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University of Oulu Graduate School; University of Oulu, Faculty of Medicine; Oulu University
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Acta Univ. Oul. D 1667, 2022
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Underfeeding is common among patients treated in the intensive care unit (ICU) and surgical ward
after major surgery. Adequate nutrition shortens both ICU and in-hospital length of stay (LOS),
reduces the incidence of post-operative surgical complications, and improves wound healing. The
aim of this study is to discover retrospectively factors associated with nutrition delivery among
non-elective critically ill ICU patients and among patients recovering from free flap surgery for
head and neck cancer (HNC) and emergency laparotomy (EL). The study population consisted of
three independent cohorts in Oulu University Hospital (OUH): 1) adult ICU emergency admission
patients from 2014 to 2016, 2) HNC free flap patients from 2008 to 2018, and 3) EL patients from
2015 to 2017. In this study, discrepancy between prescribed and administered enteral nutrition
(EN) was evaluated on the fourth ICU day. Bolus delivery of EN (BEN) instead of continuous
infusion and lower prescribed amounts was associated with lower discrepancy. Nutrition
adequacy throughout the whole ICU stay was ≥ 60% of demand in 42% of the patients. Low
nutrition adequacy in the ICU was related to underprescription and failure to administer the
prescribed nutrition. A total of 131 (60%) of the HNC free flap patients reached nutritional
adequacy of 60% of the calculated individual demand during the ten-day follow-up period.
Adequate nutrition was associated with a high number of post-operative days with oral intake
whereas nutrition support (NS) provided only a minor share of required nutrition. A cumulative
80% adequate nutrition was achieved in 218 (54%) patients recovering from EL during the first
10 postoperative days. Patients with adequate nutrition met the nutritional goals by the second
postoperative day, whereas patients with low nutrition delivery increased their caloric intake
during the five postoperative days without reaching the 80% level. In multivariate analysis,
postoperative ileus, loss of appetite and higher individual energy demand were associated with low
nutrition adequacy. In conclusion, low nutrition adequacy in the ICU setting was associated with
underprescription of nutrition and failure to administer the prescribed amount of nutrition.
Utilizing BEN delivery might be an efficient method to deliver energy in the ICU setting. Early
initiation of oral intake was associated with increased nutrition adequacy after both HNC free flap
surgery and emergency laparotomy. More adequate nutrition delivery might be obtained by the
early initiation of oral intake and closer monitoring of nutrition support.

Keywords: clinical nutrition, critical illness, enteral nutrition, nutrition support,
parenteral nutrition, surgery
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Tiivistelmä

Aliravitsemus on yleinen ilmiö tehohoidossa sekä raskaan kirurgian jälkeisessä vuodeosastohoi-
dossa. Riittävä ravitsemus lyhentää teho- ja sairaalahoidon kestoa, vähentää leikkauksen jälkeis-
ten komplikaatioiden esiintyvyyttä sekä edesauttaa leikkaushaavojen parantumista. Tämän tutki-
muksen tavoite on selvittää retrospektiivisesti ravitsemuksen toteutumista kriittisesti sairailla
päivystyksellisesti sisään otetuilla tehohoitopotilailla sekä potilailla, jotka ovat vuodeosastolla
toipumassa pään ja kaulan alueen syövän kudossiirreleikkauksesta tai päivystyslaparotomiasta.
Tutkimuspopulaatio käsittää kolme erillistä kohorttia Oulun yliopistosairaalasta (OYS): 1) aikui-
set päivystykselliset tehohoitopotilaat vuosilta 2014–2016, 2) pään- ja kaulan alueen kudossiirre-
potilaat vuosilta 2008–2018 sekä 3) päivystyslaparotomiapotilaat vuosilta 2015–2017. Tutki-
muksessa kartoitettiin eroa määrätyn ja annetun enteraalisen ravitsemuksen välillä neljäntenä
tehohoitovuorokautena. Enteraalisen ravitsemuksen bolusannostelu jatkuvan infuusion sijaan
sekä pienemmän volyymin määrääminen olivat yhteydessä korkeampaan suhteelliseen enteraali-
sen toteumaan. Tarkasteltaessa koko tehohoitojaksoa, 42 % tehohoidetuista potilaista sai ≥ 60 %
yksilöllisestä lasketusta ravitsemustarpeesta. Tätä matalampi ravitsemustaso oli yhteydessä
ravitsemuksen alimääräykseen sekä lääkärin määräämän ravinnonannon epäonnistumiseen. Pään
ja kaulan alueen syövän kudossiirrännäispotilaista 131 (60 %) saavutti 60 % laskennallisen yksi-
löllisen ravitsemustason kymmenen päivän seurantajakson aikana. Riittävä ravitsemus oli yhtey-
dessä suurempaan osuuteen leikkauksen jälkeisiä päiviä, jolloin kokonaisravitsemus toteutettiin
normaalisti suun kautta ilman nenämahaletkuun tai suonensisäisesti annosteltua ravitsemusta.
Päivystyslaparotomiapotilaista 218 (54 %) saavutti 80 % laskennallisen ravitsemustason kym-
menen päivän seurantajakson aikana. Ne potilaat, jotka saavuttivat 80 % ravitsemustason, saa-
vuttivat sen jo toisena leikkauksen jälkeisenä päivänä. Sen sijaan potilailla, joilla 80 % ravitse-
mustasoa ei saavutettu, ravitsemustaso kasvoi viidenteen leikkauksen jälkeiseen päivään asti,
minkä jälkeen kasvua ei enää tapahtunut. Monimuuttujamallissa leikkauksen jälkeinen suolila-
ma, ruokahaluttomuus sekä korkeampi yksilöllinen energiantarve olivat yhteydessä matalaan
ravitsemustasoon. Yhteenvetona voidaan sanoa, että matala ravitsemustaso tehohoidossa on
yhteydessä ravitsemuksen alimääräykseen sekä määrätyn ravitsemuksen annon epäonnistumi-
seen. Enteraalisen ravitsemuksen bolusannostelu saattaa olla jatkuvaa infuusiota tehokkaampi
keino toteutettaessa tehohoidossa olevien potilaiden ravitsemusta. Suun kautta otettavan tavan-
omaisen ravitsemuksen varhainen aloitus leikkauksen jälkeen lisäsi merkittävästi ravitsemusta-
soa sekä pään ja kaulan alueen kudossiirrännäisleikkauksen että päivystyslaparotomialeikkauk-
sen jälkeen. On mahdollista, että leikkauksen jälkeistä ravitsemustasoa raskaan kirurgian jäl-
keen voidaan parantaa varhaisella suun kautta annettavan ravitsemuksen aloituksella sekä ravit-
semustuen tarkalla valvonnalla.

Asiasanat: enteraalinen ravitsemus, kirurgia, kliininen ravitsemus, kriittinen sairaus,
parenteraalinen ravitsemus, ravitsemustuki
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1 Introduction  

The importance of nutrition during critical illness or after major trauma and 

surgery cannot be overstated. Adequate nutrition delivery shortens both intensive 

care unit (ICU) and hospital length of stay (LOS), improves wound healing, and 

speeds up overall recovery (McClave et al., 2016; Singer et al., 2019; Weimann et 

al., 2017). In the past, it was thought that the aim of clinical nutrition is to provide 

nutrients for the body to heal and to preserve body mass (McClave et al., 2016). 

In recent decades, however, the understanding of the body’s metabolic response to 

critical illness or major surgical insult has improved massively (Lambell, Tatucu-

Babet, Chapple, Gantner, & Ridley, 2020; McClave et al., 2016). Today, clinical 

nutrition can be considered as medical nutrition therapy (MNT), which aims to 

attenuate catabolic stress and to provide exogenous nutrients for the anabolic 

recovery phase (Hill, Elke, & Weimann, 2021; McClave et al., 2016). In both 

intensive care unit (ICU) and surgical ward settings, conventional eating is the 

most efficient way to provide nutrition as it has several benefits over nutrition 

support (NS), including cost effectiveness and positive effect on quality of life 

(Weimann et al., 2017). Nutrition with oral intake (OI) is generally recommended 

for all hospitalized patients, but in case OI is not tolerated, NS should be initiated. 

NS consists of enteral nutrition (EN) and parenteral nutrition (PN). Guidelines 

contemplating nutrition in ICU and in surgical ward suggest that EN should be 

preferred over PN (McClave et al., 2016; Weimann et al., 2017). In the ICU 

setting, most patients are not able to eat conventionally with OI due to airway 

management procedures, which is why nutrition is mainly conducted with NS 

(Casaer et al., 2011). Moreover, the prevalence of malnutrition in the ICU 

admission phase is reported to range from 38 to 78% (Lew et al., 2017). Based on 

previous results, it is well known that NS is prone to be inadequate in ICU 

(Bendavid et al., 2017; McClave et al., 2016). Nutrition adequacy varies from 26% 

to 75% of calculated demand in different studies contemplating the issue (Rahman 

et al., 2017; Yamamoto et al., 2020). Generally, nutrition adequacy has been 

estimated at roughly 50% of the calculated demand (McClave et al., 2016). There 

is some evidence indicating that nutrition inadequacy could be avoided in daily 

patient care by improving prescription policies and by monitoring nutrition 

support more closely (Bendavid et al., 2017; Kim, Stotts, Froelicher, Engler, & 

Porter, 2012). However, also contradicting results exist (Peev et al., 2015).  

Nutrition after free flap surgery for head and neck cancer (HNC) is an essential 

component of recovery and the majority of HNC patients will require postoperative 
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NS due to the anatomical location of the surgical site (Talwar, Donnelly, Skelly, & 

Donaldson, 2016). HNC malignancies are associated with poor living habits, and 

preoperative malnutrition is common among HNC patients  (Crippen et al., 2019; 

Parhar, Durham, Anderson, Rush, & Prisman, 2020). Furthermore, postoperative 

complications occur frequently in this patient group, which may lead to further 

challenges in postoperative nutrition commencement (McMahon et al., 2013). 

Although the importance of postoperative nutrition is widely advocated in the 

literature (Talwar et al., 2016; Weimann et al., 2017), there is a paucity of studies 

contemplating nutrition adequacy after free flap surgery for HNC. Previous reports 

reviewing the issue are focused on optimal initiation time of OI, not the adequacy of 

overall nutrition (Guidera, Kelly, Rigby, MacKinnon, & Tan, 2013; McAuley, Barry, 

McConnell, Smith, & Stenhouse, 2015).  

In the past decade, enhanced recovery after surgery (ERAS) has become standard 

care in gastro-intestinal (GI) surgery. ERAS pathways are designed for elective 

surgical patients with emphasis on postoperative recovery, but preoperative 

optimization of patient status (i.e. nutrition status) is considered as part of the ERAS 

pathway. In addition to early mobilization and adequate pain medication, 

perioperative nutrition delivery is a key component of ERAS (Weimann et al., 2017). 

Current literature contemplating postoperative nutrition in GI patients is mainly 

conducted in elective setting (Herbert et al., 2019). Very few studies have been 

published about nutrition after emergency laparotomies (EL) (Foss & Kehlet, 2020). 

Adequate nutrition after emergency GI surgery may be even more essential than after 

elective surgery because preoperative nutrition optimization in emergency setting is 

challenging or even impossible. 
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2 Review of the literature  

2.1 Definitions   

Oral intake (OI) refers to conventional peroral eating, which is implemented by 

consuming normal food or oral nutrition supplements (ONS). Nutrition support 

(NS) refers to the delivery of artificial nutrition for patients who are unable to eat. 

NS consists of enteral nutrition (EN) and parenteral nutrition (PN). EN is liquid 

nutrition solution which is administered to the stomach or to the proximal part of 

the small bowel via nasogastric tube (NGT) or percutaneous endoscopic 

gastrostomy (PEG). Feeding jejunostomy (FJ) is also an option to deliver EN. 

There is wide variety of content and energy density between different EN 

products. Typical EN solution is isotonic, with energy content from 1 to 1.5 

Kcal/mL, but solutions with even higher energy content are also available. 

Furthermore, EN can be enriched with different vitamins and trace elements 

(McClave et al., 2016). PN is intravenous (I.V.) nutrition liquid which is typically 

administered via central venous catheter (CVC), but solutions suitable for short-

time temporary use via peripheral venous catheters are also available. Parenteral 

solutions typically contain 0.4 Kcal/mL, but there is large variance in the energy 

content between different PN products. Vitamins and trace elements are not 

routinely included in PN solutions and typically need to be added separately. PN 

solutions are available with or without electrolytes (McClave et al., 2016).  

2.1.1 Comparison of current nutrition guidelines   

There are three independent main guidelines tailored to instruct clinical nutrition 

in ICU and surgical ward circumstances. Both American Society for Parenteral 

and Enteral Nutrition (ASPEN) guidelines for critically ill patients (McClave et 

al., 2016) and European Society for Clinical Nutrition and Metabolism (ESPEN) 

guidelines for intensive care (Singer et al., 2019) have been designed for the ICU 

environment whereas the ESPEN clinical nutrition in surgery guideline (Weimann 

et al., 2017) has been designed for the surgical ward setting. All three guidelines 

conclude that OI should be the primary method to deliver nutrition and should be 

initiated whenever possible after hospital ward or ICU admission. In case OI is 

not possible, all guidelines advocate EN over PN and they are unanimous that NS 
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should be initiated with any method for patients who are malnourished. The 

summary and main differences between these guidelines are presented in Table 1. 

Table 1. Comparison of guidelines focused on nutrition support. 

