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Abstract 
Preoperative echography of a saphenous vein graft (SVG) was studied. In 58 cases of consecutive 
coronary artery bypass grafting, 31 patients underwent SVG echography. Preoperative assessment 
revealed vein caliber, branching, or varicose saphenous veins. The location of the saphenous vein 
was marked. Saphenous veins were harvested by the open harvest technique, and the caliber of 
the veins and the availability of the anastomosis device were recorded. Postoperative morbidity 
was recorded. Preoperative findings revealed that four (6.5%) of 62 femoral saphenous veins 
were estimated as “not graftable” because of being a varicose vein or having a small caliber. Seven 
of 32 lower saphenous veins were estimated as “not graftable”. The mean discrepancy of the cali-
ber was 0.6 mm undersized with preoperative estimation. During harvesting, one of 31 patients 
had a wrong marking. We were able to use all harvested veins. The morbidity of saphenous har-
vesting was observed in two (6.5%) of 31 patients. One patient whose marking was wrong had 
minor skin necrosis. Another patient experienced a hematoma because of the excess effect of 
warfarin. Preoperative ultrasonic mapping of the saphenous vein reduced useless harvesting, 
provided information concerning anastomosis device availability, and seemed to reduce morbidi-
ty because dissection can be minimal. 
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1. Introduction 
The saphenous vein graft (SVG) is a commonly used conduit for coronary artery bypass surgery [1]. Saphenous 
vein harvesting for coronary bypass surgery is associated with significant morbidity. The morbidity associated 
with open harvesting is reportedly approximately 14% on average and ranges 3% - 34% [2] [3]. The morbidity as-
sociated with minimally invasive vein harvesting is reportedly approximately 3.5% on average and ranges 0% - 
8% [2] [3]. Minimally invasive techniques for vein harvesting provide lower morbidity, compared to the open 
technique [4], although the use of minimally invasive techniques is limited to several institutes in our country 
because of the cost and the lack of manpower where physician assistants are unavailable.  

In our institute, a saphenous vein graft is harvested by the open technique. We applied preoperative ultrasonic 
mapping to reduce making a useless incision to get an unqualified vein graft, to reduce unnecessary dissection of 
subcutaneous tissue, to obtain the shortest and most vertical approach to prevent causing poor blood flow in the 
subcutaneous tissue, and to know the availability of the proximal anastomosis device, which is not applicable for 
undersized or oversized veins (4 - 6 mm diameter). Previous study of saphenous vein harvest with ultrasonic 
mapping used ultrasonic study in the operating room [1]. The aim of this study was to assess the usefulness of 
preoperative ultrasonic saphenous vein mapping before surgery in conduit quality, conduit location, and reduc-
ing postoperative morbidity. 

2. Patients and Methods  
Between August 2008 and July 2010, 58 consecutive patients underwent coronary artery bypass grafting (CABG) 
at the National Defense Medical College. Preoperative saphenous vein graft (SVG) echography was performed 
in 31 elective patients; this procedure was not available for emergent or urgent patients because the echographer 
was not available in emergent or urgent situation. Otherwise there was no excusion criteria. Approval was ob-
tained from the institutional review board of National Defense Medical College. Preoperative Doppler assess-
ment revealed vein caliber, branching, and varicose saphenous veins. The saphenous vein location was marked. 
The caliber was measured at the saphenofemoral junction, femoral, knee, and ankle with the patient in the semi- 
upright position. The ultrasound equipment used was the Toshiba Aplio color flow ultrasound system (Toshiba 
Medical Systems, Tochigi, Japan) with a PLT704AT linear array transducer (Toshiba Medical Systems) with 7.5 
MHz frequency.  

Saphenous veins were harvested with the open harvest technique via multiple (3 - 4) incisions on the line of 
the preoperative mapping. The vein caliber, length, and availability of proximal anastomosis devices were rec-
orded. The wound was closed after protamine infusion and hemostasis by using running 3-0 braided absorbable 
sutures (Vicryl; Ethicone, Johnson & Johnson Co-Ltd, Tokyo, Japan) to close the saphenous bed and subcuta-
neous layer, and by using horizontal running mattress sutures of 4-0 nonbraid absorbable sutures (PDS; Ethicone, 
Johnson & Johnson) to close the epidermal layer. An elastic bandage was applied and was followed by elastic 
stocking.  

Postoperative morbidity associated with saphenous vein harvesting was recorded. Morbidity included hema-
toma, skin detachment, infection, resuturing, skin necrosis, or any other cause for a delay in hospital discharge.  

3. Results 
Table 1 shows the patient demographics and surgical results. Most patients were treated with the off-pump pro-
cedure and two patients were converted to the on-pump procedure because of heart failure. There was no 30-day 
mortality. There was no saphenous vein harvesting morbidity associated with a delay in hospital discharge. 
Table 2 shows the details of preoperative saphenous vein mapping. Preoperative measurement of the saphenous 
vein caliber showed a rather large variability of 1.8 - 8.3 mm. Four of 62 femoral saphenous veins and seven of 
32 lower saphenous veins were “not graftable” because of varix, branches, or small size. There were side rec-
ommendations in seven of 31 patients. During harvesting, one of the 31 patients had wrong markings in which 
the saphenous vein was not located just beneath the marking. We were able to use all harvested veins.  

