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Abstract: Introduction: Hypoalbuminemia is a key factor which increases mortality and morbidity among various pa-
tient groups. The aim of this study is to evaluate the effects of hypoalbuminemia on the postoperative mortality and 
morbidity in open heart surgery patients and contribute to the literature. Materials and method: This retrospective 
study was conducted on patients who had open heart surgery with cardiopulmonary bypass in our clinic between 
1 April 2014 and 31 March 2017. Ethical approval was obtained in accordance with the guidelines of Declaration 
of Helsinki. In total, 52 patients in Group 1 and 47 patients in Group 2 were randomly selected. The preoperative 
serum albumin levels of the patients in Group 1 were 3.5 g/dL and higher. The preoperative serum albumin levels of 
the patients in Group 2 were lower than 3.5 g/dL. Results: There was no statistically significant difference between 
the groups with regards to age, gender, ejection fraction and Europe Cardicac Operational Risk Evaluation System 
scores (EuroSCORE). Any significant difference was not found in terms of intraoperative findings among the groups. 
Mean time until extubation, length of stay in the intensive care unit (ICU) and hospitalization duration of Group 1 
were significantly shorter than group 2 (intubation duration: 8.46±2.01 hours vs. 9.23±2.25 hours, P=0.032, ICU 
stay: 50.75±10.01 hours vs. 62.15±13.57 hours, P<0.001 and post-operative hospitalization: 7.83±0.94 days 
vs. 8.47±1.56 days, P=0.047, respectively). Arrythmia incidences of Groups 1 and 2 were 5.8% and 21.3%, re-
spectively (P=0.023). Group 1 received significantly less blood transfusions than Group 2 (Erythrocyte Suspension 
Transfusion: 1.62±0.87 Units vs 2.72±0.95 Units, P<0.001 and Fresh Frozen Plasma Transfusion: 1.29±0.78 Units 
vs 3.40±1.21 Units, P<0.001, respectively). During the postoperative period, serum albumin and hematocrit values 
of both groups decreased significantly (P<0.001) while blood creatinine levels increased, which was significant in 
the hypoalbuminemia group only (P<0.001). Conclusion: Hypoalbuminemia may negatively affect postoperative 
prognosis. We believe that providing necessary nutritional support to hypoalbuminemic patients due for open heart 
surgery may contribute to shortening the time until extubation, ICU length of stay and duration of hospitalization as 
well as decreasing blood transfusions and postoperative morbidity and mortality.

Keywords: Hypoalbuminemia, cardiopulmonary bypass, postoperative mortality, postoperative morbidity

Introduction

An abundant plasma protein in the human 
body, albumin plays important roles in various 
physiological tasks such as maintaining capil-
lary oncotic pressure, transporting drugs and 
hormones, and regulating the acid-base equi-
librium [1]. Malnutrition directly affects serum 
albumin levels [2]. Hypoalbuminemia is not 
solely caused by nutritional status; inflamma-
tory cytokines induced by traumatic or meta-
bolic events may also decrease albumin levels 
[2]. The effects of hypoalbuminemia on morbid-

ity and mortality have been studied among vari-
ous patient groups. In fact, serum albumin level 
has been included in the ICU scoring system 
evaluation parameters [3]. Studies reporting 
albumin as a prognosis-predicting marker in 
many patient groups have been published dur-
ing the recent years [3]. In their retrospective 
study, Gaëtan-Romain Joliat et al. declared that 
low preoperative serum albumin levels may be 
considered a blood biomarker in predicting 
alveolar Echinococcus recurrence following 
hepatectomy [4]. Shih-Chieh Chien et al. have 
conducted research on the prognostic value of 
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albumin in cardiovascular disease and report-
ed that albumin increases intravascular vol-
ume, thus contributing to decreasing the vis-
cosity of cholesterol. They have also concluded 
that in addition to established risk factors, 
serum albumin may help predict prognosis in 
cardiovascular disease with its physiological 
functions, but further randomized studies are 
needed [5]. 

