International Journal of General Medicine

Dove

ORIGINAL RESEARCH

Effect of Lidocaine Pre-Treatment on
Protamine-Induced Pulmonary Vascular Reaction
During the Repair of Congenital Heart Disease

Hong-Wu Wang'*
Yi-Jin Hu'*
Guo-Lin Wang®

'Department of Anesthesiology, TEDA
International Cardiovascular Hospital of
Tianjin Medical University, Tianjin,
300052, People’s Republic of China;
2Department of Anesthesiology, General
Hospital of Tianjin Medical University,
Tianjin, 300074, People’s Republic of
China

*These authors contributed equally to
this work

Correspondence: Guo-Lin Wang
Department of Anesthesiology, General
Hospital of Tianjin Medical University,
Tianjin, 300074, People’s Republic of
China

Tel/Fax +86 15822855566

Email wanggl698521@163.com

Background: Protamine is a polycationic, and a strong basic peptide isolated from
Clupeidae or Salmonidae fishes’ sperm, which is rich in arginine and highly alkaline.
Objective: To explore the effect of lidocaine pre-treatment on protamine-induced pulmon-
ary vascular reaction during the repair of congenital heart disease.

Methods: Eighty patients undergoing repair of congenital heart disease were randomly
divided into four groups: A; (non-pulmonary hypertension + lidocaine pre-treatment) group,
A, (non-pulmonary hypertension + normal saline) group, B; (pulmonary hypertension +
lidocaine pre-treatment) group, and B, (pulmonary hypertension + normal saline) group.
Hemodynamic parameters, pulmonary inflammation, and pulmonary function were assessed
at six intraoperative time points, two intraoperative time points and three intraoperative time
points, respectively. P-value <0.05 was considered statistically significant.

Results: A, group exhibited increased PAP, Paw, RI and A-aDO,. B, group exhibited
increased Paw, RI and A-aDO, and decreased Cydn and OI after protamine administration.
These changes were not observed in A; and B; group. Compared with A; and B, groups,
plasma TXB, level in A, and B, group was higher, but 6-keto-PGFy, in A, and B, groups
was lower. Incidence of protamine adverse reactions in A and B, group was lower than that
in A, and B, group.

Conclusion: Precondition of lidocaine before neutralization of heparin may be effective for
protamine-induced pulmonary vascular reaction during CHD repair.

Keywords: congenital heart disease, protamine, adverse reactions, extracorporeal

circulation, pulmonary hypertension

Introduction

Protamine is a peptide rich in arginine and highly alkaline. When intravenously
injected, protamine interacts with the polyanionic heparin to form a neutral charge
1:1 complex, which isolates heparin from antithrombin III, and leads to the loss of
its anticoagulating properties. Therefore, protamine has been often used in cardiac
and other surgeries to confront anticoagulating heparin.'

However, protamine can bring risks to patients, including severe adverse hemo-
dynamic effects of heparin neutralization by protamine, such as catastrophic pul-
monary vasoconstriction and systemic hypotension, which may rarely occur, but are
often life-threatening.? In addition, its toxicology is also due to its interaction with
the peptides on the surfaces of the vasculature and blood cells, which involves
membrane receptors and ion channels targeted by different vasoactive compounds.’
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Even though the detailed mechanism of the toxicology of
protamine remains unclear, protamine’s interaction with
immunoglobulins and the activation of the complement
system,* which triggers the release of a wide variety of
inflammatory mediators, are associated with the develop-
ment of the vast majority of adverse effects, ranging from
minor hemodynamic instability to life-threatening anaphy-
lactic incidents and fatal cardiovascular collapse.’
Regardless of the poor therapeutic index and being con-
sidered to be a common risk factor for life-threatening
events in cardiac surgery, protamine remains the mainstay
drug for heparin neutralization. In the study conducted by
Guan et al, five cases had severe pulmonary vasoconstric-
tion in a total of 4,160 cases in cardiac surgery from
January 2012 to December 2016, which means that the
incidence is 1 per 832 (5/4160).°

Lidocaine is the most commonly used local anesthetic
in clinical practice. In addition to blocking the inhibitory
effects of the nerve signal, lidocaine has a regulatory func-
tion in the immune system, which have been proven to be
beneficial in multi-links of inflammatory response. Due to
its significant anti-inflammatory characteristics, lidocaine
can alleviate acute lung injuries caused by various
reasons.’