Table 3 shows the actual caliber of the harvested saphenous veins. The difference between the preoperative 
ultrasonic estimated measurement and the actual measurement during surgery is also shown. Ultrasonic estima-
tion showed a mean underestimation of 0.6 mm. The variance of the difference was not small. We could use 
PAS-Port (Century Medical Inc., Tokyo, Japan) as the first choice of the anastomosis device in most patients. To 
use PAS-Port, the venous size must be 4 - 6 mm (Table 4). We needed to use other devices in two patients in 
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whom the vein caliber was less than 4 mm. For patients with saphenous vein preoperative ultrasonic estimation 
vein caliber under 3.4 mm, the actual caliber was less than 4 mm in 20% of the patients and more than 4 mm in 
80% of the patients. 

Table 5 shows the incidence of morbidity associated with saphenous vein harvesting surgical site. There was 
morbidity with an incidence of 7.4% (Table 5). Skin necrosis was associated with a wrong marking. Hematoma 
was associated with excess warfarin effect in a patient who was under anticancer drug prescription. 
 
Table 1. Patient demographics and surgical results. 

CABG (SV mapped) 
Age, years (range) 

On pump 
Distal anastomosis 

ITA use 
BITA use 
SVG use 
RA use 

GEA use 
ICU stay, days (range) 

Hospital stay, days (range) 
30-day mortality 

Deep sternal infection 
ITA patency 

SVG patency (anastomosis) 

31 patients (in 58 CABG)  
70.4 (59 - 83) 
2 (conversion) 

3.0 (1 - 5) 
28/31 patients 
6/31 patients 
27/31 patients 
0/31 patients 
0/31 patients 

1.6 (1 - 6) 
26.7 (11 - 53) 
0/31 patients 
0/31 patients 
29/29 (100%) 
45/51 (88%) 

BITA = bilateral internal thoracic artery; CABG = coronary artery bypass grafting; GEA = gastroepiploic artery; ICU = intensive care unit; ITA = in-
ternal thoracic artery; RA = radial artery; SV = saphenous vein; SVG = saphenous vein graft. 
 
Table 2. Result of preoperative SV mapping (n = 31). 

Cliber 

 Rt Lt 

Femoral 
Knee 

Lower 

5.5 mm (2.9 - 7.8) 
3.9 mm (1.9 - 6.3) 
3.7 mm (1.9 - 4.8) 

5.3 mm (4.1 - 8.3) 
3.8 mm (1.9 - 5.8) 
3.8 mm (1.8 - 5.1) 

Estimated as “Not Graftable”  
Femoral vein 4/62 (6.5%) (varix, 2 veins; small, 2 veins) 
Lower vein 7/32 (21.8%) (varix, 4 veins; branch, 2 veins; small, 1 vein) 

Side Recommendation in Femoral SV 
7/31 patients (22.6%) (branch, 3 veins; small, 3 veins; varix, 2 veins) 

SV = saphenous vein. 
 
Table 3. Results of SV caliber (n = 31). 

SV harvested (n) Actual caliber 

Rt femoral  (13) 4.4 mm (3.5 - 5) 

Lt femoral (19) 4.9 mm (4.25 - 5.75)  

Rt lower leg (1) 4.5 mm  

Lt lower leg (1) 4.5 mm 

Caliber Difference (Δactual – echo) Rt and Lt Femoral 

actual 4.7 ± 0.5 mm  

echo 4.1 ± 1.0 mm  

Δ 0.6 ± 1.0 mm (from 2.2 mm to −1.3 mm) 

The data are expressed as the mean ± the standard deviation. Lt = left; Rt = right; SV = saphenous vein. 
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Table 4. Proximal anastomosis. 

Anastomosis device  (Actual caliber, preop measurement) 

PAS-Port 
Enclose 

HEARTSTRING 

31 
1 
1 

(4 - 6 mm, 2.4 - 6.4 mm) 
(3.5 mm, 3.3 mm) 
(3.5 mm, 3.2 mm) 

Twilight caliber (echo 2.4 - 3.3 mm) for PAS-Port (n = 10) 
actual caliber < 4 mm (n = 2) 
actual caliber > 4 mm (n = 8) 

 
Table 5. Morbidity. 

Morbidity in SV Mapping 2/27 (7.4%)  

Skin necrosis 1 patient (wrong marking) 

Hematoma 1 patient (excess warfarin, anticancer drug use)  

Morbidity in Nonmapped SV Harvesting 3/26 (11.5%) 

SV damage 1 patient (damaged branch) 

Infection 2 patients 

SV = saphenous vein. 

