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Case Report

Fatal right ventricular failure and pulmonary 
hypertension after protamine administration during 
cardiac transplantation
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Protamine sulfate is the only Food and Drug administration approved medication for 
reversal of intraoperative heparin‑induced anticoagulation during cardiac and vascular 
surgeries. One of the rare side effects of protamine sulfate is an idiosyncratic reaction 
resulting in acute pulmonary hypertension (APH) and right ventricular (RV) failure 
occurring after protamine administration. These reactions are rare but catastrophic with 
high mortality. A 36‑year‑old female with severe congestive heart failure was undergoing 
cardiac transplant surgery. After successful implantation of the donor heart, the patient 
was weaned off cardiopulmonary bypass. Protamine was then administered to reverse the 
heparin anticoagulation. She immediately developed APH and RV failure immediately after 
protamine infusion. The patient required immediate administration of inotropic agents, 
nitric oxide (NO), and subsequently required a number of mechanical support devices 
including an RV assist device (RVAD) and ultimately full veno‑arterial extracorporeal 
membrane oxygenation (VA‑ECMO). Despite heroic efforts, the patient developed 
refractory multi‑organ failure in the Intensive Care Unit and died after family requested 
discontinuation of resuscitative efforts. This case probably represents the first reported 
occurrence of fatal protamine‑induced APH and ventricular failure in the setting of 
cardiac transplantation surgery. A number of interventions including inhaled NO, systemic 
vasopressors, RVAD, and ultimately VA‑ECMO failed to reverse the situation, and the 
patient died of multi‑organ failure.
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Introduction
Protamine sulfate is used routinely all around the 

world to reverse heparin‑induced anticoagulation 
at the end of major cardiac and vascular surgeries. 
Protamine is a small molecular weight cationic protein 
that covalently binds to the anionic heparin and 
inhibits its anticoagulant action. In general, protamine 
is a very safe medication, but very rarely is associated 
with potentially lethal side effects. In this case report, 

we discuss the development of acute pulmonary 
hypertension (APH) and right ventricular (RV) failure 
immediately after protamine administration during 
cardiac transplantation surgery. This idiosyncratic 
reaction to protamine is a poorly understood entity that 
needs to be immediately recognized and appropriately 
managed.
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Case Report
A 36‑year‑old female was evaluated for heart failure. She 

had a past medical history of acute myeloid leukemia and 
had been treated with doxorubicin at the age of 13 months. 
She subsequently developed systolic heart failure with a 
left ventricular (LV) ejection fraction of 20–25%. Additional 
co‑morbidities included chronic atrial fibrillation, 
nonsustained ventricular tachycardias with implantation 
of an automatic implantable cardiac defibrillator and 
chronic renal insufficiency. Her heart failure symptoms 
progressed over the course of 10 years leading to a 
consultation at our institution’s heart failure clinic. A 
cardiac transplant was recommended given her refractory 
heart failure symptoms and young age. She then received 
an LV assist device as a bridge to cardiac transplant. A 
year later, she underwent cardiac transplant surgery. 
Implantation of the donor heart was uncomplicated, 
and she was successfully weaned off cardiac bypass. 
Protamine was then administered to reverse heparin 
anticoagulation and facilitate disconnection from the 
cardiac bypass circuit. Upon administration of protamine, 
the patient developed a sudden elevation of pulmonary 
artery pressures with profound systemic hypotension 
consistent with an acute protamine reaction [Figure 1]. 
The RV appeared acutely dilated and poorly functional 
on trans‑esophageal echocardiography. Frantic attempts 
were made to reverse the situation with the use of nitric 
oxide (NO) (to reverse pulmonary vasoconstriction) 
and multiple vasoactive agents including milrinone, 
epinephrine, and vasopressin. However, she remained 
severely hypotensive in‑spite of full pharmacological 
and mechanical support including an intra‑aortic balloon 
pump. An RV assist device was then placed with some 
improvement in RV filling pressures and cardiac index. 
She was transferred to the Intensive Care Unit (ICU) where 
she developed continuous bloody output from her chest 
tube. She received multiple units of packed red blood cells, 

platelets, fresh frozen plasma, cryoprecipitate and Bebulin 
(factor IX) both during the surgery and in the ICU. She 
continued to deteriorate despite being on isoproterenol, 
milrinone, norepinephrine, vasopressin, and epinephrine. 
Due to progressive acidosis and worsening gas exchange, 
she was transitioned to full veno‑arterial extracorporeal 
membrane oxygenation (VA‑ECMO). Continuous renal 
replacement therapy was initiated for oliguria and severe 
acidosis. In the subsequent days, attempts to wean her 
from VA‑ECMO failed on multiple occasions. Given her 
profound multi‑organ failure including shock liver, renal 
failure, circulatory failure, and persistent cardiac failure, 
the family requested transition to comfort care measures. 
She died soon after discontinuation of supportive 
measures. Family declined an autopsy.