To date, no data are available regarding the value of
lidocaine in pulmonary vascular reactions induced by pro-
tamine during the repair of congenital heart disease. In
order to address this relative lack of information, the pre-
sent prospective clinical study was performed, aiming to
provide a theoretical basis for clinical drug use.

Materials and Methods

Ethics Information
The
Declaration of Helsinki (as was revised in 2013). The

study was conducted in accordance with the

study was approved by Ethics Committee of the TEDA
International Cardiovascular Hospital. A written informed
consent was obtained from all patients (children over 10
years old) and their guardians (such as their parents)
included in the present study. All the patients recruited in
this study were children with simple congenital heart dis-
ease and did not receive norepinephrine and other vaso-
constrictive drugs after surgery. After the cardiopulmonary
bypass was stopped, the patients with pulmonary hyper-
tension would be selectively assisted with milrinone at

a dose of 0.5ug/kg.min.

Subjects

From June 2018 to February 2019, a total of 80 patients,
who fell into ASA physical status I or I, were within 1-12
years old, weighed >10 kg, had no gender limitation, and
underwent elective congenital heart disease correction
with cardiopulmonary bypass (CPB), were prospectively
selected.

The inclusion criteria included the following: initial
operation patients, non-cyanotic congenital heart disease,
no infectious diseases before the operation, and no
abnormalities found in the heart, lung, liver and kidney,
and in coagulation function. The exclusion -criteria
included the following: history of protamine exposure,
protamine allergy, preoperative respiratory disease, preo-
perative hemodynamic instability, emergency surgery,
respiratory and circulatory accidents occurring during
anesthesia induction, patients with intraoperative cardiac
dysfunction or some special reasons leading to the exten-
sion of CPB time or operation time, and other test subjects.

Depending on whether pulmonary hypertension was
directly measured in the pulmonary artery by a cardiac
surgeon, and whether lidocaine (2 mg/kg) pre-treatment
was given before protamine neutralization, all patients
were randomly divided into four groups using the random
table method, with 20 patients in each group: A; (non-
pulmonary hypertension + lidocaine pre-treatment) group,
A, (non-pulmonary hypertension + normal saline) group,
B, (pulmonary hypertension + lidocaine pre-treatment)
group, and B, (pulmonary hypertension + normal saline)
group. According to the ratio of pulmonary/systemic cir-
culatory pressure,® a ratio of <0.3 was considered normal,
while the ratio >0.3 was considered as pulmonary
hypertension.

CPB Operation

After a standard median sternotomy procedure and hepar-
inization with a bolus dose of 3 mg/kg heparin, the ascend-
ing aorta and vena cava was cannulated for arterial
perfusion and venous drainage, respectively. The CPB
technique was standardized. An initial dose of heparin
(3 mg/kg) was administered before CPB, and supplemental
heparin was given into the CPB circuit for systemic antic-
oagulation effect, maintaining the activated clotting time
(ACT) at above 480 seconds. The target CPB flow was 2
L/min/m?, and the target pressure was >30 mmHg.
Moderate hypothermia (anal temperature at 28-30°C)
was maintained. Protamine sulfate was used in the study.
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All children were induced with cisatracurium benzosulfo-
nate at a loading dose of 0.1mg/kg, continued intravenous
pumping during the operation and a maintenance dose of
0.12mg/kg.h. TOF value was not measured intraopera-
tively. Mechanical ventilation settings were the same for
all patients. Inhaled oxygen concentration (Fi02) was 40—
70%, oxygen flow rate was 2L/min, respiration rate was
16-30 times, tidal volume (VT) was 8—10mL/kg, aspira-
tion/respiration ratio was 1:2. PTC02 35-45mm Hg (1mm
Hg=0.133 kPa) was maintained and respiratory parameters
were adjusted according to the results of intraoperative
blood gas analysis.

Before cutting skin, before connecting, thawing, prota-
mine neutralization moments before intravenous sufenta-
nil, respectively, midazolam, with inhaled sevoflurane,
continuous pump injection of propofol, right the micro-
phones, shun benzene sulfonic acid atracurium maintain
anesthesia, intraoperative continuous observation of heart
rate (HR), invasive arterial blood pressure, breathing, EEG
double-frequency index (BIS) value, etc., maintain BIS
value of 40-60; other hemostatic drugs, such as hemag-
glutinase, tranexamic acid and fibrinogen, should be used
to control bleeding tendency after surgery. Blood gas ana-
lysis, electrolytes and hemoglobin should be monitored.
Blood transfusion should be performed in strict accor-
dance with blood transfusion indications.