Guideline ASPEN guidelines for 

critical care 

ESPEN guidelines for 

intensive care 

ESPEN guidelines for 

surgical patients 

Initiation of EN 24 to 48 hours from ICU 

admission if unable to 

obtain OI  

Within 48 hours from ICU 

admission 

Immediately if anticipated 

that OI will not be obtained 

for more than 5 days or OI 

is  50% of demand for 

more than 7 days 

Initiation of PN In high nutrition risk 

patients immediately after 

admission if EN is not 

feasible. For patients with 

good baseline nutrition 

status, initiation after 7 ICU 

days  

Within 3 to 7 days in case 

EN is not possible 

If OI or EN are unable to 

provide ≥ 50% of demand 

for more than 7 days 

Energy goal 25-30 Kcal/Kg/d if IC is not 

available  

20-25 Kcal/Kg/d if IC is 

not available. Hypocaloric 

(≤ 70% of demand) 

nutrition should be 

preferred for the first 7 

days 

25-30 Kcal/Kg/d 

EN, enteral nutrition; ICU, intensive care unit; OI, oral intake; PN, parenteral nutrition; IC, indirect 

calorimetry. 

According to a meta-analysis including ten relevant nutrition studies conducted 

for the ESPEN guidelines for intensive care, initiation of EN within 48 hours 

from the ICU admission reduces infectious complications (RR 0.76 CL 0.59, 

0.97, p < 0.03) but no other advantages resulting from early EN initiation were 

found (Singer et al., 2019). In the ESPEN guidelines for ICU patients, the energy 

target is set at up to 70–100% of the estimated demand to avoid overfeeding 

which causes infections, increased ventilator duration, and prolonged length of 

stay (Singer et al., 2019). 

In another meta-analysis of 13 studies conducted for the ESPEN guidelines 

for ICU patients, delayed PN was associated with a decreased amount of 

infectious complications and shorter ICU and hospital LOS, suggesting that PN 
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should be initiated 3–7 days from admission for patients not tolerating EN (Singer 

et al., 2019). However, in case the patient is severely malnourished on admission 

and EN is contraindicated, PN should be initiated from the very beginning of the 

ICU stay (Singer et al., 2019).  

The ASPEN guidelines recommend that EN should be initiated from 24 to 48 

hours of ICU admission. In a meta-analysis comparing early EN to withholding or 

delaying EN, early EN led to reduction in both mortality (RR = 0.70; 95% CI, 

0.49–1.00; P = .05) and infectious morbidity (RR = 0.74; 95% CI, 0.58–

0.93; P = .01) (McClave et al., 2016). The nutrition goal is 80% of the calculated 

demand, which should be obtained within 2 to 3 days from ICU admission. In 

case EN is not tolerated, PN should be initiated after 7 days from ICU admission 

if nutrition status was good on admission day. However, if the patient is at high 

malnutrition risk or malnourished in the admission phase and EN is 

contraindicated, PN should be initiated immediately (McClave et al., 2016). 

The ESPEN guidelines for surgical patients recommend early postoperative 

OI for all surgical patients. Oral nutrition should be initiated immediately after 

surgery for most patients since in the light of current the evidence, early OI does 

not have negative effects impairing recovery, such as fascial dehiscence or 

anastomotic leakage (Weimann et al., 2017). In case OI is not tolerated or is 

expected to be below 50% of the estimated demand for more than 7 days, EN 

should be initiated. Respectively, if nutritional intake is expected to be below 50% 

with EN or EN is contraindicated, PN should be initiated (Weimann et al., 2017). 

2.2 Nutrition and metabolism 

2.2.1 Metabolic response to non-stress related fasting 

In a state of short starvation (duration < 72 hours), the body’s insulin secretion 

diminishes whereas the secretion of glucagon and catecholamines increases 

(Soeters, Soeters, Schooneman, Houten, & Romijn, 2012). Lipolysis, 

glycogenolysis and protein catabolism increase, and when glycogen stores are 

depleted, gluconeogenesis from amino acids occurs (Soeters et al., 2012). In 

adipose tissue, hydrolysis of triglycerides releases free fatty acids and glycerol 

into the circulation (Soeters et al., 2012). If starvation is prolonged (duration > 72 

hours), insulin levels decrease further, ketogenesis in the liver commences, and 

keto bodies are produced while the central nervous system (CNS) adopts 
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utilization of ketones as a secondary energy source parallel to glucose (Longo & 

Mattson, 2014). In prolonged fasting, lipolysis and β-oxidation of fatty acids is 

further enhanced whereas ongoing protein catabolism relatively diminishes 

(Soeters et al., 2012).  

2.2.2 Metabolic response to major trauma or severe inflammation 

After major trauma, surgical insult or in a state of severe inflammation, the body’s 

systemic metabolic response can be divided into acute and post-acute phases. The 

acute phase consists of early and late periods and the early period can be divided 

into ebb and flow phases (Elke et al., 2019; Singer, 2019; Singer et al., 2019). Ebb 

is a hyperacute state which comprises hemodynamic instability and decrease of 

body temperature. The aim of the ebb phase is to survive from the very initial 

traumatic or inflammatory insult by suppressing all but vital functions and 

generally, the ebb phase is the reason for ICU admission. The flow phase occurs 

after the ebb phase and comprises instable catabolic metabolism (Singer et al., 

2019). In the early period of the acute phase, increased secretion of stress 

hormones like glucagon, cortisol and cytokines induces catabolism and stimulates 

insulin resistance (Singer, 2019). During this period, the body provides 

endogenous glucose which is crucial for tissue healing and for vital organs 

depending on glucose in the initial stress phase such as the CNS, white and red 

blood cells and the reticuloendothelial system (Marik & Bellomo, 2013).  Glucose 

is primarily endogenously produced via proteolysis and lipolysis, which may lead 

to muscle loss if catabolic metabolism is prolonged. In the late period, 

metabolism shifts from catabolic to anabolic, and eventually, the post-acute 

recovery phase begins. Alternatively, the late period may develop into chronic 

phase, which is characterized by persistent organ dysfunction and uncertain 

prognosis (Lambell et al., 2020; Singer et al., 2019; Wernerman et al., 2019). The 

duration of different phases is difficult to determine since there are no specific 

diagnostic markers to provide information about ongoing metabolic phase, and 

therefore physicians must evaluate patients’ metabolic status based on clinical 

findings such as weight loss, muscle atrophy and weakness, delayed wound 

healing and secondary infections (Lambell et al., 2020; McClave et al., 2016; 

Preiser et al., 2015). ESPEN defines the duration of the early phase to be 1–2 days 

and that of the late phase 3–7 days (Singer et al., 2019). The metabolic phases 

following severe inflammation or major trauma are presented in Figure 1. 
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Fig. 1. Metabolic phases of critical illness or major trauma. After stress mediator, early 

catabolic phase occurs, followed by late phase in which metabolism changes into 

anabolic. After late phase, recovery begins or metabolism fails to change into anabolic 

and chronic catabolic phase is initiated and prolonged. Figure adapted and collected 

from ESPEN guidelines for intensive care and from DEGM guideline of the German 

Society for Nutritional Medicine. 

2.2.3 Clinical evaluation of nutrition status 

Evaluation of patients’ individual nutrition status is an ongoing challenge in daily 

clinical work. Traditionally, nutrition status has been evaluated by measuring 

weight, muscle status and observing occurrence of infections and wound healing 

(Singer et al., 2019). In admission phase, nutrition screening can be conducted 

roughly with different physiologic scoring systems such as NUTRIC score and 

NRS2002 scores (Majari et al., 2021; Rahman et al., 2016). In addition to clinical 

observation and screening tools, laboratory biomarkers such as CRP, IL-6, 

albumin and prealbumin are also utilized when measuring nutrition status (Stoppe 

et al., 2020). Especially serum albumin and prealbumin have been regarded as 

useful laboratory markers when evaluating patients’ nutrition status (Weimann et 

al., 2017). However, interpretation of these markers has turned out to be 

problematic because both chronic and critical illness cause reprioritization of 

hepatic protein synthesis leading to decline of serum concentrations of albumin 

and prealbumin, which may cause misinterpretation of nutrition status when 
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inspecting the above laboratory results (Evans et al., 2021; Keller, 2019). Specific 

biological markers that would help to evaluate different metabolic phases are 

currently under investigation. Utilization of proteins that reflect the levels of 

anabolic substrates such as protein kinase mTOR may turn out to be beneficial 

when evaluating the metabolic status of critically ill patients (Stoppe et al., 2020). 

In the future, assessment of RNA coding, i.e. glucose transporters or insulin 

receptors, may turn out to be an efficient method to evaluate nutrition status due 

to the fact that RNA expression can be directly altered by metabolic changes 

(Arabi et al., 2017; Stoppe et al., 2020). Finally, there has been growing interest 

towards skeletal muscle radiological imaging as an indicator of response to 

administered NS (Stoppe et al., 2020). In recent years, there have been promising 

results about measurement of muscle mass alterations with ultrasound in the ICU 

setting (Hernández-Socorro, Saavedra, López-Fernández, & Ruiz-Santana, 2018).  

2.2.4 Nutrition’s effect on stress metabolism 

Recent studies have shown that contrary to normal metabolism, endogenous 

glucose production and muscle autophagy cannot be suppressed by providing 

exogenous nutrition in the ebb or the early flow phase (Singer et al., 2019; 

Weimann et al., 2017). During the first few days after major trauma or after onset 

of severe inflammation, the body’s catabolic metabolism produces 50% to 75% of 

energy expenditure (Preiser et al., 2015); thus the main actual nutritional benefit 

from nutrition support is to provide exogenous fuel for the body in the anabolic 

recovery phase. However, initiation of EN in the first days after ICU admission or 

after surgery has numerous advantages other than nutrition itself and therefore, 

the initiation of EN is recommended at the beginning of recovery (McClave et al., 

2016; Singer et al., 2019).  

2.3 Nutrition support 

The guidelines designed instructing NS in both ICU and surgical unit 

environments are unanimous in that NS should be conducted using EN rather than 

PN (McClave et al., 2016; Singer et al., 2019; Weimann et al., 2017). EN is 

considered more physiologic and it provides numerous benefits compared to PN. 

Intestinal contractility is stimulated by EN provision, and it preserves the gut 

microbiome and supports structural and functional gut integrity when compared 

to PN (Elke et al., 2016; McClave & Heyland, 2009). In the absence of luminal 
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nutrients, a functional response occurs in the intestinal epithelium leading to the 

opening of the paracellular channels, further accelerating inflammation (McClave 

& Heyland, 2009). EN provision leads to enhanced bile salt secretion, and it 

stimulates the release of GI hormones such as gastrin and motilin (McClave & 

Heyland, 2009). There is also some evidence indicating that EN provision may 

function as stress ulcer prophylaxis because it might enhance GI blood flow and 

raise intragastric pH levels (Huang, Jiang, Wang, Qin, & Du, 2018). Finally, 

critically ill patients’ fluid management is practical with EN because in a state of 

volume overload, enriched high energy EN solutions can be utilized rather than 

conventional PN, and nutrition goals can be achieved with a lower volume 

increase (McClave et al., 2016). The weakness of EN is its tendency to be 

inadequate (Ridley et al., 2018). Intolerance to EN is common and EN delivery is 

prone to interruptions caused by treatment procedures. There is some evidence 

indicating that nutritional goals might be achieved more certainly with 

supplemental PN (Bendavid et al., 2017; Elke et al., 2016; Ridley et al., 2018). 

Although the adequacy of NS can be increased with PN, the data supporting early 

PN supplementation is very conflicting. A prospective study of 2,312 ICU 

patients showed that early initiation of supplemental PN was associated with an 

increased incidence of complications, such as ICU-acquired infections and higher 

cholestasis incidence. They also required longer durations of mechanical 

ventilation and renal replacement therapy (RRT) (Casaer et al., 2011). Another 

recent prospective study reported that supplemental PN increased nutrition 

adequacy but did not have any effect on outcomes (Ridley et al., 2018). On the 

other hand, in a large prospective study (NUTRIREA-2), early EN was compared 

to early PN and it was shown that EN did not reduce the risk of infections or 

mortality but was associated with digestive complications (Reignier et al., 2018). 

