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Abstract: Recently, it has been shown that directly starting oral feeding (DOF) from postoperative
day one (POD1) after a totally minimally invasive Ivor-Lewis esophagectomy (MIE-IL) can further
improve postoperative outcomes. However, in some patients, tube feeding by a preemptively
placed jejunostomy is necessary. This single-center cohort study investigated risk factors associated
with failure of DOF in patients that underwent a MIE-IL between October 2015 and April 2021.
A total of 165 patients underwent a MIE-IL, in which DOF was implemented in the enhanced
recovery after surgery program. Of these, 70.3% (n = 116) successfully followed the nutritional
protocol. In patients in which tube feeding was needed (29.7%; n = 49), female sex (compared to
male) (OR 3.5 (95% CI 1.5-8.1)) and higher ASA scores (Il + IV versus II) (OR 2.2 (95% CI 1.0-4.8))
were independently associated with failure of DOF for any cause. In case of failure, this was either
due to a postoperative complication (n = 31, 18.8%) or insufficient caloric intake on POD5 (n = 18,
10.9%). In the subgroup of patients with complications, higher ASA scores (OR 2.8 (95% CI 1.2-6.8))
and histological subtypes (squamous-cell carcinoma versus adenocarcinoma and undifferentiated)
(OR 5.2 (95% CI 1.8-15.1)) were identified as independent risk factors. In the subgroup of patients
with insufficient caloric intake, female sex was identified as a risk factor (OR 5.8 (95% CI 2.0-16.8)).
Jejunostomy-related complications occurred in 17 patients (10.3%). In patients with preoperative
risk factors, preemptively placing a jejunostomy may be considered to ensure that nutritional goals
are met.

Keywords: minimally invasive esophagectomy; esophageal cancer; nutrition; enhanced recovery
after surgery; jejunostomy

1. Introduction

Esophagectomy, with or without neoadjuvant treatment, is the cornerstone of curative
treatment for esophageal cancer [1-3]. Despite the introduction of minimally invasive
techniques and enhanced recovery after surgery programs (ERAS), an esophagectomy is
still associated with considerable morbidity [4-7]. Directly starting oral feeding (DOF) is
an important element of ERAS and has been shown to be safe and may further improve
postoperative outcomes following a (totally) minimally invasive Ivor-Lewis esophagectomy
(MIE-IL) [8-10].

Insufficient postoperative intake is a major concern in esophageal cancer patients,
as dysphagia, weight loss and malnutrition are commonly reported [11,12]. It has been
shown that DOF achieves sufficient caloric intake in most patients [9,10] and it does not
lead to greater weight loss as compared to tube feeding [9,13]. The main determinants for
patients to adhere to the nutritional protocol are complications (e.g., anastomotic leakage)
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and insufficient intake during the peri-/postoperative phase. Some patients may therefore
deviate from this nutritional protocol and still need an artificial nutritional route [9,10].

Two common ways to ensure adequate enteral intake are a nasojejunal tube or a
jejunostomy placed during surgery. A jejunostomy is more comfortable for the patient
and dislodgment is substantially less when compared with a nasojejunal tube [12,14,15].
However, a jejunostomy may also lead to complications such as catheter occlusion, dis-
lodgement or even bowel obstruction and is reported to be the leading cause of emergency
department visits after an esophagectomy [14,16,17]. Ideally, preemptive placement of
a jejunostomy should therefore only be performed in patients at risk of inadequate oral
intake. Hence, the aim of the study is to identify preoperative risk factors associated with
the need for tube feeding after a MIE-IL.

2. Materials and Methods
2.1. Study Design

This single-center cohort study was conducted at the Catharina Hospital in Eindhoven,
the Netherlands, which is a referral hospital for esophageal surgery. All patients aged
18 years or above that underwent an elective MIE-IL, between October 2015 and April
2021, were eligible for inclusion. Only patients with direct start of oral feeding (DOF) from
postoperative day one (POD1) as part of the ERAS program were eligible for inclusion, since
these patients do not require any tube feeding if sufficient caloric intake is achieved [9,10].
This exact feeding regimen was investigated in the multicenter NUTRIENT II trial in which
it was shown that DOF following an MIE-IL is safe and feasible and thereafter became
the standard of care at our institution. Patients with the conventional nutritional protocol
(i.e., nil-by-mouth and tube feeding for five days postoperatively which was standard of
care prior to and during the NUTRIENT II trial) were excluded. There were no additional
exclusion criteria.

2.2. Perioperative Procedure

A dedicated team of experienced surgeons, anesthesiologists, scrub nurses, inten-
sivists, paramedics, nurse specialists and nurses on the ward were involved in the entire
clinical care pathway. The team carries out more than 45 minimally invasive esophagec-
tomies with intrathoracic anastomosis annually [9,10]. Intraoperatively, a low-vacuum
Jackson Pratt® drain was placed on the dorsal side of the anastomosis and bilateral chest
drains were placed at the end of the procedure. The nasogastric tube was removed at the
end of the surgery in all patients. A jejunostomy catheter (9.6Fr) was routinely placed dur-
ing surgery, but was only used when enteral feeding was required due to a complication,
or when caloric intake was insufficient on postoperative day five (POD5).

Patients were extubated directly postoperatively on the OR and were admitted to
the ICU overnight. The next day patients were transferred to a specialized surgical unit.
Chest X-rays and blood tests were performed postoperatively according to a fixed protocol.
Chest drains were removed on day 1. All patients received postoperative care according
to a standardized ERAS program [9,10]. Specifically, patients were actively mobilized
by the nursing staff to sit in a chair the evening after surgery; on postoperative day 1
(POD1), they started walking and this was gradually expanded to climbing stairs on
POD4 and walking 1000 m on POD5. On POD], all patients started with a liquid oral
diet (e.g., soup, yoghurt, porridge, pureed solid foods), supported by oral nutritional
supplements (Nutridrink® Compact Protein, Nutricia Advanced Medical Nutrition). This
liquid oral diet was gradually expanded until POD15, when a solid diet was initiated. The
identical nutritional protocol has previously been shown to be safe and feasible [8-10].
A dietician determined daily energy needs for each patient using the Harris—Benedict
formula, with a surplus of 30% for energy expenditure in the postoperative phase. On
POD?5, caloric intake and protein intake were measured and calculated. In patients whose
intake did not reach >50% of the calculated energy expenditure on POD5, tube feeding was
started using the jejunostomy catheter.
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2.3. Definitions

