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Research Article

Investigation of The Effects of Pre- and
Postoperative Nutritional Status on
Complication Development, Intensive Care Unit
and Hospital Stay in Elective Cardiac Surgery
Patients: A Cross-Sectional Study

ABSTRACT

Objective: The study aimed to examine the effects of nutritional status on complications, the intensive
care unit, and hospital stay.

Methods: This descriptive, prospective, and correlational study was conducted with 180 patients who
underwent elective open-heart surgery. Data were collected using the Malnutrition Universal
Screening Tool and Sociodemographic Clinical Characteristics Form.

Results: The risk of malnutrition was found to be medium to high in 27.2% of preoperative patients
and moderate to high in 50.0% of postoperative patients. There was a statistically significant difference
between the pre- and postoperative body weight, albumin, and total protein values of the patients.
We found a moderate correlation between preoperative MUST values and the status of complications.
It was determined that the patients' preoperative malnutrition scores (B=.186; P=.024, the presence
of infection (B:.200; P=.005), the time of mechanical ventilation (=.265; P<.001), and complication
status (f=.262; P=.012) significantly predicted the time of stay in the hospital. It was determined that
these variables explained 24% of the total variance.

Conclusion: Evaluation of the malnutrition status before the surgery, the initiation of early
postoperative nutrition and evaluation of nutritional needs are important in the postoperative
recovery.

Keywords: Coronary artery bypass, inpatient, malnutrition, risk

INTRODUCTION

Patients undergoing open-heart surgery (OHS) experience a systemic inflammatory
response. Inflammation depletes the reserves of the organs and a negative nitrogen
balance occurs. Negative nitrogen balance leads to nutritional deficiencies and contributes
to the reduction in defense mechanisms and metabolic reserves in patients. Malnourished
patients are more susceptible to surgical trauma, ischemia and reperfusion injury,
anesthesia-related complications, hemodilution, and inflammation.?

Malnutrition is a common condition among patients undergoing cardiac surgery. Studies
report that approximately 3.9-78.2% of patients scheduled for cardiac surgery are at risk
of malnutrition.>? Preoperative malnutrition has been shown to be strongly associated
with postoperative complications, prolonged hospital stay, and increased 30-day and one-
year mortality following cardiac surgery.>>1113-16 However, some studies have reported no
such relationship.5”1% In the meta-analysis by Luo et al., preoperative malnutrition was
associated with both early and late mortality; however, its relationship with postoperative
wound complications and overall infections could not be established due to publication bias
and limited sample size.!” To our knowledge, no studies have evaluated both preoperative
and postoperative malnutrition status in Turkish patients undergoing cardiac surgery, nor
its effects on postoperative complications, intensive care unit length of stay, and overall
hospitalization. In this study, we investigated the effects of preoperative and postoperative
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nutritional status on the development of postoperative
complications, as well as on ICU and hospital length of stay.

AlM

The aim of this study was to examine the preoperative and
postoperative nutritional status of patients undergoing
open-heart surgery and to evaluate the effects of
nutritional status on postoperative complications, signs of
infection, intensive care unit length of stay, and hospital
length of stay.

Research questions

e What are the preoperative and postoperative
nutritional status levels of patients undergoing open-
heart surgery?

e Does nutritional status affect
complications and signs of infection?

e Does nutritional status affect intensive care unit and
hospital length of stay?

e Which variables predict hospital length of stay in
patients undergoing open-heart surgery?

postoperative

METHODS

Study Design
The study was descriptive, prospective, and correlational.

Study Settings

Research data were collected from March 2019 to March
2021. The research was conducted on patients hospitalized
in the cardiovascular surgery clinic of a university hospital
in Turkey.

