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Probably, a new method of treating varicose veins and CVD was never fully and longer studied than the CHIVA strategy. Pathophysiologic changes induced by CHIVA procedures are extremely interesting models of either venous haemodynamics or patho-physiology. 
We can divide results of haemodynamic correction CHIVA in functional and clinical one. 


A. Functional Results

Venous function can be assessed invasively, by the means of duplex, ambulatory venous pressure (AVP), and non invasively, by the means of photoplethysmography (PPG)-light reflection reography (LRR), or air plethysmography (APG) (see chapter 8).


1. Duplex Scanning

One of the most debated point of the so called CHIVA 1 procedure is the reverse flow downward the re-entry perforator obtained after high ligation (see chapter 10). Many investigators considered it a reflux [108,211]. Postoperative duplex investigation in CHIVA 1 procedure demonstrates significantly different haemodynamic parameters of the reverse flow without change of compartment as compared to preoperative reflux. 
Particularly, peak systolic velocity (PSV), peak diastolic velocity (PDV) and resistance index (RI) as an impedance parameter derived from the formula 
RI = PSV/PSV-PDV are significantly different (G. Tacconi, E. Menegatti personal communication EVF Annual Meeting Barcellona 2008). Furthermore draining reverse flow corresponds to significant reduction of the cross sectional area of the GSV, which is in turn correlated to reduction of venous volume (Figure 11.1).
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Figure 11.1. Top panel: preoperative reflux wave assessed 15 cm below the SFJ in type I shunt. Bottom panel: draining reverse flow assessed in the same position 6 months after CHIVA 1 procedure. The significant change in PSV PDV and RI are indicated as Vsp, VTD, and IR respectively on the left side of the Doppler trace of the top and bottom panel. Particularly, RI passed from 3.10 to 0.60 clearly indicating the modification of flow impedance obtained by CHIVA 1 procedure. In addition the dramatic reduction of the cross sectional area of the GSV are apparent by comparing the preoperative saphenous eye image with that obtained postoperatively. 
Therefore, reverse flow of drainage without change of compartment is observed also in human physiology and is classified as shunt 0 (see chapter 5). In addition, the significance of the draining reverse flow is testified by the relationship between it and the improvement of functional parameters like AVP and APG described in the next paragraphs. 


2. AVP (Ambulatory Venous Pressure)

The fall of venous pressure occurring with exercise represents the functional reserve of the venous system of the lower limbs and closely correlates with the clinical class of CVD [23,183,184]. It can be measured by the means of a needle transducer inserted into a foot vein, assessing the pressure at rest in standing (hydrostatic pressure), and after exercise (usually 10 tip-toe movements). In addition, it permits to assess the refilling time RT, i.e. the time to return from the minimal pressure value reached stopping the exercise to the initial value in standing position (Figure 11.1). Parameters can be assessed also excluding the superficial reflux by encircling the thigh with a tourniquet. Although some overlap exists between AVP values obtained in either healthy or insufficient veins of the lower limbs, such a measure is widely considered the gold standard in the evaluation of venous function. 
Seventythree patients underwent preoperatively and 6 months postoperatively AVP assessment by the means of classic puncture with a needle transducer of a foot vein, after a CHIVA I procedure. CHIVA I contemplated SF disconnection plus flush ligation of the tributaries at the saphenous trunk complemented by multiple stab avulsions (see chapter 10). The preoperative value assessed after ten tip-toe exercise was 50.13+6.56 mmHg; it passed to 28.82+7.14 mmHg six months postoperatively. The difference between pre and postoperative measurements was statistically significant using both Student 's t and Wilcoxon' s tests (p<0.001) [270].


3. LRR (Light Reflection Reography)

The same group of 73 patients underwent to LRR evaluation preoperatively and 6 months postoperatively. LRR and PPG are both non -invasive methods capable to give a rough estimation of the calf muscular pump based on the slope of the curve obtained with tip-toe exercise. More precisely both methods can assess refilling time non-invasively (Figure 11.1) [19,214]. Refilling time measured preoperatively was 10.12+2.6 seconds. After CHIVA I procedure was prolonged to 19.80+4.91seconds, confirming the finding measured by the means of EVT (Figure 11.2). The difference between pre and postoperative measurements was statistically significant using both Student 's t and Wilcoxon' s tests (p<0.001) [270]. 


4. APG (Air Plethysmography)

APG permits to extrapolate four parameters which investigate several aspect of venous function [19,58,59]. Total Volume (TV), which is the amount of blood to be found in the venous reservoir, and measures the change in volume (in ml air) produced by the passage from the supine position with the leg raised at 45° to the standing position.
Venous Filling Index (VFI), the volume variation produced in a limb in a defined time by the passage from the supine to the standing position. VFI is related to the severity of the reflux and is expressed in ml air/sec.
Ejected Fraction (EF) which is the rate of the reduction of TV after a single tip toe movement. It reflects the calf muscular systole. 
Residual Volume Fraction (RVF), the rate of reduction of TV obtainable after ten tip toe movements. This index is linearly and significantly related to ambulatory venous pressure measurement (Figure 11.3).

