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Distal Vessel Thromboendarterectomy

Original Clinical Science
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Abstract

Background: Chronic thromboembolic pulmonary hypertension (CTEPH) is primarily managed by
pulmonary thromboendarterectomy (PTE). As advanced surgical techniques permit resection at the
segmental and subsegmental level, PTE can now be curative for CTEPH mostly involving the distal

pulmonary arteries.

Methods: Between January 2017 and June 2021, consecutive patients undergoing PTE were categorized
according to the most proximal level of chronic thrombus resection: Level | (main pulmonary artery),
Level 11 (lobar), Level 111 (segmental) and Level IV (subsegmental). Proximal disease patients (any
Level I or 1) were compared to distal disease (Level I11 or IV bilaterally) patients. Demographics,
medical history, preoperative pulmonary hemodynamics, and immediate postoperative outcomes were

obtained for each group.
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Results: During the study period, 794 patients underwent PTE, 563 with proximal disease and 231 with
distal disease. Patients with distal disease more frequently had a history of an indwelling intravenous
device, splenectomy, upper extremity thrombosis or use thyroid replacement and less often had prior
lower extremity thrombosis or hypercoagulable state. Despite more use of PAH-targeted medications in
the distal disease group (63.2% vs. 50.1%, p<0.001), pre-operative hemodynamics were similar. Both
patient groups exhibited significant improvements in pulmonary hemodynamics postoperatively with
comparable in-hospital mortality rates. Compared to proximal disease, a lower percentage of patients
with distal disease showed residual pulmonary hypertension (3.1% vs. 6.9%, p=0.039) and airway

hemorrhage (3.0% vs. 6.6%, p=0.047) post-operatively.

Conclusions: Thromboendarterectomy for distal (segmental and subsegmental) CTEPH is technically
feasible and may result in favorable pulmonary hemaodynamic outcomes, without increased mortality or

morbidity
Keywords: CTEPH, pulmonary thromboendarterectomy, surgical outcomes, distal disease

Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is characterized by intravascular thrombus
organization that occurs in about 3% of survivors after acute pulmonary embolism." Over the past
several decades, pulmonary thromboendarterectomy (PTE) has been established as potentially curative
for this form of pulmonary hypertension.®* It is therefore imperative to not only establish the diagnosis
of chronic thromboembolic disease in patients at risk, but also carefully assess operability to offer the

most effective treatment option available to the greatest number of CTEPH patients.

With recent refinements of the thromboendarterectomy procedure, the definition of technically
inoperable chronic thromboembolic disease requires re-examination. This concern is especially
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important given the rise in balloon pulmonary angioplasty (BPA) programs which can also offer
interventions to patients with distal disease. Given the advances in surgical technique allowing more
distal resections, the intra-operative surgical classification of chronic thromboembolic disease was
revised to more exactly describe vessel localization of endarterectomized material and specifically
address more segmental and subsegmental disease compared to a prior classification system.>® Utilizing
this intraoperative classification scheme, we identified risk factors for the distal phenotype of CTEPH
(defined as bilateral level I11 or higher disease), as well as, examined the immediate post endarterectomy

outcome differences in patients with distal versus proximal vessel resection during PTE surgery.
Methods
Patient Selection and Study Design

A retrospective cohort study was conducted to assess patient characteristics and clinical outcomes in
consecutive patients undergoing PTE surgery at the University of California, San Diego (UCSD),
between January 1, 2017 and June 30, 2021. All patient information was obtained from a de-identified
quality improvement database for the UCSD Pulmonary Thromboendarterectomy Program. Informed
consent was waived and data collected in accordance with the standards set by UCSD’s Institutional

Review Board.

