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Abstract

The prognostic nutritional index is an effective prognostic tool used in gastrointestinal surgeries. However, its value has
not been verified in cardiovascular surgeries. This study aimed to investigate its utility in hemodialysis-dependent patients
undergoing cardiac surgery. We retrospectively reviewed data of 110 hemodialysis-dependent patients who underwent cardiac
surgery between January 2006 and July 2016. 20 variables were evaluated for short- and long-term mortality prediction.
Patients were divided into high and low prognostic nutritional index groups with values >34 (n=90) and <34 (n=20),
respectively. Preoperative characteristics and surgical outcomes were compared between both groups. Overall, the in-hos-
pital mortality rate was 9% (n=10) and the 1-, 3-, and 5-year actual survival rates were 69%, 58%, and 40%, respectively.
Univariate analysis for hospital death revealed age > 70 years, body mass index < 18 kg/m?, total cholesterol < 120 mg/dl,
concomitant procedures, albumin concentration <3.0 g/dl, and prognostic nutritional index <34 as risk factors. Multivari-
ate logistic regression analysis confirmed age > 70 years and concomitant procedures as independent risk factors. Whereas
ejection fraction <30% and prognostic nutritional index <34 were strong independent predictors of long-term death. Patients
in the low prognostic nutritional index group had significantly longer postoperative hospitalization, higher incidence of
complications, significantly higher in-hospital mortality rate, and significantly lower actual survival rate. The low prognostic
nutritional index affected surgical outcomes in hemodialysis-dependent patients undergoing cardiac surgery. Perioperative
nutrition management based on the prognostic nutritional index may improve surgical outcomes.
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Introduction

Despite recent advance in dialysis technology and surgi-
cal techniques, mortality and morbidity rates of hemodi-
alysis (HD)-dependent patients undergoing cardiac sur-
gery remain high [1-4]. HD-dependent patients frequently
suffer from malnutrition and immune suppression, which
can affect surgical outcomes [5]. To improve surgical out-
comes, risk analysis based on immune-nutritional status is
essential in this patient cohort. In gastroenterological sur-
geries, several indices were reportedly useful in assessing
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the immune-nutritional status of patients for preoperative
risk analysis [6—8]. However, these indices are complex and
their prognostic value has not been verified in HD-dependent
and/or cardiac patients. Onodera et al. [9] proposed a sim-
ple prognostic tool, the prognostic nutritional index (PNI),
which is calculated using the serum albumin concentration
and total lymphocytic count. Several researchers reported
its effectiveness in assessing the perioperative immune-
nutritional status and surgical risk for patients undergoing
gastrointestinal, hepatic, and lung surgeries [9-12]. How-
ever, the prognostic value of PNI has not been verified in
cardiovascular surgeries. Thus, the aim of this study was
to assess the value of PNI as a predictor of in-hospital and
long-term mortalities in HD-dependent patients undergoing
cardiac surgery.
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Materials and methods

Informed consent was waived for this retrospective, observa-
tional study, which has been approved by my institutional com-
mittee on human research, and this protocol has been found
acceptable by them (approval number A17-028).

Among 1694 consecutive patients who underwent valvular
and coronary artery bypass grafting (CABG) at the Jichi Medi-
cal University Hospital between January 2006 and July 2016,
119 (7.0%) were chronic HD-dependent patients. Of those,
data for PNI calculation were missing in 9 (7.6%) patients
who were accordingly excluded. A total of 110 patients was
included in this study [82 men and 28 women; mean age,
66 +9 years (range 33-83)].In 62 (56%) patients, renal fail-
ure was secondary to diabetes. Non-diabetic nephropathy was
observed in 48 (44%) patients. Preoperatively, all patients
were maintained on HD. The mean dialysis duration was
101 +35 months (range 1-432 months) prior to undergoing
surgery.PNI was calculated according to the following for-
mula: 10X the serum albumin (g/dl)+0.005 X the total lym-
phocytic count (1000/uL), as reported by Onodera et al. [9].

20 preoperative variables were evaluated to determine the
risk factors for in-hospital and remote mortalities. Patients
were divided into two groups of high (PNI> 34) (n=90) and
low PNI (PNI <34) (n=20). Clinical characteristics of patients
were compared between the two groups. In-hospital mortality
rates, postoperative complication rates, length of hospital stay,
and long-term survival rates were assessed. The cut-off value
(PNI=34) was determined using the first quintile point of PNIL.
The first quintile point is used to define the cut-off value as
statistics method. When this set of patients’ data was divided
into five equal parts with PNI value, one group included 22
patients. And these cut-off points are called quantiles. The
first quintile point of PNI was 34.5. Based upon this statistical
background, we defined cut-off value of PNI to be 34.