Protocol deviation or failure of DOF was defined as any cause that required tube
feeding via the jejunostomy. Jejunostomy-related complications were defined as: dislodge-
ment, occlusion, entry site leakage, entry site infection/abscess, intra-abdominal leakage
and/or small bowel perforation. Additional postoperative complications were classified
according to the Clavien-Dindo classification of surgical complications [18]. Pulmonary
complications included: (aspiration)pneumonia, pleural effusion/empyema, pneumotho-
rax and atelectasis requiring intervention, acute respiratory distress syndrome (ARDS) and
respiratory insufficiency requiring prolonged treatment or reintubation. Pneumonia was
scored using the Uniform Pneumonia Score (UPS) [19]. Anastomotic leakage was scored
using the Esophagectomy Complications Consensus Group (ECCG) definition [20].

2.4. Statistical Analyses

Analyses were performed with the Statistical Software for the Social Sciences (SPSS)
version 25 (IBM Software Group). Categorical data were assessed using the Chi-squared test
or the Fisher’s exact test and were presented as an absolute number with the corresponding
percentage. After assessment of data normality (assumed normal if both skewness and
kurtosis ranges were between —1 to 1), numerical data were analyzed using the indepen-
dent samples t-test or Mann—Whitney U test accordingly. Numerical data are presented
as mean with standard deviation (SD) or medians with an interquartile range (IQR). A
two-tailed p-value of <0.05 was considered statistically significant. To calculate the adjusted
estimations of the odds ratio (OR) with the corresponding 95% confidence intervals (CI),
statistically significantly and other (clinically) relevant variables (with value p < 0.250) were
entered into a logistic regression model. In the case of small samples within categorical
variables, dichotomous dummy variables were created and then entered in the model.
Multicollinearity between categorical variables was assessed using a Chi-squared test for
independence and Phi-coefficient of correlation (in case of two categories) or Cramér’s V
(for two or more categories).

3. Results

In the period between October 2015 and April 2021, 264 patients underwent an elective
totally MIE-IL, at the Catharina Hospital Eindhoven. In 99 patients, the feeding regimen—
as previously described in the methods—was nil-by-mouth and tube feeding for five days
postoperatively and these patients were therefore excluded. In 165 patients, the feeding
regimen was DOF on POD1 and all 165 eligible patients were included in the analyses. Of
note, 85 of these patients participated in the NUTRIENT II trial and a prospective cohort
study conducted at our institution [9,10].

3.1. Baseline Characteristics

Mean age was 65 years (SD * 9) and patients were predominantly male (79.5%).
Median body mass index (BMI) was 25.9 kg/ m? (IQR 23.5-29.2). Comorbidities were
present in 106 patients (64.2%). Most patients (69.7%) were American Society of Anesthesi-
ologists (ASA) classification II. Adenocarcinoma (AC) was the predominant histological
subtype (86.7%). A total of 155 patients (93.9%) underwent neoadjuvant treatment (rou-
tinely chemoradiotherapy). Forty-one patients (24.8%) required preoperative tube feeding
due to insufficient oral intake or inability of oral intake (e.g., dysphagia). Preoperative
baseline characteristics are further subdivided by adherence to the nutritional protocol and
are shown in Table 1.
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Table 1. Preoperative patient baseline characteristics by adherence to feeding regimen.

No Deviation Deviation from Protocol
(n =116) (n =49) p-Value

Age, years 65 9) 64 (8) 0.600
Sex, male 99 (85.3) 32 (65.3) 0.004
BMI, kg/m? 26.1 (23.4-29.3) 25.0 (23.5-29.2) 0.651
Weight loss, kg 0 (0-5) 3 (0-7) 0.402
Preoperative tube feeding 25 (21.6) 16 (32.7) 0.132
Smoking history 92 (79.3) 40 (81.6) 0.733
Active smoker (or quit <1 year) 33 (28.7) 17 (34.7) 0.445
Alcohol consumption 0.552

Daily 38 (33.0) 15 (30.6)

Weekly 18 (15.7) 5 (10.2)
Comorbidity 74 (63.8) 32 (65.3) 0.853
Cardiac 17 (14.7) 8 (16.3) 0.784
Pulmonary 23 (19.8) 11 (22.4) 0.704
Vascular 40 (34.5) 17 (34.7) 0.979
Diabetes 15 (12.9) 4 (8.2) 0.381
Obesity 25 (21.6) 10 (20.4) 0.870
ASA Class 0.189

I 86 (74.1) 32 (65.3)

I 27 (23.3) 17 (34.7)

v 3 (2.6) 0

Histology 0.082

Adenocarcinoma 105 (90.5) 38 (77.6)

Squamous cell carcinoma 10 (8.6) 10 (20.4)

Undifferentiated 1 0.9) 1 (2.0)
(c)TNM stage 0.018

0 1 0.9) 1 (2.0)

I 4 (3.4) 9 (18.4)

II 22 (19.0) 9 (18.4)

11 61 (52.6) 23 (46.9)

v 28 (24.1) 7 (14.3)

Legend: values are absolute numbers (percentage) or medians (lower quartile—upper quartile) or means (standard deviation). BMI, body
mass index; ASA, American Society of Anesthesiologists; (c) TNM, clinical tumor stage.