During cardiopulmonary bypass (CPB) in open 
heart surgery, extracorporeal circulation and 
re-entry of the blood into the body causes many 
acute changes along with hemodilution. The 
use of cardiopulmonary bypass also activates 
the inflammatory cascade, resulting in microal-
buminuria and increased vascular permeability 
[6, 7]. It has been shown that microalbuminuria 
reaches its maximum level at the end of CPB 
and reaches preoperative levels again at the 
24th postoperative hour [6, 7]. In conclusion, 
cardiopulmonary bypass decreases serum 
albumin levels by causing hemodilution and 
microalbuminuria. 

The aim of this study is to evaluate the prognos-
tic value of serum albumin levels and effects of 
hypoalbuminuria on mortality and morbidity 
among open heart surgery patients. 

Materials and method 

Study design and patient selection

This retrospective study was conducted on 99 
patients who had open heart surgery with car-
diopulmonary bypass in our clinic between 1 
April 2014 and 31 March 2017. Ethical approv-
al was obtained in accordance with the guide-
lines of Declaration of Helsinki. Patients were 
randomly divided into two groups based on 
their preoperative serum albumin levels. The 
preoperative serum albumin levels of the 52 
patients in Group 1 were 3.5 g/dL and higher. 
The preoperative serum albumin levels of the 
47 patients in Group 2 were lower than 3.5 g/
dL.

Exclusion criteria 

As a result of preoperative assessments of the 
groups, patients with ejection fractions lower 
than 40%, FEV1/FVC lower than 75% in a pre-
operative respiration test, Euroscore higher 
than 7, and renal or hepatic failure were not 

included in the study. In addition, patients who 
underwent secondary or emergency surgery or 
those who developed intraoperative hemody-
namic instability were excluded. 

The demographic data, preoperative co-mor-
bidities, operation durations, CPB and aorta-
cross clamp durations, intraoperative hemody-
namic data, preoperative and postoperative 
albumin, hematocrit, creatinine levels, total 
units of erythrocyte and fresh frozen plasma 
transfused, time until extubation, ICU stay and 
postoperative hospitalization durations were 
obtained from the hospital registry and patient 
records and retrospectively analyzed. The two 
groups were compared in terms of postopera-
tive complications and mortality. 

Routine bypass surgery procedure in our clinic   

Following preoperative tests and preparations, 
the patients were premedicated with 5 mg diaz-
epam tablets on the night of the operation. All 
patients were intraoperatively monitored for 
cardiac statuses with electrocardiography in 
D2 and V5 derivations, blood pressure with 
invasive systemic arterial monitoring through 
the radial artery, oxygen saturation with pulse 
oximetry and temperature with osephageal 
thermal probes. Three mg/kg propofol (propo-
fol Fresenius vial, Germany), 5 mcg/kg fentanyl 
(Talinat, Vem Pharmaceuticals, Turkey), 0.6 
mg/kg rocuronium (Myokron, Vem Pharma- 
ceuticals, Turkey) were used for anesthesia 
induction. Following endotracheal intubation, 
the ventilation parameters (Drager Primus, 
Germany) were set as follows: Fresh gas: 2 lt/
min, tidal volume: 8-10 ml/kg, FiO2: 0.5, fre-
quency: 10-12 breaths/min and PEEP: 5. 
Anesthesia was maintained with 0.1-0.3 mg/kg 
rocuronium, 0.02 mg/kg midazolam (Zolamid, 
Vem Pharmaceuticals, Turkey) and fentanyl at 
analgesic doses. Sevoflurane (Sevorane, Abb- 
ott, Turkey) inhaler anesthetic was adminis-
tered to keep the minimal alveolar concentra-
tion (MAC) between 0.5 and 2, in accordance 
with the hemodynamics of the patient. After 
anesthesia induction, a central catheter was 
placed in the internal jugular vein with the 
Seldinger technique. Central venous pressure 
(CVP) and urine output were monitored with the 
central and Foley catheters, respectively. In- 
traoperative hemodynamic findings and admin-
istered drugs were recorded on the anesthesia 
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monitorization chart throughout the surgery 
and additionally on the perfusionist monitoriza-
tion slips during cardiopulmonary bypass peri-
od. Crystalloid solution, mannitol, 8.4% Sodium 
Bicarbonate and 150 U/kg antifractionated 
heparin (koparin vial, Koçak Pharma, Turkey) 
were administered to all patients at the begin-
ning of extracorporeal circulation. Before stan-
dard aortic and venous cannulation, 300 Units/
kg antifractionated heparin (koparin vial, Koçak 
Pharma, Turkey) was administered. Activated 
coagulation time (ACT) was measured for evalu-
ating anticoagulation before extracorporeal cir-
culation and cannulation, and arterial blood 
gas was analyzed concomitantly. Cardiopu- 
lmonary bypass was initiated when ACT >450. 
Cardiac arrest was achieved during cardiopul-
monary bypass and patients’ body tempera-
tures were kept between 28-32°C and their 
ACT over 450. All patients were monitored with 
arterial blood gas evaluations and necessary 
measures were taken accordingly. Criteria for 
weaning from cardiopulmonary bypass were as 
follows: 1. Hemodynamic stability to ensure 
whole body perfusion is achieved, and if neces-
sary, inotropic infusion treatment is started. 2. 
Body temperature is 37°C. 3. Both lungs are 
aerated with enough tidal volume. 4. Arterial 
blood gas values are within normal ranges, and 
if not, treatment is begun. 