Similar results have been reported previously by Harvey and his group (Harvey et 

al., 2014). In a recent Cochrane review, a judgment on whether sole EN would be 

more beneficial than EN with supplemental PN could not be done due to a lack of 

current evidence (Lewis, S. R., Schofield-Robinson, Alderson, & Smith, 2018). In 

another recent meta-analysis, EN combined with supplemental PN was associated 

with a decreased incidence of nosocomial infections and ICU mortality (Alsharif, 

Alsharif, Aljuraiban, & Abulmeaty, 2020). However, the question which delivery 

method should be used primarily when providing NS in ICU still remains 

unanswered (Ridley et al., 2018). 
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2.4 Delivery of enteral nutrition (EN) 

2.4.1 Continuous and bolus delivery 

Traditionally, EN has been delivered by continuous infusion (Lambell et al., 

2020). Slow CEN (continuous enteral nutrition) infusion has been thought to 

reduce EN-related complications and it is tolerated better than bolus enteral 

nutrition (BEN) (Ichimaru, 2018), although opposing results also exist 

(Kadamani, Itani, Zahran, & Taha, 2014). In recent years, there has been growing 

interest towards BEN because intermittent EN boluses better mimic normal 

peroral eating and therefore BEN might be a more physiological way to 

administer EN (Lambell et al., 2020; Patel, Rosenthal, & Heyland, 2018). In a 

recent study conducted with healthy volunteers, BEN was associated with 

improved blood flow in mesenteric arteries and increased secretion of insulin and 

peptide YY when compared to CEN (Chowdhury et al., 2016). Furthermore, it has 

been demonstrated with healthy subjects that BEN does not increase the risk of 

gastro-esophageal reflux or aspiration (Bowling et al., 2008). BEN feeding has 

also been associated with improved skeletal protein synthesis in neonatal pigs 

when compared to CEN (Gazzaneo et al., 2011). However, results obtained from 

healthy volunteers or from animal studies are not always directly applicable to 

heterogeneous hospital population and there is a paucity of studies contemplating 

the issue in surgical ward or ICU settings (Arabi et al., 2017). The disadvantages 

associated with the administration of relatively fast EN boluses include possible 

increase of aspiration and diarrhea incidence (Ichimaru, 2018). Delayed gastric 

emptying is common among ICU patients; it is estimated that almost half of 

critically ill patients show signs of delayed gastric emptying, which causes 

intolerance to rapidly given EN boluses (Lewis, K. et al., 2016). In the most up-

to-date meta-analysis consisting of 1,025 critically ill patients, continuous and 

intermittent EN were compared; intermittent EN was associated with increased 

occurrence of high gastric residual volumes and higher risk of aspiration whereas 

caloric intake was higher and incidence of constipation lower among patients 

receiving BEN (Ma et al., 2021). Although interest towards BEN has been 

increasing in recent years, current ESPEN guidelines still do not recommend BEN 

in the ICU setting. In a small meta-analysis of 236 patients conducted by the 

ESPEN consortium, CEN was associated with a smaller incidence of diarrhea 

(Singer et al., 2019). ASPEN guidelines do not directly advocate using either 

method, but in the case of high risk for aspiration, nutrition should be conducted 
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by CEN (McClave et al., 2016). Currently, there are some upcoming prospective 

studies aiming to enlighten the effects of BEN on nutrition outcomes among ICU 

population (Hrdy et al., 2020; Reinhold et al., 2020). Contraindications for EN 

delivery are instable hemodynamics measured by the need of high dose 

vasoactives or elevated lactate level, gastric intolerance (gastric residual volume > 

500 mL/6h and acute gastrointestinal bleeding, ischemia, bowel occlusion or 

compartment syndrome (Hill et al., 2021; Singer et al., 2019). 

2.4.2 Nasogastric tubes 

There is still no consensus on the nasogastric tube (NGT) placement location 

while initiating EN (Schlein, 2016). Generally, NGT can be placed in the stomach 

or the duodenum. According to current guidelines, post pyloric insertion of NGT 

has been shown to reduce the rate of aspiration pneumonia, but it seems that there 

is no difference in ventilator free days or ICU LOS between gastric or duodenal 

placement (McClave et al., 2016; Singer et al., 2019). There is some evidence 

indicating that post pyloric insertion of NGT might improve EN intake and reduce 

the incidence of ICU-acquired pneumonia. However, it seems that post pyloric 

insertion of NGT has no beneficial effects on ICU or hospital LOS, ventilator free 

days or mortality (Deane et al., 2013). According to the latest Cochrane 

systematic review contemplating the issue, post pyloric insertion of NGT might 

lower the risk of aspiration pneumonia and possibly lead to increased amount of 

delivered EN. The insertion of NGT into the duodenum might sometimes turn out 

to be difficult and may require experienced staff. The same review suggests that 

the decision of NGT placement location should be made on individual basis but 

no clear recommendation about the issue can be made (Alkhawaja, Martin, 

Butler, & Gwadry-Sridhar, 2015). In a state of high gastric residual volumes, 

NGT can also be placed in the jejunum. However, in the multicenter study 

conducted by Davies et al. no difference in caloric intake was observed between 

gastric and jejunal tube placement patients, but patients who had NGT in the 

jejunum had higher incidence of GI hemorrhage (Davies et al., 2012). 

2.4.3 Alternative enteral accesses 

Percutaneous endoscopic gastrectomy (PEG) is an EN delivery method where 

direct EN access is inserted percutaneously into the stomach. In case EN duration 

is expected to be longer than 4 weeks, PEG insertion is recommended (Weimann 
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et al., 2017). When compared to conventional NGTs, PEG utilization has lower 

rates of feeding-related complications such as aspiration pneumonia, esophageal 

reflux and GI bleeding (Rahnemai-Azar, Rahnemaiazar, Naghshizadian, Kurtz, & 

Farkas, 2014). Possible but rare surgical complications caused by PEG insertion 

are insertion area bleeding, internal organ laceration injury and necrotizing 

fasciitis (Rahnemai-Azar et al., 2014). In the case of gastric outlet obstruction or 

absence of sufficient stomach lumen after bariatric surgery, the PEG tube can be 

placed directly in the jejunum (DeLong & Pauli, 2020). After upper GI surgery, 

there is a risk of anastomotic failure and therefore post pyloric feeding is a 

reasonable option for EN delivery. This also applies in a state of gastroparesis. 

Feeding jejunostomy (FJ) is a method to implement EN delivery where the 

feeding tube is inserted percutaneously into the jejunum. Complications related to 

FJ are tube dislodgement, tube clogging, tube leaking and tube site infection 

(O'Neill, Moore, Philips, & Martin, 2020). 

2.5 Delivery of parenteral nutrition (PN) 

Parenteral nutrition is delivered through a central venous catheter (CVC) or 

temporarily via peripheral intravenous lines. Standard PN solutions typically 

contain glucose, amino acids and electrolytes, but energy rich lipid emulsions are 

also available (Raman et al., 2017). Furthermore, enriched PN solutions with 

vitamins and trace elements exist, and combined mixtures are commonly used 

(Hellerman Itzhaki & Singer, 2020; Jin, Mulesa, & Carrilero Rouillet, 2017).  

Current guidelines agree that PN should be used in both ICU and surgical 

ward settings if OI or EN is not feasible. Major trauma or severe inflammation are 

known to induce endogenous glucose production lasting several days that cannot 

be blunted by providing exogenous energy (Moonen, Beckers, & van Zanten, 

2021; Singer et al., 2019; Weimann et al., 2017). Utilization of PN may easily 

lead to overfeeding, so PN is not recommended in the beginning of the hospital 

stay for previously well-nourished patients (Oshima, Heidegger, & Pichard, 

2016). However, in cases where hospital LOS is prolonged and nutritional goals 

cannot be achieved via OI or EN, PN has been shown to improve nutritional 

status. Although nutritional status can be improved by delivering supplemental 

PN, its effect on clinical outcomes remains obscure (Oshima & Pichard, 2015; 

Ridley et al., 2018). 
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2.6 Nutrition goals 

In the Oulu University Hospital intensive care units the nutrition goal is set at 20–

25 kcal/kg/day in the initial phase of the ICU stay; in the recovery phase, the goal  

is 25–30 kcal/kg/day in accordance with the ASPEN guideline (McClave et al., 

2016). In the surgical wards, the energy goal is set at 25 kcal/kg/day derived from 

the ESPEN guideline for surgical patients (Weimann et al., 2017). Indirect 

calorimetry (IC) should be preferred whenever possible (McClave et al., 2016; 

Singer et al., 2019) The principle with IC is continuous measurement of both 

oxygen consumed and carbon dioxide produced and calculation of resting energy 

expenditure (Moonen et al., 2021). Although the current guidelines concerning 

nutrition in ICU and surgical ward settings are fairly coherent about the nutrition 

goals, the optimal level of administered nutrition still remains partly obscure 

because the results from different studies are highly controversial (Secombe, 

Harley, Chapman, & Aromataris, 2015; Wernerman et al., 2019). In a large 

prospective multicenter trial, there was no difference in terms of mortality, ICU or 

hospital LOS between patients who received  between 40 to 60% and 70 to 100% 

of the calculated demand of calories (Arabi et al., 2015). In line with this, a meta-

analysis by Choi et al. reported that inadequate EN did not have any effect on 

hospital LOS or mortality when compared to adequate EN (Choi, E. Y., Park, & 

Park, 2015). Another meta-analysis of 4,717 ICU patients also came to a similar 

conclusion in terms of ICU LOS and mortality whereas adequate EN was 

associated with higher incidence of bloodstream infections and RRT (Al-Dorzi, 

Albarrak, Ferwana, Murad, & Arabi, 2016). In the largest retrospective 

observational study to date, the best outcomes were obtained by providing 70–

100% of the calculated energy demand when using 60-day mortality as the 

primary endpoint (Singer, 2019). However, studies comparing normal versus 

hypocaloric EN are remarkably heterogeneous in terms of study methods and 

populations (Al-Dorzi et al., 2016). The possible benefits of hypocaloric EN 

remain obscure and no clear recommendation can be made in light of the current 

evidence (Perman et al., 2018). When contemplating this particular issue, it is 

notable that the level of administered nutrition often improves while hospital LOS 

is prolonged (Bendavid et al., 2017). This causes difficulties when inspecting the 

results of longitudinal studies. Furthermore, endogenous gluconeogenesis cannot 

be blunted by providing exogenous nutrition in the early phase, which may 

mitigate the influence on nutrition support during the first days of critical illness 

or after major trauma (Al-Dorzi et al., 2016). The phenomenon called “obesity 
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paradox” causes further difficulties when interpreting the effects of nutrition in 

the ICU. It is known that patients with high BMI are more likely to be discharged 

alive from ICU (Schetz et al., 2019; Wacharasint et al., 2016). The reason for this 

paradox is unknown, but it is suggested that obese patients might benefit from 

high energy reserves. Also, obese patients suffer from baseline low-level 

inflammation, which might be a protecting factor in the cytokine storm caused by 

severe disease (Patel et al., 2016). Administration of additional vitamins and trace 

elements is encouraged in ICU setting because there is some evidence suggesting 

that vitamin and trace element supplementation may be associated with decreased 

mortality. However, research data on this issue is still scarce so no clear 

recommendation about dosage or route of vitamins and trace elements is made in 

either the ASPEN guidelines for critical care or the ESPEN guidelines for 

intensive care (McClave et al., 2016; Singer et al., 2019). 

2.7 Nutrition delivery in ICU setting 

2.7.1 Underfeeding 

Underfeeding is a common problem in the ICU environment (McClave et al., 

2016; Singer et al., 2019). Moreover, the prevalence of malnutrition is reported to 

be 38 to 78% in the ICU admission phase among general ICU population (Lew et 

al., 2017). Recently, Rahman et al. demonstrated a correlation between 

malnutrition evaluated with NUTRIC score and mortality. In the same study, a 

correlation between higher NUTRIC scores, adequate nutrition delivery and 

improved mortality was found (Rahman et al., 2016). Nutrition is often 

underprescribed and NS is initiated slowly. According to the results of a recent 

large cross-sectional audit with 9,777 ICU patients worldwide, in cases where NS 

was initiated, the amount of administered nutrition was not dependent on the 

patient’s individual needs and was often inadequate (Bendavid et al. 2017). Even 

though nutrition is often underprescribed, the actual amount of administered 

nutrition volume is typically smaller than the prescribed amount. A prospective 

multicenter study with 3,390 ICU patients reported that patients received 61.2% 

of prescribed nutrition and 74.0% of patients failed to reach at least 80% of 

calculated energy targets (Heyland, Dhaliwal, Wang, & Day, 2015). Another large 

international multicenter study with 2,772 ICU patients found that median 

nutrition adequacy among mechanically ventilated patients was only 59.2%, and 
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improved nutrition intake was associated with lower mortality (Alberda et al., 

2009). The study conducted by Rahman et al. found that among ICU patients 

recovering from cardiac surgery, median adequacy of nutrition was very low, 

being 32.4%. However, there was no correlation between increased energy intake 

and mortality (Rahman et al., 2017). 

2.7.2 Overfeeding 

Overfeeding in the ICU environment is defined as provision of more than 110% 

of the defined caloric target (Singer et al., 2019). Overfeeding leads to more 

episodes of hyperglycemia and increased need for high dose insulin therapy, 

which has a detrimental effect on ICU patients’ prognosis (NICE-SUGAR Study 

Investigators et al., 2009; van Zanten, De Waele, & Wischmeyer, 2019). 

Overfeeding critically ill patients has detrimental effects on outcomes since it has 

been associated with increased infectious complications, longer duration of 

mechanical ventilation and RRT (Weijs, Looijaard, Beishuizen, Girbes, & 

Oudemans-van Straaten, 2014). Overfeeding has also been associated with 

increased ICU mortality (Singer et al., 2019). Risk of overfeeding is particularly 

present in the very first days from the ICU admission due to endogenous glucose 

production which may range from 500 to 1,400 kcal/day (Hill et al., 2021; Singer 

et al., 2019). 

2.7.3 Problems related to enteral nutrition (EN) delivery 

Interruptions of EN infusion caused by different diagnostic and treatment 

procedures are frequent in the ICU setting. There is an ongoing debate on whether 

EN interruptions could be avoided. In the prospective study by Lee et al., around 

72% of the EN interruptions in ICU were potentially avoidable and procedure-

related whereas only 20% of interruptions occurred due to intolerance to EN (Lee, 

Ibrahim, & Mohd-Yusof, 2018). Conflicting results were published by Peev et al. 

since only 26% of the EN interruptions were considered avoidable in their 

prospective observational study (Peev et al., 2015). Unnecessary cessation of EN 

delivery during procedures performed outside the ICU may also significantly 

impair overall EN delivery (Ramakrishnan, Daphnee, Ranganathan, & 

Bhuvaneshwari, 2014). Furthermore, it is known that more than 50% of intubated 

patients encounter swallowing difficulties during the first few days after extubation, 
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which affects OI negatively and prolongs EN duration (Macht, White, & Moss, 2014). 

