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Abstract Pulse pressure variation (PPV) and stroke vol-
ume variation (SVV) during mechanical ventilation have
been shown to be effective parameters to predict preload
responsiveness. Although induced hypertension decreases
PPV and SVYV, the influences of different vasopressors on
PPV and SVV are unknown. 94 patients undergoing elec-
tive otologic surgery were randomly divided into three
groups: Group P (patients were given phenylephrine),
Group D (patients were given dopamine), Group E (pa-
tients were given ephedrine). When surgery was ongoing
and the circulation state was stable, patients were given the
vasopressor to increase the systolic arterial pressure (SAP)
to the pre-calculated levels: low level, 10 % < ASAP
< 20 %; medium level, 20 % < ASAP < 30 %; high
level, 30 % < ASAP < 40 %. When invasive arterial
pressure reached the target value, PPV, SVV and other
parameters were recorded. Dopamine decreased the PPV
and SVV more significantly than ephedrine, but less sig-
nificantly than phenylephrine. The influences of phenyle-
phrine, dopamine and ephedrine on SVV and PPV are

different due to their different pharmacological
mechanisms.
Keywords Phenylephrine - Dopamine - Ephedrine - Pulse

pressure variation - Stroke volume variation
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1 Introduction

Fluid therapy during the perioperative period is very im-
portant mostly due to the preoperative fasting, vascular
dilatation and intraoperative blood loss. Many clinical
studies have proven that pulse pressure variation (PPV) and
stroke volume variation (SVV) are effective volume
monitoring parameters to guide fluid therapy. There are
other studies which have shown that central venous pres-
sure (CVP), left ventricular end-diastolic area and pul-
monary artery occlusion pressure (PAOP) as static
indicators of cardiac preload have low value and are in-
convenient [1, 12]. For example, Dunki-Jacobs et al. [2]
demonstrated that SVV as a predictor of fluid status had
more advantages than CVP by avoiding central venous
catheter insertion and complications, and CVP could be
safely replaced with SVV. Kramer et al. [3] concluded that
PPV and SVV were superior to CVP and POAP in pre-
dicting fluid responsiveness.

PPV and SVV are greatly influenced by various factors
such as the tidal volume [4—6], intravascular volume status
[7], intra-abdominal pressure, [8] position [9, 10], and
vasoactive drugs [11, 12]. Hadian et al. [11] found that
volume challenge decreased both PPV and SVV, va-
sodilator therapy increased PPV and SVV, whereas in-
creasing inotropes or vasoconstrictors did not alter PPV or
SVV. Wajima et al. [12] proved that induced hypertension
decreased SVV, while induced hypotension and induced
hypotensive anesthesia increased SVV. Phenylephrine,
dopamine and ephedrine are clinically commonly used
vasopressors. Phenylephrine is an o, receptor agonist
which can elicit reflex inhibition of heart rate (HR).
Dopamine and ephedrine can excite B; and o; receptors,
and the pharmacological action of dopamine has a close
relationship with its concentration. Since there must be
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some differences in changes of arterial pressure and HR,
the decrease in PPV and SVV may vary among the three
drugs.

According to the above facts, we hypothesized that PPV
and SVV values were decreased differently by phenyle-
phrine, dopamine and ephedrine. The aim of this
prospective study was to find the differences in the de-
crease of PPV and SVV caused by phenylephrine, dopa-
mine and ephedrine and to analyze the possible reasons by
exploring whether or not the differences in changes of HR
play an important role in this process.

2 Materials and methods
2.1 Subjects

94 patients aged 18-60 years who underwent elective
otologic surgery were included in this study. Such patients
were selected because they have the following advantages:
circulation stability that made adequate analgesia easy to
achieve, less bleeding, and better physical condition. The
reason for choosing patients, whose American Society of
Anesthesiologists (ASA) physical status was one or two,
was to tolerate blood pressure fluctuations better. And their
body mass index (BMI) ranged from 18 to 26. None of the
patients had known diabetes mellitus, hypertension, car-
diovascular, pulmonary, endocrinological, neurological
diseases, or diseases that influenced intravascular fluid
volume or balance. Exclusion criteria were persistent ar-
rhythmias and intraoperative application of vasoactive
drugs except phenylephrine, dopamine and ephedrine. The
study was approved by the Institutional Review Board of
People’s Liberation Army General Hospital (reference
number: S2014-006-02) and written informed consent was
obtained from all subjects.

