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route. No significant complications were associated with the use of PN. Thirty-two patients (43.3%)
presented with EN-related complications in the PN-EN subgroup but received a higher mean protein
delivery (0.95 £ 0.43 vs 1.17 & 0.36 g/kg/day; p = 0.03) compared with PN alone. Once adjusted
for confounding factors, patients who received PN alone had a lower mean protein intake (hazard
ratio (HR): 0.29; 95% confidence interval (CI): 0.18-0.47; p = 0.001), shorter ICU stay (HR: 0.96; 95% CI:
0.91-0.99; p = 0.008), and fewer days on mechanical ventilation (HR: 0.85; 95% CI: 0.81-0.89; p = 0.001)
compared with the PN-EN subgroup. Conclusion: The parenteral route may be safe, even when
administered early, and may provide adequate nutrition delivery. Additional EN, when possible,
may optimize protein requirements, especially in more severe patients who received initial PN and
are expected to have longer ICU stays. NCT Registry: 03634943.

Keywords: parenteral nutrition; enteral nutrition; complementary parenteral nutrition; critically
ill patients

1. Introduction

Enteral nutrition (EN) is usually the main route for providing nutrition therapy in
patients admitted to the intensive care unit (ICU), however, parenteral nutrition (PN)
may be needed to avoid the development of malnutrition when EN is contraindicated
or unfeasible. It has been extensively recognized that appropriate nutritional support is
indispensable to critically ill patients; nevertheless, a systematic review of malnutrition
diagnosed by validated nutrition assessment tools revealed a strikingly high prevalence
of malnutrition in ICU patients (ranging from 38% to 78%), which is associated with poor
outcomes including increased morbidity, mortality, and hospital-related costs [1]. On the
other hand, recommendations for nutrition in critically ill patients have been published in
different clinical practice guidelines [2-5] but nutrition targets are frequently difficult to
achieve in routine bedside practice [6,7].

EN is more physiological, with various non-nutritional benefits (e.g., maintenance
of structural and functional gut integrity, preservation of gut microbiome) but also disad-
vantages related to potential lower nutritional adequacy, particularly in the acute disease
phase and in the presence of gastrointestinal dysfunction [8]. In contrast, total PN may
better secure the intended nutritional intake, but it may be associated with more infectious
complications and longer ICU stays [9]. However, in a large randomized controlled trial,
involving 2388 patients, which evaluated the effect of the nutrition route on the outcomes
of critically ill adult patients, neither a significant difference in 30-day mortality nor in the
number of treated infectious complications was found between patients receiving total PN
or EN [10]. Also, in a previous nationwide analysis of nutritional practices in critically ill
patients admitted to different ICUs, differences in 28-day mortality between the groups of
patients with EN or total PN were not observed [11].

The present research was conducted to provide further analysis of the use of PN
in adult critically ill patients, especially when used early and as the initial route. The
objectives of the study were to assess the current use and complications associated with PN,
to evaluate nutrition delivery (i.e., caloric and protein) with the use of PN, and to assess the
differences in nutrition therapy between patients who received PN only (i.e., PN subgroup)
and those in whom EN was initiated after PN (i.e., PN-EN subgroup).

2. Materials and Methods
2.1. Design and Setting

This was a nationwide prospective observational and multicenter study conducted
in 37 Spanish ICUs. The results of the present research correspond to a planned analysis
of the insights obtained from the use of PN in the ENPIC study. All consecutive patients
admitted from 1 April to 31 July 2018 were included in the study. Patients aged 18 years
or older admitted to the participating ICUs and requiring artificial nutrition support for
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more than 48 h, with an expected stay of more than 72 h, were eligible. Only patients
who required initial PN on ICU admission were included in the analysis of the present
study. We also included those patients in whom EN was initiated after initial PN. Patients
admitted to the ICU for postoperative recovery from a surgical procedure and/or ICU
monitoring not requiring specific treatment for organ support (e.g., vasopressors or non-
invasive mechanical ventilation) were excluded from the study. Patients who were able to
feed orally were also excluded. Eligible ICUs were required to follow a nutritional protocol
consistent with current clinical guidelines or to involve medical staff specialized in artificial
nutrition therapy [6].

The study protocol was approved by the Clinical Research Ethics Committee of Hospi-
tal Universitari de Bellvitge (code PR401/17), which is a central institutional review board.
The requirement of informed consent was waived because of the observational design
of the study and data being collected from an anonymous centralized database. Patients
included in the present study were obtained from the Evaluation of Nutritional Practices in
the Critical Care registry (ENPIC Study; ClinicalTrials.gov Identifier: NCT 03634943).

