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Background
Lumbar sympathectomy (LS) was traditionally performed for intermittent
claudication but is now eclipsed by revascularization for that indication.
However, it retains a role in the management of chronic limb-threatening
ischemia and other conditions causing lower limb pain with or without ischemia.
In this study, we identify its role in the management of chronic limb-threatening
ischemia in cases of nonreconstructable peripheral arterial disease.
Aim
The main aim of this study is to determine if LS procedure has an effective role in
limb salvage and pain control for patients with nonreconstructable peripheral limb
ischemia. The primary endpoint was limb salvage in the target limb, while the
secondary endpoint targeted assessment of pain improvement in the same limb.
Patients and methods
This study is a prospective single-arm cohort study conducted using 21 patients
between the January 1, 2021 and the January 1, 2023 at two hospitals, Ain Shams
University Hospital and Nasser Institute Hospital. Patients complained of
nonreconstructable peripheral arterial disease and there was no chance for
revascularization either endovascular or surgical bypass.
Results
This study included 60 patients; one patient was excluded due to being lost to
follow-up, and presented with nonconstructable critical limb ischemia between the
January 1, 2021 and the January 1, 2023. There were 42 (70%)males and 18 (30%)
females. Follow-up for all patients was subjected to measurement of ankle brachial
pressure index, digital pulse oximetry, toe pressure and numerical rating scale for
pain scoring preoperative and postoperative. On follow-up we noticed that there
was no change in either ankle brachial pressure index or toe pressure immediately
postoperatively and after 12 months. However, the digital pulse oximetry showed
significant improvement immediately postoperatively from 68.40±7.36 to 81.15
±12.23 with a P value of 0.001. The most remarkable improvement was found
in pain scoring immediately, 1, 3, 6, and 12 months postoperatively with P values
showing statistical significance. As for limb salvage, there was a 100% limb survival
for 3 months. After 6 months, only nine cases underwent above-knee amputation,
one of them was due to severe limb infection, and three cases had minor
amputation ‘toe amputation.’ We noticed that three out of the nine cases
suffering major amputations had femoropopliteal disease. Of the patients, 80%
suffered no minor or major amputation, while 15% had major amputations beyond
the tarsometatarsal joint and only 5% underwent minor toe amputation or
debridement. Fortunately, there was no mortality among the studied cases.
Conclusion
Retroperitoneoscopic LS is significantly less invasive than open surgical technique
with fewer wound complications and less hospital stay period and offers a longer
duration of pain relief and less incidence of recurrence of manifestations.
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Introduction
Lumbar sympathectomy (LS) was traditionally
performed for intermittent claudication but is now
eclipsed by revascularization for that indication.
Wolters Kluwer - Medknow DOI: 10.4103/ejs.ejs_273_23
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However, it retains a role in the management of
chronic limb-threatening ischemia (CLTI) and other
conditions causing lower limb pain with or without
ischemia. In this study, we identify its role in the
management of CLTI in cases of nonreconstructable
peripheral arterial disease (PAD).

Lower limb PAD refers to the obstruction or
narrowing of the large arteries of the lower limbs,
mostly caused by atheromatous plaque or a
thrombus (blood clot). The most common cause of
PAD is atherosclerosis, which affects more than 200
million people worldwide [1]. Risk factors for PAD
include smoking, diabetes, hypertension, and high
cholesterol [2]. People who suffer from PAD have
an increased risk of suffering from cardiovascular
problems, including myocardial infarction, stroke,
and death from cardiovascular disease [3].

CLTI includes clinical patterns with threatened limb
viability related to several factors. In contrast to the
former term ‘critical limb ischemia,’ severe ischemia is
not the only underlying cause. Three issues must be
considered with the former terminology of critical limb
ischemia. First, ‘critical’ implies that treatment is
urgent to avoid limb loss, while some patients can
keep their legs for extended periods even in the
absence of revascularization [4].

