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Pulsatile cardiopulmonary bypass (CBP) is
considered to be more physiological than

nonpulsatile flow as the pulsatile energy ensures
the patency of the vascular bed1–3 and mechanical
motion of tissue fluid around the cell membrane,
improves microcirculation and enhances diffusion.4

It also provides a lower systemic vascular resistance
and higher oxygen consumption.4–7 Despite
theoretical advantages, pulsatile CPB has not been
widely accepted due to lack of clear objective data
on organ metabolism and fear of increased
haemolysis8,9 because of platelet destruction.

CPB itself has profound effects on the number
and function of platelets.10 Atleast 10-20% of
patients undergoing cardiac surgery exhibit
inadequate haemostasis.11 The major known causes
of bleeding after cardiac operations are usually
inadequate surgical haemostasis (surgical
bleeding)12 a decrease in plasma coagulation
factors,13,14 thrombocytopenia and platelet
dysfunction.15,16 Contact between blood and
gaseous or synthetic solid surfaces during CPB
causes a decrease in circulating platelet count,17

formation of circulating platelet aggregates,18 loss
of platelet sensitivity to activating agents,19 release
of platelet granules and disruption of subcellular
architecture.10,19–21
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The use of nonpulsatile flow during extracorporeal circulation remains popular despite theoretical
advantages of pulsatile cardiopulmonary bypass (CPB). Pulsatile CPB is considered to be more physiological
than nonpulsatile flow as the pulsatile energy ensures the patency of the vascular bed and mechanical
motion of tissue fluid around the cell membrane, improves microcirculation and enhances diffusion. The
purpose of this study was to compare the effect of pulsatile and nonpulsatile flow on the coagulation profile,
liver and kidney function and also on the haemodynamics in patients undergoing coronary artery bypass
grafting on CPB.

One hundred patients between 35 and 65 years of age with normal left ventricular function were randomly
divided into two equal groups: Pulsatile (P) and nonpulsatile (NP). Haematological parameters, clotting
profile, renal parameters, hepatic function tests and haemodynamic variables were measured preoperatively
and postoperatively at specific intervals. Surgical, anaesthetic and CPB regimen was standard in all cases.

There was a decrease in platelet count during and after CPB in both groups. Coagulation profile and
renal function parameters remained similar in both groups except that creatinine clearance was better in
group P on the first postoperative day. Urine output was also better in group P. There was no change in
liver function tests in both groups. The haemodynamic variables were comparable in both groups. The
systemic vascular resistance was higher in group NP postoperatively and oxygen consumption was higher
in group P post CPB.

In conclusion we did not find any significant difference between pulsatile and nonpulsatile flow during
CPB except the creatinine clearance and urine output were better in pulsatile group. (Annals of Cardiac
Anaesthesia 2004; 7: 44–50)
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The purpose of this study was to compare the
effects of pulsatile and nonpulsatile flow on platelet
count, bleeding and coagulation profile, liver and
kidney function and haemodynamics in patients
undergoing coronary artery bypass grafting
(CABG) on CPB.

Methods

One hundred patients between 35 and 65 years
of age with normal left ventricular ejection fraction
(LVEF) scheduled for elective CABG were
randomly divided into two equal groups. Non-
pulsatile flow was used in group NP and pulsatile
flow in group P. Patients in whom reoperation and
emergency procedures were performed and those
receiving anticoagulants and antiplatelet
medications during the two weeks preceding their
admission for surgery were excluded from the
study. Informed consent was obtained from each
patient after approval of the study by the
institutional review board.

Pre and postoperative haematological
parameters studied in both the groups, were
haemoglobin, coagulation profile (bleeding time,
clotting time, prothrombin time, partial
thromboplastin time) and platelet count.
Postoperative drainage, blood and blood
component requirement were also noted. Renal
function parameters (urine output, blood urea
nitrogen, serum creatinine and creatinine clearance)
and hepatic function parameters consisting of
serum bilirubin, alkaline phosphatase, serum
glutamate oxalate transferase (SGOT) and serum
glutamate phospho transferase (SGPT) were also
measured pre and postoperatively in both groups.
Haemodynamic variables which included mean
arterial pressure, cardiac output, systemic vascular
resistance and oxygen consumption were also
recorded in both groups. Age, sex, body weight and
body surface area were noted.

