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ABSTRACT

Objectives: This systematic review aims to evaluate and summarise the findings of all relevant studies which identi-
fied the effect of early vs delayed parenteral nutrition (PN), early PN vs early supplemental PN and early PN vs stand-
ard care for critically ill adults. Methods: The literature search was undertaken using PubMed, Embase, Medline, Clin-
ical Key, and Ovid discovery databases. The reference lists of studies published from 2000 till June 2020 were hand
searched. Result: On screening 2088 articles, a total of five RCTs with 6,277 patients were included in this review.
Only one clinical trial compared early PN and late PN; the results reported significantly shorter periods in intensive
care unit (ICU) stay (p=0.02) and less ICU related infections (p=0.008) in the late PN group compared to the Early PN
group. Two trials compared total parenteral nutrition (TPN) and enteral nutrition (EN) +TPN groups. Both found a sig-
nificantly longer hospital stay duration (p<0.05 and p<0.01) with a higher mortality rate in the TPN group compared
to the EN+TPN group. A statistically significant improvement was observed in patients’ quality of life receiving early
PN compared to standard care (p=0.01). In contrast, no significant difference was found in the supplemental PN vs
the standard care group. Conclusion: The supplemental PN patients had shorter ICU stay and lower mortality rates
than TPN. However, these findings should be interpreted carefully as included studies have different initiation timing

of nutritional support, and the patients’ diagnosis varied.
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B INTRODUCTION

Nutritional support is considered an integral element
in the treatment of seriously ill patients admitted to the
ICU. Optimum nutrition levels are essential to main-
tain competent immune function, support anabolism,
reduce the metabolic response to stress, decrease oxi-
dative cell damage, and ultimately to improve critically
ill patients’ health status [1]. Nutrients supplied for
therapeutic reasons, whether orally, enterally, or par-
enterally are specified as specialised nutrition support
(SNS). PN is used for patients who cannot be fed an ap-
propriately oral diet or if the digestive tract is not func-
tioning or inaccessible [2]. Enteral nutrition alone pro-
vides only 45% to 60% of energy due to difficulties with
its provision rate. A supplemental PN strategy aims to
address EN’s energy gap to meet 100% of the daily en-
ergy demands. However, reports on its impact on clini-
cal outcomes have been inconsistent in reported trials

[3, 4]. It has been recommended that energy provision
be increased from 70% to 100% of estimated needs for
three to seven days of ICU post-admission [4, 5].

Timely initiation of optimum nutritional support is
vital to limit the catabolic process and reduce adverse
outcomes such as prolonged mechanical ventilation,
more prolonged ICU stays, and increased mortality
risk [6].

Nutritional support through the parenteral route
has traditionally been associated with more significant
risks and complications such as infection compared
to the enteral route. However, recent developments in
the supply, formulation, and monitoring of PN suggest
that more up to date comparison studies and analysis
of these nutritional support routes, especially in the
early phase of the disease, are now required [7]. Fur-
thermore, the use and optimal timing for PN initia-
tion remain less well defined, also European and North
American guidelines differ significantly [8].
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The Society of Critical Care Medicine (SCCM) and
the American Society for Parenteral and Enteral Nu-
trition (ASPEN) guidelines recommend that patients
with severe malnutrition be given PN as soon as pos-
sible after admission to an ICU when EN is not feasible.
However, in patients at low nutrition risk (NRS-2002 <
3 or NUTRIC score < 5), exclusive PN is withheld over
the first seven days following ICU admission [5].

Contrary wise, the 2019 European Society for Paren-
teral and Enteral Nutrition (ESPEN) guidelines stated
that clinical nutrition should be considered for any pa-
tient staying in an ICU for more than 48 hours, and
PN should be initiated within three to seven days, post-
admission, when EN is contraindicated [9]. According
to the Canadian clinical practice guidelines (2015),
PN should not be started simultaneously with enteral
nutrition and should not be used routinely in patients
with an intact gastrointestinal tract. However, few data
relating to patients who do not tolerate adequate en-
teral nutrition recommend the optimum time to initi-
ate parenteral nutrition [10]. Moreover, there are no
Indian guidelines and protocols available as to when
parenteral feeding should be initiated.

Several reported studies showed the superiority of
enteral nutrition over parenteral nutrition in some
aspects and vice versa [11-13]. However, very few sys-
tematic reviews were explicitly conducted to explore
the impact of early versus late parenteral nutrition and
parenteral nutrition versus supplementary parenteral
nutrition in adults. To date, no meta-analysis has been
published on this issue. Also, guidelines and research
results contradict parenteral nutrition, which creates
more confusion regarding parenteral nutrition opti-

mally.

