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Background: Although early enteral nutrition (EN) plays a key role in managing patients after cardiac surgery, only a few

studies have evaluated the effects of multidisciplinary team rounds (MDTR) in an intensive care unit (ICU) on the outcomes

of cardiac surgery. We launched the MDTR in June 2020 and investigated its effect on clinical outcomes and nutritional man-

agement after cardiac surgery.

Methods: A retrospective observational study was conducted in a single ICU. This study included 160 patients admitted to

the ICU. The patients were divided into the Conventional and MDTR groups according to their MDTR status. The postopera-

tive hospital stay (PoHS) and EN initiation process were compared between the two groups.

Results: No significant difference was observed in the PoHS between the two groups (median: 15 days in the Conventional

group and 14 days in the MDTR group). Multiple regression analysis indicated that MDTR was associated with shortened

PoHS (regression coefficient: −4.65 days). The time to EN initiation was significantly shorter without increasing EN-related

complications in the MDTR group (28.2 vs. 22.5 hours).

Conclusion: MDTR could be associated with the shortening of PoHS; it allows the early and safe provision of EN for pa-

tients after cardiac surgery.

The study was registered in the University Hospital Medical Information Network Clinical Trials Registry ( UMIN

000044240).
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Introduction

Nutritional support plays an essential role in the manage-

ment of critically ill patients. Some studies have reported

that early enteral nutrition (EN) in critically ill patients

reduces the mortality rate and length of stay (LOS) in the

intensive care unit (ICU).
１-５

Current clinical guidelines

recommend that EN should be initiated within 24-48

hours after ICU admission in patients without contraindi-

cations, such as gastrointestinal problems and hemody-

namic instability.
１，２

Therefore, a new reimbursement sys-

tem for early EN in critically ill patients in the ICU was

introduced in Japan in 2020. The reimbursement requires

EN to be provided within 48 hours after ICU admission,

nutritional assessment of critically ill patients, and evalu-

ation of intestinal function by a multidisciplinary team

(MDT) including physicians, dietitians, and pharmacists.

With these requirements, multidisciplinary team rounds

(MDTR) were conducted in the ICU, and EN was ac-

tively promoted in critically ill patients, including post-

cardiac surgery patients.

The MDT is a team composed of various medical pro-

fessionals who provide the best possible care to pa-

tients.
６，７

MDT is expected to improve the quality of medi-

cal care by strengthening inter-professional cooperation

and emphasizing the advantages of having members with

multiple specialties. A multicenter retrospective observa-

tional study reported that daily MDTR led by intensivists

reduces the patient mortality rate.
８，９

Patients undergoing cardiac surgery experience sys-

temic inflammatory response syndrome.
１０-１２

Surgical

stress activates immune cells and promotes the release of

cytokines such as tumor necrosis factor-α and

interleukin-1β.
１０

Protein catabolism is increased by in-

flammatory reactions. After cardiac surgery, patients

often experience malnutrition, which causes delayed

wound healing and difficulty weaning from the ventila-

tor.
１０

Therefore, early EN in patients who have undergone

cardiac surgery is recommended.

Although multidisciplinary collaboration is necessary

for early EN in patients after cardiac surgery, only a few

studies have reported the effects of multidisciplinary col-

laboration in the ICU on postoperative nutritional man-

agement. This study aimed to investigate the effect of

MDTR in the ICU on the clinical outcomes and nutri-

tional management of patients after cardiovascular sur-

gery.

Materials and Methods

Setting and population

A retrospective single-center observational study was

performed in the ICU of Komaki City Hospital. This

study was approved by the Institutional Ethical Board of

Komaki City Hospital (approval code: 211003) and was

registered in the University Hospital Information Net-

work Clinical Trials Registry (UMIN ID: 000044240).