Themanagement of patients withCLTImust start with
the best medical treatment along with the correction of
risk factors. In those with diabetes, glycemic control is
particularly important for improved limb-related
outcomes, including lower rates of major amputation
and increased patency after infrapopliteal
revascularization [5]. Proper wound care must be
started immediately, as well as the use of adapted
footwear, treatment of concomitant infection, and
pain control. So far, only one randomized trial, the
Bypass versus Angioplasty in Severe Ischemia of the
Leg (BASIL) trial, has directly compared endovascular
therapy with open surgery in CLTI patients [6]. At 2
years, there was no significant difference between
endovascular therapy and surgery regarding
amputation-free survival. In survivors after 2 years,
bypass surgery was associated with improved survival
(on average 7 months, P=0.02) and amputation-free
survival (6 months, P=0.06) [7]. These data are
challenged by more recent endovascular therapy
techniques. So far, drug-eluting balloons in below-
the-knee disease have shown no superiority over plain
balloon angioplasty [8].

The results of two ongoing randomized controlled
trials, Bypass versus Angioplasty in Severe Ischemia
of the Leg (BASIL-2) and Best Endovascular vs. Best
Surgical Therapy in Patients with Critical Limb
Ischemia (BESTCLI), are awaited [9]. Meanwhile,
in each anatomical region, both revascularization
options should be individually discussed.

Treatment of PAD with amputation of the affected
limb has been decreasing, which has coincided with an
increase in surgical and endovascular procedures to
improve blood flow [10].

However,manypeoplehavenonreconstructablediseases
with extremely poor distal blood flow and often undergo
major amputation for the relief of rest pain. Amputation
rates for pain relief in these people are high, up to 45%,
because the treatment options are extremely limited. LS
andprostanoid infusionarealternative treatmentoptions
for people with PAD, who are not suitable for
endovascular or surgical repair [11].

LS spans two centuries of surgical practice [12].
Originally developed as a treatment for peripheral
vascular disease (PAD), it has since been eclipsed by
the advent of more definitive surgical options such as
arterial bypass and endovascular treatment [13]. LS
results in reflex dilation of vasculature from loss of
sympathetic tone, of superficial arterioles, facilitating
improved blood flow and skin perfusion [14]. LS can
be beneficial for patients with other conditions
including hyperhidrosis, diabetic neuropathy, and
vasospastic disorders [15]. Patients suffering
intractable pain from a variety of etiologies also
benefit from LS [16].
Aim
The main aim of this study is to assess the role of LS
procedure has an effective role in limb salvage and pain
control for patients with nonreconstructable peripheral
limb ischemia.

The primary endpoint was limb salvage in the target
limb, while the secondary endpoint targeted
assessment of pain improvement in the same limb.
Patients and methods
This study is a prospective single-arm cohort study
that was conducted using 21 patients between the
January 1, 2021 and the January 1, 2023 at Ain Shams
University Hospital and Nasser Institute Hospital.
Patients who presented with nonreconstructable
PAD and with no chance for revascularization,
either through endovascular procedures or surgical
bypass were observed.
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Inclusion criteria
Age from 18 to 75 years, patients who underwent failed
surgical or endovascular attempts of revascularization,
poor runoff and/or absent pedal and planter arch that
prohibit successful revascularization, patients who did
not sign the consent, refused to be enrolled in the study
or lost to follow-up.
Exclusion criteria
Diabetic neuropathic pain, the patient presented with
major tissue loss or severe infection that render limb
loss and amputation, disabled or nonmobile patients,
and patients who are surgically unfit for the procedures
according to the American Society of Anesthesiologists
scoring system ‘ASA score 3–4.’
Study tools
Observational checklist including blood pressure,
blood sugar, lipid profile, and immune assay was
observed among all patients. Computed tomography
angiography and arterial duplex preoperative and
postoperative. Patients were classified according to
Rutherford, WIFI, and GLASS scoring systems for
prediction of limb survival.
Figure 1

