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Objective: The employment of the no-touch technique in harvesting the great saphenous vein (GSV) for coronary artery bypass
grafting has been associated with a significant improvement in clinical patency rates. Despite these advantages, such grafts may
predispose patients to complications in the lower limbs. This study endeavors to evaluate the incidence of complications in the lower
extremities by deploying an enhanced protocol for the no-touch harvesting technique.

Methods: The historical control group in this study included patients who underwent coronary artery bypass grafting (CABG) with
the no-touch technique for GSV harvesting at our institution from August 2018 to April 2020, in compliance with ethical standards.
The intervention group consisted of patients who received CABG and were subjected to an optimized no-touch technique for GSV
harvesting from May 2020 to June 2022. Technical modifications were applied to reduce lower limb complications, including limited
use of electrocautery, minimization of extravascular tissue preservation, relaxation of postoperative elastic compression bandages, and
clevation of the lower extremities. These measures aimed to decrease the incidence of postoperative lower limb complications, such as
pain, numbness, edema, exudation, and delayed healing. The occurrences of postoperative complications were meticulously docu-
mented, compared, and analyzed between the two groups.

Results: The adoption of the optimized no-touch technique resulted in a significant decrease in the incidence of postoperative lower
extremity incisional complications among patients subjected to off-pump CABG (p < 0.05).

Conclusion: The results of this study substantiate that the application of an optimized no-touch technique to harvest the GSV
significantly diminishes the incidence of postoperative lower limb complications in patients receiving CABG. These results highlight
the importance of adopting and integrating this optimized technique into clinical protocols, emphasizing its critical role in advancing
patient care outcomes.

Keywords: historical controlled study, lower limb complications, no-touch great saphenous vein, off-pump coronary artery bypass
grafting, propensity score matching

Introduction

Coronary artery disease (CAD) poses a substantial threat to public health, being linked with high rates of morbidity and
mortality. Coronary artery bypass grafting (CABG) has been established as an effective treatment for CAD, with its
application extending to over one million patients globally on an annual basis." Currently, the great saphenous vein
(GSV) is the most commonly utilized conduit for grafting, favored for its superficial anatomical location, straightforward
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accessibility, and low propensity for spasm, accounting for 80% of all graft procedures.? Nevertheless, the mid- and long-
term patency rates of saphenous vein grafts (SVGs) are less than ideal. Goldman et al reported a noteworthy 10-year
patency rate of 85% for the left internal mammary artery, in stark contrast to a considerably lower 61% for venous
grafts.® Introduced by Souza in 1996,* the no-touch technique for GSV harvesting has been shown to result in enhanced
patency rates, as evidenced by multiple national and international studies.” '? Despite its benefits, the no-touch technique
is associated with certain disadvantages, notably lower extremity incision complications including pain, numbness,
edema, and exudation. These complications can lead to prolonged hospital stays and elevated healthcare costs for
patients.

To address these challenges, we developed an optimized version of the no-touch technique, which includes measures
such as minimizing the use of electrocautery and reducing the retention of extravascular tissue. Our study, adhering to
ethical standards, employs a retrospective historical control design to evaluate the effectiveness of these technical
advancements. The historical control group comprises patients who received CABG with the original no-touch technique
for GSV harvesting between August 2018 and April 2020. In contrast, the intervention group includes individuals who
underwent CABG with the optimized no-touch technique from May 2020 to June 2022. This single-center study aims to
assess the incidence of lower extremity incision complications before and after the introduction of the optimized no-
touch technique and to explore its effects on postoperative incision healing.

Methods
Trial Design

A single-center, retrospective, consecutive, single-blind, historically controlled study was conducted.

Inclusion Criteria: (1) Patients aged 18 years and older undergoing coronary artery bypass surgery. (2) Patients
requiring the harvesting of the GSV for coronary artery grafting purposes. (3) Patients who met the clinical criteria and
had been advised to undergo coronary artery bypass grafting surgery based on medical indications and decisions. (4)
Those undergoing GSV harvesting surgery utilizing the no-touch technique. (5) Individuals capable of understanding the
study’s requirements and consenting to participate before undergoing surgery, demonstrated by signing an informed
consent form.

Exclusion Criteria: (1) A history of lower limb arterial diseases, including arterial embolism, ischemia, or significant
venous varicose veins. (2) The presence of chronic lower limb ulcers or other severe skin lesions on the lower limb. (3)
Severe lower limb neurological disorders, such as peripheral neuropathy or neuropathic pain syndromes. (4) Evidence of
lower limb deep vein thrombosis or thromboembolic conditions. (5) A history of allergic reactions to local anesthetics or
the anesthetic drugs used in surgery. (6) The presence of systemic diseases that severely affect cardiac, hepatic, or renal
functions, or severe respiratory system disorders, making the patient unsuitable for surgical procedures. (7) Patients who
may not be available for follow-up, including those intending to receive further treatment at other facilities or those
unwilling to participate in follow-up procedures post-surgery.

