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Introduction Prostaglandins are potent vasoactive agents with other properties of
vasodilatation, fibrinolysis and inhibition of platelet aggregation. Prostaglandin E1
(PGE1) has been used in the treatment of peripheral vascular diseases (PVD), mainly
in patients with nonreconstructable PVD and also as an adjunct when there is residual
ischemia after revascularization. Our experience in using PGE1 at a tertiary care center
in South India is presented here along with a review of literature.

Patients presenting to us with nonreconstructable critical
limb ischemia underwent prostaglandin infusion after meeting selection criteria.
Results Of the 142 patients enrolled into the study, 48 completed the study. There
was a shift in the profile of patients from critical limb ischemia to claudicants or minor
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tissue loss.
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Introduction

Prostaglandins (PGs) were discovered in 1935 by Von Euler as
a blood pressure-lowering substance from the prostate gland
secretion.! PGs are potent vasoactive agents with actions that
depend on the species, organ tested, and the PG used. They are
synthesized from 20-carbon polyunsaturated fatty acids con-
taining three, four, or five double bonds. These fatty acids are
present in the phospholipids of the cell membranes of all mam-
malian tissues.? Prostaglandin E1 (PGE1) is a major PG found
in human semen that functions as a vasodilator, inhibitor of
platelet aggregation, and a fibrinolytic agent. The compound
also inhibits monocyte and neutrophil function, suggesting
that PGE1 will also have anti-inflammatory effects. Recent
research has detected additional actions of PGE1 and prosta-
cyclin analogs which might be relevant to its clinical efficacy.
This includes inhibition of expression of adhesion molecules
(E-selectin, ICAM-1, and VCAM-1), release of inflammatory
cytokines (TNFalpha, MCP-1), matrix components, and gen-
eration and release of growth factors (CYR61, CTGF). These
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In the absence of options to treat patients with nonreconstructable criti-
cal limb ischemia, prostaglandin infusion offers a viable option for treatment.
Conclusion PGE1 infusion is an option for patients with nonreconstructable critical

actions may also contribute to the long-term effects of PGE1,
particularly in more advanced stages of PAD. Gene-expression
experiments with chemically stable prostacyclins and PGE1
suggest that several genes in vascular smooth muscle cells and
fibroblasts are modified by PGs at the transcriptional level.?
PGE1 has been reported to benefit patients with significant
peripheral vascular disease and limb-threatening ischemia.*
Both intravenous (IV) or intra-arterial (IA) routes have been
described. Previously, the use of an implantable port with its
catheter placed IA for PGE1 infusion has been described.” The
disadvantages of the IA infusion are local side effects as rubor,
swelling, and pain; however, the IV route needs a significantly
increased PGE1 dosage (up to four times) to achieve the same
therapeutic dose levels as the arterial route. A total of 90% of
PGE1 undergoes first pass metabolic degradation by the lung
parenchyma. The increased dosage makes the IV treatment
especially in patients with borderline cardiac or renal function,
problematic. With IA application of 20 pg of PGE1 (a quarter
of the dose required for IV delivery), systemic adverse effects,
such as hypotension (due to vasodilatation), lung edema, or
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cardiac failure, are significantly decreased. The therapeutic
effects of the substance, therefore, are probably more due to
other mechanisms of action than due to hemodynamic effects.®

The benefits of prostanoids in claudicants due to periph-
eral arterial disease are doubtful. The largest available sys-
tematic review concluded that the quality of studies and
the overall evidence available are insufficient to determine
whether or not patients with intermittent claudication
derive clinically meaningful benefit from the administration
of prostanoids. Further well-conducted randomized, double
blinded trials with a sufficient number of participants to pro-
vide statistical power are required to answer this question.’

Critical limb ischemia is a late stage of peripheral arterial
disease characterized by pain at rest and tissue loss. Treatment
of critical leg ischemia consists primarily of revascularization
by angioplasty or reconstructive surgery. There are groups of
patients in whom, on account of poor distal reformation, both
may not be an option. This picture is mostly seen in patients
with Thromboangiitis obliterans. The ICAI study group, fol-
lowing a randomized, controlled, open label trial with PGE1,
suggested that short-term treatment with Alprostadil (PGE1)
provides patients with critical leg ischemia clinical benefit
that is apparent in the short term but decreases over time.®

A systematic review of the numerous heterogeneous
studies published in 2018 concluded that prostanoids have
no effect on the incidence of total amputations when com-
pared against placebo. There was moderate-quality evidence
that showed small beneficial effects of prostanoids for rest-
pain relief and ulcer healing when compared with placebo.
Additionally, moderate-quality evidence showed a greater
incidence of adverse effects with the use of prostanoids
and low-quality evidence suggests that prostanoids have
no effect on cardiovascular mortality when compared with
placebo. None of the included studies reported quality of life
measurements. The balance between benefits and harms
associated with the use of prostanoids in patients with criti-
cal limb ischemia with no chance of reconstructive interven-
tion is uncertain; therefore careful assessment of therapeutic
alternatives should be considered.’

