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Abstract 
The autonomic nervous system is implicated in the 
control of ovarian function, ovarian sympathetic outflow 
changes could contribute in the control of follicular 
development. The objectives of this study were to 
determine the autonomic neuropathy in infertile women 

and to evaluate the association between pregnancies after 
intracytoplasmic sperm injection (ICSI). This study was 
carried out on 25 infertile women, referred to the fertility 
clinic in Al-Sadder teaching hospital, and undergone 
intracytoplasmic sperm injection throughout period from 
March 2013 to January 2014. Cardiac autonomic 
neuropathy was evaluated by five standard 
cardiovascular reflex tests. The results of this study 
showed that 28 (37.33%) of subfertile women had 
autonomic neuropathy (AN) on 71% due to female 
causes. There was insignificant difference in pregnancy 
rate in women with and without AN (P>0.05). The 
number of grade IV embryos was significantly higher in 
women with AN when compared with women without 
AN (P<0. 05). There was a significant positive 
correlation between AN score increment and number of 
grade IV embryo (P< 0.05). In conclusion, increased 
score of autonomic neuropathy was associated negatively 
with good quality (grade I and II) embryos and positively 
with bad quality (grade III and IV) embryos. 
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1. Introduction 
 
The ovary is innervated by both sympathetic and 
parasympathetic efferent nerve fibers that 
transmitted signals from different sites of the 
central nerve system (CNS) to the ovary. 
Transaction of sympathetic ovarian nerve (SON) 
leads to decrease the high levels of ovarian 
noradrenalin and cause up-regulation of beta-
adrenoreceptors leads to restore estrous cycle and 
ovulatory capacity (Skandalakis et al., 2008). 
Administration of α-adrenergic receptor antagonists 
reduces GnRH pulse generator frequency, also the 
same effect occurs on pulsatile LH secretion when  

 
 
 
 
adrenergic receptor activities have been increased, 
so that oscillating patterns of adrenergic receptor 
activities are vital for pulsatile GnRH release 
(Zangeneh et al., 2012). Altered in the sympathetic 
nervous system activity 2may play a role in the 
causes of polycystic ovarian syndrome (PCOS) in 
which these patients had greater density of 
sympathetic nerve fibers (Holm, 2010). Using 
indirect tests of autonomic function such as heart 
rate recovery after exercise and heart rate 
variability in women with PCOS showed increase 
sympathetic outflow (Tekin et al., 2008). Many 
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researchers used different protocol like 
acupuncture; which mean "Using fine needles 
which entered through the skin at definite points 
particularly to treat disease or reduce pain”, 
exercise and medications to decrease sympathetic 
outflow (Adams et al., 2011). Researches had 
found probable methods to clarify how acupuncture 
may improvement fertility, throughout the rising 
flow of blood to the reproductive system, stress 
enhances the sympathetic outflow, which lead to 
vasoconstriction of ovarian arteries.  Inhibition of 
sympathetic activity was done by acupuncture 
leading to improve ovarian blood flow, improve the 
ovarian follicles environment (Stener-Victorin, 
2006; Lim and Wong, 2010). The blood flow to the 
uterus was also increased which lead to improve 
the thickness of the endometrium and raise the 
likelihood of embryos implantationafter ICSI (Lim 
and Wong, 2010; Aquino and Nori, 2014). The 
acupuncture causes reducing sympathetic nerve 
activity, stimulation ovulation and control the 
menstrual cycle in females with PCOS (Stener-
Victorin 2008; 2009). Acupuncture also affected on 
the hypothalamic-pituitaryadrenal axis (Stener-
Victorin et al., 2010).  This axis is directly 
connected to the roles of autonomic nerves (Lim 
and Wong, 2010).Acupuncture can modulate 
autonomic nervous system which may explain the 
reduce in signs and symptoms of anxiety, also 
acupuncture was improved pregnancy rates by 
decreasing stress before and after embryo transfer 
(Balk et al., 2010). Another method to modulate 
ANS was drugs, treatment with guanethidine lead 
to decline the norepinephrine in the rat ovaries 
(Eric et al., 2009). Active weight loss can decrease 
sympathetic nerve activity and whole body 
noradrenalin overflow, therefore the sympathetic 
nervous system may suggest an originaltherapeutic 
goal in PCOS but longer-term and larger researches 
are wanted previous to the application of these 
treatments in medical practice (Lansdown, 2012).  
 
