降主动脉和胸腹主动脉手术的一项新技术：左房-股动脉全体外循环转流策略
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摘要
降主动脉和胸腹主动脉（DTAA）置换手术通常采用左房-股动脉无氧合器（LA-FA组）使用离心泵的转流策略，以减轻主动脉阻断带来的危害。我们分享一下在DTAA手术中使用含氧合器的左房-股动脉体外转流（CPB组）的初期经验。术中采用肺静脉和股动脉（或远端主动脉）插管，转流中使用氧合器，滚压泵，吸引器和动力性辅助引流。本研究将14例CPB组病人同50例LA-FA组病人进行对比，收集围术期数据并进行统计学分析。所有CPB组患者均保持了良好的心肺稳定性，且输血量明显少于LA-FA组(2.21 vs. 5.88 units, p<0.004)，其30天死亡率为7.1%，无截瘫发生，而LA-FA组则有7例（14%）死亡，3例（6%）截瘫。传统LA-FA的方法的优点是可以避免使用高剂量肝素。总之，我们发现使用氧合器的LA-FA全体外转流是安全的，不但可以提高血流动力学稳定性（失血及时通过吸引器回收），还具有一定的止血功能（避免了血液回收损失的凝血因子）。
前言
1989年Magovern报道了使用离心泵，不使用氧合器的左心转流方式之后，便成为了DTAA置换手术实现远端灌注的主要转流策略。这项技术可以减轻钳夹缝合带来的损害。在阻断主动脉以后使用左心转流，可以为内脏、脊髓和下肢提供灌注，而且这种方法只需要低剂量的肝素化。但是，这种部分转流术，失血均通过cell saver来回收，这会造成血小板、血浆和凝血因子的丢失。而包含氧合器、滚压泵和心内吸引器在内的完整CPB转流，不但可以保证氧合以及血流动力学的稳定，并且能够及时回输血液，保护血浆和凝血因子。Aomi之前曾报道过在DTAA修补手术中使用含离心泵、氧合器和变温器的左心转流，但是经验有限。本文的目的在于介绍DTAA置换手术中使用完全CPB的LA-FA转流新技术的初步经验。
方法
  图1是左房-股动脉全体外转流环路示意图。术中采用单肺通气，直角管从上/下肺静脉引流，并使用动力性辅助静脉引流（KAVD，通过泵来控制静脉回流）。将24号静脉直角管通过1/4的管路连接到人工心肺机的滚压泵，然后连到静脉储血罐。血液经过氧合变温后再通过滚压泵打入股动脉。我们发现这个系统可以提供理想的血流动力和稳定的循环，失血可以通过吸引器回收。而且，灌注师可以根据需要调节左房回流的血量，控制心腔的充盈量，维持较高的血压，以保证脊髓的灌注。还可以通过第二个滚压泵独立调整理想的下半身灌注水平，也可以对失血和其他原因造成的血流动力学不稳定快速恰当地做出反应。手术使用全量肝素化。在主动脉阻断期间，通过调整左房回流以及灌注流量维持上肢灌注压在140mmhg以上，提供2-4L/min的下半身灌注，出血可以通过吸引泵可以立即回收。
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患者信息
选取2017年10月至2018年12月期间的14例病人（CPB组）与2014年2月至2017年期间的50例病人（LA-FA组）进行对比。通过电子病历采集术前、术中和术后的各项数据，结果和并发症。表1显示两组病人在基础资料上无差别。疾病诊断，发病部位，Crawford分类（评估动脉瘤的程度）和最大主动脉直径见表2。
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表3呈现的是两组患者的病史和手术史。CPB组并发症较常见，其中71.4%（10例）存在冠状动脉疾病，明显高于LA-FA组的34%（17例）。另外，CPB组中42.9%（6例）病人具有胸主动脉疾病家族史，明显高于LA-FA组的18%（9例）。开胸或主动脉腔内手术两组分别为9例（64.3%）和40例（80%），二次手术（非主动脉）分别占21.4%和26%。
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手术相关数据见表4。CPB组和LA-FA组的降主动脉置换手术分别是8例(57.1%)和32例(64%)，胸腹主动脉置换手术分别是6例 (42.9%)和18例 (36%)，择期手术分别是13例 (92.9%) 和46例 (92%)，急诊手术分别是1 例(7.1%) 和 4例 (8%)。其中CPB组的主动脉阻断时间明显升高(66.9±24.1 vs. 50.6±19 minutes, p=0.01)。两组的平均动脉血氧饱和度均维持了较高的水平(97.8±6.8 vs. 97.2±5, p=0.8)。CPB组病人输注红细胞的量明显少于LA-FA组(2.21±3.2 vs. 5.88±4.2 units, p=0.004），但血小板、新鲜冰冻血浆、因子VII和强心药的使用上两组无差别。在手术中CPB组使用了更多的血管升压药。血压低于80mmhg的时间分别为14.4±13.8分（CPB组）和16.8±18.9分（LA-FA组）。CPB组cell saver回收的血量明显减少。
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术后参数见表5。CPB组和LA-FA组术后第一天早7点前总失血量分别为1,445.7±1,061.3mL 和1,094.5±940.3mL，术后第一晚的最低收缩压分别为107.1±14.9mmHg和111.7±8.5mmHg。术后的INR和PTT两组均为差别。CPB组术后红细胞计数和HCT均低于LA-FA组，但其术后输血量与LA-FA组相比并无统计学差异。术后输注血小板、新鲜冰冻血浆以及因子VII均无差别。
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术后结果总结如表6，随访30天统计病人的死亡率、住院天数以及术后并发症情况。其中CPB组和LA-FA组的30天死亡率分别为7.1%和14%，CPB组无截瘫病人，而LA-FA组有3例。CPB组房颤发生率明显高于LA-FA组。平均住院天数两组分别为15.7±10天和11.9±9.4天。