Surgical procedures

Surgical procedures are listed in Table 1. Isolated CABG was
performed in 38 patients, valve surgery in 42, and combined
surgery in 30. In valve surgeries, mechanical heart valves
were used in 60 patients, bioprostheses in 8, and annular ring
for annuloplasty in 4. The duration of surgery was 369 + 108
(201-705) minutes. Emergent/urgent surgeries were defined as
those performed within 24 h after consultation, and 6 patients
underwent emergent/urgent surgeries.

Surgical techniques
Surgery was performed through a median sternotomy,

except in four patients with porcine aortain in whom apico-
aortic bypass was performed through a left anterolateral
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Table 1 Surgical procedures

Procedures Total (%)
Isolated CABG
Off pump 19 (17%)
On pump 19 (17%)
Valve surgery
Single valve (+ TAP) 29 (26%)
Double valve (+ TAP) 9 (8%)
Aortic root replacement 2 (2%)
Apico-aortic bypass 2 (2%)
Combined surgery
Valve+ CABG 25 (23%)
Valve + congenital 3(3%)
Valve + Ascending aorta 2 (2%)

CABG coronary artery bypass grafting, TAP tricuspid annuloplasty

thoracotomy. Patients who underwent valve and concomi-
tant cardiac procedures had moderate hypothermic cardiac
arrest with standard cardiopulmonary bypass (apico-aortic
bypass was performed under ventricular fibrillation). Cold
blood cardioplegic solution was administered in an ante-
grade or a retrograde manner.

HD was performed on the day prior to the surgery using
the standard method. We performed hemofiltration using a
hemoconcentrator incorporated with a circuit to deal with
excess hemodilution during cardiopulmonary bypass.
Washed red blood cells treated with an autotransfusion
system (Haemoneics Corporation, Braintree, MA) were
used to avoid hyperkalemia associated with blood transfu-
sion during surgery. Intraoperative HD was not routinely
performed. Following surgery, most patients resumed
their routine intermittent HD in the intensive care unit
from the first postoperative day, except for those who were
hemodynamically unstable or had advanced hyperkalemia,
they alternatively underwent continuous veno-venous
hemofiltration/hemodiafiltration.

Data collection and follow-up

The clinical characteristics of patients were acquired ret-
rospectively from their medical records.

Preoperative and operative factors were evaluated. Mor-
tality was defined as death occurring during the follow-up
period due to any reason. Outcome data were acquired
on follow-up. Patients were either examined at our outpa-
tient clinic or contacted by telephone. The follow-up rate
was 100%. The time between the surgery and examina-
tion or other contact ranged from 1 to 120 months (mean
28 +29 months).
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Statistical analysis

Categorical variables were presented as numbers. Differ-
ences between groups were assessed using Fisher’s exact
test. A p value of <0.05 was used to identify variables for
inclusion in the multivariate logistic regression analysis to
predict in-hospital mortality. Overall survival was defined as
the time from surgery to death from any cause. Time-related
survival was estimated using the Kaplan—-Meier method
and compared by the log-rank test. Hazard ratios (HR) and
95% confidence intervals (CI) estimated using a multivari-
ate Cox proportional hazards regression model were used.
Long-term mortality prediction included in-hospital mortal-
ity. Statistical analysis was performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R foundation
for Statistical Computing, Vienna, Austria). p values <0.05
were considered statistically significant.

Table 2 Preoperative patient characteristics: results of univariate analysis

Results

In-hospital mortality occurred in 10 patients (9.0%). The
causes of in-hospital mortality were pneumonia (n=35
patients), heart failure (n=2), myocardial infarction
(n=2), and cerebral infarction (n=1).

A total of 44 patients died following hospital discharge.
The causes of death included heart failure (n =6), with-
drawal from dialysis (n =6), pneumonia (n=35), cerebral
hemorrhage/infarction (n =4), arrhythmia (n =4), multiple
organ failure (n=2), myocardial infarction (n= 1), rupture
of abdominal aortic aneurysm (n = 1), malignancy (n=1),
peritonitis (n=1), ileus (n=1), lower leg ischemia (n=1),
blood access trouble (n=1), prosthetic valve endocardi-
tis (n=1), and unknown (n=9). The 1-, 3- and 5-year
actuarial survival rates including in-hospital deaths were
69 +5%, 58 + 5%, and 40 + 6%, respectively.