[image: ]
Figure 11.2. Ambulatory Venous Pressure. Top panel: Normal Values P:Pressure. PAE: P after exercise < 30mmHg , ΔP: PEA variation between a and b conditions. RT: refilling time after exercise , i.e. the time necessary to return to the resting pressure, > 18 sec. Normal PAE drop and RT are due to normal haemodynamics which allows the valvulomuscular pump to achieve the dynamic fractionation of the hydrostatic pressure (DFHP). a:In the case( a) the spontaneous PAE is to high > 30 mmHg and RT too short. b: A tourniquet at the proximal thigh corrects the values up to normal. Why? Because the tourniquet closure of the superficial at the thigh restores the DFHP, pressing and so disconnecting a superficial closed shunt probably due to a great saphenous reflux in that case. Bottom panel: The preoperative value assessed after ten tip-toe exercise was 50.13+6.56 mmHg, passed to 28.82+7.14 mmHg six months postoperatively. Refilling time measured preoperatively was 10.12+2.6 seconds. After CHIVA I procedure was prolonged to 19.80+4.91secondsThe difference between pre and postoperative measurements was statistically significant using both Student 's t and Wilcoxon' s tests (p<0.001).
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Figure 11.3. APG Trace. TV n.v. < 130ml; total volume of blood in the venous reservoir of the leg = segment BC. VFI n.v. < 2 ml/sec; time for refilling of blood the leg passing from leg elevation to the standing posture = BC/AC. EF n.v. > 55%TV; expelled volume with just one tip-toe exercise, systolic ejection fraction of the calf pump = DE/BC %. RVF n.v. < 30%TV; residual volume in the venous reservoir of the leg = GH/BC%.
APG examination was performed in all cases between 8 and 10 a.m. at the same temperature (23C°), just before CHIVA was performed for correction of chronic venous insufficiency.
Interestingly, APG were measured after simple disconnection of varicose tributaries from the main saphenous trunk, the so called first step of CHIVA II procedure (see chapter 10) [252]. 
All air-gas plethysmographic parameters, with the exception of Ejection Fraction (EF), significantly improved: Venous Volume (VV) changed from 150 ml ± 9 to 119 ± 6 and 114 ml ± 7 after 1 and 6 months, respectively (p <0.0001), Venous Filling Index (VFI) from 4.9 ml/sec ± 0.5 to 2.3 ±0.2 both after 1 and 6 months, respectively (p <0.0001), and Residual Volume Fraction (RVF) from 42 ml ± 3 to 29.8 ± 2 and 30.2 ± 2 after 1 and 6 months, respectively (p <0.0001).
In the graphics of Figure 11.4 and Figure 11.5 the improvement of VFI and RVF is well apparent, so demonstrating that reflux in the GSV is firmly suppressed by the disconnection of the TV containing the re-entry PV, just eliminating the gradient between the reflux point (i.e. the SFJ) and the re-entry point in the deep veins.
Reflux doesn’t exist more until the reappearance of the gradient. Reflux did recur in 15% of the patients in which a re-entry perforating vein newly developed. This time opening of the perforator was found on the main GSV trunk.
Reflux elimination achieved by the elimination of the gradient determines significant improvement in venous function, as assessed by means of APG, and it is not related to a false finding measured by diplex scanning.
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Figure 11.4. VFI changes after 1st step CHIVA 2 PROCEDURE Eur. J. Vasc. Endovasc. Surg. 2001.
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Figure 11.5. RVF changes after 1st step CHIVA 2 PROCEDURE Eur. J. Vasc. Endovasc. Surg. 2001.

5. Long Term APG Assesment

Non invasive air gas plethysmography was used for assessment of changes in venous function in a randomized study comparing CHIVA (CHIVA I and CHIVA I +II) to compression in course of active primary ulcers. 
Parameters were assessed at the time of randomization and repeated six months and three years later, respectively (Table I).
In the haemodynamic CHIVA group, all four parameters, with the exception of the ejection fraction, significantly improved 6 months after the operation. However, after three years, only Residual Volume Fraction was found to be consistently corrected and significantly improved. However, this is the more important parameter since correlates with AVP and represents the net-volume of blood which remains stowed in the hold of the leg veins after exercise [251]. 
Interestingly, RVF was found in pathological values only if SF recurrence occurred.

