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ABSTRACT - Background — Malnutrition is a frequent condition among hospitalized patients and a factor of increased risk of postoperative compli-
cation. Objective — This study aimed to evaluate the impact of malnutrition on phase angle (PA), body water distribution and clinical outcomes in
surgical patients with colorectal disease. Methods — This retrospective study was performed in a tertiary hospital with 40 patients admitted electively.
In the preoperative evaluation, global subjective assessment and bioelectrical impedance analysis were performed to determine nutritional status,
PA, extracellular water (ECW), intracellular water (ICW) and total body water (TBW). In postoperative evaluation, the length of hospital stay and
severe complications, according to Clavien-Dindo classification, were determined. The optimal PA cutoff for malnutrition screening was determined
by ROC curve analysis. Results — Seventeen (42.5%) patients were diagnosed as malnourished and 23 (57.5%) as well-nourished according to global
subjective assessment. Twelve (30.0%) patients developed severe complications. The malnourished group presented lower values of serum albumin
(P=0.012), hematocrit (P=0.026) and PA (P=0.002); meanwhile, ECW/ICW (P=0.019) and ECW/TBW (P=0.047) were higher. Furthermore, 58.8%
of malnourished patients developed severe postoperative complications compared to 8.7% of well-nourished. Malnutrition was independent predic-
tor of severe postoperative complications (OR=15.00, IC: 2.63-85.68, P=0.002). The optimal PA cutoff obtained was 6.0° (AUC=0.82, P=0.001),
yielding sensitivity, specificity, positive predictive value and negative predictive value of 76.5%, 87.0%, 81.3% and 83.4%, respectively. Conclusion —
Malnutrition was an independent predictive factor for severe complications in patients underwent to elective major coloproctological surgery. Besides
that, malnutrition was associated with lower PA values and greater ratio of ECW. The PA provided great accuracy in nutritional screening, implying

a useful marker of malnutrition.

HEADINGS - Malnutrition. Electric impedance. Nutrition Assessment. Colorectal Surgery.

INTRODUCTION

Malnutrition is one of the main comorbidities of surgical
patient. According to a systematic review published in 2017 by
Correia et al.V, the prevalence of hospital malnutrition in Latin
America ranged from 2.6% to 73.2%. High rates of malnutrition
were observed in patients who underwent gastrointestinal surgery
on admission. Surgical trauma itself triggers a sequence of in-
flammatory events related to the metabolic response to trauma®.
Consequently, pre-existing malnutrition associated with trauma sets
negative factors in postoperative evolution, predisposing patients to
greater morbidity and mortality rates®. Several studies have shown
worse clinical outcomes in malnourished patients who underwent
surgical procedure®,

Despite the variety of instruments for assessing nutritional
status, there is no gold standard method. However, American
Society for Parenteral and Enteral Nutrition (ASPEN) and Bra-
zilian Nutrition Association (ABRAN) recommend using Global
Subjective Assessment (SGA) as a nutritional screening tool, due
to its good reproducibility, easy execution and high correlation with
anthropometric and biochemical parameters”?.

Bioelectrical impedance analysis (BIA) is a safe technique that
estimates indirectly body composition by applying painless electric
current. BIA-derived phase angle (PA) is an important parameter
obtained from the result of the arctangent of reactance by resist-
ance. Some authors have affirmed that PA reflects nutritional status
and acts as indicator of prognosis in clinical practice, because PA
is influenced by the degree of hydration and amount of intact cell
membrane'*™'?, Therefore, both malnutrition and inflammatory
processes interfere in final PA value — the lower PA values, the
greater the severity of the underlying disease!*1%.

In this context, this study aims to evaluate the impact of
malnutrition on PA values, body water distribution, length of
hospital stay and severe postoperative complications in patients
with colorectal disease who underwent to elective major surgery
at tertiary university hospital.

METHODS
Setting and patients

This retrospective and analytical cross-sectional study was ap-
proved by the Research Ethics Committee and was performed with
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40 patients admitted to tertiary university hospital (Base Hospital
of Sao José do Rio Preto — SP — Brazil) during 2016 to 2018. All
patients signed informed consent form beforehand. The inclusion
criteria consisted of patients older than 18 years and younger than
80 years, hospitalized for elective abdominal major surgery via
laparotomy or videolaparoscopy and who presented status I, IT
or IIT in the American Society of Anesthesiologist (ASA) system.
The exclusion criteria were age less than 18 years or older than
80 years, patients with emergency operation indication or minor
surgery, presence of limb amputation, impossibility to remain in
the supine position or to communicate.