Study Sample

The study population consisted of patients scheduled for
their first elective open-heart surgery. Patients awaiting
open-heart surgery would undergo coronary artery bypass
grafting (CABG) or valve replacement surgery. Patients over
the age of 18, who planned for OHS (coronary, heart valve,
etc.) with on-pump, who could communicate verbally and
could read and write, were included in the sample. Patients
who underwent emergency surgery in the hospital
underwent revision surgery, had active preoperative
infection (wound infection, pneumonia, etc.), had a
previously diagnosed nutritional disorder (anorexia
nervosa, bulimia, etc.), had minimally invasive surgery and
off-pump OHS and did not accept the study were excluded
from the study. The sample size for the study was
determined using the G*Power 3.1.9.4 program. Based on
Cohen’s correlation coefficients, a power analysis assuming
a medium effect size (r = .30) and a power level of 0.95
indicated that a minimum of 138 participants was
required.®® Two hundred fifty patients who underwent
elective cardiac surgery in the hospital constituted the

research population. Seventy patients were excluded due
to a history of previous cardiac surgery, and declined
participation in the study. The study was conducted with
180 patients who had sample characteristics and agreed to
participate in the study.

Variables of the Study The dependent variables of the study
were postoperative complications, presence of infection,
length of stay in the intensive care unit, and total hospital
stay. The independent variables included preoperative and
postoperative MUST scores and selected clinical
characteristics (e.g., duration of mechanical ventilation).

Data Collection

Data were collected using the Sociodemographic Clinical
Characteristics Form and the Malnutrition Universal
Screening Tool (MUST). Preoperative data were obtained
within 24 hours before surgery. Postoperative clinical data
(complications, infection, ICU stay, and hospital stay) were
recorded from the day of surgery until discharge.
Nutritional status was reassessed on the fifth postoperative
day, as patients are typically discharged within 5—-6 days
and longer stays are usually associated with complications.

Sociodemographic Clinical Characteristics Form: It was
used to determine the sociodemographic and clinical
characteristics of the patients.>® Age, gender, type of
surgery, existing high-risk diseases (congestive heart
failure, hypertension, diabetes), and nutritional support in
the ICU. There were 16 questions about the condition of
taking the medicine, the time of fasting after the operation,
and the development of complications after the surgery.

The descriptions of complications: Dysrhythmias were
irregularities in the heartbeat (too fast or too slow), which
appeared after surgery. Acute pulmonary failure was
defined as a partial oxygen pressure of less than 60mmHg
and peripheral oxygen saturation of less than 90%. Low
cardiac output syndrome was a systolic arterial pressure of
less than 90 mmHg and clinical signs of hypoperfusion (cold
periphery, clammy skin, confusion, oliguria, increased
lactate levels), and infection was determined to be fever
above 38.5°C, white blood cells above 106, and blood and
urine culture positive. Patients for whom the clinician and
consultant physicians reported developing infections and
complications were accepted as having developed
infections and complications.

Malnutrition Universal Screening Tool (MUST): This tool
was developed in 2003 by the Malnutrition Working Group
and the British Society for the Enteral Parenteral Nutrition
Working Group.' It is designed to evaluate the nutritional
risk of malnourished or obese people who carry a
nutritional risk. The MUST incorporates three variables:
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BMI, unintended weight loss over 3 to 6 months, and the
expected duration of absence of nutritional intake for 5
days. If the total score is 0, the risk of malnutrition is low; if
it is 1, the risk of malnutrition is medium; and if it is 2 and
above, the risk of malnutrition is high.?’ Lomivorotov et al.**
have suggested the MUST in a study evaluating nutritional
screening tools for patients scheduled for cardiac surgery.
There is only expert consensus regarding the best screening
tool available for nutritional risk assessment. MUST is one
of the screening tools recommended by the European
Society of Clinical Nutrition and Metabolism (ESPEN) expert
group for perioperative nutrition.! The MUST was
preferred in this study.

Data Collection

First, the purpose and procedure of the study were
explained to the patients in the preoperative period. The
Sociodemographic Clinical Characteristics form and MUST
were completed by conducting face-to-face interviews with
patients. Data such as albumin and total protein levels were
obtained from patients' files. The nutritional status was
evaluated with MUST in the preoperative period and on the
fifth postoperative day (Figure 1).