At the end of cardiopulmonary bypass, antico-
agulation was achieved with protamin (Promin, 
Vem Pharmaceuticals, Turkey). Patients were 
transported to the ICU at the end of the opera-
tion, intubated, and monitorized. Once hemody-

square and Fisher exact tests were used for the 
comparison of categorical variables, and the 
results were given with n and percentage val-
ues. On the other hand, a sample t-Test was 
used for the data that complied with a normal 
distribution, but a Wilcoxon signed rank test 
was used for those that did not. P value of less 
than 0.05 was considered statistically signifi-
cant. The Statistical analyses were carried out 
using the IBM SPSS Statistics 21.0 program.

Results  

A total of, 34 females and 65 males (n=99) 
were included in this study. Group 1 comprised 
52 patients and Group 2 comprised 47 patients 
(Table 1). There was no statistically significant 
difference between the groups with regards to 
age, gender, ejection fractions, EuroSCORE and 
preoperative comorbidities (P>0.05) (Table 1). 
The mean body mass index of Group 2, the 
hypoalbuminemia group, was significantly lower 
than that of Group 1 (25.27±4.03 vs. 
28.51±3.53, P<0.001) (Table 1). 

Mean intraoperative arterial pressure and 
heart rates (Table 2), operation, aorta cross 
clamp and cardiopulmonary bypass times 
(Table 3) of both groups were similar (P>0.05). 
Mean intubation time, intensive care unit (ICU) 
stay and hospitalization durations of Group 1 
were significantly shorter than group 2 (intuba-
tion durations: 8.46±2.01 hours vs. 9.23±2.25 
hours, P=0.032; ICU stay durations: 50.75± 
10.01 hours vs. 62.15±13.57 hours, P<0.001 
and post-operative hospitalization durations: 

Table 1. A comparison of demographical data and preoperative 
risk factors 

Group 1 
(n=52)

Group 2 
(n=47) P*

Age (mean ± SD) 62.04±8.92 63.85±9.66 0.334
Female n (%) 17 (32.7%) 17 (36.2%) 0.716
Male n (%) 35 (67.3%) 30 (63.8%)
BMI (mean ± SD) 28.51±3.53 25.27±4.03 P<0.001
EUROSCORE (mean ± SD) 3.52±2.01 3.60±2.48 0.885
EF (mean ± SD) 51.73±7.20 51.98±7.88 0.822
Hypertension n (%) 51 (98.1%) 43 (91.5%) 0.187
Diabetes Mellitus n (%) 15 (28.8%) 12 (25.5%) 0.712
Cerebrovasculer Disease n (%) 4 (7.7%) 3 (6.4%) 1.00
Peripheric Artery Disease n (%) 5 (9.6) 2 (4.3) 0.440
*P<0.05 = Significance level. BMI: Body mass index, EUROSCORE: European 
System for Cardiac Operative Risk Evaluation, EF: Ejection fraction. 

namically stable, patients were 
weaned and extubated. 

