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The Effects of Phenylephrine and Norepinephrine on Systemic and
Pulmonary Hemodynamics in Patients with Pulmonary Hypertension

Jae Hyung Kim, M.D., Sang Beom Nam, M.D.*, Won Son Park, M.D.
Hae Jin Park, M.D., Yong Woo Hong, M.D., and Young Lan Kwak, M.D.

Department of Anesthesiology, Yonsei Cardiovascular Center and Research Institute,
Yonsei University College of Medicine, *Department of Anesthesiology,
Hanyang University College of Medicine

Background: It is difficult to choose the appropriate drug when hypotension develops in patients
with pulmonary hypertension (PH). There is no known drug to increase the systemic blood pressure
(BP) without an increase of pulmonary arterial pressure (PAP). We observed the effects of phenylephrine
(PE) and norepinehrine (NE) on systemic and pulmonary hemodynamics when hypotension was treated
in patients with PH.

Methods: Patients with PH (mean PAP > 25 mmHg, n = 28) were studied. When hypotension
occurred (systolic BP < 100 mmHg, T1) after the induction of anesthesia, PE or NE was randomly
infused to raise the systolic BP above 130 mmHg (T2) and 150 mmHg (T3). Hemodynamic variables
were measured at T1, T2 and T3, and the ratio (RBP) of mean PAP to mean BP was calculated. The
measurements were performed before skin incision to avoid the effects of surgical stimulation.

Results: NE increased BP concomitantly with relatively small increase of PAP, meaning a decrease
of RBP (P < 0.05) without any other changes of hemodynamic variables in all patients. However, PE
could not raise BP above 130 mmHg in one third of patients, and decreased the cardiac index without
a significant decrease of RBP.

Conclusions: NE increased BP and decreased RBP without tachycardia or any other hemodynamic
disturbances. NE is considered to be a proper and safe drug to raise BP when hypotension occurs in
patients with PH. (Korean J Anesthesiol 2000; 38: 425~431)
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Table 1. Demographic Data

PE NE
Sex (myf) 3/13 4/8

Age (y1) 440 = 100 438 + 108

BSA (m%) 15 £°01 15 + 01
Count of procedures 16 12
AVR and MVR 6 5
MVR 8 6
ASD repair 1 1
V8D repair 1 0

Values are mean + SD.

PE: phenylephrine, NE: norepinephrine, BSA: body sur-
face area, AVR: aortic valve replacement, MVR: mitral
valve replacement, ASD: atrial septal defect, VSD: ventri-
cular septal defect.
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Table 2. Hemodynamic Responses PE or NE in All Patients

T1 T2 T3

Pulmonary hemodynamics

PE PAP 315 + 69 40.7 + 11.1* 41.3 * 10.3*
PVRI 3312 + 1470 606.1 + 400.0* 4864 + 304.9*%
RVSWI 120 + 6.6 148 + 11.6 13.7 * 4.6*
Cvp 82 + 35 10.2 £ 4.2* 11.1 £ 39*

NE PAP 313 £ 51 365 + 7.1* 40.7 = 7.6*
PVRI 2815 + 1094 3404 + 784 4604 * 223.0*
RVSWI 100 + 53 11.6 = 43 13.8 + 4.1~
CVvP 94 + 35 11.1 £ 34 11.7 + 47

Systemic hemodynamics

PE HR 742 + 150 69.7 + 12.4* 672 * 15.0*
ClI 27 + 12 22 + 0.8 22 + 0.6%
S1 382 + 177 335 + 156 343 + 107
SVRI 20263 * 648.8 32245 + 9353+ 3639.8 + 1039.2*

NE HR 779 + 234 724 + 289 72.8 £ 232
CI 24 £ 06 24 £ 10 26 + 10
SI 323 + 104 332 £ 75 365 + 154
SVRI 22339 + 6413 34319 =+ 21793 3514.6 + 1454.2%

Values represent mean *+ SD.