3.2. Postoperative Outcomes

The thirty-day overall postoperative complication rate was 53.3% (n = 88). Cardiopul-
monary complication rate was 43.0%. More specifically, a cardiac complication occurred
in 33 patients (20.0%). Atrial fibrillation was the most frequently diagnosed cardiac com-
plication (n = 29). A pulmonary complication occurred in 54 patients (32.7%) and the
pneumonia rate (UPS) was 21.8% (n = 36). Anastomotic leakage (AL) was diagnosed in
15 patients (9.1%). Of these, seven were minor leaks treated conservatively with antibiotics,
a nasogastric tube with suction and dietary modification (ECCG Type I). Six required endo-
scopic stenting (ECCG Type II) and two required surgical (re)intervention (ECCG Type III).
Chyle leakage occurred in 5 patients (3.0%). Gastric conduit distention was diagnosed
in eight (4.8%) patients. Jejunostomy-related complications occurred in 10.3% of patients
(n = 17). In ten cases the jejunostomy catheter dislodged; in three cases an occlusion of the
catheter; and in four entry site infections occurred. Eight patients required an extra visit to
the outpatient clinic or emergency department for removal or (radiological) replacement.
One of these patients was readmitted. In the patients that successfully followed the in-
tended nutritional protocol (n = 116), nine (7.8%) had a jejunostomy-related complication,
whilst the jejunostomy was not used.

Median length of hospital stay was 7 days (IQR 6-10) and hospital readmission
rate was 10.3% (n = 17). Of the patients that were readmitted, 11 patients (6.7%) had
a late surgical complication, i.e., anastomotic leakage (1 = 3), pulmonary complication
(n = 3), pain complaints (1 = 3), dislodged jejunostomy catheter (1 = 1) or occult bacteremia
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requiring antibiotics (n = 1). Four patients were shortly readmitted to initiate tube feeding
due to insufficient caloric intake as a result of functional feeding-related symptoms (1 = 3) or
a pyloric spasm that required endoscopic dilatation (1 = 1). Three patients were readmitted
for other, non-surgical reasons.

3.3. Nutritional Protocol Deviation

A total of 49 patients (29.7%) deviated from the nutritional protocol and required tube
feeding postoperatively. In these patients, pulmonary complication rate was significantly
higher compared to patients that did not deviate from the protocol (respectively, 59.2%
versus 21.6%, p < 0.001). More specifically, pneumonia rate (UPS) was 40.8% in patients that
deviated from the protocol versus 13.8% in patients without a protocol deviation (p < 0.001).
Evidently, patients with AL and patients with gastric conduit distension deferred from
oral intake and required tube feeding, thereby deviating from the nutritional protocol.
An univariable regression analysis was performed (Table 2) and showed that sex (female)
and histological subtype (SCC) were negatively associated with nutritional protocol de-
viation for any cause (OR 3.1 (95% CI 1.4-6.8) and OR 2.7 (95% CI 1.1-7.0), respectively).
On the other hand, a significant protective association between higher (clinical) tumor
stage (cCTNM III + IV versus cITNM 0-II) was observed (OR 0.5 (95% CI 0.2-0.9)), whereas
this association was not identified for pathological tumor stage ((y)pTNM III + IV versus
(y)pTNM 0-1I); OR 0.977 (95% CI 0.5-1.9). Considering the number of events per variable,
the multivariable analysis was performed with sex, ASA score and histological subtype,
as these were deemed most (clinically) relevant. Subsequently, the multivariable analysis
retained sex (female) as an independent factor associated with nutritional protocol devia-
tion for any cause (OR 3.5 (95% CI 1.5-8.1)), whereas the association of histological subtype
(SCC) was not statistically significant (p = 0.091). Moreover, higher ASA scores (III + 1V)
were associated with nutritional protocol deviation for any cause (OR 2.2 (95% CI 1.0-4.8)).
A multicollinearity analysis was performed using the chi-square test, which showed a
significant association between sex and ASA score (p = 0.004) and histology (p = 0.022), but
not between ASA score and histology (p = 0.370). Phi-coefficient was calculated for these
dichotomous (categorical) variables and showed a weak correlation between sex and ASA
score (¢ —0.222), and sex and histological subtype (¢ 0.178).

Table 2. Univariable and multivariable regression for nutritional protocol deviation for any cause.

OR 95% CI p-Value
Univariable
Sex (female vs. male) 3.1 (1.4-6.8) 0.005
ASA Score (III + IV vs. II) 15 (0.7-3.1) 0.252
Histology (SCC vs. AC + undifferentiated) 2.7 (1.1-7.0) 0.039
Tumor stage (cTNM III + IV vs. 0-1I) 0.5 (0.2-0.9) 0.033
Preoperative tube feeding (yes vs. no) 1.8 (0.8-3.7) 0.134
Multivariable
Sex (female vs. male) 35 (1.5-8.1) 0.004
ASA Score (III + IV vs. II) 2.2 (1.0-4.8) 0.048
Histology (SCC vs. AC + undifferentiated) 24 (0.9-6.4) 0.091

Legend: OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; SCC, squamous cell carcinoma; AC,
adenocarcinoma; (c) TNM, clinical tumor stage.

In addition, a subgroup analysis was performed to discriminate between patients
that deviated from the protocol due to a complication and patients without complications
directly leading to protocol deviation. In the 31 patients that required tube feeding, the
cause was a complication prohibiting or hindering oral intake (Supplementary Table S1). AL
was the primary reason in 15 patients, whereas in nine patients this was due to respiratory
insufficiency. In four patients, gastric conduit distension was the primary reason for
protocol deviation. The remaining three patients deviated from the protocol due to chyle
leakage (1 = 1), pyloric spasm (1 = 1) and an intraoperative complication (n = 1). In this
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subgroup, higher ASA scores (OR 2.8 (95% CI 1.2-6.8)) and SCC (OR 5.2 (95% CI 1.8-15.1))
were found to be independent risk factors for complications leading to protocol deviation
on multivariable analysis (Table 3).

Table 3. Univariable and multivariable regression for nutritional protocol deviation (complication subgroup).

OR 95% CI p-Value
Univariable
Sex (female vs. male) 2.0 (0.8-5.3) 0.147
ASA Score (III + IV vs. II) 24 (1.0-5.4) 0.040
Histology (SCC vs. AC + undifferentiated) 4.3 (1.6-12.0) 0.004
Tumor stage (cTNM III + IV vs. 0-II) 04 (0.2-0.9) 0.032
Preoperative tube feeding (yes vs. no) 1.7 (0.74.2) 0.217
Multivariable
ASA Score (III + IV vs. II) 2.8 (1.2-6.8) 0.019
Histology (SCC vs. AC + undifferentiated) 52 (1.8-15.1) 0.002

Legend: OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; SCC, squamous cell carcinoma; AC,
adenocarcinoma; (c) TNM, clinical tumor stage.

