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Abstract: Adverse effects of cardiopulmonary bypass on blood and lungs are encountered more severelyin pulmonary
hypertensive patients undergoing mitral valve surgery. Aim of this study is to identify the favorable effects of conventional
ultrafiltration on postoperative pulmonary functions, hemodynamics, morbidity or mortality in pulmonary hypertensive
patients undergoing mitral valve surgery. 40 patients with severe pulmonary hypertension who underwent mitral valve surgery
were included in study. Patients were divided into two groups according to whether conventional ultrafiltration was applied or
not. Demographic data, preoperative transthoracic echocardiography, respiratory functions, complete blood count, biochemical
parameters, alterations in pulmonary functions, bleeding, use of inotropic agents and blood products, intubation time, mortality,
morbidity, length of intensive care unit and hospital stay, were evaluated. Intubation time (7.97±2.77 vs. 10.12±2.95; p<0.05),
intensive care stay (42.20±65.99 vs. 44.25±14.13; p<0.05), hospital stay (7.20±1.13 vs. 10.12±3.27; p<0.05), bleeding
(370.00±216.28 vs. 506.25±247.03; p<0.05) were significantly shorter in study group. Use of blood products (4.20±1.23 vs.
4.90±2.13; p>0.05) and inotropic agents (14 vs. 18; p>0.05) were less than the control group. Increase of pulmonary
compliance, cardiac index, oxygen index, decrease of alveolar-arterial oxygen pressure difference and ventilation index were
significant in both groups. Hematocrit (28.07±3.18 vs. 26.96±2.51; p>0.05) and white blood cell (13.56±2.37 vs. 13.03±2.51;
p>0.05) were higher in the study. No morbidity and mortality were presentin both groups. Conventional ultrafiltration
decreased the intubation time, intensive care unit stay, hospital stay, bleeding, use of blood products and inotropic agents.
Favorable effects were also detected on pulmonary compliance, cardiac index, oxygen index, alveolar-arterial oxygen pressure
difference and ventilation index. Studies with larger patient population, application of conventional and modified ultrafiltration
together may give significant results for pulmonary functions.
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1. Introduction
The group of mitral valve diseases is one of the major
reasons of secondary pulmonary hypertension. In the
beginning, pulmonary hypertension occurs in a passive way,
by the high left atrial pressure that is transmitted backwards
as a result of increased resistance against the pulmonary
venous drainage. In later periods, pulmonary vasoconstriction
and anatomic changes of the vessels would be added to the
procedure. This pulmonary status that occurs in patients with

mitral valve disease is called as “Mitral Lung” and mostly
includes obstructive and/or restrictive pulmonary dysfunction
and pulmonary trunk stenosis [1]. As a nonphysiological
procedure, cardiopulmonary bypass (CPB) causes
hemodilution, increase in body fluids and inflammatory
response that causes organ dysfunction [2]. CPB, decreases
pulmonary compliance, increases pulmonary resistance,
corrupts alveolar gas exchange and pulmonary endothelial
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functions and by the way creates pulmonary dysfunction [3].
This process leads to nitric oxide synthesis which is
responsible from the pulmonary vasodilation. Also,
hypothermia, contact of the blood with extracorporeal
surfaces like tubing lines and hemodynamic changes due to
CPB result in the release of inflammatory mediators. This
inflammatory response contributes pulmonary injury that was
primarily promoted with antigens in donor blood and/or fresh
frozen plasma used during or after open heart surgery [4-6].
Particularly in patients with poor preoperative pulmonary
functions, postoperative pulmonary complications due to
CPB are seen more often and severely. On the other hand, it
was determined that perioperative use of blood products
extend mechanical ventilation time, hospital stay, increase
the risk of acute lung injury due to transfusion, incidence of
infection, acute kidney injury, and mortality after cardiac
surgery [7-9]. Processing the blood by cell salvage or
ultrafiltration (UF) increases the hematocrit and hemoglobin
levels [5, 10]. Also, UF removes the excess water, cytokines,
toxins, concentrate coagulation factors, decreases tissue
edema and inflammatory response to CPB [11, 12]. By the
time, different UF techniques were developed such as
“Conventional UF (CUF)” which is applied during CPB via a
haemofilter inserted into the bypass circuit, “Modified UF
(MUF)” which is applied after CPB, before protamine
administration with blood removed from arterial line and
returned to the venous line after passing through the
haemofilterand “Zero-balanced UF (Z-BUF)” in which a
balanced electrolyte solution is given as much as the volume
taken [13]. MUF is used frequently in congenital heart
surgery and its benefits are determined clearly in literature
[14-16]. However, mixed results and controversy is present
about the use of UF techniques in adult patients [17]. The
aim of this study is to determine the effects of CUF,
especially in patients undergoing mitral valve surgery with
severe secondary pulmonary hypertension.

