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ABSTRACT

Introduction Home parenteral nutrition (HPN) is essential
for patients with intestinal failure requiring long-term
nutritional support. The Amerita Quality Improvement
Project for HPN Patients (QIP-PN) explored the effect of

a physician nutrition expert (PNE)-led multidisciplinary
nutritional support team (MNST) on HPN care for patients
under its service.

Objective To determine an MNST effect on adherence to
protocols, outcomes and quality of life (QOL) in HPN.
Methods The study was divided into three phases: data
review (phases 1a and 1b), observation (phase 2) and
intervention (phase 3). Seven Amerita locations were
selected as ‘study branches’ (population), from which

all study patients and controls were drawn. The quality
improvement project employed a quasi-experimental
case-matched control group (control) design. Data were
collected on demographics, treating physicians PNE status,
HPN care variables, recommended interventions, quality-
of-life assessment, adverse outcomes and hospitalisations.
Paired t-test compared continuous data between phases
2 and 3. Comparisons between study and control groups
used a negative binomial regression model.

Results Thirty-four patients were reviewed in phase
1aand 197 in phase 1b. Forty study patients completed
phase 2 and progressed into phase 3, of whom 30
completed >60 therapy days. Patients were lost to follow-
up if they discontinued HPN for any reason. Improvements
in weight, body mass index and QOL were seen in the
study patients during intervention. Recommendations
made and accepted by treating physicians differed based
on PNE status. Study patients had fewer adverse outcomes
and related hospitalisations than controls.

Conclusion MNST recommendations improved clinical,
biochemical parameters and patients’ self-reported overall
health. MNST input reduced adverse outcomes, hospitalisation
and the length of stay at the hospital. This study highlights the
potential for MNST to have a significant impact on the quality
and overall cost of HPN management.

INTRODUCTION
Home parenteral nutrition (HPN) is a life-
sustaining therapy for >25000 US individuals

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Proper home parenteral nutrition (HPN) surveillance
requires nutritional support team (NST) monitoring.
In the USA, NST monitoring of HPN patients is often
performed without the input of a physician nutrition
expert (PNE). This study was needed to examine
whether a PNE-led multidisciplinary NST (MNST)
could improve measurable parameters of HPN care.

WHAT THIS STUDY ADDS

= The study demonstrated that MNST recommenda-
tions improved clinical and biochemical parameters
along with patients’ self-reported overall health.
Furthermore, MNST input reduced adverse out-
comes, hospitalisation and hospital length of stay.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= MNST input has the potential to significantly im-
pact the quality, outcomes and overall cost of HPN
management.

(7.9/100 000) with intestinal failure (IF).'”
HPN affords these patients functional life-
styles; avoiding hospital confinement* °
while reducing overall cost of care.’ Appro-
priate HPN surveillance requires monitoring
by a nurse, pharmacist and dietitian, who
comprise a nutrition support team (NST).” "
At advanced centres, NSTs may also include
physician nutrition experts (PNE) 20

US HPN patients are typically serviced
by a home infusion company, whose NST
members assist referring physicians in HPN
management. The input of a PNE is not
required to provide HPN.?! Implementation
of HPN standards®* may rely on the treating
physicians.”**® This is concerning because
the majority of HPN patients are managed
by physicians without nutrition certification
(internal data, Amerita].
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This investigator-initiated study explored opportuni-
ties for quality improvement (QI) in HPN. Our objective
was to determine the effect of a multidisciplinary NST
(MNST), including a PNE, on adherence to protocols,
outcomes of HPN care variables and quality of life (QOL)
in HPN.

The primary hypothesis was that MNST intervention
would improve HPN care variables. Another hypothesis
was that MNST intervention would decrease adverse
events such as unplanned hospitalisations. In this report,
we detail our findings on MNST intervention on QI for
HPN management.

METHODS

Amerita, a national home infusion organisation
(Amerita), established a QI project for HPN patients
(QIP-PN). A MNST was created, consisting of a PNE, certi-
fied nutrition support clinicians (CNSC; Registered Dieti-
tian (RD), Registered Nurse (RN), Registered Pharmacist
(RPh)) and administrators. The QIP-PN study protocol
examined multiple aspects of care for all HPN patients
serviced by the organisation. The study Oversight and
Safety Committee consisted of three non-affiliated PNEs.