讨论
尽管在DTAA手术已经取得了一定的进展，但是选择何种灌注策略来避免严重的并发症（如脊髓缺血和终末器官功能障碍）仍然存在争议。有研究证实左心转流降低了II型夹层截瘫的发生率（39%降至10%），同时明显降低了术后肾损伤的发生率。而其他人则证实左心转流对于钳夹缝合技术没有确凿地优势，尤其是脊髓损伤。一些作者已经报道了常规使用完全的动静脉CPB，可以取得很好的效果。
根据我们的经验，使用含氧合器的左房-股动脉转流是安全的，可以替代传统的左心转流。两种方法的优缺点对比如表7所示，这种新技术的优势包括快速回收失血，KAVD引流保证良好的血流动力学，全量肝素化的中和没有任何难度，没有CPB环路相关的术中并发症。
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Aomi和同事曾报道过在25例DTAA置换术中使用离心泵（我们是滚压泵）、氧合器和变温器的转流策略。作者发现使用氧合器组血液丢失和输血更少。我们的实践也发现CPB组输入的红细胞更少，而且还显著降低了Cell saver的量，节省了血浆的使用。Aomi展示了氧合器的优点：CPB组病人可以一直保持较高的氧合。
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在我们中心，CPB组病人并发症要明显高于LA-FA组（见图2），尤其是冠心病的病人。Coselli等通过对3309名病人的研究显示冠心病会增加Crawford I型和II型的截瘫发生率，我们CPB组的大多数病人也存在这种情况。此外，CPB组主动脉阻断时间明显延长（66.9± 24.1 vs.50.6±19 min，p=0.01），可能表明该组手术更加复杂。尽管冠心病的负担更重，手术更复杂，但在这组患者中没有观察到一例截瘫病例，这可以解释为新型全LA-FA旁路技术的一个优点：充分的氧合有助于保护脊髓。早期死亡率仅包括CPB组的1名复杂患者（7.1%）和LA-FA组的7名患者（14%），这表明新型全LA-FA旁路技术具有良好的安全性。


image6.png
Table 5 Postoperative parameters for CPB and LA-FA groups

CPB group (n=14)

LA-FA group (n=50)

p-Value (if applicable)

Total blood loss until 7 a.m. on
postoperative day 1 (mL)

1,445.7+£1,061.3

1,094.5+£940.3

0.23

Lowest SBP the night after surgery 107.1+14.9 111.7+£18.5 0.4
Number of vasopressors infused on 09+1.2 0.5+0.8 0.14
the first postoperative night

Temperature at ICU arrival 359+1.1 35.8+0.8 0.65
Postoperative INR 1.41+0.4 1.32+£0.35 0.4
Postoperative PTT 45.5+22.1 37.7+£19.5 0.2
Postoperative RBC count 3.3+£0.6 4.0+0.7 0.0001
Postoperative hematocrit 30.2+4.3 35.8+6.2 0.002
Number of RBC units transfused postoperatively 3.3+3.2 1.6+4.4 0.19
Number of platelet units transfused postoperatively | 0.9+ 1.1 1.1+£1.9 0.78
Fresh frozen plasma transfused postoperatively N=28(57.1%) N =20 (40%) 0.36
Factor VII transfused postoperatively N=4(28.6%) N=6 (12%) 0.2

Abbreviations: CPB, cardiopulmonary bypass; ICU, intensive care unit; INR, international normalized ratio; LA-FA, left atrial-femoral artery; PTT,
partial thromboplastin time; RBC, red blood cells; SBP, systolic blood pressure.

