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Objective: This study aimed to analyze the outcomes and risk factors of early postoperative death (within 30 days after surgery) in a
single-center after repair of total anomalous pulmonary venous connection (TAPVC).

Methods: The clinical data of 88 children who had been diagnosed with TAPVC and underwent radical operation in the Shandong Provincial
Hospital Affiliated with Shandong First Medical University (China) from January 2015 to July 2021 were retrospectively analyzed. All the
patients were divided into the survival group (n = 81) and the death group (n = 7) for the analysis of preoperative and postoperative clinical data.
The variables associated with early postoperative death were statistically analyzed to obtain the risk factors for early postoperative death of
TAPVC.

Results: Of the 88 patients included in this study, 7 (7.95%) patients died early, including 4 supracardiac and 3 infracardiac cases.
Recurrent pulmonary vein obstruction occurred in 2 patients after discharged from hospital, and both were intracardiac TAPVC.
Delayed death occurred in 2 children, both of which were intracardiac TAPVC cases. According to univariate analysis, the risk factors
statistically significantly associated with the early postoperative death included infracardiac type (P = 0.08), preoperative maximum
pulmonary vein flow velocity (P = 0.031), preoperative mechanical ventilation (P = 0.043), preoperative maximum pulmonary artery
pressure (P = 0.000), intraoperative cardiopulmonary bypass time (P = 0.003) and intraoperative aortic cross-clamp time (P = 0.000).
Conclusion: Infracardiac type of TAPVC, preoperative maximum pulmonary vein flow velocity, preoperative mechanical ventilation,
preoperative maximum pulmonary artery pressure, intraoperative cardiopulmonary bypass time and aortic cross-clamp time are the
risk factors for early postoperative death.

Keywords: congenital heart disease, TAPVC, cardiopulmonary bypass time, aortic cross-clamp time, risk factor, postoperative
recurrent pulmonary venous obstruction

Total anomalous pulmonary venous connection (TAPVC) is a relatively rare congenital heart disease that accounts for
approximately 1%-3% of congenital heart diseases.' The anatomical feature of this disease is that the pulmonary veins,
which typically flow into the left atrium, fail to connect to this part of the heart and instead, directly or indirectly flow
into the right atrium. According to the classification by Darling et al in 1957,> TAPVC can be divided into four types, ie,
supracardiac, intracardiac, infracardiac, and mixed. Without treatment, the mortality rate of children with TAPVC in the
first year of life is as high as 80%.> With the accumulation of surgical experience and the enhancement of postoperative
care, the surgical prognosis for children with TAPVC has continuously been improved, and the reported mortality rate
has remained at <10%.* The clinical characteristics and risk factors for early death among 88 children with TAPVC in the
authors’ center were retrospectively analyzed in this study. Some echocardiography indicators were also considered in
this study such as the velocity of preoperative pulmonary vein and preoperative pulmonary artery pressure to evaluate the
relationship with early postoperative death.
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Materials and Methods

Ethics Statement
The Ethics Committee of Shandong Provincial Hospital affiliated to Shandong First Medical University approved this
study (approval number 2017458, date of approval 29 September 2017). This study was conducted in accordance with

the declaration of Helsinki. The parent or legal guardian of patients under 18 years of age provided informed consent.

Clinical Data and Definitions

Retrospective analysis was performed on the clinical data of 88 children diagnosed with TAPVC and treated with surgery in
Shandong Provincial Hospital Affiliated to Shandong First Medical University (China) from January 2015 to July 2021,
including the symptoms and signs on admission, preoperative transthoracic echocardiography (TTE) results, and intraopera-
tive and postoperative follow-up TTE results. Children with complex congenital heart diseases, such as single ventricle and
transposition of the great arteries, were excluded. There were 47 males (53.4%) and 41 females (46.6%), including 25
neonates (28.4%); the median age was 57.5 (28.5, 144.7) days, and the median weight was 4.05kg (3.58, 5.48) kg. There were
45 (51.1%) supracardiac, 32 (36.4%) intracardiac, 9 (10.2%) infracardiac, and 2 (2.3%) mixed-type cases; 29 (33%) cases
were complicated with patent ductus arteriosus (PDA); 19 cases (20.5%) had preoperative pulmonary vein obstruction, and 11
cases (12.5%) of TAPVC that had been diagnosed in the fetal period with a diagnostic coincidence rate of 100% (Table 1).
Early mortality was defined as death occurred 30 days after surgery during the hospital stay. The definition of preoperative
pulmonary vein obstruction was made by the combination of oxygen saturation and the echocardiographic data, of which the
flow velocity >1.8 m/s. The reintervention criteria were that a decline of the oxygen saturation and the flow velocity of the

anastomotic >1.8 m/s. And the following strategy was surgical operation.