After the relapse, the children were given anisodamine,
atropine, dopamine, milrinone and other auxiliary drugs
according to their cardiac function and rhythm. According
to the results of arterial blood gas analysis, electrolyte
disturbance and acid-base balance were corrected in time
to maintain the internal environment stability, and the
patient was stopped gradually when the hemodynamics
was stable In this study, all the children recruited had
simple congenital heart disease with good cardiac func-
tion, and no vasoactive drugs such as dopamine and epi-
nephrine were used after surgery. Patients with persistent
pulmonary hypertension after surgery were supplemented
with milrinone 0.5ug/kg.min continuous pump.

Diagnostic Criteria of Protamine-Induced

Adverse Reactions

All patients were successfully and easily weaned from
CPB. After hemodynamic stability was established, fol-
lowing adequate volume loading with pumping of blood,
the A and B groups received lidocaine (2 mg/kg) directly
via a BD 22G intravenous indwelling needle placed into

the pulmonary artery by a cardiac surgeon at one minute
before heparin neutralization, and with the same manner,
the A, and B, groups received normal saline (2 mg/kg).
During the neutralization, protamine (4 mg/kg) was admi-
nistered for five minutes through a central venous catheter
using a micro-infusion pump to neutralize the heparin.
Adverse events potentially related to protamine mediated
pulmonary vascular reaction were identified from the
cohort when these occurred within 30 minutes of the
initiation of protamine, and met one or more of the follow-

ing criteria:*'°

(1) an increase in pulmonary artery pres-
sure of at least 25%, resulting in a decrease in systemic
arterial pressure following protamine at >25% of baseline,
or a decrease of >10% requiring inotropic medications or
reinstitution of CPB; (2) non-cardiogenic pulmonary
edema, defined as any decrease in PO, requiring an adjust-
ment in ventilatory support; (3) bronchospasm (an eleva-
tion of peak inspiratory airway pressures of greater than
5 mm Hg). These events included those that were preceded
by pulmonary hypertension, but clinically insignificant
elevations of pulmonary pressures were not perceived as
events. In all patients, if hemodynamic instability
occurred, protamine administration was slowed or tem-

porarily aborted.

Measurement of Main Outcomes
Pulmonary arterial blood pressure (PAP) was continuously
measured via a BD 22G intravenous indwelling needle
placed into the pulmonary artery by a cardiac surgeon at
the following five intraoperative time points: (T) baseline,
one minute before CPB; (T;) one minute pre-protamine
start; (T,) one minute post-protamine start; (T3) three
minutes post-protamine start; (T,) five minutes post-
protamine start. The parameters of Paw, HR, MBP and
dynamic lung compliance (Cdyn) were recorded at the
following six time points: T;-T4, (T5) 10 minutes post-
protamine end, and (T¢) 20 minutes post-protamine end.

For the arterial blood gas analysis, the alveolar-arterial
gradient (A-aDQ,), respiratory index (RI) and oxygenation
index (OI) were documented at three time points: Ty, T,
and Ts.

Sample collection and cryopreservation of radial artery
blood and right ventricular blood was performed at the T
and Ty time points, respectively. Thromboxane B,(TXB,)
and 6-keto-prostatin F,(6-keto-F,,) in plasma were
detected by
(ELISA). The data of adverse reactions of protamine

enzyme-linked immunosorbent assay

were recorded.
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Routine perioperative data were collected, including
age, gender, weight, height, types of operation (ventricular
septal defect or atrial septal defect), preoperative EF value,
ACT value after protamine neutralization, operation time,

CPB time, and aortic cross-clamp time.

Statistical Analysis

Routine perioperative data were collected and analyzed.
Shapiro—Wilk test was used to test if the data were nor-
mally distributed. Continuous variables are expressed as
mean + standard deviation (SD), and compared across
groups using one-way analysis of variance (ANOVA).
Categorical variables were expressed as the number of
patients together with the corresponding percentage of
the total group, and analyzed using chi-square tests or
Fisher’s Exact test.

Assessment of changes over time in hemodynamic
indicators, pulmonary inflammatory factors and pulmonary
function indexes across groups were performed using
repeated-measures ANOVA, with groups (A;, A,, B; and
B,) as the between-subject factor and time (with either 2,
3, or 6 time points, depending on the parameter) as the
within-subject factor. Spearman correlation analysis was

performed to evaluate the relationship between pulmonary

Table | Perioperative Demographics and Data (n=20)

hemodynamic indicators and inflammatory factors.
A P-value <0.05 was considered statistically significant.
Statistical analyses were performed using the SPSS soft-
ware (Version 20, IBM Corp., Armonk, NY, USA).

