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ABSTRACT
Objectives: Serious complications are seen after cardiac surgery operations. Postoperative pneumonia is one
of the most important of these complications. Some biomarkers have been examined in the prediction of
mortality in special groups such as hospital-acquired pneumonia or aspiration pneumonia. In addition to
parameters such as blood-urea nitrogen and albumin, the blood urea nitrogen to albumin ratio obtained by the
ratio of these two parameters is also used as a mortality predictor. In this study, it was aimed to investigate the
effect of the blood urea nitrogen to albumin ratio at the time of diagnosis of pneumonia on mortality in patients
who developed pneumonia in the early period after cardiac surgery. 
Methods: In this study, 138 patients who developed pneumonia in the early period after cardiac surgery were
examined. Complete blood count and biochemical test results were analyzed for all patients, and differences
between groups were investigated. The patients who developed in-hospital pneumonia and were discharged as
survivors were classified as Group 1, and non-survivor patients were determined as Group 2. 
Results: Patients who did not develop in-hospital mortality were included in Group 1 (n = 105, mean age =
63.7 ± 9.2 years), and those with non-survivor were included in Group 2 (n = 33, mean age = 66.9 ± 9.6 years).
At the time of diagnosis neutrophil-lymphocyte ratio, C-reactive protein, blood-urea nitrogen and blood urea
nitrogen to albumin ratio values were significantly higher in Group 2 (p < 0.001, p < 0.001, p = 0.004 and p <
0.001; respectively) ROC curve analysis was performed to evaluate blood urea nitrogen to albumin ratio in
predicting mortality. The cut-off value of blood urea nitrogen to albumin ratio was 4.1 (Area under the curve
[AUC]: 0.740, 95% CI: 0.690-0.820, p < 0.001, with sensitivity of 72.5% and specificity of 68.6%). 
Conclusions: In pneumonia developing after cardiac surgery, we found that the peripheral blood blood urea
nitrogen to albumin ratio at the time of the first symptom in the patient has a high predictive power for the
development of mortality in this particular patient group.
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Cardiac surgery is a procedure that is applied with
high success rates in the treatment of cardiovas-

cular diseases, and various serious complications after

these operations still maintain their importance [1].
Postoperative pneumonia is one of the most important
complications [2]. Due to this complication, the length
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of hospital stay is prolonged, and the risk of morbidity
and mortality increases. Previous studies reported that
the rate of development of postoperative pneumonia
has been shown to be between 5% and 21%, and mor-
tality rates in these cases range from 6.2% to 28% [2-
5]. 
      Various inflammatory markers obtained from rou-
tine blood parameters have been the subject of re-
search in cardiovascular surgery. These markers have
been used both in the diagnostic sense and in predict-
ing the prognosis of developing complications [6, 7].
Albumin, as a negative acute phase reactant, is an im-
portant inflammatory marker and plays an important
role in maintaining osmotic pressure and in interstitial
transport of vital molecules [8]. Increased blood urea
nitrogen (BUN) levels in blood is also an important
indicator of dehydration and has poor prognostic im-
portance in pneumonia patients [9]. In the light of this
information, blood urea nitrogen to albumin (B/A)
ratio seems to be an important marker. In two recent
studies, B/A ratio has been shown as an independent
predictor of mortality in patients with hospital-ac-
quired pneumonia and aspiration pneumonia [10, 11]. 
      In this current study, we aimed to investigate the
effect of the B/A ratio at the time of diagnosis of pneu-
monia on mortality in cases who developed early
pneumonia after cardiac surgery.

METHODS

      This study was approved with the protocol dated
09.06.2021 and numbered 2011-KAEK-25 2021/06-
16 of the Bursa Yüksek İhtisas Training and Research
Hospital Clinical Research Ethics Committee. In this
study, which was planned as a single center, patients
between the ages of 20-90 who underwent open heart
surgery at Bursa Yüksek İhtisas Training and Research
Hospital between January 01, 2014 and January 01,
2020 were included in the study. The patients who had
undergone redo cardiac operation, emergency cases,
those with a known history of lung disease, those with
chronic renal failure, and those with a history of pneu-
monia were excluded from the study. A total of 138
patients were evaluated for the study. 
      Laboratory values, demographic characteristics
and blood values on the day they were diagnosed with
pneumonia were recorded for all patients at the time

of admission to the hospital. The patients who devel-
oped in-hospital pneumonia and were discharged as
survivor were classified as Group 1, and non-survivor
patients were classified as Group 2. 

Variables 
      Variables were recorded as of the first admission
of the patients to the hospital. Demographic data, iden-
tity information, age, gender, smoking were deter-
mined and recorded. Their medical histories were
analyzed in detail. Presence of hypertension, diabetes,
chronic obstructive pulmonary disease, congestive
heart failure and coronary artery disease were
recorded. By following the clinical outcome; Dis-
charge or death information, duration of intensive care
stay and total hospital stay were noted. Laboratory
data including complete blood count values (white
blood cell [WBC], hemoglobin [Hb], neutrophil, lym-
phocyte, platelet [PLT]), neutrophil-lymphocyte ratio
(NLR), C-reactive protein (CRP), biochemical studies
(BUN, Albumin, B/A ratio) was recorded. In addition,
inflammatory blood markers were recorded on the
basis of the day of diagnosis of pneumonia, and the
B/A ratio was recalculated. 

