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Abstract

The aim of this study is to investigate the effect of the hemofiltration-body
surface area on mortality and morbidity during cardiopulmonary bypass
(CBP). A total of 226 patients were divided into two groups as hemofiltration
(HF) performed or not performed. The patients to whom hemofiltration was
performed were also divided into three subgroups after the distribution anal-
ysis which was done according to body surface area. All patients were com-
pared according to the relationship of hemofiltration-body surface area dur-
ing cardiopulmonary bypass in the interms of mortality and morbidity. There
was no statistically significant relationship between the subgroups according
to the amount of hemofiltration by square meters (p = 0.818). There was sta-
tistically significant difference in total perfusion times and total hospital stay
(p = 0.025; p = 0.038) between the subgroups which were divided by the
amount of hemofiltration in square meters. As a result, no effect was ob-
served on the mortality of the relationship between the amount of hemofiltra-
tion applied during CBP and body surface area.
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1. Introduction

After widespread use of cardiopulmonary by-pass (CBP) in the mid-seventies,
hemofiltration (HF) has become a frequently used procedure in open heart sur-
gery. It is aimed to obtain beneficial effects of hemodilution during CBP. How-

ever, hemodilution decreases intravascular osmotic pressure and causes intersti-
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tial edema [1]. There is also an increase in total body fluid mass due to CPB.
This excess fluid prevents normal functioning of the organs and tissues by leak-
ing into the space between tissues [2]. Increase in the amount of total body fluid
has negative effects on mortality and morbidity in the perioperative period [3].
The purpose of using hemofiltration is to reduce the volumetric load of the pa-
tient and to provide hemoconcentration in this regard. Thus, it is aimed to re-
duce the amount of blood and blood products transfused to the patient. Ac-
cording to some studies, hemofiltration applied during CPB had more signifi-
cantly beneficial effects on cardiac, pulmonary, hepatic, renal, hematological and
immunological functions in the postoperative period than in the groups without
hemofiltration [4] [5] [6] [7]. There is no clear indication for the amount of he-
mofiltration applied during cardiopulmonary bypass when the current literature
is searched. Patient’s volume balance and intraoperative hematocrit values are
determined according to the amount remaining in the venous reservoir volume.
Exactly from here, the question “Is there any effective value for the hemofiltra-
tion applied to the patients” becomes a current issue.

Our purpose in this study is to study the effects of the relationship between
the amount of hemofiltration applied during cardiopulmonary bypass and body

surface area, on mortality and morbidity.

2. Material and Methods

In this study, the patients who underwent coronary artery bypass surgery be-
tween June 2009 and June 2013 at Izmir Tepecik Research and Education
Hospital, were retrospectively analyzed. The other open heart surgery patients
out of coronary arterial bypass grafting and the patients with missing data were
excluded from the study. A total of 226 patients were divided into two groups as
hemofiltration performed or not performed. The patients to whom hemofiltra-
tion was performed were also divided into three subgroups after the distribution
analysis which was done according to body surface area. “Mosteller’s formula”
was used to calculate the body surface area (VYA (m?) = ([Height (cm) x Weight
(kg)]/3600)"%). A graphic was formed by calculating hemofiltration amount per
square meter of 60 patients (Figure 1). Grouping was done regarding homoge-
neous distribution after graphic chart. Three subgroups were formed consisting
of: Group A; 0 - 299 ml of hemofiltration performed, Group B; 299 - 600 ml of
hemofiltration performed and Group C; 600 ml and more hemofiltration per-
formed. Weight, body surface area, the amount of hemofiltration, the surgical
operation, duration of cardiopulmonary bypass, duration of cross clamp, ejec-
tion fraction (EF), sex, age, the amount of transfused blood, the amount of
postoperative drainage and duration of stay at the postoperative intensive care
unit, extubation time, length of hospital stay, preoperative and postoperative
hematocrit values of the patients were all recorded.