The study received approval from the Hospital Ethics Committee (Approval No. 2016-827), and informed consent
was obtained from all participating patients, as evidenced by their signatures on consent forms.

Study Participants

In this clinical trial, 458 consecutive patients undergoing their initial, off-pump coronary artery bypass grafting
(OPCABG) were examined. These procedures took place at the Department of Cardiovascular Surgery, the Second
Hospital of Hebei Medical University, from August 2018 to June 2022. In every procedure, the left internal mammary
artery was utilized for grafting the anterior descending branch, and the no-touch technique was employed for
harvesting the GSV as the conduit for other target vessels. The GSV, with a diameter between 1.5 and 2.5 mm,
was harvested from the bilateral leg area. The historical control group consisted of 177 patients who underwent
surgery from August 2018 to April 2020, while the intervention group included 281 patients operated on from
May 2020 to June 2022. To facilitate the comparison of postoperative complication rates, preoperative data from the
entire cohort of 458 patients were analyzed using propensity score matching (PSM) to identify comparable cases. This

5436 e Journal of Multidisciplinary Healthcare 2024:17

Dove!


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

Dove Zhao et al

preoperative data collection was performed through patient history interviews and relevant preoperative diagnostic
evaluations.

Surgical Strategies

The GSV was harvested using the no-touch technique, consistently applied by the same senior physicians treating all
study participants. Within the historical control group, the conventional method of no-touch GSV harvesting was
utilized.'® Preoperatively, vascular Doppler imaging was employed to map the GSV’s path and to identify any collateral
branches. The harvesting process involved both legs. Following the administration of anesthesia, an incision was made at
the ankle and extended upward along a predetermined line, employing tissue scissors to preserve the vein’s tunica
adventitia and surrounding adipose tissue. The electric cautery’s coagulation settings were regulated between 20 and 30
Joules, facilitating the release of subcutaneous tissue adjacent to the vein using scissors. The retained tissue margins on
either side of the vein were maintained at an approximate width of 0.5-0.8 cm, with meticulous efforts to conserve the
small vasa vasorum around the vein as much as possible.

After the vein was fully liberated, collateral branches were ligated and dissected to reduce the duration of the GSV
dissection. Following hemostasis at the incision site, the closure of the leg incisions was achieved through a two-layer
continuous suture technique: the subcutaneous tissue was closed using 2-0 VICRYL thread, and the intradermal layer
was sutured with 4-0 synthetic absorbable surgical thread. In areas with thicker tissue, a three-layer continuous suture
was employed to ensure no dead space remained. The application of pressure through elastic bandages was advised for
a period of 48 to 72 hours post-operation to aid in healing and reduce swelling.

In the intervention group, several modifications were applied to the conventional no-touch technique for harvesting
the GSV, aimed at enhancing outcomes and reducing complications. These modifications included:

1) Limited use of the electric cautery, only employing electrocoagulation in instances of significant bleeding to
minimize thermal damage.

2) Reduction in the retention of extravascular tissue while preserving the tunica adventitia of the GSV and
maintaining an SVG diameter of approximately 0.4-0.6 cm, in adherence to the no-touch principle, aiming to conserve
as much lower limb vascular tissue as possible (illustrated in Figures 1-3).

3) Careful avoidance of damage to the peripheral nerves associated with the GSV.

4) Closure of the vascular bed using a continuous 2—0 VICRYL thread following GSV harvesting, to ensure proper
healing.

5) Application of a postoperative gradient compression bandage, adjusted to a tightness that allows the insertion of
a finger underneath, to prevent excessive pressure.

6) Encouragement of early ambulation within one month after surgery and recommending that the lower limbs be
elevated by 30 degrees in the supine position, compared to 15 degrees in the control group, to facilitate recovery.

Following the transfer of patients from the cardiac intensive care unit (ICU) to the general ward, the elastic
compression bandages applied to the lower limbs were removed, and patients were positioned supine. To facilitate
elevation of the lower limbs, a leg elevation cushion inclined at 30 degrees was employed until the patient’s
discharge. Under the supervision of the attending nurse, the lower limbs of the patients were elevated for 3 hours
in both the morning and afternoon, and for an additional 4 hours in the evening, to promote circulation and reduce
swelling,'*!