1.1 Objectives  
The objectives this study were to determine the 
autonomic neuropathy in infertile women and to 
evaluate the association between pregnancies after 
intracytoplasmic sperm injection (ICSI).  
 
1.2 Justification of research  
This was achieved on patients who programmed to 
undergo ICSI involved “couples’ infertility were 
infertilitymale and unexplained infertility female 
which was difficult to find this couples. There are 
many infertile cases and there are very few studies 
on this aspect in the Iraq society 
 
2. Material and Methods 
 
2.1 Study population 
This prospective cohort study in a total of 75 

patients who programmed to undergo ICSI were 
enrolled in the study from March 2013 to January 
2014. All of them were non-smokers and didn’t 
have any metabolic or endocrine diseases. The 
reasons for the couples’ infertility were male factor 
infertility (n=28), female factor (n 41) and 
unexplained infertility (n=6), referred to the 
fertility clinic in Al-Sadder teaching hospital. An 
hCG injection was given to trigger the final stages 
of oocyte maturation and oocyte pick-up was done 
after 34–36 hours under ultrasound-guide. 
Fertilization and cleavage was assessed daily and 
fertilization rate (FR) and cleavage rate was 
calculated according to following equation:  
 FR= (NO. of pronucleus (PN) /total NO. of 
injected oocytes)×100,  CR=(NO. of cleaved 
embryos /Whole NO. of 2PN)×100.  
 
The embryos were classified according to their 
morphology and percentage of fragmentation.The 
biochemical pregnancies was confirm on the 
fourteenth day of embryo transfer by measurement 
of serum B-HCG.The pregnancy rate (PR) is 
calculated by following equation 
 
PR = -------------------------------------------------------
----- × 100% 
 
 
 
 
 
2.2 Autonomic function test 
Autonomic function tests were carried out in the 
morning at end of follicular phase (at the morning 
of day of HCG. Patients were advised to cease 
coffee consumption and eating for at least two 
hours before the tests. Cardiac autonomic 
neuropathy was evaluated 1 according to the 
Ewing's protocol by the five standard 
cardiovascular reflex tests (Ewing, et al., 1985). 
There are three tests chiefly assess parasympathetic 
function included the 45heart rate response to 
standing, to the valsalva maneuver (30:15 ratio) 
and to the deep breathing. In addition, there are two 
tests chiefly assess sympathetic function included 
postural change in systolic blood and sustained 
handgrip test.  
 
2.3 Determination of the autonomic neuropathy 
score 
Each cardiovascular reflex test had a particular 
point in which  0, 0.5, or 1 represent  normal, 
borderline, or abnormal values, respectively and 
the summation of these  points determine the 
severity of AN  in which the minimum and 
maximum autonomic neuropathy points were 0 and 
5, respectively. AN was defined as the occurrence 
of at least two abnormal tests or an autonomic 
neuropathy points of ≥ 2 (Spallone et al., 2011). 

Total NO. of patients who underwent ICSI 

NO. of pregnant ladies after ICSI 
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AN score was classified as follows: AN score 0 (0 
point), AN score 1 (0.5-1.5 points), AN score 2 (2-
3 points), and AN score 3 (≥ 3.5 points). AN was 
considered absent, early, definite, or severe if the 
AN scores were 0, 1, 2, or 3 respectively. Patients 
with absent and early AN score considered without 
AN while definite and severe AN score were 
considered with AN (O'brienet al., 1986). 
Statistical analysis was performed using SPSS 
(Version 20) program. Pearson‘s correlation 
analysis was used for correlation. Chi test was used 
for discrete data while independent t-test was used  
for continuous variables. The multivariant logistic  

regression analysis used to find the odds ratio for 
ICSI parameters as dependent variable. Results at 
P<0.05 was considered statistically significant 
(Daniel, 1999). 
 
3. Results  
 
3.1 Autonomic nervous system assessment 
Autonomic nervous systemassessment was 
achievedaccording to five testsof Ewing’s Protocol. 
The mean±SD for patient tests are shown in table 
(1) and compared to slandered tests. 
 