Results

Protamine Reaction

Twenty patients were assigned randomly to each group
(A1, A,, By and B,). Perioperative demographics and
data were similar among the groups (Table 1). A total of
nine cases of protamine-induced pulmonary vascular reac-
tions occurred in the four groups, with a total incidence of
11.25%.

In the B; group, catastrophic pulmonary vasoconstric-
tion responses occurred in the 3rd minute of protamine
infusing in one patient, followed with an abrupt and sig-
nificant increase in pulmonary artery pressure (PAP,.« 88
mmHg), a slight elevation in airway pressure (Paw . 17
mmHg), a sharp decrease in systemic BP (IBP,,;, 50/34
[41] mmHg), and the further development of right ventri-
cular distension and bradycardia. With active treatment,
the patient was immediately hyperventilated with 100%
oxygen, multiple bolus doses of epinephrine were used to
support the heart rate, and pumping with dopamine and

Parameters Group A, Group A, Group B, Group B,
Age (yr) 4.65+2.64 4.75£2.99 4.75+3.40 4.80£2.91
Gender Male,n (%) 13 9 9 10
Female,n 7 I Il 10
(%)
Weight (kg) 17.96+7.89 17.66+6.44 16.43£10.17 16.15+6.98
Height (cm) 109.55+18.19 107.10+17.25 100.95+20.94 98.85+15.88
Types of surgery VSD, n (%) 13 13 16 14
ASD, n (%) 7 7 4 6
Preoperative EF (%) 68.70+5.28 67.00+15.79 68.40+5.18 66.45+£4.55
Operating time (minutes) 128.60+27.74 124.30+31.20 128.40+20.37 130.15+39.45
CPB time (minutes) 44.35+20.60 48.00£19.79 52.10+14.54 55.05+30.07
Aortic crossclamp time (minutes) 27.55+16.92 31.90+14.96 34.35x12.81 36.80+27.73
Postprotamine ACT (seconds) 122.35£10.58 125.50£12.63 128.35+9.80 127.80+13.11

Notes: Results are presented as meanz standard deviation or absolute number of patients; A; group, non-pulmonary hypertension + lidocaine preconditioning group; A,
group, non-pulmonary hypertension + normal saline group; B, group, pulmonary hypertension + lidocaine preconditioning group; B, group, pulmonary hypertension +

normal saline group; There were 20 cases in each group.
Abbreviations: VSD, ventricular septal defect; ASD, atrial septal defect; EF, ejection fraction; CPB, cardiopulmonary bypass; ACT, activated clotting time.
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milrinone were performed. A protamine-induced pulmon-
ary vasoconstriction reaction occurred in the 3rd minute of
protamine infusion in three patients in the A, group, and
five patients in the B, group, and the symptoms were
pulmonary hypertension, bronchospasm, hypotension and
bradycardia. One patient in the A, group and two patients
in the group B, were automatically relieved after half
a minute of no interventions, while the rest of the patients
received calcium chloride for mild/moderate hypotension,
or epinephrine for severe hypotension, and were immedi-
ately hyperventilated with 100% oxygen for hypoxia
(Table 2).

There was no statistically significant difference in the
incidence of protamine adverse reactions between the four
groups (P>0.05), but there was a statistically significant
difference in the incidence of protamine adverse reactions
between the lidocaine group (A; and B; groups) and
normal saline group (A, and B, group) (X*=6.135;
Fisher’s exact test, P=0.029).

Intraoperative Hemodynamic Data

The intraoperative hemodynamic data during neutralization
are presented in Table 3. Compared with the A; group, the
PAP and Paw in the A, group at the T; time point were
significantly higher, while the MAP in the B, group at the T
time point was significantly lower. Compared with the B;
group, the Paw in the B, group at the T; time point was
significantly higher, while the Cydn in the B, group at the T
time point was significantly lower. Compared with the T,
time point, the PAP and Paw in the A, and B, groups at the
T time point significantly increased, while the Cdyn in the
A, and B, groups at the T3 and T, time points significantly
decreased.