Our indication in the hemofiltration performed group due to coronary artery
disease was to provide hemoconcentration after the pump in the patient group

who had excess hemodilution during cardiopulmonary bypass. In patients with
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Figure 1. Graphics of hemofiltration performed per square meter. X-axis: Body surface
area (m?), Y-axis: hemofiltration amount (ml) of per square meter.

hematocrit value below 20% according to hematocrit follow-up during CPB,
hemofiltration kit was added to cardiopulmonary bypass system and performed

throughout the perfusion.

Statistical Analysis

All the analyses were done by using software packages of statistical analysis
SPSS17.0. The consistency with normal distribution of the numerical variables
was tested by the Kolmogorov Smirnov test. Categorical variables were described
by using frequency and percentage; numerical variables were described by using
mean and standard deviation, or median and minimum-maximum values. Rela-
tionship between categorical variables was investigated by Chi-square test and,
the relationship between numerical variables was investigated by Spearman
Correlation Analysis. Two independent median values were compared with the
Mann Whitney U test, and more than two independent median values were
compared with the Kruskal Wallis test. Two independent means were compared
with the Student t test. Two dependent means were compared with the Depen-
dent Sample t test. The study was conducted at 95% confidence level (p < 0.05

was accepted as statistically significant).

3. Findings

Demographic data and diagnostic features of patients are shown in (Table 1).
There was not any statistically significant difference in the two groups regarding
age, median height, median weight, ejection fraction, total perfusion time, me-

dian aortic cross clamp time, amount of drainage, need for inotropic support,
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Table 1. Demographic data and diagnostic features of patients.

TOTAL (n = 226) HF (+) (n = 60) HEF (-) (n = 166) P
Age (Median, Min-Max) 59 (27 - 83) 63.5 (27 - 78) 57 (30 - 83) <0.001
Sex (n,%)

Males 147 (65%) 35 (58.3%) 112 (67.5%)
0.203

Females 79 (35%) 25 (41.7%) 54 (32.5%)
Height (cm) (Median, Min-Max) 163 (132 - 187) 163 (142 - 186) 163 (132 - 187) 0.802
Weight (kg) (Median, Min-Max) 72 (40 - 130) 71 (40 - 130) 72 (40 - 101) 0.614
Ejection fraction (%) (Median, Min-Max) 55(30 - 68) 55 (30 - 68) 55(30 - 66) 0.820
EuroSCORE I value (Median, Min-Max) 3(0-11) 5(0-11) 3(0-11) <0.001
De%;z(;i};yﬂ’::e;:; c 32 (30 - 33) 32(30 - 33) 32 (30 - 33) 0.051
Duration of a(_)rtic cr.oss clamp (min) 66 (19 - 343) 65 (27 - 120) 66 (19 - 343) 0.997

(Median, Min-Max)
Total perfusion time (min) (Mean + SS) 98.5 +£29.5 98.0 +25.9 98.7 +30.8 0.886
Need for Inotropics (n,%)

Yes 78 (34.5%) 32 (53.3%) 46 (27.7%)
<0.001

No 148 (65.5%) 28 (46.7%) 120 (72.3%)
Amount of drainage (cc) (Median, Min-Max) 650 (150 - 5000) 650 (250 - 1550) 650 (150 - 5000) 0.310
Use of blood products (U) (Median, Min-Max) 3(0-15) 2 (0-10) 3(0-15) 0.088
Extubation time (min) (Median, Min-Max) 70 ?410600) (12024-10980) (702?21'500) 0.112
DSICU (day) (Median, Min-Max) 2(1-36) 2(1-8) 2(1-36) 0.044
DSH (day) (Median, Min-Max) 8 (2-45) 8(2-17) 8 (5 - 45) 0.454
Preop HTC (Mean  SS) 39.1 £4.5 369 +4.4 39.8+4.3 <0.001
Postop HTC (Mean + SS) 30.7 £ 2.8 30.0 + 3.8 309+24 0.102
%AHTC (Median, Min-Max) 21.7 ((-20) - 50) 16.9 ((-10) - 40) 22.5 ((-20) - 50) 0.006

Mortality (n,%)

Discharge 218(96.5%) 56 (93.3%) 162 (97.6%)

Exitus 8 (3.5%) 4(6.7%) 4(2.4%) o

DSICU: Duration of stay in intensive care unit, DSH: Duration of stay in hospital, HF: Hemofiltration, HTC: Hematoctit, U: Unit.

need for blood products, duration of stay in hospital, extubation time, postoper-
ative hematocrit values and mortality (Table 1).