2.2. Data Collection and Study Endpoints

The data collected for each patient were as follows: demographics; body mass index
(BMI); comorbidities (e.g., hypertension, diabetes mellitus, chronic obstructive pulmonary
disease {COPD}, acute myocardial infarction, chronic renal failure, immunosuppression,
and active cancer); type of patient (medical, trauma, or surgery); Acute Physiology and
Chronic Health Evaluation (APACHE) II score; Simplified Acute Physiology Score (SAPS)
II score; Sequential Organ Failure Assessment (SOFA) score on ICU admission; nutrition
status using the Subjective Global Assessment (SGA) and modified Nutrition Risk in the
Critically I1 (mNUTRIC) score; details of nutritional therapy, including time of initiation
of PN, early PN within the first 48 h after ICU admission, and energy and protein in-
take during the entire administration of nutrition therapy or at least for the first 14 days;
laboratory data (lipid profile, liver parameters, and blood proteins) at admission, day 3,
day 7, and at ICU discharge; and outcomes during ICU stay, which included the need
for invasive mechanical ventilation and days on invasive mechanical ventilation, use of
vasoactive drug support, need for renal replacement therapy (RRT), respiratory tract in-
fection, catheter-related bloodstream infection, length of stay in the ICU and hospital, and
28-day mortality rate. In the database, we evaluated and registered mechanical complica-
tions (e.g., thrombosis, pneumothorax, etc.) related to catheter insertion and maintenance,
PN-related catheter infections, and laboratory-related abnormalities (e.g., cholestasis, hy-
pertriglyceridemia, etc.) with the use of PN. Mechanical, infectious, and metabolic com-
plications related to PN use were screened daily during ICU admission via a physical
exploration (e.g., examination of the percutaneous entry sites of central venous catheters
for the presence of local inflammation and purulence), chest X-ray (e.g., screening for the
presence of pneumothorax or pleural effusion), and echography if necessary (e.g., to detect
venous thrombosis, veno-arterial fistulae, etc.). Investigators systematically performed
assessments in order to detect and diagnose these complications related to the use of PN,
which are described in detail in the Supplementary Material (Table S1). Alterations in
laboratory data were scrutinized and analyzed to show association during PN adminis-
tration. Liver dysfunction was defined according to the presence of the following criteria:
(a) cholestasis: alkaline phosphatase > 280 IU/L, gamma-glutamyl-transferase > 50 IU/L,
or bilirubin > 1.2 mg/dL; (b) liver necrosis: aspartate aminotransferase > 40 IU/L, alanine
aminotransferase > 42 IU/L, or INR > 1.4; and (c) mixed pattern: cholestasis and liver
necrosis [12]. To evaluate nutrition delivery with the use of PN, we compared the caloric
and protein delivery of those who received only EN with those who only received PN in
our patient cohort. We also analyzed the data from those patients who received PN after
initial EN (EN-PN subgroup) for descriptive purposes.

When comparing patients receiving PN as their initial nutrition therapy (PN subgroup)
and those who also received complementary EN after initial PN (PN-EN subgroup), the
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study endpoints were the differences in outcomes during their ICU stay (i.e., mechanical
ventilation, vasoactive drug support, RRT, respiratory and catheter-related infections, PN-
related complications, length of ICU and hospital stay, and 28-day mortality), including
laboratory data (e.g., presence of liver dysfunction). In the PN-EN subgroup, EN-related
complications were also registered. The presence of a high gastric residual volume (GRV)
was defined as an aspirated volume from the stomach of >500 mL via a nasogastric tube
following EN administration. Aspirations were performed at the discretion of each clinician
based on the observational nature of the present study.

2.3. Statistical Analysis

Categorical variables are expressed as frequencies and percentages, and continuous
variables as means and standard deviations (SDs). The distribution of categorical variables
between study groups was compared with the chi-square test and the distribution of
continuous variables with the two-sample t-test or the Mann-Whitney U test. Statistical
significance was set at p < 0.05 (two-tailed).

Subsequent multivariate analysis was conducted using an adjusted multiple stepwise
Cox regression analysis to add a time perspective. Variables were included in the initial
model if they had a p-value < 0.2 and were deemed suitable by the investigators based on
careful consideration of confounding. Investigators selected variables based on current
knowledge and the literature perspective [13]. We used the change-in-estimates criterion
and backward deletion with a 10% cut-off to eliminate variables from the final model. To
avoid destabilizing the multivariate analyses, we tested for interactions between all vari-
ables introduced. We then adjusted for age, patient type (e.g., medical, surgical, or trauma),
illness severity (e.g., APACHE score), length of nutritional therapy, and data presenting
significant differences in the baseline characteristics between both subgroups. This helped
avoid confounders and the influence of illness severity when analyzing outcomes. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were estimated. Statistical analysis was
conducted using PASW statistics 20.0 (SPSS Inc., Chicago, IL, USA).

In all cases, the Kolmogorov—Smirnov and D’Agostino—Pearson omnibus normality
tests were used to check the normal distribution of our population and assess the goodness-
of-fit of the final regression models.

3. Results
3.1. Population Included in the Study

A total of 644 ICU patients received artificial nutrition therapy during the study period;
however, 15 patients were excluded due to insufficient or incomplete clinical (n = 5) or
laboratory data (n = 15). Therefore, the remaining 629 were included in the study, 186
(29.6%) of whom received PN and 443 (70.4%) of whom received EN as the initial delivery
route of nutrition therapy. Of the 186 patients treated with PN, 74 also received EN during
ICU admission (PN-EN subgroup). These 74 patients from the PN-EN subgroup accounted
for 39.8% of those who received PN and 11.8% of all patients included in the study. Of
the 443 patients treated with initial EN, 400 received only EN, and 43 needed PN (EN-PN
subgroup). A total of 36.4% of the patients (1 = 229) received PN at some point during their
ICU admission. The patient population flow chart is shown in Figure 1.

3.2. Current Use and Complications Associated with PN

PN was indicated by the attending intensivist due to the impossibility of initial oral
feeding or EN. It is important to remark that a daily evaluation to replace PN with EN was
performed on each patient [2].