Study design

Seven Amerita locations were selected as ‘study branches’
based on their case-load of long-term (>90days) HPN
patients. Amerita branches provide a variety of home
infusion services other than HPN (ie, intravenous anti-
biotics, biologicals). The number of HPN patients at any
given Amerita branch varies based on referral sources.
Study branches were selected because they had a higher
percentage of long-term HPN patients than non-study
branches. Study branches tended to have more experi-
enced HPN nurses, pharmacists and dietitians

All patients in the study were drawn from the popula-
tion of long-term HPN patients at the study branches. As
part of a QI project rather than a randomised controlled
study, we employed a quasi-experimental design with a
case-matched control group. The case-matched control
group patients were randomly selected from long-term
HPN patients at the study branches. This enabled us to
compare MNST interventions to usual care.

The study was divided into three phases. Feasibility
testing was conducted in phase la, in which patients at
the study branches were randomly selected to determine
that study parameters (table 1) could be extracted from
medical records.

HPN complications rates were collected in phase 1b as
part of QI HPN outcome reporting. This data established
the baseline complication rates for comparison to actively
enrolled patients in phases 2 and 3. Acquisition of this
data also permitted us to create a case-matched control
group from within the phase 1b patients with similar
characteristics to the study group.

Consented study branch HPN patients were enrolled
and monitored in phases 2 and 3. The same patients

Table 1
phases 1a, 2 and 3

Study parameters examined in patients during

Parameter Data collection

Hospital Name and initial discharge dates
PN prescriber Degree, specialty, nutrition
characteristics certification

Patient demographics

Patient QOL assessment
PN characteristics

Catheter Information

Nursing

Lab draw

Physician office visit
PN Formula adjustment
Visits to ED
Rehospitalisations
Payer(s)

Cost of PN formulation

MNST recommended
changes

Qualitative assessment of

Age, gender, diagnoses, reason
for home PN, CIRS Score

EQ-5D-3L

Macronutrients, micronutrients,
osmolarity, infusion cycle

Catheter type, dressing type,
insertion date, reinsertion
date(S)/reason(S), infection type/
dates, occlusions type/dates,
other complications

Agency, visit frequency
Frequency

Frequency

Frequency

Name, dates, reasons
Name, dates, reasons
Federal, commercial
Daily, weekly, monthly

No of recommendations,
accepted? Yes/No

Grounded theory

benefit
Outcomes Access device events, adverse
drug reactions, ED use,

unplanned hospitalisation

CIRS, Cumulative lliness Rating Scale; ED, emergency department;
EQ-5D-3L, Euroquol 5 Dimension-3 Level; MNST, multidisciplinary
nutritional support team; PN, parenteral nutrition; QOL, quality of
life.

flowed through from phase 2 to 3 except for those lost
to follow-up. In phase 2, data were collected during HPN
care with observation only. In phase 3, the MNST made
recommendations to the management team regarding
HPN care (figure 1).

Study groups

The actual number of patients in any group varied
because patients who were selected may have come off
service before data collection was complete. Phase 1a was
solely intended to confirm that study parameters (table 1)
were retrievable from Amerita patient records. In phase
1b, all study branch long-term HPN patients were moni-
tored for outcomes. All phase 1b patients were offered
participation in phases 2 and 3. After providing informed
consent, patients’ PN prescribing physicians were asked
to sign physician study participation agreements. Patients
from whom both informed consent and treating physician
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Development of QIP-PN Program
Study Protocol
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/

.

Phase 1 - Chart Review

e

7 Study Branches

Selected

\

Phase 2 - Observation Period
- 30 Day Observation
1/14/20 - 11/17/20
N =42
40 Patients Completed*

Phase 1a
Retrospective Analysis

N =31
9/4/19-10/15/19

Phase 1b
Prospective Outcomes Analysis

All Brach HPN Patients l
Filtered for Long-Term
Therapy (>90 days)

Phase 3 - Intervention Period

1/14/20-2/2/21 60-90 Day
Intervention
- N=40
Randomized Selection of N - 211720212721
Case-Matched Control Group x

30 Patients -~

Figure 1

Completed Phase 3
30 Patients Completed*

Flowsheet of patient selection and participation in the Amerita QIP-PN Study. *Patients were lost to follow up if they

discontinued HPN for any reason. HPN, home parenteral nutrition; MNST, multidisciplinary nutritional support team; QIP-PN,

Quality Improvement Project for parenteral nutrition.

study participation agreements were obtained comprised

the study group (figure 1).