Intraoperative Inflammatory Data

The intraoperative pulmonary inflammatory data before
neutralization and after neutralization are presented in
Table 4. Compared with the T, time point, the plasma
levels of TXB, and 6-keto-PGF, in the radial artery and

Table 2 Clinical Manifestation of Pulmonary Vascular Adverse Reaction and Treatments

Case | Manifestation Treatment Process
No.
PAP ,, Paw 4, Cde baseline BP baseline—min HR paseline
max max —min (mmHg) min
(mmHg) (mmHg) (mL/ (beats/
cmH,0) min)

| case suffered catastrophic pulmonary vasoconstriction responses in group B,

| 3988 12—17 119 112/69(85)— 50/34(41) 117— 103 Hyperventilated with 100% oxygen;
Epinephrine: I mg; Dopamine: 3—8ug/kg.min
Milrinone: 0.5ug/kg.min

3 cases suffered pulmonary vasoconstriction reaction responses in group A,

2 13—34 13530 28—8 96/59(71)—66/36(48) 94—-83 The symptoms relieved automatically after
half a minute without intervention

3 17—-30 14—25 16—5 105/56(83)— 80/40(56) 116—94 Hyperventilated with 100% oxygen for
hypoxia; Calcium chloride for mild/

4 17—44 928 107 132/76(99)—89/46(65) 117—113 . . .
moderate hypotension; Epinephrine for
severe hypotension

5 cases suffered pulmonary vasoconstriction reaction responses in group B,

5 2238 16—22 15—3 72/39(50)—69/37(49) 120119 The symptoms relieved automatically after
half a minute without intervention

6 16—24 1418 16—11 100/64(77)—91/51(65) 144—131

7 23535 1317 19—11 78/48(58)—47/34(40) 112—87 Hyperventilated with 100% oxygen for
hypoxia; Calcium chloride for mild/

8 3358 17—32 10—5 125/86(107)—66/43(54) 131122 . . .
moderate hypotension; Epinephrine for

9 35—48 1726 13—4 82/53(68)—66/40(51) 138—135 severe hypotension
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Table 3 Intraoperative Hemodynamic Data
Time Point T, T, T T, TS T,
PAP (mmHg)
A 17.30+4.26 17.40+4.42 20.60%6.19 19.65+4.38 - -
A, 19.40+5.60 19.70+5.62 24.40+8.46™* 21.25%5.87 - -
B, 27.75%7.25 27.05+6.95 31.40£15.25 30.45+9.85 - -
B, 27.40+8.31 27.80+7.98 32.35+11.24% 30.30+9.22 - -
Paw (mmHg)
A 13.80+2.41 14.15+4.87 15.95+3.28 15.50+2.43 13.75+2.43 14.15+2.43
A, 13.75+3.18 14.00+3.08 16.80+7.67 18.25+6.54" 13.85+3.82 14.00+3.67
B, 14.40+2.06 14.80+2.73 15.95+3.62 15.25+3.09 14.35+2.28 14.55+1.85
B, 14.70+2.89 14.70+3.13 16.45+5.48 18.75£3.565 14.40%3.15 14.70+3.28
Cdyn (mL/cmH,0)
A 14.30+4.16 14.35+3.73 12.55+4.68 12.05+4.44 14.90+4.24 14.45+4.47
A, 13.65+5.69 13.30+5.55 11.45£4.9° 10.40+4.86" 14.50+5.17 14.20+5.04
B, 13.10+4.94 13.05+4.89 12.85+4.79 12.05+5.45 12.95+4.05 13.95+5.56
B, 13.60+3.47 13.00+3.51 11.20+4.20° 9.55+4.07% 13.45+5.92 13.95+6.76
MAP (mmHg)
A 73.65%12.80 77.15%+12.85 81.00+14.23 81.95%13.19 75.20£7.91 73.15£9.02
A, 73.80£14.15 74.90%15.12 74.60%17.17 80.70%13.55 73.70%£10.28 73.95£10.63
B, 73.70£14.54 75.30%13.63 75.75%15.63 80.50+16.22 74.00%14.64 71.65£10.46
B, 71.70£16.59 74.10£15.33 69.70%15.99* 76.95+15.48 71.30%12.76 71.60£10.91
HR (beats/min)
A 112.60+29.14 114.05+15.72 112.70+16.06 111.50+15.73 114.60+17.08 112.80+16.93
A, 121.50+14.65 119.75+£14.29 116.70+15.60 117.40+9.96 116.00+11.83 117.85+11.65
B, 115.05+17.42 115.05+15.67 112.10£15.22 114.60+17.82 114.35+14.30 113.65+12.23
B, 123.20+15.87 120.30+ 16.12 119.40+16.32 117.15+18.56 119.05+12.72 115.55+14.21

Notes: Results are presented as mean *

standard deviation; A, group, non-pulmonary hypertension + lidocaine preconditioning group; A, group, non-pulmonary

hypertension + normal saline group; B, group, pulmonary hypertension + lidocaine preconditioning group; B, group, pulmonary hypertension + normal saline group;
There were 20 cases in each group; Significant differences are expressed as follows: Compared with A, group, “P<0.05; Compared with B, group, 2P<0.05; Compared with
T, time point, 2P<0.05; T;, | min pre protamine start; T, | min post protamine start; T3, 3 min post protamine start; T4, 5 min post protamine start; Ts, |0 min post

protamine end; T4, 20 min post protamine end.