 

Table 1: Cardiovascular reflex tests of all subfertile women undergo Intracytoplasmic sperm injection 
Test All Patients 

Mean±SD 
ANS Assessment  
According To Ewing's Protocol 

  Normal value Border value Abnormal value 

 HR responseto Valsalva maneuver 1.23 ±0.16 ≥ 1.21 1.11-1.2 ≤ 1.1 
HR variationduring deep breathing  
beat/min 

15.43 ±4.98 ≥ 15 11-14 
 

≤ 10 
 

Immediate HRresponseto standing 1.06 ± 0.15 ≥ 1.04 1.01-.03 ≤ 1.00 
 BP response to  standing   mmHg   15.11 ± 9.36 ≤ 10 11-29 ≥ 30 
 BP responseto 

sustainedhandgripmmHg 
12.25 ± 5.81 ≥ 16 

 
11-15 ≤ 10 

 
 
Figure 1: Autonomic nervous system assessment according to Ewing s protocol for each test 

Figure 2: Autonomic neuropathy scores in studied group   

 

Figure 3: Percentage of Autonomic neuropathy ofhout 
and with AN 

 
 
 

AN 
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Figure 4: Autonomic neuropathy and subfertility causes. 

 
Figure 5: Autonomic neuropathy and pregnancy rate 
 

 
 
Figure 6: Pregnancy rate according to Autonomic 
neuropathy andsubfertility cause 

 
 

3.2 The Incidence of autonomic neuropathy in 
studied group 
The result of this study showed the abnormal and 
borderline responses were most frequently found in 
the blood pressure (BP) response to standing test 
and BP response to sustainedhandgrip. Immediate 
heart rate (HR) response to standing test yielded 
the fewest abnormal responses as shown in figure 
(1).In figure (2), the participated women were 
divided into four groups according to the AN 
scores as previously described. Most patients had 
early ANwas 37.3% and severe AN was 17.3%. 
The result of this study showed that 28 (37.33%) of 
subfertile women had AN while 47(62.67%) had 
no AN (Fig. 3). In respect to the cause of 
subfertility, most women with AN with female 
factor subfertility showed71.43% (Fig. 4). There 
was an insignificant difference in subfertility 
causes between women with and without AN 
(P>0.05). 
 
3.3 Autonomic neuropathy and pregnancy rate 
The pregnancy rate was compared in the 
studiedgroup according to the presence and 
absence of AN.There was insignificant difference 
in pregnancy rate in relation to AN (P>0.05). 
Negative neuropathy was associatedincreased odds 
ratio for the positive pregnancy (OR = 1.243, [.377-
2.099]) (Fig. 5). 
 
3.4 The pregnancy rate according to the cause of 
subfertility and autonomic neuropathy 
The pregnancy rate was 10.6% in women without 
AN of both male and female factor subfertility. On 
the other hand 60.7% of non-pregnant women with 
female factor subfertility had A versus 14.3% of 
male cause and 7.1 % of unexplained cause, there 
was insignificant difference in pregnancy rate 
between women with and without AN in different 
subfertility causes (P>0.05) (Fig. 6). 
 
3.5 Autonomic Nervous System Assessment in 
Pregnant and Non-Pregnant Women 
According to Ewing’s protocol, there was a 
significant difference between pregnant and non-
pregnant women in terms of BP response to 
standing (P<0.05) which represent sympathetic 
function while there was insignificant difference 
between pregnant and non-pregnantwomen in 
terms of the Heart rate (HR) response to Valsalva 
maneuver, Hart rate variation during deep 
breathing and Immediate HR response to standing 
which represent parasympathetic function (Table 
2). 
 
3.6 Autonomic neuropathy and intracytoplasmic 
sperm injection parameters 
The number of embryos in grade IV was 
significantly higher in women with AN when 
compared with women without AN (P<0.05). 
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Median number of total retrieved oocytes, 
Pronucleus (PN) and total number of embryos were 
lower but insignificant in women with AN when 
compared with women without AN (P>0.05) as 
shown in table (3).Fertilization rate (FR) and 
cleavage rate (CR) show insignificant difference 
between women with and without AN (P > 0.05). 
 