Trocars insertion with the patient head position on the right side of the
picture.
Surgical procedure
The procedure was performed under general anesthesia.
The patient was positioned in lateral decubitus, and the
surgical table was flexed for the creation of maximal
exposure of the area between the costal margin and the
iliac crest at the level of the umbilicus. An incision of
about 1.5–2.0 cm was made at the anterior axillary line
midway between the costal margin and the iliac crest.
Further dissection was done through the external and
internal obliquemuscles by separation of their respective
fibers to reach the retroperitoneal space.The areolar fatty
tissue was dissected, while the peritoneal sac was gently
pushed forward using a blunt finger, which creates a safe
space insertion of the distention balloon system into the
retroperitoneum. The balloon then is inflated under
vision using a 30° camera introduced through a
balloon trocar. The fully inflated balloon is left in
place for 2–5min to ensure proper hemostasis, it can
be deflated and removed afterward. If any tear was
detected in the peritoneum, the procedure could be
continued. Often the peritoneum can be repaired with
direct vision with S-shaped retractors after the removal
of the balloon trocar. Using the balloon distension
system made the procedure even less traumatic and
enabled us to achieve the exposure without any
significant trauma or complication.

After that, a trocar was introduced into the previously
created space. The space created is insufflated with
CO2 to a pressure of 10–12 mmHg. Another two 5-
mm ports are inserted with direct vision into the
retroperitoneal space at the mid and posterior
axillary lines, approximately one inch behind the first
one (Fig. 1).

The vertebrae in the paravertebral space were palpated
with laparoscopic instruments, and the dissection of
this space started at the medial border of the psoas
muscle and close to the vertebrae two instruments were
used for traction, dissection, clipping, and cutting. The
sympathetic chain was identified anterior to the
vertebral column along the medial border of the
psoas muscle, and small communicating rami and
blood vessels were divided with cautery for
hemostasis. Care was exercised in dissection near the
sympathetic trunk and ganglia to avoid injuring lumbar
vessels in the area. The sympathetic chain was then
transected between clips at the level of the ganglia,
second lumbar vertebrae (L2), and L4 and then
removed. The sympathetic ganglion at the level of
the third lumbar vertebra is the most obviously
visualized in the operative field after the dissection
and exposure of the sympathetic ganglia (Fig. 2).

Using the retroperitoneal approach, there seems to be
no increased technical difficulty in the performance of
the procedure on either the right or the left side. The
excised ganglia were sent for histopathologic
examination and verification. The retroperitoneal
space is deflated, the trocars are removed, and the
fascia at the large port site is sutured. Skin incisions
and the underlying anterior wall were closed using
Prolene sutures.
Statistical analysis
Data analysis was performed using SPSS software,
version 25 (SPSS Inc., statistics for Windows



Table 1 Sociodemographic characteristics of the studied
cases

N=60 [n (%)]

Age (years)

Mean±SD (minimum–maximum) 41.6±10.12 (25–60)

Sex

Male 42 (70.0)

Female 18 (30.0)

Current

Smokers 15 (25.0)

Ex-smokers 45 (75.0)

Figure 2

Clipping of L2 and L3 sympathetic ganglia.
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version 25; SPSS Inc., Chicago, Illinois, USA).
Qualitative data were described using numbers and
percentages. Quantitative data were described using
median (minimum and maximum) for nonnormally
distributed data and mean±SD for normally distributed
data after testing normality using the
Kolmogorov–Smirnov test. The significance of the
obtained results was judged at the P value less than
or equal to 0.05 level. Wilcoxon signed-rank test was
used to compare between more than two studied
periods. The paired t test was used to compare two
paired readings for normally distributed data.
Table 2 Medical history among studied cases
Ethical approval statement
Consent Ethical approval to report these cases was
given by Ethical committee of Ain Shams University
hospitals. Written informed consent was obtained
from the patients.
N=60 [n (%)]

Obesity 6 (10.0)

DM 0

Hypertension 27 (45.0)

Hypercholesterolemia 27 (45.0)

IHD 9 (15.0)

CHF 0

CVA 0

ASA grade 2 60 (100.0)