Preoperative evaluation

Patients were evaluated within 24 hours of hospital admission.
The nutritional assessment was performed by a trained nutritionist.
Initially, anthropometric data (weight and height) were obtained,
followed by SGA application, which included weight changes in
the last six months, functional capacity, gastrointestinal symptoms
and clinical signs of malnutrition assessed by physical examination.
From this data, patients were classified as well-nourished (A), mildly
or moderately malnourished (B) and severely malnourished (C).
For statistical purposes, patients were grouped into well-nourished
(SGA: A) and malnourished (SGA: B + C).

BIA was performed with a portable analyzer (Biodynamics
Model 450), which applies a painless electrical current of 800uA
with a single frequency of 50 kHz. Patients were previously informed
about the preparations for performing BIA according to all manu-
facturer’s recommendations. The BIA-derived intracellular water
(ICW), extracellular water (ECW) and total body water (TBW)
were obtained from regression equations performed by the analyzer.

Biochemical data (hematocrit and serum albumin) were col-
lected from electronic medical records according to the protocol
established by the medical group.

Postoperative evaluation

The length of hospital stay was counted from admission to
discharge. Postoperative outcomes were assessed according to
Clavien-Dindo classification (CDC) of surgical complications. It
is based on the type of therapy needed to correct the complication.
All patients with grades III to V in the CDC were considered to
have severe complication*!9. Grade I1I includes patients requiring
surgical, endoscopic or radiological intervention; grade IV includes
presence of one or more organic dysfunctions, requiring intensive
care; and grade V includes deaths. The organic dysfunctions were
evaluated by SOFA-score that is a tool commonly used in our
service and was considered only new organic dysfunctions when
SOFA-score >2(17.

Statistical analysis

Variables were expressed as mean (SD), number (%) or median
(interquartile range) where appropriate. Inferential analyzes and
binary logistic regression were performed using SPSS IBM 14.
The Shapiro-Wilk test for normality was used and Student’s t-test
was applied to compare two parametric continuous variables, while
Mann-Whitney test was performed in non-parametric samples. To
determine the relationship between malnutrition and postopera-
tive complications, Fisher’s exact test was used for two qualitative
variables. To obtain optimal PA cutoff value for malnutrition
screening, ROC curve was performed using BioEstat 5.0 software.
For all analyzes, P<0.05 was considered significant.
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RESULTS

The study included 40 patients with a mean age of 59.4%12.3
years of which 52.5% of patients were female. In the sample, 33
(82.5%) patients were diagnosed with colorectal cancer, 03 (7.5%)
with Crohn’s disease, 03 (7.5%) with diverticular disease and 01
(2.5%) with familial adenomatous polyposis (TABLE 1).

TABLE 1. Patient characteristics (n = 40).

M = SD or N (%) or

Variable m (IQR: Q3-Q1)
Age (years) 59.4 = 12.3
Gender

Male 19 (47.5)

Female 21 (52.5)
Diagnosis

Neoplasm 33 (82.5)

Crohn’s disease 03 (7.5)

Diverticular disease 03 (7.5)

Familial adenomatous polyposis 01 (2.5)
SGA

A 23(57.5)

BorC 17 (42.5)
Clinical outcomes

Length of hospital stay (days) 04 (4 - 6)

Severe complications* 12 (30.0)

Death 02 (5.0)

M: mean; SD: standard deviation; N: number; m: median; IQR: interquartile range; Q1:
first quartile; Q3: third quartile; SGA: Subjective Global Assessment. *Degree III to V of

Clavien-Dindo classification.

According to the SGA, 17 (42.5%) patients were diagnosed as
moderately (SGA: B) or severely (SGA: C) malnourished and 23
(57.5%) as well-nourished (SGA: A) during preoperative period.
In the postoperative course, 12 (30.0%) individuals developed
severe complications (grade III, IV or V) that caused the death of
02 (5.0%) of them (TABLE 1).

In TABLE 2, patients were categorized into two groups ac-
cording to the nutritional diagnosis by SGA. Malnourished group
presented lower values of serum albumin (P=0.012), hematocrit
(P=0.026) and PA (P=0.002); meanwhile, ECW/ICW (P=0.019)
and ECW/TBW (P=0.047) were higher. Although malnourished
patients showed higher median length of hospital stay than well-
nourished group, there was no statistical difference between these
two nutritional status (P=0.051).