General characteristics, nutritional support, and outcomes of the study population
are shown in Table 1. Patients were admitted due to medical and major surgical diseases,
and more than half of the patients presented with malnutrition (59.1%; n = 110) based
on the SGA scale. Additionally, the main reasons reported for administering PN were
the following: paralytic ileus after major surgery (44.1%; n = 82), bowel rest (e.g., acute
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pancreatitis, Crohn’s disease) (17.2%; n = 32), bowel fistula (14.5%; n = 27), occlusion or
stenosis of the digestive tract (8.6%; n = 16), and short bowel (3.2%; n = 6). Other patients
presented further contraindications for the enteral route (1 = 18) based on the severity
of the diagnosis (e.g., hemodynamic instability, active digestive bleeding) and in only
two patients, a nasogastric tube could not be inserted.

| 644 patients with artificial Nutrition Therapy ‘

—>]
—>

A4

629 patients

—

112 (17.9%) patients received
only PN during ICU stay

Excluded 5 patients with insufficient or incomplete clinical data |

Excluded 10 patients with insufficient or incomplete laboratory data |

Initial Nutrition Therapy |

A 4 \ 4
Parenteral Nutrition Enteral Nutrition
186 patients (29.6%) 443 patients (70.4%)

] ]

74 (11.7%) patients received 400 (63.6%) patients received 43 (6.8%) patients received
PN & EN during ICU stay only EN during ICU stay EN & PN during ICU stay

v v v

48.8% of the patients who 90.3% of the patients who 9.7% of the patients who
received PN initially received EN initially received EN initially

60.2% of the patients who
received PN initially

EN: Enteral Nutrition; PN: Parenteral Nutrition
Figure 1. Study flow chart of patients included in the study.

Table 1. General characteristics, nutritional support, and outcomes of patients receiving par-
enteral nutrition.

All Patients Only PN PN-EN

n=186 n=112 n="74 p-Value
Baseline characteristics and comorbidities
Age, years, mean + SD 64.32 + 13.90 63.8 + 14.53 65.09 £+ 12.95 0.53
Sex, male patients, 1 (%) 124 (66.7) 68 (60.7) 56 (75.7) 0.05
Body mass index, kg/mz, mean (range) 26.8 (14.7-41.1) 27.3 (14.7-40.2) 26.3 (17.3-41.2) 0.24
Hypertension, 1 (%) 89 (47.8) 53 (47.3) 36 (48.6) 0.88
Diabetes mellitus, 1 (%) 47 (25.3) 27 (24.1) 20 (27.0) 0.73
Chronic obstructive pulmonary disease, 1 (%) 27 (14.5) 14 (12.5) 13 (17.6) 0.39
Acute myocardial infarction, 1 (%) 26 (14.0) 17 (15.2) 9 (12.2) 0.66
Chronic liver disease, 1 (%) 10 (5.4) 22 (19.6) 16 (21.6) 0.89
Chronic renal failure, n (%) 22 (11.8) 13 (11.6) 9(12.2) 0.95
Immunosuppression, 1 (%) 23 (12.4) 13 (11.6) 10 (13.5) 0.81
Neoplasia, 1 (%) 65 (35.0) 43 (38.4) 22 (29.7) 0.27
Medical, n (%) 79 (42.3) 43 (39.4) 36 (48.6)
Type of patient Trauma, n (%) 8 (4.3) 2 (1.8) 6 (8.1) 0.02
Surgery, n (%) 99 (53.2) 67 (59.8) 32 (43.2)
APACHE II, mean + SD 19.78 £ 7.47 18.95 + 6.98 21.05 4+ 8.03 0.06
SAPS II, mean + SD 49.80 + 18.59 48.02 4+ 19.38 52.44 +17.15 0.13
SOFA at ICU admission, mean + SD 6.81 +4.04 6.14 +4.04 7.81 + 3.85 0.005
Patient with malnutrition (based on SGA), 1 (%) 110 (59.1) 65 (58.0) 45 (60.8) 0.76
mNUTRIC score, mean 4 SD 455 +1.94 4.39 +1.98 4.78 £ 1.85 0.18
Patient at risk based on mNUTRIC score, 1 (%) 90 (48.4) 52 (46.4) 38 (51.3) 0.76
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Table 1. Cont.

All Patients Only PN PN-EN Val
n =186 n=112 n=74 p-vatue
Nutritional support
Time of PN initiation, h, mean £ SD 38.34 +35.19 41.62 + 38.5 33.36 £+ 29.04 0.12
Early PN, <48 h, n (%) 140 (75.3) 82 (73.2) 58 (78.4) 0.49
Kcal/kg/day *, mean £ SD 19.94 £+ 6.72 19.27 £7.24 20.96 + 5.74 0.09
Protein, g/kg/day *, mean £ SD 1.01 £041 0.95 £ 043 117 £ 0.36 0.03
Outcomes

Mechanical ventilation, 1 (%) 144 (77 .4) 76 (67.9) 68 (91.9) 0.001
Mechanical ventilation, days, mean + SD 12.23 +17.48 7.33 +11.24 17.71 £ 21.29 <0.001
Vasoactive drug support, 1 (%) 140 (75.3) 72 (64.3) 68 (91.9) <0.001
Renal replacement therapy, 1 (%) 37 (19.9) 21 (18.7) 16 (21.62) 0.71
Respiratory tract infection, 1 (%) 56 (30.1) 35(31.2) 21 (28.4) 0.74
Catheter-related infections, n (%) 15 (8.1) 12 (10.7) 3 (4.0) 0.08
ICU stay, days, mean + SD 18.56 + 12.61 11.51 £+ 10.46 24.34 £+ 24.63 <0.001
Hospital stay, days, mean + SD 39.49 £ 31.36 32.56 £ 21.7 50.03 £ 45.78 <0.001
28-day mortality, 1 (%) 46 (24.7) 27 (24.1) 19 (25.7) 0.86

PN: parenteral nutrition; EN: enteral nutrition; SD: standard deviation; APACHE II: Acute Physiology and Chronic
Health Disease Classification System II; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure
Assessment; SGA: Subjective Global Assessment; mNUTRIC: modified Nutrition Risk in the Critically II; and
ICU: intensive care unit. Statistically significant p-values are written in bold. * During the entire administration of
nutrition therapy or at least the first 14 days.

PN was given for a mean duration of 13 days (range 4-16 days). Only 29 (15.6%)
patients received a short course of nutrition therapy (>48 to 72 h), 46 (24.7%) received an
intermediate course (>72 h to <7 days), and 111 (59.7%) received a long course (>7 days).
In the majority of patients, PN was administered via a central catheter (89.2%; n = 166) or
a central catheter inserted through a peripheral vein (9.1%; n = 17), whereas only three
patients received PN via a peripheral line (1.6%; n = 3).