2. Method
This study was conducted with local ethics committee
approval. 40 patients undergoing mitral valve surgery with
high pulmonary artery pressure (PAP>50 mmHg) and high
pulmonary capillary wedge pressure (PCWP>15 mmHg)
were prospectively randomised into two groups. CUF was
applied in the study group (n=20) at the end of the CPB and
patients in the control group did not receive any type of
ultrafiltration. CUF was chosen for this study in order to
avoid the hemodynamic imbalance and to intervene more
easily if any hemodynamic problem occurs. Patientswhohave
mild aortic or tricuspid valve disease accompanying to mitral

valve disease without any surgical indication were also
included in the study. Age, gender, height, weight, body
surface
area
(BSA),
preoperative
transthoracic
echocardiography, respiratory functions, complete blood
count (CBC), and biochemical parameters of the patients
were evaluated. A standard anesthesia protocol which was
used by anesthesiology department for cardiac surgery (for
induction: 0.05-0.1 mg/kg midazolam, 15 mcg/kg fentanyl, 2
mg/kg propofol, 0.1 mg/kg pancuroniumbromide, for
maintenance: 6-8 mcg/kg/h fentanyl, 2 mg/kg/h propofol,
0.01 mg/kg pancuronium bromide (in every 60 min.)) was
performed to all patients. After induction, Swan-Ganz
Continuous Cardiac Output (CCO) thermodilution flowdirected pulmonary artery catheter, 7.5 F was inserted.
Preoperative values of PAP, PCWP, central venous pressure
(CVP), mean airway pressure (MAP), peak inspiratory
pressure (PIP), tidal volume (V tidal), respiratory rate (RR),
positive end-expiratory pressure (PEEP), fraction of inspired
oxygen (FiO2), cardiac index (CI) and blood gases were
noted. Cardiac output monitor (Edwards Lifesciences LLC,
Vigilance Monitor, Irvine, CA, USA, 2001) was used for CI
measurements. All patients were operated via median
sternotomy
under
moderate
(28°C)
hypothermic
cardiopulmonary bypass. Antegrade cold blood cardioplegia
was used for cardiac arrest and myocardial protection. In
study
group,
CUF
was
applied
with
polyethersulfonehemoconcetrator (Sasan Medical Products,
Ankara, Turkey, 2008) at the end of CPB. Ultrafiltration rate
was adjusted as 20 ml/kg in total or at least equal to priming
volume. At the end of cardiopulmonary bypass, parameters
including PAP, PCWP, CVP, MAP, PIP, V tidal, RR, PEEP,
FiO2, CI and blood gases were re-evaluated. Alterations in
these parameters at postoperative 2nd hour were analysed.
CBC and biochemical parameters were analysed at
postoperative 2nd and 24th hours. Amount of surgical
bleeding, use of inotropic agents and blood products,
intubation time, ICU stay, hospital stay, morbidity and
mortality were also analyzed. Pre and postoperative
pulmonary compliance (CP), oxygen index (OI), alveolararterial oxygen pressure difference (p(A-a)O2), respiratory
index (RI) and ventilation index (VI) values were analysed.
For statistical analysis, SPSS (Statistical Package for
Social Sciences) for Windows 18.0 program was used.
Results were evaluated at confidence interval of 95% and the
p<0.05 levels were considered statistically significant.

3. Result
Demographic
data,
preoperative
transtohoracic
echocardiography and operative values were given in Table1.
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Table 1. Demographic data, preoperative transthoracic echocardiography and operative values.

Gender

Male
Female

Age (years)
Preop. PAP (mmHg)
Preop. PCWP (mmHg)
Preop. EF %
Preop. LVEDD (cm)
Preop. LAD (cm)

NYHA

Bypass Time (min.)
Cross Clamp Time (min.)
Body Suface Area (m2)
Priming SolutionVolume (ml.)
Amount of Ultrafiltrate (ml.)
End CPBVolume Balance (ml.)

Study Group(mean+SD)
8
12
45.00±12.11
59.90±6.58
21.80±7.33
52.40±7.13
5.28±0.88
5.22± 0.88
Class I: 0
Class II: 2
Class III: 14
Class IV: 4
104.50±38.49
77.70±33.87
1.74±0.17
1310.00±119.72
1205.00±265.05
595.00±593.69

Control Group(mean+SD)
12
8
51.50±9.82
60.80±11.39
20.40±4.11
50.10±11.83
5.11±0.69
5.96±0.56
Class I:0
Class II:0
Class III:14
Class IV:6
123.70±53.33
93.00±49.52
1.74±0.14
1230.00±48.30
770.00±1259.67

P
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

Total(mean+SD)
20
20
48.25±11.24
59.90±9.10
21.10±5.83
51.25±9.58
5.19± 0.77
5.59±0.81
Class I: 0
Class II: 2
Class III: 28
Class IV: 10
114.10±46.32
85.35±42.03
1.74±0.15
1270.00±97.87
682.50±962.62

Demographic data, preoperative transthoracic echocardiography and operative values. (abbreviations;CPB: Cardio Pulmonary Bypass, EF: Ejection Fraction,
NYHA: New York Heart Association, LAD: Left Arial Diameter, LVEDD: Left Ventricular End Diastolic Diameter, PAP:Pulmonary Artery Pressure, PCWP:
Pulmonary Capillary Wedge pressure )
CUF was performed in the study group up to 18-37 min. (mean: 26.30±6.77 min.) and about 700-1500 ml. (mean: 1205.00±265.05 ml.) ultrafiltrate was taken.