The same patients were followed longitudinally through
phases 2 and 3. The only difference between the phase
2 and 3 study population was the subtraction of patients
who were lost to follow-up. The case-matched control
group patients (controls) were randomly selected from
phase 1b patients. Analysis of outcomes and PN manage-
ment in the case—control group enabled us to establish a
basis for these parameters under conditions of usual care.

Study components and timing

Phase la was conducted from 1 September 2019
to 15 October 2019. Phase 1b was conducted from
January 2020 too February 2021. Phase was performed
between January 2020 and November 2020. Phase 3
was conducted from February 2020 to February 2021.
During phase 3, the MNST made management recom-
mendations for adjustments in HPN care in accordance
with established practice guidelines. These recommen-
dations were provided to the patient’s treating physi-
cian by an Amerita branch clinician. The acceptance of
MNST recommendations by the patient’s PN prescribing

physician was recorded.

MNST interactions

Weekly telephonic MNST meetings were held as case
conferences via indirect chart review. No patients were
physically or virtually examined by the MNST members.
The MNST functioned only as a consultancy service to the
treating team based on data collected from the patient’s
treatment team and homecare nurse.

The MNST recommendations were limited to those that
related directly to the HPN process. The recommenda-
tions included macronutrient adjustments to conform to
recommended guidelines, the addition or subtraction of
micronutrients based on clinical and lab findings, changes
in PN volume and rate based on patient responses, labo-
ratory testing to conform to published standards and the
frequency of home nursing and clinic visits.

For example, the MNST addressed noncompliance
of specialised laboratory testing for micronutrients and
essential fatty acids. When the MNST recommended
additional lab testing the samples were obtained by the
home healthcare nurse as part of usual patient care.
The MNST also addressed instances in which labora-
tory or clinical findings were recorded but not acted on.
Other issues, such as optimising intestinal rehabilitation,
dietary adjustments and medication recommendations/
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Table 2 Phase 1b results

Adverse outcome event Events/1000 HPN days of service Events/patient
Access device events 0.384 0.09
Adverse drug reactions 0.021 0.07
Emergency department visits 0.277 0.01
Unplanned hospitalisations 3.647 0.87
Therapy-related unplanned hospitalisations 0.789 0.19
Therapy unrelated unplanned hospitalisations 2.858 0.68
Overall adverse outcomes 4.33 1.08

Note. Adverse outcomes in 197 long-term HPN patients at 7 study branches.

HPN, home parenteral nutrition.

adjustments were considered outside the scope of the
MNST.

Data collection

In phase 1b, HPN outcomes were monitored prospectively
in study branch patients as part of the National Home
Infusion Foundation (NHIF) benchmark reporting
process. In phases 2 and 3, data on the study parameters
were prospectively collected on enrolled study patients
during weekly virtual meetings of the MNST.

Statistical analysis

Comparisons between phase 2 and phase 3 patient data
were performed by paired t-test, which was utilisable
because the same patients were followed through both
phases. Therefore, the study patients in the observa-
tion period (phase 2) served as their own controls for
the intervention period (phase 3). For the comparison
between the phase 3 study group and controls, an inde-
pendent samples t-test was used only when the outcome
variable is assumed to have normal distribution in the
population. Comparison between the study and control
groups used a negative binomial regression model for
modelling outcome variable, rate of adverse events per
90-day period. A negative binomial regression model was
needed for modelling rate of adverse events per 90-day
period as it is a count variable inflated with zeros. Statis-
tical analysis was conducted using R (htips://www.r-project.

org/).

PNE status of treating physicians

HPN treating physicians were classified as being either
PNE or non-PNE, defined as those who were either board
certified by the National Board of Physician Nutrition
Specialists or had CNSC designation.

STUDY INSTRUMENTS

Patient QOL assessment

The Euroquol 5 Dimension-3 Level (EQ-5D-3L) quality-
of-life instrument was chosen for its simplicity, accep-
tance and prior application in HPN.****' The EQ-5D-3L
system has five dimensions: mobility, self-care, usual
activities, pain/discomfort and anxiety/depression. Each

dimension has three levels: no problems, some problems,
extreme problems. Patients select the most appropriate
statement in each dimension. A sixth dimension records
the patient’s overall self-rated health state on a 0-100
scale where the endpoints are ‘Worst and Best Imagin-
able’. This was a quantitative reflection of the patient’s
perception of health, scored as a Visual Analogue Scale
(VAS).