This review aims to evaluate and summarise the
findings of all relevant studies that identified the effect
of early versus delayed parenteral nutrition, early PN
versus early supplemental PN, and early parenteral nu-
trition versus standard care in critically ill adults.

B METHODS

Search strategy

This systematic review was carried out following a pre-
determined, written protocol registered in the PROSPE-
RO database, registration number CRD42018092966.
A broad search strategy was used to obtain all relevant
studies that reported the use of early or delayed paren-
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teral nutrition alone or with enteral nutrition, as de-
fined in the study protocol (Supplementary, File 1).

With a librarian’s assistance, five databases, includ-
ing Medline, PubMed, Embase, Ovid, and Clinical Key;,
were searched, and reference lists of other studies, sys-
tematic reviews, and guidelines were hand searched. A
comprehensive search strategy was developed based on
keywords such as “early parenteral nutrition”, delayed
parenteral nutrition” “supplemental parenteral nutri-
tion”, “standard care’, “mortality rates”, “infection rates”
“length of hospital and ICU stay”, “quality of life”, “met-
abolic and gastrointestinal complications”, “critically ill
adults”. Controlled vocabulary strategies such as Medi-
cal Subject Headings (MeSH), Emtree, and truncations
were also used during the search.

Articles from January 2000 to June 2020 published
in the English language were searched. Only clinical
trials included patients aged 18 years or older, who had
been admitted to an ICU or a postoperative unit and
received parenteral nutrition alone, with or without
enteral nutrition, independent of the number of calo-
ries or amount of protein intake, were included in the
review. Studies, which reported any variety of compo-
sition of PN and route of PN administration, were ac-
cepted. Excluded were all clinical trials that provided
enteral or oral nutrition alone in any of the comparing
groups.

The experimental group was the early parenteral
nutrition group. The control groups were late paren-
teral nutrition, supplemental parenteral nutrition, or
standard care group (providing PN) as per the existing
hospital protocol). The outcomes for which data had
sought were categorised as primary outcomes such as
ICU mortality, length of ICU and hospital stay, qual-
ity of life, and secondary outcomes such as infection,
organ failure, metabolic and gastrointestinal complica-
tions. All the statistics reported in the review were de-
rived from the searched articles.

Selection of studies and data extraction

Two reviewers independently screened the titles and
abstracts for potentially relevant studies. The full text
of all eligible studies was retrieved and reviewed by the
same reviewers for inclusion in the review. Agreements
between the two reviewers for the inclusion of studies
were assessed. Disagreements were settled by consen-
sus and discussion with the third reviewer.

The relevant articles’ searching and the selection
process is presented as PRISMA (Preferred Report-
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ing Items for Systematic Review and Meta-Analysis)
flow chart (Figure 1). A total of five RCTs with a to-
tal of 6,277 patients were included in this review. Two
authors independently extracted the selected studies’
data, including essential characteristics of the studies
(Table 1) and relevant primary and secondary out-
comes of the included studies (Table 2).

Assessment of risk bias in included studies

Two authors independently assessed the risk of bias of
the included studies using the Cochrane ‘Risk of Bias’
tool [14]. The risk of bias was assessed for each of the
domains as low, high, or unclear; any disagreement was
settled by discussion, and if not resolved, then the third
author was consulted.

Selection bias (random sequence generation), at-
trition bias, reporting bias, and other biases were not
identified in any of the five included studies [15-19].
However, two trials [16, 17] had an unclear risk of bias
in some domains, such as selection bias (allocation
concealment), performance bias, and detection bias. A
high risk of bias was found in four studies, of which
three studies [15,18,19] had a high risk of performance
bias and detection bias. One study [17] had a high risk
of allocation concealment selection bias. The ‘Risk of
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Bias’ assessments for each included study in graphs
and figures is summarised in Figures 2 and 3. PRISMA
guidelines [20] were followed throughout the prepara-
tion of this review.

Assessment of heterogeneity and data synthesis

The initial plan was to conduct a systematic review and
meta-analysis to integrate the findings of potentially
relevant clinical trials to find the best possible solution
of initiation timings of the (supplemental) parenteral
nutrition in critically ill adults. In addition to the una-
vailability of the potentially relevant clinical trials, there
were inconsistencies in the interventions, basic charac-
teristics of the patients, and the concept of early and
late parenteral nutrition among the included studies
that did not allow us to conduct a meta-analysis. There-
fore, a systematic review was carried out. Furthermore,
an agreement of the definition of “early PN” and “late
PN” was problematic due to the presence of heteroge-
neity. Clinical and methodological heterogeneity was
analysed through an informal analysis of study charac-
teristics using clinical judgement [14,21,22].