Variables Early Late
Survived (n=100) Died (n=10) p Value Survived (n=>56) Died (n=54) p Value
Age >70 years 34 (34%) 9 (90%) <0.01 36 (64%) 31 (57%) 0.1
Female sex 26 (26%) 2 (20%) 1 18 (32%) 10 (19%) 0.42
Duration of HD > 100 months 42 (42%) 3 (30%) 0.52 24 (43%) 21 (39%) 0.46
Diabetes nephropathy 57 (57%) 5 (50%) 0.74 34 (61%) 28 (52%) 0.8
Smoking 51(51%) 4 (40%) 0.74 25 (45%) 30 (56%) 0.85
LVEF<30%* 8 (8%) 2 (20%) 0.23 3(5%) 7 (13%) <0.01
NYHA functional class 3 and 4 42 (42%) 6 (60%) 0.33 27 (48%) 21 (39%) 0.11
Urgent/ emergent operation 4 (4%) 2 (20%) 0.09 0(0%) 6 (6%) 0.25
Infective endocarditis 2 (2%) 1(10%) 0.25 1 (2%) 2 (4%) 0.47
Concomitant procedure 23 (23%) 7 (70%) <0.01 11 (20%) 19 (35%) 0.02
Associated disease
Hypertension 75 (75%) 7 (70%) 0.71 46 (82%) 36 (67%) 0.15
Cerebrovascular accident 20 (20%) 3 (30%) 0.43 10 (18%) 13 (24%) 0.78
Peripheral artery disease 32 (32%) 2 (20%) 0.72 14 (25%) 20 (37%) 0.72
Chronic lung disease 5(5%) 1(10%) 0.44 2 (4%) 4 (7%) 0.67
Liver dysfunction 7 (7%) 1(10%) 0.55 4 (7%) 4 (7%) 0.81
Nutrition status
Emaciation (BMI<18 kg/mz) 14 (14%) 5 (50%) 0.01 7 (13%) 12 (22%) 0.03
Anemia (Hemoglobin <9.0 g/dl) 18 (18%) 2 (20%) 1 46 (82%) 44 (81%) 0.32
Total cholesterol < 120 mg/dl 19 (19%) 6 (60%) 0.01 13 (23%) 12 (22%) 0.2
PNI<34 15 (15%) 5 (50%) 0.02 7 (13%) 13 (24%) 0.047
Albumin <3.0 g/dl 20 (20%) 6 (60%) 0.01 10 (18%) 16 (30%) 0.16

HD hemodialysis, LVEF left ventricular ejection fraction, NYHA New York Heart Association, BMI body mass index, PNI prognostic nutritional

index

#Contains one missing data
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Table 3 Multivariate analysis of in-hospital mortality

Variables Odd ratio  95% CI p value
Age >70 years 15.31 1.36-172.1 0.027
Concomitant procedure 15.20 1.69-137.00  0.015
Total cholesterol <120 mg/dl 6.51 0.90-47.20 0.063

PNI<34 5.67 0.22-145.00  0.29
BMI < 18 kg/m? 1.93 0.22-17.30 0.6
Albumin <3.0 g/dl 1.48 0.11-19.60 0.77

PNI prognostic nutritional index, BMI body mass index, CI confi-
dence interval

Table 4 Multivariate analysis of long-term mortality

Variables Hazard ratio 95% CI p value

Left ventricular ejection 3.61 1.52-8.57 0.0037
fraction <30%

PNI<34 2.09 1.08-4.05 0.029

BMI < 18 kg/m? 1.84 0.91-3.73 0.089

Concomitant procedure 1.71 0.93-3.15 0.082

PNI prognostic nutritional index, BMI body mass index, CI confi-
dence interval

Risk factors for in-hospital death

Preoperative risk factors for in-hospital death are pre-
sented in Table 2. Univariate analysis revealed that
age > 70 years, concomitant procedures, body mass index
(BMI) <18 kg/mz, total cholesterol level <120 mg/dl,
albumin concentration <3.0 g/dl and PNI <34 were risk
factors for in-hospital death. Multiple logistic regression
analysis confirmed that age > 70 years (HR 15.31, 95% CI
1.36-172.10, p=0.027) and concomitant procedures (HR
15.20, 95% CI 1.69-137.00, p=0.015) were risk factors
for in-hospital death. While PNI <34 was not (HR 5.67,
95% CI1 0.22-17.30, p =0.29) (Table 3).