3 Material

The equipment used were hemodynamic multifunctional
monitor (Philips InteHivue MP50, Philips, Holland),
anesthesia machine (Datex-Ohmeda S/5 Aspire200, Datex.
Ohmeda, Inc, Finland), bispectral index monitor (BIS XP
Platform A-2000, Aspect Medical Systems, Inc, America),
multifunctional injection pump (Graseby 3500, Graseby
Medical Limited, UK) and vigileo stroke volume monitor
(Vigileo, Edward Life-science LLC, America). Philips In-
teHivue MP50 could calculate the PPV value according to
the arterial waveform. Cardiac output (CO), SVV, cardiac
output index (CI), stroke volume (SV) and stroke volume
index (SVI) were monitored continuously with the FloTrac/
Vigileo system (software version 01.14).
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3.1 Measurement protocol

94 patients were successively numbered according to the
operation time, then randomly divided into three groups:
phenylephrine group (Group P), dopamine group (Group D),
ephedrine group (Group E). Before arriving at the operating
theatre, all patients were pre-medicated with 0.5 mg of at-
ropine in order to reduce respiratory secretions. After the
routine hemodynamic monitoring equipment was placed, all
patients received an intravenous infusion of midazolam
(0.05 mg/kg), propofol (1-2 mg/kg), fentanyl (3 pg/kg),
and rocuronium (0.8 mg/kg) to induce anesthesia. After
successful induction of anesthesia, the left radial artery
catheter was inserted. Mechanical ventilation was applied
with a Vt of 8 mL/kg, an inspiratory:expiratory ratio of 1:2,
an inspired oxygen concentration of 50 % and an end-expi-
ratory pressure of 0 cm H,O. Respiratory rate was adjusted
to keep the arterial CO, pressure between 30 and 40 mmHg.
Anesthesia was maintained by a continuous infusion of
remifentanil (0.3-0.8 pg/kg/min) and target controlled in-
fusion of propofol (2—4 pg/mL) to keep the bispectral index
between 40 and 50 and circulatory variables stable. Before
the stop drug delivery, all patients received constant infusion
of acetate Ringer’s solution (8 mL/kg/hr).

While the surgery was performed, the circulatory vari-
ables were stable, i.e., the SAP had a fluctuation within
10 mmHg in no <3 min. SAP, diastolic arterial pressure
(DAP), mean arterial pressure (MAP), PPV, CO, CI, SV,
SVI and SVV (T1) were recorded every 30 s. Target SAP
values were calculated according to the following variation
ranges: low (L) level, 10 % < ASAP < 20 %; medium
(M) level, 20 % < ASAP < 30 %; high (H) level,
30 % < ASAP < 40 % [12]. Important note: If the calcu-
lated SAP value of any level was more than 140 mmHg,
this level would be abandoned. After calculation, the pa-
tient received vasopressor to increase the SAP to the pre-
calculated value. In order to increase the SAP smoothly
from L to H level, phenylephrine (0.1-0.5 pg/kg/min) and
dopamine (5-12 pg/kg/min) were given using a Graseby
5300 pump, while ephedrine 2 mg was given intravenously
each time. When the parameters were recorded, the de-
livery speed was adjusted to make the SAP appropriate.
The research was single blind, all patients did not know
what the vasopressor was given.

3.2 Statistical analysis

Values are expressed as mean + standard deviation (SD).
In every study group, comparisons of HR, SAP, DAP,
MAP, PPV, CO, CI, SV, SVV and SVI were performed
using Student—Newman—Keuls (SNK) test to determine if
there were significance differences. A P value < 0.05 was
required to reject the null hypothesis. All analyses were
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performed using SPSS 15.0 software (SPSS Inc., Chicago,
IL, USA).

4 Results
4.1 Demographic data

Patient characteristics are shown in Table 1. Although
most of the patients had data of three levels, there were few
patients whose SAP could be increased to only two levels,
and even one level.

4.2 Data of parameters except PPV and SVV

Values except PPV and SVV of three groups are shown on
Table 2. HR, SAP, DAP, MAP, CO, CI, SV and SVI between
any two levels had significant differences (P < 0.05 for all)
in Group P and Group E. But in Group D, the HR had no
significant differences (P > 0.05), other parameters between
any two levels had significant differences (P < 0.05 for all).