EuroSCORE I value was higher in the patients whom hemofiltration was per-
formed and statistically significant difference was found in two groups. More in-
otrop was needed in the hemofiltration group.

There was not any statistically significant difference in all three groups re-
garding age, sex, ejection fraction, EuroSCORE I values, degree of hypothermia,
median aortic cross clamp time, amount of drainage, need for inotropic support,

need for blood products, duration of stay in ICU, extubation time, preoperative
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and postoperative hematocrit values and mortality.

Total perfusion time was calculated in Group A as median 92 (40-131) mins,
in Group B as median 94 (50-145) minutes and in Group C as median 115
(60-150) minutes. In Group C the values of median total perfusion time were
higher than the others and there was a statistically significant difference (p =
0.025). Durations of stay in hospital were; median 7 (3-9) days in Group A, me-
dian 8 (2-17) days in Group B and median 8 (6-14) days in Group C. Statistically
significant difference was found in median values durations of hospital stay of
three groups (p = 0.038) (Table 2).

4. Discussion

Hemofiltration is useful for ensuring fluid hemoconcentration in the bypass
cycle before the bypass is terminated. In this technique, filtration of the excess

fluid of extracorporeal pump volume (combination of patient’s blood and primal

Table 2. Comparison of hemofiltration performed per square meter.

0-300 (n=13) 301 - 600 (n = 26) >600 (n = 21) P
Age (Median, Min-Max) 63 (41 - 76) 63.5 (27 - 76) 65 (42 - 78) 0.895
Sex (n, %)

Males 8 (61.5%) 14 (53.8%) 13 (61.9%)
0.827

Females 5 (38.5%) 12 (46.2%) 8 (38.1%)
Ejection fraction (%) (Median, Min-Max) 55 (35 - 65) 57 (38 - 68) 55 (30 - 65) 0.380
EuroSCORE I value (Median, Min-Max) 6(1-11) 4(0-8) 4(2-8) 0.306
Degree of hypothermia °C (Median, Min-Max) 32 (33 -33) 32 (30 - 33) 32 (32-33) 0.121
Duration of aortic cross clamp (min) 63 60 74 0.062

(Median, Min-Max) (27 -97) (28 - 96) (41 - 120) :
Total perfusion time (min) (Mean * SS) 92 (40 - 131) 94 (50 - 145) 115 (60 - 150) 0.025
Need for Inotropics (n, %)

Yes 6 (46.2%) 13 (50%) 13 (61.9%)
0.605

No 7 (53.8%) 13 (50%) 8 (38.1%)
Amount of drainage (cc) (Median, Min-Max) 625 (300 - 1550) 700 (250 - 1400) 650 (250 - 1100) 0.455
Use of blood products (U) (Median, Min-Max) 2(0-10) 2(0-8) 2(0-5) 0.867
Extubation time (min) (Median, Min-Max) 285 (180 - 720) 240 (120 - 980) 240 (150 - 480) 0.307
DSICU (day) (Median, Min-Max) 2(1-8) 2(1-7) 2(1-8) 0.773
DSH (day) (Median, Min-Max) 7(3-9) 8(2-17) 8 (6-14) 0.038
Preop HTC (Median, Min-Max) 36.3 (30.9 - 42.9) 37.2(29.9 - 48) 35 (26.4 - 48) 0.407
Postop HTC (Median, Min-Max) 30.4 (24.5 - 36.4) 29.9 (21.8 - 39.4) 28.1 (23.8 - 39.6) 0.190

Mortality (n, %)

Discharge 12 (92.3%) 25 (96.2%) 19 (90.5%)
. 0.818

Exitus 1(7.7%) 1(3.8%) 2 (9.5%)

DSICU: Duration of stay in intensive care unit, DSH: Duration of stay in hospital, HTC: Hematocrit.
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pump fluid) which causes excessive hemodilution, is provided to remove it from
the system.