Table | Patient Data

Clinical Data n %

Gender n (%)

Male 47 534
Female 41 46.6
Mean weight [kg, M (P25, P75)] 4.05 (3.58,5.48)
Mean age [day, M (P25, P75)] 57.5 (28.5,144.7)
Time of definite diagnosis
Fetus I 12.5
Postnatal day 77 875
Type n (%)
Supracardiac type 45 5.1
Intracardiac type 32 36.4
Infracardiac type 9 10.2
Mixed type 2 23
Preoperative pulmonary vein obstruction n (%)
Supracardiac type 14 737
Intracardiac type I 53
Infracardiac type 4 21.0
Mixed type 0 0
Preoperative SpO, [%, M (P25, P75)] 87.7 (80,90.7)
Preoperative pulmonary artery systolic pressure [mmHg, M (P25, P75)] 67(53.5,71.75)
Preoperative pulmonary vein flow rate [cm/s, M (P25, P75)] 103 (88.5,167.25)

Abbreviation: SpO,, blood oxygen saturation.
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Grouping and Analysis

A total of 7 patients died early after surgery. All of the children who underwent TAPVC were divided into the survival (n=81)
and death groups (n = 7), respectively. The patients in the two groups were compared and analyzed for age, gender, weight,
anatomical type, preoperative obstruction, preoperative pulmonary vein flow velocity, preoperative mechanical ventilation,
preoperative oxygen saturation, preoperative pulmonary artery pressure, cardiopulmonary bypass (CPB) time, aortic cross-
clamp (ACC) time, postoperative intensive care unit (ICU) stay, and other indexes.

Surgical Methods
A mid-sternal incision was made under general anesthesia. For supracardiac-type cases, the common trunk of the
pulmonary vein was anastomosed with the left atrium, and the vertical vein was ligated. For the intracardiac-type
cases, the atrial septal defect or oval foramen to the coronary sinus opening was enlarged, the atrial septal defect was
repaired, and the pulmonary vein was isolated into the left atrium. For the infracardiac-type cases, the common trunk of
the pulmonary vein was anastomosed with the left atrium, and the vertical vein ligated. For the mixed-type cases, the
corresponding surgery mode was selected, based on the relevant anatomical morphology.

Sutureless technique was to incise the common trunk of the pulmonary vein and suture the pericardium around the
common trunk of the pulmonary vein with the left atrium.

Statistical Analysis

The SPSS Statistics 26.0 software program was used to conduct the data analysis. All numerical variables were non-normally
distributed data and presented as M (P,s, P;5), and a Cox regression model was used for evaluating the risk factors associated
with early postoperative TAPVC death; P <0.05 indicated a statistically significant difference. Multivariable analysis was not
performed due to the limited sample size. The overall survival rate was analyzed by Kaplan—-Meier curve.

Results

Ultrasonic Morphology Analysis
Among the 88 children with TAPVC, 11 were diagnosed with TAPVC by prenatal ultrasound, and all patients were
diagnosed at 24-37 weeks of gestation. A total of 6 TAPVC cases were not detected during the fetal period, including 3
supracardiac and 2 intracardiac cases, as well as 1 mixed case, all of which were detected from 1 day to 1 month after birth.
The echocardiographic results of 88 children with TAPVC revealed 45 supracardiac cases, in which drained directly into
the superior vena cava via vertical veins in 14 cases, and into the left innominate vein and then into the superior vena cava via
vertical vein in 30 cases; 1 patient had double vertical veins, of which the left vertical vein drained into the left innominate
vein, and the right vertical vein drained into the superior vena cava. There were 32 intracardiac-type cases, including 26 which
draining into the coronary sinus via vertical veins and 6 cases which draining into the right atrium directly. There were 9
infracardiac cases, including 5 draining into the portal vein via the vertical vein, and 4 cases draining into the hepatic vein via
vertical veins. The mixed type included 2 cases, both of which were the supracardiac + intracardiac type. A total of 19 patients
were diagnosed with obstructive TAPVC preoperatively, including 14 supracardiac (31.1%), 4 infracardiac (44.4%), and 1
intracardiac (3.1%) cases; the infracardiac type was more likely to be associated with pulmonary vein obstruction than other
types. There were 29 patients with PDA, 2 with a fine muscular ventricular septal defect, 1 with a bicuspid aortic valve, 1 with
mild pulmonary valve stenosis, 1 with mild mitral valve prolapse, and 2 patients with congenital anal atresia.

