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Use of epoprostenol to treat severe pulmonary
vasoconstriction induced by protamine in cardiac
surgery
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Abstract
Since there were a few articles to report the treatment of severe pulmonary vasoconstriction induced by protamine in cardiac surgery,
we described the use of epoprostenol to reverse this condition.
A total of 5 cases of severe pulmonary vasoconstriction induced by protamine in cardiac surgery were reviewed. The demographic,

clinical data and treatment process were obtained. All the patients were followed up.
Severe pulmonary vasoconstriction was occurred 4 to 10 minutes after protamine infusion. The primary sign was sudden

hypotension, the pulmonary artery pressure was increased gradually, the arterial oxygen partial pressure was decreased in all the
patients. Epoprostenol was infused via pulmonary artery catheter at dosage of 20 to 40ng/kg·min in all the patients, 2 patients were
underwent re-cardiac pulmonary bypass assistance. The hemodynamic instability status lasted 40 to 65 minutes respectively. All the
patients were recovered uneventfully.
All physicians should alert to the incidence of severe pulmonary vasoconstriction induced by protamine in cardiac surgery. Use

epoprostenol through pulmonary artery catheter could treat pulmonary artery vasoconstriction effectively and safely.

Abbreviations: ABP = arterial blood pressure, ASD = atrial septal defect, AVI = aortic valve insufficiency, AVR = aortic valve
replacement, AVS = aortic valve stenosis, CABG = coronary artery bypass grafting, CHD = coronary heart disease, CPB = cardiac
pulmonary bypass, CVP = central venous pressure, DM = diabetes mellitus, IABP = intraortic balloon pump, ICU = intensive care
unit, MVI=mitral valve insufficiency, MVR=mitral valve replacement, NYHA=NewYork Heart Association, PAH= pulmonary arterial
hypertension, PAP = pulmonary artery pressure, PIP = peak inspiratory pressure.
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1. Introduction

Protamine is mainly used to reverse heparin anticoagulation in
cardiac and vascular surgeries. When injected intravenously, the
alkaline protamine combines with the acidic heparin to form a
neutral salt, thereby eliminating the anticoagulating properties of
heparin. The incidence of adverse reaction associated with
protamine varies from 1.6% to 10.7%,[1] including allergic
reactions, mild transient hypotension, severe pulmonary vaso-
constriction, and death.[2–4]

Severe pulmonary vasoconstriction induced by protamine is a
rare complication, it can cause severe pulmonary artery
hypertension (PAH), hypotension, and hypoxemia.[5] Dilating
Editor: Hiroyuki Kinoshita.

The authors declare no conflicts of interest.
a Department of Anesthesiology, the First Affiliated Hospital, b Department of
Cardiac Surgery, the First Affiliated Hospital, c Department of Neurology, the
Second Affiliated Hospital, Xi’an Jiaotong University, Xi’an, China.
∗
Correspondence: Jing-Jie Liu, Department of Neurology, the Second Affiliated

Hospital, Xi’an Jiaotong University, No. 157 Xiwulu, Xi’an 710004, China
(e-mail: liujjxing8008@126.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Medicine (2018) 97:28(e10908)

Received: 22 June 2017 / Accepted: 8 May 2018

http://dx.doi.org/10.1097/MD.0000000000010908

1

the pulmonary artery and decreasing the pulmonary artery
pressure (PAP) is critical treatment of this complication. A few
articles described the use of Prostaglandin E1[6] and nitric oxide[7]

to decrease PAP in this condition. But most articles gathering this
knowledge were case reports. So a systemic research needs to be
carried out to disclose the evidence-based knowledge concerning
this condition.
Epoprostenol has a potent short-acting vasodilator property,

intravenous continuous epoprostenol is used for treatment of
PAH, it is effective in idiopathic PAH, and PAH associated with
connective tissue disease, portal hypertension or congenital heart
disease.[8] Case report showed that Epoprostenol could reverse
the severe PAH in patients with b-thalassemia at dosage of 6ng/
kg·min, meanwhile increase cardic output and improve hemody-
namic parameters.[9]

To the best of our knowledge, no systemic research has been
published to discuss the value of epoprostenol in the treatment of
severe pulmonary vasoconstriction induced by protamine. To
address this relative lack of information, we performed this
retrospective analysis.

