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Background: Minimal research has been performed regarding total arch replacement
through partial upper sternotomy in patients with acute type A aortic dissection
who are obese, and the safety and feasibility of this procedure need to be further
investigated. The present study investigated the potential clinical advantages of
using a partial upper sternotomy versus a conventional full sternotomy for total arch
replacement in patients who were obese.

Methods: This was a retrospective study. From January 2017 to January 2020, a total
of 65 acute type A aortic dissection patients who were obese underwent total arch
replacement with triple-branched stent graft. Among them, 35 patients underwent
traditional full sternotomy, and 30 patients underwent partial upper sternotomy. The
perioperative clinical data and postoperative follow-up results of the two groups
were collected, and the feasibility and clinical effect of partial upper sternotomy in
total arch replacement were summarized.

Results: The in-hospital mortality rates of the two groups were similar. The total
operative time, cardiopulmonary bypass, aortic cross-clamp, cerebral perfusion,
and deep hypothermic circulatory arrest times were also similar in both groups. The
thoracic drainage and postoperative red blood cell transfusion volumes in the partial
upper sternotomy group were significantly lower than those in the full sternotomy
group. Mechanical ventilation time was shorter in the partial upper sternotomy group
than that in the full sternotomy group. Additionally, the incidences of pulmonary
infection, hypoxemia, and sternal diaphoresis were lower in the partial upper
sternotomy group than those in the full sternotomy group.

Conclusion: This study showed that total arch replacement surgery through a partial
upper sternotomy in patients with acute type A aortic dissection who are obese is
safe, effective, and superior to full sternotomy in terms of blood loss, postoperative
blood transfusion, and respiratory complications.
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1. Introduction

With recent economic development, living standards have
improved significantly. However, the lack of proper exercise and the
excessive intake of unhealthy food have led to increased obesity, a
condition that can lead to lifestyle and health difficulties. Individuals
who are obese often have a combination of hypertension, diabetes,
hyperlipidemia, and other risk factors closely related to cardiovascular
disease (1, 2). Some studies have reported that obesity is one of the
causative factors for the development of type A aortic dissection (AAD)
(3). As a result, the proportion of patients with AAD who are obese
[Body Mass Index (BMI) >30kg/m2] is continuously increasing.
Obesity increases the duration of ventilator use after cardiovascular
surgery and can lead to complications such as hypoxemia or poor
wound healing, prolonging hospital stays. Since the 1990s, the surgical
pathway using partial upper sternotomy (PUS) has been widely used in
various cardiac surgeries (4-7). Due to the physiological characteristics
of patients who are obese and the urgency of the surgery, such patients
have a slow recovery of respiratory function postoperatively and are
prone to complications such as pulmonary infection and hypoxemia.
Therefore, we believe that total arch replacement (TAR) surgery using
PUS has significant benefits for patients with AAD who are obese.

The aim of this study was to investigate whether using PUS is safe
and feasible in patients with type A aortic coarctation who are obese and
if the potential benefits are associated with the partial incision of PUS
versus the full incision required for traditional full sternotomy
(ES) in TAR.

2. Materials and methods

2.1. Patients

This was a retrospective study. Data was collected from the medical
charts of patients with AAD treated using TAR between January 2017
and January 2020. Sixty-five patients were categorized into the FS group
(35 cases) or the PUS group (30 cases) according to the sternal incision
during thoracotomy. All patients met the following criteria: (1)
preoperative BMI>30kg/m2; (2) acute type A aortic dissection
confirmed by aortic computed tomography angiography (CTA); (3)
underwent TAR using triple-branched stent graft; and (4) surgery was
emergent. The exclusion criteria were: (1) second open-heart surgery;
(2) combination of severe trauma or congenital sternal malformation;
(3) combination of severe chronic obstructive pulmonary disease
(COPD) or severe respiratory insufficiency; (4) need for management
of mitral or tricuspid valve lesions during the same period; and (5) need
for coronary artery bypass grafting during the same period. Until
December 2018, all obese AAAD were treated through the operative
approach of FS. Since January 2019, PUS has become the standard
operative approach for all obese AAAD. Patients who received PUS did
not receive additional preoperative evaluation after excluding the
relevant contraindications.