Surgical, anaesthetic regimens, and CPB were
standard in all the cases. Anaesthesia was induced
with fentanyl, midazolam, thiopentone sodium and
tracheal intubation was facilitated by pancuronium
bromide. Patients received heparin sulphate at an
initial dose of 4 mg/kg followed by additional
doses as necessary to maintian the activated

clotting time (ACT) greater than 400 seconds. The
extracorporeal system consisted of polyvinyl
chloride tubing, Capiox SX-18 membrane
oxygenator (Terumo, Terumo Corporation,
Shibuya-KU, Tokyo, Japan), Sarns 9000 roller pump
(Sarns, 3M Health Care, Ann Arbor, USA) and
Affinity arterial line filter (AVE Ireland Ltd,
Parkmore Business Park West, Gallway, Ireland).
The circuit was primed with 1500 mL of Ringers
solution and 200 mL of 20% mannitol. A perfusion
flow of 2.2 - 2.42 L/min/m2 body surface area was
maintained during CPB in both groups and pulse
flow width 60%, base 25% with rate of 60 beats per
minute was used in the pulsatile group. Sarns 9000
roller pump has an in-built system to provide
pulsatile flow. Normothermic CPB with
temperature drift was used. The heart was arrested
using potassium chloride in blood cardioplegia
solution. Rectal and blood temperatures were
monitored throughout the surgery.

The patient was rewarmed up to 36.6° C rectal
temperature before discontinuation of CPB. After
weaning from CPB, the residual blood in the circuit
was transfused through the aortic cannula and 14
G intravenous peripheral line until the end of
surgery. Protamine sulphate was given in the same
dose as the initial heparin dose and adequate
reversal was assessed by confirming that the ACT
has returned to the preoperative value. The patients
remained on mechanical ventilation after the
operation till they met the extubation criteria.

Blood samples were collected at following
intervals: Preoperative in ward (preop),
Preoperative in OT (Pre CPB), 5 minutes after
heparin administration but before the start of CPB
(5 hep), 40 minute after start of CPB (CPB 40), just
after CPB off (post CPB), 2 hours after completion
of CPB (Post 2), 12 hours after completion of CPB
(Post 12), 24 hours after completion of CPB (Post
24), 48 hours after completion of CPB (Post 48) and
at the time of discharge of the patient (discharge).

All blood samples were drawn through the
arterial or central venous line. All data are
expressed as mean ± standard deviation (SD).
Statistical significance of the differences were
evaluated by student’s ‘t’ test and a, p <0.05 was
considered as significant.
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Results

Mean age, body weight, body surface area,
bypass time, aortic cross clamp time, pump flow
and mean arterial blood pressure were comparable
in both groups (table 1).

Preoperative platelet counts were normal in all
patients and ranged between 1,50,000 to 3,25,000/
mm3 in both groups.

The platelet counts gradually decreased during
and after CPB in both groups (table 2). Platelet
counts were lower in group NP as compared to
group P but there was no statistical difference at
any time point between groups.

The coagulation profile, postoperative bleeding
and blood component requirement remained
similar in both groups.

There was a decrease in the haemoglobin
concentration, 24 hours post surgery in both groups
(table 3) without statistical difference between the

two groups. Mean postoperative chest tube
drainage was less in group P (374±134 mL) than in
group NP (419±263 mL) but was not statistically
significant.

Blood and blood component requirement was
also similar in both groups.

Renal function: The increase in blood urea
nitrogen and serum creatinine levels post
operatively at 24 and 48 hours were similiar in both
groups (table 4). Creatinine clearance was
significantly higher in the group P on the 2nd post-
operative day (48 hours). Urine output was also
better in the group P as compared to the group NP.

Liver function tests were comparable in both
groups at all time periods (table 5) and the increase
in their values in the postoperative period was also
similiar. The increase in SGOT and SGPT was
higher in the group NP as compared to the group
P  at 24 hours and 48 hours postoperatively.