The majority of patients received early PN (i.e., during the first 48 h of ICU admission).
No major complications (e.g., mechanical complications, such as pneumothorax, throm-
bosis, etc.) affecting the outcomes were found to be associated with the use of PN, and
8.1% (n = 15) of the patients suffered catheter-related infections, which were not associated
with the use of PN per se either. Regarding laboratory data, we found a low incidence of
lipid profile alterations, such as hypertriglyceridemia (i.e., >350 mg/dL), in 8.6% (n = 16) of
patients; however, liver dysfunction was frequent (40.3%; n = 75) and most had cholestasis
(25.8%; n = 48), whereas a low proportion had hepatic necrosis (9.1%; n = 17) and mixed
patterns of liver dysfunction (5.4%; n = 10). Nevertheless, in most patients, liver dysfunction
was unrelated to the use of PN as it was present from the start of ICU admission in almost
all patients (1 = 72). Only three patients developed hypertriglyceridemia during PN use.
Finally, a progressive increase in prealbumin levels was seen with nutrition therapy in the
entire population (p = 0.01).

3.3. Assessment of Nutrition Delivery

In our study, all patients with initial PN received a mean caloric and protein delivery
superior to 70% of requirements based on national and international guideline recom-
mendations (i.e., 20 Kcal-Kg~!-day ! and 1.2-1.3 g of protein-Kg!-day!) [2-5]. When
comparing the caloric and protein delivery of those who received only EN (n = 400) with
those who received only PN (n = 112), to assess nutritional therapy delivery with PN,
we found a similar delivery with both routes, with a trend towards better delivery with
PN (Tables 2 and 3). Indeed, multivariate analysis, adjusted for confounding factors, re-
vealed a trend toward higher mean caloric delivery with PN (HR: 1.20; 95% CI: 1.13-1.27;
p <0.001). Patients who received only EN were more likely to be medical patients (HR:
5.56; 95% CI: 3.01-10.23; p = 0.001), presented neoplasia as a comorbid condition (HR:
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0.42; 95% CI: 0.22-0.81; p = 0.01), and had higher invasive mechanical ventilation needs
(HR: 6.95; 95% CI: 1.12-7.76; p < 0.001). Of the patients with only EN, 26% (n = 104) had
EN-related complications (high GRV: 11.5% (n = 46); diarrhea: 8.7% (n = 35); vomiting:
1.2% (n = 5); and mesenteric ischemia: 0.7% (1 = 3)). The EN-PN subgroup (n = 43) shared
similar characteristics with only the EN subgroup (Table 2), and it did not show other novel
findings when compared with other patients receiving PN (i.e., only PN and the PN-EN
subgroup), even regarding mean caloric and protein delivery (Table S2). However, the
EN-PN subgroup showed higher EN-related complications (60.5% (1 = 26) suffered from
any type of EN-related complications; high GRV: 37.2% (n = 16); diarrhea: 18.6% (n = 8);
and mesenteric ischemia: 9.3% (n = 4)).

Table 2. General characteristics, nutritional support, and outcomes of patients receiving parenteral

and enteral nutrition.

Only PN

Only EN

EN-PN

n=112 1 = 400 n=43 p-Value **
Baseline characteristics and comorbidities
Age, years, mean + SD 63.8 + 14.53 60.72 + 15.45 60.23 £+ 13.56 0.33
Sex, male patients, 1 (%) 68 (60.7) 267 (66.7%) 31 (72.1) 0.39
Body mass index, kg/m?, mean (range) 27.3 (14.7-40.2) 28.17 +£ 6.32 27.12 +4.92 0.17
Hypertension, n (%) 53 (47.3) 170 (42.5) 17 (39.5) 0.24
Diabetes mellitus, n (%) 27 (24.1) 103 (25.7) 13 (30.2) 091
Chronic obstructive pulmonary disease, 1 (%) 14 (12.5) 72 (18.0) 9 (20.9) 0.55
Acute myocardial infarction, n (%) 17 (15.2) 59 (14.7) 7 (16.3) 0.89
Chronic liver disease, 11 (%) 22 (19.6) 22(5.5) 0 0.13
Chronic renal failure, n (%) 13 (11.6) 42 (10.5) 3(7.0) 0.88
Immunosuppression, 1 (%) 13 (11.6) 42 (10.5) 6 (13.9) 0.86
Neoplasia, 1 (%) 43 (38.4) 61 (15.2) 8 (18.6) 0.01
Medical, n (%) 43 (39.4) 285 (71.2) 31 (72.1)
Type of patient Trauma, 1 (%) 2(1.8) 59 (14.7) 4(9.3) 0.001
Surgery, n (%) 67 (59.8) 56 (14.0) 8 (18.6)
APACHE II, mean + SD 18.95 + 6.98 20.04 + 7.85 22.49 + 8.03 0.16
SAPSII, mean + SD 48.02 +19.38 48.37 +17.41 51.03 £+ 15.94 0.43
SOFA at ICU admission, mean + SD 6.14 + 4.04 7.09 £+ 3.17 8.65 £ 3.54 0.04
Patient with malnutrition (based on SGA), 1 (%) 65 (58.0) 138 (34.5) 16 (37.2) 0.16
mNUTRIC score, mean + SD 4.39 +1.98 3.96 +2.17 481 +2.17 0.18
Patient at risk based on mNUTRIC score, 1 (%) 52 (46.4) 165 (41.2) 27 (62.8) 0.76
Nutritional support
Time of nutrition initiation, h, mean & SD 41.62 + 38.5 36.40 + 31.31 4415 4+ 25.49 0.02
Early nutrition therapy, <48 h, n (%) 82 (73.2) 308 (77.0) 26 (60.5) 0.69
Kcal/kg/day *, mean + SD 19.27 +£7.24 14.50 + 5.60 15.46 + 5.31 <0.001
Protein, g/kg/day * mean £ SD 0.95 + 043 0.76 + 0.34 0.83 +£0.28 0.03
Outcomes
Mechanical ventilation, 1 (%) 76 (67.9) 391 (97.7) 40 (93) 0.007
Mechanical ventilation, days, mean + SD 733 +£11.24 13.23 £ 13.94 21.50 + 18.35 0.03
Vasoactive drug support, 1 (%) 72 (64.3) 296 (74.0) 32 (74.4) 0.01
Renal replacement therapy, 1 (%) 21 (18.7) 41 (10.2) 17 (39.5) 0.31
Respiratory tract infection, 1 (%) 35(31.2) 102 (25.5) 8 (18.6) 0.64
Catheter-related infections, n (%) 12 (10.7) 26 (6.5) 2 (4.6) 0.08
ICU stay, days, mean + SD 11.51 + 10.46 18.58 + 16.23 23.88 £+ 19.50 <0.001
Hospital stay, days, mean & SD 32.56 £ 21.7 34.60 == 29.80 39.20 4= 28.15 0.001
28-day mortality, 1 (%) 27 (24.1) 99 (24.7) 16 (37.2) 0.86