ASA, American Society of Anesthesiologists; DM, diabetes
mellitus; IHD, ischemic heart disease.
Results
This study included 21 patients, one patient was
excluded due to being lost to follow-up, and
presented with nonconstructable critical limb
ischemia between the January 1, 2021 and the
January 1, 2023. There were 14 (70%) males and six
(30%) females. The age range of patients was 25–60
years, with a mean age of 41.6±10.12. There were five
(25%) active smoker patients and 14 (75%) ex-smokers.
There were nine(45%) hypertensive patients, nine
(45%) hypercholesteremic patients, and three (15%)
with mild controlled ischemic heart disease. There
were no diabetic patients, no congestive heart
failure, or cerebrovascular accidents reported.
American Society of Anesthesiologists grade
classification for all the patients was 2. Demographic
data and risk factors are listed in Tables 1 and 2.

Multiple different scoring systems were used to classify
our patients according to the grade of ischemia, wound
criteria, and anatomical considerations. Many patients
complained of ischemic rest pain in the lower limbs
comprising 65%, while the remaining 35% suffered
minor tissue loss or gangrene with diffuse pedal
ischemia, which means that according to Rutherford
classification patients ranged between category 4 and
category 5, respectively. Adding to that, only 30% of
patients suffered from mild local infection. Also, all
cases had an ankle brachial pressure index (ABPI) of
less than 0.39 denoting severe ischemia. When all the
previous data was applied to the WIFI scoring system,
â 60% of patients were in stage 2.

According to the GLASS anatomical scoring system,
70% of patients had no significant disease in the
femoropopliteal segment. However, all studied cases



Table 3 GLASS score for anatomical consideration of studied
cases

Anatomical consideration N=60 [n (%)]

Femoropopliteal

No significant disease 42 (70.0)

Total SFA>20 18 (30.0)

Tibial two 60 (100.0)

Pedal two 60 (100.0)

Table 4 Sympathectomy criteria distribution among studied
cases

Sympathectomy N=60 [n (%)]

Side of sympathectomy

Right 30 (50.0)

Left 30 (50.0)

Type anesthesia

General anesthesia 60 (100.0)

Level of removed ganglion. (L2, L3) 60 (100.0)

History of previous sympathectomy 3 (5.0)

History of previous revascularization 30 (50.0)
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showed severe disease or total occlusion in the tibial
and pedal segments, indicating that all our cases had no
proper runoff for revascularization either through
balloon angioplasty or surgical bypass, as shown in
Table 3.

Half of the patients underwent sympathectomy on the
left side and the other half on the right side, none of the
cases underwent bilateral LS. Sympathetic ganglia at
the level of lumbar L2 and L3 vertebrae were excised
under general anesthesia in all cases and confirmed by
histopathological examination. Only one patient had a
previous successful trial of chemical sympathectomy 1
year before our intervention with a recurrence of rest
pain after 6 months of the previous procedure. Also,
half of our patients were subjected to multiple failed
trials of revascularization as shown in Table 4.

Follow-up for all patients was subjected to
measurement of ABPI, digital pulse oximetry, toe
pressure, and numerical rating scale for pain scoring
preoperatively and postoperatively. On follow-up, we
noticed that there was no change in either ABPI or toe
pressure immediately postoperatively and after 12
months. The digital pulse oximetry showed
significant improvement immediately postoperatively
from 68.40±7.36 to 81.15±12.23 with a P value of
0.001; however further follow-up could not be feasible
at the time of study with that test. Themost remarkable
Table 5 Comparison of ABI, digital pulse oximetry, toe pressure, a

Preoperative
(N=60)
[n (%)]

Immediate
(N=60)
[n (%)]

1 months
postoperative

(N=60)
[n (%)]

p

ABI <0.3 60 (100) 60 (100) 60 (100)

Digital pulse
oximetry

68.40±7.36 81.15
±12.23

ND

Toe pressure 0 0 0

Pain scale score
median
(minimum–maximum)

8 (7–9) 2.0 (0–10) 2 (0–10)

P1: comparison between preoperative and immediate follow-up. P2: the
preoperative and 3 months postoperative. P4: the difference between p
preoperative and at 12 month follow-up. *Statistically significant. #Paired
improvement was found in pain scoring immediately,
1, 3, 6, and 12 months postoperatively with P values
showing statistical significance as shown in Table 5.