Table 1. Clinical data Mean ± S.D

Group NP Group P
(n=50) (n=50)

No of patients 50 50
Age (years) 56.4±7.7 54.5±8.6
Body wt. (Kg) 66±11 68±11
Body surface area (m2) 1.72±0.19 1.7±0.14
CPB time (min) 95.46±20.9 90.08±20.9
Aortic crossclamp time (min) 52.77±14.5 49.48±13.8
Pump flow (L/min/m2) 3.5 – 3.9 3.2-4.2
Mean arterial BP (mm Hg) 63.08±6.5 60.5±8.0

CPB: cardiopulmonary bypass; BP: blood pressure

Table 2. Platelet counts (lakh/mm3)

Group NP Group P p value

Preop 2.9±0.96 3.2±0.99 NS
Preop CPB 2.0±0.6 2.1±0.59 NS
5-Hep 1.84±0.58 2.02±0.62 NS
CPB –40 1.43±0.91 1.73±1.84 NS
Post CPB 1.36±0.52 1.46±0.62 NS
Post 2 1.49±0.57 1.73±0.69 NS
Post 12 1.49±0.55 1.71±0.63 NS
Post 24 1.36±0.48 1.52±0.52 NS
Post 48 1.42±0.5 2.4±0.9 NS
Discharge 2.0±0.69 3.1±0.98 NS

NS - not significant

Table 3. Haemoglobin (gm%)

Group NP Group P p value

Preop 13.02±1.5 13.39±1.16 0.17
Post 24 9.84±0.96 10.1±1.12 0.10
Post 48 9.6±1.15 9.5±0.8 0.5
Discharge 10.4±0.9 10.5±1.12 0.8

Table 4. Renal function

Group NP Group P p value

Blood urea nitrogen (mg/dL)
Pre op 27.3±9.3 28.54±7.6 0.4
Post 24 32.23±10.42 31.49±8.9 0.7
Post 48 34.33±7.2 36.24±13.7 0.3
At discharge 33.17±8.37 35.01±10.24 0.3
Serum creatinine (mg/dL)
Pre op 1.05±0.21 1.11±0.18 0.18
Post 24 1.10±0.25 1.19±0.31 0.10
Post 48 1.06±0.27 1.11±0.32 0.37
At discharge 1.28±1.70 1.51±2.3 0.5
Creatinine clearance (mL/min)
Pre op 55.47±7.6 56.85±16.6 0.10
Post 24 52.05±16.91 60.03±9.8 0.70
Post 48 58.15±14.13 65.01±11.8 0.05
At discharge 62.44±7.3 69.08±8.9 0.15
Urine output (mL)
Pre op 235.24±205 260±169.6 0.5
Post 24 452.65±247 484±255 0.09*

Post 48 537.46±242 669±310.6 0.5
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 The preoperative mean arterial pressure (table 6)
was comparable in both groups. A decrease was
observed post induction which continued till CPB

Table 5. Liver function

Group NP Group P p value

Serum bilirubin (total) mg%
Pre op 0.52±0.2 0.6±0.8 0.4
Post 24 0.7±0.3 0.79±0.4 0.7
Post 48 0.8±0.3 1.04±0.8 0.14
At discharge 0.8±0.2 0.8±0.5 0.9
Alkaline phosphatase (KIU)
Pre op 223±66.3 204.5±63 0.15
Post 24 159.8±55.8 147.5±43.3 0.2
Post 48 167.8±50.1 154.6±44.9 0.17
At discharge 190.3±73.07 203.3±101.3 0.46
SGOT (IU/L)
Pre op 27.5±13.2 25.7±9.8 0.43
Post 24 48.7±17.4 38.8±13.01 0.02
Post 48 43.9±21.3 36.8±16.7 0.06*

At discharge 41.9±21.8 35.5±12.8 0.07
SGPT (IU/L)
Pre op 32.7±18.4 30.8±17.3 0.6
Post 24 29.7±12.6 25.9±10.4 0.11
Post 48 27.9±13.6 21.6±7.9 0.006
At discharge 32.1±18.9 37.0±15.3 0.5

SGOT: serum glutamic oxaloacetic transaminase, SGPT: serum
glutamic pyruvic transaminase