Postoperative Pneumonia Diagnosis 
      In patients with clinically suspected pneumonia,
newly detected infiltration on chest X-ray or an in-
crease in the current infiltration degree were taken into
account. In addition, pneumonia was diagnosed with
the presence of at least two of the following criteria
[12]: 1) Fever (> 38.5˚C) or hypothermia (< 36.0˚C);
2) Presence of purulent tracheo-bronchial secretion or
an increase in the amount of existing secretion; and 3)
Leukocytosis (12,000/µL) or leukopenia (4,000/µL). 

Statistical Analysis 
      Data were analyzed by SPSS 21.0 (IBM Statistical
Package for the Social Sciences Statistic Inc. version
21.0, Chicago, IL, USA) program. "Kolmogorov-
Smirnov test and Shapiro-Wilk test" were used for
normality distribution analysis. While “Student's t test
was used for the data presenting normal distribution,
Mann-Whitney U test was used for data that did not
conform to normal distribution. These data were
shown as mean ± standart deviation or as median
(minimum-maximum) respectively. Categorical vari-
ables were shown as frequency and percentage, and
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“Chi Square test” was used for analysis. Multivariate
binary logistic regression analysis was utilized to an-
alyze mortality predictors. A p value’s being less than
0.05 was accepted statistically significant. In predict-
ing in-hospital mortality, receiver operating character-
istics (ROC) curve analysis was performed for B/A
ratio and area under the curve (AUC) was calculated.

RESULTS

      A total of 138 patients were included in the study.
Patients who did not develop in-hospital mortality
were included in Group 1 (n = 105, mean age = 63.7
± 9.2 years), and those with non-survivor were in-
cluded in Group 2 (n = 33, mean age = 66.9 ± 9.6
years).  There were no statistically significant differ-

ences between the two groups in terms of age, gender,
body mass index, smoking, hypertension and chronic
obstructive pulmonary disease rates (p > 0.05). Also
preoperative blood parameters of the patients were
similar between two groups. Demographic character-
istics and preoperative blood parameters of all patients
are presented in Table 1. 
      Operative and postoperative features and blood
parameters of the patients at the time of diagnosis were
shown in Table 2. The two groups were similar in
terms of perfusion times, need of positive inotropic
support and use of blood products. There were no sta-
tistically significant differences between the two
groups in terms of (at the time of diagnosis) WBC, cre-
atinine, neutrophil counts, lymphocyte counts and al-
bumin values (p > 0.05). At the time of diagnosis
NLR, CRP, BUN and B/A ratio values were signifi-
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cantly higher in Group 2 (p < 0.001, p < 0.001, p =
0.004 and p < 0.001; respectively). 
      Logistic regression analysis was performed to
evaluate the predictive value of certain parameters in
terms of in-hospital mortality (Table 3). In univariate

analysis, age > 70 years (OR [odds ratio]: 1.125, 95%
CI [confidence interval]: 1.080-1.548, p = 0.014),
ejection fraction< 35% (OR: 1.956, 95% CI: 1.318-
2.865, P = 0.002), need for inotropic support (OR:
0.875, 95% CI: 0.582-0.961, p = 0.036), Time of di-
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agnosis (Td) NLR (OR: 1.554, 95% CI: 1.196-2.872,
p < 0.001), Td B/A ratio (OR: 1.668, 95% CI: 1.441-
2.152, p < 0.001) and Td CRP (OR: 3.336, 95% CI:
2.178-4.894, p < 0.001) values were found to be sig-
nificantly correlated with the development of in-hos-
pital mortality. As a result of multivariate analysis,
ejection fraction< 35% (OR: 1.127 CI 95%: 1.045-
1.539, p = 0.019), Td B/A ratio (OR: 1.224, CI
95%:1.090-1.79452, p < 0.001) and Td CRP (OR:
2.628, CI 95%: 1.945-4.136, p < 0.001) values were
determined as independent predictors for predicting
in-hospital mortality. 
      ROC curve analysis was performed to evaluate
B/A ratio in predicting mortality. The cut-off value of
B/A ratio was 4.1 (Area under the curve [AUC]: 0.740,
95% CI: 0.690-0.820, p < 0.001, with sensitivity of
72.5% and specificity of 68.6%) (Fig. 1).