Patients aged 18 years and older and admitted to the ICU

after cardiovascular surgery were enrolled. Patients 1 )

who died within 3 days after ICU admission, 2) who had

undergone re-operation during the period of their hospi-

talization, 3) with contraindications for EN, 4) who did

not receive EN during ICU admission, and 5) who re-

ceived extracorporeal membrane oxygenation (ECMO)

during ICU admission were excluded. MDTR was initi-

ated in June 2020. The eligible patients were divided into

two groups (Conventional and MDTR groups) according

to their MDTR status. The MDTR group included pa-

tients admitted to the ICU after cardiac surgery during 10

months after MDTR initiated (between June 2020 and

March 2021). By contrast, the Conventional group in-

cluded those patients during 10 months before MDTR in-

itiated (between June 2019 and March 2020). (Figure 1).

Figure 2 shows the process of initiating EN using

MDTR.

Definition of MDTR

Our team comprised intensivists, nurses, dietitians,

pharmacists, clinical engineers, and rehabilitation spe-

cialists. MDTR was defined as rounds held by

intensivist-led MDTR members during weekday morn-

ings in the ICU. The team members assessed the patients’

condition, including nutritional status from the perspec-

tive of each professional, and shared each assessment in

the MDT. Then, we held bedside conferences with the at-

tending cardiovascular surgeons to discuss the patients’

clinical issues, including nutrition therapy for patients af-

ter cardiac surgery. The criteria for EN initiation were

based on several previous guidelines.
１，２

If contraindica-
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Figure　1.　Flowchart of the study participant selection process.

EN, enteral nutrition; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; MDTR, 

multidisciplinary team rounds.

Figure　2.　Enteral nutrition initiating procedure after MDTR implementation.

EN, enteral nutrition; MSWT, modified swallowing water test; MDTR, multidisciplinary team rounds.

tions to EN, such as high-dose catecholamine or large

transfusions, were not present, we suggested to the at-

tending surgeons that EN be initiated for the patients. In

contrast, the initiation of nutrition in the Conventional

group was judged only by the cardiovascular surgeons.

The route of EN and nutrients required were deter-

mined according to the procedure shown in Figure 2 af-

ter discussion with the cardiovascular surgeons. Aquafan

MD 100
Ⓡ

(Aido, Yokkaichi, Japan) was preferred as an

initiating nutrient owing to its low osmolarity and short

gastric residual time.
１３

Dietitians in our team performed

the modified swallowing water test (MSWT), referring to

previous studies on MSWT, and evaluated patients’ swal-

lowing function.
１４，１５

During the MSWT, 1, 3, 5, or 10 mL

of water was poured on the floor of the mouth, and the

patient was instructed to swallow. The test was discontin-
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ued when the patient experienced aspiration. The profile

was determined by a dietitian based on the swallowing

function of the patient. In patients with tracheal intuba-

tion or MSWT profiles of 3, 4, or 5, nutritional admini-

stration via a nasogastric tube was selected. The nutrients

were administered orally to patients with MSWT profiles

1 and 2.

Data collection

All data were collected from the patient’s electronic

medical records, including age, sex, body mass index,

comorbidities, surgical procedures, duration of surgery,

and duration of anesthesia. The additive and logistic

European System for Cardiac Operative Risk Evaluation

scoring systems were used to predict mortality after car-

diac surgery.
１６，１７

The Sequential Organ Failure Assess-

ment and Acute Physiology and Chronic Health Evalu-

ation II scores were calculated using the worst values ob-

tained within 24 hours after ICU admission. The length

of postoperative hospital stay (PoHS), ICU LOS, and

time to extubation after ICU admission were also ob-

tained. The time to initiate EN and the route of admini-

stration used for initial nutrition (oral or nasogastric tube)

were recorded, and the reasons for tube feeding were in-

vestigated.

Measurement of outcomes

The primary outcome was the post-cardiac surgery

PoHS. The secondary outcomes were the time to initiate

EN from ICU admission, the incidence of EN-related

complications including non-occlusive mesenteric ische-

mia ( NOMI ) , nausea, vomiting, diarrhea, abdominal

pain, hospital mortality, ICU LOS, and incidence of in-

fectious diseases diagnosed after ICU admission.