The intolerance to EN caused by poor gastric motility in the ICU setting might be 

mitigated by prokinetic agents. In the light of current evidence, however, the use 

of prokinetics does not appear to improve ICU outcomes or shorten LOS (Lewis, 

K. et al., 2016; Peng et al., 2021). Bowel ischemia is a very rare complication of 

EN (McClave et al., 2016) In the NUTRIREA-2 trial, early EN was associated 

with slightly higher incidence of bowel ischemia and colonic pseudo-obstruction 

among mechanically ventilated patients with a need of vasopressors when 

compared to PN (Reignier et al., 2018). However, it is notable that in the 

NUTRIREA-2 trial, the mean norepinephrine dose was higher  than the exclusion 

criterion in two other large scale studies with similar settings in which an 

association between EN and bowel ischemia or colonic pseudo-obstruction was 

not found (Arabi et al., 2015; National Heart, Lung, and Blood Institute Acute 

Respiratory Distress Syndrome (ARDS) Clinical Trials Network et al., 2012). 

While there is ongoing debate on whether to administer EN to patients with 

vasopressors (Arabi & McClave, 2020; Wischmeyer, 2020), the current ASPEN 

guidelines recommend EN initiation when hemodynamics are stable and 

vasopressors are being withdrawn (McClave et al., 2016). 

2.7.4 Problems related to parenteral nutrition (PN) delivery 

Although the utilization of PN is justified in some cases, the risk-benefit ratio of 

PN is much narrower when compared to OI or EN (McClave et al., 2016). 

Carbohydrates delivered by PN increase the level of blood glucose more than the 

same amount provided by EN because intravenous delivery bypasses the 

enteroinsular regulatory system (Hellerman Itzhaki & Singer, 2020). In addition 

to glucose, PN solutions typically contain lipids. In the past, there were concerns 

about the possible proinflammatory effect of linoleic acid, which is a component 

of soybean oil, the former lipid source in PN solutions, but the current PN lipid 

emulsions are derived from olive and fish oils and regarded safe (Hellerman 

Itzhaki & Singer, 2020). One feared complication of PN is parenteral nutrition 

associated liver disease (PNALD). The pathogenesis of PNALD still remains 

unclear, but introduction of fish oil based PN solutions has proven beneficial in 

preventing PNALD (Xu & Li, 2012). The current PN solutions typically contain 

amino acids as well. Generally, amino acid delivery can be conducted more 

promptly with PN than EN. This, however, may predispose to amino acid over-

provision with PN, which can further cause hyperammonia and encephalopathy 
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(Hoffer, 2017). In the past decades, PN was widely associated with increased 

infectious complications (Casaer et al., 2011; Elke et al., 2016), but a causal 

relationship between infections and PN delivery has not been shown in the latest 

large prospective multicenter reports (Harvey et al., 2016; Reignier et al., 2018). 

In the light of the current evidence, it seems that infectious complications 

attributed to PN are more likely caused by overfeeding and subsequent 

hyperglycemia, not by the catheters needed for PN delivery (Hellerman Itzhaki & 

Singer, 2020). Although the proportions of carbohydrates have been decreased in 

modern PN solutions during the past decade, hyperglycemia still remains the most 

common complication of PN (Achamrah, Oshima, & Genton, 2018). Even though 

the detrimental effects of hyperglycemia are well known (van den Berghe et al., 

2001), tight glucose control is not recommended since it has been shown to 

increase hypoglycemic events and in-hospital mortality (NICE-SUGAR Study 

Investigators et al., 2009). 

2.8 Nutrition delivery in surgical ward 

2.8.1 Nutrition after HNC surgery 

Head and neck cancer (HNC) is typically associated with a poor prognosis 

(Baijens et al., 2020; Lahtinen, S., Koivunen, Ala-Kokko, Kaarela, Ohtonen et al., 

2019). Nutrition after free flap surgery for HNC is a vital part of recovery and its 

importance to outcomes and survival has been widely acknowledged (Talwar et 

al., 2016). Various factors among HNC patients make nutrition delivery very 

difficult in this patient group (Müller-Richter, Betz, Hartmann, & Brands, 2017). 

Free flap operation for HNC is invasive and technically highly challenging and 

causes major surgical insult to the patient. In free flap surgery for HNC, the flap is 

harvested from another part of the patient’s body (typically leg or arm) and the 

tumor tissue removed from the upper aerodigestive tract is replaced by the flap. 

Due to anatomical (tumor site) and physiological (swallowing) reasons, major 

difficulties may occur when initiating postoperative nutrition (Müller-Richter et 

al., 2017). Patients also often have postoperative tracheostomy, which further 

impairs oral intake (Mah, Staff, Fisher, & Butler, 2017). 
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Preoperative nutrition status 

Preoperative malnutrition among HNC patients is common and poor living habits 

are frequent (Crippen et al., 2019). According to previous literature, almost one 

third of HNC patients are preoperatively malnourished, which is associated with 

impaired surgical outcomes (Parhar et al., 2020; Shum et al., 2014). Alcohol and 

tobacco consumption are overrepresented among HNC patients (Baijens et al., 

2020; Müller-Richter et al., 2017) and those habits stand as independent risk 

factors for malnutrition. HNC tumors might compress the upper GI tract or oral 

cavity, which may have impaired OI preoperatively. It is also known that HNC 

tumors may secrete inflammatory markers which cause appetite impairment 

(Parhar et al., 2020). Preoperative optimization of nutritional status is 

recommended among HNC patients since it has a beneficial impact on the 

incidence of postoperative complications (Dort et al., 2017; Talwar et al., 2016). 

Traditionally, preoperative nutrition status has been evaluated by inspecting 

preoperative albumin/prealbumin levels and BMI, but utilization of these 

indicators is problematic because albumin/prealbumin levels are a surrogate for 

both cancer-related chronic inflammation and malnutrition and may therefore be 

inaccurate if used only to evaluate nutrition status. High BMI may lead to 

underestimation of cancer-related malnutrition (Parhar et al., 2020). United 

Kingdom national multidisciplinary guidelines for nutritional management of 

HNC patients recommend preoperative nutritional status assessment with clinical 

observation such as weight changes and muscle loss. Close evaluation of 

preceding dietary history is also encouraged (Talwar et al., 2016).  There are 

currently no specific laboratory markers for preexisting malnutrition, but the 

evaluation should be conducted based on clinical situation (Talwar et al., 2016). 

The same guidelines recommend preoperative carbohydrate loading in the case of 

preexisting malnutrition and if it is anticipated that the patient is unable to eat for 

more than 7 days postoperatively (Talwar et al., 2016). ESPEN guidelines for 

surgical patients and the American Society of Enhanced Recovery and 

Perioperative Quality Initiative joint consensus statement on nutrition screening 

share the concept of preoperative nutrition status optimization and preoperative 

carbohydrate loading the night before and in the morning of the day of operation 

(Weimann et al., 2017; Wischmeyer et al., 2018). The above-mentioned 

guidelines are presented in Table 2. 
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Table 2. Comparison of guidelines directing preoperative nutrition assessment and 

nutrition support. 

Guideline content Criteria for preoperative 

malnutrition 

Preoperative nutrition support  

ESPEN guideline for surgical 

patients 

Weight loss >10-15% within 6 

months 

BMI <18.5 

SGA Grade C or NRS >5 

Serum albumin <30 g/L (with no 

evidence of hepatic or renal 

dysfunction) 

 

Initiation of ONS or NS 7–14 days 

prior  to operation even if surgery 

needs to be postponed 

Goal -NA 

OI and EN routes preferred over 

PN 

Night before, 800 mL oral 

carbohydrate drink and a further 

400 mL 2 hours prior to surgery 

United Kingdom national 

multidisciplinary guidelines for 

nutritional management for HNC 

patients 

Weight loss >10-15% within 6 

months 

BMI <18.5 

SGA Grade C 

Serum albumin <30 gL 

Unable to maintain intake above 

60% of recommended intake 

for > 10 days 

 

Patients with preoperative 

malnutrition should receive NS for 

10–14 days even in case 

operation needs to be postponed 

Goal 25-35 Kcal/kg/d 

 Carbohydrate loading according 

to local protocol 

American Society of Enhanced 

Recovery and Perioperative Quality 

Initiative joint consensus statement 

on nutrition screening  

Unplanned weight loss >10% in 

past 6 months 

BMI <18.5 (20 if age >65) 

less than 50% of usual oral 

intake in preceding week  

Serum albumin <3.0 g/dL 

ONS for a period of at least 7 

days.  

Goal 25 Kcal/kg/d 

If OI is impossible to achieve, NS 

should be conducted with EN, and 

with PN if EN is contraindicated 

Night before, 100 g carbohydrate 

as a clear liquid and a further 50 g 

2 hours prior to surgery 

ESPEN, European Society for Clinical Nutrition and Metabolism; BMI, body mass index; SGA, subjective 

global assessment; NRS, nutritional risk screening score; ONS, oral nutrition supplements; NS, nutrition 

support; NA, not applicable; OI, oral intake; EN, enteral nutrition; PN, parenteral nutrition; HNC, head and 

neck cancer. 

Postoperative nutrition 

Postoperative nutrition after HNC surgery is challenging. Swallowing is a very 

complex sensory-motor function and it is easily insulted by HNC-related surgical 

resection (Baijens et al., 2020; Lahtinen, S., Koivunen, Ala-Kokko, Kaarela, 
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Laurila et al., 2019). Adjunctive chemo- or radiotherapy may cause alterations in 

the oral cavity area, which may further impair swallowing (Baijens et al., 2020). 

It is also reported that HNC surgery affecting the oral cavity may impair taste 

sensation and therefore lead to loss of appetite (Lilja et al., 2018). Tracheostomy 

insertion is common among HNC patients when surgery affects the larynx area, 

and tracheostomy impairs swallowing and tolerance to OI (Mah et al., 2017). 

Nutrition should be initiated with OI or with NS on the first postoperative day 

after HNC surgery (Talwar et al., 2016; Weimann et al., 2017). In the past, 

surgeons postponed initiation of OI from the first postoperative days due to 

alleged risk of surgical wound dehiscence. In  recent years, however, a growing 

number of studies have suggested that early OI after HNC surgery affecting the 

mouth area is safe and leads to better outcomes (Kerawala, Riva, & Paleri, 2021; 

McAuley et al., 2015; Stramiello et al., 2021). Early initiation of OI after HNC 

free flap surgery has been associated with shorter hospital LOS whereas the rate 

of postoperative complications has not increased (Brady, Leigh-Doyle, Riva, 

Kerawala, & Roe, 2021; Guidera et al., 2013; Kerawala et al., 2021). Although 

the importance of postoperative nutrition is widely acknowledged among HNC 

patients, the evidence about the effect of postoperative nutrition on outcomes is 

still scant (Kinzinger & Bewley, 2017). Refeeding syndrome (RFS) is a condition 

which may follow after severe malnourishment when nutrition is reinitiated 

(Hearing, 2004). Rapid increase in extracellular glucose after fasting leads to 

increased insulin secretion, which stimulates intracellular phosphate uptake. This 

may lead to severe hypophosphatemia and metabolic alterations causing 

arrhythmias and hemodynamic instability (Hearing, 2004). There is paucity of 

studies evaluating RFS among HNC patients, but the existence of this particular 

phenomenon should be kept in mind when commencing nutrition after HNC free 

flap surgery in case the patient is preoperatively malnourished (Kaderbay et al., 

2018; Rasmussen, Kristensen, Wessel, & Andersen, 2016). 

Local nutrition practices regarding head and neck cancer (HNC) free flap 

patients 

In Oulu University Hospital, postoperative nutrition after HNC free flap surgery 

is managed by an ear, nose, and throat (ENT) physician. For most patients, OI is 

not initiated directly after the operation, and postoperative nutrition is 

commenced with NS. OI is initiated when the attending ENT doctor deems that 

the surgical area is viable enough for OI, which typically occurs within one week 
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of the operation. EN is primarily nurse-driven and guided by local protocol 

whereas PN utilization is instructed by the attending physician. The attending 

ENT doctor may order adjustments to the EN protocol based on clinical 

judgment. The EN protocol of Oulu University Hospital is presented in Table 3. 

Table 3. Protocol guiding enteral nutrition (EN) delivery for postoperative patients 

without adequate oral intake (OI). 

Daily nutrition intake Daily volume (mL) infusion speed (ml/h) Kcal/day 

Day 1 250-500 20-30 300-650 

Day 2 500-750 40-50 650-950 

Day 3 750-1000 60-70 950-1300 

Day 4 1000 80-90 1300 

Day 5 1000 90-100 1300 

Day 6 1000 80-100 1400 

Day 7  Individual nutrition plan* Individual nutrition plan* Individual nutrition plan* 

*Individual nutrition plan guided by physician or dietician starting on 7th postoperative day at the latest 

2.8.2 Nutrition after emergency laparotomy 

Enhanced recovery after surgery (ERAS) programs have become a standard in 

elective surgery during the past decade. A key component of ERAS is 

perioperative nutrition. Patients with high nutrition risk are given oral nutrition 

supplements preoperatively and patients’ daily nutrition status is closely 

monitored in the surgical ward postoperatively (Weimann et al., 2017). Although 

ERAS programs are designed for elective surgical patients, there has been an 

increased interest to adapt them also for the emergency setting where applicable 

(Burcharth et al., 2019). Poor preoperative nutrition status has been associated 

with an increased risk of complications and mortality among elective GI patients. 

The risk for these adverse effects can be reduced by preoperative nutrition status 

optimization (Burden, Todd, Hill, & Lal, 2012). After GI surgery, early initiation 

of OI or EN is recommended (Weimann et al., 2017). A recent and the largest 

study to date contemplating nutrition after colorectal surgery with 61,031 patients 

reported that postoperative early OI was associated with a decreased incidence of 

infections and GI complications (Williams et al., 2020). Studies contemplating 

nutrition after GI surgery are mainly conducted in the elective setting (Herbert et 

al., 2019) and there is a paucity of studies evaluating nutrition after emergency GI 

surgery, especially after EL (Foss & Kehlet, 2020). Adequate nutrition after 

emergency surgery may be even more essential than after elective surgery 
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because preoperative optimization of nutrition status is rarely possible before 

emergency surgery (Poulton, Murray, & National Emergency Laparotomy Audit 

(NELA) project team, 2019). Furthermore, there is substantial heterogeneity 

among studies contemplating postoperative nutrition after GI surgery and further 

studies are required to enlighten the effect of postoperative nutrition to outcomes 

(Herbert et al., 2019). 