Statistical methods

Shapiro-Wilk test was used to 
evaluate whether the data was 
distributed normally. Descrip- 
tive statistics were expressed 
as mean ± standard deviation 
for continuous variables, and 
as frequency and percentage (n 
(%)) for categoric variables. To 
compare two independent gr- 
oups, independent samples 
t-test and Mann Whitney U 
tests were used for normally 
and non-normally distributed 
data, respectively. Pearson chi-
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7.83±0.94 days vs. 8.47±1.56 days, P=0.047, 
respectively) (Table 3). Group 2 patients 
received significantly higher units of erythro-
cyte and fresh frozen plasma transfusions dur-
ing the intraoperative and postoperative peri-
ods (Table 4) (P>0.05).

In Group 2, rates of reintubation, continuous 
positive airway pressure (CPAP) requirement, 
wound infection and pneumonia were higher, 
but statistically insignificant (Table 4) (P>0,05). 

The changes of laboratory values among both 
groups are as follows: Albumin levels signifi-
cantly decreased postoperatively in both gr- 
oups (Figure 1). The mean preoperative and 
postoperative serum albumin values of Groups 
1 and 2 were 4.00±0.35 vs. 2.88±0.18, P< 
0.001 and 3.27±0.21 vs. 2.34±0.16, P<0.001, 
respectively. Hematocrit levels significantly 
decreased postoperatively in both groups 
(Figure 2). The mean preoperative and postop-
erative hematocrit values of Groups 1 and 2 

Table 2. Comparison of the groups’ intraoperative hemodynamic parameters
Group 1 (n=52) Group 2 (n=47) P*

Mean Arterial Pressure (mmHg)
    Before induction (mmHg) (mean ± SD) 123.35±20.09 122.05±36.63 0.23
    After sternotomy (mmHg) (mean ± SD) 91.75±16.90 81.00±15.70 0.09
    Cardiopulmonary bypass period (mmHg) (mean ± SD) 66.45±16.81 66.10±10.28 0.86
    After cardiopulmonary bypass (mmHg) (mean ± SD) 75.70±6.69 76.30±11.49 0.97
Pulse (beat/min)
    Before induction (beat/min) (mean ± SD) 72.90±8.96 77.05±10.72 0.16
    After sternotomy (beat/min) (mean ± SD) 81.30±10.96 80.65±12.41 0.78
    After cardiopulmonary bypass (beat/min) (mean ± SD) 92.25±7.62 87.00±10.99 0.06
*P<0.05 = Significance level.

Table 3. Intraoperative and postoperative durations of the groups 
Group 1 (n=52) Group 2 (n=47) P*

Operation duration (min) (mean ± SD) 215.73±14.03 210.89±13.57 0.085
Cardiopulmonary bypass duration (min) (mean ± SD) 99.81±9.11 100.11±9.16 0.577
Aorta cross clamp duration (min) (mean ± SD) 79.04±9.76 78.02±8.75 0.519
Extubation duration (hours) (mean ± SD) 8.46±2.01 9.23±2.25 0.032
Intensive care duration (hours) (mean ± SD) 50.75±10.01 62.15±13.57 <0.001
Postoperative hospital stay duration (days) (mean ± SD) 7.83±0.94 8.47±1.56 0.047
*P<0.05 = Significance level. 