2. Materials and methods

The study protocol was approved by the Ethics Committee of
the First Affiliated Hospital of Xi’an Jiaotong University,
Xi’an, China. Written informed consent was obtained from all
the patients included in this study. From January 2012 to
December 2016, a total of 4160 patients were underwent
cardiac surgery, all of them were given protamine to reverse
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Table 1

Clinical summary in 5 patients.

Case No. Sex/Age, ys Illness Surgery NYHA classification Medical history Allergic history

1 F/22 ASD ASD repairment I None None
2 F/67 CHD CABG III DM None
3 M/53 CHD CABG III Hypertension Metal
4 M/49 AVI AVR II Hypertension None
5 F/27 ASD ASD repairment I None Cephalosporin

ASD= atrial septal defect, AVI= aortic valve insufficiency, AVR= aortic valve replacement, CABG= coronary artery bypass grafting, CHD= coronary heart disease, NYHA=New York Heart Association.
F= female, M=male
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heparin anticoagulation in operation, 5 of them were
diagnosed as severe pulmonary vasoconstriction induced by
protamine, which is defined as an abrupt increase in mean
PAP with associated hypotension (SBP �90 mmHg) and right
ventricular dilation and dysfunction. We retrieved the
demographic data, medical history, present illness, clinical
presentation, and treatment of the patients. Once severe
pulmonary vasoconstriction was confirmed, the epoprostenol
was infused via pulmonary artery catheter at a dosage ranging
from 20 to 40ng/kg·min in all the patients, it was adjusted
according to the treatment effectiveness, it was suspended
when the PAP was declined to normal level. All the patients
were followed up.
3. Results

3.1. Clinical features

The 5 patients were ranged from 22 to 67 years old (Table 1).
Case 3 underwent percutaneous coronary angioplasty 5 and 2
years ago because of angina respectively, 3 bare metal stents were
implanted in left anterior descending branch, aspirin was taken
for 5 years, it is suspended 1 week before this operation. Case 2
had diabetes mellitus (MD) for 8 years, the insulin was used to
control the blood glucose.
3.2. The clinical presentation of severe pulmonary
vasoconstriction

CPB was performed on case 1, 4 and 5, while case 2 and 3 were
underwent off-pump surgery. Protamine (3mg/kg) was infused
via aorta (case 1 and 5) and central venous catheter (case 2, 3, and
4) at an infusion rate of 40mg/min. The arterial blood pressure
(ABP) suddenly declined 4 to 10 minutes after protamine
Figure 1. Intraoperative changes of mPAP among the 5 patients. The PAP
was not monitored at T1 in case 1.
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infusion, PAP increased gradually in all the patients. The blood
gas analysis showed that arterial oxygen partial pressure declined
in all the patients, but only case 1 was suffered hyoxemia. Central
venous pressure (CVP) increased significantly in case 1, 4, and 5
(the highest CVP was 18, 20, and 19cmH2O, respectively). The
peak inspiratory pressure (PIP) increased significantly in case 1
and 5 (the highest PIP was 26 and 25cmH2O, respectively).
Severe bradycardia occurred in case 1 and 4. ECG showed that
ST-segment depressed in case 3. PAP and ABP were recorded at
the following 4 time points in all the patients: T1: baseline
(postintubation), T2: weaning from CPB (case 1, 4 and 5) or
preprotamine (case 2 and 3), T3: the highest mean PAP (mPAP)
and the lowest mean ABP (mABP) postprotamine, and T4: at the
end of operation. The mPAP andmABPwere showed in Figures 1
and 2.
3.3. The treatment of severe pulmonary vasoconstriction
and follow-up