PE: phenylephrine, NE: norepinephrine, T1: control, T2: when systolic arterial pressure was increased to 130 mmHg
by phenylephrine or norepinephrine, T3: when systolic arterial pressure was increased to 150 mmHg by phenylephrine
or norepinephrine, PAP: mean pulmonary arterial pressure (mmHg), PVRI: pulmonary vascular resistance index (dyne -
sec - cm™® - m?), RVSWI: right ventricular stroke work index (g - m/m’), CVP: central venous pressure (mmHg) HR:
heart rate (beats/min), CI: cardiac index (llmin/mz), SI: stroke volume index (ml/beat/m2), SVRI: systemic vascular
resistance index (dyne - sec - cm 3. mz).

* p < 0.05 compared with control.

Table 3. Changes of Relationship between Systemic and Pulmonary Blood Pressure and Vascular Resistance

PE NE
T1 T2 T3 T1 T2 T3

In all patients

RBP 454 + 99 433 + 118 394 + 106 438 + 117 374 * 95 373 + 73

RVR 171 £ 75 203 & 154 135 £ 76 123 + 48 11.7 £ 59 134 + 40
IN patients treated with both drugs

RBP 469 4 12.1 412 = 11.7 380 =+ 13.1 470 + 121 394 + 103* 378 + 9.8*

RVR 173 + 83 142 * 3.1* 137 + 8.6 141 + 46 150 £ 30 13.0 + 45

Values represent mean + SD.

PE: phenylephrine, NE: norepinephrine, T1: control, T2: when systolic arterial pressure was increased to 130 mmHg
by phenylephrine or norepinephrine, T3: when systolic arterial pressure was increased to 150 mmHg by phenylephrine
or norepinephrine, RBP: ratio of mean pulmonary arterial pressure to mean systemic arterial pressure, RVR: ratio of
pulmonary vascular resistance to systemic vascular resistance (%).

* p < 0.05 compared with control.
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Table 4. Hemodynamic Data in Patients Treated with both PE and NE

T1 T2 T3
Pulmonary hemodynamics
PE PAP 321 £ 77 389 + 10.2 ~ 398 + 102
PVRI 3046 = 117.2 4289 + 1003 480.5 * 348.1
Cvp 68 £ 31 82 + 32* 92 + 4.0*
RVSWI 141 £ 75 15.1 £ 6.0 156 * 4.8*
NE PAP 325 + 5.1 36.7 £ 8.0 36.7 + 8.0
PVRI 297.1 + 1125 375.1 + 138 4272 * 191.4*
Cvp 85 £ 37 10.8 £ 4.2 104 + 52%
RVSWI 1.1 £ 53 149 + 2.8* 15.7 £ 3.2%
Systemic hemodynamics
PE HR 724 + 19.1 689 + 187 635 + 17.7*
CI 30 £ 15 23 + 05 24 + 0.7
SVRI 1920.7 + 618.1 3046.5 + 556.6* 34842 + 1080.2*
NE HR 756 + 182 630 *+ 11.5* 66.7 = 13.4
CI 24 £ 07 26 £ 05 26 + 01
SVRI 21452 + 6245 25513 + 4207 33325 + 1133.8*

Values represent mean * SD.

PE: phenylephrine, NE: norepinephrine, T1: control, T2: when systolic arterial pressure was increased to 130 mmHg
by phenylephrine or norepinephrine, T3: when systolic arterial pressure was increased to 150 mmHg by phenylephrine
or norepinephrine, PAP: mean pulmonary arterial pressure (mmHg), PVRL: pulmonary vascular resistance index (dyne -

-5
S€C - Cm .

m?), CVP: central venous pressure (mmHg), RVSWI: right ventricular stroke work index (g - m/m’), HR:

heart rate (beats/min), CL: cardiac index (Ifmin/m®), SVRI; systemic vascular resistance index (dyne - sec - cm ™’ - mY).

*: p < 0.05 compared with control.
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