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ABSTRACT

Background: Vasopressin can constrict peripheral arter-
ies without constricting the pulmonary artery. Theoretically,
vasopressin is suitable for the perioperative treatment of pul-
monary hypertension. Few studies have investigated the use
of pituitrin (a substitute for vasopressin) after cardiac defect
repair surgery. This study aimed to analyze the effect of pitui-
trin on hemodynamics and to determine whether pituitrin can
be used after surgical repair in adult patients with pulmonary
arterial hypertension-congenital heart disease (PAH-CHD).

Methods: A pulmonary artery catheter was used in all
the patients for hemodynamic monitoring. Hemodynamic
parameters were recorded before and at 0.5 h, 1 h, 6 h, 12 h
and 24 h after pituitrin administration. The changes in the
hemodynamic parameters before and after pituitrin use were
analyzed through repeated measures analysis of variance.

Results: A total of 110 patients with PAH-CHD under-
went repair surgery; 23 patients were included in further anal-
ysis, including 11 with atrial septal defect, 9 with ventricular
septal defect, and 3 with patent ductus arteriosus. Ten (43.5%)
were men, with a mean age of 29.4 + 6.8 years. Hemodynamic
parameters before and after the oxygen test were as follows:
radial artery oxygen saturation, 91.5% = 4.4 vs. 97.9 £ 2.4%;
pulmonary vascular resistance, 10.5 = 1.8 Wood units (wu)
vs. 5 £ 1.2 wu; systemic-pulmonary blood flow ratio (QP/
QS), 1.1 £ 0.2 vs. 2.1 £ 0.9. With prolonged use, the systolic
blood pressure of the radial artery increased significantly (P =
0.001), that of the pulmonary artery decreased significantly (P
=0.009), and RP/s decreased significantly (P < 0.001).

Conclusion: Pituitrin as an alternative to vasopressin can
increase arterial pressure, decrease pulmonary artery pressure,
and reduce the pulmonary artery pressure/arterial pressure
ratio after repair surgery in adult patients with PAH-CHD.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is common in
patients with congenital heart diseases (CHD). Approxi-
mately 10% of CHD patients present with PAH (PAH-
CHD), and the incidence of PAH increases with age [van
Riel 2014; Lowe 2011]. According to recent guidelines for
the diagnosis and treatment of pulmonary hypertension (PH),
PAH-CHD is categorized as the first major category of PH,
which is hemodynamically characterized by precapillary pul-
monary hypertension and is defined as mean pulmonary arte-
rial hypertension (mPAP) =25 mmHg, pulmonary vascular
resistance (PVR) >3 Wood units (wu), and pulmonary artery
wedge pressure (PAWP) <15 mmHg [Galie 2016]. Morbid-
ity and mortality are significantly increased in patients with
CHD once they develop PAH [Lowe 2011; Smilowitz 2019;
Sommer 2008]. In China, many patients with congenital heart
disease do not close their defects during childhood, resulting
in PH in adulthood.

Over the past decade, crucial success has been achieved
in the development of PAH-targeted medications and peri-
operative management of PAH-CHD. Many symptomatic
adults with severe PAH-CHD suffer from late diagnosis and
hence may be considered inoperable due to irreversible PAH
in developing countries. Patients who were previously con-
sidered inoperable may still benefit from repair surgery with
targeted therapy and improved right ventricular function
[Bradley 2019; Bradley 2013], based on the results from long-
term follow up.

Perioperatively, patients are prone to sudden pulmonary
artery constriction due to pain, tracheal intubation, stress
response, extracorporeal circulation, endothelial cell injury,
systemic inflammatory response syndrome, and reduced
nitric oxide (NO) synthesis, leading to pulmonary hyper-
tensive crisis and right heart failure [Lindberg 2002; Adatia
2009]. For patients with PH crisis and severe right heart
insufficiency, vasoconstriction aims to increase coronary per-
fusion pressure and hence right ventricular blood supply thus
improving right heart function [Adatia 2009; Olsson 2018].
Catecholamines and vasopressin (AVP) raise systemic vas-
cular resistance (SVR), systolic arterial pressure (SAP), and
pulmonary arterial pressure (PAP), but only AVP reduces the
ratio of PAP and SAP (PAP/SAP) [Siehr 2016]. Previous stud-
ies support that AVP can significantly improve oxygenation
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Table 1. Demographics and treatment process data of patients