DISCUSSION

      Postoperative pneumonia is one of the most im-
portant complications after open heart surgery. In ad-
dition to prolonging hospitalizations, this may result
in mortality rates up to 50%. In this current study, it
was shown for the first time in the literature that the
B/A ratio is an independent predictor of mortality in

cases of pneumonia occurring in the early period after
cardiac surgery. In addition to this marker, CRP value
and ejection fraction below 35% at the time of diag-
nosis of pneumonia were also determined as independ-
ent predictors of mortality. 
      Serum albumin plays a key role in maintaining
physiological homeostasis. It undertakes important
tasks such as balancing osmotic pressure and trans-
porting some components in the blood. The presence
of low albumin levels in some chronic diseases such
as heart failure, COPD and diabetes, as well as in ma-
lignancies with a predominant course of catabolism,
has been associated with increased mortality and mor-
bidity [13]. In a study by Yayla et al. [14], albumin
levels were found to be significantly lower in patients
who developed saphenous vein occlusion after CABG
operations. In other studies, significant correlations
were found between atrial fibrillation developing after
cardiac surgery and low albumin [15, 16]. In our study,
we found that albumin levels at the time of pneumonia
diagnosis were low in patients who developed mortal-
ity, although it was not statistically significant (p =
0.076). 
      Dehydration may occur in patients who need hos-
pitalization, especially in infectious diseases where in-
flammation is at the forefront. The resulting increase
in urea reabsorption from the kidneys results in in-
creased BUN levels. This value is an important param-
eter indicating the state of dehydration in individuals
and has been associated with poor clinical outcomes
in patients with heart failure and pneumonia [9, 17].
In a study by Akgül et al. [16], a significant relation-
ship was found between the development of postop-
erative atrial fibrillation, which is closely related to
inflammation, and high BUN values after CABG op-
erations. In our patients, BUN values at the time of di-
agnosis of pneumonia were significantly higher in the
mortality group (p = 0.004). 
      In line with all this literature information, the B/A
ratio emerges as a valuable prognostic marker. There
are various studies on various medical problems and
B/A ratio in the literature. In a study conducted by Bae
et al. [18] on patients with ischemic stroke, the B/A
ratio was shown as a poor prognostic marker. In a
study conducted by Dundar et al. [19], the B/A ratio
at the time of admission was shown as an independent
predictor of mortality in patients over the age of 65
who applied to the emergency department. In addition,
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Fig. 1. The area under the curve (AUC), confidence interval
(CI), and cut-off values in receiver-operating characteristic
(ROC) curve analysis for B/A ratio to predict mortality (cut
off:4.1, AUC: 0.740, 95%CI: 0.690- 0.820, p < 0.001, with
72.5% sensitivity and 68.6% specificity). 
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the authors emphasized in this study that the B/A ratio
is a stronger predictor than albumin, BUN, creatinine,
and glomerular filtration ratio alone [19]. In another
study by Fang and XU [20], B/A ratio was found to be
a strong predictor of mortality in critically ill patients
in intensive care units who developed pulmonary em-
bolism. 
      Recently, the relationship between B/A ratio and
mortality in various pneumonia cases has been the
subject of research. In the article published by Feng et
al. [10] in 2019, the effect of B/A ratio on mortality in
hospital-acquired pneumonia cases was investigated.
In the study, which included 1158 cases, 150 patients
(13%) died within 30 days. At the end of their study,
the authors determined the high B/A ratio as an impor-
tant value in predicting 30-day mortality [10]. In a
study by Ryu et al. [11], at the beginning of 2021, the
relationship between B/A ratio and mortality in aspi-
ration pneumonia cases was investigated. In the study,
which included 443 patients, mortality was observed
in 90 (20.3%) patients in the first 28 days. As a result
of the multivariate analysis, a B/A ratio above 7 was
shown as a strong and independent predictor of mor-
tality (OR 3.40, 95% CI 1.87-6.21, p < 0.001). In an-
other recent study by Ata et al. [21], B/A ratio was
found to be an independent predictor for mortality in
intensive care patients with COVID-19 pneumonia. 
      In our study, the other independent predictors of
mortality in patients who developed pneumonia, apart
from the B/A ratio, were preoperative ejection fraction
below 35% and high CRP at the time of diagnosis.
Comprehensive studies and meta-analyses have simi-
lar results with our study. Having a low ejection frac-
tion in pneumonia that develops after cardiac surgery
plays an important role in both the development of
postoperative pneumonia and mortality after pneumo-
nia [2, 12, 22-24]. Similarly, there are studies showing
that increased CRP levels are also important in the de-
velopment of postoperative pneumonia and associated
mortality [25-27]. 

Limitations
      The most important limitations of our study are
that it is single-centered, retrospective, and the number
of patients is low. More comprehensive publications
with larger numbers of patients are needed to support
existing data.

CONCLUSION

      In our study, we examined a patient group that de-
veloped pneumonia after open heart surgery, which
has not been evaluated in the literature before. In pneu-
monia developing after cardiac surgery, we found that
the peripheral blood B/A ratio at the time of the first
symptom in the patient has a high predictive power for
the development of mortality in this particular patient
group. This predictive ability will enable us to predict
the risk of pneumonia-related mortality in patients un-
dergoing cardiac surgery and to prevent adverse out-
comes by taking necessary precautions in these
patients. 
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