Beginning in 2013, the earlier classification based on the type of surgical specimen, known as the
Jamieson Classification’, was abandoned to better describe the vascular level at which the disease
started. The new UCSD Chronic Thromboembolic (CTE) Disease Classification describes the most
proximal location of disease, without any reference to the quality or type of thrombus. Furthermore, it
establishes a distinction between organized thrombus endarterectomized from the segmental and

subsegmental vessels, with an expected correlation with surgical degree of difficulty.6 Naturally,
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endarterectomy of disease starting at more proximal main (Level I) or lobar arteries (level 1) is less
technically demanding than more distal disease (Table 1)° For the purposes of this study, specimen
classification was based on the most proximal location of the resection. Distal disease was defined as
Level 111 (segmental) or 1V (subsegmental) bilaterally, while proximal disease was defined as presence
of any Level | (main pulmonary artery) or Il (Iobar) disease regardless of the contralateral side. During
the study period, patient characteristics and outcomes of patients with proximal disease were compared

to distal disease. (Figure 1)

During the preoperative evaluation period, pulmonary hemodynamic values were acquired with right
heart catheterization. Postoperative pulmonary hemodynamics were obtained within 3 days following
surgery, off vasoactive medications and after extubation in the majority of patients. As balloon inflation
of the pulmonary artery catheter is avoided post endarterectomy, pulmonary vascular resistance (PVR)
calculations following surgery utilized an estimated pulmonary artery wedge pressure based on central

venous filling pressures.

Days of mechanical ventilation, intensive care unit (ICU) length of stay (LOS), hospital days following
PTE, and postoperative complications were tabulated for each patient group. Airway hemorrhage was
defined as the presence of frankly bloody secretions suctioned from the airways requiring standard
postoperative anticoagulation to be interrupted, bronchoscopy to be performed to clear the airways of
blood and clots, or placement of balloon bronchial blocker to control blood loss. Reperfusion lung injury
was defined as the presence of hypoxemia (PaO./FiO, ratio < 300) with pulmonary infiltrates in an
endarterectomized lung region developing within 72 hours of surgery in the absence of an alternative
explanation for these findings.® Residual pulmonary hypertension was defined as PVR >400 dyn.sec.cm”

> obtained post-operatively.
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Operability Assessment and Surgical Technique

Patients were assessed as having operable chronic thromboembolic lesions based on findings from lung
ventilation-perfusion (VQ) scans, biplane catheter-based pulmonary angiography with digital
subtraction, and when necessary, CT angiography of the chest (i.e those with poor quality conventional
pulmonary angiograms or in whom there was a disagreement between the VQ scan and angiogram). [8]
Surgical candidacy was established after multidisciplinary consultation with cardiothoracic surgeons,
pulmonary vascular medicine physicians, balloon pulmonary angioplasty practitioners, and chest
radiologists. Records for patients turned down for surgery or diverted to balloon pulmonary angioplasty

were not included in this dataset.

The technical aspects of pulmonary thromboendarterectomy surgery have been described in previous
publications.’With newly designed resection instruments (Figure 2), as well as modifications of the
surgical techniques, surgeons are now able to perform endarterectomy into the distal segmental and
subsegmental vessels. All surgeries captured during the study period were performed by two surgeons
who regularly perform PTE’s at our institution (MMM, VGP). For patients whose evaluation suggested
CTE disease at the segmental level and beyond, and confirmed intra-operatively, the endarterectomy
plane was started proximally within the normal pulmonary artery at the level of the lobar and proximal
segmental branches. The intima, and on occasion, the media was separated from the adventitia in a
circumferential manner to allow a full grasp of this otherwise fragile tissue and moved distally to
eventually engage and resect the more distal and firm chronic thrombotic material. Considerable care
was exercised to prevent fragmentation of the resected material, and to avoid vessel perforation. With
establishment of an appropriate dissection plane and with gentle traction, a degree of vessel eversion is
established to access the distal CTE material. This facilitates the removal of the entire material to its

distal “tail”. Fragmentation of the specimen at this level prevents a complete endarterectomy from being
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achieved as access cannot be regained once traction is released. In some patients with favorable
anatomy, visualization is adequate to be able to start the plane of endarterectomy at the segmental and/or
subsegmental branches. In such patients, typically a web, wall thickening, or a pouch defect can be
appreciated, and the plane of dissection can then be carefully started at this distal level. However, in
these patients, each individual branch needs careful and thorough examination and the plane of

dissection needs to be developed and established separately.
Statistical Analyses