4.3 Data of PPV and APPV

PPV and APPV value were shown on Table 3. PPV of three
levels and APPV had significant differences (P < 0.05 for
all) between every two of the three groups.

4.4 Data of SVV and ASVV
SVV and ASVV value were shown on Table 4. SVV of

three levels and ASVV had significant differences
(P < 0.05 for all) between every two of the three groups.

5 Discussion

The primary finding of the present study are that
phenylephrine, dopamine and ephedrine influenced the
PPV and SVV differently because of their different

pharmacological actions. Phenylephrine decreased PPV
and SVV most significantly, while ephedrine decreased
PPV and SVV least. Wajima proven that induced hyper-
tension decreased SVV, whereas induced hypotension in-
creased SVV [12]. Therefore, we believe that PPV and
SVV values may be misinterpreted due to the use of va-
soactive drugs. The decrease in PPV and SVV caused by
increased blood pressure due to vasopressor use may not
demonstrate that the patient is hypervolemic [11, 12].

During positive pressure breathing, the SV of the left
ventricle and pulse pressure vary periodically with the
variation of pleural pressure, reaching the maximum during
inspiration and the minimum during expiration [1, 11, 13—
15] Michard has given the schematic representation of the
Frank-Starling relation between ventricular preload and SV
[1]. For patients with normal cardiac function, the more the
ventricular preload, the less the change in SV during me-
chanical ventilation, that is to say, the PPV and SVV de-
crease with the increase of the ventricular preload [1]. Any
factor that affects the preload can influence the SVV as
well as PPV.

The pharmacological action of dopamine has a close
relationship with its concentration, and it excites D; re-
ceptor at 1-2 pg/kg/min, B, receptor at 2-10 pg/kg/min
and o receptor at >10 pg/kg/min. In this study, the con-
centration of dopamine was 5-12 pg/kg/min, which made
the SAP values increase and the HR rise a little or remain
unchanged. For the patients treated with dopamine, the
HRs among the three levels did not differ significantly
(P > 0.05). Therefore, it can be surmised that although
dopamine could increase the SAP from the low to high
level, it had no significant impact on the HR. Since dopa-
mine can make the blood vessel contractive, the patients
treated with dopamine are relatively hypervolemic, and
thus the mean circulation filling pressure rises so as to
increase the volume returned to the left atrium without
influencing the ventricular filling time. As a result, the
values of PPV and SVV decrease. The SV remained in-
creasing because the SAP of high level was no more than
140 mmHg and dopamine improved the ability of cardiac

Table 1 Demographic data for
the three study groups

Phenylephrine group

Dopamine group Ephedrine group

No. of patients (M/F) 31 (17/17) 33 (16/17) 30(17/13)

Age (yrs) 42.0 £ 104 41.0 £ 99 424 + 103
(19-59) (20-59) (23-60)

Low level (L) 31 33 30

Medium level (M) 29 31 27

High level (H) 26 25 22

Weight (kg) 642 + 74 64.3 + 8.7 64.6 £ 7.5

Height (cm) 1644 £ 72 1652 £ 8.2 166.8 + 7.9

Body mass index 237+ 19 235+ 1.7 232+ 19

Data are presented as mean £+ SD
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Table 2 Data of parameters except PPV and SVV
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Group E