Table 7. Derived haemodynamic parameters

Group NP Group P p value

SVR (dynes sec. cm-5)
Preop 1687.8±436 1654.2±512 0.7
Pre CPB 1545.08±418 1315.4±495 0.01
Post CPB 1468.8±335 1325.6±336 0.04
Post CPB –2 1567.8±308 1392.4±338 0.01
Post CPB –12 1491.2±262 1231.9±266 0.01
Post CPB – 24 1485.36±263 1226.1±232 0.01
Post CPB - 48 1421.1±179 1222.2±226 0.01
PVR (dynes sec. cm-5)
Preop 168.4±1203 149.5±96.2 0.3
Pre CPB 160.7±83.3 145.08±80.6 0.3
Post CPB 142.5±88 139.8±65.9 0.5
Post CPB –2 164.8±74.4 149.2±69.3 0.2
Post CPB –12 140.9±73.9 160.3±22.6 0.5
Post CPB – 24 140.1±67.6 121.0±54.5 0.1
Post CPB - 48 145.2±61.4 137.7±63.04 0.5
CI
Preop 3.17±4.1 2.2±0.4 0.11
Pre CPB 2.78±2.9 2.39±0.57 0.35
Post CPB 2.94±0.58 2.81±0.5 0.24
Post CPB –2 2.37±0.39 2.45±0.47 0.37
Post CPB –12 2.48±0.4 2.52±0.32 0.75
Post CPB – 24 2.65±0.3 2.6±0.46 0.69
Post CPB – 48 2.86±0.47 2.9±0.5 0.58

SVR: Systemic vascular resistance; PVR: pulmonary vascular
resistance, CI: cardiac index

Table 6. Average haemodynamic data

Mean arterial pressure mm Hg

Group NP Group P p value

Preop 94.7±12.14 95.1±15.2 0.9
Pre CPB 85.07±18.14 88.3±13.5 0.36
5-Heparin 79.16±13.5 76.54±11.06 0.35
CPB
0 53.6±8.9 53.6±11.07 0.9
20 59.7±10.5 594±84.4 0.9
40 61.5±11.4 60.56±8.04 0.6
60 65.4±10.1 61.6±11.2 0.07
80 67.3±15.4 61.6±9.2 0.07
100 63.6±6.5 62.2±8.4 0.06
Post CPB 75.7±9.8 76.9±9.99 0.5
Post CPB –2 90.34±11.04 91.89±14.6 0.5
Post CPB –12 81.33±9.51 85.7±9.04 0.03
Post CPB – 24 79.65±7.22 84.05±8.8 0.01
Post CPB – 48 92.44±10.2 84.9±9.9 0.01
Discharge 69.75±10.28 95.02±13.13 0.42

was instituted. On CPB also the perfusion pressure
was similar except at 60 and 80 minutes when it
was significantly higher in group NP (p<0.05). Post
CPB the mean arterial pressure was similiar in both
groups. The systemic vascular resistance (table 7)
was significantly higher in group NP in the post
CPB period and at 24 and 48 hours post-operatively.
There was no significant difference in the
pulmonary vascular resistance and cardiac indices.
Oxygen consumption (table 8) improved after CPB
in both groups. The increase was comparable in
both groups at all time intervals but was
significantly higher (p =0.002) at 48 hours post CPB
in group P.

Discussion

Pulsatile CPB is considered to be more
physiological than nonpulsatile because pulsatile
energy ensures the patency of the vascular bed and
mechanical motion of tissue fluid around the cell
membrane, improves microcirculation and
enhances cell diffusion.4

During CPB, contact between blood and
nonphysiological surfaces affects both cellular and
non cellular constituents.11 Activation of platelets
by CPB leads to decreased adhesiveness, reduced
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membrane binding to fibrinogen, alpha granule
release and a reduced in-vitro response to
adenosine diphosphate and collagen.11

In our study, 50 patients in each group
underwent CABG on pulsatile and nonpulsatile
CPB. The platelet counts decreased in CPB in both
groups although not significantly. The decrease in
platelet count persisted till 48 hours
postoperatively. Laufer et al observed a decrease
in platelet count following CPB which returned to
normal levels only after 6 to 7 days.22 These changes
in platelet counts have been attributed in part to
the formation of platelet aggregates on the
oxygenator and in part to a temporary
sequestration in the liver. They also demonstrated
a reduction in the mean platelet volume on CPB
which could be attributed to the loss of larger,
younger platelets from the circulation.12,23,24 This
leaves the older, smaller and less active platelets in
circulation and could explain the decreased platelet
adhesiveness and haemostatic response in the post
CPB period. Pulsatile flow itself causes mechanical
disruption of the blood components including
platelets and is also responsible for a decrease in
platelet count. Platelet count by the Coulter counter
measures the cellular debris and may be
responsible for the similar decrease in the platelet
count in both groups of our study. Measurement
of the mean platelet volume in the pulsatile group
would have helped us to get a true picture of the
platelet destruction.

The decrease in haemoglobin was also
comparable in both groups. There was a slight
increase in bleeding time, clotting time,
prothrombin time and partial thromboplastin time
in both groups, although it was not statistically
significant.