Statistical analysis

Continuous variables were assessed for normal distri-

bution using the Kolmogorov-Smirnov test. Continuous

data were expressed as medians and interquartile ranges

(IQR) as all continuous data were non-normally distrib-

uted in this study. Categorical data were expressed as fre-

quencies and percentages. Univariate comparisons of

continuous variables between the Conventional and

MDTR groups were performed using the Mann-Whitney

U test, and categorical variables were analyzed using

Fisher’s exact test. Age, sex, chronic heart failure,

chronic kidney disease, diabetes, surgical procedures (re-

lated to the prognosis of cardiac surgery), and MDTR in-

tervention were determined as candidate variables affect-

ing PoHS.
１８

Multiple regression analysis was performed

using these variables. The results of multiple regression

analyses were expressed as unstandardized regression co-

efficients (β) and 95% confidence intervals (CI). A P-

value of < 0.05 was considered significant. All statistical

analyses were performed using the EZR software (ver-

sion 1.54; Saitama Medical Center, Jichi Medical Uni-

versity, Saitama, Japan).

Results

One hundred seventy-nine patients were admitted to the

ICU after cardiac surgery during the study period. Of

them, 160 patients met the inclusion criteria. The patients

were divided into the Conventional (79 patients ) and

MDTR groups (81 patients) (Figure 1) . The patients’

baseline characteristics are shown in Table 1. No signifi-

cant differences were observed between the two groups.

No significant differences were also found in the surgical

procedures, operation duration, and anesthesia duration

between the two groups (Table 1) . Three (3.8%) and

eight (9.9%) patients had undergone emergency surgery

in the Conventional and MDTR group, respectively (P =

0.21).

Primary outcome

No significant differences were observed in PoHS af-

ter cardiac surgery between the two groups (Conven-

tional group: 15 days, IQR: 12-23 days vs. MDTR group:

14 days, IQR: 11-17 days, P = 0.20) (Table 2). In a mul-

tiple regression analysis, MDTR was significantly associ-

ated with a shortened PoHS (β : −4.65 days, 95% CI:

−8.82 to −0.49 days, P = 0.03) (Table 3). By contrast,

aortic surgery and coronary artery bypass grafting

(CABG) combined with other procedures were signifi-

cantly associated with prolonged PoHS (aortic surgery =

β : 12.7 days, 95% CI: 5.85 to 19.6 days, P < 0.001;

CABG combined with other procedures = β: 12.7 days,

95% CI: 4.75 to 20.6 days, P = 0.002) (Table 3).



―86―

Table　1.　Patient’s baseline characteristics.

Conventional (n = 79) MDTR (n = 81) P-value

Age, years 71 (60-77) 70 (62-74) 0.46

Male, n (%) 61 (77) 53 (65) 0.12

Body mass index, kg/m2 24.3 (21.6-25.6) 24.1 (21.1-27.0) 0.99

APACHE II score 14 (12-16) 13 (10-16) 0.12

SOFA score 6 (4-8) 5 (4-7) 0.18

Additive EuroSCORE 6 (4-8) 6 (4-8) 0.39

Logistic EuroSCORE (%) 4.65 (2.86-9.20) 5.14 (3.23-10.2) 0.43

Comorbidities, n (%) 

   Hypertension 48 (60.8) 42 (51.9) 

   Diabetes 29 (36.7) 24 (29.6) 

   Dyslipidemia 37 (46.8) 29 (35.8) 

   Old myocardial infarction 4 (5.1) 5 (6.2) 

   Vascular disease 2 (2.5) 7 (8.6) 

   Chronic heart failure 9 (11.4) 9 (11.1) 

   Chronic kidney disease 10 (12.7) 11 (13.6) 

   Hemodialysis 6 (7.6) 6 (7.4) 

   Old cerebral infarction 8 (10.1) 12 (14.8) 

   Respiratory diseases 4 (5.1) 7 (8.6) 

Surgical procedures, n (%) 0.43

   CABG 34 (43.0) 25 (30.9) 

   Valvular 27 (34.2) 28 (34.6) 

   Aortic 10 (12.7) 15 (18.5) 

   CABG combined with other procedures 6 (7.6) 8 (9.9) 

   Others 2 (2.5) 5 (6.2) 

Emergency/elective, emergency, n (%) 3 (3.8) 8 (9.9) 0.21

Duration of operation, hours 5.4 (4.3-6.7) 5.6 (4.4-6.8) 0.66

Duration of anesthesia, hours 6.7 (5.3-7.9) 6.8 (5.5-7.9) 0.59

All data are presented as medians (interquartile ranges) or n (%).