Note: The bold values are the ones in which p < 0.05.
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Table 6 Early mortality, morbidity, and hospital stay duration
for CPB and LA-FA groups

CPB group | LA-FA group | p-Value
(n=14) (n=50)
30-d mortality 1(7.1%) 7 (14%) 0.67
Stroke 1(7.1%) 4 (3%) 1
Paraplegia 0 3 (6%) 0.59
Seizures 0 0 1
Atrial fibrillation 7 (50%) 10 (20%) 0.04
Prolonged 2(143%) | 9(18%) 1
ventilation (>48 h)
Pulmonary 5(35.7%) | 17 (34%) 1
complications
Renal dysfunction 2 (14.3%) 4 (8%) 0.6
requiring CRRT
or dialysis
Reexploration 3(21.4%) 3 (6%) 0.11
for bleeding
Hospital stay 15.7+£10 11.9+9.4 0.2
duration (d)

Abbreviation: CCRT, continuous renal replacement therapy; CPB, car-
diopulmonary bypass; LA-FA, left atrial-femoral artery.
Note: The bold values are the ones in which p < 0.05.
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Table 7 Merits and demerits of novel perfusion with roller pump and oxygenator, compared with conventional LA-FA bypass

CPB (LA-FA with oxygenator)

Conventional LA-FA bypass (no oxygenator)

Benefits

Immediate harvest and return of shed blood

Delay in return of shed blood due
to cell saver processing

Preservation of coagulation components
lost in plasma removal by cell saver

Loss of coagulation components in
plasma removed by cell saver

Oxygenation of desaturated blood from “down” lung

No contribution to oxygenation

Smooth, secure hemodynamics
(strong clinical impression)

“Kinetically enhanced” drainage

None

Liabilities

Full heparinization

Low-dose heparinization

Increased complexity

Simplicity

Abbreviations: CPB, cardiopulmonary bypass; LA-FA, left atrial-femoral artery.
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Fig.2 Radar plot showing patient comorbidities for CPB and LA-FA groups. Note higher complexity of CPB group. CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; LA-FA, left atrial-femoral artery.
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Fig. 1 Left atrial-femoral full cardiopulmonary bypass circuit.
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Table 1 Patient demographics

CPB group LA-FA group | p-Value
(n=14) (n=50) (if applicable)

Age at the 68.2+7.2 66.5+12.7 0.63

time of

surgery

Female N=3(21.4%) | N=27 (54%)

gender

Height (cm) [ 173.5+£11.2 168.4+£9.9 0.1

Weight (kg) | 86.07+16.9 76.7+£17.8 0.08

BMI (kg/m?) | 28.6 +4.7 26.9+5.1 0.28

Abbreviations: BMI, body mass index; CPB, cardiopulmonary bypass;
LA-FA, left atrial-femoral artery.
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Table 2 Diagnosis and related preoperative parameters

CPB group (n=14)

LA-FA group (n=50)

p-Value
(if applicable)

Primary Nondissecting aneurysm, N=28 (57.1%) Nondissecting aneurysm, N =27 (54%)
diagnosis Dissected aneurysm, N=4 (28.6%) Dissected aneurysm, N =22 (44%)
« Chronic type A dissection, N=4 (100%) ¢ Chronic type A dissection, N=28 (36.4%)
Penetrating aortic ulcer, N=1 (7.1%) « Type B dissection, N=14 (63.7%)
Aortic transection, N=1 (7.1%) (acute/subacute, N=3; chronic, N=11)
Contained rupture, N=1 (2%)
Location of Thoracoabdominal, N=11 (78.6%) Thoracoabdominal, N=30 (60%)
primary Descending, N=3 (21.4%) Descending, N =20 (40%)
diagnosis
Crawford Crawford 1, N=3 Crawford 1, N=11
classification Crawford 2, N=6 (54.5%) Crawford 2, N=10 (33.3%)
Crawford 4, N=1 Crawford 3, N=4
Crawford 5, N=1 Crawford 4, N=1
Crawford 5, N=4
Maximal 53+1 58+1.5 0.2
aortic
diameter

