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Abstract

Objective: this study aimed to assess the main factors related to mortality in a cohort of hospitalized adult patients who required parenteral
nutrition (PN) considering their characteristics, type of admission, procedures, nutritional data, and adverse events.

Methods: a retrospective study was performed in a 400-bed university hospital. All adult inpatients that had received > 4 days as first course of
PN within 24 months were included. Patients with long-term (> 90 days) or home PN were excluded. The main variable was all-cause mortality
at 90 days after the end of PN. Initial independent variables were anthropometric and demographic data, admission characteristics, severity,
comorbidity, surgical/medical procedures, baseline biochemical parameters, nutritional risk, and other nutritional data, medications, and adverse
events during PN. A Cox proportional hazards regression model was planned to analyze time-to-event data.

Results: a total of 634 patients entered the study and 140 (22.1 %) died. Patients were mainly: surgical 471 (74.3 %), male 393 (62.0 %), and
age 69.0 (67.8-70.1) years old. The survival time for the entire cohort was 74.0 (95 % Cl: 71.6-76.6) days. The final model included 14 variables,
with severity and comorbidity being the main ones, but including also anastomotic suture dehiscence, sepsis during PN, days with hyperglycemic
events, use of potent opioids, failed attempts at enteral nutrition, and, as a protective one, energy provided in PN.

Conclusions: the factors related to mortality in hospitalized adult patients who required PN were mainly severity and comorbidities, but several
other important factors were also relevant and could be modified to maximize outcomes in these patients.

Resumen

Obijetivo: valorar los factores relacionados con la mortalidad en una cohorte de pacientes adultos hospitalizados que recibieron nutricion paren-
teral (NP) atendiendo a sus caracteristicas, procedimientos, parametros nutricionales y complicaciones.

Métodos: estudio retrospectivo realizado en un hospital universitario de 400 camas. Se incluyeron todos los pacientes adultos que recibie-
ron > 4 dias de NP en un periodo de 24 meses. Se excluyeron los pacientes con NP de largo plazo (> 90 dias) o NP domiciliaria. La variable
principal fue la mortalidad por cualquier causa en los 90 dias posteriores al fin de la NP. Las variables independientes iniciales fueron los datos
antropométricos y demograficos, el tipo de ingreso, la gravedad, la comorbilidad, los procedimientos médicos/quirtrgicos, los parametros bio-
quimicos, el riesgo nutricional, otros pardmetros nutricionales, las medicaciones y los eventos adversos durante la NP. Se realizd un andlisis de
supervivencia por el modelo de los riesgos proporcionales de Cox.

Resultados: en total, 634 pacientes entraron en el estudio, de los cuales 140 (22,1 %) murieron. Los pacientes fueron principalmente: qui-
rargicos 471 (74,3 %), hombres 393 (62,0 %) y de 69,0 (67,8-70,1) afios de edad. La supervivencia de toda la cohorte fue de 74,0 (IC 95 %:
71,6-76,6) dias. EI modelo final incluyd 14 variables. La gravedad y la comorbilidad fueron las principales, pero también resultaron incluidas
la dehiscencia de la sutura, la sepsis, los dias con hiperglucemia, los intentos fallidos de nutricion enteral, el uso de opidceos potentes y, como
protector, la energia administrada en la NP.

Conclusion: los factores relacionados con la mortalidad en estos pacientes con NP fueron principalmente la gravedad y la comorbilidad, pero
otros factores también fueron relevantes y podrian ser modificados para maximizar los resultados en salud.

Received: 02/03/2022 e Accepted: 29/05/2022

Financial disclosure: none declared.

Conflicts of interest: the authors declare no conflict of interest.

Correspondence:

Mateu-de Antonio J, Retamero A. Factors associated with all-cause mortality at 90 days in hospitalized
adult patients who received parenteral nutrition. Nutr Hosp 2022;39(4):728-737

DOI: http://dx.doi.org/10.20960/nh.04106

Javier Mateu-de Antonio. Servei de Farmacia. Hospital
del Mar. Passeig Maritim, 25-29. 08003 Barcelona,
Spain

e-mail: fmateu@psmar.cat

©Copyright 2022 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).