TABLE 3 shows that 58.8% of malnourished patients devel-
oped severe postoperative complications compared to 8.7% of
well-nourished individuals. The chance of severe complication
in malnourished patients was at least 160% higher than in the
well-nourished group (P=0.001). Furthermore, using logistic
regression model, malnutrition diagnosed by SGA was an
independent predictor of severe postoperative complications
(P=0.002) (TABLE 4).
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TABLE 2. Anthropometric, biochemical, body composition data and
length of hospital stay between different nutritional status groups accor-
ding to the Subjective Global Assessment.

Well-nourished Malnourished

Variable A(=23)  B+C(n=17) Pvalue
M = DP or m (IQR: Q3-Q1)
Weight (kg) 7475122 654+133 0077
BMI (kg/m?) 28.0 3.7 26150 0328
Albumin (g/dl) * 42(4.6-40)  39(3.642) 0012
Hematocrit (%) 37.7 48 347+ 41 0,026+
PA () 6.5 0.7 55:09  0.002%
Resistance (ohm) 51294826 55082974  0.213
Reactance (ohm) 581297  527+119 0177
Fa free mass (%) 323+ 3.9 298+38 0092
ECW/TBW (%) 463+ 3.5 493+38  0.047%
ECW/ICW * 08(0.8-1.0)  1.009-1.0) 0.019*
Lengch of hospical 40(3.0-5.0)  5.0(4.0-10.0) 0.051

stay (days)”

M: mean; SD: standard deviation; N: number; m: median; IQR: interquartile range: Q1: first
quartile; Q3: third quartile. “Non-parametric data. PA: phase angle; ECW: extracellular water;
TBW: total body water; ICW: intracellular water. *Significant difference (P<0.05).

TABLE 3. Frequency of severe postoperative complications among well-
nourished and malnourished patients.

Severe postoperative

complications N (%)

Total OR (95% CI)

Yes No
Malnourished 10(58.8) 07 (41.2) 17(100) 15.0(2.6-86.7)
Well-nourished 02 (8.7)  21(91.3) 23 (100) P=0.001%
Total 12 (30.0) 28(70.0) 40 (100)

OR: odds ratio; CI: confidence interval. *Significant result (P<0.05) according to Fisher’s

exact test.

TABLE 4. Logistic regression analysis for severe postoperative compli-
cations.

. B Exp 95% CI P
Variable (coefficient) (B) for Exp(B) value
Malnourished (SGA) 2.708 15.000 2.626-85.681 0.002
Constant -2.351 0.095 0.001

SGA = Subjective Global Assessment. CI = confidence interval.

The ROC curve-derived optimal PA cutoff value obtained
was 6.0°, yielding a sensitivity, specificity, positive predictive value
and negative predictive value of 76.5%, 87.0%, 81.3% and 83.4%,
respectively. The area under the curve still showed great accuracy in
discriminating between well-nourished and malnourished patients
(AUC=0.82, P=0.001) (TABLE 5).

TABLE 5. ROC curve-derived optimum phase angle value for
malnutrition screening.

AUC G S E PPV NPV P
(95% CI) (%) (%) (%) (%)  value
Phase 0.82 "
angle  (0.65-0.95) 6.0 765 87.0 813 834 0.001

AUC: area under curve; S: sensibility; E: specificity; PPV: positive predictive value; NPV:

negative predictive value.

DISCUSSION

Malnutrition and postoperative complications

In the present study, 42.5% of patients presented malnutrition on
admission. Most of the hospitalized patients had colorectal cancer,
justifying the high prevalence of malnutrition and the need for nutri-
tional screening on hospital admission®*'®. Correia et al.V identified
nine Brazilian studies that performed SGA to determine the preva-
lence of hospital malnutrition in surgical patients between 1994 and
2014. The authors found 17.6% to 66.0% of malnutrition prevalence
mainly in patients who underwent gastrointestinal resection or colon
surgeries. This wide prevalence is related to multiple factors involved
in the development of malnutrition, such as, previous socioeconomic
status, comorbidities, disease progression, previous chemotherapy or
radiotherapy treatment and degree of hospital complexity.

In our study, malnourished patients presented lower values of
albumin and hematocrit in comparison with well-nourished group,
resulting in less physiological reserve to metabolic response to
trauma and worse clinical evolution than malnourished group*2,
Some authors reported that serum albumin level less than 4.0 to 4.5
g/dL is associated with increase in number of complication cases,
length of hospital stay and postoperative mortality after intestinal
resections due to dysfunction in collagen synthesis and formation
of granulation tissue that impair the tissue healing®'??. The median
level of albumin was less than 4.0 g/dL in the malnourished group.
This result warned us about the impairment healing process and
postoperative recovery in this nutritional status.