Table I. Pre and postoperative APG parameters assessed in the surgical group. Grey cells describes postoperative parameters significantly different as compared to preoperative assessment (p < 0.001)

	APG assessment
	TV
	VFI
	EF
	RVF

	Preoperative
	170 ± 54.6
	6.7 ± 3.4
	48 ± 12.5 
	40 ± 15.7

	6 m. after surgery
	134 ± 44.1
(-25%)
	3.0 ± 51
(-44%)
	57.0 ± 18.1
	29 ± 15.1
-31%

	3 y. after surgery
	141 ± 42.5
(-16%)
	5.35 ± 2.03
(-5.92%)
	54.0 ± 14.3
(+12%)
	22.5 ± 14.7
-35%

	Ulcer recurrence
	136.5 ± 6.3
(+2%)
	7.9 ± 4.0
(+21%)
	40.0 ± 14.1
(-24.5%*)
	65.5 ± 6.3
+14%




B. Clinical Results

Clinical results were evaluated in several prospective long term studies, including a meta-analysis which compared haemodynamic CHIVA to stripping [47,56]. More specifically, the results for both stripping and CHIVA homogeneous data available in perspective studies, have been classified by the same examiner into three groups, using Hobbs classification as follows:
1. “Healed” – complete absence of visible varices. Results: stripping = 46%, CHIVA = 60%.
2. “Improved” – residual or newly formed varices visible, but of slight clinical importance. Results: stripping = 45%, CHIVA = 39%.
3. “Unchanged” – complete recurrence of varicosities. Results: stripping = 9%, CHIVA = 1%.
After statistical analysis, using the Pearson test with Bonferroni’s modification, the results of CHIVA therapy at the 3-year follow-up point were better than those obtained from the stripping procedure at the same follow-up point (P <0.001).
Clinical results are usually evaluated by the means of Hobbs score. The assessment in CHIVA evaluation was performed by an independent assessor who had not been involved in previous surgical decision making and operative procedure. Hobbs score is measured according to the following criteria [47,56,131,132,140]:


Objective Assessment:

-class A: no visible and palpable varicose veins
-class B: a few visible and palpable varicose veins with diameter < 5 mm
-class C: remaining or newly formed varicose veins with diameter > 5 mm
-class D: insufficient main trunks and perforator
In addition, functional and cosmetic results were self-assessed by the patients, at the time of the last examination in Hospital, using a simple analogue scale well explained by the indipendent assessor to the patients theirselves:


Subjective Assessment:

-class A: no inconvenience
-class B: slight functional or cosmetic imperfection, but satisfaction with the result
-class C: appreciable functional or cosmetical failure; improvement but dissatisfaction with the result
-class D: unaltered or increased inconvenience
The four classes, both subjectively and objectively assessed, were divided in accord with the preoperative hemodynamic pattern (Shunt I or III) and tested for significance by chi squared test.
Hobbs score was measured in 186 consecutive haemodynamic correction CHIVA I procedure with 72 months of mean follow-up. CHIVA I procedure was applied in all cases irrespectively of the type of shunt. 
Overall saphenous vein patency recorded was 94%, with a mean diameter measured at mid thigh of 4.6 mm as compared to 6.2 mm recorded preoperatively. When patency was demonstrated the saphenous flow was reversed and with low velocity. 
Total recurrences/residual varicose veins registered were 11%, 8% for Shunt I and 16 % for Shunt III, respectively. 
Symptoms improved in 97% of cases, no-ulcer recurrences were observed in the out-come of the 19 patients in pre-operative clinical class 5 or 6.
Hobbs score: These results are also summarized in Table II. Better results obtained with this technique in patients with Type I Shunt as compared to those objectively and subjectively assessed in Type III Shunt are statistically significant (chi squared=22.144, p<0.0001). However, overall evaluation of the technique demonstrated 84% of patients in class A, 11% in class B, 4% in class C and 1% in D (chi squared p<0.0001).
This study was really important since demonstrated successful the application of CHIVA I procedure mainly in patients with the out-let of the re-entry perforator on the GSV (Shunt I) (Table II): 92% of disappearance of varicose veins, 99% of saphenous vein patency and when the functional and cosmetic result were subjectively and objectively assessed, we registered excellent and good results (Class A and B of the scale) in 98% and 94% of the cases, respectively.
This finding is not surprising and previous clinical reports of CHIVA technique showed satisfactory results for Type I Shunt but deluding cosmetic results for persistent or recurrent varicose veins in the Type III Shunt, the Achille's heel of the CHIVA theory prior of the introduction of CHIVA in two steps. 
Such a results analysis led to consider alternative haemodynamic procedure for type III shunt, which was investigated in a further tailored study.

Table II. Results in chiva 1 group; Mean follow-up 72 monts

	
	
Type I SHUNT
	Type III SHUNT
with
re-entry
	Type III SHUNT
without
re-entry
	Type III SHUNT
“short
or deep”
	TOTAL