Table 4. Comparison of the group’s postoperative findings and compli-
cations

Group 1
(n=52)

Group 2
(n=47) P*

Erythrocyte transfusion (unit) (mean ± SD) 1.62±0.87 2.72±0.95 <0.001
FFP transfusion (unit) (mean ± SD) 1.29±0.78 3.40±1.21 <0.001
Re-intubation/CPAP requirement n (%) 4 (7.7%) 9 (19.1%) 0.092
Arrhythmia n (%) 3 (5.8%) 10 (21.3%) 0.023
Neurological complications n (%) 1 (1.9%) 2 (4.3%) 0.603
Pnömonia n (%) 2 (3.8%) 6 (12.8%) 0.145
Wound site ınfection n (%) 1(1.9%) 4 (8.5%) 0.187
Hemorrhage revision n (%) 2 (3.8%) 2 (4.3%) 1.00
Mortality n (%) 2 (3.8%) 3 (6.4%) 0.912
*P<0.05 = Significance level. CPAP: Continuous Positive Airway Pressure, FFP: Fresh 
Frozen Plasma.

Arrythmia incidence in 
Group 2 (n=10, 21.3%) 
were significantly higher 
than Group 1 (n=3, 5.8%) 
(P=0.023) (Table 4). Ne- 
urological complications 
were seen in 1 patient 
from Group 1 and 2 
patients from Group 2, 
while hemorrhage revi-
sions were done in 2 
patients from each group 
(Table 4). Two patients 
from Group 1 and 3 
patients from Group 2 
died (Table 4). 
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were 39.04±4.57 vs 29.23±2.48, P<0.001 
and 36.71±3.64 vs. 28.28±1.76, P<0.001, 
respectively. Serum creatinine levels increased 
postoperatively in both groups (Figure 3). This 
increase was statistically significant in the 
hypoalbuminemia group only. Preoperative and 
postoperative blood creatinine levels of Groups 
1 and 2 were 0.88±0.23 vs. 0.97±0.29, P= 
0.820 and 1.13±0.24 vs. 1.65±0.59, P<0.001, 
respectively. 

Discussion

Albumin level is a key factor affecting mortality 
and morbidity [2]. The relationship between low 
serum albumin levels and worsening of progno-
sis in critical patients has been researched in 
numerous studies. In a meta-analysis of 90 
cohorts, low serum albumin level was reported 
as a determining factor in the worsening of 
prognosis. In the same study, 1 miligram per 
deciliter decrease in serum albumin concentra-
tion was found to increase mortality by 139%, 
morbidity by 89%, prolong ICU stay by 28% and 
duration of hospitalization by 71% [8]. In their 
study conducted on heart surgery patients, 
Ryan A et al. have reported that hypoalbumin-
emia is one of the factors determining the 
length of postoperative ICU stay [9]. A study by 
Engelman T. et al. concludes that postoperative 
hypoalbuminemia affects morbidity [9, 10]. 

The acute changes in albumin level are caused 
by fluid resuscitation and increased vascular 
permeability [11, 12]. Excessive amounts of 
intravenous fluids are usually administered dur-
ing major surgeries, which may cause dilutional 
hypoalbuminemia. In open heart surgery, he- 
modilution is achieved by crystalloid and colloid 
solutions added to the priming solution during 
cardiopulmonary bypass period [13]. In addi-
tion, blood contact with non-physiological ex- 
tracorporeal circulation surfaces, temperature 

Figure 1. Preoperative and postoperative albumin 
levels of the groups.

Figure 2. Preoperative and postoperative hematocrit 
levels of the groups.

Figure 3. Preoperative and postoperative serum cre-
atinine levels of the groups.
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changes, surgical stress, and ischemia reperfu-
sion injury during open heart surgery cause sys-
temic inflammatory response. Increased capil-
lary permeability to plasma proteins is an early 
outcome of inflammation and results in micro-
albuminuria [2, 6]. In a study conducted on 24 
neonates, the amount of proteins extravasating 
from the intravascular space during cardiopul-
monary bypass was measured and 13 neo-
nates were shown to develop capillary leak syn-
drome, which decreases serum albumin and 
protein levels [14]. 