In this study, COPD was defined as chronic bronchitis or
emphysema characterized by airflow obstruction and severe

Abbreviations: AAD, type A aortic dissection; PUS, partial upper sternotomy; TAR,
total arch replacement; FS, full sternotomy; CPB, cardiopulmonary bypass; ACC,

aortic cross-clamp; DHCA, deep hypothermic circulatory arrest.
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FIGURE 1
The modified triple-branched stent graft is comprised of a main graft
and three sidearm grafts.

FIGURE 2
The modified triple-branched stent graft is comprised of a main graft
and three sidearm grafts.

respiratory insufficiency was defined as a PaO, <60 mmHg and a
PaCO,>50 mmHg due to severe disturbance of external respiratory
function (8, 9).

All surgeries were performed by the same senior surgeon using
the same medical team. The ethics committee of the Union Hospital
of Fujian Medical University approved the study. Written informed
consent was not required due to the retrospective nature of
the study.

2.2. Triple-branched stent graft

The triple-branched stent graft, independently developed by
Professor Chen, is a branch-integrated graft composed of a self-
expanding nickel-titanium alloy stent and a polyester vascular graft
fabric. The triple-branched stent graft includes one main stent and three
sidewall stent grafts (Figures 1, 2) (10, 11).
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FIGURE 3
The length of the incision in partial upper sternotomy.

FIGURE 4
Schematic diagram of “L" shaped incision in partial upper sternotomy.

2.3. Surgical technique for FS and PUS

Both surgeries are performed under general anesthesia. Arterial
pressure monitoring of upper and lower extremities is established
routinely, and echocardiographic probes are routinely placed in the
esophagus. In FS, the skin incision extends longitudinally from the
superior sternal fossa to the xiphoid process (a length of approximately
18-20 ¢cm), and the sternum is completely divided. In PUS, the skin
incision extends longitudinally from the sternal notch to the fourth
intercostal space (ICS) (a length of approximately 8-10 cm; Figure 3).
After the surgeon identifies the fourth ICS, the sternum is sawed to the
ICS and to the left, creating an “L’-shaped incision (Figure 4). If the
incision is not well exposed to the surgical field, it can be extended to
the fifth ICS to improve clear exposure. The incision exposes the
ascending aorta and the root of the aorta, the superior vena cava, the
right atrial appendage, part of the right atrium, and the top of the left
atrium. Establishment of systemic cardiopulmonary bypass (CPB) is
obtained through a right atrial venous catheter and the femoral and
right axillary arteries. After bypass, the body temperature is carefully
decreased; when the nasopharyngeal temperature decreases to 32°C,
the ascending aorta is blocked above the junction of the sinus canal.
The cardioplegia pharmaceutical is directly injected into the coronary
vein orifice for cardiac arrest and myocardial protection. If the
condition of the aortic root requires attention, the repair is performed
using procedures such as aortic sinus plasty and the Bentall. After the
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FIGURE 5
Partial upper sternotomy incision for total arch repair of acute type A
aortic dissection.

FIGURE 6
Partial upper sternotomy incision for total arch repair of acute type A
aortic dissection.

aortic root reconstruction is completed, the repaired root is sutured
continuously using a pedestrian Dacron vessel. When the
nasopharyngeal temperature reaches 25°C, circulatory arrest begins
followed by the establishment of unilateral antegrade cerebral perfusion
through the right axillary artery cannulation. An oblique incision is
made near the small bend of the aortic arch, and the main part of the
triple-branched stent graft is inserted into the true cavity of the aortic
arch and the proximal descending aorta. Then, each lateral arm graft is
located in the aortic branch (Figures 5, 6). Finally, the end of the triple-
branched stent graft and the artificial polyester blood vessel are
anastomosed continuously to complete the operation (12).