	VARICOSE
VEINS
DISAPPEARANCE
	
172/186 92% 
	
16/27 59%
	
81/92 87%
	
32/35 91%
	
89%

	VARICOSE
VEINS REDUCTION WITH 
EXERCISE
	


9/186 5%
	


8/27 30%
	


4/92 4%
	


2/35 6%
	


7%

	REFLUX SITE: 
Sapheno-Femoral
Perforators
Sapheno/Tributar 
	 
2/186 1%
6/186 3%
6/186 3%
	 
1/27 4%
1/27 4%
27/27 100%
	 
3/92 3%
6/92 7%
2/92 2%
	 
1/35 3%
1/35 3%
3/35 9%
	 
2%
4%
11%

	SAPHENOUS VEIN PATENCY
	
184/186 99%
	
27/27 100%
	
74/92 80%
	
35/35 100%
	
94%

	 SAPHENOUS 
VEIN
THROMBOSIS 
	
2/186 1%
	
0/27 0%
 
	
18/92 20%
	
0/35 0%
 
	
6%

	SYMPTOMS
IMPROVEMENT
	
183/186 98%
	
27/27 100%
	
84/92 91%
	
35/35 100%
	
97%

	SUBJECT.EVAL* 
Class A
Class B
Class C
Class D
	
162/186 87%
21/186 11%
2/186 1%
1/186 1%
	 
8/27 30%
16/27 59%
2/27 7%
1/27 4%
	
 74/92 80%
14/92 15%
3/92 3% 
2/92 2%
	 
30/35 86%
3/35 9%
2/35 6%
0/35 0%
	 
81%
16%
 3%
1%

	OBJECT. EVAL.* 
Class A
Class B
Class C
Class D
	
172/186 92%
4/186 2%
6/186 3%
2/186 1%
	 
16/27 59%
3/27 11%
7/27 26%
1/27 4%
	 
81/92 87%
5/92 1%
3/92 1%
3/92 1%
	 
32/35 91%
4/35 11%
1/35 3%
0/35 0%
	
89%
5%
4%
2%



Table III. Hobbs score after first step CHIVA II procedure at 18 months F-up

	SUBJECTIVE EVALUATION
Class A
Class B
Class C
Class D
	 
35 pts 87.5%
 5 pts 12.5%
 0 pts 0%
 0 pts 0% 

	OBJECTIVE EVALUATION 
Class A
Class B
Class C
Class D
	
35 pts 87.5%
 5 pts 12.5%
 0 pts 0%
 0 pts 0% 




Clinical Results of Chiva in two Steps Procedure

40 limbs in 40 patients (26 female, 14 male mean age 52 y.o.) with demonstrated duplex incompetence both of the sapheno-femoral junction (SFJ) and the main GSV trunk with the re-entry perforator located on a tributary [252].
A preoperative skin map was obtained by duplex in order to identify the point where the superficial tributary had to be interrupted. This point correponds to the origin of the varicose TV from the GSV (see chapter 9-10).
All operations were performed under local anaesthesia and consisted in the disconnection of the origin of the TV containing the "re-entry" PV from the main trunk of the GSV. It is mandatory to perform a technically perfect flush ligation on the GSV trunk in order to firmly transform the refluent GSV into a GSV with a forward flow during muscular contraction, but no Doppler-detectable reverse flow during muscular relaxation. The proximal tract of the dilated TV was avulsed through multiple mini-incision technique, sparing the segment immediately above the re-entry PV opening. 
Patients were discharged hours after surgery with elastic stockings exerting 20-30 mmHg of pressure at the ankle.
Objective and subjective assessment by using the Hobbs score of the surgical results through the records of the independent assessor are showed in table III.
In all cases after 1 month from the operation duplex investigation demonstrated a GSV with a forward flow during muscular contraction, but no reflux during muscular relaxation. Neither insufficient TV nor PV along the GSV were found. 
After 6 months 34 patients maintained such a result. In contrast, six patients (15%) presented with an asymptomatic reflux in the GSV. In these 6 patients, at duplex scanning, the main difference, as compared to the pre-operative examination was the presence of a re-entry PV on the main GSV trunk. No insufficient TV were found in all cases.


Clinical Results of Chiva in Primary Venous Ulcers

Haemodynamic CHIVA procedure was further evaluated in a randomized study comparing CHIVA to compression in the treatment of primary venous ulcers [251].
Surgery, in local anaesthesia, consisted in high-ligation complemented by proximal avulsion of the insufficient tributaries (Type I presentation), or in flush ligation and division from the GSV of the insufficient tributaries (Type III presentation).
Patients began to walk 1 hour after the procedure with the ulcer covered by advanced dressing and wearing an elastic stocking exerting 20-30 mmHg of ankle pressure. Patients were discharged within 3 hours and were seen twice a week the first week, and subsequently weekly till the ulcer was healed. Patient follow-up examination occurred every six months along a period of 3 years [24,25].
The difference in ulcer area between the conservative and the CHIVA group, 11 cm2 (3-12) and 10 cm2 (2,6-11,8), respectively, was not significant.
The healing rate was 96% in a period of 63 days (21-180) in the compression group as compared to 1OO% in 31 days (17-53) recorded in the CHIVA group. No significant difference was demonstrated concerning the rate of healing. However, there was a highly significant (p<0.005) difference in the healing time between the two groups.
Finally, ulcer did recur in 9 cases in the compression group along the follow-up (38%) and in 2 cases in the surgical group (9%). The difference is statistically significant (p < 0.05). Recurrence analysis by the survivor function of the Kaplan-Meyer estimation is given in Figure 11.6; a significantly better out-come has been demonstrated in the surgical group: p<0.02. 
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Figure 11.6. Survivor function illustrating ulcer recurrence according to treatment. The better outcome of patients who underwent CHIVA surgery is well apparent.
Ulcer recurrences occurred in two cases as above described. The first case was related to sapheno-femoral recurrence, whereas the second one to further development of a sapheno-popliteal reflux. 
Two patients (29%) showed a saphenous reflux after 6 and 30 months, respectively, following the first step procedures for type III hemodynamic presentation: the occurrence of the development of a new re-entry perforator located on the GSV is well established, as above reported. In these two cases we performed the second surgical step, represented by high ligation.