Group D

Group P

P

Baseline L level M level H level

P

M level H level

L level

Baseline

M level H level P value

L level

Baseline

value

value

22

27

30

30

25

31

33

33

26

29

31

31

68.8 £ 10.0 <0.05

130.0 £ 5.5

67.4 + 8.8
122.7 £ 6.2
62.6 5.3
83.0 £ 6.0

66.2 + 8.7
114.6 + 8.6
114.6 £+ 8.6

623 + 7.7
983+ 75
525+ 49

>0.05

63.3 + 6.8
130.8 + 6.5

63.3 + 6.8
1232 £ 73

63.0 £ 6.4
114.0 £+ 8.2
623 £ 5.1

633 +£ 7.0
98.0 + 6.8
55555
70.2 £ 6.0
44 +08
25+£0.5
69.5 + 14.0
40.3 + 7.2

<0.05

57.8 £ 6.0
130.0 £+ 6.0
753 £ 5.5
96.8 + 5.4
53+12
3.1£0.6
90.4 +22.2

59.7 £ 6.8
121.7 £ 7.0

61.2 + 8.0
1129 £ 7.5
65.6 + 6.4
82.6 £ 6.5

46 £1.0

68.6 + 8..7
96.9 + 6.4
546 £ 6.2

HR

<0.05

<0.05

<0.05

SAP

<0.05

65.0 + 4.3
86.6 £ 5.4
6.9 £ 2.2

4.0+ 1.1
101.7 £ 34.0 <0.05

<0.05

65.6 = 3.7
862 £5.0

643 4.2
834 £54
55+ 14
32+0.7
88.3 £ 20.6
51.2 £ 10.1

<0.05

714 £72
90.7 £ 7.0
51+13

DAP

<0.05

78.0 £ 6.7
56+ 15
32+£07

86.6 &+ 26.4

49.7 + 13.6

675+ 54

<0.05

79.6 £ 6.3

<0.05

MAP 68.8 + 6.3

CcO
CI

<0.05

6.1 £ 1.7
3.5+£09
92.1 +27.3
53.0 + 13.0

46+ 1.1
27+ 0.6
749 £+ 19.0
43.2 + 10.1

<0.05

57+ 14

34 +£0.7
879 £ 16.6 <0.05

51 +£12
29+ 0.6
81.5 £ 183
474 £9.7

<0.05

45+09

26 +04
66.4 + 15.0
388 £ 7.3

<0.05

<0.05

<0.05

3.0 £ 0.6
85.7 £ 22.1

27 £0.5
76.6 + 18.0

44.6 + 8.8

<0.05

N
S

<0.05

58.4 + 16.5

<0.05

520+£79

538 £ 11.4  <0.05

504 £ 11.0

VI

Data are presented as mean £ SD

contraction (f3; receptor excited), and the afterload might
not obstruct cardiac ejection. The more the SAP increase
from the low to high level, the more the PPV and SVV
decrease.

Phenylephrine is an o4-adrenergic receptor agonist.
When phenylephrine is administered, the HR decreases
significantly as a result of its reflex inhibition of the HR.
For phenylephrine, there are two reasons which can ex-
plain the improvement of the venous return: one is the
recruitment of unstressed volume because of venous vessel
constriction [16, 17], and the other is the increase of the
ventricular filling time due to the HR decrease and dias-
tolic extension. Since dopamine lacks the effect of diastolic
prolongation (the HR did not differ significantly among the
three levels), phenylephrine might increase the preload
more than dopamine. When dopamine or phenylephrine is
given to a patient for increasing the SAP to the same level,
the PPV and SVV values changed by dopamine must be
greater than those by phenylephrine, that is to say,
phenylephrine decreases the PPV and SVV more than
dopamine. Thiel et al. stated that “in both animal and
human studies, the effect of o;-agonists on global CO
depends on dosing as well as the complex interplay be-
tween the arterial and venous vasculature of both the
pulmonary and systemic systems. oj-agonists have the
potential to both increase and decrease CO, the former via
venoconstriction and conversion of unstressed to stressed
volume (thus increasing preload), the latter by restriction
of venous return (thus decreasing preload)” [16]. They also
stated that o-agonists decreased venous compliance and
increased venous return although their influence on CO
was controversial [17-21] In this study, the venoconstric-
tion and conversion were superior to restriction of venous
return, because the SAP of high level was no more than
140 mmHg and homometric regulation improved my-
ocardial contractility, and the afterload might not obstruct
cardiac ejection. Therefore, the CO was increasing.

Ephedrine can excite f; and o, receptors, thereby in-
creasing the SAP and HR. The stressed volume makes the
venous return improve, this impact will be weakened by
decreasing the filling time due to the HR increase and
diastolic shortening. Similarly, when ephedrine or dopa-
mine is given to a patient for increasing the SAP to the
same level, the PPV and SVV values changed by dopamine
must be smaller than those by ephedrine, that is to say,
ephedrine decreases the PPV and SVV less than dopamine
which does not have the effect of HR decrease to make the
diastole shorten. With small influence on restriction of
venous return and afterload, the improvement of myocar-
dial contractility and the increase of HR resulted in the
increase in SV and CO.