Table 3. Hemodynamic parameters before and after OT

Mean SD
Age (y) 29.4 6.9
Sex (M %) 10,23 (43.5)
Height (cm) 165.6 8.6
Body weight (kg) 56.5 1.6
BMI (kg/m?) 20.5 3.2
CPB (min) 101.3 48.6
Clap time (min) 63.6 30.9
PO-LOS (d) 9.3 4.4
Ventilation time (h) 44.3 30.9
ICU-LOS (h) 83.1 39.4
BNP (pg/ml) 58.6 92.9
UCG LA (mm) 35.2 5.6
LVEDD (mm) 43.6 9.4
LVEF (%) 66.8 8

BMI, body mass index; CPB, cardiopulmonary bypass; PO-LOS, postop-
erative length of stay; ICU-LOS, intensive care unit length of stay; UCG,
ultrasound cardiography; LA, left atrium; LVEDD, left ventricular end; LVEF,
left ventricular ejection fraction; SD, standard deviation

Table 2. Types of CHD:s in this study

Type of CHD No. (%)

ASD 11,/23 (48%)
VSD 9/23 (39%)
PDA 3/23 (13%)

CHD, congenital heart disease; ASD, atrial septal defect; VSD, ventricular
septal defect, PDA, patent ductus arteriosus

and elevate SAP [Mohamed 2014] and increase NO synthe-
sis via the pulmonary V1 receptor pathway, thereby reduc-
ing pulmonary artery pressure [Hoeper 2011; Evora 1993].
However, the role of the perioperative use of AVP in patients
with severe PAH-CHD remains unclear. We used pituitrin as
an alternative to AVP in clinical practice in mainland China.
This retrospective study aimed to determine the effect of
intravenous pituitrin on pulmonary and systemic circulatory

pressures in patients with PAH-CHD.

MATERIALS AND METHODS

Patient selection: We retrospectively reviewed adults with
severe PAH-CHD who underwent repair surgery between
January 1, 2020, and December 31, 2020, in our institution.
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Hemodynamic parameters Before OT After OT
(mean + SD) (mean + SD)
Sa0, (%) 91.5+4.4 979 +2.4
SPAP (mmHg) 109.087 + 17.6 100.7 = 17.3
DPAP (mmHg) 53.7+ 13 453 +13.1
MPAP (mmHg) 73.9+ 1.4 66.7 = 12.9
PVR 10.5+ 1.8 5+12
QP/QS 1.1+0.2 2.1+0.9

OT, oxygen test; SaO,, oxygen saturation; SPAP, systolic pulmonary arte-
rial pressure; DPAP, diastolic pulmonary arterial pressure; MPAP, mean
pulmonary arterial pressure; PVR, pulmonary vascular resistance; QP /QS,
systemic-pulmonary blood flow ratio

Table 4. Dosage of vasoactive drugs during perioperative stage

Vasoactive agents mean SD
DAmax (ug/kg.min) 4.1 1.7
NEmax (ug/kg.min) 0.2 0.15
Pitmax (u/h) 2.5 2.6
NEbase (ug/kg.min) 0.16 0.1

DAmax, dopamine maximum dose; NEmax, norepinephrine maximum
dose; Pitmax, pituitrin maximum dose; NEbase, baseline norepinephrine
(norepinephrine dosage at the beginning of pituitrin administration)

The inclusion criteria were as follows: 1) age =18 years; 2)
surgery under extracorporeal circulation, and 3) continuous
use of intravenous pituitrin after surgery. Exclusion criteria
included patients without a preoperative pulmonary artery
catheter (PAC) and inhaled oxygen test (OT, 100% oxygen
inhaled for 10 min at 10 L/min) and those without a PAC for
hemodynamic monitoring during the surgery.

All patients were treated preoperatively with ambrisentan
10 mg/day and tadalafil 20 mg/day until the day of surgery.
Postoperative PAP was recorded before PAC removal. Con-
ventional sternotomy with general anesthesia and cardiopul-
monary bypass was performed during the repair surgery. This
study was approved by the local ethics committee in compli-
ance with the Declaration of Helsinki. The requirement for
informed consent was waived due to the retrospective design
of this study, and all investigations were performed for rou-
tine clinical care.