Postoperative care for all participants included changing the incision dressings every three days, accompanied by
ongoing monitoring of incision healing up to the point of discharge. Dual antiplatelet therapy commenced on the day
following CABG surgery and was maintained for at least 12 months thereafter. The prescription of statins, antihyperten-
sive medications, hypoglycemic agents, B-blockers, and nitrates was guided by the recommendations of the American
College of Cardiology/American Heart Association, ensuring adherence to established clinical guidelines for post-

operative management.
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Figure | Wound after saphenous vein graft harvesting.

Evaluation of Clinical Outcomes

The evaluation of healing progress from the lower extremity incision was systematically documented at 5—7 days and 1
month after surgery. The assessment parameters included pain evaluation utilizing a visual analog scale. A score of 0
indicated no noticeable pain, 1-2 represented tolerable pain, and a score of 3 or higher signified a need for analgesic
intervention for pain management. Additionally, the presence of numbness, specifically around the incision site and in the
lower limbs, along with other sensory disturbances, was thoroughly assessed. The manifestation of edema or exudation
was noted in the patients, characterized by edema observed in the lower extremities, localized edema surrounding the
surgical incision, and persistent exudation from the incision site. Notably, subcrustal healing included the development of
wide, dark brown, indurated crusts, indicative of epidermal necrosis at the surgical site, observed more than two weeks
post-operation. Infection was defined as the failure of proper integration between the epidermis or subcutaneous tissue in
a meticulously sutured wound, leading to the formation of a barrier separating adjacent tissues. This necessitated
debridement and subsequent resuturing, usually following a period exceeding two weeks post-surgery.

Statistical Analysis

SPSS 26.0 software and the R 4.1.2 statistical package were used for data analysis. Initially, descriptive statistics such as
mean + standard deviation were employed to characterize measurement data, with group comparisons facilitated through
ANOVA. Count data were described using frequency and percentage, and comparisons were conducted using the chi-
squared test. Rank data were assessed using the Wilcoxon Rank Sum test. In the subsequent stage, variables including
gender, age, BMI, hypertension, diabetes, smoking status, history of stroke, and chronic obstructive pulmonary disease
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Figure 2 Great saphenous vein.

(COPD) were utilized for one-to-one PSM to mitigate baseline bias between the two groups. Following PSM, statistical
analyses similar to the initial stage were performed.

Results

Baseline Data

A total of 458 participants were enrolled in the study, comprising 177 individuals who underwent GSVs harvesting via
the conventional no-touch technique and 281 via the optimized no-touch technique. Initial analysis revealed no
significant differences between the groups regarding potential confounders, including gender, age, BMI, hypertension,
diabetes, smoking, stroke, and history of COPD. However, to enhance comparability between the groups, PSM was
employed. Standardized mean differences for all covariates between the groups were determined to be significantly less
than 0.1 post-matching, indicating successful covariate equalization. Table 1 displays baseline characteristics both before
and after matching.

Clinical Outcomes

Complications related to the lower extremity incision were evaluated at two time points: days 5—7 and 1 month following
the surgery. Pain scores and the incidence of numbness, edema, exudation, subcrustal healing, infection, or dehiscence
were compared pre- and post-matching process, The results showed that the clinical effect of the technical improvement
group was better than that of the historical control group. (Table 2).
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Figure 3 Suturing effect.

Discussion

In this study, PSM was employed to assess the incidence of complications in lower extremity incisions among patients
undergoing OPCABG before and after the implementation of the optimized no-touch technique. Our findings affirm that

Table | Preoperative Patient Characteristics

Before PS Matched After PS Matched
Historical Technical P -value SMD Historical Technical P -value SMD
Control Improvement Control Improvement
Group Group Group Group
N 177 281 143 143
Age 62.10+£7.72 62.98+7.56 0.147 —0.114 62.89+7.19 62.80+7.90 0.757 0.012
BMI 26.17£3.02 25.89+2.87 0.329 0.092 26.13£3.11 25.98+2.83 0.707 0.047
Female Sex 46 (26.0) 59 (21.0) 0.216 0.114 32 (22.4) 32 (22.4) >0.999 0
(Continued)
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Table | (Continued).