Risk factors for late death

Preoperative risk factors for long-term mortality are pre-
sented in Table 2. Univariate analysis (including in-hos-
pital mortality) identified the following 4 risk factors as
statistically significant predictors of long-term mortality:
ejection fraction <30%, BMI < 18 kg/m?, concomitant pro-
cedures, and PNI < 34. Multivariate analysis using Cox
proportional hazards modeling confirmed that ejection
fraction <30% (HR 3.61, 95% CI 1.52-8.57, p=0.0037)
and PNI <34 (HR 2.09, 95% CI 1.08-4.05, p=0.029) were
statistically significant risk factors for long-term mortality
(Table 4).
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High PNI (> 34) versus low PNI (< 34)

Preoperative and operative characteristics of each group are
shown in Table 5. Hemoglobin and BMI were significantly
lower among patients in the low PNI group. A significantly
higher incidence of infective endocarditis was observed
among patients in the low PNI group (p =0.005).

Patients in the low PNI group had a significantly higher
in-hospital mortality rate compared to those in the high PNI
group [low PNI group vs. high PNI group: 25.0% (5/20)
vs. 5.6% (5/90), p=0.017]. Additionally, they had a sig-
nificantly higher postoperative complication rate [low PNI
group vs. high PNI group: 55.0% (11/20) vs. 25.6% (23/90),
p=0.015] and a significantly longer postoperative hospitali-
zation (low PNI group vs. high PNI group: 45.1 +£28.2 vs.
22.7+14.6 days, p=0.000012) (Table 5).

Long-term results of high PNI (> 34) vs. low PNI (<34)
are shown in Fig. 1. Kaplan—Meier survival curves revealed
that the respective 1-, 3-, and 5-year actual survival rates
were 73 + 5%, 62 + 6%, and 42 + 7% for patients in the high
PNI group and 52 +11%, 40 +12%, and 32 + 12% for those
in the low PNI group. The log-rank test revealed that patients
in the low PNI group had a significantly lower survival rate
than those in the high PNI group (p =0.046).

Discussion

Several studies reported the use of indexes for risk estima-
tion of surgical patient based on nutritional assessment in
HD-dependent patients [8, 13]. However, those indices and
scoring systems were complex and not appropriate for use
in the daily clinical practice prior to surgery.

Onodera’s PNI is a simple index that is calculated using
the total lymphocytic count and serum albumin [9]. The
principal finding of this study was that Onodera’s PNI was
able to predict surgical outcomes in HD-dependent patients.
In addition, low PNI (<34) was a risk factor that impacted
short- and long-term surgical outcomes.

It is known that malnutrition is common in HD-dependent
patients and can impact surgical outcomes [5]. Malnutrition
was correlated with systemic inflammation and impacted the
prognosis of HD-dependent patients. This may be explained
by the increased oxidative stress and cytokine production
induced by malnutrition [14, 15]. Conversely, inflammation
can cause hypoalbuminemia by suppressing albumin syn-
thesis and promoting its transfer from the vascular to the
extravascular space, which can occur in combination with
reduced protein intake in chronic renal failure patients [15,
16]. Furthermore, low serum albumin levels were found
to increase the risk of cardiovascular disease secondary to
the development of an acute-phase response [17]. Thus,
we believe that malnutrition is strongly correlated with
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Table 5 l?er.ioperatiVF . Characteristic High PNI (>34) n=90 Low PNI (£34) n=20 p value

characteristics of patients in

the high and low prognostic Preoperative

nutritional index group Age (years) 6649 6949 0.13
Female gender 22 (24%) 6 (30%) 0.58
NYHA class 3 and 4 39 (43%) 9 (45%) 1
HD duration (month) 98+79 115+112 0.43
Left ventricular ejection fraction (%) 51+15 57+14 0.10
Diabetes nephropathy 9 (45%) 53 (59%) 0.32
Hypertension 66 (73%) 16 (80%) 0.78
Liver dysfunction 6 (7%) 2 (10%) 0.64
Chronic lung disease 4 (4%) 2 (10%) 0.30
Cerebrovascular accident 18 (20%) 5(25%) 0.76
Current smoker 45 (50%) 10 (50%) 1
Peripheral vascular disease 27 (30%) 7 (35%) 0.79
Total cholesterol (ml/dl) 154 +36 151+46 0.72
Hemoglobin (g/dl) 10.7+1.5 9.6+1.7 <0.01
BMI (kg/m?) 22.1+3.7 19.8+3.01 0.01