4. Discussion 
The internal mammary artery and other arterial grafts have been used as conduits for coronary artery bypass 
grafting, although the saphenous vein remains an important conduit for coronary surgery. In our country, the 
saphenous vein is used in 81% of the patients who underwent coronary surgery during 2011 [5]. Therefore, there 
is unchanged importance to consider better harvesting maneuver of saphenous vein. 

Standard open harvesting of the saphenous vein occasionally caused a certain incidence of morbidity, which 
included veins that were unavailable for harvesting because of branching; varicosity; surgical damage; small ca-
liber; difficulty finding the vein because of technical problems, and an anomalous location; skin necrosis be-
cause of wide dissection used to find the saphenous vein, infection, burns, hematoma, nerve damage, neuralgia, 
and increased number of wounds because of unavailable vein harvesting. The morbidity associated with the 
open harvesting is reportedly approximately 14% on average, and ranges 3% - 34% [2]. 

Endoscopic vein harvest was initiated to reduce the morbidity of the harvesting. Several reports pronounced a 
lower incidence of harvesting morbidity with endoscopic harvesting than with the standard open harvesting 
procedure [6]-[8]. The clinical benefit of endoscopic vein harvesting is well known, but it is not widely used in 
our country. The first reason is the difficulty in employing skilled manpower for harvesting in our country be-
cause physician assistants, who primarily perform harvesting in the United States, are unavailable in our country. 
Saphenous vein harvesting is a type of side job in a surgeon’s duty in our country. The second reason is the cost 
because government insurance does not cover the cost of consumption supply for endoscopic harvesting in our 
country. Hospitals must pay for the endoscopic procedure, and standard open harvesting is cheaper. Some hos-
pitals use endoscopic harvesting for harvesting wound complications only for high-risk patients (i.e., patients 
who have diabetes, obesity, and so on).  

In our study, open harvesting with preoperative ultrasonic marking showed a low incidence of morbidity of 
7.4%, which is mostly similar to endoscopic harvesting. In the same period, we harvested 26 saphenous veins 
without preoperative ultrasonic marking and found morbidity in three (11.5%) patients (Table 5). One branch 
was damaged during surgery, and two patients had wound infection at the harvesting site.  

We should not compare the incidence between the mapped group and the nonmapped group because their 
backgrounds were different: the preoperatively mapped group had elective surgery, whereas the nonmapped 
group had urgent or emergent surgery. However, our impression is quite favorable for preoperative mapping. In 
the patients without preoperative mapping, we usually needed to perform a blunt dissection using a retractor to 
find the saphenous vein; however, with preoperative marking, we could simply cut the skin and subcutaneous 
tissue vertically to find the vein. Minimal dissection under the skin should provide proper blood supply for har-
vesting the surgical site. 
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Preoperative ultrasonic mapping did provide valuable information concerning which side we should harvest. 
It also saved time that would have been consumed by unneeded harvesting whereby a rather long time is spent 
exploring the saphenous vein. A vein was occasionally not used for surgery because of the bad quality of the 
vein. In as many as 22.6% of the patients in our study, the side of the thigh to be harvested could be recom-
mended, based on branching, varicose veins, and small vein size (Table 2). With this recommendation, we did 
not experience any chance of unavailable vein harvesting, and there was no wound in which the vein was not 
used for the bypass.  

Proximal anastomosis devices have recently been introduced to reduce the operating time [9]. PAS-port 
(Century Medical Inc.) is a device that we now use as the first choice if the caliber of the veins is limited to 4.0 - 
6.0 mm. Other anastomosis devices or a partial clamp for the ascending aorta need to be prepared if the vein is 
undersized or oversized. The mean caliber difference was 0.6 mm, and the actual size was usually larger than the 
preoperative ultrasonic measurement. During preoperative sizing, saphenous veins with a diameter of 3.4 mm or 
larger were actually 4.0 mm or larger in diameter when measured in the operating room, and PAS-port (Century 
Medical Inc.) could be available. With 80% of preoperatively undersized veins (i.e., 2.4 - 3.3 mm in diameter), 
we could use PAS-port (Table 4). Preoperative mapping can provide information regarding the preparation of a 
proximal anastomosis device. 

Limitation of this study is eventually small number of the patients. Saphenous vein harvesting using ultrason-
ic preoperative mapping with more patients will clear more detail of the clinical picture of saphenous vein map-
ping.  

5. Conclusion 
Preoperative ultrasonic measurement and marking provide an easy and sure way to find the saphenous vein, 
thereby resulting in a vertical incision, good healing of the wound, and diminished need for reharvesting. The 
morbidity of open saphenous vein harvesting with preoperative mapping does not differ much from the morbid-
ity of endoscopic harvesting. The preoperative mapping procedure is therefore strongly recommended for open 
saphenous vein harvesting and may provide beneficial information concerning size, and branching, and may 
prevent useless harvesting, even for endoscopic harvesting.  
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