Hematocrit values of the patients decrease during cardiopulmonary bypass.
Hemodilution together with hypothermia at low perfusion pressures during
CPB, is a desired technique for organ perfusion and protection. In a study by
Kiziltepe et al, 40 adult patients undergoing cardiac surgery were evaluated.
Kiziltepe and his colleagues separated the patients into 2 groups, they applied
modified ultrafiltration with conventional ultrafiltration in one group and they
did not apply ultrafiltration in the other group. They found that at the end of
CPB, hematocrit and hemoglobin levels decreased due to hemodilution but he-
moglobin hematocrit levels increased significantly in ultrafiltration group [8]
[9]. In their study involving 8 cases of adult cardiac surgery Fujita and colleagues
carried out modified hemofiltration at the end of the CPB, and reported that
hematocrit and erythrocyte values were significantly increased after modified
hemofiltration [10]. Sever and colleagues evaluated 27 patients who had open
heart surgery in their study. They divided the patients into 2 groups, and in one
group they only applied conventional ultrafiltration and in the other group they
applied conventional ultrafiltration together with modified ultrafiltration. This
team reported that the hematocrit levels were lower in both groups after CPB
and that the hematocrit values were not significantly changed in the convention-
al ultrafiltration group whereas the hematocrit values were significantly in-
creased in the modified ultrafiltration group [11].

In this study, we found a statistically significant difference between the groups
with and without hemofiltration in terms of preoperative and postoperative he-
matocrit values. Since the amount of fluid withdrawn from the intravascular area
provides hemoconcentration, the change between preoperative and postopera-
tive hematocrit values was less in the hemofiltration group as expected. This is
the inverse of the hemodilution paradigm used to lower hematocrit in CPB and
is already a known physiological result. In the subgroups of the hemofiltration
performed patients, there was no statistically significant difference in terms of
the blood transfusions in all three groups (p = 0.867). According to the preoper-
ative and postoperative hematocrit values, there was no statistically significant
difference according to the amount of hemofiltration performed per square me-
ter (p = 0.407, p = 0.190 respectively).

After cardiac surgery drain tube isused to prevent decompression of the
mediastinum in the postoperative period and the development of life-threatening
cardiac tamponade [12]. Naveed D, Khan RA, ef al. [13], published a prospective
randomized controlled study in 2016 and compared 40 patients with modified
ultrafiltration and 40 patients without ultrafiltration. They found that the
amount of postoperative drainage was significantly less in the ultrafiltration
group. In their study on hemofiltration during cardiopulmonary bypass sur-
gery in patients undergoing open heart surgery at high risk, published in 2003,
Raman JS and colleagues found less postoperative hemorrhage (drainage) in the
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hemofiltration group [14]. Glinaydin S and Gourlay T have found a significant
reduction in post-operative bleeding and transfusion need in their work with
new generation ultrafiltration techniques in 2013 [15].

In our study, median drainage amount of 226 patients was 650 cc. In both groups,
median values of the amount of drainage were determined to be 650 cc. There was
no statistically significant difference in hemofiltration and non-hemofiltration
groups. In subgroup analysis; In the group with 0-300 ml ultrafiltration per square
meter the drainage was calculated fairly less as 625 cc, the drainage was 700 cc in
the 301 - 600 ml ultrafiltration group and it was 650 cc at more than 600 ml ultra-
filtration group. The differences were not statistically significant (p = 0.455).

One of the important developments in cardiac anesthesia is the emergence of
fast-track application as an alternative to high-dose opioid anesthesia, which has
traditionally been used in open-heart surgery due to its superiority in hemody-
namic stability [16] [17].