FACTORS ASSOCIATED WITH ALL-CAUSE MORTALITY AT 90 DAYS IN HOSPITALIZED ADULT PATIENTS 729

WHO RECEIVED PARENTERAL NUTRITION

INTRODUCTION

Parenteral nutrition (PN) is a relatively complex life-sustaining
therapy for patients with impaired gastrointestinal function and in
other situations when oral or enteral nutrition (EN) are not toler-
ated or have to be avoided (1). Currently, clinical conditions ex-
pected to require PN in adult patients are intestinal failure, severe
malnutrition, high-output intestinal fistula, chylous fistula, severe
pancreatitis, gastrointestinal persistent or high risk of bleed-
ing, and other conditions that contraindicate nutrition by other
routes (1). The prevalence of PN varies depending on country,
methodology and period studied. It ranged from 0.68 % t0 0.82 %
considering total hospital discharges (1,2), and from 7.9 % to
12 % considering only hospitalized patients at any given time
(3,4). Inintensive care units (ICU), a worldwide study reported that
around 10 % of patients received exclusively PN during 2007-
2013 (5). Overall mortality in adult hospitalized patients receiving
PN is high and has been estimated at 15 % to 28 % (2,6). Sev-
eral studies have assessed specific factors related to mortality in
patients under PN like nutrient intake (7), hyperglycemia (8), pre-
vious EN withdrawal for gastrointestinal complications (9), dura-
tion of PN (10), bloodstream infection (11), inflammation-marker
scores (12), weight loss (13), and the use of intravenous lipid
emulsions (IVLE) containing fish oil (14). However, there is a lack
of studies that assessed globally all factors related to mortality in
a general cohort of adult patients requiring PN.

This study aimed to assess the factors related to mortality and
their importance in a cohort of hospitalized adult patients who
required PN considering their characteristics, type of admission,
procedures, nutritional data, and adverse events during PN.

MATERIAL AND METHODS
STUDY DESIGN

This was a retrospective study performed in a 400-bed uni-
versity tertiary hospital. All adult (> 18 years old) inpatients were
eligible if they had received > 4 days as first course of PN from
January 2015 to December 2017 during their hospital admis-
sion. No other inclusion criteria were followed. Any subsequent
course of PN was excluded from the study. Patients were also
excluded if they received long-term (> 90 days) or home PN, or
had not enough recorded data.

ETHICAL APPROVAL

The protocol was approved by the ethical committee of our
institution.

DATA COLLECTION

At the beginning of PN, we collected the data on patient demo-
graphics, main diagnosis, length of stay (LOS), anthropometric
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data (weight, height, body mass index [BMI], ideal body weight
[IBW] (15), and previous unintentional weight loss), type of ad-
mission (emergent or elective), type of patient (medical or surgi-
cal), critically ill condition, severity of illness at the beginning of
PN, comorbidity, nutritional risk, need for mechanical ventilation
or renal replacement therapy. Severity was classified as minor
(predicted mortality < 10 %), moderate (predicted mortality from
10 % to < 25 %), and major (predicted mortality > 25 %) ac-
cording to the Mortality Probability Model-Ill (16) at the beginning
of PN. Comorbidity was classified as mild (predicted mortali-
ty < 10 %), moderate (predicted mortality from 10 % to < 25 %),
and severe (predicted mortality > 25 %) according to Exilhaus-
er’s score score (17). Nutritional risk was classified as low (score
< 1), moderate (score = 2), and high (score > 3) according to the
Nutritional Risk Score (NRS) 2002 (18).

We also recorded serum levels of biochemical parameters at
the beginning of PN: creatinine, calculated glomerular filtration
rate (cGFR) by the Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) equation (19), albumin, prealbumin, lymphocyte
count, C-reactive protein (CRP), bilirubin, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and alkaline phos-
phatase (ALP).

The nutritional data recorded were amount of protein and en-
ergy administered per kg of IBW, use of IVLE with fish oil, indi-
cation for PN, length of PN, days between admission and PN
start, and if the patients presented at least one failed attempt at
oral nutrition (defined as a reversion to clear liquids or “nothing-
by-mouth” when the patient had begun to take solid food for
> 1 day) or EN (defined as a reversion to trophic EN or to stop
EN when the patient had begun to progress to EN for > 1 day).

Medication use for > 3 days during PN administration was re-
corded for prokinetic agents (metoclopramide, domperidone, or
erythromycin) and for potent opioids (morphine, fentanyl, sufen-
tanil, or remifentanil).

Adverse events recorded during PN were number of days with
hyperglycemia (days with at least one glycemia > 180 mg/dL) or
hypoglycemia (days with at least one glycemia < 70 mg/dL), new
episode of sepsis (as reported in the medical history), appear-
ance of an intestinal fistula, new episode of acute kidney injury
(AKI) (cGFR < 30 mL/min/1.73 m?), anastomotic suture dehis-
cence, emergence surgical intervention, and need for admission
in ICU or PACU (postanesthesia care unit) for > 3 days.