3.7 Correlation between autonomic neuropathy  
score and intracytoplasmic sperm injection 
outcome 

There was significant positive correlation between 
AN score increment and number of grade IV 
embryo (P< 0.05). Increase AN score associated 
with increased number of grade IV embryos (Odds 
ratio=1.12).While there was insignificant negative 
correlation between AN score and grade I, grade II  
and total number of embryos (P>0.05). Increased  
AN score was associated with decreased odds ratio 
for grade I and grade II embryos OR = 0.87 and 
0.96 respectivelytable (4). 
 

 
Table 2: Ewing’s Protocol test in pregnant and non-pregnant women 

P VALUE Non Pregnant 
(Mean ±SD) 

Pregnant 
(Mean ± SD ) 

Test 

0.917 1.23 ± 0.15 1.22 ± 0.19 1.HR response to Valsalva maneuver 
0.159 15.83 ± 4.64 13.80 ± 6.07 2. HR variationduring deep breathing beat/min 
0.719 1.10  ±  0.15 1.12 ± 0.18 3. Immediate HR responseto standing 
0.036* 16.23 ±  9.20 10.60  ± 8.88  4. BPresponse to standing .mmHg 
0.099 11.70  ±  5.70 14.47 ±   5.91 5. BP response to sustainedhandgrip mmHg 

*   Significant differences at P<0.05 
 
Table 3: Autonomic neuropathy and intracytoplasmic sperm injectionparameters 

P Value 
 

With AN ( N=28) Without AN (N=47) ICSIParameters 
 SUM   Median SUM Median 

0.251 28 0 53 1 GV NO. of retrieved 
oocytes 0.293 25 0 62 0 MI 

0.746 177 6 347 6 MII 
0.286 230 8 462 10 Total 
0.954 91 3 195 4 Pronucleus(PN) 
0.999 0.55 ± 0.31 0.55±0.32 Fertilization Rate (Mean± SD) 
0.418 0.69 ±0.39 0.76 ± 0.35 Cleavage Rate (Mean± SD ) 
0.789 40 1 86 1 Grade I Embryo grading 

 0.101 15 0 45 0 Grade II 

0.859 4 0 31 0 Grade III 
0.012 * 3 0 8 0 Grade IV 
0.627 62 2 170 4 Total embryo 
0.908 56 2 126 3 No. of transferredembryos 

GV: germinal vesicle; MI:metaphase I; MII metaphase II; AN:Autonomic neuropathy; *significant differences at P<0.05. 
 
4. Discussion 
 
4.1 Assessment of autonomic nervous system 
Assessment of Autonomic Nervous System The 
incidence of autonomic neuropathy was studied 
using five tests, abnormal responses in studied 
group were mostly found in the blood pressure 
response to standing test and blood pressure 
response to sustained handgrip. Immediate HR 
response to standing test was given the fewest 
abnormal responses. These results showed that 
most abnormal results related to sympathetic tests, 
and this may be due to physical, emotional stress or 
any stressful events that change sympathetic tone. 
Most patients had early autonomic neuropathy 
(37.3%) and less percent had severe autonomic 
neuropathy (17.3%). Twenty eight of the seventy 
five women (37.33%) were defined as having AN 
(definite and sever) and forty seven (62.67%) 
without AN (absent and early). The causes of 
autonomic neuropathy may be due to OS, 

nutritional factors (vitamin B12 deficiency), 
hormonal factor, drugs used in controlled ovarian 
hyperstimulation, stress, genetic or due to 
environmental factors. 
 
Schommer et al. (2003) found that the sympathetic 
nervous system shows identical activation patterns 
in each exposure to psychosocial event. Also, 
Kajantie and Phillips (2005) demonstrate that ANS 
response can be motivated by various stressors 
together with mental, physical and psychosocial 
tasks related with change in the hypothalamic- 
pituitary-adrenal axis (HPAA) response. Aquino 
and Nori (2014) found that there was a relation 
between disturbance of sympathetic nerve tone and 
68 disturbances of the somatotrophic axis (GH/ 
IGF-1) in women with PCOS. On the contrary, 
Schommer et al. (2003) found that estrogen 
exposure lead to alter in sympathoadrenal 
responsiveness. In respect to the cause of 
subfertility, most women with AN with a female 
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factor subfertility (71.43%). This result may agree 
with other researchers' results. Greiner et al. 
(2005), found that ovarian sympathetic activity 
increment associated with PCOS. 44It was 
confirmed that women with PCOS have increased 
production of nerve growth factor in the ovary, 
which considered as a powerful marker of 
sympathetic nerve activity (Dissen et al., 2009). So, 
ovarian wedge resection  cause brief interruption to 
ovarian sympathetic innervation which lead to 

enhance ovulatory function and diminish level of 
androgen synthesis in patients suffer from PCOS 
(Balen, 2006). Song et al. (2008) found that 
acupuncture decreases sympathetic outflow and 
improves ovulation in patients with ovulatory 
dysfunction 
 