On the contrary, 18 of 49 patients required tube feeding due to insufficient oral
intake (Supplementary Table S2). In this subgroup, 13 patients did not reach sufficient
caloric intake on POD5—as previously defined—and five patients had passage/swallowing
problems postoperatively in the absence of abnormalities on endoscopy. In this group,
univariable analysis showed that female sex was a risk factor for protocol deviation due to
insufficient oral intake (OR 5.8 (95% CI 2.0-16.8)).

4. Discussion

This study identified several risk factors associated with deviation from the nutritional
protocol (directly starting oral intake) for any cause after a MIE-IL. Previously, it was
shown that the main postoperative determinants for patients to adhere to this nutritional
protocol postoperatively are complications (e.g., AL and pneumonia) or insufficient caloric
intake [8-10,21]. To our knowledge, this is the first study that aimed to investigate preop-
erative risk factors in this patient group (patients directly starting with oral intake after a
MIE-IL). Several preoperative patient and histopathologic factors (i.e., female sex, SCC and
higher ASA scores) were independently associated with failure of DOFE.

In patients with complications hindering or prohibiting oral intake, AL and respira-
tory insufficiency were the most frequently observed complications that led to failure of
DOF [8-10,21]. Several risk factors (e.g., older age, higher ASA scores, obesity, diabetes
and smoking) that predispose for AL and respiratory complications in esophagectomy
patients have been identified in previous studies [22-26]. Due to the limited amount of
patients in this cohort, preoperative risk factors for these complications were not analyzed
individually, but as one subgroup. In this subgroup, higher ASA scores and SCC were
retained as independent risk factors for any postoperative complication leading to failure
of DOF on multivariable analysis. This has not been described before in patients follow-
ing a MIE-IL. Considering that higher ASA scores are also a risk factor for postoperative
morbidity, especially AL and pneumonia (also shown in Supplementary Tables S3 and S4),
we hypothesize that these factors are correlated and are therefore also associated with the
failure of DOF [22,25].

For squamous cell carcinoma, this may be explained by its underlying pathogenesis,
wherein major etiological factors are tobacco smoking and alcohol consumption—which
also act synergistically—and poor diet [27]. It has previously been reported that these
patients have a higher preoperative risk profile, e.g., due to a poorer nutritional status
and poorer pulmonary function, thereby increasing the risk of postoperative morbidity
in these patients [27-29]. Although data on the extent of smoking (pack years) and the
exact amount of alcohol consumption in this current cohort was limited, there was no
significant association between SCC and a higher preoperative risk profile (i.e., smoking,
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alcohol consumption, obesity, comorbidity), as shown in Supplementary Table S5. On the
other hand, patients with SCC at our institution routinely undergo an extended two-field
lymph node dissection (2FLND) as compared to a standard 2FLND in patients with AC.
In these patients, lymph nodes along the aortopulmonary window and paratracheally
are carefully harvested, while preserving the vagus and recurrent nerves. Earlier studies
have shown that the extent of lymph node dissection is associated with higher AL rates,
which may explain the higher incidence of AL in patients with SCC that underwent
an extended 2FLND [30-32]. However, these studies compared 2FLND with three-field
lymph node dissections; thus, other surgical factors (e.g., anastomotic technique and
location of anastomosis) were potential confounders. Moreover, lymph node yield did not
significantly differ between patients squamous cell carcinoma (SCC) and adenocarcinoma
(AC) (median 29 (IQR 21-33) vs. median 27 (IQR 21-32), p = 0.740) in the current cohort.
The association between histological subtype and occurrence of AL after an esophagectomy
has not been extensively researched [33,34]. One retrospective study by Herzberg et al. also
identified SCC as a risk factor for AL; however, there may have been potential confounders
in their study, such as different types of surgery [33]. On the contrary, in a population-based
study by Rutegard et al., no significant difference in AL rate was observed between SCC
and AC [34]. More data are needed to further substantiate this finding.

Next, patients may also deviate from the intended nutritional protocol due to insuf-
ficient caloric intake. This finding was in line with previous studies on DOF, following a
MIE-IL and may be explained by (functional) feeding related symptoms that occur shortly
after surgery (e.g., nausea, vomiting, early satiety and dysphagia) [8-10]. Interestingly, in
this subgroup, only female sex was identified as a risk factor for insufficient oral intake.
This is a new finding and has not been described before in patients undergoing an MIE-IL.
However, previous studies in other upper gastrointestinal surgery (e.g., pancreaticoduo-
denectomy, gastrectomy and bariatric surgery) [35-37], as well as in colorectal surgery [38],
reported that females tend to have lower total dietary intake following surgery. It was
suggested that this may be due to a slower recovery in food tolerance after reintroducing
oral diet and because female patients tend to more gradually and carefully increase the
food amount postoperatively. In patients undergoing an esophagectomy as well as a
gastrectomy for cancer, it has been reported that female sex is associated with an increased
risk of postoperative weight, but data are inconclusive [39,40].

Most patients (70%) in the current study did not deviate from the intended nutritional
protocol and therefore did not need the jejunostomy. Preemptive placement of a jejunos-
tomy may confer an unnecessary risk in the postoperative period in these patients, since
tube-related complications (e.g., dislocation, occlusion, leakage, entry site infections, and GI
complaints) are well-known and can impact patients’ recovery and quality of life [12,41-43].
In the current study, jejunostomy-related complications occurred in 10% of patients, which
is less frequent than what is reported in the majority of previous studies [12,14,15]. These
were mostly minor complications, e.g., dislodgement, dysfunction/occlusion and local
entry site inflammation/infection. On the other hand, 30% of patients (n = 49) required tube
feeding. Hence—in case no jejunostomy was placed during the initial surgery—secondary
placement of a jejunostomy (or nasojejunal tube) would have been necessary in these
patients, which also confers a risk. Although these data could aid surgeons in making more
appropriate treatment decisions, the relatively small sample size of the current cohort and
different underlying causes (complications versus no complications leading to failure of
DOF), limit the decision-making to omit preemptive placement of a jejunostomy. Moreover,
due to the specificity of this cohort (patients with DOF following a MIE-IL), these data may
not be applicable to institutions with different feeding regimens and/or techniques and
should therefore be substantiated in future studies.