PN: parenteral nutrition; EN: enteral nutrition; SD: standard deviation; APACHE II: Acute Physiology and
Chronic Health Disease Classification System II; SAPS: Simplified Acute Physiology Score; SOFA: Sequential
Organ Failure Assessment; SGA: Subjective Global Assessment; mNUTRIC: modified Nutrition Risk in the
Critically II; and ICU: intensive care unit. Statistically significant p-values are written in bold. * During the entire
administration of nutrition therapy or at least the first 14 days. ** p-value of the comparison between only PN and
only EN subgroups.
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Table 3. Mean caloric and protein requirements of ICU patients receiving parenteral (PN) and enteral
nutrition (EN) during their ICU stay.

Day Kcal/kg/Day Protein g/kg/Day
Only PN Only EN ] Only PN Only EN ]
n=112 1 =400 p-Value n=112 n = 400 p-Value
1 1471 + 858 6.86 + 4.73 <0.001 0.73 + 0.51 0.36 + 0.27 <0.001
2 19.93 + 8.37 12.97 + 6.81 <0.001 0.99 + 0.60 0.68 + 0.38 0.001
3 20.05 + 7.70 15.56 + 7.36 0.001 1.00 + 0.46 0.81 + 0.43 0.07
4 20.18 + 7.34 16.54 +7.38 0.004 1.03 + 047 0.88 + 0.42 0.13
5 20.27 +7.37 17.11 + 7.40 0.08 1.03 + 047 0.90 + 0.42 0.17
6 20.10 + 8.85 17.61 + 7.45 0.09 1.03 £ 0.47 0.95 + 0.43 0.25
7 20.16 + 9.64 1772 +7.71 0.08 1.04 + 051 0.95 + 0.42 0.24
Mean Ist week  13.62 & 4.89 10.11 + 4.37 0.001 0.94 + 0.42 0.72 +0.33 0.04
8 21.02 £10.10 18.13 +7.33 0.01 1.06 + 0.49 0.96 + 0.43 0.28
9 23.73 + 8.04 18.20 + 7.24 0.001 1.08 + 0.54 0.98 + 0.43 0.44
10 2293 +9.48 18.44 £ 7.56 0.05 1.08 4 0.60 0.98 + 0.43 0.36
1 25.03 + 8.22 19.36 + 7.07 0.001 1.16 £ 0.60 1.04 £ 0.40 0.13
12 24.79 + 8.94 19.53 £7.25 0.001 1.26 + 053 1.04 043 0.07
13 25.61 + 6.90 19.75 + 6.76 0.001 1.27 £ 0.50 1.03 4 0.44 0.10
14 21.98 +7.92 20.50 = 6.67 0.88 1.09 + 0.54 1.05 £ 0.43 0.51
Mean 2nd week ~ 19.27 + 7.24 14.50 + 5.60 0.01 0.95 + 0.43 0.76 + 0.34 0.06

PN: parenteral nutrition; EN: enteral nutrition. Statistically significant p-values are written in bold.

3.4. Differences between the PN and PN-EN Subgroups

The PN-EN subgroup of 74 patients had different administration patterns (see Figure 2),
including initiation of EN after discontinuation of PN (Type 2; n = 22) or progressive switch-
ing from PN to EN (Type 1; n = 43). In a small number of PN-EN subgroup patients
(Type 3; n = 10), however, EN was stopped after initiation and the switch from PN to
EN was not feasible, the main reason being the impossibility of providing the appropri-
ate nutritional needs due to the presence of a high GRV. These ten patients all received
prokinetics (i.e., combined Metoclopramide and Erythromycin), to try to improve the high
GRYV during EN administration, and EN was administered simultaneously with PN for a
mean of 5.5 days (5 to 8 days). However, EN had to be completely stopped because the
prokinetic treatment was unresponsive and the GRVs remained high. Differences in the use
of PN-EN therapy within the different administration patterns were not associated with
significant differences in the 28-day mortality rate. A more precise analysis of the different
patterns of PN-EN administration was not performed in this subgroup due to the lack of a
sufficiently large number of patients in each group, impeding accurate statistical analysis.
EN was initiated in the PN-EN subgroup during the first week of ICU admission in all
cases (between days 4 and 7).

