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Abstract

Purpose Nutritional insufficiency (NI) is a potential
consequence of restrictive eating disorders. NI patients
often require hospitalization for refeeding to restore med-
ical stability and prevent complications such as refeeding
syndrome. Limited information is available on the optimal
approach to refeeding. In this study, we describe an inpa-
tient NI care path and compare treatment outcomes at an
academic medical center and a community hospital.
Methods A retrospective chart review was conducted on
inpatients treated using a standardized NI care path at
either the academic site, from August 2012 to July 2013
(n = 51), or the community site, from August 2013 to July
2014 (n = 39). Demographic information, eating disorder
history, and treatment variables were recorded for each
patient. Data were compared using the Kruskal-Wallis test
and Fisher’s exact test.

Results Patients admitted to the community site had
shorter hospital stays than patients admitted to the
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academic site (IQR 2-4 vs. 2-7 days, p = 0.03). All
patients were discharged in <14 days with a median stay of
3 days. The median initial calorie prescription was 2200
calories for both groups. No clinical cases of refeeding
syndrome occurred, with only one patient developing
hypophosphatemia during refeeding.

Conclusions A standardized care path with a higher-
calorie intervention allows for short-term hospitalization of
NI patients without increasing the risk of refeeding syn-
drome, regardless of treatment site. This study demon-
strates the efficiency and safety of treating NI patients on a
regular medical floor at a community hospital.

Keywords Nutritional insufficiency - Eating disorder -
Care path - Inpatient - Length of stay - Refeeding

Introduction

Clinical care paths have been increasingly recognized as
useful tools to improve both the quality and efficiency of
care in specific patient populations. The purpose of care
paths is to provide a structured multidisciplinary plan of
care based on a patient’s medical presentation or diagnosis
[1, 2]. This approach can reduce variability in care and, by
implementing evidence-based practices, lead to better
patient outcomes. Clinical care paths exist for a growing
number of conditions, from asthma in children [3-5] to
stroke in elderly adults [6, 7]. Few clinical care paths,
however, have been published for psychiatric disorders,
including eating disorders [8].

Nutritional insufficiency (NI), defined as inadequate
nutrition to meet metabolic needs, often occurs in the
context of a restrictive eating disorder, such as anorexia
nervosa [9, 10]. Initial treatment of NI emphasizes
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nutritional rehabilitation, or “refeeding,” to stabilize vitals
and increase body weight [9, 11]. Many of these patients
require hospitalization to monitor vitals and detect signs of
“refeeding syndrome,” a life-threatening condition that can
occur following electrolyte shifts during refeeding [12, 13].
Safe rehabilitation requires skilled providers familiar with
the complications associated with refeeding. In addition,
given the psychological component of eating disorders
[14], special precautions must be taken to ensure that
patients comply with treatment and do not engage in risky
behaviors, such as purging meals or inflicting self-harm. A
team of trained caregivers, including physicians, dietitians,
nurses, mental health providers, and social workers, creates
the optimal environment for successful inpatient treatment.
This multidisciplinary approach, along with the high cost
of inpatient care [15], makes NI an ideal candidate for a
clinical care path [16, 17].

Several guidelines and position papers have been published
on the treatment of eating disorders [18-20], but these papers
do not provide specific protocols for treatment or standards for
discharge. As a result, physician and institutional practices
vary widely [21]. Although a handful of hospital protocols and
care paths have been published [16, 17, 22, 23], these typically
describe treatment plans that require several weeks of inpatient
care in a specialty or psychiatric unit.

At the Cleveland Clinic Children’s Hospital, providers
have utilized a clinical care path to treat patients with NI
for over 20 years. This care path is designed to stabilize NI
patients during a short-term hospital stay on a regular
medical floor, while providing patients and families with
resources for comprehensive care after discharge. Initially,
the NI care path was implemented at the Cleveland Clinic
Main Campus, an academic center where inpatients have
access to subspecialty and intensive care. In August 2013,
the care path was implemented at a community hospital
within the Cleveland Clinic Health System, a site with
fewer inpatient services and no prior experience treating
patients with NI. This paper outlines important elements of
the NI care path as well as outcomes of patients treated at
both the academic center and the community hospital,
demonstrating the effectiveness of the care path in multiple
healthcare environments.