The EQ-5D-3L was administered at the start of phase 2,
start and end of phase 3. Due to COVID-19 restrictions on
in-person contact, the EQ-5D-3L was administered via a
telephone interview by an independent patient care coor-
dinator who was not a member of the MNST, in accor-
dance with the EQ-5D-3L guidelines.”” For this study, we
used VAS score as a proxy for QOL.

Measure of multimorbidity and disease burden
We explored the use of multimorbidity scales for their
application to HPN patients and elected to measure
disease burden on study and control patients with the
Cumulative Illness Rating Scale (CIRS).*® CIRS analyses
multimorbidity by reviewing 14 body system categories,
graded from 0 to 4.**° The CIRS approach has been vali-
dated as a predictor of hospitalisation, readmission and
long-term mortality. CIRS scores range from 0 to 56.
Members of the MNST calculated comorbidity and
illness severity, using the CIRS, based on information
available in each patient’s electronic medical records.
This included admission notes, medications, nursing
notes, emergency department (ED) notes, imaging
studies, physical and occupational therapy assessments,
treatment/care plans and discharge summaries.

RESULTS

Phase 1a/1b results

Phase la reviewed 34 patients. Phase 1b monitored 197
patients with 203 outcomes reported. Results for compar-
ison in each outcome category were expressed in events
per 1000 days of homecare service (the NHIF standard)
and events per patient (table 2).

Phase 2/3 results
Forty-two patients were enrolled in the study. Forty
completed 30 days or more of observation in phase 2 and
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Table 3 Descriptive statistics of continuous variables for patients in phases 2 and 3

Characteristic

Phase 2 (M+SD), n=40

Phase 3 (M+SD), n=30

Weight (kg) 59.93+17.16 61.0+16.85
Weight with outliers removed (kg) 52.77+17.24 54.55+17.18*
BMI 20.20+5.27 20.49+5.31*
BMI with outliers removed 18.9+5.23 19.6+5.23*
IBW (kg) 60.15+9.66 60.15+9.66
% IBW 99.47+23.84 101.69+24.57
% IBW with outliers removed 98.72+23.78 102.38+24.30*
PN formulation
Total Kcal/day 1412+355.47 1405+387.10
Total Kcal/kg/day 25.10+8.56 24.91+10.04
Non-protein Kcal/day 1084+329.75 1074.37+363.71
Non-protein Kcal/kg/day 19.35+7.43 19.21+8.88
Dextrose g/day 218.14+81.88 218.95+79.87
Dextrose g/kg/day 3.83+1.63 3.85+1.77
Amino acids g/day 82.07+20.98 82.85+21.01
Amino acids g/kg/day 1.44+0.46 1.42+0.44
Lipid g/day 34.25+16.70 32.99+17.61
Lipid g/kg/day 0.63+0.41 0.62+0.41
PN total volume 1648.48+519.98 1611.43+530.22
PN infusion duration (hours) 13.20+3.56 12.86+3.06
Infusion rate mL/hour 130.41+47.59 129.41+45.89
Osmolarity (mOsm) 1569.63+338.63 1613+356.48
Osmolar infusion rate mOsm/hour 124.83+47.59 131.39+41.42
Dextrose infusion rate g/hour 17.22+7.28 17.79+7.47
Amino acid infusion rate g/hour 6.55+2.20 6.79+2.55
Lipid infusion rate g/hour 2.69+1.37 2.65+1.20

Note. Descriptive statistics for continuous variables. Nutritional parameters and PN formulation characteristics in study patients during
phases 2 and 3. Nutritional parameters are presented with all study patients and with removal of three outlier patients (see text). PN intakes

are express as g/day, g/kg/day and infusion rate.
*p<0.05, *p<0.01, **p<0.001.

BMI, body mass index; IBW, idealbody weight; PN, parenteral nutrition.

progressed into phase 3. Thirty patients completed 60
days or more in phase 3. Patient were lost to follow-up if
HPN was discontinued for any reason.

Results among participants between phases 2 and 3 for
monitored parameters (tables 3-6).

Patient weight, body mass index (BMI) and percentage
of ideal body weight (%IBW) (table 3). Average weight
increased slightly between phases 2 and 3. However,
three patients were outliers which altered these results.
One was non-compliant. Two were obese and sought to
lose weight while on parenteral nutrition (PN). All other
patients sought weight gain or weight stabilisation. After
excluding data for the outliers, the study group had statis-
tically significant increases in weight, BMI and %IBW
(via Hamwi method). Weight increased 1.78kg; #(df=26)
= -3.88, p=0.0006. BMI increased 0.7kg/m? #(df=26) =

-2.08, p=0.047. The % IBW increased by 3.66%; t(df=26)
=-2.26, p=0.0009.