Quality of Life Assesment

In the same study, SF36 quality of life questionnaire was evaluated. Before interventions no significant differences were found out in the score of the SF-36 questionnaire between the CHIVA and the compression [251]. 


Figure 11.7. Median score differences (end of observation-baseline) are shown for the 8 domains explored by the SF 36 questionnaire. *P<0.05 comparing baseline to end of treatment values,  P<0.05 comparing surgery vs compression. PF= Physical functioning, RP= Role-physical limitation, BP= Bodily pain, GH= General health, VT= Vitality, SF= Social functioning, RE= Role-emotional limitation, MH= Mental health. 

Randomized Controlled Trials

Stripping procedure is the gold standard in CVD treatment since demonstrated in several RCT to be superior to either sclerotherapy, or high ligation alone, whereas there were no randomised studies assessing in a long-term period the value of conventional stripping versus other surgical procedures [56].
For such a reason, 150 patients affected by CVI, CEAP clinical class 2-6, were randomised to stripping or to CHIVA, preceded by pre-operative Duplex mapping. End-points were: objective and subjective results assessed by the means of the Hobbs score (Hobbs score ranges from 1 to 4,with 4 representing the worst result), either by an independent assessor or by the patients at their own control, respectively; rate of recurrences assessed both by physical and duplex examinations in both groups.
Mean follow-up lasted 10 years, 26 patients were lost, resulting in 54 patients (32 females, and 22 males) in the stripping group, and in 70 patients (59 females, and 11 males) in the CHIVA one. Subjective Hobbs score was not statistically different in both groups. On the contrary, objective assessment resulted significantly better in the CHIVA group (1.94 0.09 vs 2.240.12, P<0.038). Varicose veins recurrence rate was significantly higher in the stripping group as compared to CHIVA (18% and 35%, respectively, P<0.04), without significant differences in the rate of recurrences from the sapheno-femoral junction. 
This study demonstrates that varicose veins more easily recur along time in the Stripping group. Since, no significant differences were found in recurrences from the sapheno-femoral junction, such result could be speculatively related to the presence of a draining saphenous system in the CHIVA group.
At 3 years follow-up the differences above reported were not significant in this and in other RCT, comparing the 2 techniques (Figure 11.8). 
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Figure 11.8. This figure shows the survival curve of recurrences at 3.y No significant differences were found between the two techniques at 3 years. In the stripping group the recurrences were caused by pattern # 1,2,3. To the contrary, in the CHIVA group were caused by pattern # 1 and 4 (see Fig.11.10). 
In contrast, along the period 3-10 years the different recurrence rate in the two groups becomes well apparent and significant, Mantel test P= 0.004, Tarone test P=0.007, and Breslow test P=0.014. It is noteworthy that, between 3-10 years, in the stripping group the recurrences were caused exclusively by pattern # 5, whereas in the CHIVA patients they were attributable to pattern # 4 (Figure 11.9).
The varicose veins recurrence rate was significantly higher in the stripping group (CHIVA 18%; stripping 35%, P<0.04), without significant differences in the rate of recurrences from the sapheno-femoral junction. The associated risk of recurrence at ten years is increased of more than two times in the stripping group (OR 2.2, 95% CI 1-5, P=0.04).
This RCT demonstrates that varicose veins more easily recur along time in the stripping group. Since, no significant differences were found in recurrences from the sapheno-femoral junction, such result could be speculatively related to the presence of a draining saphenous system in the CHIVA group.
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Figure 11.9. Along the period 3-10 years the different recurrence rate in the two groups becomes more and more evident and significant. It is noteworthy that, between 3-10 years, in the stripping group the recurrences were caused exclusively by pattern # 5, whereas in the CHIVA patients they were referred again to new pattern # 4 (see Fig 11.10).
Duplex analysis of the pattern of recurrence is particularly interesting (Figure 11.10). We identified five different haemodynamic patterns of recurrences, differently distributed in the two treatment groups. The presence of combined patterns was the rule in the stripping group, while in the CHIVA group a single pattern of recurrence was more common.
1) Type 1 recurrence consists of sapheno-femoral recurrence. We found 2 patients out of 70 corresponding to 2.9% in the CHIVA group, and 3 patients out of 54, corresponding to 5.5 % in the stripping group (NS Student's t test).
2) Type 2 recurrence: consists of reflux coming from the pelvis, through a venous pathway located or in the groin or the perineum, with no associated sapheno-femoral reflux (21). This was present in 1/70 pts, 1.4 % in the CHIVA group vs 2/54 pts, 3.7 % in the Stripping group, NS (Student's t test).
3) Type 3 recurrence: consists of duplex ultrasound evidence of incompetent thigh perforators not present at the time of the first procedure. This development was not found after ten years in the CHIVA patients (0/70 pts, 0%); while in the Stripping group we have seen 4 patients out of 54 with this pattern (P value NS, Student's t test).
4) Type 4 recurrence: comprises reflux from the proximal saphenous vein (thigh section) to a varicose tributary. This was only found in the CHIVA group and it is typical of the saphenous vein sparing surgery (13/70 pts., 18.5 % in the CHIVA group vs 0/54 pts, 0% in the stripping group with P value <0.01, Student's t test).
5) Type 5 recurrence: consists of recurrences from varicose veins greater than 5 mm without any demonstrable escape points or change of compartments. This haemodynamic pattern, in contrast to the previous 4 patterns, is exclusive to the stripping patients and not found in the CHIVA group (0/70 pts, 0% in the CHIVA group vs 12/54 pts, 22% in the stripping group; P<0.01, Student's t test). All the 
Duplex results with pattern of reflux in each group are given in figure 11.10.
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Figure 11.10. Pattern of recurrences after 10 years. Patterns of recurrences find respectively in the CHIVA and stripping group; number of cases and relative rate are reported. Type 1 compares SF recurrences; type 2 recurrences feed by pelvic reflux; type 3 recurrences from perforators. Type 4 reports recurrences due to reflux from the GSV toward a varicose tributary; type 5 varicose veins greater than 0.5 cm in the absence of any detectable reflux point. The last section of the figure summarized total number of patients with recurrences, and the relative rate in both groups.
The main difference between the two groups after 10 years, is the 22% of newly formed varicose veins found in the stripping group, without any detectable reflux point. We believe that this type of recurrence is attributable to the lack of a draining saphenous system [66]. The maintenance of drainage seems to be a decisive factor in avoiding neo-angiogenesis after varicose vein surgery. This observation is confirmed when CHIVA treatment is not correctly performed leading to post-operative GSV thrombosis and occlusion. A non-draining GSV, despite conservative surgery, increases the number of recurrences in comparison to draining GSV systems [45,47,55,270].
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Chapter 12