Data collection and follow-up: General demographic
characteristics were collected for all patients, including a
detailed description of the preoperative right heart catheter-
ization parameters, preoperative hemodynamics from echo-
cardiography, duration of mechanical ventilation, length of
intensive care unit (ICU) stay, and duration of extracorporeal
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Table 5. Pressures at different time points

T T2 P LE P T4 P TS P T6 P

SAP 882132 952118 0773  99:M2  0.07% 98.7+8 0.065 100.3 = 0.027 100273 0017
8.5

DAP  53.6+82  57+76 044 58779  0.06 59+ 5.8 0151  59.1+6.6 0334  59.4+71  0.205

SPAP  74.1:24.8 75.8+24.8 1 76.7+21.4 1 74.7 £19.9 1 2.7+149 006  653%20.1 1

DPAP 443+ 14.8 43.7+12.9 1 43.6+ 11 1 40.7 £10.3 1 3.6+9 0003  363:10.8 0.1

Rp/s 0.84+023 08025 1 078+023 0518  076+0.18 0909  0.63+0.13 <0.001  0.65+0.19  0.024

Pressures before using intravenous pituitrin (T1) and at different time points: at 0.5 h (T2), 1 h (T3), 6 h (T4), 12 h (T5), and 24 h (T6) after pituitrin administration

circulation. Radial artery pressure and pulmonary artery pres-
sure were collected at baseline (T'1), 0.5 h (T2), 1 h (T3),6 h
(T4), 12 h (T’5), and 24 h (T6) after using pituitrin.

Statistical analysis: Continuous variables are presented
as mean * standard deviation. Categorical variables are pre-
sented as numbers (percentages). Differences in categorical
data were evaluated using the chi-squared test. Repeated
measurement data were statistically analyzed using repeated-
measures analysis of variance. Statistical significance was
set at a two-tailed P-value of 0.05. Statistical analyses were
performed using SPSS software (version 23.0, IBM, Corp.,
Armonk, NY, USA).

RESULTS

Patient characteristics: A total of 110 patients with
PAH-CHD underwent repair surgery; 25 (22.7%) patients
were treated perioperatively with pituitrin; one patient with
complex congenital malformation was excluded due to the
absence of the OT, and one case without PAC was excluded
due to severe tricuspid regurgitation. A total of 23 patients
with PAH-CHD, with a mean age of 29.4+6.8 years, were
included for further analysis. Demographics and treatment
process data are shown in Table 1. (Table 1) Ten (43.5%)
patients were men, and 11 had an atrial septal defect (ASD), 9
had a ventricular septal defect (VSD), and 3 had patent ductus
arteriosus (PDA). (Table 2)

The following changes in hemodynamics were
observed before and after the OT: radial artery oxygen
saturation (Sa02), 91.5 =+ 4.4% vs. 97.9 = 2.4%; PVR, 10.5
+ 1.8 wuvs. 5 £ 1.2 wu; systemic-pulmonary blood flow ratio
(QP/QS), 1.1 + 0.2 vs. 2.1 = 0.9. (Table 3)

Two deaths (8.7%) occurred on postoperative day two
and five, both from a pulmonary hypertensive crisis. The
mean length of ICU stay was 83.1 = 39.4 h, and the mean
ventilation time was 44.3 = 30.1 h (Table 1). Postoperatively,
dopamine (DA), norepinephrine (NE), and pituitrin were
administered to all patients, with a maximum dosage of 4.1
+ 1.7 pg/kg.min for DA and 0.2 = 0.15 pg/kg.min for NE.
As a second line vasoactive drug, pituitrin is used when the
dosage of NE is large and blood pressure is still low; pituitrin
was initiated with a NE dosage (NE base) of 0.16 = 0.1 pg/
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kg.min, and the maximum pituitrin was administered was 2.5
+ 2.6 U/h. Dobutamine and epinephrine were used in two
patients. (Table 4)