As for limb salvage, there was a 100% limb survival for
3 months. After 6 months, only nine cases underwent
above-knee amputation, one of them was due to severe
limb infection, and three cases had minor amputation
‘toe amputation.’We noticed that three out of the nine
cases suffering major amputations had femoropopliteal
disease; 80% of the patients suffered no minor or major
amputation, while 15% had major amputations beyond
the tarsometatarsal joint and only 5% underwent minor
toe amputation or debridement. Fortunately, there was
no mortality among studied cases (Figs 3 and 4).
Discussion
LS retains a role in the management of CLTI and
other conditions causing lower limb pain with or
without ischemia. In this study, we identify its role
in the management of CLTI in cases of
nonreconstructable PAD.

We enrolled 60 patients in our study out of which only
20 patients were included, one patient was excluded for
nd pain scale score during follow-up for the studied cases

3 months
ostoperative
(N=60)
[n (%)]

6 months
postoperative

(N=60)
[n (%)]

12 months
postoperative

(N=60)
[n (%)]

Test of
significance#

60 (100) 60 (100) 60 (100) P1=1.0 P2=1.0
P3=1.0 P4=1.0

ND ND ND P1=0.001*

0 0 0

2 (0–10) 1 (0–9) 1 (0–9) P1<0.001*
P2=0.003*
P3=0.001*
P4<0.001*
P5<0.001*

difference between preoperative and 1-month postoperative. P3:
reoperative and 6 months postoperative. P5: comparison between
t test and Wilcoxon signed-rank test.



Figure 3

(a) Preoperative, nonhealing infected wound on the dorsum of the fifth metatarsal and (b) complete healing of the wound 1 month
postoperatively.

Figure 4

(a) On the left side: preoperative image showing dry gangrene of the little toe and (b) on the right side: 2 weeks with complete healing of
amputation wound.
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lack of compliance during follow-up with a male to
female ratio of 2.3, and three out of four patients were
current smokers. All our patients complained of
nonreconstructable PAD presented by either rest
pain, minor tissue loss, or gangrene. All patients in
our study were subjected to unilateral
retroperitoneoscopic sympathectomy with 100%
technical success confirmed by histopathological
examination, with no major intraoperative or
postoperative complications through theperiod of study.

On stratifying our patients, 65% of patients were
complaining of rest pain only, while the other 35%
had added minor wounds, tissue loss, or gangrene with
mild local infection (WIFI score 2–3). In terms of the
extent of vascular disease, all patients suffered
infrapopliteal severe disease, while only 18 patients
had added a total superficial femoral artery occlusion
more than 20 cm in length.

On follow-up, 42 out of 60 patients experienced
marked improvement of their pain and quality of life
immediately postoperatively with improvement of
oxygen saturation measured by a pulse oximeter and
only three patients suffered recurrence of pain after 6
months. In terms of wound healing, nine out of 18
patients experienced wound healing in different
periods of time.

According to limb salvageability, there was a 100%
limb survival for 3 months. Only nine cases of above-
knee amputation, three of themwere due to severe limb
infection, after 6 months and three cases had a minor
amputation. We noticed that one out of the nine cases
suffering major amputation had femoropopliteal
disease. After 12 months of follow-up, there was a
total of nine major amputations out of 60 patients.

Maguire and colleagues, in their retrospective single-
center study, underwent 27 open surgical approach
procedures on 24 patients during this period; 75% of
patients were male and 25% were female. Maguire and
colleagues performed 21 unilateral and three bilateral
cases through an open surgical approach. One patient
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developed intraoperative bleeding from a lumbar vein,
which was successfully ligated. Blood transfusion was
not required, and the length of hospital stay was not
affected. Only 16 patients out of 24 were diagnosed
with PAD without further details about the
presentation of ischemia in those patients. Despite
the longer duration of follow-up, 1 year, and a good
percentage of improved outcomes in terms of improved
symptomatology, there is a long gap between follow-up
appointments.