Basic PN laboratory results (Complete Blood Count,
Complete Metabolic Profile, magnesium, phosphate,
triglycerides). Basic blood tests were performed regularly.
Twenty-one patents received PN lab work weekly. Two
received lab work every 2 weeks. Seven received lab work
monthly. The frequency of lab work orders was based on
the stability of the patient, but also varied by PNE status.
Five of 7 that received monthly PN labs were followed by
a PNE.

Specialised lab results. Specialised lab data on micro-
nutrient levels was obtained in 27 of 30 patients (90%).
Micronutrient levels were obtained prior to phase 3 in 9
of 30 (30%). Seven of these patients were cared for by
a PNE. During phase 3, an additional 18 patients had
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Table 4 Characteristic of study group patients in the
context of PN cost

Table 6 Recommendations and acceptances by treating
physicians

No and percentage of study

PN formulation cost group patients (n=30)

Recommendations made = Recommendation
to treating physicians (per acceptance (per

Decreased 11 patients (36.7 %)
Unchanged 5 patients (16.6%)
Increased 14 patients (46.7 %)
Range —26.22% to +76.28%

Overall impact -1.31%

Note. Differences noted in cost of study patient PN therapy
between the observation (phase 2) and intervention (phase 3).
Costs were reduced when excess nutrients (ie, thiamine, ascorbic
acid and zinc) were shown to be unnecessary. Costs increased
when micronutrients (ie, selenium, zinc and others) were deficient
and required additional supplementation. Unprecedented,
industry-wide price increases in PN components confounded the
impact of MNST interventions intended to reduce PN costs.
MNST, multidisciplinary nutritional support team; PN, parenteral
nutrition.

micronutrient levels obtained. Three patients did not
have micronutrient levels obtained either prior to or
during phase 3.

PN component costs and modifications (tables 4-5).
The overall cost of PN components decreased by 1.31%
during phase 3. Costs ranged from a decrease of 26.22%
to an increase of 76.28%. Costs were reduced when
excess nutrients were found to be unnecessary (ie, thia-
mine, ascorbic acid and zinc from initial discharge
orders). Costs increased when additional micromineral

Table 5 PN order changes in study patients during phase 3

PN modifications in study Total PN

PN order changes  group patients (n=30) modifications

Macronutrients 21 (70%) 104
Electrolytes 15 (50%) 173
Micronutrients 25 (83.3%) 42

Thiamine 5

Ergocalciferol 5

Ascorbic acid 1

Cyanocobalamin 1

Zinc 10

Chromium 5

Selenium 5

Manganese 6

Copper 2
Volume 17 (56.6%) 33
Infusion rate 6 (20%) 11
Total 27 373

Note. Macronutrient orders were changed either because of
inadequate weight gain, liver enzyme elevations or excessive weight
gain. Electrolytes and micronutrient orders were changed based on lab
results.

PN, parenteral nutrition.

M Irement patient, n=30) patient, n=30)
Range 1-11 0-11

Mean 5.23+2.20 4.56+2.82
Mean if PNE 3.09+1.92 2.36+2.42
Mean if not PNE 5.86+1.89* 5.28+2.22*
Total 157 137 (87.2%)

Note. Study patient interventions recommended to and accepted by treating
physicians. The MNST made recommendations for compliance to standards
of care for study patients at weekly case review meetings. The treating
physicians had final authority to either accept or reject the recommendations.
Recommendations were significantly lower if the treating physician was a
nutrition expert. Recommendation acceptances were significantly higher if the
treating physician was not a nutrition expert.

*p<0.05.

MNST, multidisciplinary nutritional support team; PNE, physician nutrition
expert.

supplementation was required. Unprecedented, industry-
wide price increases in specific components confounded
MNST interventions to reduce PN costs. Product avail-
ability and shortages also impacted cost. Macronutrient
orders were changed in 21 of 30 patients (70%), either
because of inadequate weight gain, liver enzyme eleva-
tions or excessive weight gain. Electrolytes and micronu-
trient orders were changed based on lab results.

Patient QOL assessment (figure 2). The average
EQ-5D-3L VAS score of overall health rose from 59.41 to
71.65 by the end of phase 3. This represents an increase of
12.24 points+10.0, or an improvement of 20.6% ((df=28)
=-4.10, p=0.0003).