The postoperative bleeding and blood
requirement was also similiar in both groups.
Taylor et al compared pulsatile perfusion with a
modified roller pump to the conventional non-
pulsatile ECC and found no increase in haemolysis
or depletion of red blood cells, white blood cells or
platelets at the same flow rate and mean arterial
pressure.8

Pulsatile CPB is also associated with
improvement in renal and hepatic function as
compared to non pulsatile CPB. Many studies25–27

have shown that pulsatile flow decreases
peripheral vascular resistance and offers better
tissue perfusion. Nonpulsatile flow is associated
with a depression in kidney function not found
during pulsatile perfusion.3 It has been
demonstrated that moderate to severe hydropic
degeneration of kidney tubules occurs only after
nonpulsatile perfusion.5,28,29 Many et al30,31 found
that sodium excretion and urine volume decreased
during nonpulsatile perfusion. Hooker32

demonstrated increased urine flow and decreased
proteinuria with pulsatile perfusion. We also
observed an improvement in creatinine clearance
and urine output in the pulsatile group. Mukherjie
et al33 found improved renal blood flow and tissue
oxygenation during pulsatile perfusion. In patients
with pre existing renal disease some investigators
have reported improved renal function and
outcome with pulsatile flow. Olinger et al34 reported
that pulstile flow helped to preserve renal function
in patients with serum creatinine over 1.7 mg/dL.
Matsudar et al25 reported similar beneficial effects
in patients with decreased creatinine clearance
preoperatively. Metabolic studies have
demonstrated lower renal vein lactate levels,
greater renal oxygen consumption and better tissue
oxygen levels with pulsatile CPB. A theoretical
advantage of pulsatile over nonpulsatile flow that
has been proposed by Shepard et al 3,4,27, 35 is that it
is the energy gradient and not pressure gradient
which produces blood flow. It has been
hypothesised that the increased “energy equivalent
pressure” of pulsatile flow may enhance interstitial
diffusion by oscillating cell fluid boundary layers
and ensure the patency of end arterioles which
otherwise collapse during non pulsatile flow.35,36

The lower percentage of SGOT and SGPT increase
in the pulsatile group in our study might indicate

Table 8. Oxygen consumption mL/min.

Group NP Group P p value

Pre CPB 182.6±79.8 177.88±104.68 0.79
Post CPB 167.04±65.06 171.46±67.47 0.73
Post CPB –2 213.4±69.6 218.42±64.63 0.71
Post CPB –12 199.8±59.8 212.43±97.6 0.44
Post CPB – 24 214.9±69.3 220±97.24 0.78
Post CPB - 48 197.08±74.7 253.13±101.11 0.002
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a lesser degree of hepatocellular damage in this
group.

In this study patients in the pulsatile group had
a lower arterial pressure on CPB and lower
systemic vascular resistance in the post CPB period.
The mechanisms for elevation of systemic vascular
resistance in nonpulstile CPB include poor
compliance of the blood vessel and increased levels
of renin angiotensin, catecholamines and
vasopressin.

Oxygen consumption was also higher in group
P compared to group NP. Many variables are
known to influence oxygen consumption during
anaesthesia and CPB. These include temperature,
a calorigenic effect of catecholamine release
induced by anaesthesia or hypoxia, muscle activity
and influence of muscle relaxants, the pre-existing
basal metabolic rate, pH, arterial blood oxygen

content and perfusion rate.3,37-43 Reasons for
difference in oxygen consumption between the two
groups are also speculative and are as follows: 1)
Jiggling of the tissues during pulstile fow, which
may act to change the boundary layer of interstitial
fluid flow around cell membranes and thus
enhance diffusion, 2) lymph and interstitial fluid
flow during CPB may be enhanced when blood
flow is pulsatile.3,44 3) Pulsatile energy may be
required to ensure that a normal percentage of the
total number of arterioles in a vascular bed are open
at any one time.3,45

In conclusion we did not find any significant
difference between pulsatile and nonpulsatile flow
during CPB except that creatinine clearance and
urine output were better in the pulsatile group,
which may be beneficial in patients with pre-
existing renal dysfunction. This needs to be shown
in a larger study.