Operative
Infective endocarditis 0 (0%) 3 (15%) <0.01
Urgent operation 5 (6%) 1 (5%) 1
Repeat surgery 1 (1%) 2 (10%) 0.09
Concomitant procedure 25 (28%) 5(25%) 0.09
Operation time (min) 367+109 380+ 105 0.62
Intraoperative fluid balance (ml) 3192 +2058 2760+ 1526 0.38
Intraoperative blood transfusion (ml) 2195+ 1575 2697+ 1560 0.20
Postoperative

In-hospital mortality (%) 5.6% 25.0% 0.017
Complication rate (%) 25.6% 55.0% 0.015
Postoperative hospitalization 22.7+14.6 45.1+28.2 <0.01

NYHA New York Heart Association, HD hemodialysis, BMI body mass index

inflammation, which can subsequently impact the progno-
sis of patients. Stenvinkel et al. reported that there was a
strong correlation between malnutrition and inflammation
in chronic renal failure patients. Additionally, the authors
advocated the concept of “malnutrition, inflammation, and
atherosclerosis (MIA syndrome)” [16]. They hypothesized
that a vicious cycle of MIA syndrome may aggravate the
deterioration of patients. Thus, the relationship between
malnutrition and inflammation (and subsequent immuno-
suppression) should be considered in patients with end-stage
renal failure undergoing cardiac surgery.

Our results indicated that PNI reflected the preoperative
conditions of HD-dependent patients and effectively pre-
dicted their prognosis. While, hypoalbuminemia has been
shown as a risk factor for poor prognosis [16]. In this study,
we analyzed serum albumin concentration as a variable for
hospital and remote death. Univariate analysis revealed albu-
min <3.0 g/dl as a risk factor for hospital death as well as
PNI <34; however, multivariate analysis determined higher
odds ratio in PNI than in serum albumin concentration.

While, albumin <3.0 g/dl was not identified as a risk fac-
tor for remote death. Thus, PNI is more useful and realistic
than serum albumin concentration to estimate surgical risk.

It was reported that the total lymphocytic count, which
is another component of the PNI, was an indicator of cell-
mediated immunity [18-20]. Previous studies revealed
that cell-mediated immunosuppression was reflected by a
decrease in the total lymphocytic count and that the magni-
tude of the decline in the number of lymphocytes predicted
the prognosis of patients who underwent mechanical circu-
latory support and gastrointestinal surgeries [18-20]. This
suggested that the coexistence of malnutrition and immuno-
suppression may aggravate the vicious cycle.

The current study indicated that low PNI (< 34) impacted
short- and long-term survival, which may affect patient
selection and surgical strategy. To improve outcomes of
cardiac surgery in HD-dependent patients, patient selec-
tion and adequate surgical strategies based on PNI should
be considered. In case of low PNI patients, surgical stress
should be reduced as little as possible. For instance, prior
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Fig. 1 Kaplan—Meier curves for
long-term survival for patients 1.0
with prognostic nutritional
indexes of <34 and PNI> 34
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procedures such as percutaneous coronary intervention and
endovascular surgery might give one the idea to reduce sur-
gical stress in combined surgeries. Additionally, intravenous
hyperalimentation and serum albumin supply for aggressive
perioperative nutritional management in addition to the con-
ventional nutritional interventions such as dietary care and
nutritional supplements should be considered to improve the
immune-nutritional condition of patients. Owing to nutri-
tion-inflammatory interactions, aggressive cytokine removal
using online hemodiafiltration, continuous hemodiafiltration,
or the use of polymethyl-methacrylate hemofilter can be
potentially beneficial in controlling chronic microinflam-
mation [5]. Thus, appropriate surgical strategies based on
nutritional assessment and aggressive perioperative nutri-
tional management may contribute to improving the clini-
cal outcomes of HD-dependent patients who are undergoing
cardiac surgery.

This study had several limitations. It was a non-rand-
omized, retrospective study with a small sample size and
a relatively short follow-up period. Furthermore, the data
were collected over a 10-year period. This means that it is
likely that the outcomes may have been influenced by the
different surgical techniques and perioperative managements
employed, including methods of hemodialysis.
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Conclusion

Our results indicated that the low PNI affected short- and
long-term surgical outcomes in HD-dependent patients
undergoing cardiac surgery. Perioperative evaluations based
on PNI may contribute to improving the surgical outcomes
of HD-dependent patients who require cardiac surgery.
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