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Use of vasopressin after Caesarean section in idiopathic
pulmonary arterial hypertension
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We report the successful use of vasopressin in the management of hypotension in association

with severe right ventricular (RV) failure in two patients with advanced idiopathic pulmonary

arterial hypertension. Both patients were pregnant and developed systemic hypotension after

delivery by Caesarean section. Placental autotransfusion and possibly oxytocin use were

thought to be the major contributing factors in worsening RV function. After the use of vaso-

pressin in both patients, cardiovascular variables improved without untoward effect on RV

function, and provided rescue therapy for systemic hypotension in this setting. Vasopressin, a

direct vasopressor acting via V1 receptors on the vascular endothelium, has been shown to

cause pulmonary vasodilatation experimentally and in animal models of pulmonary hyper-

tension. Its synthetic analogue, terlipressin, has been shown to reduce pulmonary vascular

resistance in humans with cirrhosis. Vasopressin may therefore have differential effects on

the pulmonary and systemic circulations, allowing systemic pressure to be supported without

detrimental effects on the pulmonary circulation.
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Idiopathic pulmonary arterial hypertension (IPAH) is a

rare, progressive disease of uncertain aetiology character-

ized by increased pulmonary vascular resistance (PVR),

leading to right ventricular (RV) failure and death.1

A recent series of 15 pregnancies reported maternal mor-

tality of 36% and neonatal mortality of 15%.2 Pregnancy

is therefore strongly discouraged.

Patients with pulmonary hypertension (PH) usually

deteriorate in the second trimester of pregnancy, as the

blood volume increases by up to 50%,3 exacerbating an

already pressure-loaded RV into worsening failure. In

severe PH, the fixed cardiac output prevents circulatory

adaptation to increase oxygen consumption, resulting in

worsened hypoxaemia. During and after delivery, the

contracting uterus increases RV preload, and may preci-

pitate RV failure. This ‘autotransfusion’ effect may be

exacerbated by decompression of the inferior vena cava

(IVC) when the baby is delivered. In conjunction with

either general or regional anaesthesia, this can lead to cardio-

vascular collapse.

In the acute setting, there are three main approaches to

the treatment of systemic hypotension associated with

severe PH: (i) selective reduction in PVR; (ii) the selective

augmentation of systemic vascular resistance (SVR) to

maintain right coronary perfusion pressure; and (iii) ino-

tropic support of the right heart. The drugs most suited to
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the acute reduction in PVR are inhaled nitric oxide (iNO)

and inhaled prostacyclin because of their rapid onset and

offset of action and minimal effect on SVR.4 Most vaso-

pressors used in anaesthesia and intensive care for the aug-

mentation of SVR will also worsen PVR.5 Reports have

suggested that vasopressin may have differential effects on

the systemic and pulmonary vascular circulations in

several situations,6 – 8 and even reduce PVR in a non-PH

rat model.9

We report the use of vasopressin in the management of

profound systemic hypotension shortly after Caesarean

delivery in two patients with severe IPAH under general

and regional anaesthesia. We discuss the challenge in

managing this problem and specifically the choice of vaso-

pressor in these patients.

Case 1

A 33-yr-old woman presented at 27 weeks gestation with a

new diagnosis of IPAH, in New York Heart Association

(NYHA) functional class IV.10 She was transferred to the

intensive care unit (ICU) for pulmonary vasodilator

therapy before delivery by Caesarean section (CS). Initial

pulmonary artery catheter (PAC) readings showed right

atrial pressure (RAP) of 15 mm Hg, mean pulmonary

artery pressure (mPAP) of 56 mm Hg, pulmonary capillary

wedge pressure of 6 mm Hg, and cardiac index (CI) of

1.88 litre min21, measured by thermodilution. She was com-

menced on i.v. prostacyclin at 4 ng kg21 min21, which

was titrated to 6 ng kg21 min21, and was anticoagulated

with i.v. heparin. CI improved from 1.8 to 2.8 litre min21

m22 with a reduction in PVR and no consequent changes

in mPAP. She improved from NYHA class IV to III.

Five days later, she proceeded to CS under general

anaesthesia. Anaesthesia was induced using a modified

rapid sequence induction, with midazolam 1 mg, fentanyl

350 mg, thiopentone 175 mg and suxamethonium 100 mg,

and was maintained with sevoflurane in 100% oxygen.

The prostacyclin infusion was continued and the lungs

were ventilated to normocapnia. Immediately after deli-

very, a 0.25 IU oxytocin bolus was given, followed by a

further 0.25 IU dose over 5 min. She became hypotensive

to BP 79/55 mm Hg with a rise in mPAP to 59 mm Hg

and in RAP from 15 to 22 mm Hg, suggesting acute RV

failure. No further fluids or oxytocin were given. This

acute increase in pulmonary arterial pressures proved unre-

sponsive to a single ultrasonic nebulizer dose of 20 mg of

iloprost and an increase in prostacyclin infusion rate to

8 ng kg21 min21. Metaraminol (0.5 mg i.v, single bolus),

norepinephrine (4 mg ml21 infused at 6–12 ml h21), and

dobutamine (5 ng ml21 infused at 5–8 ml h21) were also

ineffective in restoring her systemic MAP. After a bolus of

0.5 U of vasopressin, however, there was rapid improve-

ment in MAP, with restoration of systemic pressures to

120/86 mm Hg and no associated change in mPAP.