All patients were followed for at least 90 days after the end of
PN or until death before 90 days. Mortality was extracted from
hospital records, primary care records, and a central register of
the regional health authority.

VARIABLES

The main variable was all-cause mortality at 90 days after the
end of PN. Initial independent variables were anthropometric and
demographic data, admission characteristics, severity, comorbid-
ity, surgical procedures, biochemical parameters, nutritional risk,
nutritional data, medications, and adverse events.
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Overall, PN was designed to provide around 25 kcal/kg IBW/
day and about 1.2-1.3 g protein/kg IBW/day. The composition of
each PN was individually modified when necessary according to
clinical conditions and laboratory parameters.

PN was prepared following usual hospital practices as an ‘all-
in-one’ admixture and was administered in a 24-hour perfusion.
All patients received the same products used to prepare PN: glu-
cose solutions, standard amino-acid solution, vitamins, trace-el-
ement solution, and at least one of two IVLE: an olive oil-based
IVLE or a multiple-source-oil IVLE containing 15 % of fish oil. This
latter emulsion with fish oil was used mainly in patients severely
ill or with moderate hypertriglyceridemia (triglyceridemia > 250-
400 mg/dL). The former emulsion was used in the rest of patients.

STATISTICAL ANALYSIS

Continuous variables were reported as mean = 95 % confi-
dence interval (95 % Cl), and compared using Student’s t-test;
categorical variables were reported as frequency and percent,
and compared using Fisher’s exact test.

A Cox proportional hazards regression model (CPHRM) was
planned to analyze time-to-event data, with the dependent var-
iable being days to death. The chosen approach was firstly to
perform a univariate analysis of each independent variable to
identify those significant to enter the multivariate model. Univar-
iate analyses used the Kaplan-Meyer method with log-rank test
for categorical variables and a univariate CPHRM for continuous
variables. Independent variables initially tested were age, gender,
emergent hospital admission, medical or surgical patient, criti-
cally ill at the beginning of PN, ICU admission during PN, need
for mechanical ventilation or renal replacement therapy during
PN, severity, comorbidity, nutritional risk, use of IVLE with fish oil,
new episode of AKI or sepsis, emergence surgical intervention
during PN, intestinal fistula, anastomotic suture dehiscence, use
of prokinetic agents and potent opioids, number of patients with
failed attempts of oral nutrition or EN, BMI, weight loss, protein
and energy intakes, PN duration, days with hyperglycemic and
hypoglycemic episodes, baseline values of ¢cGFR, albumin, lym-
phocytes, bilirubin, and ALP. Variables with a p-value < 0.20 in
the univariate analysis were initially included in the multivariate
CPHRM. The final model was built using a backward elimination
variable selection (LR).

The proportional hazard assumption for the CPHRM was test-
ed by checking the Kaplan-Meier curves for crossing or dropping
to zero for categorical variables, and by checking for significance
when including time-dependent test variables in the model for
continuous variables. Schoenfeld’s residuals global test was also
calculated.

Values for p were two-tailed, and a p-value < 0.05 was consid-
ered statistically significant. Analyses were conducted using the
SPSS version 25 (SPSS Inc., Chicago, IL, USA) and R version 3.6.1
(The R Foundation for Statistical Computing, Vienna, Austria).

J. Mateu-de Antonio y A. Retamero

RESULTS

All adult patients receiving PN during the study period were
initially screened (Fig. 1). Finally, 634 patients entered the study
and 140 (22.1 %) died. Of these, 60 (42.8 %) patients died dur-
ing PN. Mean survival time for the entire cohort was 74.0 (95 %
Cl: 71.6-76.6) days. Mean time from end of PN to death was
17.6 (95 % Cl: 13.5-21.6) days. Only 2 (0.3 %) patients were
censored before 90 days of follow-up. Patient baseline charac-
teristics are shown in table I. Patients were mainly surgical (471,
74.3 %). At the time of PN prescription the general distribution
of patients by department was general surgery 236 (37.2 %),
PACU 157 (24.8 %), ICU 123 (19.4 %), oncology 38 (6.0 %),
and other departments 80 (12.6 %). Table Il showed baseline
biochemistry and nutritional parameters. Relevant complications,
medications, glycemic control, and attempts at nutrition by an-
other route are presented in table IIl.

LOS was 37.7 (95 % Cl: 35.3-40.2) days for the entire cohort,
it being 38.4 (95 % Cl: 35.4-41.4) days for survivors and 35.4
(95 % Cl: 31.3-39.5) days for the patients who died (p = 0.323).