Furthermore, this study was limited due to the retrospective design and by the fact
that only a single center was included. Nevertheless, all eligible patients were included,
thereby limiting potential selection bias. Nevertheless, it might aid surgeons in selecting
better and more appropriate treatment decisions. The strength of this study is that patients
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were included from a high-volume center, with a relatively low, stable complication rate
and perioperative conditions; e.g., MIE with minimal learning associated morbidity [44,45]
and a well-established ERAS program [9,10] were standardized in all patients. This is
essential since the risk for failure of DOF is higher in a setting of a high complication rate
and a non-standardized postoperative protocol (e.g., AL and respiratory complications).
Consequently, length of hospital stay was also shorter than previous reports [46—49]. This
was accompanied by a total readmission rate of 10%, which is in line with previous
nationwide studies [46-48], which reported a readmission rate ranging from 7.0-15% and
below the 15% reported in a Dutch national cohort study [49].

5. Conclusions

In conclusion, this study identified preoperative risk factors associated with the failure
of oral feeding directly postoperatively in patients after an MIE-IL. These data may aid
surgeons in their decision-making for preemptive placement of a jejunostomy or nasojejunal
tube in patients at risk, to ensure adequate caloric intake postoperatively.
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histological subtype.

Author Contributions: H.J.B.J., A.G. and M.D.P.L. conceptualized and designed the manuscript;
data were collected and analyzed by H.].B.J. and L.EC.F. H.].B.]. and A.G. described the data; H.J.B.].
and A.G. drafted the initial manuscript; L.EC.F, G.A.PN. and M.D.P.L. critically revised the work;
all authors reviewed and approved the final manuscript as submitted. All authors have read and
agreed to the published version of the manuscript.

Funding: The previous NUTRIENT II trial was funded by KWF Kankerbestrijding (Dutch Cancer
Society, grant number 10495) and Medtronic (20130529).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Medical Ethics Committee (MEC-U) (W21.039) and
institutional review board of the Catharina Hospital (nWMO-2021.032).

Informed Consent Statement: Informed consent was not obtained due to the high mortality in this
patient population and since (pseudonymized) data were already collected for a different study that
was approved by the MEC-U (W20.314) and institutional review board of the Catharina Hospital
(nWMO-2021.001). However, no data were collected on patients that explicitly indicated their data
were not to be used for research or educational purposes.

Data Availability Statement: Data (anonymized) will be made available on request, such as data on
patient characteristics and postoperative outcomes to reproduce the analyses or to gain an insight into
how definitions were scored. A request can be send to the corresponding author from the publication
date to one year after the publication date (since data are only stored for this period, as approved by
the review board).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

1.  Voeten, D.M.; den Bakker, C.M.; Heineman, D.J.; Ket, ].C.F,; Daams, F.; van der Peet, D.L. Definitive Chemoradiotherapy Versus
Trimodality Therapy for Resectable Oesophageal Carcinoma: Meta-analyses and Systematic Review of Literature. World J. Surg.
2019, 43, 1271-1285. [CrossRef] [PubMed]

2. Wang, ], Qin, J.; Jing, S.; Liu, Q.; Cheng, Y.; Wang, Y.; Cao, E. Clinical complete response after chemoradiotherapy for carcinoma
of thoracic esophagus: Is esophagectomy always necessary? A systematic review and meta-analysis. Thorac. Cancer 2018, 9,
1638-1647. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/nu13103616/s1
https://www.mdpi.com/article/10.3390/nu13103616/s1
http://doi.org/10.1007/s00268-018-04901-z
http://www.ncbi.nlm.nih.gov/pubmed/30607604
http://doi.org/10.1111/1759-7714.12874
http://www.ncbi.nlm.nih.gov/pubmed/30277016

Nutrients 2021, 13, 3616 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Li, S.; Liu, H.; Diao, C.; Wang, X.; Gao, M.; Li, Z.; Song, L.; Gao, X.; Han, J.; Wang, F; et al. Prognosis of surgery combined
with different adjuvant therapies in esophageal cancer treatment: A network meta-analysis. Oncotarget 2017, 8, 36339-36353.
[CrossRef] [PubMed]

Gottlieb-Vedi, E.; Kauppila, ].H.; Malietzis, G.; Nilsson, M.; Markar, S.R.; Lagergren, ]. Long-term Survival in Esophageal Cancer
After Minimally Invasive Compared to Open Esophagectomy: A Systematic Review and Meta-analysis. Ann. Surg. 2019, 270,
1005-1017. [CrossRef] [PubMed]

Yibulayin, W.; Abulizi, S.; Lv, H.; Sun, W. Minimally invasive oesophagectomy versus open esophagectomy for resectable
esophageal cancer: A meta-analysis. World . Surg. Oncol. 2016, 14, 304. [CrossRef] [PubMed]

Zhou, C.; Zhang, L.; Wang, H.; Ma, X,; Shi, B.; Chen, W.; He, J.; Wang, K.; Liu, P; Ren, Y. Superiority of Minimally Invasive
Oesophagectomy in Reducing In-Hospital Mortality of Patients with Resectable Oesophageal Cancer: A Meta-Analysis. PLoS ONE
2015, 10, e0132889. [CrossRef]

Findlay, ].M.; Gillies, R.S.; Millo, J.; Sgromo, B.; Marshall, R.E.; Maynard, N.D. Enhanced recovery for esophagectomy: A system-
atic review and evidence-based guidelines. Ann. Surg. 2014, 259, 413-431. [CrossRef]

Weijs, T.J.; Berkelmans, G.H.; Nieuwenhuijzen, G.A.; Dolmans, A.C.; Kouwenhoven, E.A.; Rosman, C.; Ruurda, ]J.P;
van Workum, E; van Det, M.J.; Silva Corten, L.C.; et al. Immediate Postoperative Oral Nutrition Following Esophagectomy:
A Multicenter Clinical Trial. Ann. Thorac. Surg. 2016, 102, 1141-1148. [CrossRef]