Differences between the general characteristics, nutritional support, and outcomes of
these subgroups are shown in Table 1. Patients in the PN-EN subgroup showed statistically
significant differences compared with the PN subgroup; they were more frequently med-
ical patients with higher organ failure (i.e., higher SOFA scores) on ICU admission, and
represented a subgroup with greater severity and need for organ support, which is seen
via the higher requirements of mechanical ventilation, days on mechanical ventilation, use
of vasoactive drugs, and longer duration of ICU and hospital stays. Moreover, a higher
percentage of patients in the PN-EN group received nutrition therapy for at least 7 days
(86.5%) compared to patients treated with PN only (42.0%) (p < 0.001), which may reflect
longer ICU stays.

Patients from the PN-EN group received a higher mean caloric and protein delivery
during the first week and higher mean protein delivery during the second week of ICU
admission (Table 4). More than one-third of patients in the PN-EN group had EN-related
complications (43.3%; n = 32). The most frequent complication was a high GRV (25.7%;
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n =19), followed by diarrhea (10.8%; n = 8). Vomiting (2.7%; n = 2) and aspiration (1.3%;
n = 1) were both infrequent complications, and mesenteric ischemia was diagnosed in only
one patient.

0,

Typed | | 20.9%

(n=43) | |

Type 2 | | 240.0% 28-d?y .
n=75 (n=10) | Mortality

Type 3 -

(n=22) | I | 31.8%

ICU admission Day 14
*P=0.38

Figure 2. Patterns of administration of parenteral (PN) and enteral nutrition (EN) in patients who
initially received PN.

Table 4. Mean caloric and protein requirements during parenteral nutrition (PN) delivery.

Day Kcal/kg/Day Protein g/kg/Day
All Patients Only PN PN-EN Val All Patients Only PN PN-EN Val
n=186 n=112 n="74 p-value n=186 n=112 n="74 p-vatue
1 1446 £ 837 1471 +£858  14.07 + 8.07 0.60 0.72 £ 0.46 0.73 £ 0.51 0.72 & 0.39 0.88
2 19.92 £8.09 19.93+837 1991 +7.71 0.98 0.99 = 0.52 0.99 = 0.60 0.99 = 0.40 0.94
3 20.82+758 2005+770  21.93 +7.32 0.10 1.04 £ 045 1.00 £ 0.46 1.11 £ 043 0.11
4 2118 +7.76 2018 +734 2242 +8.14 0.06 1.08 + 0.48 1.03 + 0.47 1.14 + 0.49 0.13
5 21194£799 2027 +£7.37  22.14 £ 854 0.15 1.10 £ 0.51 1.03 £ 047 1.17 £ 0.54 0.07
6 2141+869 20.10+885  22.56 + 8.45 0.10 1.12 £ 0.49 1.03 £ 0.47 1.20 + 0.50 0.05
7 21.99 £897  20.16 £9.64 2342 £8.19 0.05 1.15 £ 0.52 1.04 £ 0.51 1.23 £ 0.52 0.04
1;:4;121( 1556 £ 657  13.62+-489  16.84 +7.21 0.001 0.99 = 0.40 0.94 & 0.42 1.07 £ 0.37 0.04
8 22374904 21.02+10.10 23.14 £ 8.37 0.26 1.12 £ 0.52 1.06 £ 0.49 1.15 + 0.54 0.38
9 23314783 23731804  23.10+7.80 0.73 1.14 £ 0.51 1.08 + 0.54 1.17 £ 0.50 0.4
10 23264942 22934948 2342 +£9.49 0.83 1.15 + 0.54 1.08 £ 0.60 1.19 £ 0.50 0.38
11 2148 +£855 2503+822  19.99 +8.32 0.030 1.06 + 0.52 1.16 + 0.60 1.02 + 0.48 0.33
12 23404904 24794894 2276 +£9.13 0.44 1.18 £ 0.51 1.26 £ 0.53 1.14 £ 0.50 0.44
13 23914+793  2561+690 2320+ 831 0.32 1.18 £+ 0.50 1.27 £ 0.50 1.14 + 050 0.40
14 2336 +1026 21.98+7.92 2397 +11.23 0.58 1.14 £ 0.60 1.09 + 0.54 1.16 £ 0.63 0.71
Mean 1994 £ 672 1927 +£724 2096 +5.74 0.09 1.01 £ 041 0.95 = 0.43 1.08 £ 0.36 0.03
2nd week

PN: parenteral nutrition; EN: enteral nutrition. Statistically significant p-values are written in bold.

Multivariate analysis, also adjusted for confounding factors, revealed differences
among subgroups: patients in the PN group received a lower mean protein intake dur-
ing nutrition therapy during ICU admission, had a shorter ICU stay, and less time on
mechanical ventilation compared with those in the PN-EN group (Table 5).

Regarding laboratory data, there was a trend toward higher triglyceride levels in the
lipid profiles of the PN-EN group (without statistical significance) and no differences in
liver dysfunction between the PN and PN-EN groups were found. The other laboratory
parameters at ICU admission, at days 3 and 7, and at the time of discharge were quite similar
between the PN and PN-EN subgroups. More reliable results regarding the laboratory
analysis are shown in Table 6, whereas the complete results are shown in the Supplementary
Material (Table S3).
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Table 5. Results of multivariate analyses of factors associated with the use of parenteral nutrition
(PN) only compared against the use of parenteral and enteral nutrition (°PN-EN) during an ICU stay.

Hazard Ratio

Variables (95% Confidence Interval) p-Value
Mean g of protein/kg/day 0.29 (0.18-0.47) 0.001
Mechanical ventilation 0.51 (0.26-1.29) 0.15
Days on mechanical ventilation 0.85 (0.81-0.89) 0.001
Vasoactive drug support 0.90 (0.89-1.87) 0.35
Mean length of ICU stay 0.96 (0.92-0.99) 0.008
Catheter-relation infections 3.91 (0.84-8.83) 0.115

Quality of the model: Akaike Information Criterion (AIC) = 196.03; Bayesian Information Criterion (BIC) = 221.84;

and Pseudo R? (McFadden) = 0.28. Statistically significant p-values are written in bold.