Materials and Methods

PGE1 has been used in our institution since 2010 to relieve
the rest pain, heal ulcers in ischemic legs. It was also used
for limb salvage in acute on chronic ischemia patients with
viable limbs but not suitable for reconstruction surgery and
interventions or those that had failed reconstructive proce-
dures. Patients from the year 2011 to 2016 were enrolled into
this nonrandomized observational study. The inclusion crite-
ria were patients with nonreconstructable peripheral arte-
rial disease and critical limb ischemia and/or those that had
undergone reconstructive procedures but still had persistent
pain, as deemed by four vascular consultants. Patients with
reconstructable disease, acute or chronic infection, significant
ischemic heart disease with ejection fraction less than 40% or
cardiac rhythm disorders, tachycardia due to PGE1 infusion,
were excluded. All infusions were done in the vascular ward.
Injection Alprostadil (PGE1) 500 mcg was administered in
three divided doses, each IV infusion over 6 hours. The study
patients were subjected to one dose per day during which
pulse rate and blood pressure were monitored by a bedside
monitor. The study required the patient to be admitted in
the ward for 3 days. The patient was required to complete six
doses of PGE1 infusion, one every month for 6 months. The
patients were graded with the Rutherford grading of chronic
limb ischemia preinfusion at the end of the study.'® Prein-
fusion and postinfusion ankle brachial pressure index (ABPI)
were also done to provide objective measure of improve-
ment. Amputations were defined as major—any amputation
at and above the metatarsal level and minor amputations as
any amputation done below the level of the metatarsals.

Results

There were a total of 142 patients enrolled into the study over
the course of 6 years (=Fig. 1). However, due to demographic
reasons, 94 patients were lost to follow-up or did not complete
the required six doses of PGE1 infusion. Hence the final anal-
ysis was only done on 48 patients that completed the study.

55

60

50

40
30

20 18

10

0 ‘

i 16 18 15

2011 2012 2013 2014 2015 2016

Fig. 1 Number of patients enrolled during the duration of the study.
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The patient profile in our study group is shown in
=Table 1. The study group (n = 48) was divided into grades
of ischemia based on the Rutherford Grading of Chronic Limb
Ischemia'® preinfusion and after completion of six doses
of PGE1 (=Figs. 2-4). There was a shift in the number of
patients with higher grades of ischemia to lower grades of

Table 1 Patient profile

Patient profile, n = 48

Age distribution (y) Number
20-40 18
40-60 22
>60 8
Extremity involvement

Upper limb 2

Lower limb 46
Segment involved

Infrapopliteal 31

Femoropopliteal 17

Aortoiliac 0
Diagnosis at presentation

TAO 31

Atherosclerotic PAD 16

Others 1
Comorbid illnesses

DM/HTN 12

IHD 1

Others 1

None 34

Abbreviations: DM, diabetes mellitus; HTN, hypertension; IHD, ischemic
heart disease; PAD, peripheral arterial disease; TAO, thromboangiitis
obliterans.
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ischemia. There were a few patients that underwent ampu-
tations (both major and minor); however, a majority of them
were either minor or no amputations at all. The average rise
in ABPI at the end of the study was 0.2 in patients involv-
ing either the infrapopliteal and femoropopliteal segments
(=Fig. 5). Five patients underwent an adjunct sympathec-
tomy. Two patients underwent an attempt at angioplasty
and had persistent pain postprocedure. There were no PGE1
infusion-related complications in any of the patients.

Discussion

An ideal approach to the treatment of critical limb ischemia
is the elimination or bypass of the occlusions/stenosis, but
there may be situations in which it is often impossible or
else, fails. A good alternative in these cases is to attempt to
change the consequences of low perfusion pressure on the
distal microcirculation sufficiently by pharmacotherapy to
relieve rest pain and avoid amputations. In fact, the primary
goal of therapy is to provide the patient with a viable limb.
The prostanoid investigated in the largest number of patients
with advanced chronic limb ischemia in controlled random-
ized studies is Iloprost.!" The studies that have looked at
PGE1 infusion are heterogeneous and enough evidence to
make a significant change in practice is lacking. The num-
ber of patients that were enrolled into the study gradu-
ally decreased over a period of 6 years as our endovascular
armamentarium increased, thus making patients that were
previously considered nonreconstructable, reconstructable.
Our study showed a significant shift in the grade of ischemia
toward lower grades, thus making patients with critical limb
ischemia into claudicants. This is associated with decreased
number of amputations, which is the primary goal of treat-
ment of peripheral arterial disease. At our institution, the
standard protocol for the management of patients with clau-
dication is best medical therapy which does not include PGE1
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Fig. 2 Pre-PGET1 distribution of patients according to Rutherford Grade 1-6. PGE1, prostaglandin E1.
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Fig. 3 Post-PGE1 distribution of patients according to Rutherford Grade 1-6. PGE1, prostaglandin E1.
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Fig. 5 Average rise in ABPI at the end of the study. ABPI, ankle brachial pressure index.
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infusion, unless the claudication is disabling. Hence there
were only a few claudicants entered into the study. The rise in
ABPI is difficult to interpret but it is safe to assume that there
was significant improvement in perfusion pressure. Whether
that translates into prolonged amputation free survival can
be seen only with longer follow-up. The role of transcutane-
ous partial pressure of oxygen (TcPO2) in assessing perfusion
pressure needs to be studied. But it is safe to assume that
there is a definite short-term benefit with the use of PGE1.
Although these results may look impressive, it is also import-
ant to be aware of their limitations. Total ulcer healing was
not used because it was too uncommon an event after a few
weeks of treatment. The other limitation of the study is the
number of study drop outs. Our practice is to administer the
first dose of PGE1 in our hospital, request the patients to pro-
cure four doses at discharge, to continue the infusion at the
nearby medical center, once a month, with a written proto-
col. The patient is encouraged to return to our center for the
sixth and final dose. However, our study patients were from
a wide range of demographic distribution, making follow-up
and return for the sixth dose, difficult. Further, PGE1 is not
an easily available drug and is expensive, leading to a high
dropout rate. The role of PGE1 in patients with TAO has not
been studied earlier and these results may suggest that there
is benefit to a select group. There is no available technique
for identifying those who will respond, but its relative safety
suggests that it should be tried in all such patients unless an
early amputation is clearly unavoidable.

Conclusion

PGET1 infusion provides an acceptable therapeutic alternative
to patient with nonreconstructable critical limb ischemia
with minimal complications.
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