2.4. Statistical analysis

We used SPSS version 19.0 for Windows software for all statistical
analyzes. Continuous variables with a normal distribution are expressed
as mean + standard deviation (SD) and compared using a Student t-test;
otherwise, they are expressed as median (Q25, Q75) and compared with
a Mann-Whitney U test. Categorical data were shown as number (%)
and analyzed using the chi-square test or Fisher’s exact test as
appropriate. p-value <0.05 was considered statistically significant. The
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TABLE 1 Comparison of preoperative data between the two groups (n=65).

10.3389/fcvm.2023.1086738

Valuables FS group (n=35) PUS group (n=30) p-value

Demographic and baseline risks
Age (years) 52.6+5.7 51.7+8.2 0.615
Body mass index (kg/m?) 30.7+0.9 30.8+1.0 0.637
Male gender (1, %) 24 (68.6%) 19 (63.3%) 0.656
Hypertension (n, %) 29 (82.9%) 24 (80.0%) 0.767
Diabetes mellitus (1, %) 6 (17.1%) 7 (23.3%) 0.534
Smoking history (n, %) 19 (54.3%) 13 (43.3%) 0.379
Drinking history (1, %) 7 (20.0%) 4(13.3%) 0.475
Preoperative LVEF (%) 61.3+9.0 62.0+5.2 0.702

Preoperative complications
Chronic obstructive pulmonary disease (11, %) 1(2.9%) 1(3.3%) 1.000
Moderate/severe pericardial effusion (n, %) 3(8.6%) 0 0.243
Preoperative renal insufficiency (n, %) 4 (11.4%) 2(6.7%) 0.678
Preoperative hepatic dysfunction (1, %) 6(17.1%) 4(13.3%) 0.937
Acute aortic regurgitation (1, %) 10 (28.6%) 8 (26.7%) 0.864
Pericardial tamponade (1, %) 2 (5.7%) 0 0.495
Malperfusion syndrome (1, %) 12 (34.3%) 6 (20.0%) 0.199
Transient cerebral ischemia (1, %) 1(2.9%) 0 1.000

Continuous variables were present as mean + standard deviation (SD). Categorical variables were shown as number (%). The Student t test or Man-Whitney U test was used for continuous variables,

and Chi-square test used for categorical variables. LVEF, left ventricular ejection fractions.

TABLE 2 Comparison of intraoperative conditions between the two groups (n=65).

Valuables FS group (n=35) PUS group (n=30) p-value
Aortic root procedure 0.965
No treatment (1, %) 4 (11.3%) 3(10.0%)

Sinus plasty (n, %) 20 (57.1%) 19 (63.3%)

Bentall procedure (1, %) 10 (28.6%) 8 (26.7%)

David procedure (n, %) 1(2.9%) 0

Intraoperative time

Total operative time (min) 292.1+48.2 283.3+25.5 0.357
Cardiopulmonary bypass time (min) 140.5+19.6 136.0£26.6 0.437
Aortic cross-clamp time (min) 46.2+13.4 44.1+12.8 0.518
Cerebral perfusion time (min) 9.8+2.2 9.3+2.0 0.308
DHCA time (min) 2.0 (2.0,4.0) 2.0 (2.0,3.0) 0.589

Continuous variables were present as mean + standard deviation (SD) or median (Q25, Q75). Categorical variables were shown as number (%). The Student t test or Man-Whitney U test was used

for continuous variables, and Chi-square test used for categorical variables. DHCA, deep hypothermic circulatory arrest.

survival rate was calculated by Kaplan-Meier survival curve, and
Log-Rank test was used to test whether there was any difference
between groups.

3. Results

Between January 2017 and January 2020, 65 patients with AAD
who were admitted to our department met the study criteria. Of these,
35 individuals were treated using FS and 30 individuals were treated
using PUS. The preoperative baseline information such as age, gender,
preoperative BMI, and preoperative cardiac function were similar
between the two groups, and the preoperative underlying disease and
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comorbidities were approximately the same, with no statistically
significant differences between the two groups (Table 1).