When the severe pulmonary vasoconstriction was suspected, the
fraction of inspired oxygen was increased to 100% immediately;
1mg of dopamine was injected, followed by intravenous infusion
at dosage of 5 to 12mg/kg·min in all the patients. Epoprostenol
was infused via pulmonary artery catheter at dosage of 20 to 40
ng/kg·min in all the patients, it was suspended when the PAP was
declined to normal; 0.5mg of atropine was injected in case 1 and
4 because of severe bradycardia. Epinephrine was infused at
dosage of 0.03 to 0.06mg/kg·min in case 3 and 4 because of severe
hypotension. CPB was re-started in case 1 because of severe
hypoxemia, in case 5 because of severe PAH, the re-CPB
assistance was lasted 40 and 45 minutes, respectively.
The duration of hemodynamic instability status lasted 40 to 65

minutes respectively. The postoperative recovery was uneventful;
Figure 2. Intraoperative changes of mABP among the 5 patients.



Table 2

Treatment of severe pulmonary vasoconstriction and follow-up.

Case
No. Treatment process

Duration of
unstable

hemodynamic
status, min

Mechanical
ventilation,

h
ICU

stay, h

Postoperative
hospital
stay, d

1 Dopamine: 1mg, 8mg/kg·min; atropine: 0.5mg; dexamethasone: 10 mg; re-CPB
for 40 minutes; epoprostenol: 20 ng/kg·min�60 minutes.

65 6 24 6

2 Dopamine: 1mg, 5mg/kg·min; phenylephrine: 0.1 mg; epoprostenol: 20 ng/
kg·min�30 minutes.

40 5 24 8

3 Dopamine: 1mg, 10mg/kg·min; phenylephrine: 0.2 mg; epinephrine: 0.03mg/
kg·min; epoprostenol: 40 ng/kg·min�45min.

60 5 18 11

4 Dopamine: 1mg, 12mg/kg·min; atropine: 0.5 mg; epinephrine: 0.06mg/ kg·min;
epoprostenol: 25 ng/kg·min�45 minutes.

55 10 36 10

5 Dopamine: 1mg, 10mg/kg·min; phenylephine: 0.2 mg; dexamethasone: 10mg; re-
CPB for 45 minutes; epoprostenol: 30ng/kg·min�40 minutes.

50 4 24 9

CPB= cardiac pulmonary bypass.
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all the patients were discharged from intensive care unit (ICU)
and hospital without any complications. The details were showed
in Table 2.
4. Discussion

Protamine can induce severe pulmonary vasoconstriction in
cardiac and vascular surgery. During the past decades, only 5
cases[5–7,10,11] were diagnosed as protamine induced severe
pulmonary vasoconstriction (Table 3). The 5 cases we observed
were out of a total of 4160 cases from January 2012 to December
2016; the incidence is 1 per 832(5/4160).
There are 2 mechanisms about pulmonary vasoconstriction

induced by protamine infusion. The local excess of heparin-
protamine complex, which is caused by rapid infusion of
protamine, is thought causing lift-threatened adverse hemody-
namic reaction.[12] Besides, animal and human experiments
showed that the thromboxane A2 is a mediator of this life-
threatened adverse hemodynamic reaction,[13,14] the use of
aspirin within 1 week before surgery could impair the generation
of pulmonary vasoconstrictor thromboxane A2, which can
decrease the occurrence of pulmonary vasoconstriction.[14]
Table 3

Summary of previously reported severe pulmonary vasoconstriction

Author, Year Sex/Age, ys Illness Operation On

Whitman
et al, 1990[6]

M/63 AVS+AVI AVR 10

van der Starre
et al,
1996[10]

M/69 CHD+MVI CABG+MVR 10

Ralley, 1999[7] M/75 CHD CABG 4–5

Panos A
et al,
2003[11]