Several studies have already shown that malnutrition increases
the risk of postoperative complications, length of hospital stay,
hospital costs and mortality!>**9, In this context, our results showed
high prevalence of severe postoperative complications (30.0%),
predominantly in the malnourished group. Mauricio et al.® evalu-
ated patients who underwent elective surgery for colorectal cancer
and identified similar rate of postoperative complications (33.3%),
but their results are overestimated because the authors considered
complication grades II to V in the CDC. However, using the same
criteria for severe postoperative complications as our study, Mos-
quera et al.¥ found 15.0% of complications in patients who have
underwent major elective gastrointestinal surgery. Whereas, Harter
et al."® obtained 18.7% of outcomes after oncologic surgery. These
two studies identified higher frequency and severity of complications
in malnourished patients than in well-nourished, as observed in our
study, which the odds was at least 1.6 times greater to develop severe
postoperative complications compared to well-nourished individuals.

Furthermore, according to logistic regression, it was verified
that malnutrition was an independent predictor factor for the devel-
opment of severe postoperative complications, as well as observed
by other authors*!®?, Although the malnourished group did not
show a longer hospital stay compared to the well-nourished group,
the worst clinical outcome occurred in two malnourished patients
who died during hospitalization.

Arq Gastroenterol ® 2018. v. 55 n° 4 out/dez ¢ 399



Nishiyama VKG, Albertini SM, Moraes CMZG, Godoy MF, Netinho JG.
Malnutrition and clinical outcomes in surgical patients with colorectal disease

Bioelectrical impedance analysis: phase angle and
body water

The resistance and reactance were possible using BIA. These
two variables were directly detected by the analyzer without per-
forming regression equations®?. Higher amount of intact cell mem-
brane indicates greater cellularity and so higher reactance and PA
values. Therefore, PA is an indirect marker of membrane integrity
and cellular vitality. Certain conditions such as malnutrition and
inflammatory processes alter the electrical properties of cells and
result in decrease of PA!?, As our sample consisted of patients
living with consumptive or chronic inflammatory diseases, it was
expected reduction in PA in comparison to healthy individuals,
especially because cellular catabolism and inflammatory process
are intensified in these clinical conditions®”. These metabolic
alterations trigger higher consumption of body cell mass and,
consequently, lead to decrease in cellularity. In our study, there was
decrease in the mean PA among malnourished patients compared
to well-nourished group. These results are in accordance with other
authors®?, including Gupta et al.®® that followed hospitalized
individuals with malnutrition and colorectal cancer.

In the literature, there is no well-established PA cutoff value
to determine the nutritional status. The cutoff varies according to
ethnic factors, gender, age, weight, length and morbid conditions!”.
In order to use PA as a marker of malnutrition, the characteristics
of the ROC curve were analyzed and an optimum cut-off was
estimated (PA=6.0°). Therefore, PA <6.0° showed an accuracy of
82.5% to identify malnourished patients. (FIGURE 1). This great
PA accuracy contributes towards malnutrition screening marker
in clinical practice since BIA is a non-invasive tool that is easy and
quick to perform. Gupta et al.®® performed SGA in patients with
colorectal cancer and found PA cut-off of 6.0° yielding 82.2% of
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FIGURE 1. The ROC curve of phase angle showing accuracy of 82% for
diagnosis of malnutrition in screening nutritional assessment.
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sensitivity and 54.5% of specificity. Lukaski et al.!'% found only two
studies between 2012 to 2017 that evaluated the optimum PA cutoff
to screening malnutrition by SGA. The first study was performed
by Kyle et al.® who obtained different cutoff for men (5.0°) and
women (4.6°), with lower sensitivity and specificity values and
accuracy (83%) similar to those found in our study. In the second
study®”, sensitivity and specificity were 80.0% and 56.7%, respec-
tively, using PA cutoff of 4.7°. Therefore, although there are no
well-established cutoff values, it is expected that more studies will
define cutoff values adjusted for each particular clinical scenario.

In addition, as PA reduction represents loss of membrane
integrity, it is possible to infer that cells also become unable to
maintain adequate ratios of ICW. This fact allows to excessive
displacement of intracellular fluid to the extracellular space and
to increase the proportion of ECW/ICW, justifying the highest
ECW/ICW value in malnourished group. Changes in cell size, cell
permeability and fluid distribution in tissues determine PA values!?.
Although the increase in ECW/ICW and ECW/TBW ratio did not
impact the postoperative complications in our study, some authors
related increasing ECW to worse outcomes. For example, Ohashi
et al.®Y associated increasing ECW/ICW with unfavorable clinical
outcomes in malnourished elderly patients with chronic kidney
disease®. In Korea, Lee et al.®® followed severely malnourished
patients at intensive care unit and found significant fluid imbalance
characterized by higher proportion of ECW/TBW compared to
well-nourished individuals; and the increase in this ratio was higher
in patients who died.