Taken together, the change of HR plays an important
role in the differences in the decrease of PPV and SVV
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Table 3 PPV and APPV value
Group P Group D Group E P value
Mean + SD 95 % CI N Mean + SD 95 % CI N Mean + SD 95 % CI N
Baseline 122 +£25 11.26-13.12 31 11.0+24 10.09-11.77 33 92+22 8.39-10.05 30 >0.05
L level 84+26 7.42-9.35 31 77 £2.1 6.92-8.42 33 71+£22 6.29-7.93 30 <0.05
M level 62+23 5.34-7.10 29 6.5+20 5.83-7.25 31 6.2 +20 5.45-7.04 27 <0.05
H level 44+£20 3.56-5.21 26 53+ 17 4.62-6.05 25 53+21 4.41-6.25 22 <0.05
Ag_1 3.8 £0.8 3.51-4.10 31 33£12 2.82-3.71 33 21+09 1.79-2.43 30 <0.05
Ag_m 62+ 12 5.72-6.62 29 45+ 1.1 4.06-4.84 31 32£09 2.85-3.54 27 <0.05
Ag_n 8.0+ 13 7.47-8.48 26 58+ 14 5.24-6.41 25 4.1 +£09 3.72-4.52 22 <0.05

Data are mean + SD, Ag_; = Baseline value—L level value; Ag_y; = Baseline value—M level value; Ag_y = Baseline value—H level value

Table 4 SVV and ASVV value

Group P Group D Group E P value

Mean + SD 95 % CI N Mean + SD 95 % CI N Mean + SD 95 % CI N
Baseline 114 +£22 10.64-12.24 31 10.8 £ 2.0 10.07-11.52 33 93+22 8.46-10.12 30 >0.05
L level 77+ 1.8 7.05-8.35 31 77 £ 1.8 7.04-8.29 33 72+£20 6.46-7.98 30 <0.05
M level 6.6 £23 5.73-7.45 29 6.6 + 1.6 6.06-7.23 31 6.6 22 5.71-7.42 27 <0.05
H level 41+19 3.69-5.21 26 45+ 1.6 3.83-5.13 25 6.0+ 19 5.20-6.92 22 <0.05
Ap_1, 37+09 3.41-4.08 31 3.1+ 14 2.65-3.61 33 2.1+£07 1.79-2.34 30 <0.05
Ag_m 5012 4.55-5.50 29 42+ 1.1 3.83-4.64 31 29+09 2.56-3.29 27 <0.05
Ag_n 71+ 12 6.66-7.62 26 63+ 15 5.73-6.96 25 35+08 3.09-3.84 22 <0.05

Data are mean + SD. Ag_; = Baseline value—L level value; Ag_y; = Baseline value—M level value; Ag_y; = Baseline value—H level value

caused by phenylephrine, dopamine and ephedrine. The
extent the vasopressors reduce the PPV and SVV values
depends on the receptor(s) the drug agonizes. There are
some other clinically used vasopressors such as adrenaline,
noradrenaline and metaraminol. We can distinguish the
changes of PPV and SVV according to the changes of HR
and SAP.

Besides, the differences might be due to the systematic
errors in the monitor. Artifact of the increased arterial dP/dt
or differential changes in arteriolar and arterial tone made
the lesser decrease in PPV and SVV with dopamine and
ephedrine. Presumably arterial pressure was monitored
using a radial artery catheter which would accentuate such
artifact.

6 Limitations of the study

This study had several limitations. First, the experiments
were implemented when the surgery was started, which
may have brought about many uncertainties. To overcome
this problem, a control group in which the experiments
were performed before surgery should be included. Second,
monitoring data which could confirm effective and

sufficient analgesia were lacking, and non-effective or in-
sufficient analgesia could result in the much more release
of catecholamine. In this study, monitoring the SAP and
HR only was not enough to demonstrate sufficient anal-
gesia. Third, some data were not recorded, such as the
dosage of the three drugs, especially dopamine, and the
volumes of urine, bleeding and transfusion, although it
seemed that the patients’ volume was unchanged during
our study.

7 Conclusion

The influences of phenylephrine, dopamine and ephedrine
on SVV and PPV were different due to their different
pharmacological actions. Phenylephrine influenced the
SVV and PPV most significantly, and ephedrine influenced
least. During administration of these drugs, PPV and SVV
failed to reflect the volume. We believe that PPV and SVV
can still guide fluid therapy when using vasoconstrictors
and the changes of PPV and SVV have more significance
than the PPV and SVV themselves.
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