Ethical Consideration

Ethical approval for the study was obtained from the Dokuz
Eylul Universtiy Non-Interventional Clinical Research Ethics
Committee (Date: March 15, 2018; 2018/07-39).
Additionally, institutional permission was secured from the
cardiovascular surgery clinic of a university hospital, where
the study was conducted.

Statistical Analysis

The research data was analyzed in the Statistical Package
for the Social Sciences (IBM SPSS Corp., Armonk, NY, USA)
Statistics 24.0 statistics program. Sociodemographic and
clinical characteristics were analyzed by number and
percentage. The dependent samples t-test was used in
paired group comparisons. A Spearman correlation analysis
was used to determine the relationship between
pre/postoperative MUST values and complication status,
presence of infection, time of stay in the ICU and hospital.
The correlation coefficient cutoff points are used < .39
“weak,” < .69 “moderate,” and < .89 “strong” relationships
in our research.?? Linear regression estimates the
relationship between a continuous dependent variable and
one or more independent variables. In this study, the
variables included in the model were selected from among
those considered literature-based and clinically significant,
taking into account potential confounding effects, and
were evaluated for multicollinearity. Linear regression
analysis was performed to examine the association
between postoperative hospital stay and independent

variables, including preoperative @ MUST  scores,
postoperative MUST scores, complication status, presence
of infection, and length of ICU stay. A P-value of < .05 was
considered statistically significant.

Patients before elective open heart surgery (n=250)

Excluded (n=70)

Had emergency surgery

v

Had active preoperative infection

Previously diagnosed nutritional
disorder

v
Patients before elective open heart surgery (n=180) ‘

|

[ The preoperative nutritional status of the patients were measured on MUST ]

'

‘ Patients after open heart surgery (n=180) ‘

<

The nutritiomal status of * Time of stay in the intensivecare

patients was evaluated with unit
MUST on the 5th

. * v icati
postoperative day. Postoperative complications

(atelectasis, pneumonia, atrial
fibrillation, delirmmmete.)

* Postoperative infections

* Time of stay in the hospital

Figure 1: Research plan
RESULTS

The mean age of the patients was 61.82+10.41 years,
65.6% (n=18) were male, and 76.1% (n=137) had chronic
disease. The most common diseases were hypertension
36.1% (n=65). The mean preoperative BMI of the patients
was 27.7914.24. The preoperative hospitalization period of
the patients was 127.02+109.13 hours, and the
preoperative fasting was 10.31%3.30 hours (Table 1).

The duration of mechanical ventilation was 14.92+12.93 h
after surgery. 60.0% of patients were weaned off
mechanical ventilation 12 hours after the surgery. Patients
started feeding 25.75+18.27 hours after surgery. None of
the patients received nutritional support during their stay
in the ICU, and only about 4% of them began oral nutrition
within the first 24 hours. The mean length of stay in the
hospital for patients was 10.26%5.25 days. There was an
infection in 28.9% (n=52) of patients. Postoperative
complications developed in 35% (n=63) of patients. The
most common complications were acute pulmonary failure
(n=15; 8.3%), low cardiac output syndrome (n=15; 8.3%),
and dysrhythmia (n=12; 6.7%). 12.2% of patients were
again hospitalized due to complications after surgery (Table2).
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Table 1. Preoperative Sociodemographic and Clinical
Characteristics of the Patients (n=180)

n (%)

Gender
Female 62 (34.4)
Male 118 (65.6)
Presence of comorbid disease
Yes 137 (76.1)
No 43 (23.9)
Comorbid diseases*
Hypertension 65 (36.1)
Diabetes Mellitus 64 (35.6)
Coronary Artery Disease 47 (26.1)
Obesity (BMI=30) 49 (27.3)
Dysrhythmia 7(3.9)
Hyperlipidemia 6 (3.3)
Other** 16 (8.9)
Type of surgery
Coronary artery bypass graft (CABG) 100 (55.6)
Valve replacement surgery (VRS) 52 (28.9)
CABG and VRS 17 (9.4)
Aneurysm repair (ascending aorta) 11 (6.1)
Preoperative BMI categories
18.5-24.9 51(28.3)
25-29.9 80 (44.4)
30-34.9 42 (23.3)
over 35 7 (4.0)
Preoperative MUST scores
Low risk 131 (72.8)
Medium risk 21 (11.7)
High risk 28 (15.5)