Methods

Nutritional insufficiency care path

Order set

Table 1 lists the criteria for hospital admission for patients

with NI. When a patient is admitted, the physician selects
the NI order set in the electronic medical record
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Table 1 Criteria for hospital admission and discharge for patients
with nutritional insufficiency

Criteria for admission Criteria for discharge

Heart rate <50 bpm while awake Heart rate >50 bpm while

awake

Heart rate <40 bpm while asleep Heart rate >40 bpm while

asleep
Systolic pressure <90 mmHg Systolic pressure >90 mmHg

Temperature <96 °F Temperature >96 °F

Prolonged QTc or other arrhythmia  Resolution of arrhythmia

Electrolyte abnormalities Resolution of electrolyte

abnormalities

Resolution of tears and
hematemesis

Esophageal tears or hematemesis
Intractable vomiting Resolution of vomiting

Suicide risk No longer suicidal or has

adequate psychiatric care

(Supplement 1). This order set alerts other practitioners that
the patient is an NI patient. It includes instructions for
nursing, such as restrictions on activity, vital sign specifi-
cations, and mealtime procedures, that are also included in
a nursing protocol and checklist (discussed below). The
order set also prompts dietary and adolescent medicine
consultation (mandatory for all patients) as well as consults
as needed to psychiatry, behavioral medicine, and case
management.

A recommended panel of laboratories is included within
the order set to evaluate electrolytes, liver function, kidney
function, hormonal function, and blood counts, unless these
laboratories were already obtained on the day of admission.
Urinalysis with specific gravity is obtained daily prior to
breakfast to assess hydration status and detect water load-
ing. A complete metabolic panel, phosphorus level, and
magnesium level are obtained as needed during hospital-
ization, typically daily if abnormal or every other day if
normal. Patients also receive phosphorus supplementation
with Neutra-Phos®, 500 mg orally twice daily for 5 days to
reduce the risk of hypophosphatemia, one of the primary
electrolyte disturbances observed in refeeding syndrome.

Nursing protocol and checklist

A nursing protocol (Supplement 2) provides a brief ratio-
nale for the protocol along with specific procedures for
initial and daily assessment of the patient and his or her
room environment. A corresponding nursing checklist
presents the daily assessment in a practical manner,
allowing for more consistent care regardless of the famil-
iarity of the nursing staff with caring for NI patients.
Instructions for documentation, parent education, and
patient privileges are also included in the protocol. The
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care path was designed under the premise of good behavior
with rewards, such as cell phone use and a daily wheelchair
ride, unless a patient exhibits self-sabotaging behavior.
This approach allows nurses and other caregivers to partner
with patients and avoid developing antagonistic
relationships.

Dietitian guidelines

Dietitians meet with each patient and family within 24 h of
admission and develop a dietary plan based on his or her
diet history. Patients are started on diets with a minimum of
1500 kcal/day, with a majority of patients started on
2200 kcal/day. Dietitians use an exchange system with a
specified number of servings from each food group to
ensure a balanced diet (Table 2). Calories are increased by
about 250 calories daily with adjustments to meet a weight
gain goal of 0.2 kg/day. Patients are required to finish their
meals in 30 min and their snacks in 20 min. If they con-
sume <100 % of their food in the allotted time, the calories
are replaced by liquid supplements, and if they refuse the
supplements, a nasogastric tube is placed for enteral
feeding. Water intake is limited to 8 oz a day to prevent
water loading within the first 24 h, with additional caloric
fluid intake to meet needs. After the first 24 h, fluids are
liberalized assuming normal renal function and no evi-
dence of significant third spacing.

The Maudsley approach, or family-based refeeding, was
used during admission for patients under 18 years of age
and in some patients over 18 years of age with family
available to provide support. Over the course of admission,
the dietitian partnered with parents to help them plan meals
and understand the energy needs of their child. Patients
participated by expressing their likes and dislikes, begin-
ning to work on fear foods, and learning to trust parental
choices regarding meal planning.