Berkelmans, G.HK.; Fransen, L.E.C.; Dolmans-Zwartjes, A.C.P; Kouwenhoven, E.A.; van Det, M.J.; Nilsson, M.;
Nieuwenhuijzen, G.A.P; Luyer, M.D.P. Direct Oral Feeding Following Minimally Invasive Esophagectomy (NUTRIENT
II trial): An International, Multicenter, Open-label Randomized Controlled Trial. Ann. Surg. 2020, 271, 41-47. [CrossRef]
Fransen, L.E.C.; Janssen, T.; Aarnoudse, M.; Nieuwenhuijzen, G.A.P.; Luyer, M.D.P. Direct Oral Feeding After a Minimally
Invasive Esophagectomy: A Single-Center Prospective Cohort Study. Ann. Surg. 2020. [CrossRef]

Klevebro, F; Johar, A.; Lagergren, J.; Lagergren, P. Outcomes of nutritional jejunostomy in the curative treatment of esophageal
cancer. Dis. Esophagus 2019, 32, doy113. [CrossRef]

Weijs, TJ.; Berkelmans, G.H.; Nieuwenhuijzen, G.A.; Ruurda, ].P.; van Hillegersberg, R.; Soeters, P.B.; Luyer, M.D. Routes for
early enteral nutrition after esophagectomy. A systematic review. Clin. Nutr. 2015, 34, 1-6. [CrossRef]

Sun, H.B,; Li, Y; Liu, X.B.; Zhang, R.X.; Wang, Z.F; Lerut, T.; Liu, C.C.; Fiorelli, A.; Chao, Y.K.; Molena, D.; et al. Early Oral
Feeding Following McKeown Minimally Invasive Esophagectomy: An Open-label, Randomized, Controlled, Noninferiority Trial.
Ann. Surg. 2018, 267, 435-442. [CrossRef]

Berkelmans, G.H.; van Workum, F.; Weijs, T.].; Nieuwenhuijzen, G.A.; Ruurda, ].P; Kouwenhoven, E.A.; van Det, M.].; Rosman, C.;
van Hillegersberg, R.; Luyer, M.D. The feeding route after esophagectomy: A review of literature. J. Thorac. Dis. 2017, 9, S785-5791.
[CrossRef]

Han-Geurts, L].; Hop, W.C.; Verhoef, C.; Tran, K.T.; Tilanus, H.W. Randomized clinical trial comparing feeding jejunostomy with
nasoduodenal tube placement in patients undergoing oesophagectomy. Br. |. Surg. 2007, 94, 31-35. [CrossRef] [PubMed]
Akiyama, Y,; Iwaya, T.; Endo, F; Nikai, H.; Sato, K.; Baba, S.; Chiba, T.; Kimura, T.; Takahara, T.; Nitta, H.; et al. Evaluation of the
need for routine feeding jejunostomy for enteral nutrition after esophagectomy. J. Thorac. Dis. 2018, 10, 6854—6862. [CrossRef]
[PubMed]

Kidane, B.; Kaaki, S.; Hirpara, D.H.; Shen, Y.C.; Bassili, A.; Allison, F.; Waddell, TK.; Darling, G.E. Emergency department use is
high after esophagectomy and feeding tube problems are the biggest culprit. J. Thorac. Cardiovasc. Surg. 2018, 156, 2340-2348.
[CrossRef] [PubMed]

Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205-213. [CrossRef] [PubMed]

Van der Sluis, P.C.; Verhage, R.J.; van der Horst, S.; van der Wal, WM.; Ruurda, J.P.; van Hillegersberg, R. A new clinical scoring
system to define pneumonia following esophagectomy for cancer. Dig. Surg. 2014, 31, 108-116. [CrossRef]

Low, D.E.; Alderson, D.; Cecconello, I.; Chang, A.C.; Darling, G.E.; D’Journo, X.B.; Griffin, S.M.; Holscher, A.H.; Hofstetter,
W.L.; Jobe, B.A; et al. International Consensus on Standardization of Data Collection for Complications Associated with
Esophagectomy: Esophagectomy Complications Consensus Group (ECCG). Ann. Surg. 2015, 262, 286-294. [CrossRef]
Berkelmans, G.H.K.; Kingma, B.E,; Fransen, L.E.C.; Nieuwenhuijzen, G.A.P; Ruurda, ].P,; van Hillegersberg, R.; Luyer, M.D.P.
Feeding protocol deviation after esophagectomy: A retrospective multicenter study. Clin. Nutr. 2020, 39, 1258-1263. [CrossRef]
Kamarajah, S.K; Lin, A.; Tharmaraja, T.; Bharwada, Y.; Bundred, ].R.; Nepogodiev, D.; Evans, R.P.T,; Singh, P; Griffiths, E.A. Risk
factors and outcomes associated with anastomotic leaks following esophagectomy: A systematic review and meta-analysis. Dis.
Esophagus 2020, 33, doz089. [CrossRef]

Li,SJ.; Wang, Z.Q.; Li, Y.J.; Fan, ].; Zhang, W.B.; Che, G.W.; Liu, L.X,; Chen, L.Q. Diabetes mellitus and risk of anastomotic leakage
after esophagectomy: A systematic review and meta-analysis. Dis. Esophagus 2017, 30, 1-12. [CrossRef] [PubMed]

Molena, D.; Mungo, B.; Stem, M.; Lidor, A.O. Incidence and risk factors for respiratory complications in patients undergoing
esophagectomy for malignancy: A NSQIP analysis. Semin. Thorac. Cardiovasc. Surg. 2014, 26, 287-294. [CrossRef] [PubMed]
Schlottmann, E,; Strassle, P.D.; Patti, M.G. Transhiatal vs. Transthoracic Esophagectomy: A NSQIP Analysis of Postoperative
Outcomes and Risk Factors for Morbidity. ]. Gastrointest. Surg. 2017, 21, 1757-1763. [CrossRef] [PubMed]