In our study, we observed a postoperative 
decrease in albumin and hematocrite levels 
compared to the preoperative results (Figures 
1, 2) in all patients, which primarily supports 
hemodilution. Lower postoperative albumin 
concentration may additionally be due to in- 
creased capillary permeability secondary to 
inflammation. 

The acute postoperative decrease in albumin 
levels after cardiac surgery makes it important 
that preoperative values are not below normal 
range. Preoperative serum albumin level was 
categorized as <3.5 g/dL and ≥3.5 g/dL. There 
are numerous studies in the literature that con-
sider 3.5 g/dL as a threshold value for serum 
albumin [15, 16]. 

Hypoalbuminemia decreases the plasma on- 
cotic pressure and causes fluid accumulation 
in the interstitial area. Interstitial edema sec-
ondary to hypoalbuminemia negatively affects 
the pulmonary system as well as other organ 
systems in the body. Yang PH et al. have report-
ed that the duration of mechanical ventilation 
was longer in patients with serum albumin lev-
els <2.8±0.6 g/dL [17]. A study conducted on 
coronary bypass graft surgery patients con-
cluded that capillary leak syndrome adversely 
affects postoperative renal and pulmonary 
functions and is related to prolonged endotra-
cheal intubation [18]. 

In our study, time until extubation and length of 
ICU stay were significantly higher in the hypoal-
buminemia group (Group 2) (Table 3). Addi- 
tionally, although not statistically significant, 
the rate of respiratory problems such as CPAP 
requirement, and pneumonia were found to be 
higher in Group 2 (Table 4). Upon comparing 
preoperative and postoperative blood creati-
nine levels between the groups, we observed 
that the increase in blood creatinine levels was 

more pronounced in the hypoalbuminemia 
group (Figure 3). 

Along with serum albumin levels, body mass 
index is one of the parameters which show 
nutritional status. In the literature, low serum 
albumin and body mass index before cardiac 
surgery were reported to correlate with in- 
creased postoperative infections, mortality, 
length of ICU stay and hospitalization times 
[19, 20]. Cardiovascular complications may 
occur more frequently in patients with low albu-
min levels and body mass indexes [18]. In our 
study, the mean body mass index of Group 2 
was significantly lower than that of Group 1 
(Table 1). The rate of wound infections, pneu-
monia and mortality of Group 2 was higher than 
group 1 patients (Table 4), but this result is not 
statistically significant. In addition, our results 
show that the mean length of ICU stay and hos-
pitalization time was significantly higher and 
the incidence of arrythmia, which is a cardiac 
complication, was significantly higher in Group 
2 (Table 4). The arrythmia-inducing effect of 
hypoalbuminemia may affect mortality. 

The postoperative effects of hypoalbuminemia 
have been the subject of research in other sur-
gical branches. In their study on patients who 
were operated on due to ovarian cancer, Murat 
Öz et al. formed three groups, as follows: 
Patients with normal serum albumin levels, and 
those with mild and severe hypoalbuminemia. 
They have concluded that postoperative hypo-
albuminemia increases the risk of complica-
tions. The same study has found that ICU stay 
times, duration of hospitalization and need for 
erythrocyte transfusion were significantly high-
er in the severe hypoalbuminemia group [15]. In 
our study, the need for fresh frozen plasma and 
erythrocyte transfusion was significantly higher 
in Group 2. 

Clinical studies conducted on surgical patients 
suggest that mortality and morbidity are direct-
ly affected by malnutrition. Determining the 
preoperative nutritional status is known to have 
a positive effect [21]. Labgaa I. et al. report that 
serum albumin level may be an important 
marker in predicting postoperative complica-
tions [22].

Conclusions

In our opinion, preoperative serum albumin lev-
els may be effective in predicting prognosis in 



Hypoalbuminemia on postoperative mortality and morbidity

1710 Int J Clin Exp Med 2020;13(3):1704-1711

open heart surgery and nutritionally supporting 
the patient against hypoalbuminemia during 
the preoperative and postoperative periods 
may be beneficial in decreasing postoperative 
complications. 
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