Local nutrition practices regarding postoperative phase after emergency 

laparotomy (EL) 

In Oulu University Hospital there is no specific nutrition protocol for patients 

recovering from EL. Postoperative nutrition is guided by the attending GI surgeon 

and nutrition should be tailored anticipating subsequent recovery and possible 

complications. The basic principle is that OI should be initiated whenever the 

attending surgeon deems it possible. In case OI is not possible to achieve NS 

should be initiated with EN or PN. The protocol guiding EN in OUH, which was 

presented in the previous chapter, can also be utilized in the GI surgical ward. If 

needed, parenteral nutrition is prescribed by the attending physician. Dietician 

consultation is encouraged in complicated situations. 
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3 Aims of the study 

The aim of the present study was to examine nutrition commencement and 

adequacy and causes of underfeeding in critically ill patients and patients 

recovering from free flap surgery for head and neck cancer (HNC) and from 

emergency laparotomy (EL).  

The more specific aims of the studies were as follows: 

1. Which factors are associated with the discrepancy between prescribed and 

administered enteral nutrition in non-elective ICU patients? 

2. Which factors are associated with cumulative underfeeding during the ICU 

stay in non-elective ICU patients? 

3. Which factors are associated with underfeeding in the immediate 

postoperative period after free flap reconstruction due to HNC? 

4. Which factors are associated with underfeeding in the immediate 

postoperative phase after EL? 
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4 Material and methods 

4.1 Patients 

This study consisted of three populations: 1,771 adult patients with emergency 

ICU admission between the years 2014–2016 (Ⅰ&Ⅱ), 218 patients who underwent 

free flap surgery for HNC between the years 2008–2018 (Ⅲ), and 405 patients 

who underwent EL between the years 2015–2017 (Ⅳ). All data were collected in 

Oulu University Hospital. The study aims and characteristics of the populations 

are presented in Table 4. 

Table 4. The aims of the study and characteristics of the study populations. 

Study Aim of the study Population Design 

Ⅰ To discover the success rate of 

prescribed EN and to examine 

factors impairing EN delivery on the 

fourth ICU day in ICU. 

892 adult non-elective 

ICU patients with LOS> 

4 days 

Retrospective analysis, 

comparison of 2 groups 

Ⅱ To discover the adequacy of nutrition 

throughout ICU stay and to examine 

factors associated with cumulative 

nutrition inadequacy in ICU 

population. 

1,771 adult non-elective 

ICU patients with LOS 

between 3 to 40 days 

Retrospective analysis, 

comparison of 2 groups 

Ⅲ To discover nutrition adequacy and 

factors associated with underfeeding 

after HNC free flap surgery during 

immediate postoperative in-hospital 

stay. 

218 adult patients who 

underwent free flap 

surgery for HNC 

between the years 2008-

2018 

Retrospective analysis, 

comparison of 2 groups 

Ⅳ To discover nutrition adequacy and 

factors associated with underfeeding 

after EL surgery during immediate 

postoperative in-hospital stay 

405 adult patients who 

had undergone EL 

between the years 2015-

2017 

Retrospective analysis, 

comparison of 2 groups 

EN, enteral nutrition; ICU, intensive care unit; LOS, length of stay; HNC, head and neck cancer; EL, 

emergency laparotomy. 

4.2 Methods 

Patient data were extracted electronically from the ICU’s patient data 

management system (PDMS) Centricity™ Critical Care 8.1 SP7. (Ⅰ&Ⅱ). For 

studies Ⅲ&Ⅳ, the patients were identified using the operation records of the 
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head and neck surgery unit and the operation records of the gastro-intestinal 

surgery unit, respectively. Data were collected by both the primary investigator 

(JN) and the secondary investigators (SL and AY) from the medical records, 

laboratory results, anesthesia charts and ICU database. All studies were approved 

by the hospital administration (reference numbers 2091/2017, 239/2016 and 

66/2018). 

4.3 Nutrition delivery 

Prescribed and administered nutrition was recorded from the PDMS which 

provided exact daily caloric intakes for each patient. CEN was prescribed as total 

volume and the infusion rate was calculated by dividing the volume by 24 hours. 

The patients receiving BEN were recognized from the PDMS by infusion rate 100 

mL/h and regular discontinuations of intermission during the day (Ⅰ&Ⅱ). Nutrition 

is rarely prescribed in the surgical ward and OI calories were calculated from the 

patient records by inspecting the daily food consumption in milliliters and 

approximating the daily content of calories based on the average hospital diet 

(1800 kcal/day in Oulu University Hospital). EN and PN calories were obtained 

from patient records (Ⅲ&Ⅳ). 

4.4 Nutrition adequacy 

Nutrition adequacy was formed by ASPEN guidelines for critically ill (Ⅰ&Ⅱ) and 

ESPEN nutrition guidelines for surgical patients (Ⅲ&Ⅳ). Ideal body weight was 

calculated by using BMI (Ⅰ&Ⅱ). Nutrition adequacy was determined as the 

administered cumulative EN and PN calories divided by the calculated individual 

cumulative caloric demand during the ICU stay (Ⅱ). The ideal body weight (IBW) 

was calculated for each patient by using the Devine formula for men and the 

Robinson formula for women in studies Ⅲ and Ⅳ (Parhar et al., 2020). Nutrition 

adequacy was calculated by dividing the cumulative count of delivered calories 

during the follow-up period by the individual demand. The calculation of 

nutrition adequacy in each study is presented in Table 5. 
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Table 5. Nutrition calculations in studies I-IV. 

Study Cut-off value Nutrition adequacy pattern 

Ⅰ Administered >70% of prescribed EN calories  (Administered EN (Kcal) in d 4) / 

prescribed EN (Kcal) in day 4 

Ⅱ Administered > 60% of calculated caloric demand  Administered cumulative EN and PN 

calories / individual calculated 

caloric demand 

Ⅲ Administered > 60% of calculated caloric demand  (Follow-up period’s cumulative 

caloric count [Kcal]/(Length of 

stay[d] * IBW [Kg] * 30 [Kcal/(kg*d)] 

* 100) 

Ⅳ Administered > 80% of calculated caloric demand (Follow-up period’s cumulative 

caloric count [Kcal]/(Length of 

stay[d] * IBW [Kg] * 30 [Kcal/(kg*d)] 

* 100) 

EN, enteral nutrition; PN, parenteral nutrition; IBW, ideal body weight. 

4.5 Classification of postoperative complications (studies Ⅲ and 

Ⅳ) 

Postoperative complications after free flap surgery for HNC and after EL were 

categorized as medical and surgical complications. The categorization was similar 

to that in previous studies conducted by our research group (Junttola et al., 2021; 

Lahtinen, S. et al., 2018; Lahtinen, S. L., Liisanantti, Poukkanen, & Laurila, 

2017). In study Ⅲ, both the incidence of postoperative complications and the 

onset days of complications were presented, whereas only the incidence of 

complications was presented in study Ⅳ. The classification of postoperative 

complications is presented in Table 6. 
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Table 6. Classification of post-operative complications after free flap surgery for head 

and neck cancer (HNC) and after emergency laparotomy (EL). 

Complication type Free flap surgery for HNC 

(Ⅲ) 

Emergency laparotomy (EL) (Ⅳ) 

Medical complications Pneumonia, sepsis, 

pulmonary edema, AMI, 

deep venous thrombosis, 

stroke 

Respiratory dysfunction, pneumonia, 

pulmonary embolus, TIA, high-output 

stoma, kidney dysfunction, liver 

dysfunction, cardiopulmonary 

resuscitation, FA, sepsis 

Surgical complications Surgical site infection, 

surgical site hematoma, 

partial or total loss of flap, re-

operation 

Fascial dehiscence, wound infection, 

wound bleeding, seroma, anastomotic 

leak, intra-abdominal abscess, ileus, re-

operation 

AMI, acute myocardial infarction; TIA, transient ischemic attack; FA, atrial fibrillation 

4.6 Statistical analysis 

The present study consisted of three different cohorts: 1) patients who underwent 

ICU emergency admission (studies Ⅰ&Ⅱ), 2) patients with elective free flap 

operation for HNC (Ⅲ), and 3) patients who underwent EL (Ⅳ). Due to the 

retrospective study design, no sample size or power calculations were conducted. 

Statistical analysis was performed with IBM SPSS 25 (IBM SPSS Statistics for 

Windows, Version 25.0, Armonk, NY, USA). Categorical variables are presented 

as numbers (n) and percentages (%), whereas continuous data are expressed as 

medians and interquartile ranges [Median, IQR]. Categorical data were tested 

using Pearson’s Chi square and the continuous variables were tested using the 

non-parametric Mann-Whitney test. Two-tailed P values below 0.05 were 

considered statistically significant. Logistic regression analysis was used to 

calculate ORs and 95% CIs for not achieving EN success rate ≥ 70% on day 4 (Ⅰ), 

for impaired energy balance during the ICU stay and for 90-day mortality (Ⅱ), for 

impaired nutrition delivery after HNC free flap surgery in surgical ward, (Ⅲ) and 

for not receiving 80% nutrition adequacy after EL in surgical ward (Ⅳ). All the 

variables with univariate significance less than 0.1 were included in the model. 

Variables with P-value less than 0.05 and those with significant impact on the log-

likelihood function were kept in the model. 
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5 Results 

5.1 Summary of the main results 

The aims and main results of the present thesis are presented in Table 7.  

Table 7. The main results of the thesis. 

Study Aim Main results 

Ⅰ To discover the success rate of prescribed 

EN and to examine factors impairing EN 

delivery on the fourth ICU day in ICU. 

Of the 892 patients, 349 (39.1%) had an EN 

success rate of ≥70%. Discrepancy between 

prescribed and administered EN was associated 

with severe inflammation, GI-related diagnosis, 

and prescribing policy. 

Ⅱ To discover the adequacy of nutrition 

throughout ICU stay and to examine factors 

associated with cumulative nutrition 

inadequacy in mixed general ICU 

population. 

The majority of ICU patients did not reach 60% of 

nutrition adequacy.  Adequacy less than 60% was 

associated with underprescription of nutrition and 

failure to administer the prescribed amount of 

nutrition. BEN might be an efficient method to 

deliver energy in ICU setting. 

Ⅲ To discover nutrition adequacy and factors 

associated with underfeeding after HNC free 

flap surgery during immediate post-operative 

in-hospital stay.  

The selected 60% nutrition adequacy was 

achieved by 60.1% of patients. More adequate 

nutrition delivery might be obtained by the early 

initiation of OI and close monitoring of NS. 

Ⅳ To discover nutrition adequacy and factors 

associated with underfeeding after EL 

surgery during immediate postoperative in-

hospital phase. 

Only 53.8% of patients reached 80% cumulative 

nutrition adequacy. OI seems to be the most 

efficient way to commence nutrition among this 

patient group in surgical ward. NS should be 

closely monitored for those patients unable to eat. 

EN, enteral nutrition; ICU, intensive care unit; GI, gastro-intestinal; BEN, bolus enteral nutrition; HNC, 

head and neck cancer; OI, oral intake; NS, nutrition support; EL, emergency laparotomy. 

5.2 Discrepancy between prescribed and administered enteral 

nutrition in ICU (Ⅰ) 

A total of 349 (39.1%) of 892 patients received more than 70% of their prescribed 

EN on the fourth ICU day. Low delivery of prescribed EN on the fourth ICU day 

was associated with a surgical operation during the ICU stay and higher amount 

of prescribed EN. Patients with higher EN adequacy had higher 
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administered/demand ratio and higher EN/PN ratio. Furthermore, patients with 

higher EN delivery had more often insulin therapy and had more often BEN 

delivery (Table 8). 

Table 8. Differences between patients receiving either ≥ 70% or < 70% of prescribed 

enteral nutrition (EN) [Median, IQR]. 

Perioperative variables EN success rate ≥70% 

on day 4 (n=349) 

EN success rate <70% 

on day 4 (n=543) 

p-value 

Surgical operation on fourth ICU day (n, %) 10 (2.9) 34 (6.3) 0.022 

Prescribed enteral energy (Kcal)  500 [500–800] 800 [500–1200] <0.001 

Administered/demand energy ratio  42.7 [30.2–55.6] 31.7 [20.1–44.8] <0.001 

Enteral/parenteral energy ratio  2.4 [1.0–4.5] 1.1 [0.5–2.4] <0.001 

Insulin therapy (n, %) 191 (54.7) 256 (47.1) 0.028 

BEN delivery (n, %) 41 (11.7) 27 (5.0) <0.001 

Received prokinetics (n, %) 107 (30.7) 174 (32.0) 0.712 

ICU, intensive care unit; BEN, bolus enteral nutrition. 

According to logistic regression analysis, risk factors for not receiving ≥ 70% of 

prescribed EN were continuous delivery of EN, higher amount of prescribed 

enteral energy, surgical operation on the fourth ICU day, gastrointestinal 

admission diagnosis, and severe inflammation (Table 9). 
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Table 9. Odds ratio (OR) for not achieving enteral nutrition (EN) success rate ≥ 70% on 

4th day. 

Perioperative variable OR (95% CI) p-value 

CEN 2.55 (1.52–4.30) < 0.001 

Prescribed enteral nutrition >1000 kcal 6.75 (4.44–10.28) < 0.001 

Operated on the fourth ICU day 2.31 (1.12–4.78) 0.02 

CRP>100 (mg/L) 1.42 (1.08–1.88) 0.01 

CEN, continuous enteral nutrition; ICU, intensive care unit; CRP, c-reactive protein. 