No patient required conversion from PUS to FS. The total operative,
CPB, aortic cross-clamp (ACC), cerebral perfusion, and deep
hypothermic circulatory arrest (DHCA) times were approximately the
same in both groups. There were no significant differences in the
management of the aortic root between the two groups (Table 2).

The postoperative results of the two groups are shown in Table 3. The
mean quantity of thoracic drainage volume at 48h following surgery
(572.9+£87.6mlvs. 472.7+115.5ml, p<0.001) and postoperative red blood
cell transfusion volume (697.1+179.4ml vs. 503.3+145.6 ml, p<0.001)
were significantly lower in the PUS group than those in the FS group. The
postoperative numeric rating scale pain score was lower [5.5 (5.0, 6.8) vs.
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TABLE 3 Comparison of postoperative results between the two groups (n=65).

10.3389/fcvm.2023.1086738

Valuables FS group (n=35) PUS group (n=30)

30-d mortality (%) 3 (8.6%) 2 (6.7%) 1.000
ICU stay time (day) 6.5+4.8 5.9+5.0 0.652
Total hospital stay time (day) 20.5+7.8 18.5+5.3 0.223
Mechanical ventilation time (h) 473+13.7 40.1+12.7 0.034
Thoracic drainage (ml/48h) 572.9+87.6 472.7+115.5 <0.001
Red blood cell transfusion (ml) 697.1+179.4 503.3+145.6 <0.001
Postoperative NRS score 5.5 (5.0,6.8) 4.0 (3.0,5.0) <0.001

Postoperative complications

Pulmonary infection (1, %) 21 (60.0%) 10 (33.3%) 0.032
Hypoxemia (11, %) 9 (25.7%) 2(6.7%) 0.041
Permanent neurological dysfunction (1, %) 2 (5.7%) 0 0.495
Transient neurological dysfunction (n, %) 1(2.9%) 2(6.7%) 0.591
Low Cardiac Output Syndrome (1, %) 2 (5.7%) 1(3.3%) 1.000
Acute renal injury (n, %) 5(14.3%) 4(13.3%) 1.000
Hepatic dysfunction (1, %) 9 (25.7%) 5(16.7%) 0.376
Sepsis (1, %) 2 (5.7%) 1(3.3%) 1.000
Secondary thoracotomy (#, %) 2 (5.7%) 0 0.495
Multiple organ failure (1, %) 3(8.6%) 1(3.3%) 0.618
Sternum dehiscence (1, %) 6(17.1%) 0 0.027
Incision infection (1, %) 5(14.3%) 1(3.3%) 0.205

Continuous variables were present as mean + standard deviation (SD) or median (Q25, Q75). Categorical variables were shown as number (%). The Student ¢ test or Man-Whitney U test was used

for continuous variables, and Chi-square test used for categorical variables. NRS, numerical rating scale.

Postoperative complications

B FS group
mm PUS group

Incision infection :I p=0205

Sternum dehiscence

Multiple organ failure

Secondary thoracotomy
Sepsis

Hepatic dysfunction
Acute renal injury

Low Cardiac Output Syndrome
Transient neurological dysfunction
Permanent neurological dysfunction
hypoxemia

Pulmonary infection

Rate (%)

FIGURE 7
Postoperative complications of patients in two groups.

4.0(3.0,5.0), p<0.001], and the postoperative mechanical ventilation time
was significantly shorter (47.3+13.7h vs. 40.1£12.7h, p=0.034) in the
PUS group than those in the FS group. The ICU stay time (5.9+5.0d vs.
6.5+4.8d, p=0.652) and postoperative hospital stay time (18.5+5.3d vs.
20.5+7.8d, p=0.223) in the PUS group were shorter than those in the FS
group; however, the differences were not significant. Among the
postoperative complications, the incidences of pulmonary infection
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(33.3% vs. 60.0%, p=0.032), hypoxemia (6.7% vs. 25.7%, p=0.041), and
sternum refixation (0 vs. 17.1%, p=0.027) were significantly lower in the
PUS group than those in the FS group. The incidences of low cardiac
output syndrome, hepatic dysfunction, acute renal injury, sepsis, multiple
organ failure, and nervous system dysfunction were similar between the
two groups. Furthermore, there was no significant difference in the
incidence of secondary thoracotomy for hemostasis and surgical wound
infection between the two groups (Figure 7).