Discussion
Protamine is a small (molecular weight ~4500 Daltons) 

highly cationic protein that was developed in the 1930’s 
as a heparin reversal agent. It was originally produced 
from salmon sperm but is currently produced using 
recombinant techniques.[1] It covalently binds to anionic 
heparin forming a stable precipitate and neutralizes 
the anticoagulant effect of heparin. It is Food and 
Drug administration approved for reversal of heparin 
anticoagulation during vascular and cardiac surgical 
procedures and remains the primary agent used for 
this purpose even after more than 60 years of use[1,2] 
Acute reactions to protamine administration can be 
clinically classified into three distinct subtypes. In Type 
I reactions, there is significant hypotension following 
Protamine administration and is likely secondary to 
histamine release. Type II reactions are mainly allergic 
and can be further divided into true anaphylactic (Type 
IIA) and anaphylactoid type reactions (early IIB and 
delayed IIC). APH following Protamine is classified as 
a Type III reaction. APH is diagnosed clinically when a 
sudden rise in pulmonary artery pressure and associated 
RV failure and hypotension is noted shortly after 
protamine administration.[2‑4] Systemic hypotension 
develops due to LV underfilling consequent to the RV 
dysfunction. Rarely, biventricular failure has also been 
documented.[5] It is an extremely rare complication, 
and the true incidence, and pathophysiological 
underpinnings are not entirely understood. APH is 
thought to be mediated by both immunological and 
nonimmunological factors. Risk factors for protamine 
reactions include preexisting pulmonary hypertension 
secondary to valvular heart disease, prior protamine 
exposure from insulin use, vasectomy and allergy to 
vertebrate fish.[6,7] Lowenstein et al.[3] documented five 
cases of APH without any fatal outcomes. Morel et al.[4] 
described a case series with 48 patients and calculated an 
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Figure 1: Pulmonary pressure tracing during cardiac transplantation surgery



187Indian Journal of Critical Care Medicine March 2016 Vol 20 Issue 3

incidence of 0.06%. The overall incidence of catastrophic 
reactions to protamine during cardiovascular surgery 
is reported to be around 0.13%.[6] Heparin reversal 
by protamine has been noted to cause leukocytosis,[8] 
increased levels of complement factor C5b‑9, interleukin 
(IL)‑6 and IL‑8.[9] Thromboxane is another mediator 
implicated in animal models of APH.[10]

A number of agents have been used for the treatment 
of APH including NO and prostacyclin (PGI 2)[11,12] 
Both intravenous (IV) and inhaled forms of PGI 2 are 
available.[13] PGI 2 acts ultimately through the release 
of NO from pulmonary endothelial cells.[13] IV PGI 2 
along with dopamine and norepinephrine has been 
successfully used in the management of APH occurring 
after open heart surgery.[14] Inhaled NO was used in our 
patient and quickly induces pulmonary vasodilatation 
by activating membrane guanylate cyclase to produce 
cyclic guanosine monophosphate. The typical starting 
dose for NO is 40 ppm. Side effects of NO include 
methemoglobinemia and buildup of oxygen free radicals 
such as nitrogen dioxide,[15] which can themselves lead 
to pulmonary toxicity. Both PGI 2 and NO can cause 
rebound pulmonary hypertension on withdrawal of 
therapy and can hamper in vitro platelet aggregation. 
The half‑life of NO is much shorter than PGI 2 but is 
significantly more expensive.

Conclusion
I n  s u m m a r y ,  w e  p r e s e n t  a  c a s e  o f  f a t a l 

protamine‑induced APH and RV failure occurring 
during cardiac transplantation surgery. This case 
highlights a rare but potentially fatal side effect of 
protamine administration that clinicians need to be 
aware of. Treatment is primarily directed at providing 
RV and LV support using a range of pharmacological 
and mechanical measures.
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