APACHE II, Acute Physiology and Chronic Health Evaluation II; CABG, coronary artery bypass 

grafting; EuroSCORE, European System for Cardiac Operative Risk Evaluation; MDTR, multidisci-

plinary team rounds; SOFA, Sequential Organ Failure Assessment.

Table　2.　Clinical outcomes.

Conventional (n = 79) MDTR (n = 81) P-value

Primary outcome

   Postoperative hospital stay, days 15 (12-23) 14 (11-17) 0.20

Secondary outcomes

    Time to initiate EN from ICU admission, hours 28.2 (24.9-40.1) 22.5 (19.5-27.7) < 0.001

    The number of patients who were initiated EN over 
48 hours from ICU admission, n (%) 

13 (16.5) 0 (0.0) < 0.001

    Route for initial nutrition (oral or feeding tube) 
feeding tube, n (%) 

3 (3.8) 22 (27.2) < 0.001

   Reasons for tube feeding, n

   On mechanical ventilation 1 16

   Dysphagia 2 5

   Others 0 1

ICU LOS, days 3.6 (2.8-4.7) 2.9 (1.9-4.0) 0.02

Hospital mortality, % 0 0 1.0

Time to extubation from ICU admission, hours 16.0 (12.7-18.1) 16.3 (13.3-23.0) 0.32

All data are presented as medians (interquartile ranges) or n (%).

EN, enteral nutrition; ICU, intensive care unit ; MDTR, multidisciplinary team rounds; LOS, length of stay.
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Table　3.　Multiple regression analysis of postoperative hos-

pital stay.

β 
(days) 

95% CI (days) 
P-value

LCL UCL

Intercept 5.37 −10.1 20.8 0.49

Age, per 1 increase 0.14 −0.06 0.35 0.16

Male 1.33 −3.30 5.96 0.57

MDTR −4.65 −8.82 −0.49 0.03

CHF 3.73 −2.92 10.4 0.27

CKD 5.48 −0.88 11.8 0.09

Diabetes −0.53 −5.59 4.53 0.84

vs. CABG

Valvular 2.55 −3.17 8.27 0.38

Aortic 12.7 5.85 19.6 <0.001

CABG combined with 
procedures

12.7 4.75 20.6 0.002

Others 3.34 −7.34 14.0 0.54

Age, sex, CHF, CKD, diabetes, surgical procedures, and MDTR 

were listed as explanatory variables for the multiple regression 

analysis on PoHS. β, unstandardized regression coefficient; 

CABG, coronary artery bypass grafting; CHF, chronic heart 

failure; CKD, chronic kidney disease; CI, confidence interval; 

LCL, lower confidence interval; MDTR, multidisciplinary team 

rounds; PoHS, postoperative hospital stay; UCL, upper confi-

dence interval.

Table　4.　Enteral nutrition-related complications and infec-

tious diseases diagnosed after ICU admission.

Conventional
 (n = 79) 

MDTR
(n = 81) 

P-value

EN-related complications, n (%) 

NOMI 0 (0) 0 (0) 1.0

Nausea 2 (2.5) 3 (3.7) 1.0

Vomit 1 (1.2) 1 (1.2) 1.0

Diarrhea 1 (1.2) 0 (0) 1.0

Abdominal pain 0 (0) 0 (0) 1.0

Infectious diseases diagnosed after ICU admission, n (%) 

Bacteremia 3 (3.8) 0 (0) 0.12

Pneumonia 8 (10.1) 1 (1.2) 0.02

Surgical site infection 9 (11.4) 4 (4.9) 0.16

Urinary tract infection 4 (5.1) 7 (8.6) 0.53

Others 4 (5.1) 1 (1.2) 0.21

EN, enteral nutrition; ICU, intensive care unit; MDTR, multidisci-

plinary team rounds; NOMI, non-occlusive mesenteric ischemia.