Abbreviations: PAP, pulmonary artery pressure; Paw, airway pressure; Cdyn, dynamic pulmonary compliance; MAP, mean arterial pressure; HR, heart rate.

right atrium in the four groups at the T time point
decreased. At the T¢ time point, the plasma TXB, level
in the A, and B, groups was higher than that in the A; and
B, groups, respectively, while the level of 6-keto-PGF, in
the A, and B, groups was lower, respectively.

Spearman correlation analysis was performed to eval-
uate the relationship between the plasma TXB; level in the
radial artery at the T¢ time point and the PAP value at the
T; time point. The Paw value at the T,4 time point revealed
a (weak) correlation (correlation coefficient 0.44, P=0.000
and 0.25, P=0.027, respectfully). Furthermore, the plasma
TXB, level in the right atrium at the Tg time point, the
PAP value in the Tj time point, and the Paw value in the
T, time point revealed a (weak) correlation (correlation
coefficient 0.41, P=0.000 and 0.30, P=0.007, respectfully),
while there was no correlation between the plasma 6-keto-

PGFy, level in the radial artery or in the right atrium at the
Te time point, the PAP value at the T; time point (correla-
tion coefficient 0.09, P=0.413 and 0.2, P=0.85, respec-
tively), and the Paw value at the T, time point
(correlation coefficient —0.20, P=0.079 and —0.14, P=
0.216, respectively).

Intraoperative Pulmonary Function Data
Intraoperative pulmonary function data before neutraliza-
tion and after neutralization are presented in Table 5.
Compared with the Ty time point, the OI in the B, group
at the T, and T time points significantly decreased, while
the levels of RI and A-aDO, in the A,, B and B, groups
at the T, time point were significantly higher. However,
the levels of RI and A-aDO, in the B; group at the T4 time
point recovered to that in the T, time point.
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Table 4 Intraoperative Inflammatory Data
Group T, Te
Radial Artery Right Atrium Radial Artery Right Atrium
TXB, (pg/mL)
A 4046.07+1358.21 3800.72+1367.60 2015.98+1130.71* 1806.45+669.26*
A, 4062.27+1297.22 3904.48+1087.11 2835.1 1 +1536.47"° 2663.43+1786.04"
B, 4906.03£1460.70 4563.12+1235.46 3085.53+2092.23* 2754.69+1400.07°
B, 4618.44+618.00 4307.31+1140.12 3532.93£1535.05% 3149.82+1446.41%
6-keto-PGF,, (pg/mL)
A 1402.50+355.61 1326.95+344.56 579.50+142.28° 568.95+133.61°
Ay 1383.90+325.46 1327.80+443.2| 480.55+148.62" 473.30£145.81"
B, 2042.55+384.75 1828.35+£328.71 778.95£165.02* 667.35+158.82°
B, 1882.45+303.66 1777.95+525.26 658.40%155.89°% 548.60+143.73%

Notes: Results are presented as mean *| standard deviation;” A; group, non-pulmonary hypertension + lidocaine preconditioning group; A, group, non-pulmonary
hypertension + normal saline group; B, group, pulmonary hypertension + lidocaine preconditioning group; B, group, pulmonary hypertension + normal saline group, 20 cases
in each group; Significant differences are expressed as follows: Compared with A, group, “P<0.05; Compared with B, group, ®P<0.05; Compared with T, group, *P<0.05; T|,
| min pre protamine start; T4, 20 min post protamine end.
Abbreviations: TXB,, thromboxane B,; 6-keto-PGF,,, 6-keto-prostaglandin F,.

