-
mendations according to the severity of refeeding syndrome
(RFS). The recommendations were displayed in the electronic
medical records of identified patients via warning icons.
Physicians were able to view the treatment recommendations by
clicking on the warning icon in a pop-up window. The CDSS was
prospectively tested over a 6-month test phase, and the suspected
diagnosis expressed in an automated manner could be confirmed
by a nutrition medicine specialist or nutrition therapist in a
bedside visit of individuals detected by the system. The data
collection periods were determined by the availability of data;
electrolyte data were retrospectively available for the period
from January 2019 to June 2021. Prospective testing was scien-
tifically supervised for 6 months and terminated when the project
period came to an end. The exploratory study was approved by
the ethics committee of the University of Leipzig Medical Center
(No. 214/18-ek).

Process of automated patient evaluation

All adult patients that had undergone blood collection and phos-
phate determination were included in the patient evaluation. The
CDSS is initiated by a phosphate determination below the lower

reference range (0.84 mmol/L) and performs, in a first step, an
automated verification of exclusion criteria (eFigure). Exclusion
criteria are verified by the presence of laboratory values and
coding data in the electronic medical record suggestive of
hypophosphatemia of other etiology and are designed to prevent
incorrect notifications. The detection of procedure codes for
acute dialysis treatments and surgical procedures on the liver and
brain results in exclusion, as does the detection of certain labora-
tory parameters such as ketone bodies in urine (suggestive of
decompensated diabetes mellitus), paracetamol in serum
(paracetamol poisoning), hyperphosphatemia and hyper-
magnesemia (suggestive of severe acute or chronic renal
dysfunction), an elevated PTH level (hyperparathyroidism), and
secretion of PTH-related peptides (lung and neuroendocrine car-
cinomas). Electrolyte imbalances triggered by these diseases and
interventions and which are unrelated to nutrition but resemble
RFS have been described in the literature (35-38). For included
patients, further electrolyte assessments of magnesium and
potassium are performed for up to a total of 5 days in the past.
Depending on the percentage decrease in concentration, an alarm
is triggered for mild, moderate, or severe RFS. Individuals
identified by the CDSS are flagged up with a warning icon in the
digital inpatient unit overview. In moderate RFS, an electrolyte
imbalance alone results in a patient being flagged up, while in
mild RFS, decreased energy intake additionally needs to have
been recorded in the coding data at the time of admission to the
unit. By clicking on the warning notification, a pop-up window
opens showing critical laboratory results together with an
interpretation text module for clinical use and a link to in-house
treatment guidelines. In total, 100 cases were retrospectively
confirmed as RFS in 130 notifiable patients based on a review of
electronic medical records by two independent physicians. In the
prospective test phase, 21 of 31 individuals for whom notifi-
cations were triggered were confirmed as correct RFS cases. In-
correct false-positive notifications were due to liver dysfunction
(n=3), brain trauma (n=2), dialysis with coding pending
(n = 3), or multiorgan failure (n = 2). These confounders in elec-
trolyte interpretation in the case of suspected RFS are already
known from the literature (36-38).
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Adult inpatients that underwent blood collection:
retrospective n = 73 616; prospective n = 15 727

Without phosphate determination:
n=60291;n=12 866

Patients with phosphate determination:
n=13325; n =2861

Without hypophosphatemia:
n=9139; n=1986

Patients with hypophosphatemia (< 0.84 mmol/L)
n=4186;n=875

Exclusion of other etiologies
(laboratory parameters):
n = 1450; n = 269

Exclusion of causal procedures:

— Dialysis procedures: n =505; n =118
— Liver surgery: n=19;n=3

— Brain surgery: n=168;n=42

Patients included in the CDSS evaluation
n=2044/n=443

Diagnostic criteria not met
n=1914/n =412

Patients with suspected refeeding syndrome
n =130 (100 TP)/n =31 (21 TP)

Flow diagram showing the data analysis of retrospective data
from January 2019 to June 2021 (left) and the prospective test phase
(right) of the clinical decision support system (CDSS) using inclusion
and exclusion criteria and the subsequent automated evaluation of
decreases in the level of electrolytes (phosphate, potassium,
magnesium) in refeeding syndrome. TP, true positive
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Questions on the article in issue 7/2023:

Refeeding Syndrome—Diagnostic Challenges and the Potential

of Clinical Decision Support Systems

The submission deadline is 16 February 2024. Only one answer is possible per question.

Please select the answer that is most appropriate.

Question 1

Which of the following criteria is one of the
main criteria for the identification of at-risk
patients according to the National Institute for
Health and Care Excellence?

a) Unintentional weight loss of > 5% within 3-6 months

b
c
d
e

Little or no food intake for > 10 days
Little or no food intake for > 3 days

—_ ==

BMI < 19 kg/m?

Question 2

Which electrolyte shift is associated with
refeeding syndrome?

a) Hypokalemia and hypophosphatemia

b) Hyperkalemia and hypophosphatemia

c) Hypernatremia and hyperphosphatemia
d) Hyponatremia and hyperphosphatemia
e) Hyperkalemia and hyperphosphatemia

Question 3

Which vitamin is an essential component of
replacement therapy in refeeding syndrome?
a) Vitamin Dy

b) Vitamin A
c) Vitamin E
d) Vitamin B,
e) Vitamin B,

Question 4

According to the 2019 Nutrition Report of the
German Nutrition Society, what is the overall
percentage of patients in German hospitals
affected by malnutrition?

a) 5%

Question 5

Which one of the following elements is transported

into cells at an increased rate when adequate

nutrition is reintroduced after a phase of catabolic

energy production lasting several days?
a) Calcium

b) Sodium
¢) Magnesium
d) Selenium
e) Copper

Unintentional weight loss of > 10% within 3-6 months

Question 6

In patients at risk for the development of refeeding syn-
drome, the reintroduction of nutrition following a catabolic
phase should be started cautiously. According to the
American Society for Parenteral and Enteral Nutrition, which
initial caloric intake should be used?

a) 10-20 kcal/kg/Day

b) 70-150 kcal/kg/Day

¢) 200-280 kcal/kg/Day

d) 300-500 kcal/kg/Day

€) 700-850 kcal/kg/Day

Question 7

What is the approximate time frame within which
refeeding can be expected to reach the targeted

caloric intake?

a) 2 Days

b) 1 Week

c) 2 Weeks
d) 1 Month
e) 2 Months

Question 8

What does the abbreviation CDSS stand for
in the text?

a) Clinical decompensation support system

b) Critical decompensation support system

c) Clinical delirium support system

d) Clinical decision support system

e) Clinical diagnostic support system

—_ = =

Question 9

Which laboratory value is named in the text as a limiting step
in the CDSS for the recognition of refeeding syndrome and
could be used for screening purposes in at-risk patients?

a) Lactate

b) Serum albumin

c) Creatinine

d) TSH value

e) Serum phosphate

—_ ==

Question 10

Which time point is particularly suited to
screening for refeeding syndrome following
the reintroduction of nutrition?

a)12h
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