Recommended interventions (table 6). The MNST
made a total of 157 recommendations for compliance
to standards of care in phase 3. Treating physicians had
final authority to either accept or reject the recommen-
dations. There were significantly fewer recommenda-
tions if the treating physician was a PNE (3.09+1.92 vs
5.86+1.89, p=0.0001). Recommendation acceptance was
high (87.2%) but was significantly lower if the treating
physician was a PNE (2.36+2.42 vs 5.28+2.22, p=0.0008).
Impact on outcomes from non-accepted recommenda-
tions was not assessed.

Biochemical parameters. MNST recommendations
resulted in improved electrolyte balance in 15 patients,
improved liver function in 11 and reduced triglycerides
in 3. Micronutrients were adjusted in 22 patients. Subse-
quent improvements were detected in zinc (10 patients),
manganese (6), chromium (5), selenium (5) and copper
(2) levels. Vitamin D was adjusted in five patients, thia-
mine in five, ascorbic acid in one and cyanocobalamin in
one, with subsequent improvement of parameters.

Comparison between study patients and case-matched
controls (tables 7-11).

Patient characteristics (tables 7-8). Study patients and
controls had similar demographics, comorbidity, payer
mix, hospital referral source and PNE prescriber status.
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Boxplot for VAS Scores
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Figure 2 Boxplot of VAS scores. Boxplot representation of QOL EQ-5D 3L VAS scores before and after phase 3. EQ-5D 3L,
Euroquol 5 Dimension-3 Level; QOL, quality of life; VAS, Visual Analog Scale.

Catheter Characteristics (table 9). Both groups had
similar numbers of infusion ports. The study group
had more tunnelled catheters (ie, Hickman, Broviac,
Groshong catheters) whereas control patients had more
peripherally inserted central catheter (PICC) lines. More
study group patients were visited by Amerita staff nurses
than by home health agency nurses. A similar number
of patients in both groups had bio-occlusive catheter
dressings.

PN order changes (table 10). PN formula changes
were 20% more frequent among the study patients than
controls. Macronutrients were modified 142.4% more
often, micronutrients 350% more often and volume

Table 7 Demographic characteristics of study patients and
case-matched controls

Study group Case-matched
Characteristic (n=30) controls (n=30)
Male 26.7% 20%
Female 73.3% 80%
Age 57.4+13.40 54.6+19.48
Days on HPN therapy  624.3+1084.27 589.76+1040.55
CIRS Score 17.4+3.81 16.5+3.82
Federal payer 56% 73.33%
Prescriber PNE status  36.6% 23.3%
Prescriber non-PNE 63.4% 73.33%

status

Note. No significant demographic differences were identified
between the groups.

CIRS, Cumulative lliness Rating Scale; HPN, home parenteral
nutrition; PNE, physician nutrition expert.

137.5% more often in study patients than controls.
Conversely, electrolytes were modified 97% as often and
duration 84.6% as often in study patients than controls.
Adverse outcomes (table 11). There were 10 total
outcomes reported among the phase 3 patients (0.33/
patient), including seven unplanned hospitalisations.

Table 8 Diagnostic categories of study patients and
controls

Study group Case-matched

Primary diagnosis (n=30) controls (n=30)
Intestinal failure (IF) 23 24
Short bowel syndrome 9 6

Crohn’s disease-related

intestinal failure

Complication of bariatric 3 2

surgery

Gastroparesis 3 4

Chronic bowel obstruction 2 6

Coeliac disease 1 1

Colitis 1 1
Enteric fistula 7 4
Gastrointestinal cancers & 5
Pancreatic cancer 3 0
Fallopian tube cancer 1 1

Note. Principal diagnosis listed in the electronic medical record
for study patients and case-matched controls. Most HPN
patients in the study and case-matched control groups had IF
as their reason for therapy (23). Intra-abdominal/pelvic cancer
accounted for the remainder.

HPN, home parenteral nutrition.
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Table 9 Catheter characteristics of study patients and
controls

Study group Case-Matched

Catheter characteristics (n=30) controls (n=30)
Type:
Infusion port 11 9
Tunnelled catheter 10 5
PICC 6 16
Groshong 3 0
Nursing care
Amerita 25 7
Home health agency 5 18
nurses
Clinic staff 0 5)
Dressings
Bio-occlusive 21 29
Hypoallergenic 5 1

Note. Catheter type and care characteristics of study patients and
case-matched controls. Most patients received catheter care on a
weekly basis.