Categorical variables included in the multivariate CPHRM were
emergent hospital admission, type of patient, critically ill at the
beginning of PN, mechanical ventilation, renal replacement ther-
apy, comorbidity, severity of illness, nutritional risk, use of IVLE
with fish oil, new episode of AKI or sepsis during PN, emergen-
cy surgical intervention, anastomotic suture dehiscence, use of
potent opioids or prokinetic agents, and patients with failed at-
tempts at EN.

816 patients received PN
in the studied period

31 pediatric patients

137 patients receiving
PN < 4 days

5 home PN patients

1 hospitalized patient
receiving 297 days of PN

8 patients with lack
of data

vy

634 patients entered the study

Figure 1.

Recruitment procedure for patients in this study (68 (10.7 %) patients received
more than one course of parenteral nutrition during the study period (PN: paren-
teral nutrition).
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Table I. Baseline characteristics and main diagnoses
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Entire cohort Survivors Dead "
(n = 634) (n = 494) (n = 140) P
Gender, male 393 (62.0 %) 310 (78.9 %) 83 (59.3 %) 0.490
Age, years 69.0 (67.8-70.1) 68.1 (66.8-69.5) 71.9 (69.7-74.1) 0.004
Actual weight, kg 70.3 (69.0-71.6) 70.7 (69.2-72.2) 68.8 (66.1-71.5) 0.237
Ideal weight?, kg 59.0 (58.6-59.4) 59.0 (58.6-59.5) 58.9 (58.0-59.7) 0.726
BMI, kg/m? 26.1 (25.6-26.5) 26.2 (25.7-26.7) 25.7 (24.7-26.7) 0.417
Unintentional weight loss, n (%) 176 (27.8 %) 133 (26.9 %) 43 (30.7 %) 0.393
Weight loss, kg 2.3(1.9-2.7) 2.2 (1.8-2.6) 2.9(1.9-3.8) 0.191
Emergent hospital admission, n (%) 403 (63.6 %) 296 (59.9 %) 107 (76.4 %) < 0.001
Surgical patient, n (%) 471 (74.3 %) 392 (79.4 %) 79 (56.4 %) < 0.001
Critically ill at the beginning of PN, n (%) 280 (44.2 %) 193 (39.1 %) 87 (62.1 %) < 0.001
ICU admission during PN, n (%) 30 (4.7 %) 23 (4.7 %) 7 (5.0 %) 0.824
Mechanical ventilation during PN, n (%) 167 (26.3 %) 94 (19.0 %) 73 (52.1 %) < 0.001
Renal replacement therapy during PN, n (%) 58 (9.1 %) 26 (5.3 %) 32 (22.9 %) < 0.001
Comorbidity®
Mild, n (%) 489 (77.1 %) 408 (82.6 %) 81 (57.9 %) < 0.001
Moderate, n (%) 123 (19.4 %) 76 (15.4 %) 48 (34.3 %) < 0.001
Severe, n (%) 20 (3.2 %) 10 (2.0 %) 11(7.9 %) 0.002
Severity°®
Minor, n (%) 342 (53.9 %) 305 (61.7 %) 37 (26.4 %) < 0.001
Moderate, n (%) 188 (29.7 %) 139 (28.1 %) 49 (35.0 %) 0.117
Major, n (%) 104 (16.4 %) 50 (10.1 %) 54 (38.6 %) < 0.001
Nutritional risk?
Low, n (%) 41 (6.5 %) 38 (7.7 %) 3(2.1%) 0.018
Moderate, n (%) 166 (26.2 %) 138 (27.9 %) 28 (20.0 %) 0.064
High n (%) 427 (67.3 %) 318 (64.4 %) 109 (77.9 %) 0.003
Main diagnoses
Lower digestive tract neoplasms, n (%) 167 (26.3 %) 146 (29.6 %) 21(15.0 %) < 0.001
Acute non-neoplastic lower gastrointestinal diseases, n (%) 110 (17.4 %) 97 (19.6 %) 13(9.3 %) 0.004
Other neoplasms, including hematological, n (%) 88 (13.9 %) 53 (10.7 %) 35 (25.0 %) < 0.001
Upper digestive tract neoplasms, n (%) 47 (7.4 %) 39 (7.9 %) 8 (5.7 %) 0.467
Acute non-neoplastic upper gastrointestinal diseases, n (%) 40 (6.3 %) 34 (6.9 %) 6 (4.3 %) 0.327
Biliopancreatic neoplasms, n (%) 34 (5.4 %) 26 (5.3 %) 8 (5.7 %) 0.832
Other non-neoplastic biliopancreatic diseases, n (%) 24 (3.8 %) 13 (2.6 %) 11(7.9 %) 0.009
Acute pancreatitis, n (%) 19 (3.0 %) 15 (3.0 %) 4(2.9 %) 1.000
Other diseases, n (%) 132 (20.8 %) 91 (18.4 %) 41 (29.3 %) 0.007

‘p-values referred to the comparison between survivors and dead. *Calculated by Miller's equation (15); “Based on Elixhauser’s score (17); ‘Based on Mortality
Probability Model-1ll at the beginning of PN (16); “Based on Nutritional Risk Screening 2002 (18). BMI: body mass index, calculated from actual weight, ICU: intensive

care unit; PN: parenteral nutrition.