Abbreviations: CPB, cardiopulmonary bypass; LA-FA, left atrial-femoral artery.
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Table 3 Previous medical and surgical history of patients in the
CPB and LA-FA groups

CPB LA-FA p-Value

group group

(n=14) (n=50)
Hypertension 14 (100%) 48 (96%) | 1
Diabetes 3(21.4%) | 7(14%) | 0.68
Dyslipidemia 9(64.3%) | 31(62%) | 0.89
Obesity 9(64.3%) | 22 (44%) | 0.75
Chronic obstructive 5(35.7%) 12 (24%) | 0.49

pulmonary disease

Renal failure 2 (14.3%) 8 (16%) 1
Coronary 10 (71.4%) | 17 (34%) | 0.01
artery disease

Marfan’s syndrome/ | 0 3(6%) 0.59
connective

tissue disorder
History of smoking 12 (85.8%) | 30 (60%) | 0.11

Other vascular 11 (78.6%) | 39 (78%) | 1
abnormality

Previous cardiac 3(21.4%) 13 (26%) | 1
surgery (nonaortic)

Previous aortic 7 (50%) 34 (68%) | 0.34
surgery (open)

Previous aortic 4 (28.6%) 8 (16%) 0.44
endovascular

surgery

Confirmed family 6 (42.9%) 9 (18%) 0.07
history of

aortic disease

Abbreviations: CPB, cardiopulmonary bypass; LA-FA, left atrial-femoral
artery.
Note: The bold values are the ones in which p <0.05.
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Table 4 Operative data for CPB and LA-FA groups

CPB group (n=14)

LA-FA group (n=50)

p-Value
(if applicable)

Operation—emergent, urgent, elective

Elective, N=13 (92.9%)
Urgent, N=1 (7.1%)

Elective, N=46 (92%)
Urgent, N=4 (8%)

Surgery replacement—descending,
thoracoabdominal

Descending, N=8 (57.1%)
Thoracoabdominal, N=6 (42.9%)

Descending, N=32 (64%)
Thoracoabdominal, N=18 (36%)

Cannulation site (to pump)

Pulmonary vein, N=14 (100%)

Pulmonary vein, N=50 (100%)

Cannulation site (from pump)

Femoral artery, N=6 (42.9%)
Distal aorta, N=16 (42.9%)
Left iliac artery, N=2 (14.3%)

Femoral artery, N=36 (72%)
Distal aorta, N=13 (26%)
Right iliac artery, N=1 (2%)

Surgery—additional concomitant 11(78.6%) 31 (62%) 0.35
procedure (e.g., wedge lung

resection, subclavian artery

reconstruction, among others)

Extracorporeal circulation time (min) 62.5+27.2 53.64+23.1 0.23
Aortic cross-clamp time (min) 66.9 +24.1 50.6+19 0.01
Mean SpO, during bypass time (%) 97.8+6.8 97.2+5 0.8
Number of RBC units transfused 2.21+3.2 5.88+4.2 0.004
intraoperatively

Number of platelet units 1.29+1.1 1.02+0.8 0.32
transfused intraoperatively

FFP/cryoprecipitate transfused N=10 (71.4%) N =44 (88%) 0.21
intraoperatively

Factor VIl transfused intraoperatively N=2 (14.3%) N=2 (4%) 0.21
Number of vasopressors 1.93+0.9 0.98+1 0.002
infused intraoperatively

Number of bolus inotropes 2+1.5 1.54+1.1 0.2
injected intraoperatively

Total number of minutes when SBP was 14.4+13.8 16.8+18.9 0.66
below 80 mm Hg intraoperatively

Cell saver volume (mL) 1,518.6 +1,691.7 2,653 4+1,805 0.04

Motor evoked potentials—preserved/
transient decrease/permanent loss

Preserved, N =6 (42.9%)
Transient decrease, N=28 (57.1%)

Preserved, N=27 (54%)
Transient decrease, N=15 (30%)
Permanent loss, N=1 (2%)

Abbreviations: CPB, cardiopulmonary bypass; FFP, fresh frozen plasma; LA-FA, left atrial-femoral artery; RBC, red blood cells; SBP, systolic blood
pressure; SpO,, peripheral capillary oxygen saturation.
Note: The bold values are the ones in which p < 0.05.





