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Abstract 
Objective: To investigate whether prior testis magnetic resonance spectroscopy (MRS) predicts the success or 
failure of micro-dissection testicular sperm extraction (micro-TESE) in patients with non-obstructive 
azoospermia (NOA). 
Materials and Method: Nine men with NOA who were scheduled for micro-TESE for the first time, 9 NOA 
men with a history of previous micro-TESE and 5 fertile men were enrolled. All NOA patients and fertile 
controls underwent testis spectroscopy. A multi-voxel spectroscopy sequence was used. Testicular signals of 
choline (Cho), creatine (Cr), myo-inositol (MI), lactate, and lipids were analyzed quantitatively and compared 
with the results of the micro-TESEs. 
Results: The most prominent peaks were Cho and Cr in the fertile controls and NOA subjects with positive 
sperm retrieval in the micro-TESE. A high Cho peak was detected in 87% of the NOA men with positive sperm 
retrieval. NOA men without sperm at the previous micro-TESE showed a marked decrease in Cho and Cr 
signals. For positive sperm retrieval in micro-TESE, the cut-off value of Cho was 1.46 ppm, the cut-off value of 
Cr was 1.43 ppm, and the cut-off value of MI was 0.79 ppm. 
Conclusions: Testis spectroscopy can be used as a non-invasive screening method to predict the success or 
failure of micro-TESE. 
Keywords: Testis, magnetic resonance spectroscopy, sperm retrieval, micro-TESE, non-obstructive azoospermia 

Introduction 
The management of patients with non-obstructive azoospermia (NOA) involves micro-TESE combined with 
intracytoplasmic sperm injection (ICSI) (1). Micro-TESE is not only a diagnostic tool for the presence of 
spermatozoa, but also a therapeutic procedure for retrieving sperm in ICSI. The sperm retrieval rate in men with 
NOA is reported to be 50% (2,3). However, micro-TESE is an invasive procedure that requires anesthesia. 
Moreover, repeated unsuccessful micro-TESE procedures can be devastating for the fertility outcome. 
Concordantly, excessive and repeated tubule harvesting to find spermatozoa may lead to complications such as 
testicular atrophy, hemorrhage, and a decline in serum androgen levels (4). In addition to being a surgically 
invasive procedure, it creates a huge psychological disappointment for infertile couples if sperm cannot be 
obtained during micro-TESE. 
The development of non-invasive imaging techniques having the capacity to identify the infertile population of 
men with NOA where a successful sperm retrieval outcome in micro-TESE is of great clinical significance. An 
evaluation of serum or seminal fluid biomarkers provides a noninvasive diagnostic approach to predict the 
presence of spermatozoa in the testes of men with NOA. Allied to this, several predictors such as age, testicular 
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volume, testicular histology, serum FSH, inhibin, testosterone, and Y chromosome microdeletions have been 
used to test for the presence of spermatozoa in testicles (5-9). Nevertheless, each test has its own shortcomings. 
There are many examples of the limitations of these predictors. For one, testicular biopsy is the best predictor of 
micro-TESE outcome. However, it is not practical to perform a biopsy before micro-TESE, and recurrent 
surgery adds to the patient cost and increases the risk of complications. It has been reported that serum FSH 
levels indicate the status of seminiferous epithelium in terms of spermatozoa. A study conducted by Khelaia et 
al. in 2015 reported that the sperm retrieval rate of NOA men with serum FSH levels between 10 and 15 mU/ml 
were 0%. On the other hand, despite normal levels of circulating FSH, subjects may exhibit sperm maturation 
defects (10). Likewise, FSH levels show wide variations among infertile and fertile men (11). In spite of a strong 
positive correlation between testis volume and sperm retrieval rates, the calculation methods of testis volume are 
not standardized (12). Moreover, notwithstanding normal testis volumes, subjects may show defects in 
spermatogenesis (10). While sperm recovery is possible in subjects with AZFc microdeletions, complete 
deletions in the AZFa or AZFb loci are not compatible with the presence of sperm (5,6). 
In addition to biological predictors, some imaging techniques have been developed to predict the presence of 
spermatozoa in the testes of azoospermic men.  
Tiscili et al. assessed differences of apparent diffusion coefficient (ADC), fractional anisotropy (FA) and the 
possible association with the presence of spermatozoa after TESE. They reported that Both ADC and FA are 
increased in NOA testes compared to age-matched controls (13). Multiphoton microscopy and Raman 
spectroscopy are another two imaging techniques evaluating testis and its content. However, each method is 
required testis biopsy or biological fluid samples. In vitro techniques are also available (14). More importantly, 
DNA damage to sperm may occur if high laser intensity is used during these procedures. In short, globally 
accepted non-invasive biological or radiological tests that can predict the presence of spermatozoa in the testes 
of men with azoospermia undergoing micro-TESE have not been reported. Notwithstanding, isolated regions of 
spermatogenic tissue may exist in the testicles of men with NOA (15). In the absence of non-invasive methods 
for the identification of the regions with spermatogenic tissue, invasive procedures such as testis biopsy and 
micro-TESE are the only diagnostic methods that are available to retrieve spermatozoa. MR spectroscopy (MRS) 
is a non-invasive imaging method that provides qualitative and quantitative information about the biochemical 
and molecular composition of living tissues, including testes. Any alteration in the molecular and cellular status 
of living tissues translate into signal intensity, which can be revealed by MRS. Because each living tissue has a 
unique spectrum, spectral signal intensity or a chemical shift might predict the different in vivo pathological 
processes at a cellular level (16). The feasibility of MRS for evaluating female and male reproductive organs has 
been shown by our team and others (16-18). However, it remains to be determined whether spectroscopy of the 
testes before micro-TESE can predict the presence of sperm in harvested testis specimens. A comprehensive 
literature search did not reveal any studies investigating the predictor effects of testicular MRS in NOA men 
undergoing micro-TESE. The present study thus aimed to determine whether prior testis MRS can predict the 
success or failure of micro-TESE, as well its value in the management of NOA patients undergoing initial or 
repeat micro-TESE. 
 