[Nutr Hosp 2022;39(4):728-737]
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Table Il. Baseline biochemistry and nutritional related parameters

Entire cohort
(n =634)

Survivors
(n = 494)

Dead
(n = 140)

Baseline biochemistry

cGFRa, mL/min/1.73 m?

74.7 (72.0-77.4)

79.1 (76.0-82.1)

50.3 (53.7-64.9) | <0.001

Albumin, g/dL 2.6 (2.5-2.6) 2.6 (2.6-2.7) 2.4 (2.3-2.5) 0.001
Lymphocytes, x 10° cells/mL 1.09(1.03-1.16) | 1.12 (1.04-1.20) 0.99 (0.88-1.10) | 0.111
CRP, mg/dL 16 (15-17) 16 (15-17) 16 (14-19) 0.688
Bilirubin, mg/dL 0.89(0.73-1.06) | 0.74 (0.62-0.86) 144(0.82-2.05 | 0.001
AST, U/L 85 (25-145) 81 (6-156) 100 (33-166) 0.792
ALT, UL 58 (37-78) 52 (32-79) 77 (18-137) 0.323
ALP, UL 104 (97-112) 97 (89-105) 130 (109-151) 0.003

Nutritional parameters

Protein, g/kg IBW/day

1.35(1.33-1.37)

1.36 (1.33-1.38)

1.34 (1.28-1.39) 0.497

Energy, kcal/kg IBW/day

25.5 (26.1-25.8)

26.0 (25.7-26.4)

25.0 (24.4-25.7) 0.010

Use of IVLE with fish oil, n (%)

499 (78.7 %)

380 (76.9 %)

119 (85.0 %) 0.046

Days between admission and PN start

7.6 (8.3-9.04)

7.0 (7.6-8.3)

8.7 (10.8-12.9) 0.005

PN duration, days

141 (13.2-14.9)

13.6 (12.7-14.5)

15.7 (13.7-17.6) 0.049

Indications for PN

Postsurgical complications, n (%) 333 (562.5 %) 270 (54.7 %) 63 (45.0 %) 0.045
Oral/enteral intolerance, n (%) 72 (11.4 %) 43 (8.7 %) 29 (20.7 %) < 0.001
Intestinal occlusion, n (%) 70 (11.0 %) 57 (11.5 %) 13(9.3 %) 0.542
Per protocol, n (%) 46 (7.3 %) 41 (8.3 %) 5(3.6 %) 0.064
Acute pancreatitis, n (%) 19 (3.0 %) 15 (3.0 %) 4(2.9 %) 1.000
Severe malnutrition, n (%) 11(1.7 %) 8 (1.6 %) 3(2.1%) 0.734
Others, n (%) 83 (13.1 %) 60 (12.1 %) 23 (16.4 %) 0.202

“p-values referred to the comparison between survivors and dead. ?cGFR: calculated glomerular filtration rate by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation (19). ALP: alkaline phosphatase; ALT; alanine aminotransferase; AST: aspartate aminotransferase. CRP: C-reactive protein; IVLE:

intravenous lipid emulsion, PN: parenteral nutrition.

Table lll. Relevant complications, medications, glycemic control, and attempts
of nutrition by other route during parenteral nutrition