Yoshida, N.; Watanabe, M.; Baba, Y.; Iwagami, S.; Ishimoto, T.; Iwatsuki, M.; Sakamoto, Y.; Miyamoto, Y.; Ozaki, N.; Baba, H. Risk
factors for pulmonary complications after esophagectomy for esophageal cancer. Surg. Today 2014, 44, 526-532. [CrossRef]


http://doi.org/10.18632/oncotarget.16193
http://www.ncbi.nlm.nih.gov/pubmed/28423740
http://doi.org/10.1097/SLA.0000000000003252
http://www.ncbi.nlm.nih.gov/pubmed/30817355
http://doi.org/10.1186/s12957-016-1062-7
http://www.ncbi.nlm.nih.gov/pubmed/27927246
http://doi.org/10.1371/journal.pone.0132889
http://doi.org/10.1097/SLA.0000000000000349
http://doi.org/10.1016/j.athoracsur.2016.04.067
http://doi.org/10.1097/SLA.0000000000003278
http://doi.org/10.1097/SLA.0000000000004036
http://doi.org/10.1093/dote/doy113
http://doi.org/10.1016/j.clnu.2014.07.011
http://doi.org/10.1097/SLA.0000000000002304
http://doi.org/10.21037/jtd.2017.03.152
http://doi.org/10.1002/bjs.5283
http://www.ncbi.nlm.nih.gov/pubmed/17117432
http://doi.org/10.21037/jtd.2018.11.97
http://www.ncbi.nlm.nih.gov/pubmed/30746231
http://doi.org/10.1016/j.jtcvs.2018.07.100
http://www.ncbi.nlm.nih.gov/pubmed/30309674
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
http://doi.org/10.1159/000357350
http://doi.org/10.1097/SLA.0000000000001098
http://doi.org/10.1016/j.clnu.2019.05.018
http://doi.org/10.1093/dote/doz089
http://doi.org/10.1093/dote/dox006
http://www.ncbi.nlm.nih.gov/pubmed/28475743
http://doi.org/10.1053/j.semtcvs.2014.12.002
http://www.ncbi.nlm.nih.gov/pubmed/25837540
http://doi.org/10.1007/s11605-017-3572-1
http://www.ncbi.nlm.nih.gov/pubmed/28900830
http://doi.org/10.1007/s00595-013-0577-6

Nutrients 2021, 13, 3616 10 of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Gockel, I; Exner, C.; Junginger, T. Morbidity and mortality after esophagectomy for esophageal carcinoma: A risk analysis. World
J. Surg. Oncol. 2005, 3, 37. [CrossRef]

Kamarajah, S.K.; Madhavan, A.; Chmelo, J.; Navidi, M.; Wahed, S.; Immanuel, A.; Hayes, N.; Griffin, S.M.; Phillips, A.W. Impact
of Smoking Status on Perioperative Morbidity, Mortality, and Long-Term Survival Following Transthoracic Esophagectomy for
Esophageal Cancer. Ann. Surg. Oncol. 2021, 28, 4905-4915. [CrossRef]

Yoshida, N.; Nakamura, K.; Kuroda, D.; Baba, Y.; Miyamoto, Y.; Iwatsuki, M.; Hiyoshi, Y.; Ishimoto, T.; Imamura, Y,;
Watanabe, M.; et al. Preoperative Smoking Cessation is Integral to the Prevention of Postoperative Morbidities in Minimally
Invasive Esophagectomy. World J. Surg. 2018, 42, 2902-2909. [CrossRef]

Hagens, E.R.C.; van Berge Henegouwen, M.I.; Cuesta, M.A.; Gisbertz, S.S. The extent of lymphadenectomy in esophageal
resection for cancer should be standardized. |. Thorac. Dis. 2017, 9, S713-S723. [CrossRef]

Ma, G.W,; Situ, D.R.; Ma, Q.L.; Long, H.; Zhang, L.].; Lin, P; Rong, T.H. Three-field vs. two-field lymph node dissection for
esophageal cancer: A meta-analysis. World |. Gastroenterol. 2014, 20, 18022-18030. [CrossRef]

Ye, T.; Sun, Y.; Zhang, Y.; Zhang, Y.; Chen, H. Three-field or two-field resection for thoracic esophageal cancer: A meta-analysis.
Ann. Thorac. Surg. 2013, 96, 1933-1941. [CrossRef]

Herzberg, J.; Strate, T.; Guraya, S.Y.; Honarpisheh, H. Risk factors for anastomotic leakage after surgical resections for esophageal
cancer. Langenbeck’s Arch. Surg. 2021, 406, 1859-1866. [CrossRef]

Rutegard, M.; Lagergren, P; Rouvelas, I.; Lagergren, J. Intrathoracic anastomotic leakage and mortality after esophageal cancer
resection: A population-based study. Ann. Surg. Oncol. 2012, 19, 99-103. [CrossRef]

Akizuki, E.; Kimura, Y.; Nobuoka, T.; Imamura, M.; Nagayama, M.; Sonoda, T.; Hirata, K. Reconsideration of postoperative oral
intake tolerance after pancreaticoduodenectomy: Prospective consecutive analysis of delayed gastric emptying according to the
ISGPS definition and the amount of dietary intake. Ann. Surg. 2009, 249, 986-994. [CrossRef] [PubMed]

Jeong, O.; Ryu, S.Y.; Park, Y.K. Postoperative Functional Recovery after Gastrectomy in Patients Undergoing Enhanced Recovery
After Surgery: A Prospective Assessment Using Standard Discharge Criteria. Medicine 2016, 95, €3140. [CrossRef]

Elrazek, A.E.; Elbanna, A.E.; Bilasy, S.E. Medical management of patients after bariatric surgery: Principles and guidelines. World
J. Gastrointest. Surg. 2014, 6, 220-228. [CrossRef] [PubMed]

Grass, F.; Schafer, M.; Demartines, N.; Hubner, M. Normal Diet within Two Postoperative Days-Realistic or Too Ambitious?
Nutrients 2017, 9, 1336. [CrossRef] [PubMed]