Discharge and aftercare

While discharge criteria are based on medical stabilization
(Table 1), connecting patients and families with resources

Table 2 Number of servings for each food group based on total
caloric intake

1750 calories 2000 calories 2250 calories

Carbohydrate 8 12
Protein 8
Fat 4
Dairy 3
Fruit 2

2

W W W W 0 O
W W W A\

Vegetables

for ongoing treatment is essential for long-term recovery.
Physicians with training in eating disorder treatment educate
patients and families on the medical complications of dis-
ordered eating and available therapies. The overall goal of
these conversations is to work with families to develop a
discharge plan that meets the current needs of the patient and
leads to not only physical, but emotional and psychological,
health. Many patients begin outpatient treatment programs at
a local eating disorder treatment center following discharge.
For most patients under 18 years of age, family-based
therapy (the Maudsley approach) is recommended [24],
although some patients and families require day treatment or
residential programs to help the initial recovery process.

Study population

We identified all patients ages 8—23 years admitted for the
treatment of NI at either the Cleveland Clinic Main Campus,
a multispecialty academic medical center, from August 2012
to July 2013 or the Cleveland Clinic Hillcrest Hospital, a
community hospital, from August 2013 to July 2014.
Patients were included if they were hospitalized for more
than 24 h and treated using the NI care path. Patients treated
at the academic center who would not qualify for treatment
at a community hospital due to major comorbidities, such as
postoperative patients or patients with renal failure, were
excluded from the study population. No patients refused
treatment. For patients readmitted during the study period,
only the first admission was included for analysis.

Study design

Electronic records for all eligible patients were retrospec-
tively reviewed. Demographic information and eating dis-
order history were obtained from semi-structured
interviews conducted by providers involved in patient care
during admission. Eating disorder diagnoses were deter-
mined retrospectively by a trained researcher using Diag-
nostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5), criteria and confirmed by an adolescent
medicine specialist [25]. DSM-5 diagnoses included anor-
exia nervosa, bulimia nervosa, atypical anorexia nervosa (a
disorder with features of anorexia nervosa but normal body
weight), atypical bulimia nervosa (a disorder characterized
by binge eating and purging that occurs less than once a
week or for fewer than 3 months), and avoidant/restrictive
food intake disorder (ARFID, a disorder characterized by
nutritional insufficiency without evidence of a body image
disturbance or lack of access to food). Duration of illness
and weight loss were estimated from the history obtained
by adolescent medicine specialists consulted during
admission or the admitting physician. Treatment variables,
including length of stay (LOS), daily weights, daily caloric
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intake, daily vital signs, electrocardiogram findings, and
electrolyte abnormalities, were recorded for each patient.
Electrolyte abnormalities were based on the normal range
used in the hospital laboratory and included hypophos-
phatemia (<2.5 mg/dL), hypomagnesemia (<1.7 mg/dL),
and hypokalemia (<3.5 meq/L).

Baseline weight was defined as the weight obtained at
0600 on the first full day of admission. Rate of weight gain
was determined by dividing the change in weight from
baseline to the morning of discharge by LOS. Baseline
caloric intake was defined as the initial calories prescribed
at the first dietitian consult, usually the first full day of
admission. Final caloric intake was defined as the caloric
intake for the last day of admission when the patient
received all three meals in the hospital. Rate of caloric
intake was calculated by dividing the change in calories by
the days between initial and final caloric prescriptions.

Body mass index (BMI) was calculated by dividing the
patient weight in kilograms by the height in meters
squared. Median BMI, the 50th percentile BMI based on
age and gender, was determined using the 2000 Centers for
Disease Control and Prevention BMI-for-age growth charts
for patients aged 2-20 years. For patients over 20 years of
age, a median BMI of 21.8 and 23.04 was used for females
and males, respectively. Percent expected body weight
(%EBW) was calculated by dividing the patient BMI by
the median BMI for his or her age and multiplying by 100.

This study was approved by the Cleveland Clinic
Institutional Review Board.