Relationships between intravenous pituitrin and
artery pressures: After pituitrin administration, the differ-
ences in SAP at different time points were statistically signifi-
cant (P = 0.001). The SAP was elevated by 7 mmHg after 0.5
h (T2) without statistical significance (P = 0.773). However,
significant elevation in SAP was observed at 12 h (T'5) and 24
h (T6); the SAP increased by 12.1 mmHg (P = 0.027) and 12
mmHg (P =0.017) at 12 h and 24 h, compared to that at the
baseline, respectively. (Figure 1A) (Figure 1B)

There was no statistically significant difference in DAP at
each time point (P = 0.11); however, there was an increasing
trend over time (Figure 2A) (Figure 2B) (Table 5)

Relationships between pituitrin and pulmonary artery
pressures: The SPAP after pituitrin use at each time point
did not significantly increase compared to that at the baseline
(T1) (P values: 1, 1, 1, 0.06, and 1, respectively). However,
the SPAP at T'5 decreased by 13 mmHg, 13.9 mmHg, and
12 mmHg compared to that at T2, T3, and T4, respectively,
with statistically significant differences (P values of 0.021,
0.005, and 0.001, respectively) (Figure 3A) (Figure 3B)

The DPAP showed statistically significant differences at
different time points after pituitrin use (P < 0.001). Compared
with the DPAP at T'1, DPAP decreased by 8.7 mmHg and 8
mmHg at time points TS5 and T6, respectively (P values of
0.0037 and 0.013, respectively) (Table 5). (Figure 4A) (Figure
4B)

Relationships between pituitrin and Rp/s: Multivariate
tests showed statistically significant differences in the Rp/s at
different time points after pituitrin use (P < 0.001). No sig-
nificant change in Rp/s was observed at 0.5 h (T2), 1 h (T3),
and 6 h (T4) compared to that at the baseline (T'1) (P = 1,
0.518, and 0.909, respectively). A significant decrease in the
Rp/s occurred at TS5 and T6 (P < 0.001 and 0.016, respec-
tively) (Table 5).

DISCUSSION

"This study showed that in the early postoperative period of
adult patients with PAH-CHD, pituitrin can elevate SAP and
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Figure 1A. SAP at different time points after Pituitrin use.
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Figure 1B. SAP trends over time after Pituitrin use.

reduce pulmonary artery pressure and Rp/s when the dose of
vasoactive drugs is large, and circulation is unstable. Thus,
it may be able to prevent and treat pulmonary hypertensive
crisis.

The main causes of perioperative mortality in patients
with severe PAH-CHD are related to pulmonary hyper-
tensive crisis, leading to right heart failure. Comprehensive
management of hemodynamic stability, including continued
use of targeted drugs, ensuring oxygenation, reducing volume
load, prolonged sedation, adequate analgesia, prevention of
infection, and ensuring ventricular perfusion are needed in
the perioperative period after surgical repair [Adatia 2009].
Inhalation of nitric oxide (NO) can selectively decrease pul-
monary artery pressure [Miller 2000], and it is the preferred
treatment method for severe postoperative PH in many cen-
ters. However, there is no inhaled NO system approved for
medical use in China; therefore, we cannot use this effective
treatment.
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Figure 2A. DAP at different time points after Pituitrin use.
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Figure 2B. DAP trends over time after Pituitrin use.

Right ventricular (RV) perfusion is another key factor in
perioperative management of PAH-CHD. Conventional
pulmonary vasodilators, such as nitroglycerin, milrinone,
levosimendan, and prostacyclin decrease PVR, while SVR
[Mullens 2008; Colucci 1986; Comin-Colet 2018; Bouchez
2018], which is associated with perioperative factors, such as
systemic inflammatory response and infection, is more likely
to cause hypotension after surgery [Ortoleva 2020; Singer
2016], then decrease RV perfusion, and further aggravate
right heart failure. Therefore, drugs that raise the SAP and
increase myocardial perfusion play an important role in these
highly selected patients [Konstam 2018]. Pulmonary and
systemic arterial walls contain catecholamine receptors, and
catecholamine drugs, such as norepinephrine, epinephrine,
and phenylephrine significantly elevate the SPAP and SAP,
increase Rp/s, and increase RV afterload [Siehr 2016].

Vasopressin is an alternative vasoconstricting agent. There
are three types of AVP receptors in the human body: V1
receptors, mainly distributed in body parts such as vascular
smooth muscle cells, platelets, and the liver; V2 receptors,
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Figure 3A. SPAP at different time points after Pituitrin use.
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Figure 3B. SPAP trends over time after Pituitrin use.

mainly distributed in the cells of the renal collecting duct;
and V3 receptors, mainly distributed in the central nervous
system [Treschan 2006].