Secondary outcomes

The time to initiation of EN was significantly shorter

in the MDTR group (22.5 hours, IQR: 19.5-27.7 hours)

than in the Conventional group (28.2 hours, IQR: 24.9-

40.1 hours) (P < 0.001) (Table 2). EN was initiated over

48 hours in 0 patients (0%) in the MDTR group and in 13

patients (16.5%) in the Conventional group (P < 0.001).

The number of patients using feeding tubes was signifi-

cantly higher in the MDTR group (22 patients, 27.2%)

than in the Conventional group (3 patients, 3.8%) (P <

0.001), and tube feeding was the most common initial

feeding administration method in patients under me-

chanical ventilation with tracheal intubation (16 of 22 pa-

tients received mechanical ventilation in the MDTR

group). The incidence of EN-related complications was

similar between the two groups (Table 4). Hospital mor-

tality was 0% in both groups (P = 1.0). ICU LOS was

significantly reduced in the MDTR group (2.9 days, IQR:

1.9-4.0 days) compared with the Conventional group (3.6

days, IQR: 2.8-4.7 days) (P = 0.02) (Table 2). No sig-

nificant difference was observed in the time to extubation

after ICU admission between the two groups. The inci-

dence of pneumonia was significantly lower in the

MDTR group (1 patient, 1.2%) than in the Conventional

group (8 patients, 10.1%) (P = 0.02) (Table 4).

Discussion

In this study, three important clinical observations were

found. First, although MDTR implementation did not re-

duce the PoHS in patients after cardiac surgery, it was

linked to the reduction in PoHS. Second, MDTR was as-

sociated with a shorter time to EN initiation without in-

creasing the risk of EN-related gastrointestinal complica-

tions. Third, MDTR was associated with a reduction in

the incidence of postoperative pneumonia.

Some previous studies have reported that MDTR was

associated with lower mortality in noncardiac and non-

surgical patients admitted to the ICU and possibly im-

proved the outcomes of surgical patients admitted to the

ICU.
８，９

A multidisciplinary nutritional support team has

been associated with an increase in caloric intake and a

shorter duration of mechanical ventilation in ICU pa-

tients.
１９

Similarly, this study showed that MDTR was a

significant factor associated with shorter PoHS in a mul-

tivariate analysis. However, MDTR implementation did

not reduce the PoHS in this study. In addition to nutri-

tional therapy in the ICU, patients’ baseline characteris-

tics, comorbidities, surgical procedures, perioperative

management, and management after discharge from the

ICU were the factors that may influence PoHS. Results

of the multivariate analysis in this study demonstrated
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that complex surgeries, such as aortic surgery and CABG

combined with other procedures, were associated with an

increase in PoHS. These confounding factors may have

masked the effect of MDTR implementation on clinical

outcomes.

The time to EN initiation was significantly shortened

without an increase in the incidence of EN-related gastro-

intestinal complications after the MDTR implementation.