4.2 Autonomic neuropathy and pregnancy rate  
There was insignificant difference in pregnancy 

 
Table 4: Effect of autonomic neuropathy score on intracytoplasmic sperm injection parameters as dependent variables 

ICSI Parameters   AN Score ODD S Ratio 
GV r  -0.191 0.73 

P   0.103 
MI r  -0.133 0.83 

P   0.258 
MII r  -0.023 0.98 

P   0.849 
Oocyte retrieval r  -0.107 0.65 

P   0.366 
Pronucleus (PN) r  0.052 1.07 

P   0.664 
Fertilization rate (FR) r  -0.030 0. 99 

P   0.797 
Cleavage rate (CR) r  -0.040 0.99 

P   0.733 
Embryo 
grading 

Grade I r  -0.065 0.87 
P   0.581 

Grade II r  -0.054 0.96 
P   0.650 

Grade III r  0.007 1.07 
P   0.954 

Grade IV r  0.233* 1.12 
P   0.045 

No. of total Embryos r  -0.023 0.99 
P   0.847 

No. of transferred embryos r  0.005 1.08 
P   0.964 

GV: germinal vesicle;  MI: metaphase I; MII metaphase II; *Correlation is significant at the  P<0.05; r correlation 
coefficient 

 
rate in relation to AN. This result may agree with 
result obtained by Smith et al. (2006) and agreed 
with many other research such as An,et al. (2011); 
Lian et al. (2013). Smith et al. (2006) found that the 
differences in pregnancy rate in patient with and 
without acupuncture did not achieve a statistical 
significance, even though the odds ratio for the 
women undergo acupuncture to get pregnancy were 
1.5 times more than the control group. An et al. 
(2011) found that norepinephrine concentrations 
may affect inversely the success rate of IVF-ICSI 
treatment. In 2002, the American Society for 
Reproductive Medicine (ASRM) reported that the 
assisted reproductive technique success was 
improved in women who received acupuncture 
before assisted reproductive technique. In addition, 
the abortion rate in the acupuncture group was 
lower than control group (Zhang et al., 2002).  Lian 
et al. (2013) found that acupuncture improves 
pregnancy. The pregnancy rate in the acupuncture 

group was higher than control group and the stress 
was lower in acupuncture group both before and 
after embryo transfer, Balk et al. (2010) assumed 
that falling stress at the time of embryo transfer 
might result in decrease vasoconstriction and 
increase uterine receptivity and ultimately improve 
pregnancy rate. Rashidi et al. (2012) found that 
sympathetic nerve activity in response to IVF 
treatment, as measured by norepinephrine 
concentrations, may affect the chance of 
pregnancy. Chen et al. (2007) found that pregnancy 
rates were significantly higher in women who 
received acupuncture than those receiving 
medication in patients with PCOS.  
 