Table 6. Laboratory data of patients receiving parenteral nutrition (PN) admitted to the ICU.

All Patients PN Only PN-EN Val
(n = 186) (n = 112) (n = 74) p-value
Lipid profile
Day 1 99 + 47 102 + 49 96 + 43 0.53
Cholesterol, Day 3 99 £+ 38 99 + 35 99 + 44 0.97
mean + SD (mg/dL) Day 7 113 + 42 107 £+ 31 118 £+ 48 0.26
ICU discharge 123 + 48 119 + 38 130 + 61 0.28
High cholesterol levels (>200 mg/dL), n (%) 8 (4.3) 1(0.9) 7(9.5) 0.32
Day 1 148 £ 114 134 £+ 100 168 4+ 129 0.14
Triglycerides, Day 3 186 £ 110 173 £ 97 203 £ 126 0.20
mean £ SD (mg/dL) Day 7 187 + 87 178 + 79 194 + 94 0.44
ICU discharge 185 £ 101 190 + 86 176 + 124 0.54
Hypertriglyceridemia (>350 mg/dL), 1 (%) 16 (8.6) 6 (5.4) 10 (13.5) 0.24
Liver parameters
Day 1 247 £1.55 1.31+£1.25 3.62 +1.92 0.11
Bilirubin, Day 3 2.46 + 1.36 1.54 +1.20 3.42 +1.59 0.32
mean £ SD (mg/dL) Day 7 223 +£1.36 2.74 +1.32 1.64 +1.39 0.87
ICU discharge 251 +£1.22 2.67 £1.16 225+ 1.31 0.72
High bilirubin levels (>1.23 mg/dL), n (%) 77 (41.4) 46 (41.1) 31 (41.9) 0.70
High transaminases (AST or ALT > 40 IU/L), n (%) 108 (58.1) 58 (51.8) 50 (67.6) 0.68
High ALP levels (>129 UI/L), n (%) 91 (48.9) 51 (45.5) 40 (54.0) 0.05
High GGT levels (>67 IU/L), n (%) 132 (71.0) 75 (67.0) 57 (77.0) 0.80
Liver dysfunction, n (%) 75 (40.3) 48 (42.9) 27 (36.5) 0.41
Blood proteins and C-reactive protein
Day 1 117.5 + 70.7 1159 + 729 119.9 £+ 68.1 0.80
Prealbumin, Day 3 108.4 £ 64.5 106.1 + 68.7 112.9 + 559 0.64
mean + SD (mg/L) Day 7 144.7 + 68.7 149.1 + 69.8 140.9 + 68.8 0.65
ICU discharge 164.9 £ 77.8 171.8 + 81.2 150.7 + 69.8 0.27
Low prealbumin levels, <200 mg/L, n (%) 117 (62.9) 72 (64.3) 45 (60.8) 0.43
Day 1 2.54 £+ 0.65 2.51 +£0.62 2.58 +£0.71 0.50
Albumin, Day 3 2.39 +0.52 2.40 + 0.52 2.37 +0.51 0.74
+SD (g/L) Day 7 242 +0.57 2.45 + 0.55 2.39 £ 0.59 0.62
ICU discharge 2.53 £ 0.63 2.52 +0.64 2.54 4+ 0.62 0.87
Low albumin levels, <30 g/L, n (%) 175 (94.1) 107 (95.5) 68 (91.9) 0.89
Day 1 173.6 + 144.2 171.2 £ 133.5 177.3 £ 160.1 0.79
C-reactive protein, mean + SD Day 3 152.8 + 128.6 168.8 + 135.6 128.09 4+ 113.9 0.07
(mg/L) Day 7 144.7 +90.6 120.5 + 97.8 129.62 + 81.3 0.10
ICU discharge 104.2 + 109.9 119.4 + 123.7 76.07 £71.2 0.03

SD: standard deviation; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phos-

phatase; and GGT: gamma-glutamyltransferase. Statistically significant p-values are written in bold.
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4. Discussion

The present observational research focused on the analysis of the nutrition practices
associated with the use of PN, especially when used early and as the initial route. In our
population, PN was required by one-third of the patients. We show that the use of PN
as the initial route for nutrition therapy, even when initiated early, may be not associated
with major complications in adult critical care patients and may help provide adequate
nutrition delivery during the entire ICU admission. Most importantly, our results suggest
that nutrition therapy in those patients who received initial PN and are expected to have
longer ICU stays (i.e., those with a higher degree of organ failure on ICU admission and
higher needs for invasive mechanical ventilation) may potentially benefit from considering
EN as complementary to PN or progressively switching from PN to EN, especially in terms
of protein delivery. This is important since some physicians treating critically ill patients
may be reluctant to introduce EN in these patients or they simply keep them on PN.

Despite the technical advances in PN over the last decade, the early use of PN is still
debatable [14]. EN has been deemed the optimal route for feeding over PN, although achiev-
ing current recommendations in caloric and protein targets with EN nutrition delivery in
the critically ill may be difficult [2—4]. The lack of use of PN is quite surprising since patients
who already have malnutrition on ICU admission would benefit from achieving nutritional
targets as much as possible, and supplementary PN may be helpful in this objective [15].
Indeed, PN may be considered early in patients at risk of developing malnutrition when
admitted to the ICU based on current recommendations [2,4]. Almost two-thirds of our
patients had malnutrition on ICU admission; however, PN was used early without a higher
incidence of complications (e.g., catheter-related complications), even when laboratory data
were analyzed.