X+SD(Min.-Max.)
Age (years) 61.82+10.41 (21-82)

Preoperative BMI

Length of hospital stay before
surgery (hours)

Preoperative fasting time (hours) 10.31+3.30 (8.00-36.00)
*The number n reflects more than one option; **Other: Stroke, Chronic obstructive
pulmonary disease, Asthma, Gout, Rheumatoid arthritis, Parkinson's disease, Ulcerative
colitis, Chronic kidney disease, Cancer; BMI, Body Mass Index; Min-Max., Minimum-
maximum; MUST, Malnutrition Universal Screening Tool; SD, Standard Deviation; X,
Mean

27.79+4.24 (19.64-41.90)
127.02+109.13(7.00-648.00)

We found the risk of malnutrition to be low in 72.8%
(n=131) of the preoperative patients and medium to high
in 27.2% (n=49) of the patients (Table 1). We found a
moderate to high risk of malnutrition in 50.0% (n = 90) of
postoperative patients (Table 2). There was a statistically
significant difference between the mean pre- and
postoperative MUST scores (0.42+0.74; 0.84+0.90) (t=-
7.489; P< .001).

We found a statistically significant difference between the
preoperative and postoperative body weight, albumin, and
total protein values of the patients (P<.001) (Table 3).
Postoperative body weight, albumin, and total protein
values of the patients were low. A weak but significant
positive correlation was found between preoperative
MUST scores and ICU length of stay (r=.251; P<.05), total
hospital stay (r=.255; P<.05), and the presence of infection

Table 2. Postoperative clinical characteristics of the
patients (n=180)

X+SD (Min-Max)

Length of stay in intensive care (hours) 64.63+42.61
(12.00-334.00)
The duration of mechanical ventilation (hours) 14.92+12.93
(4.00-117.00)
Time to start feeding after surgery (hour) 25.75+18.27
(10.00-170.00)
Postoperative hospital stay (days) 10.26%5.25
(4.00-45.00)
n (%)
Postoperative MUST scores
Low risk 90 (50.0)
Medium risk 28 (15.6)
High risk 62 (34.4)
Infection
Yes 52 (28.9)
No 128 (71.1)
Complication
Yes 63 (35.0)
No 117 (65.0)
Re-admission to hospital
Yes 24 (13.3)
No 156 (86.7)

MUST, Malnutrition Universal Screening Tool; SD, Standard Deviation, X,
Mean

Table 3. Preoperative and postoperative weight,
albumin, and total protein values of the patients

(n=180)

Variables Preoperative  Postoperative t P
XSD X+SD

Body weight  77.74+13.12 75.76+12.90 8.28 <.001

Albumin 3.92+0.45 3.15+0.42 25.33 <.001

Total Protein 6.6910.67 5.8510.55 16.18 <.001

SD, Standard Deviation; X, Mean

(r=.193; P<.05). Additionally, we found a significant,
positive, and moderate correlation between preoperative
MUST scores and the occurrence of complications (r=.485;
P<.05). Postoperatively, MUST scores showed a significant,
positive, and weak correlation with ICU length of stay
(r=.355; P<.05), hospital stay (r=.202; P<.05), and presence
of infection (r=.285; P<.05). A significant, positive, and
strong correlation was also identified between
postoperative MUST scores and complication status
(r=.742; P<.05) (Table 4).