Martin, L.; Jia, C.; Rouvelas, I.; Lagergren, P. Risk factors for malnutrition after oesophageal and cardia cancer surgery. Br. J. Surg.
2008, 95, 1362-1368. [CrossRef] [PubMed]

Tanabe, K.; Takahashi, M.; Urushihara, T.; Nakamura, Y.; Yamada, M.; Lee, S.W.; Tanaka, S.; Miki, A.; Ikeda, M.; Nakada, K.
Predictive factors for body weight loss and its impact on quality of life following gastrectomy. World J. Gastroenterol. 2017, 23,
4823-4830. [CrossRef] [PubMed]

Carroll, PA.; Yeung, J.C; Darling, G.E. Elimination of Routine Feeding Jejunostomy after Esophagectomy. Ann. Thorac. Surg.
2020, 110, 1706-1713. [CrossRef] [PubMed]

Koterazawa, Y.; Oshikiri, T.; Hasegawa, H.; Yamamoto, M.; Kanaji, S.; Yamashita, K.; Matsuda, T.; Nakamura, T.; Suzuki, S.;
Kakeji, Y. Routine placement of feeding jejunostomy tube during esophagectomy increases postoperative complications and does
not improve postoperative malnutrition. Dis. Esophagus 2020, 33, doz021. [CrossRef] [PubMed]

Zheng, R.; Devin, C.L.; Pucci, M.J.; Berger, A.C.; Rosato, E.L.; Palazzo, F. Optimal timing and route of nutritional support after
esophagectomy: A review of the literature. World ]. Gastroenterol. 2019, 25, 4427-4436. [CrossRef]

Van Workum, E; Stenstra, M.; Berkelmans, G.H.K,; Slaman, A.E.; van Berge Henegouwen, M..; Gisbertz, S.S.;
van den Wildenberg, E].H.; Polat, E,; Irino, T.; Nilsson, M.; et al. Learning Curve and Associated Morbidity of Minimally Invasive
Esophagectomy: A Retrospective Multicenter Study. Ann. Surg. 2019, 269, 88-94. [CrossRef] [PubMed]

Claassen, L.; van Workum, F.; Rosman, C. Learning curve and postoperative outcomes of minimally invasive esophagectomy. J.
Thorac. Dis. 2019, 11, S777-S785. [CrossRef] [PubMed]

Yerokun, B.A.; Sun, Z.; Yang, C.J.; Gulack, B.C.; Speicher, PJ.; Adam, M.A.; D’Amico, T.A.; Onaitis, M.W.; Harpole, D.H.;
Berry, M.E,; et al. Minimally Invasive Versus Open Esophagectomy for Esophageal Cancer: A Population-Based Analysis. Ann.
Thorac. Surg. 2016, 102, 416-423. [CrossRef] [PubMed]

Kauppila, J].H.; Helminen, O.; Kyto, V.; Gunn, J.; Lagergren, J.; Sihvo, E. Short-Term Outcomes Following Minimally Invasive and
Open Esophagectomy: A Population-Based Study from Finland and Sweden. Ann. Surg. Oncol. 2018, 25, 326-332. [CrossRef]
Thirunavukarasu, P; Gabriel, E.; Attwood, K.; Kukar, M.; Hochwald, S.N.; Nurkin, S.J. Nationwide analysis of short-term surgical
outcomes of minimally invasive esophagectomy for malignancy. Int. J. Surg. 2016, 25, 69-75. [CrossRef]

Van der Werf, L.R.; Busweiler, L.A.D.; van Sandick, ].W.; van Berge Henegouwen, M.I.; Wijnhoven, B.P.L.; Dutch Upper, GLC.A.g.
Reporting National Outcomes After Esophagectomy and Gastrectomy According to the Esophageal Complications Consensus
Group (ECCG). Ann. Surg. 2020, 271, 1095-1101. [CrossRef]


http://doi.org/10.1186/1477-7819-3-37
http://doi.org/10.1245/s10434-021-09720-6
http://doi.org/10.1007/s00268-018-4572-3
http://doi.org/10.21037/jtd.2017.07.42
http://doi.org/10.3748/wjg.v20.i47.18022
http://doi.org/10.1016/j.athoracsur.2013.06.050
http://doi.org/10.1007/s00423-021-02139-3
http://doi.org/10.1245/s10434-011-1926-6
http://doi.org/10.1097/SLA.0b013e3181a63c4c
http://www.ncbi.nlm.nih.gov/pubmed/19474680
http://doi.org/10.1097/MD.0000000000003140
http://doi.org/10.4240/wjgs.v6.i11.220
http://www.ncbi.nlm.nih.gov/pubmed/25429323
http://doi.org/10.3390/nu9121336
http://www.ncbi.nlm.nih.gov/pubmed/29292741
http://doi.org/10.1002/bjs.6374
http://www.ncbi.nlm.nih.gov/pubmed/18844265
http://doi.org/10.3748/wjg.v23.i26.4823
http://www.ncbi.nlm.nih.gov/pubmed/28765704
http://doi.org/10.1016/j.athoracsur.2020.04.072
http://www.ncbi.nlm.nih.gov/pubmed/32504612
http://doi.org/10.1093/dote/doz021
http://www.ncbi.nlm.nih.gov/pubmed/30997494
http://doi.org/10.3748/wjg.v25.i31.4427
http://doi.org/10.1097/SLA.0000000000002469
http://www.ncbi.nlm.nih.gov/pubmed/28857809
http://doi.org/10.21037/jtd.2018.12.54
http://www.ncbi.nlm.nih.gov/pubmed/31080658
http://doi.org/10.1016/j.athoracsur.2016.02.078
http://www.ncbi.nlm.nih.gov/pubmed/27157326
http://doi.org/10.1245/s10434-017-6212-9
http://doi.org/10.1016/j.ijsu.2015.11.023
http://doi.org/10.1097/SLA.0000000000003210

	Introduction 
	Materials and Methods 
	Study Design 
	Perioperative Procedure 
	Definitions 
	Statistical Analyses 

	Results 
	Baseline Characteristics 
	Postoperative Outcomes 
	Nutritional Protocol Deviation 

	Discussion 
	Conclusions 
	References