Hematocrit (28.07±3.18 vs. 26.96±2.51; p>0.05) and white
blood cell (WBC) increase rate (13.56±2.37 vs. 13.03±2.51;
p>0.05) were higher in the study group at postoperative 2nd
hour. Postoperative PAP and PCWP levels were significantly
lower in both groups (p<0.05), however, difference of PAP
and PCWP decrease rate between the groups were not
statistically significant (p>0.05). The increase rate of CI, OI,

increase of CP, decrease of the p(A-a)O2 and VI were
significant in both groups at post-operative 2nd hour (p<0.05).
But, changes of these values between the study and control
groups were not statistically significant too (p>0.05).
Postoperative changes in the RI and comparison of these
changes between the groups, were also not statistically
significant (Table2).

Table 2. Statistical results of the pulmonary parameters.

FEV1/FVC
PAP
PCWP
CI
CP
OI
p(A-a)O2
RI
VI

Preop.
Study
103.36±15.40
61.50±9.14
21.40±7.78
2.27±0.91
29.76±5.22
0.0128±0.005
242.64±60.70
0.58±0.25
7.97±2.33

control
100.10±8.94
61.60±13.05
19.80±5.27
1.99±0.82
41.72±6.31
0.0090±0.003
263.24±57.56
0.65±0.23
5.62±1.32

Postop. 2nd Hour
Study
control
-

Postop.24th Hour
Study
control
-

17.60±4.17
2.94±0.64
42.28±6.32
0.0298±0.009
123.32±55.74
0.86±0.57
5.39±0.75

17.80±3.52
3.19±1.08
-

15.00±4.35
2.50±0.93
41.41±6.61
0.0340±0.028
131.39±114.29
1.22±1.63
5.88±2.01

14.20±3.64
2.55±0.78
-

Postop. 5thDay
Study
102.07±17.42
29.40±6.62
-

control
108.78±11.63
32.50±5.89
-

p
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

Statistical results of the pulmonary parameters. (abbreviations;CI: Cardiac Index, CP: Pulmonary Complience, OI: Oxygen Index, FEV1/FVC: Forced
expiratory volume during the first second / Forced vital capacity, PAP: Pulmonary Artery Pressure, PCWP: Pulmonary Capillary Wedge Pressure, p(A-a)O2:
alveolar-arterial oxygen pressure difference, RI: Respiratory Index, VI: Ventilation Index)

Total amount of ICU stay (42.20±65.99 vs. 44.25±14.13;
p<0.05), bleeding (370.00±216.28 vs. 506.25±247.03;
p<0.05), duration of mechanical ventilation (7.97±2.77 vs.
10.12±2.95; p<0.05) and hospitalization period (7.20±1.13
vs. 10.12±3.27; p<0.05) in the study group were significantly
shorter than the control group (p<0.05). No statistically
significant difference was present between two groups about

the amount of transfusion of blood products (4.20±1.23 vs.
4.90±2.13; p>0.05) and use of inotropic agents (no inotrop:6,
inotrop used:14 vs. no inotrop:2, inotrop used:18; p>0.05).
However, use of blood products and use of two or more
inotropic agents in study group (%10) were less than the
control group (%50) (Table 3).
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Table 3. Statistical results of ICU Stay, intubation time, amount of surgical bleeding, transfusion of blood products, hospital stay, use of inotropic agents and
morbidity.
ICU stay (hours)
Intubation period (hours)
Surgical bleeding (ml.)
Transfusion of bloodproducts (units)
Hospitalization (days)
Use of inotropic agents
no inotropic agent
one inotropic agent
2 or more inotropic agents
Morbidity

Study Group(mean±SD)
42.20±65.99
7.97±2.77
370.00±216.28
4.20±1.23
7.20±1.13

Control Group(mean±SD)
44.25±14.13
10.12±2.95
506.25±247.03
4.90±2.13
11.60±4.25

n: 6 (% 30.0)
n: 12 (% 60.0)
n: 2 (% 10.0)
0

n: 2 (% 10.0)
n: 8 (% 40.0)
n: 10 (% 50.0)
0

p
<0.05
<0.05
<0.05
>0.05
<0.05
>0.05
-

Statistical results of ICU Stay, intubation time, amount of surgical bleeding, transfusion of blood products, hospital stay, use of inotropic agents and
morbidity.(abbreviations; ICU: Intensive Care Unit, ml: milliliter)

Also, no morbidity and no mortality was present due to
CUF in both groups.