Statistical analysis

Data were described using medians and interquartile ranges
(IQR) for continuous variables and counts and percentages
for categorical variables. Patients admitted to the academic
center and patients admitted to the community hospital
were compared using the Mann—Whitney U test for con-
tinuous variables and Fisher’s exact test for categorical
variables. Differences in LOS were also assessed using the
Kaplan—-Meier method and log-rank test. The association
between weight gain during hospitalization and LOS was
assessed for the total population using linear regression
analysis. All analyses were two-tailed and performed at a
significance level of 0.05. Results were analyzed using
JMP 9.0 (SAS Institute Inc, Cary, NC, USA).

Results

Between August 2012 and July 2013, 56 patients were
placed on the NI care path at a multidisciplinary academic
medical center. Of these patients, two were excluded
because they had admissions that were <24 h and three
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were excluded because they required services not routinely
provided at a community hospital, resulting in a total of 51
academic center patients. Following implementation of the
NI care path at a community hospital, 41 patients were
placed on the NI care path between August 2013 and July
2014. Of these patients, one was excluded because she had
an admission of less than 24 h and one was excluded
because he was transferred from the academic medical
center, resulting in a total of 39 community hospital
patients. No NI patients were treated at the community
hospital prior to implementation of the care path.

The patients included in the analysis were predomi-
nantly female (90 %, n = 81) and non-Hispanic white
(92 %, n = 83). Age ranged from 8 to 23 years, with a
median of 17 years. Most patients met the DSM-5 criteria
for anorexia nervosa (70 %, n = 63), with other patients
meeting the criteria for atypical anorexia nervosa (14 %,
n = 14), bulimia nervosa (8 %, n = 7), and ARFID (8 %,
n = 7). Most patients, regardless of diagnosis, were
bradycardic (71 %, n = 64) upon admission, with a large
percentage experiencing hypotension (40 %, n = 36) and/
or a prolonged QT interval (>450 ms, 20 %, n = 18). As
summarized in Table 3, baseline characteristics, including
demographics and eating disorder history, did not differ
between the two treatment sites.

Length of hospital stay differed significantly between
patients admitted to the academic center and patients
admitted to the community hospital on Kaplan—-Meier
analysis (Fig. 1, p = 0.03). While the median LOS was
3 days for both groups, the interquartile range was larger
for patients admitted to the academic center than for
patients admitted to the community hospital (IQR 2-7 vs.
2-4 days, p = 0.03, Table 4). The initial calorie prescrip-
tions, rate of caloric increase, and rate of weight gain did
not significantly differ for the two treatment sites.

No clinical cases of refeeding syndrome were observed.
Electrolyte abnormalities on admission included hypoka-
lemia (n = 13), hypophosphatemia (n = 2), and hypo-
magnesemia (n = 1). All patients with low phosphorus or
magnesium and 12 patients with low potassium levels had
normal levels within 24 h of initiating refeeding or by their
next laboratory study. Two patients with borderline hypo-
kalemia (K = 3.4 meg/L) did not have repeat laboratory
studies during admission. One patient admitted to the
community hospital developed hypophosphatemia during
admission. A majority of patients, however, did not have
repeat laboratory studies during admission, including 61 %
(n = 55) without repeat phosphorus, 64 % (n = 58)
without repeat magnesium level, and 51 % (n = 46)
without repeat potassium levels. These absent studies
prevent accurate estimates of the frequency of electrolyte
shifts among patients included in the study. There was no
significant difference in the occurrence of electrolyte
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:;;ﬁsiafjiiziaiigfﬁirjf };C Academic center Community hospital P value
admission (n=5D (n =39
Age (years) 17.4 (15.6-20.1) 17.3 (14.9-20.1) 0.89
Female [n (%)] 48 (94) 33 (85) 0.17
White ethnicity [ (%)] 45 (88) 38 (97) 0.13
Eating disorder diagnosis [n (%)]
Anorexia nervosa 37 (73) 26 (67) 0.64
Bulimia nervosa 3(6) 4 (10) 0.46
ARFID 5 (10) 2(5) 0.69
Atypical anorexia nervosa 6 (12) 7 (18) 0.55
Illness duration (years) 1.3 (0.74.1) 1.2 (0.5-2.0) 0.23
Weight loss (kg) 11.8 (9.6-20) 13.6 (10.3-19.1) 0.53
Body mass index (kg/m?) 18.0 (16.1-20.2) 18.3 (16.2-20.2) 0.78
Percent expected body weight (%)* 88.1 (79.5-97.2) 90.3 (81.5-96.7) 0.37
Data are reported as median (interquartile range) unless otherwise indicated
ARFID avoidant/restrictive food intake disorder
# Based on median body mass index for age and gender of patient at time of admission
100% Duration of hospitalization in our study population was
 — Academic medical center shorter tha.n that t'ypically re.ported in the literature, w.ith :?111
2 g 80% - of our patients discharged in <14 days [26-29]. This dif-
8 % --. — Community hospital ference in LOS likely reflects both individual aspects of our
§'§- 60% p=0.03 care path, such as the use of higher-calorie diets and the
;OJED absence of weight criteria for discharge, as well as the
g2 40% 1 unified approach to care achieved through the use of a
g é clinical care path. Practices vary widely among individual
& R 20% physicians and institutions with regard to refeeding and
0% treatment goals [21], potentially leading to longer stays. To