PICC, peripherally inserted central catheter.

Three of the hospitalisations were therapy related. There
were two ED visits among phase 3 study patients.

Phase 3 patients had fewer total adverse outcomes (3.64
vs 4.33 per 1000 therapy days), unplanned hospitalisations
(2.54 vs 3.65 per 1000 therapy days) and access device
events (0.338 vs 0.432 per 1000 therapy days) compared
with phase 1b. ED use was higher in the study patients
than phase 1b (0.338 vs 0.299 per 1000 therapy days).

There were 16 total adverse outcomes among the
control patients (0.53/patient), with 14 unplanned hospi-
talisations. Three hospitalisations were therapy related.

Table 10 PN order changes in study patients and controls

Study group  Case-matched
PN order changes (n=30) controls (n=30)
Macronutrients 104 73
Electrolytes 173 178
Micronutrients 42 12
Volume 33 24
Infusion rate 11 13
Total PN order changes 373 309

Note. PN orders for macronutrients were modified more often in
study patients than in case-matched controls. Electrolytes, PN
volume and duration were modified similarly among the study
patients and case-matched controls. Micronutrients were modified
in study patients more often than case-matched controls. The total
number of PN formula changes were 20% higher in study patients
than in case-matched controls.

PN, parenteral nutrition.

Table 11 Adverse outcomes in study patients and controls
Study group Case-matched
Outcomes (n=30) controls (n=30)
Total adverse outcomes 10 16
Access device occlusion 1 0
Emergency room visits 2 2
Unplanned hospitalisation 7 14
PN-related 3 3
hospitalisation
PN unrelated 4 11
hospitalisation
Total hospital admissions 11 20
Single hospital 3 8
admission
Double hospital 4 5
admission
Triple hospital 0 2
admission
Readmission rate 0.13 0.23
Hospitalisation rate per 0.37 0.67
patient
Total hospital length of 69 153
stay (LOS) days
Average LOS day 6.27 7.65

Note. Study patients had fewer total adverse outcomes and
unplanned hospitalisation than case-matched controls. Emergency
department use was similar in both groups. Study group patients
had a lower hospitalisation rate, readmission rate, total LOS and
average LOS than case-matched controls.

PN, parenteral nutrition.

There were 2 ED visits among the control patients during
the study period.

Total hospitalisations and length of stay (LOS). Seven
study group patients were hospitalised 11 times during
phase 3 (hospitalisation rate=0.37 admissions/patient).
Three patients had only one hospitalisation, four had a
second hospitalisation while none had a third. The read-
mission rate of study group patients was 0.13 (number of
readmissions/number of patients). The total study group
LOS was 69 days, average LOS (hospital days/number of
hospitalisations) was 6.27 days.

Thirteen control group patients were hospitalised
20 times during the 90-day review (hospitalisation rate
of 0.67). Eight had only one hospitalisation, five had a
second hospitalisation and two had a third. The read-
mission rate of control group patients was 0.23. The
total control group LOS was 153 days, average LOS was
7.65 days.

Statistical analysis of phase 3 study patients and controls
(table 12). Comparison between the study and control
group used a negative binomial regression model for
modelling outcome variables. We used a negative bino-
mial regression model to explain how this outcome is
related with other possible predictors and to create a
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Table 12 Results of modelling outcome variable, rate of adverse events per 90-day period, based on zero-inflated count data

Estimate SE Z value Pr(>|z])
(Intercept) -5.12102 1.56044 -3.282 0.00103*
Group 1.26868 0.61553 2.061 0.03929*
CIRS Score 0.15350 0.06872 2.234 0.02550*
X90d_Related_Hosp 1.59514 0.48847 3.266 0.00109**
X90d_Access_Dev 2.02450 1.40586 1.440 0.14986
X90d_Total_chng 0.02878 0.02795 1.030 0.30308

*p<0.05, **p<0.01.
CIRS, Cumulative lliness Rating Scale.

prediction model. Among the available count-data based
predictors, 90-day related hospitalisations, 90-day access
device events and 90-day total change were chosen as
possible predictors because of their low correlation with
90-day events and with each other.