Hence, this systematic review was carried out with
narrative syntheses of the studies’ results.

Records identified through database searching
(n=2088)

Clinical Key = 147, Ovid Search = 448, PubMed =
711. Embase = 782

Additional records identified through

other sources

(n=1083)

Records after duplicates removed

h 4

(n=1083)

Records screened with titles
& abstracts

eligibility
(n=23)

Full-text articles assessed for

(n=1)
v
Records excluded
(n = 1060)
Full-text articles excluded, with
» reasons (n = 18)

1-Article Retracted

|

1-Appraised Article
1-Protocol

(n=5)

Studies included in synthesis

2- paediatrics article

5-Sub study or secondary
analysis

e 8 Unmatched intervention

Fig. 1. PRISMA flow chart of search strategy and selection of articles
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Fig. 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as
percentages across all included studies.
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Fig. 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study

B RESULTS

A total of 2088 potentially relevant articles were identi-
fied via searching Embase (N=782), PubMed (N=711),
Ovid Search (N=448), Clinical Key (N=147). Addition-
al records were included through other sources (n=1).
After removing duplicates, 1083 articles were screened
based on their titles and abstracts. Twenty-three full-
text articles were reviewed based on the inclusion and
exclusion criteria of the review. Of these, eighteen ar-
ticles were excluded as they did not meet the eligibil-
ity criteria. One retracted trial was identified, one ap-

praised article, two paediatric trials, one ongoing trial,
five were sub-study or secondary analysis of a major
clinical trial (EPaNIC study), and eight studies had an
unmatched intervention. Five RCTs were finally identi-
fied for inclusion in this systematic review (Figure 1).

The review included five trials that enrolled 6,277
participants, ranging from 45 to 4640 participants. The
mean age of the participants ranged from 41.6 and 68.6
years in all included trials. Three of the five reported
studies [15,18,19] related to critically ill medical and
surgical adult patients. One of the studies [17] had en-
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rolled participants with traumatic brain injury, and one
trial [16] had patients with severe acute pancreatitis.
Of the total clinical trials included, one trial [15] com-
pared EPN and LPN, one trial compared early TPN
and standard care [18], one trial [19] compared supple-
mental PN with standard care, and two trials [16, 17]
compared TPN and supplemental PN. Basic character-
istics and clinical outcomes of the included studies are
given in Table 1 and 2, respectively.

Length of ICU and hospital Stay

Caesar M. (2011) [15] found a shorter period of ICU
stay in the late-initiation PN group (=8 d of ICU ad-
mission) compared with the early initiation PN group,
i.e., within 48 h of ICU admission. For more than three
days, more patients in the EPN group remained in the
ICU than the patients in the LPN group [15]. Com-
pared to the EN+TPN group, the TPN group had a
slightly longer median hospital stay during discharge
[16,21]. Fan M. (2016) [17] also reported that the mean
ICU length of stay was more in the PN group as com-
pared to the EN+PN group. Hence, it is interpreted
that supplemental PN had a shorter length of ICU and
hospital stay compared to PN alone. Compared to the
standard treatment, there was no substantial difference
in the duration of the ICU and hospital stay compared
to the early TPN group [18]. Ridley E. (2018) [19] also
did not report any significant difference in median days
of ICU and hospital stay of supplemental PN versus
standard care._

Mortality

Caesar M. (2011) [15] reported similar mortality rates
in EPN and LPN groups at the ICU and the hospital.
However, in the LPN group, the probability of earlier
discharges alive from the ICU and the hospital in-
creased by 6.3% without reducing functional status.
However, more patients developed hypoglycaemia
in LPN compared to the EPN group [15]. In the PN
group, mortality rates were significantly greater than in
the EN+TPN group [17]. Similarly, Hui L. (2019) [16]
reported more cases in the PN group than EN+TPN.
Hence, it is considered that supplemental parenteral
nutrition is superior to parenteral nutrition alone
in terms of mortality rate. Whereas, in contrast with
standard treatment versus early PN, there was no sig-
nificant difference in study day-60 mortality, death be-
fore ICU and hospital discharge [18]. In another study,
Ridley E. (2018) [19] also did not find any significant

Available online at: www.jccm.ro

difference in the number of 90 days and 180 days’ sur-
vival of patients in the usual care and EPN group.

