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ABSTRACT
Objective: To evaluate piroxicam effect on different pregnancy outcomes among infertile women under-
going assisted reproductive technologies (ART).
Methods: We searched for the available randomized clinical trials (RCTs) in four different databases dur-
ing January 2021 that compared piroxicam (intervention group) to placebo/no treatment (control group)
in infertile women performing ART. We extracted the available data from included studies and pooled
them in a meta-analysis model using RevMan software. We pooled the dichotomous data as risk ratios
(RR) with the corresponding 95% confidence intervals (CI) using RevMan software. Our outcomes were
rates of clinical pregnancy, ongoing pregnancy, miscarriage, and any adverse events.
Results: Seven RCTs met our inclusion criteria with a total number of 1226 patients. Piroxicam was linked
to a significant increase in clinical pregnancy rate compared to control group (RR ¼ 1.30, 95% CI [1.09,
1.55], p¼ .003). However, we did not report any significant difference between both groups in ongoing
pregnancy rate (RR ¼ 1.27, 95% CI [0.72, 2.24], p¼ .41). In addition, the rates of miscarriage and adverse
events were not different among both groups.
Conclusions: Piroxicam administration increases the clinical pregnancy rate among infertile women.
However, piroxicam does not affect miscarriage and ongoing pregnancy rates.
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Introduction

Infertility is failure of conception after unprotected regular sexual
intercourse for one year [1]. It seems to affect one out of six
couples in their reproductive lives [2,3]. The assisted reproduct-
ive technologies (ART) have gained a great reputation in recent
years due to their increased request among infertile or subfertile
couples and the great progress in reproductive sciences [4,5].

Different ART procedures sometimes cause pain as a result of
the inflammatory reaction producing excess inflammatory cyto-
kines. This inflammatory reaction may cause excess uterine con-
tractions and decline in uterine receptivity [6]. Uterine
contractility is considered an important prognostic factor in pre-
dicting the endometrial receptivity and ART success [7].
Moreover, extra-uterine particles (bacteria, detritus, and cervical
mucus) introduction during procedure in addition to exogenous
manipulation may be also responsible for a pro inflammatory
status resulting in ART failure [8].

Prostaglandins play a crucial role in excess uterine contrac-
tions induction during ART procedures, thus, nonsteroidal anti-
inflammatory drugs (NSAIDs) administration during ART
performance may result in decline in uterine contractility and
improvement in procedure success [9]. Piroxicam is considered
one of the most common NSAIDs used by the studies in order
to assess the benefits of NSAIDs in ART.

The published trials have shown a great controversy during
their assessment of piroxicam in improving the pregnancy rates.
A recent study has concluded no benefits from piroxicam admin-
istration before frozen embryo transfer (ET) in improving preg-
nancy rates [10]. In contrary, another study found a great
improvement in implantation and pregnancy rates with piroxi-
cam utilization in frozen and fresh ET cycles [11].

Thus, we aimed to conduct a meta-analysis for evaluation of
the effect of piroxicam on different pregnancy outcomes among
infertile women undergoing to perform ART.

Materials and methods

We performed this systematic review and meta-analysis following
the Cochrane Handbook for Systematic Reviews of Interventions
[12]. We followed the PRISMA (Preferred Reporting Items for
Systematic reviews and meta-analysis) statement guidelines dur-
ing review preparation [13].

Literature search

We searched for the available clinical trials in Cochrane Library,
PubMed, ISI web of science, and Scopus using the following
search strategy; (Piroxicam OR Non-steroidal anti-inflammatory
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drugs) AND (IVF OR In vitro fertilization OR ICSI OR
Intracytoplasmic sperm injection OR Embryo transfer OR ART
OR Assisted reproduction techniques OR IUI OR Intrauterine
Insemination) during January 2021. Two authors performed the
search strategy without any restrictions by publication year
or language.

Eligibility criteria

We included the studies according to the following inclusion cri-
teria: (I) Population: Infertile women undergoing ART; (ii)
Intervention: Piroxicam; (iii) Comparator: placebo or no treat-
ment; (IV) Study outcomes: Clinical pregnancy, ongoing preg-
nancy, miscarriage rates, and any reported adverse events; and
(V) Study design: RCTs. Screening was conducted in a two step-
wise manner (title and abstract screening then full-text screen-
ing) by two authors. Differences were discussed, and a consensus
was reached after discussion. We excluded studies for the follow-
ing reasons: (1) non-randomized studies, (2) irrelevant studies,
and (3) review articles.