All analyses were conducted using SPSS Version 28 (SPSS IBM, New York, U.S.A). A p-value
of <0.05 was deemed significant in all analyses. Significant differences among the continuous variables
were computed using a student T-test for normally distributed continuous variables. Normality was
assessed by visualization of data. All categorical variables compared using chi-squared test. Distribution

of Ventilator days, ICU LOS, and post-operative LOS were compared with Mann-Whitney U test.
Results

Between January 1, 2017 and June 30, 2021, 794 patients underwent PTE surgery with 563 patients
(70.9%) having “proximal” disease involving any Level | or 11 disease resection, and 231 patients
(29.1%) with “distal ” disease of bilateral Level I11 (segmental vessel) or Level IV (subsegmental vessel)
disease resection. Irn other words, level 11l and IV patients had no evidence of any disease more
proximally in the main or lobar branches. Patient characteristics are presented in Table 2. Distal disease
patients were slightly older than those in the proximal vessel resection group (54.8 vs 53.1 years,
p=0.065). There was a greater percentage of females in the distal group relative to those patients with

more proximal disease (52.4% vs 44.9%, respectively; p=0.056). A slightly lower body mass index
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(BMI) was observed in the distal group compared to the proximal group (30.3 vs 31.5 kg/m2

respectively; p<0.001).

There were important differences in clinical history between the groups. A lower extremity deep vein
thrombosis (DVT) history (42.0% vs 64.5%; p<0.001) and an identifiable coagulopathy (16.9% vs
27.4%; p=0.002) were less common among distal disease patients compared to proximal disease.
Conversely, presence of an intravascular device (i.e. pacemaker leads, central venous catheters, venous
catheters for chemotherapy, or shunts) (10.4% vs. 3.9%; p<0.001), spienectomy (6.9% vs. 3.0%,
p=0.012), history of upper extremity thrombosis (6.5% vs. 3.2%; p=0.035) and venous malformation
(3.5% vs. 1.1%, p=0.019) were more common in those with distal disease. Notably, the use of thyroid

10,11

replacement, which has been identified as a risk factor for CTEPH development,™ " was more common

among patients with distal disease (19.9% vs. 10.1%; p<0.001).

The use of pulmonary arterial hypertension (PAH)-targeted medical therapy in each patient group are
presented in Table 3. A higher percentage of patients with distal disease were on PAH-targeted medical
therapy relative to patients with proximal disease (63.2% vs. 50.1%; p<0.001) prior to surgery.
Compared to the proximal resections, the use of multi-drug therapy (16.5% on 2 drugs, 9.1% on 3 drugs;
p<0.001) and parenteral prostacyclins (9.1% vs. 4.1%; p=0.005) were more common in the distal disease
group. Use of preoperative riociguat was similar between the groups. Balloon pulmonary angioplasty
prior to PTE was rare in this cohort but more common in the distal disease group (2.2% vs. 0.5%;

p=0.037).

Preoperative pulmonary hemodynamics were similar between patient groups. (Table 4) despite the
aforementioned differences in PAH-targeted medical therapy. Both patient groups demonstrated a

substantial change in PVR following surgery (pre/postoperative difference of PVR 292.9 vs. 313.8;
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p=0.422). There were no significant differences in the post-operative hemodynamics between the distal

and proximal groups nor differences between Level 111 and bilateral Level 1V (Supplement Table 1).

The surgical and post-operative results are presented in Table 5 and Supplemental Table 2. The distal
resections were technically more difficult and thus were associated with a significantly longer
circulatory arrest time (56.3 vs. 40.3 minutes; p<0.001); the circulatory arrest times were 54.9 minutes
with Level Il and 63.1 minutes with Level IV (p<0.001) . Overall, the in-hospital mortality rate was
very low at 2.0% with no difference in mortality between distal resections and proximal resections
(2.6% vs. 1.8%; p=0.454). There were no deaths in patients with bilateral Level 1V disease. The need for
post-operative ECMO was low in distal resections and proximal resections (0.9% vs. 1.6%; p=0.421).
The incidence of reperfusion lung injury was similar between the two groups. There were lower rates of
airway hemorrhage (3.0% vs. 6.6%; p=0.047) and residual pulmonary hypertension (3.1% vs. 6.9%;
p=0.039) among patients with distal disease. There was no difference in the median ventilator days, ICU

length of stay or post-operative length of stay between the groups.
Discussion

This single center retrospective study demonstrates that immediate pulmonary hemodynamic benefit can
be achieved with distal vessel endarterectomy in selected CTEPH patients. This hemodynamic
improvement can be attained without an increase in post-surgical morbidity or mortality. Therefore,
patients previously considered inoperable due to distal disease, may be considered potential
endarterectomy candidates in the appropriate setting. Nevertheless, endarterectomy of the distal

pulmonary vessels is technically more challenging.