Before PS Matched After PS Matched
Historical Technical P -value SMD Historical Technical P -value SMD
Control Improvement Control Improvement
Group Group Group Group
Hypertension 117 (66.1) 181 (64.4) 0.712 0.036 95 (66.4) 97 (67.8) 0.801 —0.03
Diabetes 59 (33.3) 96 (34.2) 0.855 -0.018 47 (32.9) 51 (35.7) 0.618 -0.059
Smoking 44 (24.9) 77 (274) 0.548 —0.059 34 (23.8) 33 (23.1) 0.889 0.016
Stroke 16 (9.0) 23 (8.2) 0.75 0.03 13 (9.1) 10 (7.0) 0514 0.073
COPD 8 (4.5) 7 (2.5) 0.235 0.098 2(1.4) 3210 >0.999 —0.034
Abbreviations: PS, propensity score; BMI, Body Mass Index; COPD, chronic obstructive pulmonary disease.
Table 2 Complications of Lower Limb Incision Before and After PS Matching
Observations Before PS Matched After PS Matched
Historical Technical P -value Historical Technical P -value
Control Improvement Control Improvement
Group (n=177) | Group (n=281) Group (n=143) | Group (n=143)
Pain (score) 0 (1.0 0(0) P<0.001 0 (1.0 0(0) P<0.001
No pain 113 233 P<0.001 90 123 P<0.001
Mild pain 49 42 42 18
Moderate or higher 15 6 I 2
pain
Skin numbness 63 (35.6%) 22 (7.8%) P<0.001 52 (36.4%) I (7.7%) P<0.001
Persistent exudation 21 (11.9%) 38 (13.5%) 0.606 14 (9.8%) 21 (14.7%) 0.207
Edema 42 (23.7%) 44 (15.7%) 0.031 28 (19.6%) 23 (16.1%) 0.440
Subeschar healing 9 (5.1%) 1 (0.4%) 0.001 7 (4.9%) 1 (0.7%) 0.066
Infection or rupture 7 (4.0%) 2 (0.7%) 0.031 3 (2.1%) 1 (0.7%) 0.622

Abbreviation: PS, propensity score.

the adoption of the optimized no-touch technique confers notable advantages in reducing both incisional pain and skin
numbness.

Currently, SVGs are predominantly harvested via an open incision during CABG surgery. The conventional approach
to obtaining GSV bridging vessels involves the excision of perivenous tissues and the application of pressurized
dilatation to the venous lumen to alleviate vasospasm. However, this procedure incurs endothelial damage attributable
to mechanical trauma during surgical manipulation and dilatation maneuvers. Endothelial injury constitutes a principal
determinant of platelet aggregation and thrombotic events. Additionally, endothelial damage and the removal of the
tunica adventitia layer precipitate diminished levels of vascular nitric oxide, thereby predisposing the patient to vein
spasms.'® The application of manual compression and dilation exacerbates spasm, resulting in further damage to the
tunica intima and tunica media layers.'”"'® Consequently, this sequence of events initiates the activation, migration, and

proliferation of vascular smooth muscle cells, culminating in the formation of new venous endothelium.'®-*
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Souza et al elucidated that the no-touch technique involves several key practices, including the avoidance of direct
contact with the vascular wall, abstention from instrumental manipulation of the vein, and prevention of venous spasm by
preserving the tunica adventitia and surrounding tissues.?' This technique circumvents the use of pressurized dilatation to
mitigate venous spasm, thereby safeguarding the structural integrity of the venous endothelial layer and the smooth
muscle layer of the tunica media against disruption, as corroborated by electron microscopic observation.> Research
suggests that perivascular tissues possess the ability to secrete numerous vasodilatory factors, including adipose-derived
relaxing factor, nitric oxide, leptin, adiponectin, prostaglandins, and hydrogen sulfide. In addition to their vasodilatory
properties, these paracrine factors can impact the structure of the vessel wall by influencing cell migration, proliferation,
and apoptosis.”> Moreover, intact perivascular tissue may serve as a natural external scaffold, potentially mitigating the
risk of angulation and tortuosity in graft-bridged vessels.

The no-touch technique offers enhanced protection to venous vessels compared to the conventional method. This is
accomplished by gently harvesting the GSV in a tapered manner. In contrast to the conventional vein harvesting method
utilized in CABG, no-touch techniques have substantially diminished the risk of vein graft occlusion, ultimately
improving patient outcomes.'® Theoretically, this approach may lead to increased trauma to the lower extremity, sparking
controversy regarding its impact on the postoperative healing of lower extremity incisions.'”> Souza et al were the
pioneers in investigating the no-touch technique, with their initial study revealing a postoperative incisional complication
incidence of 11.1%, albeit with a limited sample size of 45 participants.”* Similarly, the Chinese Heart Center has
documented varied incidences of poor incision healing, ranging from 4.3% to 15.4%.'*2°"27 Within the historical control
group, comprising 177 patients, the incidence of infection or dehiscence stood at 9.1%. Among these cases, 5.1%
experienced healing beneath the scab, with some electing for surgical intervention, while those not requiring surgery
underwent a minimum of 2 months of incision recovery. Another study revealed a heightened incidence of postoperative
vein site infections one month following surgery in patients utilizing the no-touch technique (23.3% vs 9.5%, p < 0.01)."
Moreover, 4.0% of patients developed wound infection or dehiscence, necessitating surgical debridement and suturing.