4. Discussion
Despite all the technological and methodological
developments in cardiac surgery, use of CPB still has
negative effects on organs such as increased myocardial
edema, coronary vasoconstriction, perivascular and
interstitial pulmonary edema, increased tendency for
atelectasis, intraalveolar congestion, decreased renal
perfusion, acute tubulary necrosis, confusion, agitation,
delirium, prolonged sleepiness, transient parkinsonism,
decreased insulin response, metabolic asidosis, intestinal
malabsorbsionetc [18]. In case of mitral valve disease,
patients with secondary pulmonary hypertension due to
valvular disease, negative effects of CPB and additional
factors such as general anesthesia, sternotomy, mechanical
ventilation-induced acute lung injury, hypothermia, surgical
trauma, medications and/or transfusion of blood products
may contribute in pulmonary dysfunction [19, 20]. Use of
ultrafiltration was thought to be an effective choice for
improving the CP and gas exchange, which may successfully
reduce the pulmonary dysfunction [12, 21-23].
However, there are debates about ultrafiltration methods
and used filters [3, 24]. MUF and/or CUF can be used in
adult cardiac surgery for removing the excess water, in case
of enough volume in the reservoir. Due to the small volume
in the venous reservoir and usage of limited prime solution
MUF is prefered particularly in pediatric cardiac surgery. As
results of their studies; Zhou et al. determined significant
improvement in myocardial function [25], Ricci et al [26],
Yokoyama et al [27], Hodges et al [28] and Naik et al [29]
determined significant increase in blood pressure, Chaturvedi
et al determined significant improvement in global left
ventricle function after MUF [30]. Also, Keenan et al [31]
determined imrovement in dynamic and static CP, Liu et al
determined decrease in entubation period and ICU stay [32],
Onoe et al [33] and Mahmoud et al [2] determined improved
pulmonary functions. In adults, any type of ultrafiltration
may preserve hemostasis and decrease the use of blood
products [22]. It is still controversial whether to use MUF,

CUF or both together to achieve best pulmonary functions.
Torina et al reported that MUF decreased amount of surgical
bleeding and use of blood products postoperatively, but did
not make any difference in pulmonary parameters. Also,
MUF was not effective for improving the inflammatory
response and decreasing the ICU or hospitalization periods
[11]. In their study, Kosouret al stated that no statistically
significant difference was present in pulmonary parameters
between the control and ultrafiltration applied groups [12]. In
this study, improvements in PAP, PCWP, CP, OI, p(A-a)O2,
RI and VI parameters due to the correction of valvular
pathology in both groups were determined. However, in the
comparison of groups, no statistically significant difference
was present due to CUF at postoperative 2nd hour between
the study and control groups.
On the other hand, ultrafiltration has significant effects on
other surgical and postoperative follow up parameters such as
amount of surgical bleeding, transfusion of blood products,
length of entubation period, ICU stay, use of inotropic agents
and hospitalization. Cardiac surgery remains one of the
greatest consumers of blood products. Despite the studies
those report the benefit of ultrafiltration, it is used less
frequently in adult cardiac surgery [34]. Boodhwani et al
reported significant decrease in surgical blood loss by using
ultrafiltration in the metaanalysis of 11 articles. CUF alone
was used in 5, MUF alone or together with CUF was used in
6 of them [5]. Kiziltepe et al and Sever et al determined that
hematocrit and WBC levels were higher in study groups.
They also determined that surgical blood loss and transfusion
of blood products were lesser than the control groups [4, 35].
Luciani GB et al reported that intubation time, ICU and
hospitalization periods were shorter, mortality and morbidity
were less in their study group. They demonstrated that the
MUF has no complication and was cost-effective [36].
Kızıltepe et al also reported that use of inotropic agents were
higher in the control group. Nevertheless, that was not
statistically significant [4]. In this study, CUFwas applied
alone and obtained significant better results about intubation
periods (7.97±2.77 vs. 10.12±2.95; p<0.05), ICU stay
(42.20±65.99 vs. 44.25±14.13; p<0.05) amount of bleeding
(370.00±216.28
vs.
506.25±247.03;
p<0.05)
and
hospitalization periods (7.20±1.13 vs. 10.12±3.27; p<0.05).
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Although statistically insignificant, also some increase in
hematocrit and WBC, decrease in need for transfusion of
blood products and decrease in use of inotropic agents were
determined.

inflammatory response during cardiac surgery.
Cardiothoracic Vasc Anesth. 2013; 27:983-1033.
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