Data extraction

We extracted the available data from included studies on an
Excel sheet. The following data were collected: list of authors,
sample size, year of publication, and summary of the included
studies. Also, we extracted our main outcomes for analysis. Our
outcomes were clinical pregnancy, ongoing pregnancy, miscar-
riage rates, and any reported adverse events. Reevaluation of
women with positive pregnancy beta-human chorionic gonado-
tropin (b-HCG) test (more than 25 mIU/mL) was done by the
included studies at sixth week using ultrasonography in order to
confirm clinical pregnancy when fetal heart beat was reported.
Continuation of pregnancy more than 20weeks of gestation is
called ongoing pregnancy. Moreover, spontaneous fetal loss
before 20weeks of gestation is called miscarriage.

Risk of bias assessment

Two authors evaluated the included studies quality and risk of
bias using the Cochrane risk of bias assessment tool [14]. The
Cochrane risk of bias assessment tool includes the following
domains: random sequence generation, allocation concealment,
performance bias (blinding of participant and personnel), detec-
tion bias (blinding of outcome assessment), attrition bias, report-
ing bias, and other sources of bias. The authors’ judgment is
categorized as ‘Low risk,’ ‘High risk,’ and ‘Unclear risk’ of bias.

Data synthesis

The data analysis was completed independently by two authors,
then the results were compared, and any difference was solved
by discussion. We pooled dichotomous data as risk ratio (RR)
with the corresponding 95% confidence intervals using the
Mantel-Haenszel. All statistical analyses were performed using
the Revman software. When no heterogeneity was observed
among the studies, we used fixed-effect model. The random-
effect model was used when heterogeneity was found among
the studies.

The statistical heterogeneity was assessed between studies by
using I-squared (I2) statistics and values of � 50% indicated a
substantial heterogeneity [15]. The substantual heterogeneity if

reported was solved by sensitivity analysis where we excluded
one study at a time and evaluated its impact on the summary
results and between-study heterogeneity.

Publication bias

Publication bias assessment using funnel plot method and
Egger’s test was unreliable for fewer than ten included studies
according to Egger and colleagues. Therefore, we could not
assess for the publication bias due to our inclusion of only 7
randomized studies [16,17].

Results

Results of the literature search

After searching in different databases, we found 353 studies.
After title and abstract screening, 23 articles were reliable for
entering the full-text screening. Then, we excluded 16 articles,
and finally, seven studies met our inclusion criteria in our meta-
analysis. The PRISMA flow diagram of study selection is shown
in Figure 1.

Characteristics of included studies

Seven RCTs [10,11,18–22] met our inclusion criteria with a total
number of 1226 patients in which 613 were in piroxicam group
and 613 were in control group. Four studies performed IVF with
fresh embryo transfer [18,19,21,22]. One study reported their
findings on IVF with frozen embryo transfer only [10]. One
study used IVF with fresh and frozen embryo transfer in their
trial [11]. One study assessed piroxicam effectiveness among
women undergoing intrauterine insemination (IUI) [20]. The
included studies used either GnRH agonist or antagonist proto-
col for controlled ovarian stimulation. The summary of the
included studies including the main findings is shown in
Table 1.

Risk of bias assessment

The quality of included RCTs was done based on the Cochrane
risk of bias assessment tool. The summary of the risk of bias
assessment of RCTs is shown in Figure 2.

Outcomes

Clinical pregnancy rate
Piroxicam was linked to a significant increase in clinical preg-
nancy rate compared to control group (RR ¼ 1.30, 95% CI [1.09,
1.55], p¼ .003) as shown in Figure 3. The pooled studies did not
show a substantial heterogeneity (p¼ .08, I2 ¼ 47%).