Previous studies have identified several risk factors that impact the healing of lower extremity incisions.'®**?’ These
factors include female gender, hypertension, diabetes, obesity, peripheral vascular disease, excessive use of a high-
frequency electric knife, and perioperative application of an intra-aortic balloon pump.

Considering the mentioned risk factors and clinical practices, we hypothesize that the no-touch technique may have
several potential impacts on exacerbating poor healing of lower limb incisions:

1) Preservation of the tunica adventitia of the graft vein and its surrounding tissues by the no-touch technique may
lead to the absence or damage of adipose tissue in the lower limb, affecting cutaneous nerves, capillaries, and
lymphatics. This not only influences tissue blood supply but also increases incisional tension, thereby impacting the
healing process.

2) Relying on electrocautery to free blood vessels and minimize bleeding from bridging vessels in the no-touch
technique may result in excessive tissue damage. To mitigate this, technical improvements were proposed, including
reducing the retention of adipose tissue outside the GSV while preserving its tunica adventitia to minimize incision
depth. Additionally, efforts were made to minimize irritation and damage to the saphenous nerve surrounding the GSV.

3) In our center, the previous no-touch technique utilized a low-frequency electrocautery device, which has been
identified as a risk factor for fat liquefaction. In response, measures were implemented to reduce electrocautery use
unless significant bleeding occurred, thereby eliminating electro-coagulation when unnecessary.

4) Suturing technique is considered pivotal. Therefore, we employed absorbable sutures for continuous suturing of the
vascular bed with a spacing of 5-8 mm. Attention was focused on eliminating dead space, and intradermal continuous
suturing of the epidermis and dermis skin was performed with 4-0 absorbable sutures.

5) The lower limb incision was bandaged with gradient pressure using an elastic bandage for 48—72 hours, ensuring
appropriate tightness. After this period, the bandage and gauze were removed, and the area was sterilized using iodophor
every 2 days if no significant exudation was observed. Additionally, lower limbs were elevated 30 degrees while the
patients were lying in bed to alleviate lower limb edema. The study results indicate that these enhancements significantly

contribute to reducing incisional pain and skin numbness.
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Study Limitations

The inherent limitations of this study primarily stem from its retrospective design. Firstly, incomplete data collection is
a frequent issue in retrospective studies, potentially affecting the comprehensive assessment of postoperative complications.
Critical clinical data might be missed or incompletely recorded during the review process. Secondly, despite employing
various statistical methods to mitigate selection bias, retrospective studies remain susceptible to recall and reporting biases,
which can compromise the accuracy of the research findings. In addition, because retrospective studies cannot strictly control
all variables like prospective randomized controlled trials, there may be unmeasured confounding factors, and the influence of
these factors on the research results is difficult to completely eliminate. Although the sample size of this study is relatively
large, for some rare complications, the sample size is still insufficient, which may affect the universality and statistical power
of the conclusion. Finally, due to the lack of long-term follow-up data, this study mainly focused on the incidence of
complications in the short term after surgery and could not comprehensively evaluate the impact of the improved technique on
the long-term postoperative effect. Therefore, although this study provides some preliminary evidence for the improved no-
touch technique, its conclusions still need to be further verified and improved in future prospective studies.

Conclusion

In this retrospective study, we analyzed data obtained from patients who underwent CABG and underwent saphenous
vein harvesting using the no-touch technique at our institution from August 2018 to June 2022. During this timeframe,
we introduced technical enhancements, notably reducing the use of electrocautery, minimizing excessive retention of
extravascular tissue, and adjusting the tightness of postoperative compression bandages, beginning in May 2020. We
compared outcomes following these enhancements with those observed prior to May 2020. PSM analysis revealed
a significant reduction in the occurrence of postoperative complications associated with lower extremity incisions, such
as incisional pain and skin numbness, among patients undergoing OPCABG. These findings tentatively suggest that the
adoption of these strategies is beneficial and considered to be useful in clinical practice. However, all possible
confounding factors were not considered in this study, so future prospective studies should consider more comprehensive
factors to verify the current results.
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