Length of stay (days

Fig. 1 Kaplan—Meier analysis of length of stay comparing patients
admitted to the academic medical center (n = 51, dashed line) and
patients admitted to the community hospital (n = 39, solid line)

abnormalities or the percentage of missing laboratory data
between the treatment sites.

Discussion

This study describes a care path designed to safely and
efficiently stabilize adolescents hospitalized for NI. This
care path has been used to treat patients at both a multi-
specialty academic center and, more recently, a community
hospital. Comparing these two sites of care, patients
received similar dietary interventions and experienced
similar rates of weight gain, regardless of healthcare
environment. Patients treated at the community hospital,
however, had shorter hospitalizations compared to those
treated at the academic site.

our knowledge, however, no studies have compared out-
comes of NI patients treated with and without a care path.
Reductions in LOS for other conditions, on the other hand,
have been demonstrated following implementation of
clinical care paths [2].

Interestingly, in our study, patients treated at the com-
munity hospital were often discharged earlier than those
treated at the academic center. Reasons for this difference
are unclear, but may reflect differences in team training and
care environment. At the community hospital, team
members participated in care path training prior to imple-
mentation as well as quarterly meetings to address any
problems or concerns with the care path. At the academic
center, in contrast, formal training occurred decades prior
to the study and team meetings were infrequent for care-
givers other than rotating residents. The benefit of regular
multidisciplinary sessions was apparent in the growing
confidence and skill displayed by team members at the
community hospital, many of whom initially questioned
their ability to adequately treat these patients. In addition to
more frequent training, providers at the community site
cared for patients on the same hospital floor, potentially
improving communication among team members. The
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Table 4 Comparison of
hospital stay and response to
treatment between patient

groups

Academic center Community hospital P value
(n = 51) (n = 39)
Length of stay (days) 3(2-7) 3 (24 0.03
Rate of weight gain (kg/day) 0.3 (0.1-0.4) 0.2 (0.0-0.4) 0.12
Initial calories (kcal)® 2200 (1750-2200) 2200 (1850-2550) 0.16
Rate of caloric increase (kcal/days)® 250 (250-294) 305 (250-525) 0.07

Data are reported as median (interquartile range)

4 Calorie data were unavailable for one patient due to incomplete documentation

® Rate of calorie increase was unavailable for 23 patients due to short length of stay

academic site, on the other hand, admitted NI patients to
four different floors, resulting in a greater number of per-
sonnel coordinating their care and discharge.

