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Abstract
Background: Doppler sonography is a type of sonography used for imaging the blood flow in the vessels and
heart. This technique uses ultrasound waves with high frequency. In some patient candidates for venous graft, the
identification of the suitable vein is not possible with clinical examination.
Objective: This study compared the effects of preoperative color Doppler sonography of lower extremity veins
on the postoperative outcomes of saphenectomy.
Methods: This randomized clinical trial was conducted on 100 candidates of an off-pump coronary artery bypass
graft (CABG) hospitalized in Afshar Hospital in Yazd in 2015. Patients were divided into two groups: 50 patients
in the study group and 50 patients in the control group. Patients in the study group underwent color Doppler
sonography of lower extremity veins using the Medison 8000 Live device. Patients in the control group were
assessed preoperatively by routine venous examination without undergoing color Doppler sonography. The
prepping and draping methods and also the preoperative antibiotics were the same for both groups. The patients
were assessed for wound infection, edema, hematoma, and DVT 2 days, 1 week, and 1 month after surgery. Data
were analyzed by SPSS version 16 using t-test, Chi-square, and Fisher’s exact test.
Results: The length of incision for saphenectomy was 29.20 ± 3.71 cm in the Doppler group and 28.98 ± 3.72 cm
in the non-Doppler group with no significant difference between the two groups (p=0.768). The two groups were
not significantly different with respect to age, gender, diabetes, hypertension, hyperlipidemia, smoking, and
history of peripheral vessels disease, postoperative infection, postoperative organ edema, postoperative
hematoma, and postoperative DVT.
Conclusion: Preoperative color Doppler sonography of the saphenous vein before saphenectomy has no effect on
reducing the postoperative complications, and saphenectomy on the basis of intraoperative examination of the
vein course by the surgeon has acceptable consequences.
Clinical trial registration: The trial was registered at the Thai Clinical Trials Registry (TCTR)
(http://www.clinicaltrials.in.th) with the TCTR ID: TCTR20160708001.
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1. Introduction
Various methods are used to examine vessels, while color Doppler sonography is preferred over other methods for
numerous reasons. Doppler sonography consists of integration of B-mode images and Doppler wave form analysis.
The old systems of Doppler sonography were limited to conventional black-and-white images; however, the
possibility of creating color images has promoted the Doppler sonography to a powerful device in assessing vascular
disturbances (1). The most common venous graft for CABG is the use of GSV. The saphenous graft is also used for
other surgeries; yet, due to the unpredictable idiopathic morphology of the vein and the need for a long incision,
many complications may result, including wound infection, hematoma, edema, and reduced mobility. To prepare the
saphenous vein, a surgical incision is made along its long course, which may lead to various major problems for the
patient. Incomplete healing of the wound most often causes a long hospital stay for the patient and increased costs.
Various studies have reported various complications of lower extremity wound at the site of the great saphenous
vein in 2% to 24% of cases (2, 3). To reduce the complications of lower extremity venous graft excision, the extent
of the incision on the organs could be reduced to a minimum by an exact examination of the veins before surgery.
Nonetheless, in most patients, the identification of the suitable vein is not possible with clinical examination. Hence,
the right incision can be made at the suitable site of the lower extremities by the use of color Doppler sonography
leading to the least trauma sustained by the patient (4, 5). In this study, the study group underwent color Doppler
sonography of lower extremities as treatment, and the control group did not undergo this procedure as a control
(placebo). At the end, the extent of the incision required for venous graft excision and the related complications
were determined. In this way, the effect of preoperative color Doppler sonography for improving the outcomes
could be determined.
2. Material and Methods
2.1. Trial design and participants
This randomized clinical trial was carried out on 100 candidates of off-pump CABG in Afshar Hospital in Yazd in
2015. The participants were divided into two groups: study group (50 patients) and control group (50 patients).
2.2. Selection criteria
These patients were examined in the lower extremities for varix, history of venous excision, history of
thrombophlebitis, and previous severe trauma. Patients with any of these problems were excluded from the study.
2.3. Interventions
Fifty patients in the study group underwent venous color Doppler sonography using Medison 8000 Live, and the
vein suitable for excision (a vein with appropriate diameter without branches or with a few branches) was marked.