Materials and Methods 
This pilot study was approved  by the ethical commitee of Kanuni Sultan Süleyman Eğitim Araştırma Hastanesi 
by a Grant number of KAEK/2017.1.13. In total, 18 men with NOA with a mean age of 37 (range: 27–48 years) 
and 5 fertile control were included in the study. Azoospermia was defined as the absence of sperm cells in the 
seminal fluid. All patients were confirmed to be azoospermic through at least two semen analyses. Nine of the 18 
patients had previously undergone micro-TESE, and these cases were evaluated retrospectively. Three patients 
were sperm positive in micro-TESE, but sperm was not found in the other 6 patients. Due to weak choline (Cho) 
and cretine (Cr) signals in their spectra, the 6 NOA men with negative micro-TESE anamnesis were not 
recommended for repeat micro-TESEs. Some of the patients provided more than one negative micro-TESE 
history. The remaining 9 patients underwent micro-TESE for the first time. They had diagnostic testis 
spectroscopy prior to the planned micro-TESE. Five fertile men were accepted as the control subjects. The 9 
NOA men with a history of previous micro-TESE and the fertile controls underwent MRS following 3 days of 
sexual abstinence. A multi-voxel point-resolved spectroscopy sequence was used (16). The testicular signals of 
Cho, Cr, lactate, lipids, and myo-inositol (MI) were measured in units and denominated parts per million. The 
men with NOA were scheduled for micro-TESE after spectroscopy. Detailed information about the surgical 
technique used for the micro-TESE procedure can be found elsewhere (4,8). The micro-TESE specimens were 
analyzed by an experienced embryologist to determine whether the materials contained sperm or not. The testis 
spectroscopy results of the NOA men were analyzed quantitatively and then correlated with the results of 
subsequent micro-TESE attempts. Possible associations between the metabolite peak intensities obtained from 
the spectra of the NOA subjects and the sperm retrieval rates in their micro-TESE were assessed. In addition to 
testis MRS, the testicular long axis and serum levels of FSH, LH, PRL, and testosterone were measured in each 
patient group. The participants with unilateral testes due to surgical resection or undescended testes were 
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excluded. Subjects with a history of benign or malignant testicular tumors, testicular torsion, and abnormal 
karyotypes were also not included.  
 
MRS technique   
Both the men with NOA and the fertile controls underwent testis spectroscopy before micro-TESE. Spectroscopy 
analysis of each testis was performed using a 3-T system (Achieva; Philips, Best, Netherlands). T1-weighted 
images (time repetition [TR]/time echo [TE], 500/20) and T2-WI (1600/80) with 4 mm thick sections were 
obtained in the axial and coronal planes. Both single and multi-voxel point-resolved spectroscopy sequences 
with short (35 ms) and long (140 ms) TEs were used. The metabolite ratios of the peaks were determined 
using Magnetic Resonance User Interface software. The quantified metabolites of the spectra were Cho, Cr, MI, 
lactate, and lipids in both NOA groups and the fertile controls. The metabolites in the spectrum were measured 
in units and denominated parts per million (ppm). The testes were first visualized using magnetic resonance 
imaging (MRI) before the voxels were prescribed accordingly (17,18). Due to the critical importance of the 
voxel locations on the appropriate testicular area for investigating spermatogenesis, the volume of interest was 
placed to the center of the testicular parenchyma (Figure 1). The absence of neighboring organs or tissue parts 
that could affect the signals obtained from testes make testis spectroscopy easy and objective, thus resulting in 
good quality metabolite signals. Possible associations between the metabolite intensities obtained from the 
spectra of the NOA subjects and the sperm retrieval rates in their micro-TESEs were assessed. The spectroscopy 
results were also compared with other predictors, including age, FSH, LH, PRL, testosterone, and the long axis 
of the testes. 
 