Table 5 Intraoperative Pulmonary Function Data

Group To T, T
Ol (mmHg)
A 423.85£129.91 369.01%115.22 403.60+126.53
Ay 422.40£109.69 359.95+123.29 371.67+128.45
B, 426.93£101.09 363.87+148.86 378.61+137.69
B, 426.68+115.65 349.85+121.22* 358.12+139.08°
RI
A 0.59+£0.47 0.94+0.77 0.78+0.70
A, 0.40+0.31 1.03+0.92° 0.84+0.69*
B, 0.49+0.44 1.05+£0.94° 0.79+0.57
B, 0.53+£0.44 1.181.12° 1.08+0.93*
A-aDO, (mmHg)
A 88.15+48.10 143.10+77.57 109.80+62.49
A, 74.40+40.66 175.40+95.38° 131.10£61.70
B, 97.25+92.04 183.65+73.04° 128.50£35.31
B, 102.15+£75.91 186.47+112.13° 145.43+97.40°

Notes: Results are presented as mean *| standard deviation; A; group, non-pulmonary hypertension + lidocaine preconditioning group; A, group, non-pulmonary
hypertension + normal saline group; B group, pulmonary hypertension + lidocaine preconditioning group; B, group, pulmonary hypertension + normal saline group, 20 cases
in each group; Significant differences are expressed as follows: Compared with T group, *P<0.05; Ty, baseline (I min before CPB); T}, | min pre protamine start; T¢, 20 min

post protamine end.

Abbreviations: Ol, oxygen index; Rl, respiratory index; A-aDO,, alveolar-arterial oxygen difference.

Discussion

These results indicate that precondition of lidocaine before
the neutralization of heparin may be an effectively preven-
tion to protamine-induced pulmonary vascular reaction
during CHD repair. The pulmonary circulation hemody-
namic indexes (PAP, Paw and Cydn) of patients receiving

lidocaine pre-treatment before heparin neutralization

experienced less fluctuations than that of the patients
receiving normal saline pre-treatment. Cydn is the ratio
of the change in lung volume to the change in pressure
over a tidal breath, with the pressure measured at moments
of zero flow during breathing; its fall usually implies
narrowing of subtending alveoli. Meanwhile, the plasma

TXB, level of patients receiving lidocaine pre-treatment
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was lower than that of patients receiving normal saline
pre-treatment, while the level of 6-keto-PGF;, of patients
Post-
protamine pulmonary function (OI, RI and A-aDO,) was

receiving lidocaine pre-treatment was higher.
unchanged, when compared with baseline in patients
receiving lidocaine pre-treatment, but this worsened in
patients receiving normal saline pre-treatment. RI is the
ratio of P(A-a)DO, and PaO, and it can reflect the func-
tion of pulmonary ventilation and oxygen exchange. OI is
calculated as (mean airway pressurexFiO,%100)/PaO,, and
it reflects the effects of respirator pressure on oxygenation.
In addition, lidocaine may not avoid the so-feared cata-
strophic anaphylactic reactions to protamine.

Severe protamine-mediated pulmonary hypertension is
more likely associated with the anaphylactoid reaction.
Protamine is known to be immunogenic, and the large
complex formed by protamine binds to heparin in
a charger-dependent manner, which is also immunogenic.
The neutralization of heparin with protamine in patients
undergoing CPB procedure activates complement the sys-
tem through two cascades: first, protamine and protamine/
heparin complexes can directly activate the complement
system in the lung through the classical way when prota-
mine was administered into pulmonary
circulation; second, contact with the oxygenator surface
can activate the complement system through alternate
pathways, leading to the generation of anaphylatoxins:
complements C3a and C5a.'' This can directly cause
smooth muscle contraction, and the accumulation of plate-
lets and activation in  the

leucocytes lungs,

1213 and subsequently induce a large number

respectively,
of releases of proteolytic enzymes that could directly cause
lung injury and the subsequent increase in reactive oxygen
species production, which contributes to the development
of lipid peroxidation.'*'> As a result, pulmonary vasocon-
striction and potential lung injury would likely be
mediated through complement-mediated Cs,-induced
TXA, generation and might thereby result in the develop-
ment of various cardiovascular adverse effects, such as
pulmonary artery pressure elevation, right ventricular/
right atrial pressure elevation, and systemic hypotension.
Therefore, the regimen of treatment is to reduce pulmon-
ary artery pressure and inhibit inflammatory responses, in
order to reduce the generation of TXA,, which may be
useful.