5.3 Nutrition adequacy in intensive care (Ⅱ) 

Nutrition adequacy ≥ 60% of calculated demand was achieved by 740 (41%) of 

1,771 ICU patients throughout the ICU stay. The majority of patients with 

administered cumulative energy ≥ 60% of demand were males and had a lower 

body weight. In patients with nutrition adequacy more than 60%, the median LOS 

was longer and both ICU mortality and 90-day mortality were lower. 

Furthermore, these patients had a lower median daily caloric requirement and 

were prescribed more enteral and parenteral calories (Table 10). 

Table 10. Demographic characteristics of patients receiving either ≥ 60% or < 60% of 

calculated nutrition adequacy during ICU stay [Median, IQR]. 

Perioperative variable Nutrition adequacy ≥60% Nutrition adequacy <60% p-value 

Male (n, %) 456 (78.8) 736 (61.7) < 0.001 

Weight (kg) 78 [68-89] 80 [70-90] 0.002 

LOS (d) 6.1 [4.0-11.1] 5.6 [4.1-8.9] 0.031 

ICU mortality (n, %)  25 (3.4) 75 (7.3) < 0.001 

90-day mortality (n, %) 162 (21.9) 275 (26.7) 0.022 

Daily caloric requirement (Kcal) 1445 [1328-1549] 1531 [1378-1620] < 0.001 

Prescribed EN (Kcal) 1341 [1035-1736] 716 [375-1017] <0.001 

Prescribed PN (Kcal) 384 [119-672] 267 [10-552] <0.001 

Administered EN (Kcal) 896 [680-1125] 356 [137-556] <0.001 

Administered PN (Kcal) 248 [74-455] 108 [0-266] <0.001 

EN/PN ratio 3.0 [1.4-6.0] 1.5 [0.6-3.6] <0.001 

BEN days ≥30% (n, %) 99 (13.4) 45 (4.4) <0.001 

LOS, length of stay; ICU, intensive care unit; EN, enteral nutrition; PN, parenteral nutrition; BEN, bolus 

enteral nutrition. 

The amount of provided nutrition rose throughout ICU stay albeit the 25 Kcal/kg 

goal was never reached. Nutrition consisted mainly of EN whereas PN provided 
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only a minor share. Nutrition prescription reached the 25 Kcal/kg goal on the 13th 

ICU day (Figure 2). 

 

Fig 2. Nutrition prescription and delivery from 3rd to 21st ICU day. Median daily 

administered enteral nutrition (EN), total calories prescribed, total calories and 25 

kcal/kg caloric demand are presented in kcal/kg form. Prescribed nutrition reached 

demand on 13th ICU day. Administered amount of calories increased throughout 

follow-up but never reached the 25 kcal/kg demand on 3rd ICU day (n=1,771). (Modified 

from publication Ⅱ). 

Patients with nutrition adequacy ≥ 60% had lower gastric residual volume, larger 

percentage of days with adequate bowel function, lower daily CRP, higher 

cumulative therapeutic intervention scoring system score (TISS), lower 

consumption of crystalloids, and larger amounts of daily administered insulin. 

Bowel function (i.e. patient not suffering from constipation) is presented as 

percentage of follow-up days when patient’s bowel was functioning (Table 11). 
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Table 11. Perioperative outcomes [Median, IQR]. 

Perioperative variable Nutrition adequacy ≥60 Nutrition adequacy <60% p-value 

Gastric residual volume d3 to d40 

(mL) 

13.2 [0.0-83.4] 21.6 [0.0-150.8] 0.003 

Bowel functioning from day 3 to 

day 40  

43.8 [0.0-92.1] 24.9 [0.0-63.4] < 0.001 

Median daily CRP (mg/L) 115.0 [62.4-182.1] 139.5 [74.6-214.6] < 0.001 

Cumulative TISS  239 [148-442] 220 [160-340] 0.016 

Daily crystalloids (mL) 2318 [1462-3475] 2907 [1959-4187] < 0.001 

Daily insulin (IU) 6.9 [0.0-37.1] 3.0 [0.0-25.4] < 0.001 

CRP, c-reactive protein; TISS, therapeutic intervention scoring system. 

In the logistic regression analysis, nutrition prescription less than 25 Kcal/kg/d 

and higher median CRP were independently associated factors for impaired 

nutrition delivery. Male gender, prolonged LOS, BEN delivery and higher EN/PN 

ratio were protective factors for adequate nutrition throughout the follow-up 

(Table 12). 

Table 12. Odds ratios (OR) for impaired energy balance during intensive care unit 

(ICU) stay. 

Perioperative variable N OR (95% CI) p-value 

Prescribed energy <25 Kcal/kg/d 694 11.794 (9.017-15.427) <0.001 

Median CRP (mg/L) 1390 1.003 (1.001-1.004) < 0.001 

Male gender  954 0.716 (0.542-0.946) 0.019 

LOS (days) 1390 0.975 (0.953-0.997) 0.024 

>30% BEN days 1247 0.314 (0.187-0.526) < 0.001 

EN/PN -Ratio 1390 0.970 (0.953-0.987) 0.001 

CRP, c-reactive protein; LOS, length of stay; BEN, bolus enteral nutrition; EN, enteral nutrition; PN, 

parenteral nutrition. 

5.4 In-hospital nutrition after HNC free flap surgery (Ⅲ) 

There were a total of 131 (60%) patients who achieved 60% of their individual 

nutrition demand during the follow-up (group Adequate). Group Adequate 

patients in the surgical ward were more often females, had a lower IBW and had 

less often smoking history. Their habit of consuming alcoholic beverages was 

recorded less often and hospital LOS was shorter (Table 13). 
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Table 13. Demographic characteristics of patients undergoing free flap surgery for 

head and neck cancer (HNC) [Median, IQR]. 

Perioperative variable Nutrition adequacy ≥60 Nutrition adequacy <60% p-value 

Age (years) 67.0 [57.0-75.0] 63.0 [57.0-73.0] 0.172 

Male (n, %) 56 (41.2) 65 (74.7) < 0.001 

Ideal body weight (kg) 59.5 [52.3–66.8] 68.7 [59.6–75.0] < 0.001 

Smoking (n, %) 49 (37.4) 45 (51.7) 0.050 

Alcohol consumption (n, %) 31 (23.7) 34 (39.1) 0.021 

Hospital LOS (days) 10 [8-14] 13 [8-16] 0.029 

LOS, Length of stay. 

Patients with adequate postoperative nutrition delivery had lower individual daily 

energy demand and larger consumed count of calories with OI. Their first median 

day with OI was the fifth postoperative day whereas patients with inadequate 

nutrition had the first median day with OI on the sixth postoperative day. Patients 

with adequate nutrition had less often gastric pain (Table 14). 

Table 14. Nutrition delivery after head and neck cancer (HNC) free flap surgery 

[Median, IQR]. 

Perioperative variable Nutrition adequacy ≥60 Nutrition adequacy <60% p-value 

Energy demand (Kcal) 1784 [1569–2005] 2060 [1788–2250] < 0.001 

Administered daily OI (Kcal) 675 [315–900] 180 [0–550] < 0.001 

First day with OI  5 [3–7] 6 [5–8] < 0.001 

Administered daily EN (Kcal) 344 [115-630]  374 [178-573] 0.822 

Administered daily PN (Kcal) 200 [97-280] 174 [70-288] 0.501 

Gastric pain (n, %) 12 (9.2) 19 (21.8) 0.010 

OI, oral intake; EN, enteral nutrition; PN, parenteral nutrition. 
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Fig 3. Mean daily delivery of nutrition support and oral food intake after free flap 

surgery for head and neck cancer (HNC). The overall amount of administered nutrition 

rose throughout the first week after surgery. The increase of administered nutrition 

was mostly due to improvement of OI because the level of provided NS remained low 

throughout the entire follow-up period. After one week of follow-up, the level of 

administered nutrition started to decline because patients with adequate nutrition 

delivery were discharged earlier from the ward. The amount of administered nutrition 

never reached the goal of 30 Kcal/kg/d but was highest on the 7th day after surgery. 

(Modified from publication Ⅲ). 

Patients in the group Adequate had less often postoperative surgical complications 

whereas there was no statistical difference between the study groups in medical 

complications. The occurrence of postoperative surgical site infections was more 

common among patients in group Low, and they suffered earlier from the onset of 

possible loss of flap, although there was no difference in the incidence of flap loss 

between the study groups (Table 15). 

According to the logistic regression analysis, higher ideal body weight was an 

independently associated factor for impaired nutrition delivery, whereas increased 

number of days with OI reduced the risk for inadequate nutrition delivery. Male 

gender, age and occurrence of surgical complications were not risk factors for 

impaired nutrition delivery (Table 16). 
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Table 15. Postoperative complications of patients after free flap surgery for head and 

neck cancer (HNC) [Median, IQR]. 

Perioperative variable Nutrition adequacy ≥60 Nutrition adequacy <60% p-

value 

Surgical complications (n, %) 54 (41.2) 49 (56.3) 0.037 

Medical complications (n, %) 36 (25.2) 24 (26.4) > 0.9

Surgical site infection (n, %) 21 (17.3) 29 (30.7) 0.003

Onset day of flap loss (d) 10 [6–13] 3 [2–20] 0.050

Loss of flap incidence (n, %)  9 (6.9) 9 (10.3) 0.452

Table 16. Odds ratio (OR) for risk factors for impaired nutrition delivery after head and 

neck cancer (HNC) free flap surgery. 

Perioperative variable OR (95% CI) p-value

Ideal body weight  1.11 (1.04–1.20) 0.002 

Number of days with OI 0.79 (0.67–0.93) 0.005 

Male  0.52 (0.14–1.84) 0.307 

Age 1.01 (0.98–1.04) 0.468 

Surgical complications 0.84 (0.40–1.76) 0.640 

OI, oral intake 

5.5 In-hospital nutrition after emergency laparotomy (Ⅳ) 

There were a total of 218 (53.8%) patients who reached 80% nutrition adequacy 

during the postoperative follow-up period (group Adequate). The most common 

admission diagnosis in both groups was bowel obstruction (n=98 (45.0) in group 

Adequate vs. n=76 (40.6) in group Low (P=0.382). However, the admission 

diagnosis had no impact on reaching the limit of 80% nutrition adequacy. Group 

Adequate patients after EL were younger, female, and they had a lower ideal body 

weight. Patients with low nutrition adequacy had more often a preceding 

malignancy. Patients with adequate postoperative nutrition had both shorter ICU 

LOS and in-hospital LOS. The occurrence of in-hospital death was higher among 

patients with inadequate nutrition although the incidence of in-hospital death was 

low (Table 17). 
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Table 17. Demographic characteristics of patients undergoing emergency laparotomy 

(EL) [Median, IQR]. 

Perioperative variable Nutrition adequacy ≥
80% 

Nutrition adequacy <80% p-value 

Age (years) 66.5 [51.8–76.0] 67.0 [54.0–78.0] <0.001 

Male (n, %) 85 (39.0) 120 (64.2) <0.001 

IBW (kg) 58 [54–66] 67 [57–73] <0.001 

Malignancy (n, %) 73 (33.5) 87 (46.5) 0.007 

ICU LOS (days) 6 [4–8] 7 [5–11] <0.001 

In-hospital LOS (days) 8 [5–12] 10 [6–14] 0.002 

In-hospital death (n, %) 1 (0.5) 11 (5.9) <0.001 

IBW, ideal body weight; ICU, intensive care unit; LOS, length of stay. 

Patients with nutrition adequacy ≥ 80% of calculated individual demand had a 

lower median caloric demand, were provided significantly more daily calories 

throughout the follow-up, had more calories delivered with OI, and suffered less 

often from loss of appetite. Patients with inadequate nutrition delivery were 

administered larger amounts of PN. There was no difference in dextrose 

supplementation or dietician evaluation rates between the study groups (Table 

18). 

Table 18. Nutrition delivery after emergency laparotomy (EL) [Median, IQR]. 

Perioperative variable Nutrition adequacy ≥80% Nutrition adequacy <80% p-value 

Energy demand (Kcal) 1745 [1608–1978] 2005 [1706–2195] <0.001 

Administered daily nutrition (Kcal) 1753 [1530–1890] 1138 [711–1360] <0.001 

Administered daily OI (Kcal) 1440 [1238–1710] 836 [540–1080] <0.001 

Loss of appetite (n, %) 66 (30.3) 102 (54.5) <0.001 

Administered daily PN (Kcal) 42 [0–233] 125 [0–277] 0.014 

Administered daily 5% dextrose 

(Kcal) 

200 [120-326] 189 [100-282] 0.200 

Dietician evaluation (n, %) 17 (7.8) 9 (4.8) 0.282 

OI, oral intake; PN, parenteral nutrition. 

The patients in the group Adequate began to reach the required 80% level of 

nutrition demand from the second postoperative day whereas the patients in the 

group Low never reached the 80% level, although the amount of administered 

energy increased slightly during the first half of the follow-up period. The amount 
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of administered nutritional support did not increase during the follow-up period in 

the group Low although the OI remained low (Figure 4). 

Fig. 4. Mean delivery of nutrition support (NS) and oral intake after emergency 

laparotomy (EL). Daily intakes are presented for group Adequate and for group Low 

from 1st to 10th post operative day. (Modified from publication Ⅳ). 

Patients with nutrition adequacy ≥ 80% of calculated demand had less 

postoperative surgical complications and lower incidence of postoperative ileus. 

There was no statistical difference in medical complications, but patients with low 

nutrition adequacy had more often pneumonia, a lower occurrence of high-output 

stoma, and higher occurrence of kidney dysfunction. The overall incidence of 

postoperative medical complications was low (Table 19). 