The postoperative follow up of the two groups is shown in Table 4. A
total of 60 patients were discharged successfully. Up to January 2022, 56
patients were followed up by means of outpatient revisit appointments,
telephone, and mail, with a follow-up rate of 93.3% and an average
follow-up time of 32.4+ 8.6 months. The follow-up results of thoracic and
abdominal aorta CTA and echocardiography showed no significant
difference between the two groups in the closure rate of the false cavity
(p=1.000), and the left ventricular ejection fraction was almost the same
2years after surgery (p=0.230). There was no significant difference between
the postoperative survival rate of each time period between the two groups.
We combined the survival rate and the postoperative follow-up results to
create a cumulative survival function diagram with death as the end point
(Figure 8). As Figure 8 shows, there was no significant difference in the
early and medium-term survival rate between the two groups (p=0.481).

4. Discussion

Our results showed that PUS is as safe and effective as FS in patients
who are obese. There was no difference in total operative, CPB, ACC,
cerebral perfusion, and DHCA times between the two groups. There was
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TABLE 4 Comparison of postoperative follow-up between the two groups.

10.3389/fcvm.2023.1086738

Valuables FS group PUS group p-value
Closure rate of false cavity (2-years) 86.2% 88.5% 1.000
LVEF (2-years) (%) 60.4+4.4 59.0+3.7 0.230
3-month survival rate 100% 100% 1.000
6-month survival rate 93.3% 100% 0.494
1-years survival rate 90.0% 96.2% 0.615
2-years survival rate 86.7% 92.3% 0.675

Continuous variables were present as mean + standard deviation (SD). Categorical variables were shown as number (%). The Student t test or Man-Whitney U test was used for continuous variables,

and Chi-square test used for categorical variables. LVEF, left ventricular ejection fractions.
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FIGURE 8

Kaplan—Meier estimates of survival for patients with acute type A aortic
dissection who underwent total arch repair with triple-branched stent
graft.

also no significant difference in the incidences of secondary thoracotomy
for hemostasis, surgical wound infection, low cardiac output syndrome,
hepatic dysfunction, acute renal injury, multiple organ failure, and
nervous system dysfunction between the two groups. The ICU and
hospital stay times were also similar. Most importantly, our results showed
that postoperative thoracic drainage and red blood cell transfusion
volumes were significantly decreased in the PUS group. Moreover, the
incidences of pulmonary infection, hypoxemia, and sternal dehiscence
were decreased in the PUS group. Through follow up, we found that the
closure rate of the false cavity, the cardiac function, and the early and
medium-term survival rates were similar between the two groups.

With the rapid development of minimally invasive surgery,
minimally invasive cardiac surgery has become a trend. Since 1996, the
partial sternotomy approach has been used in some routine cardiac
operations, such as heart valve replacement (13). Recently, PUS has been
more widely used in cardiovascular surgeries. In some technologically
mature heart centers, PUS has become a routine approach for aortic
valve, ascending aorta, and semi-arch replacements (6, 7).

At present, the global population is becoming more and more
obese, and the obesity rate continues to rise (14). Due to the large
population base and an obesity rate of more than 50%, China has
become the largest obese country worldwide (15). The proportion of
patients with AAD who are obese also continues to increase. Xie et al.
believe that extensive repair of acute AAD using PUS is safe and does
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not increase the postoperative mortality or risk of serious complications
(16). Our results further support this view.

According to Brinkman et al. (17), patients who are obese that have
hypertrophy of the chest wall provide challenges for surgeons in terms
of achieving adequate surgical field exposure during surgery. Therefore,
when using partial sternotomy for cardiovascular surgery in patients
who are obese, surgeons will need to be cognizant of the potential issue
of inadequate surgical field exposure. Our center independently
developed a triple-branched stent graft (10-12). Through the placement
of the graft to replace the complex vascular anastomosis in the
traditional TAR, the position of the anastomosis of the distal arch vessels
in the traditional operation is moved upward to the lesser curved side
of the aorta, which is beneficial to the vascular anastomosis operation.
This approach also reduces the number of vascular anastomoses, thus
avoiding the surgical field exposure problem in patients who are obese.