She was transferred to ICU while being ventilated and

on a vasopressin infusion at 0.06 U min21. With the

addition of iNO, vasopressin was decreased to 0.04 U

min21. Sildenafil was commenced at 25 mg twice daily,

and her iNO and vasopressin were weaned. She was extu-

bated 5 days after delivery, and 6 months later she was

stable with NYHA class II symptoms.

Case 2

A 32-yr-old woman with known IPAH became pregnant

despite pre-pregnancy counselling. Before pregnancy, she

had been stable for 2 years with NYHA class III symp-

toms on dual therapy (bosentan 125 mg twice daily and

sildenafil 25 mg thrice daily), but her symptoms deterio-

rated to NYHA class IV at 21 weeks, with significant peri-

pheral oedema and dyspnoea at rest. She was admitted for

diuresis and further pulmonary dilatation. Invasive arterial

pressure and central venous pressure (CVP) monitoring

were commenced. The latter was used to measure mixed

venous oxygen saturation and the systolic and diastolic

phases of the RAP, the diastolic phase reflecting RV end-

diastolic pressure, and thus an indicator of worsening right

heart function. Prostacyclin i.v. was started and she toler-

ated titration from 0.5 ng kg21 min21 up to 8 ng kg21

min21. Intramuscular steroids were administered at

27 weeks for fetal lung maturation and CS was planned

for 28 weeks.

CS was performed under incremental combined

spinal-epidural anaesthesia using an initial intrathecal

injection of diamorphine 400 mg, followed by epidural

boluses of 3 ml levobupivacaine 0.5% at approximately

5–10 min intervals, to a total of 15 ml. After 40 min, the

patient had a sensory level of T5 to touch, and surgery

was commenced. This was technically challenging as the

patient had previous extensive abdominal surgery and was

positioned slightly head-up to avoid respiratory distress. A

prophylactic B-lynch brace suture was inserted after deliv-

ery of the baby to prevent placental bleeding, and 5 IU of

oxytocin in 50 ml of normal saline was administered as an

infusion over 30 min. MAP became labile after delivery

(lowest value, 50 mm Hg) with a gradual rise in RAP (up

to 26 mm Hg) and was controlled temporarily with

boluses of phenylephrine. With experience from the pre-

vious case, iNO and vasopressin were commenced at 12

ppm and 0.08 U min21, respectively. MAP was stabilized

with no change in RAP and she was transferred to ICU.

Vasopressin and iNO were weaned over the next 48 h, and

prostacyclin continued at 8 ng kg21 min21.

Discussion

Most deaths in women with PH associated with pregnancy

occur in the days after delivery.11 These two cases illus-

trate the haemodynamic problems that may occur at the
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time of CS in patients with severe PH. The reasons for

hypotension after delivery in these cases are likely to be

multifactorial and relate mainly to uterine autotransfusion,

decompression of the IVC, and the use of oxytocin.

Autotransfusion will volume-load an already dilated,

pressure-loaded RV, worsening RV systolic function. Other

contributors to RV dysfunction may relate to the technique

of anaesthesia. Disadvantages of general anaesthesia

include reduced cardiac contractility from volatile agents

and increased PVR from positive pressure ventilation and

the use of NO. Reports also suggest that stimulatory

effects of laryngoscopy and intubation may increase PAP

and precipitate right heart failure.2 Incremental regional

anaesthesia may be better tolerated haemodynamically,

although no controlled trials exist. However, care must be

taken to avoid RV hypoperfusion by reducing SVR in the

context of a fixed cardiac output, and also to minimize

tachycardia. There is also a theoretical risk of spinal or

epidural haematoma in the presence of i.v. prostacyclin

because of its inhibition of platelet aggregation, although

in both cases it was deemed necessary to continue this as

a result of haemodynamic severity.

The use of PAC is also controversial. There is an

increased risk of pulmonary artery rupture and thrombosis

in IPAH,12 notwithstanding the inherent risk of precipitat-

ing arrhythmias. It is also argued that monitoring mPAP

may be misleading, because it may decrease as the RV

fails. A surrogate marker for PVR is the CVP, as this will

always increase in response to an acutely elevated PVR. In

RV failure, owing to an increase in PVR, the diastolic

component of the CVP will increase and the systolic com-

ponent may show a prominent V-wave. However, the CVP

is a relatively late marker of rising PVR, as it indicates

that the RV is already failing.