Ongoing pregnancy rate
There was no significant difference between both groups in
ongoing pregnancy rate (RR ¼ 1.27, 95% CI [0.72, 2.24], p¼ .41)
as shown in Figure 4. The pooled studies were heterogeneous
(p¼ .04, I2 ¼ 68%). We reduced the reported heterogeneity by
removing one study [21] (p¼ .68, I2 ¼ 0%) showing no differ-
ence in ongoing pregnancy rate among both groups (RR ¼ 0.96,
95% CI [0.69, 1.33], p¼ .79).
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Miscarriage rate
There was no significant difference between both groups in mis-
carriage rate (RR ¼ 0.80, 95% CI [0.49, 1.31], p¼ .38) as shown
in Figure 5. The pooled studies were homogeneous (p¼ .19, I2

¼ 34%).

Adverse events
There were no significant differences between both groups in
adverse events (RR ¼ 0.90, 95% CI [0.37, 2.17], p¼ .81) as
shown in Figure 6. The pooled studies were homogeneous
(p¼ .27, I2 ¼ 24%). One study reported one ectopic pregnancy
in piroxicam group versus two in control group [18]. Two stud-
ies reported multiple pregnancies in their trials [19,20]. One
study reported four patients suffering from abdominal cramps
among control group with no cases reported in piroxicam
group [22].

Discussion

In this meta-analysis, we found a significant improvement in
clinical pregnancy rate with piroxicam administration. Rates of
ongoing pregnancy, miscarriage, and adverse events were not sig-
nificantly different among piroxicam and control groups.

Many studies have examined piroxicam effectiveness in
improving pregnancy rate among infertile women undergoing
ART and found conflicting results. Moon et al. [11] found

piroxicam was linked to a significant increase in implantation
and pregnancy rates in both frozen and fresh ET cycles.
Moreover, Firouzabadi et al. [19] performed a randomized study
in which they randomly allocated 180 fresh IVF-ET cycles into
piroxicam and control groups for pregnancy rate assessment.
They found a significant improvement in implantation and clin-
ical pregnancy rates with piroxicam administration one to two
hours prior to the procedure [19]. In addition, they reported a
significant decline in miscarriage rate with piroxicam administra-
tion with no difference in adverse events between intervention
and control groups [19].

Zarei et al. [10] included 178 patients in their randomized
double blinded trial for assessment of piroxicam benefit in preg-
nancy rate among infertile women undergoing IVF and frozen
ET cycles. They reported single dose of piroxicam administration
one to two hours prior to the procedure had no benefits in clin-
ical and biochemical pregnancy rates with no reported adverse
events. Furthermore, Kumbasar et al. [21] reported no significant
differences in clinical pregnancy, ongoing pregnancy, and mis-
carriage rates between piroxicam and control groups. Another
study found more increase in clinical pregnancy rate among pir-
oxicam group with no effect on ongoing pregnancy and miscar-
riage rates among infertile women undergoing artificial
insemination [20]. Sohrabvand et al. [22] did not find any differ-
ence between piroxicam and control groups regarding clinical
pregnancy rate with more increase in adverse events reported
among control group.

Records iden�fied through 
database searching  

(n = 353)

Sc
re

en
in

g 
In

clu
de

d 
El

ig
ib

ili
ty

 
Id

en
�fi

ca
�o

n 

Duplicates removed  
(n = 53) 

Records screened  
(n = 300) 

Records excluded  
(n = 277) 

Full-text ar�cles assessed 
for eligibility  

(n = 23)

Full-text ar�cles excluded 
(n = 16): 

- Non-randomized studies 
(n= 2) 

- Irrelevant studies (n= 10) 
- Studies did not meet our 

inclusion criteria (n= 4)Studies included in 
qualita�ve synthesis  

(n = 7)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis) 
(n = 7) 

Figure 1. PRISMA flow diagram.

GYNECOLOGICAL ENDOCRINOLOGY 787



Ta
bl
e
1.

Su
m
m
ar
y
of

th
e
in
cl
ud

ed
st
ud

ie
s.