M/64 Ascending
aorta aneurysm

Ascending aorta
replacement

10

Hiong
et al, 2008[5]

M/62 CHD CABG 10

Onset time: from protamine infusion to complication occurrence.
M=male, AVI= aortic valve insufficiency, AVR= aortic valve replacement, AVS= aortic valve stenosis, CAB
IABP= intraortic balloon pump, MVI=mitral valve insufficiency, MVR=mitral valve replacement.
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The protamine can be infused via peripheral venous, central
venous and aorta, there was minimize change of ABP via aorta,
and there was no significant difference of PAP change between the
infusion sites.[14,15] DM is risk factor of adverse hemodynamic
reaction of protamine following cardiopulmonary bypass.[16] In
DM patients who were treated with insulin, there was delayed-
type hypersensitivity to protamine.[17] Previous studies showed
that the allergic shock and death[18] and anaphylactoid reaction
to protamine[19] during open heart surgery were both occurred in
DM patients. So adverse hemodynamic reaction to protamine
should be alerted in DM patients.
Maintaining normal cardiac function, increasing ABP, de-

creasing PAP are the main strategies to treat pulmonary
vasoconstriction induced by protamine. Vasoactive agents,
cardiotonic agents and heart-assist device such as CPB and
intra-aortic balloon pump (IABP)[6] can be used to maintain
normal cardiac function and ABP. In our study, dopamine and
epinephrinewere used tomaintain ABP, CPBwas restarted in two
patients. Epoprostenol,[8] protacyclin, and prostaglandin E1 are
all prostaglandins, previous studies showed that prostacyclin
inhalation[18] and prostaglandin E1 infusion[6] can decrease PAP
effectively, but there is a few article to report the use of
induced by protamine.

set time, min Treatment process Duration, min

Re-CPB, IABP, epinephrine prostaglandin
E1:30mg; 0.05mg/kg·min

120

Dobutamine: 5mg/kg·min ketanserin: 1–
2mg, 4 mg/h

20

Re-CPB, amrinone: 100mg
norepinephrine: 10–20mg /min
dobutamine: 7.5mg/kg·min nitric
oxide: 40 ppm

15

Re-CPB for 20min, inotrope drugs,
steroids, anti-histamines

dead

Re-CPB for 36 minutes dobutamine,
epinephrine

not described

G= coronary artery bypass grafting, CHD= coronary heart disease, CPB= cardiac pulmonary bypass,
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[2] Tsai YT, Chang LC, Lin YF, et al. Protamine-associated hypotension in
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epoprostenol in decrease the PAP and reverse the pulmonary
vasoconstriction induced by protamine. Because of the potent
short-acting vasodilator property of epoprostenol, it is suitable
used during operation and emergency situation, we used
epoprostenol via pulmonary artery catheter to dilate pulmonary
artery and decrease PAP, the PAP declined to normal in 30 to 60
minutes, while the peripheric vascular resistant and ABP
decreased slightly. Though epoprostenol can inhibit platelet
aggregation by increasing cAMP in platelets,[20] the postopera-
tive bleeding was not increased in all the patients.
Pulmonary vasoconstriction induced by protamine was

reversible, so there were not persistent complications, such as
ischemic heart disease, ischemic cerebrovascular disease, liver, or
renal dysfunction. In our study, all patients were recovered
uneventful because of the timely treatment of the protamine
induced severe pulmonary vasoconstriction.
This study had the following limitations. First, the small

number of cases included in our study made it difficult to reach
definite conclusion. Second, this was a retrospective study, so
uncontrolled bias may be inevitable. A large patient sample and a
perspective study were needed to gain a definite conclusion.
5. Conclusion

All physicians should alert to severe pulmonary vasoconstriction
induced by protamine in cardiac surgery. The primary symptom
was hypotension shortly after protamine infusion, combinedwith
increasing of PAP. The use of epoprostenol via pulmonary artery
catheter can decline PAP and reverse this complication effectively
and safely.
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