The sternotomy length is shortened in PUS, reducing the extent of
the surgical wound and the risk of postoperative bleeding. Our results
showed that postoperative thoracic drainage and red blood cell
transfusion volumes were significantly decreased in the PUS group
compared to those in the FS group, which is consistent with the
advantages of partial sternal incision reported in previous studies (18-
21). Due to these advantages, the thoracic drainage tube can be removed
earlier in patients who have undergone PUS, which is conducive to
early recovery of out-of-bed activities. In addition, the postoperative
blood transfusion volume is reduced in PUS; therefore, transfusion-
related complications caused by massive blood transfusion are
effectively avoided.

The incision in PUS encompasses only part of the upper sternum;
the lower sternum remains intact and the overall structure of the thorax
is maintained. In patients who are obese, the hypertrophy of the chest
wall and the upward shift of the diaphragm increase the pressure in the
chest cavity, which in turn causes obstruction of the small pulmonary
airways and can lead to difficulty in ventilation and subsequently
hypoxia. Furthermore, obesity increases the blood volume in the body;,
which can easily lead to congestion of lung tissue and decrease lung
compliance. Therefore, patients who are obese are prone to difficulty in
lung re-expansion in the early postoperative stages. The potential of
delayed extubation and the need for longer mechanical ventilation
increase the risk of respiratory tract infection. Our results show that PUS
can significantly shorten the mechanical ventilation time, significantly
reduce the incidences of postoperative pulmonary infection and
hypoxemia, and reduce the effect of thoracotomy on respiratory
function. This is particularly beneficial for patients who are obese.

Sternal dehiscence is a rare but serious complication after thoracotomy.
Patients who are obese have a higher risk of sternal dehiscence due to poor
chest compliance and high sternal tension (22). In this study, 6 cases of
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sternal dehiscence occurred postoperatively in the FS group. In addition, 5
cases in this group were complicated by the comorbidity of type 2 diabetes,
and 2 cases had significantly longer mechanical ventilation times
postoperatively. These results are consistent with the risk factors of sternal
dehiscence reported in the literature (23). There was no sternal dehiscence
in the PUS group in our study. This may be largely due to the PUS group
having complete sternal structure, reducing excessive tension, thereby
avoiding sternal fracture. Hence, mechanical ventilation time was
shortened, reducing the effect of positive pressure ventilation on sternal
stability and decreasing the probability of sternal dehiscence.

We believe that PUS as a component of FS should be a relatively
familiar approach for cardiac surgeons. The only differences between the
two approaches are in the mode of thoracotomy and the extent of
sternotomy. Therefore, PUS does not significantly change the
cardiovascular surgeon’s operating habits. To perform PUS in patients with
AAAD who are obese requires the chief surgeon to master all aortic root
management methods and be proficient in the use of modified triple-
branched stent grafts for TAR. In PUS, the surgical operative space is
smaller, which poses more of a challenge to the surgical skills of the chief
surgeon and the knowledgeable cooperation of assistant doctors. Therefore,
it is necessary for surgeons and assistants to study both procedures
extensively and have opportunities for practical experience using PUS in
patients who are not obese. This will enhance the success of using PUS in
patients who are obese.

This study has some limitations. First, this was a single-center
retrospective study. Due to the small sample size, our results may
be one-sided. Second, the interval between the operative years (2017-
2020) of the two groups is relatively long, and there may have been
potential differences in treatment plans and operative techniques.
However, this may have been avoided because the same experienced
surgeon performed all operations in this study.

4.1. Conclusion

Total arch replacement of acute AAD through PUS is a safe and
feasible procedure. Compared to TAR through FS, PUS is associated
with fewer respiratory complications, better recovery of respiratory
function, less blood loss, and improved thoracic stability.
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