Early Mortality Analysis

The median CPB and AAC time of 88 children who underwent surgery was 76.5 (65,105) min and 46 (35.25, 62.75) min,
respectively. The median time of postoperative ICU stay was 7 (5, 10) days, and the median time of postoperative mechanical
ventilation was 3 (2, 5) days. A total of 7 patients (7.95%) died, including 4 supracardiac and 3 infracardiac cases, among
which 3 were neonates; 4 cases had PDA, and all 6 patients presented respiratory failure and severe pulmonary hypertension
preceding surgery. Delayed sternal closure occurred in 3 children postoperatively, and circulatory failure was the main cause of
death (Table 2). Delayed death occurred in 2 children, one of whom died 40 days after surgery, and one died of heart failure 35

International Journal of General Medicine 2022:15 heeps: 7811
Dove:


https://www.dovepress.com
https://www.dovepress.com

ar0(q

TI8L

:sdyzy

G1:7T0T RUDIP3| [B43USE) JO [euINO[ [BUOIEBUISIU|

Table 2 Seven Cases of Early Postoperative Death After TAPVC

No. | General Time of Type Pulmonary | Comorbidities Conditions Before Surgery Intraoperative Postoperative Conditions
Condition | Definite Venous Conditions
Diagnosis Obstruction (Age, Weight)
| Female, full | 2 months Infracardiac No ASD Respiratory failure, severe 66 days, 3.2 kg Delayed chest closure, peritoneal dialysis, severe
term after birth type pulmonary hypertension, external metabolic acidosis, circulatory failure, and death 2
chest compression, heart failure days after surgery
2 Male, full 3 days Infracardiac No ASD + PDA Respiratory failure, severe 10 days, 3.18 kg Delayed chest closure, capillary leakage syndrome,
term infant | after birth type pulmonary hypertension circulatory failure, and death 21 days after surgery
3 Male, full 10 months | Supracardiac No ASD Respiratory failure, severe 288 days, 7.9 kg | Secondary intubation, severe pneumonia, circulatory
term infant | after birth type pulmonary hypertension, failure, and death 20 days after surgery
ventilator-assisted respiration
4 Female, full 22 days Supracardiac Yes ASD + PDA Respiratory failure, severe 30 days, 3.3 kg Respiratory failure, secondary intubation, unable to
term after birth type pulmonary hypertension, heart wean from ventilator, and death 30 days after surgery
failure
5 Female, full | 2 months Infracardiac Yes ASD + PDA Respiratory failure, severe 53 days, 3.5 kg Ventricular fibrillation, repeated external chest
term after birth type pulmonary hypertension compression, circulatory failure, and death 10 days
after surgery
6 Male, full 2 months Supracardiac No ASD Heart failure, recurrent fever 55 days, 4.94 kg Delayed chest closure, tachycardia, peritoneal
term infant | after birth type dialysis, repeated external chest compression,
circulatory failure, and death 3 days after surgery
7 Female, full 15 days Supracardiac No ASD+PDA Respiratory failure, severe 51 days, 4.5 kg Difficulty in weaning, anastomotic bleeding,
term after birth type pulmonary hypertension circulatory failure, and death 2 days after surgery

Abbreviations: TAPVC, total anomalous pulmonary venous connection; ASD, atrial septal defect; PDA, patent ductus arteriosus.
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days after surgery. The analysis of the factors associated with death and survival showed statistically significant differences
between the death and survival groups, respectively, in terms of infracardiac type (P = 0.008), preoperative maximum
pulmonary vein flow rate (P = 0.031), preoperative mechanical ventilation (P = 0.043), preoperative maximum pulmonary
artery pressure (P = 0.000), intraoperative CPB time (P = 0.003) and ACC time (P = 0.000) (Table 3).

Analysis of Postoperative Recurrent Obstruction
Recurrent post-surgery obstruction occurred in 2 children with TAPVC. Both of them were intracardiac TAPVC, and no
pulmonary vein obstruction were observed before surgery. The first child had anastomotic stenosis occurred 3 months
after surgery. After the reintervention, the child’s condition improved and was discharged after the second surgery but
died 40 days after discharged for unknown causes.