Oxytocin boluses at the time of delivery have been

shown to increase PVR by 40%, reduce SVR by 30%, and

cause tachycardia in animal models,13 and lead to tachy-

cardia and hypotension in healthy women at CS under

spinal anaesthesia.14 Great caution is therefore required

when using oxytocin in these patients. Thomas and col-

leagues15 suggest that this haemodynamic instability is

decreased if oxytocin is given by slow i.v. infusion.

However, there is as yet no evidence that oxytocin is

equally effective in decreasing blood loss when given at a

slower administration rate. Consequently, a prophylactic

brace suture was also inserted in Case 2. As an alternative

to a slow infusion, smaller bolus doses may be considered.

Recent data suggest that the minimal effective dose (ED90)

is 0.35 IU16 with a 97% response rate at 0.5 IU, the total

dose administered in Case 1 over two injections.

Over the last decade, many treatments have become

available for the long-term management of pulmonary

hypertension, including prostanoids (i.v., s.c. and nebu-

lized), oral endothelin receptor antagonists, and phospho-

diesterase inhibitors. Given the anticipated haemodynamic

insults during pregnancy and delivery, it is critical that

patients should have their PH management optimized

during pregnancy and these new therapies provide greater

flexibility to achieve that goal.

In the acute or acute-on-chronic setting, the ideal treat-

ment for systemic hypotension associated with severe PH

is a drug that lowers PVR and increases SVR. iNO may

do the former, but will have no effect on SVR.

Prostacyclin i.v. benefits from a short half-life, but also

will reduce SVR, and evidence for its use comes predomi-

nantly from the long-term management of IPAH, where

properties other than vasodilation, including effects on

vascular remodelling, are important. Nebulized iloprost is

effective in reducing PVR acutely, with fewer systemic

effects, but has to be given frequently to maintain a con-

tinuous effect. It is, however, easier to administer by ultra-

sonic nebulizer than iNO in a non-intubated patient.

Much of the literature regarding haemodynamic support

in animal models is in the setting of acute thromboembolic

PH.17 The acutely decompensated RV responds differently

to the chronically hypertrophied one, requiring different

management strategies including volume loading.18

Furthermore, the pulmonary vasculature in chronic PH is

different, having become remodelled and hypertrophied.

Nonetheless, in this model, dobutamine increases CI and

decreases PVR, probably because of the recruitment of

pulmonary capillaries rather than a pulmonary vasodila-

tory effect.19

In chronic PH secondary to mitral valve disease, Kwak

and colleagues20 demonstrated that norepinephrine and

phenylephrine corrected systemic hypotension after induc-

tion of anaesthesia and also that norepinephrine increased

MAP to a greater extent, causing less elevation of mPAP

than phenylephrine. However, this model of pulmonary

hypertension differs from IPAH specifically as a result of

elevated pulmonary venous pressure.

Vasopressin mediates vasoconstriction in the systemic

circulation via the G protein-coupled V1 receptor on vas-

cular smooth muscle cells.21 In the pulmonary circulation,

it appears that vasopressin causes vasodilatation, but only

in preconstricted pulmonary arteries. This effect can be

significantly attenuated either by blocking NO synthesis

with L-NNA22 or by blocking the V1 receptor, suggesting

that vasopressin acts via the V1 receptor to increase NO

production to cause pulmonary vasodilation. One of our

patients (Case 2) was already receiving iNO when vaso-

pressin was administered, and it may be that its benefit

here simply related to sparing of the pulmonary circulation

from a vasoconstrictor response.

The observation that the pulmonary vasodilatory effect is

only seen in preconstricted pulmonary vessels (using either

U46 619 or hypoxia)21 in isolated perfused rat lungs and

conscious rats is worth considering when reviewing data

from studies in humans without PH. The effects of different

analogues of vasopressin on humans have been reviewed

by Smith and colleagues23 and there are no studies in

patients with PH. The most extensively studied cohort
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includes patients with liver disease. Two studies using

cardiac catheterization showed an increase in mPAP24 25

but only as a result of increased left-sided cardiac filling

pressures, and therefore there was no change in PVR.

A conflicting echocardiographic study showed a decrease

in systolic PAP after a 2 mg bolus of terlipressin.26

There are no data available on the dose range for vaso-

pressin in pulmonary hypertension and the doses used in

these patients were based upon the analysis of its use as a

single vasopressor in patients with septic shock, where

infusion rates of up to 1.8 U min21 have been used.27

The cases presented illustrate the challenges in manage-

ment of hypotension in patients undergoing delivery with

severe IPAH. Hypotension in association with acute-on-

chronic RV failure is a haemodynamic emergency, and our

cases and the literature provide a rationale for the use of

vasopressin in this setting. Data from animal studies

suggest that it may be acting through an NO-dependent

pathway on pre-constricted pulmonary arteries and this may

suggest why patients with PH may benefit in particular

from the use of this agent.
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