St
ud

y
ID

St
ud

y
ar
m
s

Sa
m
pl
e

si
ze

Co
un

tr
y

M
at
er
na
l

ag
e

(y
ea
rs
)

In
fe
rt
ili
ty

du
ra
tio

n
(y
ea
rs
)

En
do

m
et
ria
l

th
ic
kn
es
s

N
o.

of
re
tr
ie
ve
d

oo
cy
te
s

N
o.

of
tr
an
sf
er
re
d

em
br
yo
s

M
ai
n
fin

di
ng

s

Za
re
ie

t
al
.2

02
1

Pi
ro
xi
ca
m

gr
ou

p
89

Ira
n

33
.2
0
±
5.
43

7.
26

±
4.
89

8.
40

±
1.
17

N
A

2.
52

±
0.
82

Pi
ro
xi
ca
m

ad
m
in
is
tr
at
io
n
be
fo
re

ET
ha
s
no

be
ne
fic
ia
le

ffe
ct
s
on

pr
eg
na
nc
y
ra
te

am
on

g
w
om

en
un

de
rg
oi
ng

IV
F
an
d

fr
oz
en
–t
ha
w
ed

ET
.

Co
nt
ro
lg

ro
up

89
32
.0
9
±
4.
50

6.
97

±
4.
26

8.
18

±
0.
86

N
A

2.
42

±
0.
70

Za
re
ie

t
al
.2

01
6

Pi
ro
xi
ca
m

gr
ou

p
13
0

Ira
n

28
.8
±
4.
7

N
A

N
A

N
A

N
A

Ad
m
in
is
tr
at
io
n
of

pi
ro
xi
ca
m

is
as
so
ci
at
ed

w
ith

in
cr
ea
se
d
pr
eg
na
nc
y
ra
te

an
d
pr
eg
na
nc
y
ra
te

pe
r
cy
cl
e
in

IU
Ic
yc
le
s.
H
ow

ev
er
,p

iro
xi
ca
m

do
es

no
t
ha
ve

an
y
ef
fe
ct

on
ab
or
tio

n,
m
ul
tip

le
pr
eg
na
nc
y
an
d
on

go
in
g

pr
eg
na
nc
y
ra
te
s.

Co
nt
ro
lg

ro
up

13
0

28
.9
±
5.
3

N
A

N
A

N
A

N
A

So
hr
ab
va
nd

et
al
.2

01
4

Pi
ro
xi
ca
m

gr
ou

p
25

Ira
n

28
.6
5
±
4.
32

6.
70

±
3.
94

N
A

N
A

N
A

Pi
ro
xi
ca
m

ad
m
in
is
tr
at
io
n
30

m
in
ut
es

pr
io
r
to

em
br
yo

tr
an
sf
er

ca
nn

ot
in
cr
ea
se

pr
eg
na
nc
y

ra
te
s,
bu

t
ca
n
pr
ev
en
t
or

re
du

ce
ut
er
in
e

cr
am

ps
af
te
r
th
e
pr
oc
ed
ur
e.

Co
nt
ro
lg

ro
up

25
27
.6
8
±
4.
58

6.
18

±
3.
37

N
A

N
A

N
A

M
oo
n
et

al
.2

00
4

Pi
ro
xi
ca
m

gr
ou

p
94

Ko
re
a

33
.2
±
4.
7

N
A

N
A

10
.9
±
6.
2

4.
0
±
2.
1

Pi
ro
xi
ca
m

in
cr
ea
se
s
IR

an
d
PR

af
te
r
IV
F–
ET

in
bo

th
fr
es
h
an
d
fr
oz
en
–t
ha
w
ed

ET
cy
cl
es
.