It is important to highlight that even in experienced hands, distal endarterectomy is quite more

challenging as evidenced by circulatory arrest times which were 16 minutes longer than the more
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proximal counterparts. This is mainly due to the difficulty establishing the correct endarterectomy plane
either proximally in relatively normal intima, or individually and separately in each branch distally. We
have designed specialized surgical instruments to facilitate these distal endarterectomies but distal
endarterectomy remains technically challenging. For that reason, we would recommend emerging
pulmonary thromboendarterectomy programs become facile in the proximal resections before attempting

the technically more challenging distal cases.

Over the past decade, options have emerged for the management of distal CTEPH including
BPA and PAH-targeted medical therapy. Balloon pulmonary angioplasty is a percutaneous intervention
using telescoping catheters placed in the pulmonary arteries, through which balloons over guidewires are
used to mechanically disrupt chronic clot and relieve pulmonary vascular obstruction.*? The initial
efforts at employing BPA for CTEPH were fraught with high complication rates (especially vessel
injury causing hemoptysis and reperfusion edema) and excessively high mortality.*® Several innovations
including serial sessions to gradually open the lumen to the full caliber, better imaging (optical
coherence tomography or intravascular ultrasound), and improved lesion targeting (avoiding pouch
defects or total occlusion) were made to the technique which brought these complication rates down to

an acceptable range.'*

While a head-to-head comparison between BPA and distal PTE is not possible with this data, surgical
outcomes of distal PTE reported in this study can be put into context within the results from large BPA
registries. Although representing a different CTEPH population with less access to PTE surgery, patients
in the Japanese BPA registry™ had more severe pre-procedure hemodynamics (mean PVR 853.4 dynes)
compared to those seen in our study. The 30-day mortality after BPA in this registry was 2.6%, similar
to that seen with distal PTE at our center (3.1% with Level 3 and 0 deaths seen in bilateral level 4

disease). Additionally, the rate of airway hemorrhage was 14.0% in the Japanese BPA registry compared

9
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to only 3.0% in distal endarterectomy. Reports from BPA centers in Europe where PTE is a more
common option demonstrate lower rates of airway hemorrhage in the range of 9-12%.'%*" In order to
achieve the hemodynamic benefits with BPA, multiple sessions are required with a median of 4 sessions
and range from 1 to 24 in the Japanese registry.' This opposed with our data in distal PTE where the
benefits are seen in one hospitalization with a median length of stay of 10 days. Lastly, although current
results of BPA are encouraging, the long-term effect of leaving the thickened and diseased material
within the lumen of the pulmonary vasculature, and its hemodynamic effect during exercise remains

unknown.

Aside from BPA, there has been increasing data supporting the use of PAH-targeted medical
therapy in inoperable CTEPH over the past decade. Riociguat was FDA-approved for inoperable
CTEPH based on the CHEST-1 trial demonstrating improvements in six minute walk at week 16.'% In
addition to riociguat, there is emerging evidence from randomized, controlled trials for the efficacy of

both macitentan®® and subcutaneous treprostinil®

in selected patients with inoperable CTEPH. It is
important to note that all these studies were extensively adjudicated to include only patients with
inoperable CTEPH and there is no data to support use of PAH-targeted medications in those with
operable disease. In our study, patients with distal disease were more likely to have been exposed to off-
label use of PAH-targeted medical therapies prior to surgery. This difference in use of PAH-targeted
medications may be related to the referring physicians believing the distal disease was inoperable. This
highlights the need for second opinions regarding operability by experienced surgical centers, as the pre-
operative use of PAH-targeted medication has been associated with delays in referral to CTEPH centers
for consideration for PTE.** Whether PAH-targeted therapy affected outcomes is beyond the scope of

this paper but is unlikely given there was no significant difference in morbidity and mortality between

the distal and proximal groups.