PN was indicated by the attending intensivist as an alternative route for nutrition de-
livery when EN was impossible or insufficient following current recommendations [16,17].
Gastrointestinal dysfunction secondary to severe illness (e.g., ileus, bowel fistula, abdomi-
nal occlusion, postoperative for major surgical procedures, sepsis, etc.) was the main reason
for selecting PN in our patients. Gastrointestinal dysfunction in critically ill patients is com-
mon and has been associated with impaired outcomes [18,19]. As previously mentioned,
frequently, EN cannot cover all nutritional needs and PN helps enable adequate energy
and protein provision safely. Contemporary studies reported a mean protein delivery of
between 0.8 and 1.1 g-Kg~!-day ! [20-23], and a recent prospective multinational cohort
study in patients with ICU stays > 5 days found that their protein intake did not achieve
current recommendations (i.e., 1.2-1.3 g-:Kg~!-day ') [24]. Indeed, we show a similar
delivery of nutrition therapy, regardless of the route of administration.

A comparison was also made between the subgroups of patients treated exclusively
with PN and those who also received additional EN during their ICU stay. Among the
186 patients who received nutritional treatment by PN, EN was further administered to
39.8% of them. Despite the observational nature of the study, a daily evaluation to replace
PN with EN was performed by the attending intensivist. In the PN-EN subgroup, EN was
instituted following the discontinuation of PN or via progressive switching from PN to EN.
In 10 patients, however, EN was stopped because of EN-related complications, such as a
high GRYV, and a switch from PN to EN was not possible. The appearance of complications
following EN in these patients probably represents the persistence of gastrointestinal
dysfunction caused by the critical illness present on ICU admission.

We also describe three main patterns of administration to progress nutrition therapy
from the parenteral to the enteral route within the PN-EN subgroup. Despite progressive
switching from PN to EN seeming to be the most logical approach, the initiation of EN
following the discontinuation of PN was seen in one-third (29.3%) of the PN-EN subgroup.
In a recent survey of the transition from total PN to EN in critically ill patients involving
the participation of 105 healthcare professionals (62% from ICU departments), 96% of
participants reported that the objective of nutritional route transition was to ensure the
tolerance of a particular percentage of caloric and protein requirements provided by EN [20].
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In relation to the threshold of the theoretical EN requirements for PN discontinuation, 74.3%
of participants were in a range between 60% and 75%. Also, there was great variability in
the choice of the type of enteral diet (e.g., polymeric diets with and without fiber, oligomeric
diet, and glutamine-enriched peptide-based diet), although, in daily practice, 94.3% of
participants started enteral feeding with progressive volumes over a 72-h period. The study
concluded that further research is required to define the best strategy for optimizing the
transition from PN to EN in ICU patients [25].

In our population, PN provided adequate nutrition delivery, however, additional
EN may optimize caloric and protein requirements. Differences were observed in the
caloric and protein intake after the first and second weeks of ICU admission in favor of
the PN-EN subgroup. Indeed, the adjusted multivariate analysis showed that a lower
mean protein intake during nutrition therapy, shorter ICU stays, and less time on invasive
mechanical ventilation when needed, were associated with the use of PN alone. These
findings can be interpreted in different ways. Firstly, the PN subgroup of patients with
PN alone represents a less severe subgroup since they had shorter stays and less time on
invasive mechanical ventilation. Secondly, the PN-EN subgroup required longer ICU stays,
which could represent greater disease severity. Finally, the PN-EN subgroup received a
higher caloric and protein delivery, representing an optimization of nutrition therapy [9].
Optimal protein delivery in the ICU may afford different benefits in terms of outcomes:
less time on mechanical ventilation, improvement in healing after surgery, lower incidence
of acquired muscle weakness, and lower associated costs [22,26].

The present data reflect a real-world practice of nutrition therapy delivered to adult
critically ill patients; nevertheless, the observational design, heterogeneity of participants,
and lack of strong conclusions should be viewed as limitations of this study. On the other
hand, the multicenter nature, the significant number of patients within our population,
and the nutritional therapy follow-up until day 14 after ICU admission are among the
strengths of this study. The sample size could be adequate for the entire ICU population,
but it may be not optimal for subgroup analysis based on the number of patients included
in the PN-EN subgroup. Thus, the subgroup analysis results should be considered with
caution. To avoid the confounding influence of illness severity, nutritional status, length of
nutrition therapy, and population heterogeneity, we accounted for potential confounders
along with the finest statistical performance, which aimed to minimize their influence
(described in the Methods section). It is important to remark that patients from the EN-PN
subgroup represented a different subgroup of patients and the use of PN in them is related
to gastro-intestinal dysfunction (i.e., a higher average of EN-related complications) [27].
Even though the results are debatable, they are clinically relevant and could be helpful in
better identifying those patients requiring PN and with expected longer ICU admissions
who would benefit from adding EN to PN.

5. Conclusions

In the present observational cohort study regarding artificial nutrition therapy during
ICU admission, one-third of the study population required PN. The parenteral route may
be safe and without a higher incidence of complications, even when administered early,
compared to the enteral route. PN may also help provide adequate nutrition delivery;
however, additional EN, when possible, may optimize calorie and protein requirements,
especially in patients who cannot receive nutrition therapy by the enteral route and require
longer ICU stays.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/nu15214665/s1, Table S1: Mechanical and infectious complications related
to Parenteral Nutrition and central venous catheter evaluated during the study; Table S2: Mean caloric
and protein requirements during parenteral nutrition (PN) delivery during ICU stay. Comparison
between EN-PN subgroup and only PN subgroup (A), and EN-PN subgroup and PN-EN subgroup;
Table S3: Laboratory data of the patients receiving parenteral nutrition admitted to the ICU: lipid
profile (A), liver parameters (B), and blood proteins & C-reactive protein (C).
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