Entire cohort Survivors Dead .
(n = 634) (n = 494) (n = 140) P
Relevant complications
New episode of AKI, n (%) 109 (17.2 %) 58 (11.7 %) 51 (36.7 %) < 0.001
Sepsis, n (%) 67 (10.6 %) 32 (6.5 %) 35 (25.0 %) < 0.001
Emergence surgical intervention, n (%) 46 (7.3 %) 32 (6.5 %) 14 (10.0 %) 0.194
Intestinal fistula, n (%) 37 (5.8 %) 31 (6.3 %) 6 (4.3 %) 0.539
Anastomotic suture dehiscence, n (%) 26 (4.1 %) 16 (3.2 %) 10 (7.1 %) 0.052
(Continues on next page)
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Table lll (Cont.). Relevant complications, medications, glycemic control, and attempts
of nutrition by other route during parenteral nutrition
Entire cohort Survivors Dead .
(n = 634) (n = 494) (n = 140) P
Medications
Use of potent opioids, n (%) 227 (36.0 %) 144 (29.3 %) 83 (59.7 %) <0.001
Use of prokinetic agents, n (%) 215 (33.9 %) 156 (31.6 %) 59 (42.1 %) 0.026
Glycemic control
Patients with hyperglycemic episodes, n (%) 392 (62.5 %) 284 (58.0 %) 108 (78.8 %) < 0.001
Days with hyperglycemic episodes 4.3(3.8-4.9 3.5(3.0-4.1) 7.3(5.8-8.7) < 0.001
Patients with hypoglycemic episodes, n (%) 64 (10.2 %) 45 (9.2 %) 19(13.8 %) 0.150
Days with hypoglycemic episodes 0.3(0.2-0.4) 0.3(0.1-0.4) 0.3(0.1-0.9) 0.998
Failed attempts for nutrition by another route than PN
Patients with failed attempts of oral nutrition, n (%) 173 (27.3 %) 139 (28.1 %) 34 (24.3 %) 0.392
Patients with failed attempts of EN, n (%) 59 (9.3 %) 30 (6.1 %) 29 (20.7 %) <0.001

“p-values referred to the comparison between survivors and dead. AKI: acute kidney injury; EN: enteral nutrition; PN: parenteral nutrition.

Continuous variables included age, weight l0ss, energy provided,
days between admission and PN start, PN duration, days with hy-
perglycemic episodes, and baseline values of cGFR, albumin, lym-
phocytes, bilirubin, and ALP. All of them are presented in table V.

The final model included 14 variables that are shown in ta-

ble V. The excluded variables are shown in table VI. tion.

Table IV. Univariate analysis

Kaplan-Meier curves for categorical variables neither
crossed nor dropped to zero and time-dependent test con-
tinuous variables were statistically non-significant (data not
shown). Schoenfeld’s residual global test showed a p = 0.326.
Thus, the final model fulfilled the proportional hazard assump-

[Nutr Hosp 2022;39(4):728-737]

Variable Statistical values P
Kaplan-Meyer for categorical variables

Survival mean, days (Cl 95 %)

No Yes
Gender, male 75.4 (72.3-78.4) 71.8 (67.5-76.1) 0.407
Emergent hospital admission 70.0 (66.6-73.4) 81.0(77.8-84.1) < 0.001
Surgical patient 77.9 (75.2-80.5) 62.9 (57.1-68.7) < 0.001
Critically ill at the beginning of PN 65.5 (61.1-70.0) 80.7 (78.2-83.3) < 0.001
ICU admission during PN 74.8 (63.7-85.9) 74.0 (71.4-76.5) 0.878
Mechanical ventilation during PN 80.5 (78.3-82.9) 55.7 (49.5-62.0) < 0.001
Renal replacement therapy during PN 46.3 (35.4-57.2) 76.8 (74.4-79.2) < 0.001
Moderate severity 71.6 (66.8-76.4) 75.0 (712.1-77.9) 0.126

(Continues on next page)
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Variable Statistical values p
Kaplan-Meyer for categorical variables
Survival mean, days (Cl 95 %)
No Yes
Major severity 48.1 (40.0-56.2) 79.1 (76.8-81.4) < 0.001
Moderate comorbidity 63.9 (57.5-70.4) 76.5(73.8-79.1) < 0.001
Severe comorbidity 44.7 (26.2-63.3) 74.0(71.5-76.5) < 0.001
Moderate nutritional risk 78.8 (74.7-82.9) 72.3 (69.3-75.4) 0.051
High nutritional risk 71.2 (68.0-74.5) 79.7 (76.2-83.3) 0.002
Use of IVLE with fish oil 72.6 (69.7-75.6) 79.1 (74.5-83.6) 0.037
New episode of AKI 53.4 (45.6-61.2) 78.3 (76.0-80.7) < 0.001
Sepsis 49.6 (39.8-59.5) 76.9 (74.4-79.3) < 0.001
Emergence surgical intervention 63.4 (51.8-75.0) 74.8 (72.3-77.4) 0.093
Intestinal fistula 78.9 (69.8-88.0) 73.7 (11.1-76.3) 0.376
Anastomotic suture dehiscence 60.9 (45.4-76.4) 74.6 (72.1-77.1) 0.026
Use of potent opioids 62.7 (57.7-67.7) 80.4 (77.9-82.9) < 0.001
Use of prokinetic agents 70.4 (65.8-75.0) 75.9 (72.9-78.8) 0.021
Patients with failed attempts of oral nutrition 74.9(70.2-79.6) 73.7 (70.7-76.6) 0.398
Patients with failed attempts of EN 52.2 (41.8-62.7) 76.2 (73.8-78.7) < 0.001
Univariate Cox for continuous variables
HR (CI 95 %)
Age, years 1.016 (1.004-1.028) 0.010
Weight loss, kg 1.024 (0.993-1.057) 0.134
Baseline cGFR?, mL/min/1.73 m? 0.986 (0.981-0.990) < 0.001
Baseline albumin, g/dL 0.602 (0.446-0.813) 0.001
Baseline lymphocytes, x 10° cells/mL 0.809 (0.623-1.050) 0111
Baseline bilirubin, mg/dL 1.078 (1.034-1.124) < 0.001
Baseline ALP, U/L 1.002 (1.001-1.003) < 0.001
Protein, g/kg IBW/day 0.830 (0.473-1.455) 0.515
Energy, kcal/kg IBW/day 0.916 (0.867-0.969) 0.002
Days between admission and PN start 1.020 (1.009-1.032) < 0.001
PN duration, days 1.012 (0.999-1.026) 0.060
Days with hyperglycemic episodes 1.046 (1.030-1.062) < 0.001