10
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Throughout in this study, our team conducted a weekly multi-specialty conference including
radiologists, pulmonary vascular medicine specialists, and cardiothoracic surgeons who review all cases

2223 and riociguat medical therapy™

to determine the best course for management. The BPA program
were both available alternatives since the inception of this study so there were management options for
patients deemed not to be candidates for distal endarterectomy. Many factors go into the decision for a
distal endarterectomy including the hemodynamics, extent of chronic clot burden and the patient’s
comorbidities.** Patients may be diverted from PTE to BPA if they either have disease that is surgically
inaccessible or their operative risks are deemed to be too great despite having surgically accessible
disease. In the experience of our multidisciplinary team in selecting patients for BPA, 59% of patients
who underwent BPA at UCSD were referred for surgically inaccessible distal CTEPH while 7% were
referred for BPA due to comorbidities precluding PTE surgery.? Therefore, we can comment that the

patients deemed by the multi-specialty team to be of acceptable risk with operable disease do well with

distal PTE.

Preoperative prediction of level of disease based on imaging by CTEPH providers has its limitations. At
a high volume PTE center, there was only slight/fair agreement in specimen level predictions and actual
surgical specimens.? However, this study has identified a number of clinical characteristics that are
more prevalent in patients with distal CTEPH. Patients with distal disease were more likely to have
upper extremity thrombosis, intravenous devices, venous malformations, use of thyroid replacement
medications and splenectomy. Conversely, the history of DVT in the lower extremities or coagulopathy
was more prevalent in proximal disease. These pieces of clinical history may be useful in determining
whether proximal or distal disease will be encountered in cases with borderline or indeterminate pre-

operative imaging.

11
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While UCSD is the largest referral center for CTEPH in the United States, most of our patients are not
local, which hinders our ability for return visits and post-operative hemodynamic assessment. For long-
term follow-up data, we rely on our colleagues from centers in countries with nationalized medical
systems that allow for single-center long-term follow-up. A previous publication from D’ Armini and
colleagues addressing endarterectomy of distal CTEPH was similar to the current study in describing
favorable immediate outcomes as well as favorable long-term (median time of 31 months) postoperative
pulmonary hemodynamic outcomes.?® Consistent with the current report was the profile of patients
exhibiting distal disease demonstrated fewer with a DVT history and a greater prevalence of indwelling
intravascular devices though no difference in the history of splenectomy. This group also reported
airway bleeding as the cause of in-hospital mortality in 30% of patients who died post-operatively, while
the rate of airway hemorrhage was much lower in our series than was reported by D’ Armini. The
Canadian CTEPH Working group noted an increase in the number of distal PTE cases involving the
segmental arteries in the most recent 5 years, compared to earlier cohorts.?” They also demonstrated
excellent long-term results with distal PTE but patients with segmental resections were more likely to
require additional post-operative therapy with PAH-targeted medical therapy and/or balloon pulmonary
angioplasty. However, the use of the Jamieson surgical classification’ in this previous study does not
provide a distinction between segmental and subsegmental resection. The UCSD level classification is
more reflective of the surgical difficulty (as evidenced by successively longer circulation arrest times
with more distal resections) than the prior Jamieson classification which focused on the type of material

encountered.

This study is limited by the generalizability of this single center study, as the results are specific
to an active and experienced center and therefore cannot easily be applied to other emerging PTE

centers. The experience of the team in selecting the appropriate patients for distal endarterectomy and

12
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the surgeons in performing the surgery at a busy CTEPH center surely influence the excellent outcomes
seen in this study. Whether less experienced centers would see similar results for distal endarterectomy
remains to be seen. It is our opinion that emerging centers should focus endarterectomy efforts on
proximal disease that may be technically less challenging. Furthermore, prior to proceeding with balloon
angioplasty in patients with distal disease, the opinions on operability for distal pulmonary
thromboendarterectomy should be obtained from a center with experience with this more challenging

procedure.