Figure 3 shows the Spearman correlation among these
variables. In addition, we chose group (with control group
as reference group), CIRS Score as other predictors. The
results of negative binomial regression are displayed
in table 5. Based on the results, group, CIRS score and
90-day hospitalisations, were significant predictors of
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90-day (adverse) events at 5% alpha level. Specifically,
rate of 90-day adverse events was significantly higher
(3.56 times) for the control group than that for the study
group, given all other predictors are in the model. Like-
wise, for a unit change in CIRS Score, the per cent change
in expected incident rate of total 90-day events is by 16.6%
(ie, exp(0.15350)-1), given all other predictors are in the
model. For a unit change in 90-day unplanned hospital-
isation—related to therapy (X90d_Related_Hosp), the
per cent change in expected incident rate of total 90-day
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Figure 3 Correlation Plot. Correlation plot of Spearman correlation to show relationships of seven count variables in the data
file (with only study and case-control group patients). X90d_Events = total 90-day adverse events, X90d_Related_Hosp = 90-
day hospitalisations related to therapy, X90d_Unrelated_Hosp = 90-day hospitalisations unrelated to therapy, X90d_Total_Hosp
= 90-day total number of hospitalisations, X90d_ED_Visits = 90-day emergency department visits, X90d_Access_Dev = 90-day

access device complications. ED, emergency department.
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events is by 393% (ie, exp(1.59541)-1), given all other
predictors are in the model.

DISCUSSION

This study demonstrated that a PNE-led MNST could
improve quality of care in long-term HPN. MNST inter-
ventions resulted in improved nutritional status, fewer
adverse outcomes, hospitalisations, hospital LOS and
better QOL.

MNST recommendations improved HPN through
compliance to standards of care and attention to PN
formula adaptation based on physical findings and
biochemical parameters. PN macronutrient changes
resulted in clinical improvement, measured by weight
gain and BMI. Improved biochemical parameters were
seen in electrolyte balance, liver function, micronutrient
balance and triglyceride levels.

An important aspect of the QIP-PN study was the rela-
tionship of recommendations made and accepted by the
treating physicians. The majority of HPN treating physi-
cians were not nutrition specialists. The MNST made 157
recommendations for HPN management and 373 sugges-
tions for formula changes during intervention. The vast
majority (87.2%) of these were accepted by the treating
physicians. Fewer recommendations were required if the
patient’s physician was a PNE. PNEs were less willing to
accept MNST recommendations.

The EQ-5D-3L QOL index was an important aspect of
our study. Although other QOL indexes have been used in
HPN, we found that the EQ-5D-3L was well suited because
of its simplicity. The EQ-5D-3L was previously shown to
be feasible and relevant for HPN patients.”® Other HPN
QOL indexes employ up to 20 measured parameters
compared with 5 for the EQ-5D-3L. In addition, we found
that the VAS score provided an advantageous single point
of reference for the patients overall perceived condition.

The study made use of a CIRS measure of multi-
morbidity. To our knowledge this is the first real world
application of the CIRS approach in the HPN population.
CIRS scores documented the complexity of HPN patients
with a moderately high value in both the study patients
and controls.

Total hospitalisations and LOS

There were fewer hospitalisations in study patients versus
controls. The average LOS was 1.38days shorter and
there were 84 fewer hospital days among study patients
than controls. There were fewer hospital readmission
in study patients. No study patient was readmitted more
than twice, whereas two of the control patients were
admitted three times. The reductions in hospitalisation,
LOS and rehospitalisation could have a significant impact
on overall cost for HPN care.

Adverse outcomes
Study patients had statistically significant differences in
total outcomes and unplanned hospitalisations. CIRS

Score and 90-day therapy-related hospitalisations were
significant predictors of total outcomes at the 5% alpha
level.

Limitations

Our study group was small (30 patients and 30 controls)
and the duration of the intervention period was short
(60-90days). Considering these limitations, additional
research should be performed with a larger number of
patients and longer timeframes of monitoring to affirm
our favourable results.

Furthermore, our results may have been biased by the
differences between the study group and controls. Case-
matched controls had a higher proportion of PICC lines
and fewer surgically placed central lines than the study
group (40% vs 80%). In addition, more of the case-
matched controls were followed by agency nurses than
Amerita staff (60% vs 16.6%). These differences may have
contributed to the more favourable results observed in
the study group.

CONCLUSION

This study demonstrated that a PNE-led, MNST produced
measurable improvements in the care of long-term HPN
patients. The MNST made numerous recommendations
for HPN management, most of which were accepted by the
treating physicians. MNST input improved patients’ self-
assessed overall health, while reducing adverse outcomes,
rehospitalisation and hospital LOS. If extended to the
entire population of long-term HPN patients, we believe
that MNSTs could have a significant impact on the quality
and cost of HPN care.
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