2cGFR: calculated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (19). AKI: acute kidney injury; ALP: alkaline
phosphatase, EN: enteral nutrition; IVLE: intravenous lipid emulsion, PN: parenteral nutrition.
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Table V. Multivariate Cox proportional

hazard model: final model

Variable (Clgg% ) P
Major severity @, 2?4%3?370) < 0.001
Moderate severity i 031;%7—12?830) 0.034
Anastomotic suture dehiscence R .733’é5-§?422) 0.001
Severe comorbidity (1.1 2'13_3?956) 0.019
Moderate comorbidity (1.1 !15;17—?606) 0.008
Sepsis during PN ) 45'21_?433) 0.001
Patients with failed attempts of EN 2.021 0.003
(1.266-3.227)
New episode of AKI during PN (1.1 1 52?556) 0.014
Use of potent opioids ) 23)57;561 6 0.004
Days with hyperglycemic episodes 1.034 0.005
during PN (1.010-1.059)
Baseline ALP, U/L ( .02)69(1).2003) 0.018
Energy, kcal/kg IBW/day (0.885—?)?989) 0.018
Baseline albumin, g/dL 0. 5866?)896 2 0.029
Surgical patient 0373 < 0.001

(0.249-0.561)

AKI: acute kidney injury; ALP: alkaline phosphatase, EN: enteral nutrition;
IBW: ideal body weight; PN: parenteral nutrition.

Table VI. Multivariate Cox proportional
hazard model: variables excluded in the

final model
. HR
Variable (C1 95 %) P
, . 1.076
Emergent hospital admission (0.633-1.829) 0.785
Critically ill at the beginning of PN 1019 0.950
y ginning (0572-1815) | =
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Table VI (Cont.). Multivariate Cox
proportional hazard model: variables
excluded in the final model
. HR
Variable (C1 95 %) P
Mechanical ventilation during PN 0 4?'1?91 21) 0.130
Moderate nutritional risk 0 3;56_§31 10) 0.514
High nutritional risk 0 7;5(2)51 61) 0.300
1.091
Renal replacement therapy (0.668-1.780) 0.728
Use of IVLE with fish oil 0 4297_?3335) 0.368
o . 1.241
Emergence surgical intervention (0.635-2.425) 0.528
Use of prokinetic agents 0 6;59?4576) 0.891
1.010
Age, years (0.993-1.028) 0.240
Weight loss, kg (0.9(1360—(1).2046) 0.924
Baseline calculated glomerular 1.000 0.935
filtration rate, mL/min/1.73 m? (0.993-1.007) '
Baseline lymphocytes, x 10° cells/ 0.913 0.541
mL (0.682-1.222) '
R 1.030
Baseline bilirubin, mg/dL (0.974-1.089) 0.306
Days between admission and PN 1.011 0181
start (0.995-1.027) '
PN duration, days 0.985 0.167

(0.965-1.006)

IVLE: intravenous lipid emulsion; PN: parenteral nutrition.

DISCUSSION

Severity and comorbidity were the main factors related to mor-
tality in the adult hospitalized patients receiving PN, but we also
found some other factors not previously associated with mortality
in these patients to our knowledge. Some of these factors may
be of clinical relevance and could be modified to improve health

outcomes in patients receiving PN.