In conclusion, PTE for distal (segmental and subsegmental pulmonary artery disease) CTEPH is feasible
and can be effective in the appropriate setting. Mortality in these cases is similar to more proximal
disease and morbidity may actually be lower. We suspect that surgical technique, post-operative care,
overall center experience, and proper patient selection are the major reasons for achieving such low
mortality rates in patients with more distal disease. Additionally, the revised surgical classification
presented here becomes relevant as a greater number of PTE centers are established worldwide. With a
clearer description of disease resection, future comparison of outcomes between centers of excellence
becomes feasible and lays the groundwork for potential future comparison of outcomes between distal

surgical resections and balloon pulmonary angioplasty.
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Table 1: UCSD Chronic Thromboembolic Disease Surgical Classification”

UC San Diego Surgical Classification

Level O

No evidence of chronic thromboembolic disease

Level I:

Chronic thromboembolic disease encountered in the main pulmonary artery

Level IC:

Complete occlusion of one main pulmonary artery with chronic thromboembolic disease

Level {1:

Chronic thromboembolic disease starting at the level of lobar arteries, or in the main descending
pulmonary arteries

Level 111:

Chronic thromboembolic disease starting at the level of the segmental arteries

Level 1V:

Chronic thromboembolic disease starting at the level of the subsegmental arteries

“Classification based on the most proximal disease identified
Table 2: Patient Demographics

Distal Disease Any Proximal Disease
P value
N =231 N =563

Age, years (SD) 54.9 (16.8) 53.9 (15.7) 0.443
Gender (% Female) 52.4% (N=121) 44.9% (N=253) 0.056
BMI kg/m? (SD) 28.7 (6.5) 31.2 (7.7) <0.001%
WHO Functional Class 0.629

lorll 22.0% (N=51) 19.6% (N=110)

i 70.6% (N=163) 72.6% (N=409)

v 7.4% (N=17) 7.8% (N=44)
Deep Vein Thrombosis 42.0% (N=97) 64.5% (N=363) <0.001
Pre-operative PVR >1000 dynes 9.1% (N=19) 10.8% (N=54) 0.673
History of UE Thrombus 6.5% (N=15) 3.2% (N=18) 0.035
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History of Intravenous Device 10.4% (N=24) 3.9% (N=22) <0.001
Venous Malformation 3.5% (N=8) 1.1% (N=6) 0.019
Coagulopathy” 16.9% (N=39) 27.4% (N=154) 0.002
Hemoglobinopathy 4.3% (N=10) 3.4% (N=19) 0.515
Post Splenectomy 6.9% (N=16) 3.0% (N=17) 0.012
History of Malignancy ™ 13.0% (N=30) 11.4% (N=64) 0.521
Diabetes Mellitus 12.1% (N=28) 14.6% (N=82) 0.365
Thyroid Replacement Rx 19.9% (N=46) 10.1% (N=57) <0.001
PAH Risk Factors™ 7.8% (N=18) 7.1% (N=28) 0.753
OSA 13.4% (N=143) 10.5% (N=59) 0.235

“7All categorical variables compared using chi-squared test excluding non- melanoma skin cancers

*Factor V Leiden, antithrombin 111, Protein S or Protein C deficiency, lupus anticoagulant or

anticardiolipin antibodies

*hkk

PAH risk factors includes history of anorexigen use, methamphetamine abuse, scleroderma,

congenital heart disease, HIV, cirrhosis, systematic lupus erythematous or mixed connective tissue

disease.