The second child had recurrent pulmonary vein obstruction 9 months after surgery, the child was discharged after
reintervention, and was normal at a 6-month follow-up.

Follow-Up

Of the 81 patients who were discharged from hospital, 75 patients were followed up for a period from 1 to 84 months, 2
of them had delayed death, 2 of them had postoperative recurrent PVO, and the overall survival rate is displayed in
Figure 1.

Discussion

Based on the continued improvement of surgical methods and clinical management, studies have shown that the early
postoperative mortality of TAPVC ranged from 2.7% to 9.8%.>® The current study revealed that the early postoperative
mortality of TAPVC in the authors’ center was approximately 7.9%, and univariate analysis showed that TAPVC
anatomical type, increased preoperative pulmonary vein flow velocity, increased pulmonary artery pressure, mechanical
ventilation, and a longer CPB time were all associated with early postoperative death.

Total anomalous pulmonary venous connection can be divided into four types, with a low incidence of mixed type,
and the infracardiac type is more likely to be complicated by pulmonary vein obstruction.”'® In this study, the obstruction
rate of the infracardiac TAPVC was higher compared with other types. Infracardiac TAPVC pulmonary vein was
generally channeled into the right chamber via the portal vein and the inferior vena cava, with a long return path and
a raised risk of external compression; moreover, hepatic and portal vein systems were prone to fibrosis and occlusion;
therefore, pulmonary vein obstruction was more likely to occur.

Table 3 Variables in the Univariate Cox Proportional Hazard Model Associated with Early
Postoperative Death of TAPVC

Variable P-value HR 95% ClI

Age 0.559 0.998 0.991-1.005
Weight 0.533 0.846 0.501-1.430
Gender 0.553 1.573 0.352-7.028
Infracardiac type 0.008 7.574 1.690-33.937
Preoperative obstruction 0.170 2.850 0.638-12.737
Preoperative pulmonary vein flow rate 0.031 1.017 1.001-1.032
Preoperative mechanical ventilation 0.043 4.683 1.048-20.932
Preoperative SpO, 0.081 0.953 0.902—1.006
Preoperative pulmonary artery pressure 0.000 1.203 1.093-1.324
CPB 0.003 1.031 1.011-1.052
ACC 0.000 1.044 1.021-1.068
Postoperative ICU stay 0.178 1.058 0.975-1.147

Abbreviations: HR, hazard ratio; Cl, confidence interval; TAPVC, total anomalous pulmonary venous connection;
SpO,, blood oxygen saturation; CPB, cardiopulmonary bypass; ACC, aortic crossclamp time; ICU, intensive care unit.
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Figure | Kaplan—Meier curves for all survival.

This study showed that the infracardiac type of TAPVC was associated with early death. Infracardiac TAPVC was
prone to being complicated by obstruction, leading to severe pulmonary edema and an increased mortality rate.*” Some
studies showed that the prognosis of mixed TAPVC was poor, likely due to the lack of a single common convergence
area and the uncertain and complex morphology of pulmonary venous return, which will increase the risk of death.’ In
this study, the 2 cases of mixed type were both supracardiac + intracardiac type, the drainage pathway of pulmonary vein
was not that complicated, no preoperative pulmonary vein obstructions were observed, and the prognosis was good. The
amount of this type of TAPVC was small, so they cannot reflect the characteristics of the mixed type of TAPVC.

Most of the children who received mechanical ventilation before surgery evidenced unstable conditions, with low
oxygen partial pressure, high pulmonary artery pressure, pulmonary vein obstruction, and were complicated with
respiratory failure, cardiac insufficiency, and other symptoms. The risk of postoperative death increased due to the
poor overall conditions of these children.

This study indicated mechanical ventilation before surgery as being associated with postoperative mortality. Due to
the complexity of TAPVC surgery and the unstable condition of patients during the operation, a long CPB time or ACC
time is always required, resulting in an increased risk of death.® Multiple studies indicated a too-long CPB time or ACC
time as being risk factors for death.'' Furthermore, an extended CPB time or ACC time also tended to aggravate the
destruction of blood-cell components, caused severe hemolysis, and increased the burden on the kidneys, resulting in the
increased accumulation of lactic acid, aggravated acidosis, and abnormal coagulation function, thereby increasing the risk
of bleeding in important organs. Moreover, a long CPB time or ACC time was also more likely to cause lung tissue
reperfusion injury,'? and was thus more likely to lead to longer postoperative ventilator support times, a longer ICU stay,
an increased risk of lung infection, and increased mortality. In this study, we found that the CPB time and the ACC time
were the risk factors of operative early death.