Patients in the control group were assessed preoperatively for the veins of the lower extremities using a routine
clinical examination without Doppler sonography, and the incision was made intraoperatively at the suitable site on
the basis of clinical findings, and the suitable graft was used. Prepping and draping methods along with the
preoperative antibiotic administration were the same for both groups. At the end, patients in both groups were
compared with respect to the extent of incision in the lower extremities and assessed for wound infection, edema,
hematoma, and DVT at 2 days, 1 week, and 1 month after surgery.
2.4. Outcomes
Patients in both groups were compared with respect to the extent of incision in the lower extremities and assessed
for wound infection, edema, hematoma, and DVT at 2 days, 1 week, and 1 month after surgery.
2.5. Statistical methods, sample size, and randomization
According to the confidence level of 95%, test power of 80%, d = 7 and S = 14, for each group 50 patients are
calculated. The samples were divided into two groups using a random numbers table. All the gleaned data were
analyzed using SPSS version 16 (SPSS Inc. Chicago, Illinois, USA). The culled data were statistically analyzed
using t-test, chi-square, and Fisher’s exact test.
2.6. Research ethics
The proposal of the study was approved by the Ethics Committee of Shahid Sadoughi University of Medical
Sciences. Color Doppler sonography is a noninvasive method, thus the study was done without any physical and
psychological harm to the intervention group. Also, consent forms were taken for all patients. The trial was
registered at the Thai Clinical Trials Registry (TCTR) (http://www.clinicaltrials.in.th) with the TCTR ID:
TCTR20160708001.
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3. Results
This clinical trial was carried out on 100 candidates of off-pump CABG in Afshar Hospital in Yazd, central Iran, in
2015. The patients were divided into two groups: study group (50 patients) and control group (50 patients). The
patients in the study group underwent color Doppler sonography before excision of the saphenous vein. Patients in
the control group, however, underwent saphenectomy without Doppler sonography. The mean age of the patients in
the Doppler group was 61.60 years while that of the control patients was 60.9 years. The two groups were not
significantly different regarding age (p=0.716). Also, 26 patients (52%) were male in the Doppler group and 24
patients were female. Moreover, in the non-Doppler group, 35 patients were male while 15 patients were female;
thus the two groups were not significantly different with respect to gender (p=0.065). Additionally, 25 patients
(50%) in the Doppler group and 14 patients (28%) in the non-Doppler group had diabetes, indicating no statistically
significant difference between the two groups (p=0.024). The results of the investigation of hypertension revealed
that 30 patients (60%) in the Doppler group and 23 patients (46%) in the non-Doppler group were affected with
hypertension showing no significant difference between the two groups in this regard (p=0.161). There was no
significant difference between the two groups regarding hyperlipidemia, smoking, and history of peripheral vessels
disorder (p>0.05). Moreover, three patients (6%) in the Doppler group and four patients (8%) in the non-Doppler
group developed infection following saphenectomy with no statistically significant difference between the two
groups in this regard (P=1.000). The results of the study of edema demonstrated that six patients (12%) in the
Doppler group and four patients (8%) in the non-Doppler group developed lower extremity edema after
saphenectomy. So the two groups were not significantly different with respect to postoperative edema, either
(p=0.741). Also, one patient (2%) in the Doppler group and two patients (4%) in the non-Doppler group developed
postoperative hematoma after saphenectomy, indicating no significant difference between the two groups with
regard to postoperative hematoma (p=1.000). Finally, one patient (2%) in the Doppler group and two patients (4%)
in the non-Doppler group developed postoperative DVT after saphenectomy, indicating no significant difference
between the two groups with regard to postoperative DVT (p=1.000). The length of incision for saphenous vein
excision was 29.20 ± 3.71 cm in the Doppler group and 28.98 ± 3.72 cm in the non-Doppler group, suggesting no
significant difference between the two groups in this respect, either (p=0.768) (Table 1).