References

1. Mavroudis C. To pulse or not to pulse. Ann Thorac Surg
1978; 25: 259-71

2. Taylor KM. Why pulsatile flow during CPB? In: Longmore
DB (ed) Towards safer cardiac surgery. Boston: G.K Hall.
1981; 483-500

3. Shepard RB, Kirklin JW. Relation of pulsatile flow to
oxygen consumption and other variables during CPB. J
Thorac Cardiovasc Surg 1969; 58: 694-702

4. Chiu IS, Chu SH, Hung CR. Pulsatile flow during routine
cardiopulmonary bypass. J Cardiovasc Surg 1984; 25: 530-
536

5. Dunn J, Kirsh MM, Harness J, Carroll M, Straker J, Sloan
H. Hemodynamic, metabolic and hematologic effects of
pulsatile cardiopulmonary bypass. J Thorac Cardiovasc
Surg 1974; 68: 138-147

6. Mandel BI, Burns WH. Pulsatile and non pulsatile blood
flow. JAMA 1965; 191: 657-60

7. Jacobs LA, Klopp EH, Scamone W, Topaz SR, Gott WL.
Improved organ function during cardiac bypass with a
roller pump modified to deliver pulsatile flow. J Thorac
Cardiovasc Surg 1969; 58: 703-12

8. Taylor KM, Bain WH, Maxted KJ, Hutton MM, McNab
WY, Caves PK. Comparative studies of pulsatile and
nonpulsatile flow during cardioplumonary bypass: 1
pulsatile system employed and its hematologic effects. J
Thorac Cardiovasc Surg 1978; 75: 569-573

9. Taylor KM, Jones JV, Walker MS, Rao S, Bain WH. The
cortisol response during heart lung bypass. Circulation
1976; 54: 20-25

10. Edmunds LH Jr, Ellison N, Colman RW, et al. Platelet
function during cardiac operation. Comparison of
membrane and bubble oxygenators. J Thorac Cardiovasc
Surg 1982; 83: 805-812

11. Boldt J, Knothe C, Zickmann B, Bill S, Dapper F,
Hempelmann G. Platelet function in cardiac surgery:
influence of temperature and aprotinin. Ann Thorac Surg
1993; 55: 652-658

12. Bachman F, McKenna R, Cole ER, et al. The hemostatic
mechanisms after open heart surgery. J Thorac Cardiovasc
Surg 1975; 70: 76-82

13. Trimble AS, Herst R, Grady M, Crookston JH. Blood loss
in open heart surgery. Arch Surg 1966; 93: 323-326

14. Esposito RA, Culliford AT, Colvin SB, Thomas SJ, Lackner
H, Spencer FC: The role of the activated clotting time in
heparin administration and neutralization for
cardiopulmonary bypass. J Thorac Cardiovasc Surg 1983;
85: 174-185

15. Michelson AD: Pathomechanism of defective haemostasis
during and after extracorporeal circulation: The role of
platelets. in Hetzer R (ed): Blood Use in Cardiac Surgery.
Darmstadt. Germany, Steinkopff, 1990

16. Mohr R, Golan M, Martinowitz U, Rosner E, Goor DA,
Ramot B: Effect of cardiac operation on platelets. J Thorac
Cardiovasc Surg 1986; 92: 434-41

17. Salzman EW: Blood platelet and extracorporeal
circulation, Transfusion 1963; 80: 274-77

18. Dutton RC, Edmunds LH Jr, Hutchinson JC, Roe BB.
Platelet aggregate emboli produced in patients during
CPB with membrane and bubble oxygenator and blood
filters. J Thorac Cardiovasc Surg 1974; 67: 258-65

19. Harker LA, Malpass TW, Bronson HE, Hessel EA, Slichter
SJ: Mechanism of abnormal bleeding in patients
undergoing cardiopulmonary bypass: Acquired transient
platelet dysfunction associated with selective α-granule
release. Blood 1980; 56: 824-34

ACA-03-114.p65 12/27/2003, 12:00 PM49

[Downloaded free from http://www.annals.in on Saturday, January 15, 2011, IP: 196.25.255.214]



50 Poswal et al. Pulsatile versus nonpulsatile CPB Annals of Cardiac Anaesthesia 2004; 7: 44–50

20. Harker LA: Bleeding after cardiopulmonary bypass. N
Engl J Med 1986; 314: 1446-48

21. Edmunds LH Jr, Saxena NC, Hillyer P, Wilson TJ:
Relationship between platelet count and cardiotomy
suction return. Ann Thorac Surg 1978; 25: 306-310

22. Laufer N, Merin G, Grover NB, Berman JB. The influence
of cardiopulmonary bypass on the size of human platelets.
J Thorac Cardiovasc Surg 1975; 70: 727-731