Table 3: Pulmonary Hypertension Targeted Medical Therapy

Distal Disease Any Proximal Disease
N =231 N = 563 p-value
Any PAH-targeted Therapy 63.2% (N=146) 50.1% (N=282) <0.001
2 drug therapy 16.5% (N=38) 9.8% (N=55) <0.001
3 drug therapy 9.1% (N=21) 2.8% (N=16)
Riociguat 42.4% (N=98) 36.8% (N=207) 0.137
PDE-5i 18.6% (N=43) 11.2% (N=63) 0.004
ERA 21.2% (N=49) 9.9% (N=56) <0.001
Selexipag 2.2% (N=5) 1.8% (N=10) 0.715
Parenteral Prostacyclin 9.1% (N=21) 4.1% (N=23) 0.005
Inhaled Treprostinil 3.9% (N=9) 1.1% (N=6) 0.008
BPA prior to PTE 2.2% (N=5) 0.5% (N=3) 0.037
Table 4: Perioperative Pulmonary Hemodynamics
Distal Disease | Any Proximal Disease P value
N =230 N =536
Pre-operative | RA mean (mmHg) 9.0+£6.1 98+54 0.066
PA mean (mmHg) 379+128 39.0+135 0.305
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Cardiac Output (L/min) 480+1.28 4.88 +1.43 0.434
Cardiac Index (L/min/m2) | 2.43 +0.54 2.37 £ 0.62 0.184
PVR (d.s.cm-5) 509.3 + 325.7 530.9 + 331.0 0.426
TPR (d.s.cm-5) 713.3 £ 364.0 744.0 £ 376.0 0.318
Post-operative | RA mean (mmHg) 78+3.1 8.2+3.6 0.381
PA mean (mmHg) 22.0+6.0 228+7.3 0.079
Cardiac Output (L/min) 572+1.22 5.65+1.33 0.476
Cardiac Index (L/min/m2) | 2.81 +0.52 2.77 £0.53 0.355
PVR (d.s.cm-5) 209.7 £97.3 2221 +121.7 0.178
TPR (d.s.cm-5) 324.8 +116.9 343.9+151.0 0.063

T-test used for continuous variables. Note: Post-operative PVR calculated with estimated pulmonary
capillary wedge pressure.

Table 5: Surgical and Postoperative Results

Distal Disease Any Proximal Disease
N =231 N =563 P value

Total CPB time, min (mean + SD) 248.3 £ 38.0 250.5+324 0.453
Circulatory Arrest, min (mean +
SD) 56.3+21.3 40.3+ 145 <0.001
Mortality 2.6% (N=6) 1.8% (N=10) 0.454
Ventilator Days

Median (1Q range) 1(1-2) 1(1-2) 0.074
ICU Length of Stay, days

Median (1Q range) 4 (3-6) 4 (2-5) 0.21
Postoperative Length of Stay,
days

Median (1Q range) 10 (8-13) 10 (8-14) 0.483
Need for ECMO 0.9% (N=2) 1.6% (N=9) 0.421
Need for PAH Medication at
Discharge 0.9% (N=2) 0.9% (N=5) 0.978
Need for Oxygen at Discharge 62.9% (N=144) 62.1% (N=346) 0.841
Airway hemorrhage 3.0% (N=7) 6.6% (N=37) 0.047
Reperfusion Lung Injury 9.1% (N=21) 10.9% (N=61) 0.459
Residual PH (PVR >400) 3.1% (N=7) 6.9% (N=35) 0.039
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Figure 1: UCSD CTE Classification. The 15 cm ruler is provided for gauging the size of each of the
example specimens. Level | resections begin at the main pulmonary artery. In Level Il resections, the
majority of the resection begins at the iobar pulmonary artery. Level 111 resection begins at segmental
arteries while Level 1V resection begins in the subsegmental arteries.

19



Journal Pre-proof

Figure 2: Redesigned Endarterectomy Instruments. Madani PTE Instrument Set : A) 16” Double Action
Madani PTE Forceps with 1mm tip, B) 16” Double Action Madani PTE Forceps with 2.5 mm tip, C)
12” Double Action Madani PTE Forceps with 1mm tip, D) 12” Double Action Madani PTE Forceps
with 2.5mm tip, E) Modified Jamieson PTE Suction/Dissector, F) Modified Curved Jamieson PTE
Suction/Dissector, G) Madani PTE Retractor, H) Micro-Penfield 4 Dissector, 1) Fine Beaver Blade, J)
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“Mini-Nut” Dissector — Small 7mmx3mmx1mm PTFE Buttress Pledget in a 10” Tonsil Clamp. Inset:
The Forceps are available with either 1 mm or 2.5 mm tips.

21