Quality of life

Functional status was similar in the two study groups
(EPN and LPN), as measured by the six-minute walk-
ing distance and daily living activities at the time of
incipient hospital discharge [15]. A statistical im-
provement in patients’ quality of life receiving early
parenteral nutrition is more likely than those receiving
standard-care as measured using RAND-36 General
Health Status. However, the difference’s size did not
surpass half the standard deviation and was not con-
sidered clinically significant [18]. According to Rid-
ley E. (2018)[19], there was no significant difference
in the quality of life of usual care versus supplemental
PN group as measured using EuroQuol-5 Dimension
3 Level (EQ-5D-3L) at hospital discharge, 90 and 180
days after enrolment.

Other complications - Infection

Patients in the late-initiation group had lesser ICU
infections than the early-initiation group and lower
cholestasis incidence; fewer patients in the late initia-
tion group had new infections in the airways or lungs,
bloodstream, wound, and urinary tract. However, the
acute inflammatory reaction was more marked in the
early PN group, as evident with the median C-reactive
protein level [15]. Comparing the PN group with the
EN+PN group showed that complication rates were
significantly lower for intracranial infection and py-
emia in the PN group. [17]. However, there were no
significant differences between groups (standard care
vs early TPN) in new infection rates [18].

Organ Failure

There was a median reduction of three days in the renal
replacement therapy of late than the early parenteral
nutrition group [15]. Doig G (2013) reported no sig-
nificant reduction in organ failures in early TPN versus
standard care groups [18].

No significant difference was found in the usual care
versus intervention groups Sequential Organ Failure
Assessment scores [19].

Metabolic and gastrointestinal complications

More number of patients in the late PN group had high
bilirubin levels (> 3 mg/dl), and fewer had a clinically
significant rise in GGT (gamma-glutamyl transferase)
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or ALP (alkaline phosphatase) levels. The number of
patients with an increase in aminotransferase levels
was comparable in both groups (LPN and EPN), while
hypoglycaemia was more profound in the LPN group
than the EPN group [15]. The TPN and EN+TPN
groups showed significantly increased MODS cases
or death at discharge, prolonged hospital stays, and
increased cases of gastrointestinal bleeding and pan-
creatic infection compared to the EN group. However,
in the TPN and EN+TPN groups, cases of abdominal
distension, regurgitation, or aspiration were signifi-
cantly reduced compared to the EN group [16]. Ridley
E. (2018) [19] did not report any substantial reduction
in the number of patients in the usual care versus inter-
vention group with gastric residual volume exceeding
300 ml, abdominal distension and vomiting.

E DISCUSSION

The review was divided into three objectives to under-
stand better the initiation timings of the supplemental
parenteral nutrition. The primary outcomes were mor-
tality, quality of life, length of ICU, and hospital stay.
The secondary outcomes were complications such as
infection, organ failure, and metabolic and gastrointes-
tinal complications.

Caesar M. (2011) [15] reported similarities in early
(within 48 hours) and late parenteral nutrition group
(after seven days) mortality rates, but also a 6.3% rise
in the likelihood of earlier ICU and hospital alive dis-
charges in the late parenteral nutrition group. In sup-
port, Shah S. (2019) [21] also reported no significant
differences in mortality rates between early (within
seven days) and late (after seven days) PN groups.
However, it was also evident in other studies that early
PN reduces patients’ hospital stay [18, 21]. On com-
paring early PN with the supplemental PN group, the
RCTs evidenced higher mortality rates in the early PN
group than the supplemental PN group [16,17]. How-
ever, a large multicentre observational study suggested
that the provision of protein and calories to critically ill
patients could improve with supplemental parenteral
nutrition; no clinical benefit was identified [22].

Moreover, clinical trials involving standard care
versus supplementary PN showed no significant vari-
ations in mortality rates in both groups [18,19]. Thus,
patients in the early or late parenteral nutrition group,
supplementary PN group, and the standard treatment
group were assumed to have no significant differences
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in mortality rates. However, the standard treatment in
both trials was different [18,19]. Doig G (2013) includ-
ed nearly 40% of patients who eventually received de-
layed enteral nutrition; some patients received delayed
enteral or parenteral nutrition. Some remained unfed
during their ICU stay [18]. However, Ridley E. (2018)
[19] described the standard treatment as offering PN
when EN was inadequate. At the same time, the inter-
vention group provided a supplemental PN approach
administered for up to seven days, and the total average
energy and protein requirement were different in both
the standard treatment group and the supplemental PN
group, i.e., 2092 (392) kcal, and 103 (21) g respectively.

A shorter ICU stay and the probability of earlier dis-
charge of the patients from hospital care was observed
in the late initiation PN group, when treatment was
delayed for more than eight days after ICU admission,
compared to early initiation of treatment. Patients in
the EPN group remained in the ICU for three days
more than the LPN group patients [15]. In contrast,
Shah S. (2019) [21] reported a significantly shorter hos-
pital stay in the EPN group (within seven days) than
the LPN group (after seven days) of admission.