23. De Leval M, Hill J D, Mielke CH Jr. et al. Platelet kinetics
during extracorporeal circulation. Trans Am Soc Artif Intern
Organs 1972; 18: 355-58

24. McDonald TP, Odell TT Jr, Gosslee DG. Platelet size in
relation to platelet age. Proc. Soc Exp Biol Med 1964; 115:
684-9

25. Matsuder H, Hizose H, Nakamas, et al. Results of open
heart surgery in patients with impaired renal function. J
Cardiovasc Surg 1986; 27: 595-599

26. Plilibin DM, Levine FH, Emersen CW, et al. Plasma
vasopressin levels and urinary flow during CPB in
valvular heart disease – effect of pulsatile flow. J Thorac
Cardiovasc Surg 1979; 78: 779-83

27. Dunn J, Kirsh MM, Harness J, et al. Hemodynamic,
metabolic and heamatologic effect of pulsatile
cardiopulmonary bypass. J Thorac Cardiovasc Surg 1974;
68: 138-47

28. Dalton ML, Jr. McCarty RT, Woodward KI, Barila TG. The
army artificial heart pump. II. Comparison of pulsatile
and nonpulsatile flow. Surgery 1965; 58: 840

29. Dalton ML, McMosley EC, Woodward KE, Barilla TG. The
effect of pulsatile flow on renal blood flow during
extracorporeal circulation. J Surg Res 1965; 5: 127

30. Many M, Birtwell WC, Geon F, et al. The effects of pulse
wave pattern on renal functions. Trans Am Soc Artif Intern
Organs 1967; 13: 157

31. Many M, Soroff HS, Birtwell WC, Deterling RA. Effects
of bilateral renal artery depulsation on renin levels. Surg
Forum 1968; 19: 387-389

32.  Hooker DR. A study of the isolated kidney. The influence
of pulsatile pressure upon renal functions. Am J Physiol
1910; 27: 24

33. Mukherjie ND, Beran AV, Herai J, et al. In vivo

determination of renal tissue oxygenation during pulsatile
and nonpulsatile left heart bypass. Ann Thorac Surg 1973;
15: 354

34. Olinger GN, Hutchinson ID, Banchek LI. Pulsatile CPB
for patients with renal insufficiency. Thorax 1983; 38: 543-
50

35. Shepard RB, Simpson DC, Sharp JF. Energy equivalent
pressure. Arch Surg 1966; 93: 730

36. Wilcox BR, Caulter NA, Peters RM, Stacey RW. Power
dissipation in the systemic and pulmonary vasculature
surgery 1967; 62: 25

37. Cheng H, Kusunoki T, Bosher LH Jr., Blake DA. A study
of oxygen consumption during extracorporeal circulation.
Tr Am Soc Art Int Organs 1959; 5: 273

38. Clows GHA Jr., Nevjille WE, Sabaga G, Shibota Y. The
relationship of oxygen consumption, perfusion rate and
temperature to the acidosis associated with CPB. Surgery
1958; 44: 220

39. Anderson MN, Senning A. Studies in oxygen
consumption during CPB with pump-oxygenator. Ann
Surg 1958; 148: 59

40. Starr A. Oxygen consumption during CPB. J Thorac
Cardiovasc Surg 1959; 38: 46

41. Mari A, Watanabe K, Onae M, et al. Regional blood flow
in liver, pancreas and kidney during pulsatile and
nonpulsatile persfusion under profound hypothermia. Jpn
Cir J 1988; 52: 219-227

42. Fowler NO, Shabetai R, Holmes JC. Adrenal medulary
secretion during hypoxia, bleeding and rapid intravenous
infusion. Circulation Res 1961; 9: 427

43. Nahas GG, Poyart C. Effect of arterial pH alteration and
metabolic activity of norepinephrine. Am J Physiol 1967;
212: 765

44. Mc Master PD, Parsons RJ. The effect of the pulse on the
spread of substances through tissues. J Exper Med 1938;
68: 377

45. Mollo-Christensen E. Energy exchange and stability
consideration in the circulatory system, MIT fluid
dynamics research lab report. Massachusetts Institute of
Technology, Cambridge, Mass No. 1961 61-67

ACA-03-114.p65 12/27/2003, 12:00 PM50

[Downloaded free from http://www.annals.in on Saturday, January 15, 2011, IP: 196.25.255.214]