Many inpatient treatment programs include a target
weight as part of their discharge criteria for patients with
eating disorders [30]. Although weight restoration plays an
important role in eating disorder recovery, it is not neces-
sary to achieve acute medical stabilization, including res-
olution of vital sign instability and electrolyte imbalance.
Our approach emphasizes the short-term value of inpatient
stabilization and the greater value of ongoing outpatient
support [31]. In our region, we partner with an accredited
outpatient center that offers a spectrum of services,
including family-based therapy and day treatment pro-
grams. Since 2006, the National Eating Disorder Quality
Improvement Collaborative has been tracking outcomes of
adolescent medicine eating disorder programs across the
nation [32, 33], including the Cleveland Clinic Children’s
Hospital. Their results have found no difference between
our approach and that of other programs, including longer
inpatient programs, with respect to weight restoration at
1 year [32, 33].

Concerns about refeeding syndrome have led to con-
servative guidelines for nutritional rehabilitation without
strong evidence to support their assumptions [34]. During
prolonged periods of caloric deficit, blood glucose levels
decline, resulting in catabolism of fat and protein stores
and depletion of intracellular electrolytes. During refeed-
ing, insulin stimulates anabolic processes that require
electrolytes, further decreasing levels of phosphorus,
magnesium, and potassium in the blood and, consequently,
leading to widespread cellular and organ dysfunction or
“refeeding syndrome” [13]. Traditional approaches assume
that slow caloric replenishment can prevent refeeding
syndrome [20, 35]. Case reports have shown, however, that
refeeding syndrome can occur with intakes as low as
500-800 kcal/day [36, 37]. Conversely, increasing evi-
dence suggests that higher-calorie diets may have benefits
without increasing the risk of refeeding syndrome. In 2010,
Whitelaw et al. [38] published a study demonstrating the
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safety of initiating refeeding with diets of 1900 kcal or
higher. Two recent studies by Garber et al. [28] and Golden
et al. [29] also demonstrated that higher-calorie interven-
tions (about 1400-2400 kcal) decreased LOS compared to
lower-calorie interventions (about 800-1300 kcal) without
increasing the incidence of hypophosphatemia in adoles-
cents with anorexia nervosa.

Consistent with this emergent understanding of refeed-
ing syndrome, our NI care path uses relatively high-calorie
diets (median 2200 calories) to initiate refeeding. No
clinical cases of refeeding syndrome occurred in our study
population, and only one patient had documented
hypophosphatemia during refeeding. This patient had one
of the most severe presentations in the study, with a low
%EBW (68 %), substantial weight loss (45 kg), and ele-
vated liver function tests at admission. These results are
consistent with other studies that report an association
between low body weight and medical complications dur-
ing refeeding, including death [28, 38—40]. Recent studies,
however, have reported similar rates of medical compli-
cations among eating disorder patients regardless of weight
status at admission [41, 42], highlighting the need for
additional research on risk factors for medical complica-
tions during refeeding.

We recognize several limitations to this study. First,
because patients with NI were not previously treated at the
community hospital, we were unable to compare patient
outcomes before and after implementation of the NI care
path. Another major constraint is the retrospective design,
which inherently limits the information available for
analysis. The reported number of electrolyte abnormalities
during refeeding is likely underestimated since many
patients did not have laboratory studies performed after
admission. Refeeding syndrome, however, should not be
identified solely on the basis of electrolyte disturbances
[43]. In addition, the study population was predominantly
white females with moderate malnutrition, potentially
limiting its generalizability to other groups of patients.
Lastly, we do not have follow-up information in this data
set to assess patient outcomes after discharge and
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determine whether short-term hospitalization is an effec-
tive first step in the treatment of NI, although other studies
provide reassuring results [31].

This study describes the successful implementation of
an NI care path at both an academic center and a com-
munity hospital. While treating patients with eating disor-
ders is complex, often requiring a skilled multidisciplinary
team, treatment does not have to be initiated within a
specialized facility or on a specialized floor. A standard-
ized care path, along with care path training by experienced
adolescent medicine physicians, can allow for short-term
medical stabilization of NI patients on a regular medical
floor at a community site. Our results demonstrate that a
higher-calorie intervention with prophylactic phosphorus
supplementation minimizes hospital stay without placing
NI patients at a higher risk of refeeding syndrome.
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