However, when PN was supplemented with EN, an
ICU stay was significantly prolonged in the PN group
compared to the SPN group [16,17]. It has been found
that there was no difference between the functional
status, as assessed by a six-minute walk, and in daily
living activities, of EPN and LPN group at the time
of hospital discharge [15]. In contrast, it has been re-
ported that early parenteral nutrition was found to be
protective against both muscle wasting and fat loss,
with significant early benefits appearing to persist over
the patient’s entire ICU stay compared to standard
treatment [18]. Correspondingly, a study found that
patients who had undergone PN post-surgically for
gastric cancer can substantially improve the quality of
life, nutritional and psychological status, and patients’
immune functions [23].

In terms of infection, it was found that fewer patients
acquired new infections in their respiratory tracts,
blood circulation, or wounds. However, there were a
more pronounced acute inflammatory response and
hyperbilirubinemia in the LPN group than in the early
initiation group. Cases with a rise in aminotransferase
levels were similar in both the LPN and EPN group
[15]. After doing sub-analysis of the study done by
Casaer M. (2011) [15], the EPaNIC trial of early PN
versus late PN found that tolerating significant caloric
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deficit by restricting PN until day eight of critical ill-
ness increased plasma bilirubin but decreased the inci-
dence of biliary sludge and decreased gamma-glutamyl
transferase, alkaline phosphatase and alanine ami-
notransferase (GGT, ALP) [24]. A secondary analysis
of the EPaNIC trial showed that postponing any PN
use to supplement insufficient EN beyond one week
in the ICU significantly reduced the risk of acquiring
an invasive fungal infection in the ICU by 32% [25].
Similarly, it has been observed that feeding patients to
cover an individualised measured energy target with
supplemental PN from day four was associated with
improved immunity, less systematic inflammation, and
less muscle mass loss. A lower intracranial infection
and pyemia were also found in the supplemental PN
group than the PN group [17].

When the TPN and supplemental parenteral nu-
trition were compared, both the groups had a higher
number of multiple organ dysfunction syndromes,
increased cases of gastrointestinal bleeding. However,
cases of abdominal distention, regurgitation, or aspira-
tion were significantly lower than the EN group [16].
In the same way, no significant difference was observed
in the rates of new infections, incidences of organ fail-
ures, and cases having gastric residual volume more
than 300 ml, abdominal distension, and vomiting be-
tween the standard care groups and early TPN [18,19].
These discrepancies between the researches regarding
the health outcomes of the patients receiving paren-
teral nutrition could be due to the heterogeneity in the
study sample, i.e. patients with medical illness, surgi-
cal procedures, neuro-trauma [17], and severe acute
pancreatitis [16]. So, the energy requirement of the
patients varies accordingly. This is in agreement with
a systematic review that emphasised that differences
between the groups for nutritional delivery and energy
requirements cannot be ignored as a possible factor for
nosocomial infection. However, it is not known how,
irrespective of the composition of nutritional support,
an increased number of calories may affect nosocomial
infection [26].

It is said that though PN is more straightforward to
deliver than EN, its metabolic consequences are more
difficult to manage [27]. Metabolic PN status such as
blood glucose, normal urea, creatinine, and electro-
lytes such as chloride, bicarbonate, phosphate, plasma
triglycerides, magnesium, and signs of infection should
be routinely assessed.

Available online at: www.jccm.ro

A recent report on current practice and standards in
the United Kingdom stated that, while delivering PN,
“good practices” were followed in only 19% of the cas-
es. Furthermore, there was a reported lack of supervi-
sion and assessment in 54% of managed patients. Also,
PN-related metabolic complications occurred in 40%
of cases, out of which 49% of these complications could
have been prevented if necessary steps had been taken
[28].

The monitoring issue is usually not discussed in nu-
trition recommendations, even though it is crucial in
achieving success with any therapy [29]. For critically
ill patients, using a straightforward approach means
opposing one nutritional approach over others is no
more a fair solution. An early aggressive feeding strat-
egy, delivering full estimated energy targets from day
one, was inappropriate regardless of the route [26].

B CONCLUSION

This review found that patients on supplemental PN
had shorter ICU stays and lower mortality rates than
those on PN alone; however, these results should be
interpreted carefully as included studies have different
patients’ conditions, varying nutritional support com-
position and intervention timings. Hospitals should
have fixed feeding protocols regarding early over de-
layed parenteral nutrition and early PN over standard
treatment. This would ensure better feeding and nutri-
tional status among hospitalised patients.
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