CONCLUSION

In conclusion, the present study showed high prevalence of mal-
nutrition prior to major surgical procedure and severe postoperative
complications, of which malnutrition was independent predictive
factor for its occurrence. Our results confirmed that malnutrition
is associated with lower values of PA and greater distribution of
water in the extracellular compartment. We also revealed that PA
presented high accuracy in nutritional screening, implying a useful
malnutritional marker.

The limitations of this study include the evaluation of patients
from only a single medical center; limited sample size; and hetero-
geneity of group that consisted of patients with colorectal cancer
at different stages of treatment.

ACKNOWLEDGEMENTS

We would like to thank the Base Hospital of Sao José do Rio
Preto (Brazil) and the Faculty of Medicine of Sao José do Rio Preto
(FAMERP) for their technical and financial assistance.

Authors’ contribuition

Nishiyama VKG: data collection, survey execution, interpreta-
tion of the data and writing of text. Albertini SM: data collection
and interpretation of the data. Moraes CMZG: data collection,
survey execution and interpretation of the data. Godoy MF: sta-
tistical analysis. Netinho JG: conception, design of the research
and interpretation of the data.



Nishiyama VKG, Albertini SM, Moraes CMZG, Godoy MF, Netinho JG.
Malnutrition and clinical outcomes in surgical patients with colorectal disease

Nishiyama VKG, Albertini SM, Moraes CMZG, Godoy MF, Netinho JG. Desnutrigao e complicagdes clinicas em pacientes cirurgicos com doenga col-
orretal. Arq Gastroenterol. 2018;55(4):397-402.
RESUMO - Contexto — A desnutri¢io ¢ uma condigio frequente entre pacientes hospitalizados e ¢ um fator de risco para complica¢des pds-operatorias.

Objetivo — Este estudo tem como objetivo avaliar o impacto da desnutrigdo sobre o angulo de fase (AF), a distribuigao de agua corporal e complica¢des
clinicas em pacientes cirtirgicos com doenga colorretal. Métodos — Trata-se de um estudo retrospectivo realizado em um hospital universitario terci-
ario com 40 pacientes admitidos eletivamente. Na avaliagdo pré-operatdria, foram realizadas a avaliagao subjetiva global e analise de bioimpedancia
elétrica com a finalidade de determinarem o estado nutricional, AF, agua extracelular (AEC), agua intracelular (AIC) e agua corporal total (ACT).
Na avaliagao pds-operatdria, o tempo de internagao hospitalar e a presenga de complicagdes graves, segundo a classificagao de Clavien-Dindo, foram
determinados. O melhor ponto de corte do AF para o rastreamento de desnutrigao foi obtido a partir da analise da curva ROC. Resultados — Dezessete
(42,5%) pacientes foram diagnosticados como desnutridos e 23 (57,5%), como bem nutridos de acordo com a avaliagao subjetiva global. Doze (30,0%)
pacientes desenvolveram complicagdes pds-operatorias graves. O grupo desnutrido apresentou menores valores de albumina sérica (P=0,012), hema-
tocrito (P=0,026) e AF (P=0,002); enquanto que as relagdes de AEC/AIC (P=0,019) e AEC/ACT (P=0,047) estiveram elevadas. Além disso, 58,8%
dos pacientes desnutridos desenvolveram complicagdes pos-operatorias graves em comparagao a 8,7% dos pacientes bem nutridos. A desnutri¢ao foi
fator preditivo independente para o desenvolvimento de complicagdes pos-operatorias graves (OR=15,00, IC: 2,63-85,68; P=0,002). O melhor ponto
de corte do AF obtido foi 6.0° (AUC=0,82; P=0,001) com sensibilidade, especificidade, valor preditivo positivo e valor preditivo negativo de 76,5%,
87,0%, 81,3% e 83,4%, respectivamente. Conclusdo — A desnutrigao foi fator preditivo para o desenvolvimento de complicagdes graves em pacientes
submetidos a cirurgia eletiva coloproctoldgica de grande porte. Além disso, a desnutri¢ao foi associada a menores valores de AF e maior proporgao
de AEC. O AF forneceu boa acuracia no rastreamento da desnutri¢ao, sugerindo seu uso como potencial marcador de desnutrigao.

DESCRITORES - Desnutri¢do. Impedancia elétrica. Avaliagao nutricional. Cirurgia colorretal.
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