Other obvious negative factors were new episodes of sep-
sis or AKI during PN. Even nowadays, sepsis has a high mor-
tality rate (20), including in patients receiving PN (21). AKI has
also been related to increased mortality in hospitalized pa-
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tients (22). However, the effect on outcomes of an episode of AKI
during PN have not been reported previously, to our knowledge.
Anastomatic suture dehiscence is a severe surgical complication
that increases morbidity and mortality (23). Our study was con-
sistent with these previous findings.

Hyperglycemia has been associated with an increased risk
of death among hospitalized patients receiving PN (8,24). In a
large multicenter study, mean glycemia during PN > 180 mg/dL
resulted in high risk of death during hospitalization (8). The prev-
alence of hyperglycemia in our study was higher than in previous
studies as we used a stricter definition. Instead of considering
mean glycemia, we considered a day with hyperglycemia each
day with at least one glycemia > 180 mg/dL. In our model, each
of these days increased the risk of death by about 3 %.

Serum albumin level is an independent predictor of outcomes
in many diseases and health conditions. In hospitalized patients,
hypoalbuminemia on admission increased mortality (25) and, for
patients receiving PN, baseline hypoalbuminemia has also been
associated with higher mortality (26). The results of our study
agreed with these previous findings. Higher baseline albumin
levels exerted protective effects on mortality.

In several studies, surgical patients presented lower mortali-
ty than medical patients especially in ICU settings (27-30). This
lower mortality has been attributed to differences in underlying
diseases, chronic health status, and the fact that surgical pa-
tients are routinely evaluated for perioperative risk to adjust an-
esthetic and surgical procedures (27,29). Additionally, surgical
procedures may be considered “controlled” injuries and a sub-
sequent postoperative ileus may require PN to maintain nutri-
tional status when ileus is prolonged, but usually it may resolve
uneventfully in several days. In contrast, medical patients usually
suffer from “uncontrolled” injuries as neoplastic progression, in-
fectious diseases, and other conditions that represent a higher
risk to take their toll.

Increased levels of ALP have been associated with mor-
tality in cardiovascular diseases (31) and in hospitalized pa-
tients (32). ALP is commonly used to assess liver function and
hepatocellular injury, but it is also correlated with CRP and in-
flammatory processes (31). However, up till now, it was not a
parameter usually associated with mortality in PN.

The use of opioids has been related to an increased risk of car-
diopulmonary arrest (33), this being the most common cause of
mortality in medical patients. Moreover, opioids cause gastroin-
testinal dysmotility (34) and prolong gastrointestinal dysfunction
after surgery by their action on the mu-opioid gastrointestinal
receptors (35). Thus, we may hypothesize that their use during
PN could hinder the transition to oral or enteral nutrition and pro-
long intestinal failure.

Gastrointestinal failure leads to oral or EN intolerance, gastro-
intestinal hemorrhage, or ileus in an early stage, but it may be
followed by extraintestinal disorders due to pathogenic crosstalk
between the altered gut, circulating cells, and other organs de-
veloping or worsening systemic inflammation (36). This is of rel-
evance for patients in severe conditions. Critically ill patients who
presented EN intolerance had an increased mortality rate (9,37).

J. Mateu-de Antonio y A. Retamero

In our study, patients with failed attempts of EN could suffer from
more severe gastrointestinal failure and, thus, be in a more se-
vere condition than those who tolerated the transition to EN. It
is noteworthy that none of the usual severity scoring systems
include markers of gastrointestinal function. Patients with failed
attempts at oral nutrition could be in a less severe condition and
no effect on mortality resulted.

In critically ill patients, adequate nutrient supply is accepted to
decrease mortality (7). Specifically in PN, protein doses of 1.2 g/
kg/day have been shown to improve functional outcomes (38) and
can reduce mortality in high-risk patients (39). Our results agreed
with these findings although our nutritional supplies were slightly
higher than those reported.

This study has several limitations. Firstly, its retrospective na-
ture. Secondly, this was a single-center study. Thirdly, we did not
consider the time of PN initiation (early versus late), which has
been a subject of controversy in recent years. Lastly, we cannot
discard other confounders that could modify our results. This has
to be taken as a hypothesis-generating study to focus following
studies on relevant factors potentially affecting mortality in hos-
pitalized patients receiving PN.

In conclusion, factors related to mortality in hospitalized adult
patients who required PN were mainly severity and comorbidities,
but several other factors were also important, such as sepsis or
AKI during PN, in addition to the use of potent opioids, hyperg-
lycemia, and the energy provided. These latter factors could be
modified to maximize outcomes in patients receiving PN. These
factors suggest that PN requires accurate control and follow-up
to maximize its benefits and reduce adverse events.
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