The False Problem of Perforators


Paolo Zamboni
University of Ferrara, Italy.


Perforators in primary CVD are widely considered as an enemy to fight. The original sin is probably due to the general misinterpretation of the classic article written by Frank Cockett on The Lancet [60]. Such hypothesis was that venous hypertension, transmitted to the cutaneous tissue by perforators, in turn causes venous ulcers. The “blow-out” hypothesis was mainly referred to the post-thrombotic legs. In such a condition, outward flow during muscular diastole may occur in the distal leg perforators determining the microcirculatory overload which, in turn, leads to the cascade of events typical of secondary CVD. However, most surgeons were fascinated by the Cockett vision and, despite the fact that it was not supported by relevant scientific data, the era of perforator veins surgery began. 
Every severe case of CVD was referred to as the ankle “blow-out” syndrome without any distinction being drawn between a primary and a secondary aetiology in perforating veins incompetence, characterized by opposite patho-physiology, yet.
Previous as well as further scientific data were completely forgotten: the former was simply the Perthes test, a fantastic live-demonstration that, by eliminating superficial reflux, the blood flows down-ward and therefore in-ward to the competent deep veins through the perforators (Figure 12.1).
The latter was the studies of Bjordal, who used electromagnetic flow-metry, and demonstrated that in-ward flow occurred in the distal perforators during exercise in patients with primary CVD (Figure 12.2) [26-30].
The Cockett theory spread by several surgical schools was applied to both primary and post-thrombotic CVD, and, on the basis of my personal discussion with colleagues around the world, I can report that the majority of SEPS surgeons have never read the article in question.