Multiple studies have indicated preoperative obstruction to be associated with postoperative mortality and a recurrent
obstruction rate.**'* In the current study, however, the statistical analysis showed no significant relationship between
preoperative obstruction and early postoperative death; instead, preoperative maximum pulmonary vein flow rate and
maximal pulmonary artery systolic pressure were associated with early postoperative death, ie, the higher the pulmonary
vein flow rate, the more obvious the obstruction, the higher the pulmonary artery pressure, and the greater risk of death.
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Generally, preoperative pulmonary vein obstruction is defined as a maximum pulmonary vein flow rate >1.8 m/s,
measured by echocardiography.'* However, studies have shown that even a minor preoperative obstruction, ie, a
preoperative pulmonary vein flow rate >1.2 m/s, was associated with postoperative recurrent obstruction, even when
there was no anatomical stenosis; as such, a pulmonary vein flow rate >1.2 m/s can also be used as a predictor for
postoperative recurrent obstruction.'> However, according to our study, due to the small number of recurrent post-
operative pulmonary vein obstruction (PVO), we cannot explore the relationship between the preoperative pulmonary
vein flow velocity with the PVO.

Postoperative pulmonary vein obstruction (PVO) is a serious complication that can occur after TAPVC; typically, this
happens within a few months after TAPVC repair and rapidly progresses into pulmonary vein wall-thickening and
fibrosis, affecting the long-term survival rate of children.'® Some studies have shown that preoperative pulmonary vein
obstruction and mixed TAPVC were associated with the occurrence of postoperative pulmonary vein obstruction.'**!”-'#
In the present study, there were only two cases of postoperative pulmonary vein obstruction (both were intracardiac
types), with an incidence rate of approximately 2.5%.

Due to the small number of cases included in this study, it was impossible to perform statistical analysis of related
factors that may have caused postoperative pulmonary vein obstruction. In addition, no obstructions were observed in
preoperative ultrasound diagnoses, and one child died of unknown causes after reoperation.

The pathogenesis of PVO remains unclear. Studies have shown that traumatic surgery and micro-obstruction changes
will cause cardiac pulmonary vein vasoconstriction, which may cause PVO; furthermore, some patients often evidence
postoperative PVO, starting from the anastomotic stoma and extending to the opening of individual pulmonary vein
branches, and anastomotic obstruction will subsequently cause pulmonary vein stenosis.'® Pulmonary vein obstruction is
closely associated with TAPVC mortality; therefore, preventing the occurrence of PVO can effectively reduce the
mortality rate.’ If there are no obvious symptoms of postoperative PVO, progress can be observed through short-term
close follow-up. Considering the potential risks of radiation, CT is rarely used in the postoperative follow-up examination
of children with TAPVC in the authors’ center. Echocardiography is of diagnostic significance for severe PVO, but the
evaluation of progressive pulmonary vein stenosis is often limited using this method. Because multidetector computed
tomography can provide three-dimensional images applying multi-angle reconstruction, allowing for good visualization
of the pulmonary vein’s anatomy, it can be used as a favorable tool for the diagnosis of PVO.*

Based on recent studies, sutureless surgery can reduce the incidence of PVO compared with traditional surgery.®'®*' The
surgery method was to incise the common trunk of the pulmonary vein and suture the pericardium around the common trunk of
the pulmonary vein with the left atrium, thereby avoiding suturing the edge of the pulmonary vein incision. Compared with the
irregular suture line at the incision of the common trunk of the pulmonary vein, a single suture surgical method can avoid
deformation and reduce the occurrence of PVO.?* In this study, only 2 cases were done by the sutureless surgery, most of the
surgeons used a traditional TAPVC repair approach and, as such, it was not possible to compare the effect of a sutureless repair.

The primary limitations of this study are its single-center nature and small sample size. Additionally, the included
surgeries were performed by different surgeons; as such, there may have been small deviations in the results.

In conclusion, the infracardiac type of TAPVC, preoperative mechanical ventilation, preoperative maximum pulmon-
ary vein flow velocity, pulmonary arterial pressure, intraoperative cardiopulmonary bypass time and aortic cross-clamp
time were all associated with early postoperative death.
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