Linear regression analysis showed that preoperative MUST
scores alone explained 6% of the variance in postoperative
hospital stay (P<.001; PB=.256; DW=1.682). Multiple
regression results for the five potential predictors of
postoperative hospital stay are presented in Table 5. The
overall model was statistically significant (P<.001), with all
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Table 4. The relationship between the MUST scores of
the patients before and after the surgery and time of
stay in the intensive care unit, the time of hospital stay,
the complications status, and the presence of infection
(n=180)

Preoperative Postoperative

Variables MUST MUST

r P r P
Time of stay in the 251 .001* .355 <.001
intensive care unit
Time of hospital stay .256 <.001 .202 .006
The Complication status 485 <.001 742 <.001
Presence of infection .193 .009* .285 <.001

*P< .05, MUST, Malnutrition Universal Screening Tool; r, Correlation
coefficient

included variables together explaining 24% of the variance.
Among these predictors, preoperative MUST scores (B
=.186; P=.024), presence of infection (B = .200; P=.005),
duration of mechanical ventilation (B =.265; P<.001), and
complication status (B =.262; P=.012) were significant
positive predictors of hospital stay. Specifically, each one-
unit increase in preoperative MUST scores was associated
with an approximately 1.3-day increase in hospital stay; the
presence of infection increased hospital stay by about 2.3
days; and each one-unit increase in complication status
increased hospital stay by approximately 2.8 days.
Postoperative MUST scores were not a significant
independent predictor of hospital stay in the model (P>.05;
Table 5).

Table 5. Predictive status of variables affecting the hospital stay of the patients

Variables Model 95% CI
B SE B t P Lower Upper

Constant 7.34 .60 12.22 <.001 6.16 8.53
Preoperative MUST value 1.30 .57 .186 2.27 .024* 17 2.43
Postoperative MUST value -1.12 .61 -.196 -1.83 .068 -2.32 .08
Presence of infection 2.31 .81 .200 2.83 .005" .70 3.92
Time of stay on mechanical ventilation .10 .02 .265 3.90 <.001 .05 .16
Complication status 2.88 1.12 .262 2.55 .012* .652 5.10

R 0.495

R2 0.245

F 11.28

P <.001

DW (1.5-2.5) 1.58

*P< .05; B, Unstandardized regression coefficient; Cl, Confidence Interval; DW, Durbin-Watson; MUST, Malnutrition Universal Screening Tool; SE, Standard Error; t, t

statistic; B, Standardized regression coefficient (Beta)

DISCUSSION

Malnutrition contributes to inflammation due to reduced
defense mechanisms and depleted metabolic reserves in
the patient. Malnourished patients are more susceptible to
surgical  trauma, ischemia-and-reperfusion injury,
anesthesia-related complications, and inflammation.!
Therefore, malnutrition causes delays in the healing
process, and prolonged hospital stays in patients.!*23

We determined that 27.2% of the patients had a moderate
to high risk of malnutrition in the preoperative period.
Previous studies examining the preoperative nutritional
status of patients undergoing cardiac surgery have
reported malnutrition risk rates ranging from 3.9% to
51%.3>71 This finding indicates that approximately one in
four patients is at risk of malnutrition before surgery. It is
considered that the presence of comorbidities and
inadequate nutritional intake during the preoperative
period may have contributed to the malnutrition status
observed in our study.

We defined that 50.0% of patients had a moderate to high
risk of malnutrition after OHS. In the study conducted by
Passantino et al., the risk of malnutrition was found in
37.2% of patients two months after cardiac surgery.?* One
research study stated that patients often experienced
reduced appetite after surgery and had been eating only
small portions at mealtimes, expressing that they skipped
meals several times due to a lack of appetite.” Patients
may have a higher risk of malnutrition due to their
decreased appetite and reduced calorie intake after
surgery. Delayed postoperative initiation of oral feeding
may have been associated with an increased risk of
malnutrition in the patient. In addition, the lack of
postoperative nutritional support may have contributed to
the development of this condition.

Our study found that 4% of the patients started oral
nutrition within the first 24 hours. Critically ill people are at
increased risk of malnutrition. Acute and chronic illness,
trauma and inflammation induce stress-related catabolism,
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and drug-induced adverse effects may reduce appetite or
increase nausea and vomiting. In addition, patient
management in the intensive care unit (ICU) may also
interrupt feeding routines.?® Additionally, vasopressor or
inotrope therapy was frequently used in intensive care
patients after OHS because of inflammatory response
syndrome, vasoplegia, or myocardial stunning, and
postoperative low output syndrome. In this study, low
cardiac output syndrome was seen in 15 patients, and
inotropic agents were started in the ICU. The need for
vasopressor therapy leads to marked changes in energy
expenditure and intolerance to oral feeding, leading to
significant energy/protein deficiencies."??® Moreover,
catabolism continues for the first 7 days after surgery.
During the catabolism process, the energy requirements of
the patients increased.?”” Malnutrition can be caused by the
long fasting period before the surgery, the lack of oral
carbohydrate loading, the delayed initiation of
postoperative nutritional support, and inadequate protein
and energy supplementation.! For these reasons, the risk
of malnutrition might have been higher in post-operative
patients.