The anti-inflammatory effect of lidocaine is well recog-
These include the inhibition of

nized in literature.

granulocyte adherence, the inhibition of neutrophil func-
tion, including chemotaxis and superoxide anion release, '®
and the inhibition of the release of cytokines and proteo-
lytic enzymes,'” which have a certain protective effect on
vascular endothelial cells. Meanwhile, lidocaine is known
to inhibit aggregation and the activation of platelets, and
decrease the serum concentration of TXB,.!®

The present clinical study presented was designed to
investigate the potential cardiopulmonary benefits of lido-
caine pre-treatment before the neutralization of protamine.
The investigators chose the dose of lidocaine (2 mg/kg)
pre-treatment, because previous clinical studies have sug-
gested that this dosage is hemodynamically safe, and that
this is the standardized protamine infusion (4 mg/kg, non-
diluted, five minutes) with the use of a micro-infusion
pump to eliminate the effect of different concentrations
and velocities of protamine on pulmonary circulation.
However, the investigators did not want to inconvenience
the surgical team for a prolonged period (holding intra-
pulmonary needle).

Regarding hemodynamic function, the present study
indicated that lidocaine pre-treatment before the neutrali-
zation of protamine can effectively reduce pulmonary
vasoconstriction response, and enhance the resistance of
the blood vessel wall to the harmful stimulation of prota-
mine, reducing the stress responses and spasm reaction of
the pulmonary vascular and tracheal smooth muscle
caused by the direct stimulation of protamine. At the
time point of one-minute pre-protamine administration,
the values of PAP and Paw were significantly higher in the
A, group than that in the A; group, while the values of
MAP in the B, group were significantly lower. Meanwhile,
Paw was significantly higher in the B, group than that in
the B, group, while the values of Cydn were significantly
lower in the B, group. Furthermore, when the values of
one-minute pre-protamine administration were compared
with that of three-minute post-protamine administration,
patients in the A, and B, groups exhibited a mean increase
in PAP and Paw. Furthermore, when these were compared
with the values at three-minute and four-minute post-
protamine administration, patients in the A, and B, groups
exhibited a mean decrease in Cdyn. The differences in
pulmonary circulation indexes between the two routes of
prevention (lidocaine/normal saline) were even more
impressive and clinically relevant when considering the
number of patients in each group who experienced advise
pulmonary vascular reactions. Although without statisti-
cally significant difference, substantially more patients in

2256
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the A, and B, groups (3 and 5, respectively) experienced
advise pulmonary vascular reactions at this time point,
when compared to patients in the A; and B; groups (0
and 1, respectively). Furthermore, the incidence of prota-
mine adverse reactions in the lidocaine group (A; and B,
groups) was lower than that in the normal saline group (A,
and B, group).

Regarding pulmonary inflammatory response indexes,
the present study indicated that lidocaine pre-treatment
before the neutralization of protamine can effectively reduce
TXB, release and increase 6-keto-PG-F;, generation to
inhibit the inflammatory response in the lung. At the time
point of the 20th minute post-protamine administration, the
plasma TXB, level in the A, and B, groups was higher than
that in the A; and B, groups, and the level of 6-keto-PGF,
in the A, and B, groups was lower, respectively.

Regarding the pulmonary function, the present study
indicated that lidocaine pre-treatment before the neutrali-
zation of protamine may improve respiratory function.
Even though the baseline values were compared with
that at one-minute pre-protamine administration, the
values of OI in the B, group exhibited a mean increase,
and the values of RI and A-aDO, in the A,, B, and B,
groups exhibited a mean decrease, but the values of RI and
A-aDO, in the B group at the time point of 20-min post-
protamine administration recovered to baseline.

Limitations of this study include the small sample size
and a lack of insight into the mechanisms. We only included
patients only with left to right shunts, and the average age is
too high as patients included VSD also. Only one patient
had life threatening reaction that too in study group which
defeats the purpose of pre-treatment. Future studies with
larger patient number, as well as laboratory studies in ani-
mals and cells will be conducted to further prove our results
and to elucidate the mechanism. Also, preoperative tests
such as intrapulmonary shunt ratio (QP: QS), pulmonary
vascular resistance (PVR) and reactivity to oxygen and
nitric oxide (NO) were not performed. In addition, the
sample size was not calculated and confirmed according to
the sample size in the early stage of the experiment. Since
the mechanism of protamine toxicology is relatively
unknown (and seemingly complicated), there may be other
underlying factors not accounted for in the study. This
might also be an example of unknown toxicology.

Conclusions
After CHD repair, lidocaine pre-treatment before the neutra-
lization of heparin may exert its effect through the inhibition

of TXB, release and generation of 6-keto-PG-F,, in order to
inhibit the inflammatory responses in the lung and pulmonary
vasoconstriction responses, which are caused by the direct
stimulation of protamine. By reducing the occurrence rate of
pulmonary vascular adverse reactions induced by protamine,
lidocaine could improve respiratory function, and play
a certain role in lung protection.
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