[image: 13]
Figure 12.1. Perthes test is a reproducible demonstration of the haemodynamic dependence of distal perforators from superficial reflux. Here is an example of varicose superficial vein related to a closed shunt where E is the refluxing escape point through which the deep blood flows out, then downwards through the superficial incompetent varicose vein, then inward through the re-entry perforator R and then turns back into the deep network. This event occurs only during the valvulo-muscular pump (VMP) diastole because of the valve incompetence (escape point, shunting vein) associated with diastolic reversion of the gradient of pressure. So a flow reversion needs necessarily a valve incompetence AND pressure gradient reversion. When the re-entry perforator is incompetent, retrograde flow can occur only in case of reverse pressure gradient. The Net-flow concept is related to the rate of in-flow and out-flow in bi-directional perforator during stress tests. A: Despite its good condition, the valvulo-muscular pump activated by walk is not powerful enough to narrow the dilate vein of the refluxes the deep blood reclosed shunt. The cause is not into the deep veins through the re-entry perforator R because it is overloaded by thigher pressure to the lower (diastolic reflux fed by the deep veins through the escape point E. B: When the tourniquet presses at the escape point , the diastolic reflux is eliminated and so, the valvulo-muscullar pump power can empty the varicose vein anymore in closed shunt . C: When VMP is impaired and so unable to reverse enough the diastolic pressure gradient (deep venous incompetence or obstacle or muscular inefficiency) the varicose vein doesn’t narrow because the net-flow is unfavourable.
During the eighties, Kevin Burnand reported poor results of perforating vein ablation in post thrombotic limbs with ulceration, but the majority of surgeons still continued think them as an enemy. The recent development of SEPS technological and minimal invasive surgery increased perforating ablation throughout the world [115,138,235].
It has been demonstrated by Elfstrom [89] that ablative surgery of the perforating veins significantly reduces the venous drainage of the leg. Illig, unintentionally, demonstrated the same by the means of PPG after SEPS procedures (Figure 12.3) [138,256].
However, despite his poor clinical and PPG results, he stated that PPG is not the best way of assessing SEPS haemodynamic results. The fact that he fails to discuss the poor results of the SEPS procedure and criticizes instead the methodology for assessing the operation indicates the great and unshakable faith of most surgeons in perforating ablation. 
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Figure 12.2. Objective measurement of positive NET FLOW in distal perforators by the means of electromagnetic flow-metry [282]. The prevalence of in-ward flow during muscular diastole determines the fall of ambulatory venous pressure (modified from Bjordal).
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Figure 12.3. Haemodynamic results of indiscriminate avulsion of terminal perforators demonstrate worsening of venous drainage: In the top panel, by the unchanged expelled volume (EV) after the operation (mod. From Elfstrom), and in the bottom panel by the flat curve of PPG (mod. from Illig).
And yet, every day in our vascular lab, Duplex scanning in primary cases demonstrates a bi-directional flow in the Cockett veins with a permanent in-ward flow during muscular diastole! (Figure 12.4).

[image: ]
Figure 12.4. The great misunderstanding is the equivalence of perforating veins exhibiting a bi-directional flow with insufficient perforating veins. In primary cases, bi-directional distal perforators show an in-ward flow in muscular diastole with a positive net-flow. A) Duplex trace of a Cockett perforator with the in ward direction at muscular relaxation; B) Blue colour of re-entry at muscular relaxation in a bi-trunk Shermann perforator with the opening on the saphenous vein.
Surprisingly, this finding is considered pathological by many investigators, despite the “net profit” proven both by the Perthes test and electromagnetic flow-metry. In my opinion, it is incorrect to consider insufficient those perforator veins that exhibit bi-directional flow without a critical evaluation of their haemodynamic significance in the context of an insufficient saphenous system. No distinction is made between perforating veins with regards to the flow direction during calf muscular contraction or relaxation [70].
Coleridge Smith has reported that bi-directional flow is commonly found in the distal perforators of normal subjects and therefore cannot be considered diagnostic of insufficiency [212].
Such criteria create many limitations, doubts and probably errors both in investigating and in operating. 
Furthermore, the standards adopted for duplex assessment of perforator reflux does not permit the identification of re-entry perforators and/or perforators with prevalent in-ward flow, even if bi-directional. These vessels in certain limbs are useful for drainage and cannot be more considered pathological perforating veins. This is the reason of the reduction of venous drainage after perforating veins surgery (Figure 12.4). Careful assessment by colour Doppler of in ward flow during muscular diastole could identify useful pathways for the venous drainage from the lower extremities.
In my opinion, the third element of misconception of the role of perforating veins are studies showing that incompetent perforating veins are associated with recurrent varicose veins.
Such a finding is certainly not surprising. Ablative surgery causes removal of the natural basin of superficial blood collection (saphenous vein) and of its drainage pathways. Residual veins need to drain blood and a gradient guides the flow inward through perforating veins. Thus, the increased number of perforating veins are not a cause but instead a consequence of the new hemodynamic and pathophysiologic scene. This occurs some years after a stripping procedure, even when it is technically correct (see long term results after stripping chapter 11). 
Finally, an important element of the perforating veins misconception in primary cases can be brought back to the use of phlebography in clinical practice, of course widely utilized in the pre-ultrasounds medical era. Unfortunately, phlebography doesn’t provide any information about blood flow direction in the perforating veins during muscular contraction/relaxation, but just static, sometimes impressive, images of the vein system. In static conditions the valves are open and the blood distribution in the veins regularly occurs by reason of the principle of communicating vessels. 