According to logistic regression analysis, the statistically significant risk 

factors for impaired nutrition delivery after EL were postoperative ileus, loss of 

appetite, and higher individual energy demand. Withholding of OI on the first 

postoperative day was a risk factor for low nutrition adequacy during later follow-

up (Table 20). 
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Table 19. Postoperative complications after emergency laparotomy (EL). 

Perioperative variable Nutrition adequacy ≥80% Nutrition adequacy <80% p-value 

Surgical complications (n,%) 78 (35.8) 91 (48.7) 0.009 

Ileus (n,%) 19 (8.7) 53 (28.3) < 0.001 

Medical complications (n,%) 58 (26.6) 63 (33.7) 0.120 

Pneumonia (n,%) 15 (6.9) 27 (14.4) 0.012 

High-output stoma (n,%) 8 (3.7) 0 (0.0) 0.006 

Kidney dysfunction (n,%) 2 (0.9) 11 (5.9) 0.005 

Table 20. Odds ratio (OR) for impaired nutrition delivery after emergency laparotomy 

(EL). 

Perioperative variable OR (95% CI) p-value 

Postoperative ileus 4.31 (2.15–8.62) < 0.001 

Loss of appetite 3.59 (2.18–5.93) < 0.001 

Daily energy demand 1.004 (1.003–1.006) < 0.001 

No OI on the first postoperative day 4.80 (2.73–8.44) < 0.001 

OI, oral intake. 
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6 Discussion 

6.1 Main findings of the thesis 

In the present thesis we examined nutrition commencement and adequacy 

throughout critically ill patients’ ICU stay and surgical patients’ post-operative 

phase after free flap surgery for HNC and after EL. We further examined factors 

associated with impaired nutrition delivery in the ICU and surgical ward. The 

results of this thesis demonstrate the level of administered nutrition among non-

elective ICU patients and among patients recovering from free flap surgery for 

HNC and EL in surgical ward. In all three study cohorts, delivered nutrition was 

often below the recommended level. In the ICU setting, underprescription was the 

most dominant factor impairing overall nutrition adequacy, and BEN delivery 

seems to be an efficient method of delivering EN in the ICU environment. After 

EL both in the ICU and surgical ward, inadequate nutrition delivery was 

associated with increased mortality (Ⅱ, Ⅳ), whereas this difference was not 

observed among patients recovering from free flap surgery for HNC (Ⅲ). Patients 

with sufficient nutrition adequacy had a longer LOS in the ICU (Ⅱ) whereas 

adequate nutrition was associated with a shorter LOS in the surgical ward (Ⅲ, 

Ⅳ).  

Inadequate nutrition delivery in the ICU is known to be common (Bendavid 

et al., 2017; McClave et al., 2016), and the utilization of BEN feeding in the ICU 

environment has been increasingly under debate during the past few years. An 

increase of nutrition adequacy by administering nutrition support by BEN is a 

novel finding (Ⅰ, Ⅱ). 

The adequacy of delivered nutrition in the surgical ward has not been 

previously studied after free flap surgery for HNC or EL during the immediate 

recovery phase. The results of this study demonstrated that undernutrition is 

common after these operations and adequate nutrition is clearly associated with 

better outcomes (Ⅲ, Ⅳ). Inadequate postoperative nutrition after free flap surgery 

for HNC and EL was associated with higher incidence of postoperative surgical 

complications, whereas no difference between the study groups was observed in 

medical complications (Ⅲ, Ⅳ). However, the retrospective nature of this study 

prevents inspecting the causal correlation of this issue and therefore, only 

associations can be evaluated. A prospective study setting or further subgroup 
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analysis with larger populations could shed light on the possible causal 

relationship between nutrition inadequacy and incidence of complications. 

6.2 Strengths and generalizability of the results 

The present thesis has several strengths. It is a population-based single center 

study with three large study populations from Oulu University Hospital. 

Demographic data of this study is comparable to previous studies (Arabi et al., 

2015; Kerawala et al., 2021; Reignier et al., 2018) contemplating ICU and 

surgical ward nutrition, which allows making generalizations of the present 

results to similar centers. Oulu University Hospital can be considered as a 

low/moderate level center in terms of annual ICU emergency admissions and 

annual rates of free flap surgery for HNC and EL. During the study period, only 

minor adjustments were made to the guidelines concerning nutrition delivery in 

ICU and surgical ward settings. Moreover, the importance of perioperative 

nutrition delivery in the hospital environment has been known for years. 

Therefore, the results of this study are also comparable when viewing them in the 

light of current international nutrition guidelines.  

6.3 Discrepancy between prescribed and administered EN in ICU 

(Ⅰ, Ⅱ) 

In this study, we aimed to discover factors associated with the discrepancy 

between prescribed and administered EN amount in the ICU. The results of the 

present study suggest that both prescribed and administered levels of EN were 

below the suggested amount on the fourth ICU day. This is in line with previous 

studies focusing on EN in the ICU environment. According to previous literature, 

predictive weight-based energy demand equations tend to underestimate actual 

individual energy demand when compared to IC, leading to nutrition 

underprescription (Tatucu-Babet, Ridley, & Tierney, 2016). In case IC would be 

available, optimal nutrition prescription is difficult for the attending clinician due 

to large variability of the EN and PN solutions available, and tolerance to 

nutrition may fluctuate throughout the ICU stay (De Jonghe et al., 2001). 

Moreover, it has also been hypothesized that nutrition is given lower priority 

compared to other critical care interventions that provide cardiorespiratory and 

neurologic stability and therefore tend to be neglected by the attending physician 

(Kim et al., 2012). Feeding intolerance and feeding interruptions are major factors 
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leading to smaller administered amount of EN than the prescribed amount, which 

is common in daily patient care (Arabi et al., 2015; Bendavid et al., 2017). The 

actual administered amount of EN has previously been reported to be barely 60% 

of the prescribed amount (Heyland et al., 2015). In the present study, GI-related 

admission diagnosis was associated with a greater discrepancy between the 

prescribed and the administered EN. This finding, however, was not seen in our 

second study in which the overall nutrition was inspected throughout the entire 

ICU stay. The observational research conducted by Kuslapuu et al.  found that 

withholding EN was a common phenomenon after GI surgery although no clear 

contraindications occurred (Kuslapuu, Jõgela, Starkopf, & Reintam Blaser, 2015). 

In our study, severe inflammation measured with high CRP (>100 mg/L) was a 

risk factor for greater discrepancy between prescribed and administered EN in the 

logistic regression analysis. Although severity of illness has long been known to 

be an independent risk factor for malnutrition during critical illness (Canales et 

al., 2019), the correlation of highly elevated CRP and low EN delivery has not 

been previously reported (De Jonghe et al., 2001; Kim et al., 2012).  

6.3.1 Bolus enteral nutrition in ICU (Ⅰ, Ⅱ) 

The delivery method of EN has been under increasing interest in recent years but 

the research conducted concerning the issue is sparse. In recent years there has 

been some evidence indicating that EN provision could be enhanced with BEN 

delivery (Singer et al., 2019). Moreover, according to current literature, BEN 

feeding might have potential metabolic advantages, e.g. muscle protein synthesis 

stimulation and enhancement of the body’s hormonal response to feeding such as 

insulin secretion increase (Bear, Hart, & Puthucheary, 2018; Ichimaru, 2018; 

Patel et al., 2018). However, it is notable that although BEN nutrition may 

provide better caloric delivery, this claim is supported by very few data from 

small studies (Singer et al., 2019). In a prospective study with 164 mechanically 

ventilated trauma patients, bolus delivery was associated with faster caloric goal 

achievement whereas no increase in adverse events occurrence was reported 

(MacLeod et al., 2007). In another prospective study with 121 ICU patients with 

multiorgan failure, CEN was associated with smaller energy intake whereas no 

difference was reported in safety profiles between the methods (McNelly et al., 

2020). In our study, BEN delivery was associated with improved nutrition 

adequacy on the fourth ICU day (Ⅰ). Furthermore, when considering the 

cumulative energy balance during the ICU stay, patients with a higher rate of 
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BEN days were less likely to be inadequately fed (Ⅱ).  However, by conducting a 

meta-analysis of five relevant studies contemplating the issue, the authors of 

ESPEN guidelines for intensive care concluded that BEN delivery should not be 

preferred over CEN, since a correlation was found between feeding intolerance 

and BEN (Singer et al., 2019). ASPEN guidelines do not recommend any specific 

EN delivery method; instead, the decision on which delivery method is utilized 

should be made on an individual basis (McClave et al., 2016). In our study, there 

was no difference in gastric emptying or bowel function between BEN and CEN 

groups when looking at nutrition delivery on the fourth day (Ⅰ), and therefore the 

findings of the present study do not support the conclusion made for ESPEN 

guidelines for intensive care. Discussion focusing on the EN delivery method will 

most likely continue in the coming years and at least one large-scale prospective 

study contemplating this particular issue is currently under way (Pletschette & 

Preiser, 2020; Reinhold et al., 2020).  

6.3.2 Content of EN and utilization of prokinetics (Ⅰ) 

The amount of administered EN has been increased by using energy rich EN 

solutions. However, standard utilization of enriched formula did not lead to 

improved mortality or reduced ICU LOS, but the incidence of both gastric 

intolerance and hypoglycemic events was higher in a prospective multicenter 

study (TARGET Investigators, for the ANZICS Clinical Trials Group et al., 

2018). Although enriched EN solutions were available in our unit during the time 

the study data was collected, we inspected only total administered EN calories 

because the data of utilization of enriched EN could not be collected from the 

PDMS. The use of prokinetic agents has been shown to reduce EN feeding 

intolerance, but their effect on clinical outcomes is unclear (Lewis, K. et al., 

2016). In the present study, the use of prokinetic agents had no impact on EN 

delivery even when used significantly more often (Ⅰ) compared to a previous 

report (Gungabissoon et al., 2015).  
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6.4 Nutrition adequacy throughout ICU stay (Ⅱ) 

6.4.1 Nutrition delivery and outcomes 

In the present study, underfeeding was frequent in the ICU since 58% of the 

patients did not reach the nutrition adequacy cut-off value 60% (Ⅱ). This finding 

is in line with the preceding literature contemplating nutrition in the ICU 

environment (Heyland et al., 2015; TARGET Investigators, for the ANZICS 

Clinical Trials Group et al., 2018). The results of this large retrospective study 

suggest that patients with low nutrition adequacy throughout the ICU stay had 

slightly shorter ICU LOS, but they had higher mortality and higher 90-day 

mortality. Longer LOS was associated with better nutrition adequacy. The optimal 

level of administered nutrition for ICU patients is still controversial. Although 

there is evidence indicating that nutrition provision close to the individual 

demand leads to shorter ICU LOS and decreased mortality (Alberda et al., 2009; 

Elke, Wang, Weiler, Day, & Heyland, 2014), also conflicting results have been 

published in the past decade. In several prospective studies, full individual 

nutrition support has not been associated with lower mortality or shorter LOS 

(Arabi et al., 2015; National Heart, Lung, and Blood Institute Acute Respiratory 

Distress Syndrome (ARDS) Clinical Trials Network et al., 2012; Wang et al., 

2020). Our results advocate for adequate individual provision of nutrition support 

because administered nutrition > 60% of calculated demand had favorable 

outcomes in terms of mortality although ICU LOS was slightly longer (Ⅱ). An 

observational retrospective study with 1,171 ICU patients whose energy 

expenditure was measured with indirect calorimetry discovered that when 

inspecting 60-day mortality as the primary outcome, the curve demonstrating 

administered energy divided by energy expenditure was U-shaped and the ideal 

energy goal was approximately 70% of the energy expenditure. Both over- and 

underfeeding was associated with increased mortality. However, caloric intake > 

70% of energy expenditure when inspecting cumulative mean administered 

calories starting from the fourth ICU day was associated with longer ICU LOS 

(Zusman et al., 2016). In the present study, the possible detrimental effects 

associated with overfeeding could not be investigated since the vast majority of 

patients did not obtain even their calculated energy need (Ⅰ,Ⅱ). 



62 

6.4.2 Nutrition prescription 

In the present study, nutrition adequacy improved while the LOS was prolonged, 

which was partly due to underprescription of nutrition in the first days of the ICU 

stay. The daily prescription reached the individual nutrition demand on the 13th 

ICU day whereas according to both the ASPEN and ESPEN guidelines for 

intensive care, NS should be fully running after a week of ICU stay for all 

patients, regardless of preoperative nutrition status or severity of illness (McClave 

et al., 2016; Singer et al., 2019). Our results suggest that NS delivery could be 

enhanced in daily patient care by increasing the prescription rate during the first 

two weeks after the ICU admission. The present results were in line with the 

preceding literature stating that underprescription is the leading cause for 

underfeeding (Kim et al., 2012). Although underprescription was the most 

dominant factor impairing nutrition adequacy in the logistic regression analysis, 

the discrepancy between the prescribed and the administered nutrition was further 

observed in the data. However, according to previous literature, by increasing 

prescription rates to match the daily calculated demand the level of administered 

nutrition would rise (Prest, Justice, Bell, McCarroll, & Watson, 2020).  