Due to the need for long-term mechanical ventilation support due to high-dose
opioid use and consequently delayed extubation, delays recovery, prolongs in-
tensive care and hospital stay. Thus, the cost of the operation increases and the
circulation of patients in the clinic decrease. The “fast-track” protocol, which in-
creases patient circulation in line with today’s economic conditions and provides
economic return by reducing intensive care and hospital stay, provides early ex-
tubation and mobilization without reducing patient comfort [18]. Early extuba-
tion is a key step in the “fast track” application. Early extubation is expressed as
extubation in the first 5 hours after open heart surgery. The objective is a sta-
bile patient with normal post-operative hemodynamics, spontaneous respira-
tion has returned, and that can be extubated on demand [19]. In the study of
Journois D. ef al [20] in 1996, they removed the ultrafiltration complement fac-
tors and found a decrease in the need for postoperative mechanical ventilation
due to faster return to pulmonary function. Tiirkoz A et al published a study in
2013 on hemodynamic parameters and pulmonary functions, and showed that
pulmonary compliance increased and blood gas parameters improved rapidly in
acute period in ultrafiltration group. However, there was no significant differ-
ence in the time to extubation and in the duration of intensive care stay [21].

In our study, the time from the patient’s separation from the mechanical venti-
lator did not differ between the hemofiltration group and the non-hemofiltration
group. There was no significant difference between extubation durations in sub-
group analysis (p = 0.307).

In a randomized pilot study published in 2013, the effects of hemofiltration
during CBP on hospital cost were investigated. In this study, the time to extuba-
tion and the length of intensive care unit stay were taken as criteria and the value
of mortality was considered important [22]. In hemofiltration group, intensive
care unit stay was found to be less than control groups. The study of Zhang T
and his colleagues draw attention because the number of their patients is higher

than other studies [23]. They found the intensive care unit stay lesser in the ul-

DOI: 10.4236/wjcs.2018.88013

146 World Journal of Cardiovascular Surgery


https://doi.org/10.4236/wjcs.2018.88013

K. B. Karadem et al.

trafiltration group during CBP. However, they do not recommend the routine
application of hemofiltration during CBP, but tell that it should be compared
with other hemofiltration methods.

In our study, median intensive care unit stay was recorded as 2 days in all
groups. It was found to be statistically significantly less in the hemofiltration
performed group (p = 0.044). In the subgroup analysis, 2 days of intensive care
unit stay was determined in all 3 groups according to the amount of hemofiltra-
tion applied per square meter and this was not statistically significant (p =
0.773). From the point of view of the hospital stay; the groups with and without
hemofiltration stayed at the hospital for 8 days and this did not make statistical
significance. In the subgroup analysis, 0 - 300 ml per square meter hemofiltration
group remained less in the hospital (7 days) than in the other groups (8 days),
which was statistically significant. In this group, the duration of aortic cross and
the duration of total perfusion were also found to be lesser. The shortage of hos-
pital stay may be due to the fact that the comorbidity factors of the patients are less
and the surgical procedures they are experiencing are less complicated.

When the hemofiltration during CPB and non-hemofiltration groups were
assessed in terms of mortality, there was no statistically significant difference in
the mortality rate though it is higher in the hemofiltration group. According to
the EuroSCORE I scoring system made before the operation in terms of mortal-
ity, the high mortality prospect in the hemofiltration group was high and con-
firmed as expected after the operation. Therefore, it is not considered that he-
mofiltration is a factor affecting mortality in this group of patients, whose Eu-
roSCORE I values are already high. Furthermore, when looking at the amount of
hemofiltration-body surface area relationship, the amount of hemofiltration ap-
plied per square meter was not found to be a factor affecting the mortality when
the hemofiltration subgroups were evaluated (p = 0.818).

If we look at the groups according to the amount of hemofiltration made per
square meter; in the A, B, and C groups with no difference in age, sex, ejection
fraction, EuroSCORE I values, preoperative hematocrit levels, and hypothermia
grades, there was no difference in the time to extubation, postoperative hemato-
crit, intensive care stay, blood product requirement, drainage volume and mor-

tality. In group C, the duration of hospital stay was significantly higher.

5. Conclusion

As a result, no effect was observed on the mortality of the relationship between
the amount of hemofiltration applied during CBP and body surface area. There
is still need for a prospective study on this subject. Will there be a standard

amount of hemofiltration to be applied according to the body surface area?

Limitations of This Study

The small patient population and its retrospective nature are the limitations of
the study.
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