Maguire and colleagues reported improvement of
symptoms in almost two out of three patients who
underwent LS for PAD indications at the 1-year
follow-up. Maguire et al. [17] reported only 14.8%
of his patients proceeded to major amputation with a
mean time to amputation of 3 months.

Kothari and colleagues had a total of 167 percutaneous
chemical lumbar sympathectomy (PCLS) procedures
performed on 147 patients diagnosed with Buerger’s
disease in the surgery department of a teaching hospital
in Central India from June 2008 to January 2016. All
patients were chronic bidi smokers, males; most
patients were in their third decade of life. On
reviewing the Kothari and colleagues study, the
availability of imaging modality affected his choice.
The imaging modality for the first 67 PCLS (five
bilateral) was a computed tomography scan. In
another group, digital radiography (total 50, seven
bilateral) and Câ arm image intensifier (total 50,
eight bilateral) were used for the next 100 patients.
The three groups had the same results. All patients had
PAD in the form of ischemic rest pain or minor tissue
loss such as toe gangrene or foot ulcer. ABPI could not
be assessed in most patients.

Kothari reported a success rate of 82–86.7% across all
the three groups. Excellent rest pain relief was
obtained, which lasted for 3 months of followâ up in
more than 80% of patients.

Unfortunately, they did not report any follow-up
results beyond the period of 3 months. Wound
healing was in most patients across the three groups
without further specification. A considerable number
of limbs (103/167) had gangrene of the toe/multiple
toes/part of the forefoot. Of 103 limbs, popliteal pulse
was present in 57 (55.33%) limbs. All these limbs
healed after amputation of toes/forefoot and PCLS.
The other 46 limbs had absent popliteal pulses, only
oneâ third of these limbs healed after amputation (of
toes/forefoot) and PCLS. The other twoâ thirds had to
be subjected to belowâ knee amputations [18].
Beglaibter and colleagues performed 29 successful
retroperitoneoscopic LS approach procedures
without reporting any complications in all the 27
patients submitted for their trial. Unilateral
procedures were done for 25 patients, while the
remaining patients underwent bilateral procedures in
two stages. Computed tomography scan-guided
chemical sympathectomy was previously done on five
of their patients. On immediate postoperative follow-
up, the affected limb was found to be warm and dry on
assessment.

On follow-up, they reported a long-term
improvement of pain in the affected limb in both
vascular and reflex sympathetic dystrophy complaints.
However, there was no significant improvement in
trophic changes in the patients with reflex sympathetic
dystrophy. A single patient complaining of a
nonhealing leg ulcer that was associated with
vasculitis underwent successful wound coverage with
a skin graft after the sympathectomy.

However, in terms of limb survival, they reported three
minor amputations for gangrene. One of the patients
who underwent amputation had Buerger’s disease, and
the other two had peripheral vascular disease [19].

Karanth and colleagues, in their intervention review of
literature, identified no randomized controlled trials
assessing the effects of LS by open, laparoscopic, and
percutaneous methods compared with no treatment or
compared with any other method of LS in patients
with critical lower limb ischemia due to
nonreconstructable PAD [20].

To summarize, these patients were selected for LS as
they had exhausted all revascularization and pain
management options. All the previous discussion
suggests that LS can not only save limbs from major
amputation but can also allow.
Conclusion
LS is an attractive solution for patients who are deemed
not responsive to ordinary revascularization techniques.
It helps not only in pain management but also as a
strong factor in preventing limb loss and improving
patients’ quality of life. Retroperitoneoscopic LS is
proved to be quite preferable over PCLS or open
surgical sympathectomy. It is significantly less
invasive than the open surgical technique with fewer
wound complications and less hospital stay period and
offers a longer duration of pain relief and less incidence
of recurrence of manifestations.
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