4.3 The pregnancy rate according to the cause of 
subfertility and autonomic neuropathy and 
intracytoplasmic sperm injection parameters 
The pregnancy rate according to the cause of 
subfertility and AN showed that 60.7% of women 
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non-pregnant with AN was due to female factor 
subfertility. Oxidative stress in non-pregnant 
women with female factor subfertility may be 
responsible for AN in this group. According to 
Ewing protocol, there was a significant difference 
between pregnant and non-pregnant women in 
terms of BP response to standing which represents 
sympathetic function. These results show that non 
pregnant women had more abnormal sympathetic 
tests. The pregnant women may have better diet 
(contain B12), less stressful events, less exposed to 
hormonal drugs or environmental prolusion; and 
ultimately cause less effect on sympathetic tone. 
Number of grade IV embryos shows significant 
difference between women with and without AN. 
Magarelli (2005) found that there were statistically 
insignificant differences between patients treated 
with or without acupuncture in embryology 
grading, number of retrieved oocytes, fertilized 
oocytes, embryos transferred and embryos 
implanted. The mechanism of effect of 
Acupuncture on ICSI outcomes may be linked to 
influence on the hostrather than in direct effect to 
the ICSI parameters. On the other hand, Rashidi et 
al. (2013) found that the acupuncture group have 
higher mean of grade I and II embryos compared 
with control group. Nevertheless, the number of 
MII retrieved oocytes and FR were similar in both 
groups. Other studies found that 4maternal stress 
may effect on the embryo before implantation in 
which adrenergic receptors for adrenaline 
andnoradrenalin were found in mouse oocytes and 
there embryos, so these catecholamines could 
affect directly on embryo development and provide 
facts of the effect of maternal stress on early stages 
of embryonic development(Cikos et al., 2007; 
Varghese et al., 2011). An et al. (2011) found that 
norepinephrine concentrations may inversely affect 
the pregnancy rate after ART. This biological stress 
marker could be one of the links between 
psychosocial stress and ART outcome. Stener-
Victorin (2006); Lim and Wong (2010) found that 
sympathetic nervous system, causes ovarian 
vasoconstriction and electrical acupuncture inhibits 
this effect, recovering ovarian blood flow, 
improving the ovarian follicles environment. Balk 
et al. (2010) showed that electrical acupuncture 
was related with decrease stress before and after 
embryo transfer, and it may cause improvement of 
pregnancy rates. Other studies demonstrate a direct 
relation between hypothalamic-pituitary-adrenal 
axis and the functions of the vegetative system 
(ANS) (Stener-Victorin et al., 2010).  
 
4.4 Correlation between autonomic neuropathy 
score and intracytoplasmic sperm injection 
outcome 
There was a significant positive correlation 
between AN score increment and number of grade 
IV embryo while there was insignificant negative 

correlation between AN score increment and 
number of grade I and II embryos. Siddiqui et al. 
(2009) found that low sympathetic outflow lead to 
greater vascularity of preovulatory follicles, greater 
retrieval rate of mature oocytes, greater FR, 
cleavage rate, embryo results and pregnancy rate. 
Li et al. (2010) reported that the norepinephrine 
levels in follicular fluid were aboutdouble the level 
found in peripheral blood on oocyte retrieval day, 
and these levels were inversely related with the 
number of grade I and II embryos. Yuan et al. 
(2011) demonstrate 6that women those treated 
successfully had less level ofnoradrenalin and 
cortisol, in their serum and follicular fluidat the 
time of oocyte retrieval which indicates that 
norepinephrine and cortisol may be important 
factors in outcome after IVF-ICSI. Ourmatroud et 
al. (2010) found that low sympathetic outflow lead 
to improve perifollicular and ovarian stromal blood 
flow which are helpful markers for best assessment 
of follicles which have a direct connection with 
follicular oxygenation and oocyte maturation lead 
to increase possibility to get a high quality oocyte 
and a good embryo and ultimately higher 
pregnancy rate will be expected. An et al. (2011) 
found that lower six level of adrenalin  in women 
with ART success .Therefore, an earlier monitoring 
for stress and stress-induced side effects, 
collectively with early interferences designed to 
diminish the effect of stress on fertility and ART 
success rates, should be element of the treatment 
procedure. 
 
Conclusion 
 
Increased score of autonomic neuropathy was 
associated negatively with good quality (grade I 
and II) embryos and positively with bad quality 
(grade III and IV) embryos and positively with bad 
quality (grade III and IV) embryos and ultimately 
affect negatively on ICSI success. 
 
Research Highlights 
 
.1. The results of this study showed 37.33% of 
subfertile women had autonomic neuropathy (AN). 
 
2. There was insignificant difference in pregnancy 
rate in women with and without AN (P>0.05).  
 
3. The number of grade IV embryos was 
significantly higher in women with AN when  
compared with women without AN (P<0. 05). 
  
4. There was a significant positive correlation 
between AN score increment and number of grade 
IV embryo (P< 0.05). 
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Limitations 
 
The limitations in the study were about the number 
of patients those involved in our criteria and also 
cases following up because some patients outside 
the area of study, but the hospital offer extra 
facilities to insure the patients’ attendance. 
 
Recommendations 
 
The future study have be increase number of 
patients and also try cooperate with other hospitals 
or using mobile clinic to insure the following up 
and treatment going on. 
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