Table 1. Estimation and comparison of variables under study in two groups
Variables
Doppler sonography; n (%)
Yes
No
Gender
Male
26 (52)
35 (70)
Female
24 (48)
15 (30)
Diabetes
Positive history 25 (50)
14 (28)
Negative history 25 (50)
36 (72)
Hypertension
Positive history 25 (50)
14 (28)
Negative history 25 (50)
36 (72)
Wound infection Yes
3 (6)
4 (8)
No
47 (94)
46 (92)
Edema
Yes
6 (12)
4 (8)
No
44 (88)
46 (92)
Hematoma
Yes
1 (2)
2 (4)
No
49 (98)
48 (96)
DVT
Yes
1 (2)
2 (4)
No
49 (98)
48 (96)
4. Discussion
Very few studies similar to ours have been carried out in the world. This study was conducted on 100 candidates of
off-pump CABG who were assigned to a study group (50 patients) and a control group (50 patients). The patients in
the study group underwent color Doppler sonography before saphenectomy, while those in the control group
underwent saphenectomy without Doppler sonography. Our findings indicated that the mean age of patients was
61.60 years in the Doppler group and 60.90 years in the non-Doppler group. Also, there was no significant
difference between the two groups in this study with respect to age, gender, diabetes, hypertension, hyperlipidemia,
smoking, history of peripheral vessels disease, postoperative infection, postoperative hematoma, postoperative
edema, and postoperative DVT. To prepare the patient for saphenectomy, the surgical incision is made in a long
course. This brings about many complications for the patient. Incomplete healing of the incision most often leads to
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a patient’s increased hospital stay and costs. Also, some complications of the lower extremity wound at the site of
excision of the great saphenous vein have been reported in 2%–24% of cases. The study by Linni et al. (2012)
conducted on 130 patients demonstrated that preoperative duplex vein mapping (DVM) decreased the costs of
surgical site infections (SSI) in patients undergoing infrainguinal bypass (5). Moreover, Teixeira et al. (2015)
concluded that the technique used in saphenectomy for infrainguinal arterial bypass is not correlated with
postoperative SSI (6). In the present study, three patients (6%) in the Doppler group and four patients (8%) in the
non-Doppler group developed postoperative infection after saphenectomy, indicating no significant difference
between the two groups with regard to postoperative infection (p=1.000). Consequently, there was no statistically
and clinically significant difference between the two groups with respect to wound infection. Edema is an obvious
clinical problem after excision of the lower extremity saphenous vein. There are various strategies for reducing this
edema, including acupressure. In our study, six patients (12%) in the Doppler group and four patients (8%) in the
non-Doppler group developed postoperative edema of the lower extremities after saphenectomy. In this study, one
patient (2%) in the Doppler group and two patients (4%) in the non-Doppler group developed postoperative
hematoma after saphenectomy. Moreover, one patient (2%) in the Doppler group and two patients (4%) in the nonDoppler group developed postoperative DVT after excision of the saphenous vein. None of similar studies
(comparing two groups) investigated edema, hematoma, and DVT. Broughton et al. (2013) found in their study that
mapping of the saphenous vein preoperatively by sonography reduced the complications of a lower extremity
wound, resulting in decreased time of saphenectomy, smaller scar, and reduced unnecessary incision (7). In this
study, the length of incision for excision of the saphenous vein was 29.20 ±3.71 cm in the Doppler group and 28.98
±3.72 cm in the non-Doppler group, indicating no significant difference between the two groups in this respect. It
appears that a study needs to be done to investigate the effectiveness of Doppler sonography (as an adjunct
procedure, not as a substitute) before identifying the site of the vein by the surgeon. Further, Abu-Omar et al. (2004)
showed that Doppler sonography can be helpful in determining the suitable artery in patients who are candidates of
radial arterectomy and whose Allen testis was impaired (8). Moreover, Cohn et al. (2005) concluded that
intraoperative Doppler sonography is effective in the selection of proper site for incision to avoid unnecessary
dissection of tissue, temporal latency, destruction of the vein, and wound complications (9). The results of this study
are not consistent with our findings. Our results, nevertheless, indicate that preoperative Doppler sonography before
excision of the saphenous vein has no significant effect on reducing the adverse after-effects of saphenectomy and
the excision of the vein on the basis of intraoperative clinical examination of the vein course by a skilled surgeon
brings up acceptable outcomes. The positive point in regards to this study is RCT design and enough participants.
The authors suggest using other methods such as endovascular procedure in future studies.
5. Conclusions
There was no significant difference between the two groups in edema, wound infection, hematoma, and length of
incision. On the basis of our findings, it could be concluded that preoperative color Doppler sonography of the
saphenous vein has no significant effect on reducing the postoperative complications. In spite of the availability of
various advanced paraclinical devices, the clinical examination is still a valuable method and excision of the vein on
the basis of intraoperative clinical examination by an expert surgeon would lead to acceptable and satisfactory
results.
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