1. Incompetent Perforators: 
Terminal, Non-Terminal and Terminalized

Within the field of ‘private circulations’, or venous shunt in primary cases, by the means of duplex we can detect perforators exhibiting a bi-directional flow, usually considered insufficient.
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Figure 12.5. Proximal perforators are more likely to show out-ward flow in muscular diastole, and are usually defined non-terminal perforators (panel A, top trace). In contrast, in primary cases, distal or terminal perforators demonstrate out- ward flow in systole and in-ward flow in diastole (panel A, bottom trace), or just in-ward flow (panel B). 
Further analysis of flow direction in muscular systole and diastole, allows distinction in two categories [49]:
a) “Terminal” incompetent perforators or those in the “terminal zone,” that is, located in the most distal part of the ‘private circulation’ and representing natural re-entry points (Figure 12.5);
b) “Non-terminal” incompetent perforators or those located along the pathway of the ‘private circulation’ (Figure 12.5);
During muscle contraction the majority of the incompetent perforators aspirates blood from the superficial circulation to the deep circulation (Figure 12.6), while a minority produces systolic reflux; this however can be observed mainly in the terminal zone, due to sudden acceleration applied distally to the deep veins by the calf contraction (Figure 12.5 panel A, bottom). During muscle relaxation the incompetent perforators in the terminal zone aspirate blood from the superficial circulation to the deep circulation. It is important to note, however, that perforators producing a systolic reflux (those in the terminal zone) are “compensating for” primary varices since the bias between rates of systolic reflux and diastolic re-entry is weighted in favour of the re-entry rate, as Bjordal has shown. Such perforators therefore are incompetent but “sufficient,” i.e., functionally compensatory.
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Figure 12.6. Muscular contraction applies more energy to deep veins as compared to superficial one resulting in increased Doppler flow velocity. According to Bernoulli law and Venturi effect (see Pitot’s tubes) this contributes to the aspiration of blood from the superficial to-ward the deep veins in proximal perforators and/or junction level during muscular contraction. The consequent drop in lateral pressure in the deep veins determines an in-ward flow at muscular contraction (Bernoulli Law).
We found this pattern in the vast majority of perforating veins investigated by duplex. In primary cases, exactly 2200/2337 (94,1%) perforators demonstrated an in-ward flow in muscular diastole, and were prevalently located in the Cockett and paratibial groups.
Non-terminal incompetent perforators, on the other hand, may demonstrate diastolic reflux from the deep circulation to the superficial circulation as one progresses from the terminal zone; this is promoted by a pressure gradient from deep level to surface level. This gradient is evidently related to the increased diastolic velocity of the superficial reflux and the consequent drop in lateral pressure on the superficial side by reason of the Bernouilli principle and Venturi effect. The diastolic reflux from the non-terminal perforator supplies the secondary reflux from the incompetent perforator. In our survey we found this pattern in 137/2337 (5.9%) perforators with an out-ward flow in muscular diastole, prevalently located in at the thigh.
Compression below the non-terminal perforator interrupts the secondary ‘private circulation’ and causes the diastolic reflux to disappear. This procedure also helps to demonstrate the flow inversion in diastole from surface level to deep level, just as with the terminal perforators.
This phenomenon has been called “terminalization” of the perforating veins. From a physics perspective, it is the result of reduced diastolic velocity of the primary reflux and of decreased compliance, which in turn is due to the reduced rate of output from the system. The result of both of these events is an increase in superficial lateral pressure, which inverts the gradient that favors aspiration of blood toward the deep circulation (see chapter 1).
Since the perforator terminalization phenomenon reduces the height of the hydrostatic column as well as the compliance of the system, while increases the superficial lateral pressure. Such change of haemodynamic forces automatically limits the degree of systolic reflux and restores balance to the flow of blood between the two systems (Figure 12.7).
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Figure 12.7. Terminalization Phenomenon of an incompetent Hunter perforator, with evident reflux in E2. In b, finger compression below the superficial outlet, by modifying the haemodynamic forces, determines in-ward flow in diastole.
It is important to note that some non-terminal perforators stop refluxing in diastole (at least at a velocity that is detectable on Doppler) simply by reduction of the velocity of the retrograde flow on the surface; this happens when a primary reflux point (for example at the sapheno-femoral junction) is closed and the system is transformed from a refluxing system to an outflow system. Evidence of this may be found by observing the hemodynamics of a perforator after application of manual pressure to the primary reflux point (generally assumed to be the saphenofemoral junction) or by compressing a refluxing saphenous trunk.
A terminal or terminalized perforator should be considered as a hemodynamically valid re-entry whenever drainage of the system through the perforator is detected during the relaxation stage.
From the diagnostic perspective, emptying may be obtained either by a compression-release procedure or by a sway test with the patient standing. Achievement of drainage can be verified either directly by placing the pulsed Doppler sample volume within the perforator or indirectly by detecting a retrograde flow in the vessel longitudinally connected directly or indirectly to the perforator. In this latter case, of course, incompetent tributaries located above the targeted perforator should be excluded by finger compression in order to avoid the effects of other re-entry’s upon the retrograde flow in the vessel in question.
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