A statistically significant difference was found between the
patients' pre- and postoperative body weight, albumin, and
total protein values (P< .001). Postoperative values
decreased. One study found that the postoperative body
weights of patients decreased compared to preoperative
values.?In the study by Koyuncu et al. conducted with 174
patients who had undergone cross-sectional open heart
surgery, it was found that postoperative albumin levels of
patients decreased compared with preoperative levels. %
On-pump cardiopulmonary bypass surgery during the
operation might cause the formation of proinflammatory
markers, reactive oxygen species, and the development of
organ dysfunction.33! Postoperative weight and protein
loss might have been due to the inflammation experienced
by the patients after surgery, the catabolism process, the
reluctance to take oral intake, the lack of nutritional
supplementation, and late started oral nutrition in the ICU.
Moreover, the patients were hypoalbuminemia
postoperatively. The level of albumin decreases with a
stress response. Hypoalbuminemia may predict an
increased risk of morbidity, particularly regarding
infections, organ dysfunction, and mortality after cardiac
surgery.3%32 Albumin should be evaluated before and after
cardiac surgery.

We found a significant, positive, weak correlation between
the pre-/post-operative MUST values of the patients and
time of stay in the ICU and the hospital and the presence of
infection. We determined a significant, positive, and
moderate correlation between preoperative MUST values

and complication status. We found a significant, positive,
and strong correlation between postoperative MUST
values and complication status. Other studies found that
the risk of malnutrition correlated with early postoperative
adverse outcomes®, postoperative cardiac  and
gastrointestinal complications®, as well as increased
hospital length of stay and intensive care unit length of
stay*®™  Dietary deficiencies decreased defense
mechanisms, and depleted metabolic reserves in the
patient contribute to the pathomechanisms of
inflammation.! For these reasons, a significant and intense
relationship may have been found between post-operative
malnutrition status and the development of complications.

Our study determined that the patients' preoperative
MUST scores, presence of infection, time of mechanical
ventilation, and complication status significantly predicted
the time of stay in the hospital. It was determined that
these variables explained 24% of the total variance (Table
5). These variables explained 24% of the patients' time of
stay in the hospital during the postoperative period. In
patients who will undergo OHS, the presence of
preoperative malnutrition was associated with more than
two days in the ICU, more extended hospital stays, and
postoperative  complications.3>***1>  Malnutrition of
patients increases due to postoperative catabolism. The
prolongation of the duration of mechanical ventilation is
the reason for the late initiation of feeding. These factors
negatively affect the patient's recovery process and
prolong the hospital stay. Therefore, it is essential to
optimize nutritional status, correct deficiencies, and
strengthen immune defense mechanisms before surgery in
the preoperative period.?’2%3%0

Limitations

This study has some limitations. It was conducted at a
single center and was non-randomized. Postoperative
nutritional status was evaluated only on the fifth day.
Malnutrition was not shown to affect 30-day, 1-year, and
long-term mortality and survival in our research—this
study has not used EUROSCORE Il values. In the study data,
repeated hospitalization within 30 days after surgery was
evaluated.

In conclusion, OHS patients are still at risk of malnutrition
during the perioperative process. There was a loss of
weight, albumin, and total protein in the postoperative
period. Preoperative malnutrition risks affect the time of
stay in the hospital. Evaluation of malnutrition status
before and after surgery is important for postoperative
recovery. There is a need for randomized controlled studies
to examine the effect of starting perioperative nutrition
therapy on patient outcomes.
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