Co
nt
ro
lg

ro
up

94
32
.7
±
4.
3

N
A

N
A

11
.3
±
6.
4

4.
0
±
2.
0

Ku
m
ba
sa
r
et

al
.2

01
7

Pi
ro
xi
ca
m

gr
ou

p
85

Tu
rk
ey

32
.0
4
±
5.
43

7.
8
±
4.
4

10
.8
±
1.
6

9.
16

±
5.
20

3.
08
2
±
1.
27

Pi
ro
xi
ca
m

be
fo
re

ET
ha
s
no

ad
di
tio

na
le

ffe
ct

on
pr
eg
na
nc
y
ou

tc
om

e
in

pa
tie
nt
s
un

de
rg
oi
ng

in
vi
tr
o
fe
rt
ili
za
tio

n.
Co

nt
ro
lg

ro
up

85
31
.6
7
±
5.
68

7.
2
±
3.
9

10
.3
±
1.
5

10
.5
3
±
5.
68

3
±
1.
21

Fi
ro
uz
ab
ad
ie

t
al
.2

00
7

Pi
ro
xi
ca
m

gr
ou

p
90

Ira
n

28
.5
±
4.
8

N
A

N
A

N
A

N
A

Tr
ea
tm

en
t
w
ith

pi
ro
xi
ca
m

be
fo
re

ET
co
ul
d

pr
ep
ar
e
a
su
ita
bl
e
ut
er
us

fo
r
em

br
yo

im
pl
an
ta
tio

n.
Co

nt
ro
lg

ro
up

90
28
.7
±
5.
1

N
A

N
A

N
A

N
A

D
al
Pr
at
o
et

al
.2

00
9

Pi
ro
xi
ca
m

gr
ou

p
10
0

Ita
ly

35
.7
±
3.
7

3.
1
±
2.
3

N
A

13
.4
±
6.
1

2.
5
±
0.
6

Pi
ro
xi
ca
m

be
fo
re

em
br
yo

tr
an
sf
er

ha
s
no

ad
di
tio

na
le

ffe
ct

on
pr
eg
na
nc
y
ou

tc
om

e
af
te
r

IV
F
an
d
IC
SI
.

Co
nt
ro
lg

ro
up

10
0

35
.8
±
3.
4

2.
7
±
1.
8

N
A

12
.7
±
5.
1

2.
6
±
0.
6

N
A:

N
ot

av
ai
la
bl
e.

788 R. A. ABOSHAMA ET AL.



A recent Cochrane review was conducted to evaluate the
benefits of different NSAIDs among women undergoing ART
[23]. They concluded an uncertainty about the effect of differ-
ent NSAIDs in women suffering from infertility undergoing to
perform assisted reproduction in different pregnancy outcomes
[23]. They found no effect from different NSAIDs administra-
tion in improving clinical pregnancy rates when compared to
control group (RR ¼ 1.23, 95% CI [1.00–1.52]) [23]. Moreover,
they reported no benefit from piroxicam administration in
improving ongoing pregnancy rates and reducing rates of mis-
carriage [23].

Piroxicam which is from the family of NSAIDs is considered
an oxicam derivative with analgesic, antipyrertic, and anti-
inflammatory properties. Its main effect is through inhibition of
prostaglandin synthesis like other NSAIDs. It is absorbed orally
and reaches its peak plasma concentration within three to five
hours after oral intake [24]. Furthermore, it has long elimination
half-life causing stable plasma concentrations during the day if
used as a single daily dose. Based on the classification of the
food and drug administration (FDA), most of NSAIDs including
piroxicam are graded as a C category drugs during pregnancy
and their administration did not increase the hazard of low birth
weight, preterm labor congenital anomalies, and different com-
plications [25].

Our inclusion of RCTs with adequate sample size (1226
patients), the comprehensive eligibility criteria and search meth-
odology, and the strict adherence to the steps reported in the
Cochrane handbook of systematic review for interventions are
the main strengths of our systematic review and meta-analysis.

Our study limitations include; non-blinding of some of the
included trials, different demographic characteristics among the
studies, differences in drug doses and time of their administra-
tion among the included studies, and the limited number of the
studies that met our inclusion criteria.

Figure 3. Clinical pregnancy rate.

Figure 4. Ongoing pregnancy rate.

Figure 2. Risk of bias summary.
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Further multicenter RCTs with a larger sample size and lon-
ger follow-up until live birth are required to confirm our find-
ings. The future trials should be performed on the frozen ET
cycles as they become the desired choice among infertile patients
undergoing ART. The rates of ongoing pregnancy, live birth, and
miscarriage should be the primary outcomes of the future studies
with reporting of any side effects. More accurate confirmation of
the blinding, allocation concealment, and randomization in the
future trials in methods section is preferable in order to elimin-
ate any risk of bias.

Conclusion

Piroxicam administration increases the clinical pregnancy rate
among infertile women undergoing ART. However, piroxicam
does not affect miscarriage and ongoing pregnancy rates.
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