6.5 Nutrition in surgical ward after free flap surgery for HNC (Ⅲ) 

6.5.1 Nutrition adequacy and oral intake 

Postoperative underfeeding was very common after free flap surgery for HNC in 

our study cohort. Only 131 (60%) patients achieved the cut-off value of 60% of 

the calculated demand in the present study when looking at the first ten post-

operative days in surgical ward. The delivered amount of nutrition rose 

throughout the first week after the operation among patients with adequate 

nutrition delivery, whereas the delivered nutrition amount remained at the same 

level among patients with inadequate postoperative nutrition delivery. Early 

initiation of OI and greater number of days with OI were associated with nutrition 

adequacy. It has been reported previously that early OI after free flap surgery 

affecting oral cancer is safe and shortens the hospital LOS (Guidera et al., 2013; 

McAuley et al., 2015). Moreover, in the study conducted by Stramiello et al., 

early OI was associated with lower incidence of postoperative fistula, albeit no 

other surgical complications were evaluated (Stramiello et al., 2021). The largest 

prospective study so far with 400 patients focusing on early OI after HNC free 
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flap surgery affecting the oral cavity reported that OI with soft diet on the first 

postoperative day was associated with shorter LOS whereas no increase was 

observed in surgical complications such as flap dehiscence or fistula formation 

(Kerawala et al., 2021). The results of this study advocate for the initiation of 

early oral nutrition in this patient group because OI was the most efficient method 

to administer nutrition in this cohort.  

6.5.2 Nutrition support after free flap surgery for HNC 

Nutrition levels provided via NS remained low in this retrospective study. 

Calories administered via EN, PN and i.v. dextrose accounted for only a minor 

share of the total administered nutrition; thus, the effect of NS on increasing the 

overall nutrition delivery was small. Moreover, there was no significant difference 

between the patients with adequate or inadequate nutrition delivery in terms of 

calories delivered by EN, PN or i.v. dextrose. This indicates that NS was not 

effectively implemented for patients with low or nonexistent OI. Our results 

suggest that NS should be given special emphasis in patients who are unable to 

obtain OI on fifth post-operative day because those patients typically did not 

achieve the selected 60% nutrition adequacy. According to ESPEN guidelines for 

surgical patients, if nutrition adequacy of more than 50% of the calculated 

demand cannot be achieved within a week of admission by oral and EN intake 

alone, combined NS with EN and PN should be initiated. In the present study, NS 

administration did not increase a week after the operation, indicating poor 

compliance with guidelines. Again, if the duration of PN is anticipated to be more 

than seven days, CVC should be inserted (Weimann et al., 2017). The use of CVC 

enables the utilization of enriched PN solutions (Pittiruti et al., 2009), which 

makes it possible to improve PN delivery also among patients recovering from 

free flap surgery for HNC. Furthermore, the level of administered EN has been 

increased by implementing BEN delivery instead of CEN in critically ill adults 

(Ma et al., 2021). Our results in Study III were in line with this finding. BEN 

delivery could enhance EN delivery for those HNC patients who have low or 

absent OI. The results of the present study suggest that NS should be initiated for 

patients with low or nonexistent OI without gradual progression of nutrition 

delivery. If risk of refeeding syndrome exists and preoperative nutrition status 

optimization is not possible, NS initiation should be commenced with caution. 
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6.6 Nutrition in surgical ward after emergency laparotomy (EL) (Ⅳ) 

6.6.1 Nutrition adequacy and postoperative oral nutrition after 

emergency laparotomy (EL) 

To our knowledge, this study was the first to evaluate nutrition adequacy after EL. 

A total of 218 (53.8%) patients reached a nutrition adequacy of 80% during the 

postoperative follow-up period. As with the free flap surgery for HNC patients, 

early OI was the most efficient method to deliver nutrition also to patients 

recovering from EL. On average, patients with adequate nutrition delivery 

reached their nutrition goal on the second postoperative day, whereas patients 

with inadequate nutrition delivery did not reach the nutrition goal during the 

entire follow-up period. In the study conducted by Garth et al., median time to OI 

initiation was 2 days and adequate nutrition was achieved on the seventh day 

postoperatively when evaluating general GI cancer patients. Delayed initiation of 

OI was associated with longer LOS (Garth, Newsome, Simmance, & Crowe, 

2010). In a prospective trial with 464 elective patients with colorectal cancer 

surgery, early OI was associated with lower incidence of anastomotic leakage and 

urinary retention whereas no difference was found in other complications (Li et 

al., 2014). In the logistic regression analysis, the risk factors for impaired 

nutrition delivery were the absence of OI in the first postoperative day, ileus, loss 

of appetite, and higher daily energy demand. Early OI after GI surgery has been 

associated with a decreased incidence of postoperative complications, decreased 

mortality, and a shorter LOS. Therefore, early initiation of OI is recommended as 

part of the ERAS pathway (Weimann et al., 2017). Our results suggest that OI 

should be initiated as soon as possible after the operation since early initiation 

was associated with improved nutrition delivery. In the present study, 

postoperative complication rates were comparable with a previous study reporting 

post-operative complications (van Gool, Giannakopoulos, Geeraedts, de Lange-de 

Klerk, & Zuidema, 2015). Complication rates were higher in a study conducted 

by Choi et al., but in that particular study, the cohort was obtained over 20 years 

ago, which might explain the higher incidence of post-operative complications 

(Choi, K. C. et al., 2005). Pre- and postoperative fasting predisposes to ileus, 

which further causes intolerance to OI (Venara et al., 2016). Therefore, to enhance 

OI,  special emphasis should be given to mitigating postoperative ileus. There is 

some evidence that ileus can be blunted by perioperative electrolyte correction, 

avoiding extensive post-operative opioid usage, and utilization of NGT for ileus 
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patients for nasogastric decompression and for avoiding over-administration of 

perioperative i.v. fluids (Venara et al., 2016). 

6.6.2 Nutrition support (NS) after emergency laparotomy (EL) 

NS provided only a minor share of the administered total nutrition in the present 

study. Patients with inadequate postoperative nutrition were administered slightly 

more PN calories, whereas no difference was found in the amounts of dextrose 

administered. This indicates that PN was slightly more targeted to patients with 

low or absent OI, but the administered amount of PN was still inadequate. Early 

utilization of PN in this patient group has not been shown to be beneficial (Otaka, 

Aso, Matsui, Fushimi, & Yasunaga, 2021) and currently, PN is recommended to 

be initiated in later phase of recovery if OI or EN is anticipated to cover less than 

50% of the calculated demand for seven days (Weimann et al., 2017). 

Surprisingly, only a few patients were given NGT in this cohort and therefore EN 

was very rarely administered. The results of this study suggest that NS should be 

targeted to patients without OI in the first two days after EL. The routine 

implementation of NGT for patients without OI and gradual increase in NS could 

improve postoperative nutrition adequacy in this patient group. 

6.7 Limitations of the thesis 

A limitation of the studies was the retrospective nature of all three study cohorts. 

However, with retrospective data we were able to evaluate current nutrition 

practices and the success of nutrition in our hospital. The retrospective study 

setting was mitigated by utilizing logistic regression analysis in all four studies. 

The study population consisted of heterogeneous general ICU patients in studiesⅠ 

and Ⅱ. A more narrow perspective with smaller subgroups might have provided 

further information on nutrition success between different patient groups in the 

ICU. However, the study population was large in both studies Ⅰ and Ⅱ, which 

enables generalization of the present results to other similar sized units. In studies 

Ⅲ and Ⅳ, it was impossible to evaluate the nutrition prescription rate because 

formal nutrition prescriptions that could be tracked from PDMS are very rarely 

done in the surgical ward setting. This causes limitations when inspecting the 

reasons behind underfeeding. Furthermore, oral calories had to be approximated 

from written patient records in mLs and an estimate of consumed energy intake 

based on the average hospital diet, which is 1,800 kcal/day in Oulu University 
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Hospital. This may lead to inaccurate caloric count for some patients. However, 

the exact caloric count would have required a whole new study with a prospective 

setting. The consumed amount of oral nutrition was clearly larger among patients 

with adequate nutrition intake in studies Ⅲ and Ⅳ so the exact count of oral 

calories would have made little difference to the results. 

6.8 Clinical impact 

The concept of BEN delivery has been increasingly debated in recent years. This 

study provides further valuable information about the issue. According to the 

present results, it seems that BEN could reduce the discrepancy between the 

prescribed and the administered EN and further improve overall nutrition 

adequacy in the ICU. Furthermore, BEN delivery was not associated with 

intolerance to EN. Contrary to the ESPEN guidelines for intensive care (Singer et 

al., 2019), our results advocate the utilization of BEN feeding in the ICU (Ⅰ). The 

severity of illness was clearly associated with low nutrition adequacy in this 

study. Our results demonstrate that patients with severe inflammation or instable 

hemodynamic status are at greater risk for impaired nutrition adequacy (Ⅱ). This 

indicates that  special emphasis should be given to patients with severe condition 

when planning NS in the ICU. Underprescription was the leading cause of 

impaired nutrition delivery in the ICU (Ⅱ), which is in line with current literature 

(Bendavid et al., 2017). It is notable that inadequate nutrition a phenomenon that  

has existed for a long time and still remains an issue in everyday clinical work 

(Bendavid et al., 2017).  

Our results suggest that the nutrition success rate could be improved by 

adequate prescription in everyday clinical work. Individual nutrition status 

evaluation twice a day could be useful when adjusting nutrition support delivery. 

Postoperative nutrition adequacy was prone to being inadequate after free flap 

surgery for HNC (Ⅲ). Among patients with free flap surgery for HNC, early 

initiation of oral intake is highly desirable. Oral intake was associated with 

improved nutrition adequacy and was the most efficient way to deliver nutrition 

after free flap surgery for HNC. Early OI was associated with a shorter LOS. 

According to our results, NS should be aimed at patients without OI on the fifth 

post-operative day because patients with adequate postoperative nutrition status 

had typically initiated oral intake by the fifth postoperative day. Dietician 

consultation was rare in the present cohort. One solution to improve nutrition 

intake would be preoperative dietician consultation and drawing up an advance 
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nutrition plan where the dietician would routinely continue nutrition screening 

after the operation. 

According to our results, inadequate postoperative nutrition after EL is 

common. (Ⅳ) OI should be initiated on the first postoperative day since it was 

associated with better nutrition adequacy. NS seems to be very inadequate among 

patients recovering from EL. In our study, the administered NS did not rise 

throughout the follow-up among patients with low nutrition adequacy, although 

OI levels remained low during the entire follow-up. Our results indicate that NS 

should be aimed at patients without OI on the second postoperative day after EL. 

For patients without OI on the second post-operative day, a routine dietician 

consultation might be a feasible means of improving nutritional intake after EL. 

6.9 Future studies 

Low nutrition adequacy in the ICU setting has been widely reported (Bendavid et 

al., 2017). Since NS is generally recommended to conduct by EN delivery, there 

is a great interest to enhance the role of EN. The issue is considered as one of the 

top ten research agendas in ICU nutrition and metabolism (Arabi et al., 2017). 

Research concerning the influence of BEN on nutrition adequacy and outcomes is 

still scarce. Currently, there are two registered prospective trials focusing on BEN 

delivery in the ICU setting, and both of them evaluate the effect of BEN on the 

rate of nutrition success and outcomes (Hrdy et al., 2020; Reinhold et al., 2020). 

In the future, a prospective randomized study comparing the BEN and CEN 

methods would be interesting to conduct. The amount of delivered nutrition, 

incidence of GI-related complications and practicality in daily patient care would 

be interesting endpoints to evaluate. The optimal timing of PN initiation has also 

been also widely studied, but the published results are controversial and 

guidelines focusing on the issue are not unanimous about the optimal time of 

initiation (Lambell et al., 2020). More large-scale prospective trials are needed to 

enlighten this issue. Understanding the role of the body’s metabolic response 

during severe illness is still not clear and discoveries in this field will most likely 

help to adjust NS and especially PN in critical illness. In the present study, we 

were not able to discover the exact reasons behind scant OI or refusal of OI after 

free flap surgery for HNC due to the retrospective nature of our methods. 

Prospective research with a specific daily questionnaire surveying appetite with 

exact daily caloric count would be interesting to conduct to discover more 

precisely the factors behind low or non-existent OI after free flap surgery for 
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HNC. In this study, NS volumes remained very low after EL even when the OI 

did not provide sufficient nutrition during the follow-up. A prospective study 

setting where NS is initiated and adequately administered for patients without OI 

would provide vital information about the outcomes after EL.   

6.10 Summary of the thesis 

Nutrition in the ICU is prone to be inadequate. Patients with severe inflammation 

or instable hemodynamics are at a greater risk of impaired nutrition adequacy 

during the ICU stay. According to these retrospective studies, BEN delivery might 

be an efficient method of administering nutrition without posing a risk for gastric 

intolerance in the ICU setting. Early OI after free flap surgery for HNC is 

desirable because OI was the most efficient way to deliver nutrition in this patient 

cohort. Moreover, adequate nutrition was associated with a lower incidence of 

postoperative complications and better outcomes. OI should also be initiated early 

for patients recovering from EL because it was the most efficient way to deliver 

nutrition after EL. NS should be initiated for recovering EL patients without OI 

and gradually increased until OI is achieved.  
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7 Conclusions 

1. A discrepancy between prescribed and administered EN is common in a 

general ICU. Delivery of EN might be enhanced by utilizing BEN rather than 

CEN. 

2. NS is prone to be inadequate in a general ICU. Underprescription and failure 

to administer the prescribed amount of nutrition are key reasons for 

inadequate NS. Although the prescribed volume of NS reached the calculated 

demand on the 13th ICU day, the administered calories never reached the 

calculated individual demand. 

3. Inadequate nutrition after free flap surgery for HNC is common. OI is the 

most efficient method to administer nutrition in this patient group. NS was 

not able to cover the nutrition deficit among patients without OI. A nutrition 

protocol aiming at early OI for HNC patients should be introduced. 

4. Inadequate nutrition after EL is common. OI is the most efficient way to 

administer nutrition after EL. NS should be initiated for patients without OI 

on the second postoperative day and gradually increased until OI is initiated. 

A comprehensive nutrition protocol guiding NS for patients without OI on the 

second postoperative day should be introduced. 
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