A previous study supported that supplementation with
exogenous AVP elevates SVR [Buijk 1998], and animal and
in vitro vascular experiments have found inconsistent effects
of AVP on systemic and pulmonary arteries, with AVP con-
stricting radial arteries but not pulmonary arteries [Currigan
2014]. Additionally, AVP agonizes V1 receptors in pulmo-
nary arteries, causing pulmonary artery diastole via the NO
pathway [Evora 1993]. The difference in the effects of AVP
on the systemic and pulmonary arteries may benefit patients
with severe PH. In the treatment of neonatal PH, AVP helps
to increase the oxygenation index and reduce inhaled NO
concentration [Mohamed 2014]. Vasopressin and its analog,
terlipressin, reduce PAP, thereby reversing the pulmonary
hypertensive crisis [Scheurer 2005].
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Figure 4A. DPAP at different time points after Pituitrin use.
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Figure 4B. DPAP trends over time after Pituitrin use.

Our study showed that there was a tendency to increase
SAP immediately after 30 min of intravenous pituitrin use,
and significantly decreased the SPAP and DPAP after 12 h
compared with the values at the baseline. A similar improve-
ment was observed for Rp/s. Of the 23 patients in this group,
seven developed pulmonary hypertensive crisis (7/23), five
reversed pulmonary hypertensive crisis after treatment, and
two died due to irreversible pulmonary hypertensive crisis.

Although AVP is recommended for cardiac arrest [Pan-
chal 2019] and no serious side effects have been found, a case
of myocardial ischemia requiring percutaneous translumi-
nal coronary angioplasty after terlipressin was reported in a
patient with coronary artery disease [Medel 2001]. Coronary
artery disease is a contraindication for terlipressin, as outlined
in the package insert. Lower doses (0.03-0.07 U/min) are usu-
ally infused in patients with PH and RV failure [Crystal 2018;
Price 2010]. However, studies using high-dose AVP instead
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Figure 5A. Rp/s at different time points after Pituitrin use.v
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Figure 5B. Rp/s trends over time after Pituitrin use.

of NE in patients with infectious shock have shown that AVP
significantly reduces cardiac output, decreases oxygen deliv-
ery, and decreases visceral blood supply compared with NE
[Klinzing 2003; Dunser 2004]. The safe dose of AVP/pitui-
trin is not well known. The maximum dose of pituitrin used
in this group was 2.5 + 2.6 U/h. The maximum dose of pitui-
trin in the two deceased patients was 6 U/h and 5.76 U/h. No
signs of myocardial perfusion deficits were observed in any of
the included patients.

Norepinephrine mainly agonizes al-adrenergic receptors
and increases SVR but has a weak effect on f1l-adrenergic
receptors and increases myocardial contractility. All the
patients in this group received DA and NE to maintain blood
pressure after surgery, and 7 patients also received pituitrin.
The other 16 patients started pituitrin only when circulation
was difficult to maintain. The average dose of NE when start-
ing vasopressin was 0.16 + 0.1 pg/kg.min, and the maximum
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NE was 0.2 = 0.15 pg/kg.min. It has been shown that a com-
bination of NE and pituitrin enhances the vasoconstrictive
effect of each of the two drugs. In our experience, when the
amount of norepinephrine used is large (>0.1) and the blood
pressure has not yet reached the target, the combined use of
pituitrin can reduce the amount of NE and the adverse reac-
tions caused by high-dose NE.

This single-center study included a small number of
patients who had undergone repair surgery performed by a
single surgeon. Moreover, other confounding factors of PAH,
such as the prescription and duration of pituitrin use were not
controlled because of the study design. The findings of this
study may not be applicable to pediatric patients with PAH-
CHD or patients with other forms of PAH because of the
current inclusion criteria.

In conclusion, pituitrin can increase arterial pressure,
decrease pulmonary artery pressure, and reduce Rp/s in
patients with PAH-CHD after repair surgery. As an alterna-
tive to vasopressin, pituitrin can be safely used in the periop-
erative management of severe PAH-CHD.
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