In addition, EN was initiated within 48 hours in all pa-

tients after MDTR implementation, as recommended by

the guidelines. A previous study showed that EN initia-

tion was likely to be delayed in patients after cardiac and

gastrointestinal surgery compared with other surgical and

medical ICU patients.
２０

In critically ill patients with un-

stable hemodynamics, such as those who have just under-

gone cardiac surgery, the increased energy and oxygen

consumption associated with EN cannot be accommo-

dated, resulting in relative intestinal ischemia, which

leads to NOMI.
２１

Therefore, malnutrition is often a prob-

lem in patients after cardiac surgery. However, some de-

sirable effects on hemodynamics were reported in a pre-

vious study. A study addressing the hemodynamic and

metabolic adaptation to EN revealed that EN increased

the cardiac index and splanchnic blood flow, decreased

the catecholamine dose required, and reduced the inci-

dence of gastrointestinal adverse effects in patients un-

dergoing cardiopulmonary bypass and requiring postop-

erative catecholamines.
２２

Moreover, a previous prospec-

tive observational study demonstrated that patients who

had undergone cardiac surgery requiring two or more va-

sopressors and mechanical circulatory support did not

present with mesenteric ischemia and significant adverse

effects of EN.
２３

Considering that 24.3% of the patients

had difficulty continuing ENs due to the occurrence of

EN-related complications, monitoring of hemodynamics

after cardiac surgery is considered pivotal for the early

and safe initiation of EN.
２３

Our intensivist-led MDTR en-

abled the assessment of patients’ nutritional status and

discussion of patients’ conditions among team members,

including circulatory status and bedside conferences with

cardiovascular surgeons. These efforts by our MDTR

may have contributed to the earlier and safe introduction

of EN. In addition, nutrition therapy was not appropri-

ately managed due to understaffing of surgeons, which

might have affected the timing of EN initiation. MDTR

could complement the management of postoperative car-

diac surgery patients.

The incidence of pneumonia significantly reduced af-

ter the implementation of MDTR. Previous meta-

analyses have reported that early EN is associated with a

substantially lower incidence of infectious diseases.
１

A

randomized controlled trial also reported that early EN

reduced the incidence of pneumonia.
４

In addition, a retro-

spective cohort study showed that MSWT is useful in

predicting the occurrence of pneumonia after extubation

in patients who had undergone cardiac surgery.
１５

In this

study, to assess the swallowing function after extubation,

our MSWT could help select an appropriate route of nu-

tritional administration and reduce the incidence of pneu-

monia.

Our study has several limitations. First, because this

study was performed at a single institution, it is difficult

to generalize our results. However, the results of this

study were comparable to those of previous studies

evaluating the effectiveness of MDTR in critically ill pa-

tients. Second, owing to the before-and-after design of

this study, bias in both groups and confounding factors

could not be excluded. However, the patients’ baseline

characteristics were comparable between the two groups,

and a multiple regression analysis was performed as a

sensitivity analysis. Third, the low detection power was

due to the small sample size. The exploratory and retro-

spective design of this study makes it difficult to obtain a

sufficient number of patients. In addition, the difference

in the effect of MDTR by surgical procedures was not

fully investigated. Fourth, the number of explanatory

variables in the multiple regression analysis was limited

due to the number of enrolled patients; therefore, several

comorbidities were chosen as explanatory variables.

Fifth, although emergency surgery cases were not ex-

cluded from this study, only a few emergency cases were

noted. In general, emergency surgery cases have higher

severity and hemodynamic instability compared to elec-

tive surgery cases. Patients receiving ECMO were ex-

cluded from this study. Thus, the efficacy of MDTR in

critically ill patients remains unclear. Sixth, this study did

not examine the effect of MDTR on healthcare costs. We

speculated that MDTR might contribute to the reduction

of healthcare costs in cardiac surgery patients because of

the shorter ICU LOS and the lower incidence of pneumo-
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nia in the MDTR groups in this study. Therefore, further

studies on healthcare costs are warranted to demonstrate

the importance of the MDTR and to promote the induc-

tion of MDTR for cardiac surgery patients in the ICU.

Although the results of this study should be interpreted

carefully due to these limitations, it could help promote

MDTR and early EN in patients who have undergone

cardiac surgery in the ICU.

Conclusion

Although MDTR implementation did not reduce PoHS in

patients after cardiac surgery, it was related to the reduc-

tion in PoHS. In addition, MDTR was associated with a

reduced time to initiate EN without increasing the inci-

dence of EN-related gastrointestinal complications ;

moreover, EN was initiated within 48 hours in all pa-

tients after MDTR implementation. MDTR has also been

associated with a reduction in the incidence of postopera-

tive pneumonia.
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