Statistical analysis 
SPSS 23.0 (IBM Corporation, Armonk, NY, USA) was used for the statistical analysis of the data. The 
conformity to normal distribution of the data was tested via the Shapiro Wilk test. The quantitative data were 
expressed as mean ± standard deviation (SD), median and range (minimum–maximum), and percentage (%). In 
the comparison of the groups, the one-way analysis of variance (ANOVA) test was used with the corresponding 
Tukey contrast test. The chi-square or Fisher’s exact tests were performed to compare the frequencies of the 
categorical variables, as appropriate. The correlations between age, reproductive hormones, and tissue 
metabolites were evaluated using Pearson correlation coefficients. The receiver operating characteristic (ROC) 
curve analysis was used to determine the best cut-off values for the testes metabolites for the evaluation of the 
success rates of sperm retrieval. Cho and Cr are the two main metabolites indicating the vital function of living 
cells. In our previous study, we showed that the metabolic function of reproductive tissues is either absent or 
pathological when Cho and Cr signals are below the expected physiological values (16). We therefore used these 
two metabolites to determine the cut-off values for the prediction of spermatogenesis in the NOA men 
undergoing micro-TESE. Initially, we thought to recommend micro-TESE for NOA cases where the Cho and Cr 
signals are greater than the cut-off values. However, due to the novelty of the diagnostic use of spectroscopy in 
NOA and to determine the cut-off values, we offered micro-TESE for all the cases regardless of their metabolite 
values. A value of p<0.05 was accepted as statistically significant.  
 
Results 
Demographic characteristics of each group of subject were presented in Table 1. Multivoxel point-resolved 
spectroscopy sequence was used for detecting testes metabolites. Lack of neighbouring organ make testis 
spectroscopy easy and objective for getting good quality metabolite signals (Figure 1). A total of 18 subjects 
with NOA and 5 fertile men underwent single/multi-voxel MRS at 3 T. MR spectroscopy was feasible for all the 
subjects with NOA as well as the control subjects. All the patients had two testes; thus, 36 testes were 
investigated in terms of their peak characteristics. Since the right and left testes signal characteristics were 
similar, only the right testis data are presented here. Because there are no previous studies investigating the 
effects of spectroscopy on spermatogenesis, all the patients were sent for micro-TESE regardless of their peak 
intensities. Five different testicular metabolites, including Cho, Cr, Lac, MI, and lipids, were detected via 
spectroscopy. Cho, Cr, and MI were the most prominent metabolites detected in the fertile group (Table 2 and 
Figure 2) and the NOA men with active spermatogenesis. The Cho and Cr signals of the fertile group were 
significantly higher than those in the NOA groups. The MI and lactate metabolites of the fertile group were 
similar to those of the NOA men with or without sperm in micro-TESE. Although a low lactate signal was 
detected in the fertile cases compared to the NOA groups, the difference was not statistically significant. When 
the subgroup analysis was performed, the lactate peak of the NOA men with negative sperm retrieval in micro-
TESE was higher than that of the NOA men with positive sperm retrieval (1.515 ± 0.675 ppm vs. 0.525 ± 0.193 
ppm; p = 0.001). Cho, Cr, and MI were highly sensitive peaks to predict the presence of sperm in micro-TESE. 
The cut-off value of Cho was 1.46 ppm (AUC 0.938, p = 0.002 [95% CI: 0.811–1.00]), the cut-off value of Cr 
was 1.43 ppm (AUC 0.900, p = 0.004 [95% CI: 0.730–1.00]), and the cut-off value of MI was 0.79 ppm (AUC 
0.794, p = 0.037 [95% CI: 0.547–1.00]) for positive sperm retrieval in micro-TESE (Table 3). In 5 of the 9 NOA 
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cases, the Cho and Cr signals were found to be greater than the cut-off values. In the remaining 4 cases, the Cho 
and Cr signals were lower than the cut-off values. Sperm was found in 4 of the 5 cases with Cho and Cr signals 
greater than the cut-off values in the initial MRS (Figure 3). In 1 case, despite high Cho and Cr signals, no sperm 
was found in micro-TESE. Sperm was not found in 3 of 4 cases with Cho and Cr signals lower than the cut-off 
values in the initial MRS (Figure 4). Despite the low Cho and Cr signals in the initial spectroscopy, sperm was 
found in 1 man with NOA. In total, sperm was harvested from 5 of the 9 subjects with NOA during micro-TESE 
(Table 4). The sperm retrieval rate for the NOA group was 55.5%. A low Cho peak was detected in 100% of the 
NOA men with negative sperm retrieval in micro-TESE (Figure 5). In contrast, a high Cho peak was detected in 
87% of the NOA men with positive sperm retrieval in micro-TESE (Figure 5). A low Cho peak had high 
specificity thus indicating inactive spermatogenesis. The peak intensities of the measured metabolites in the 
fertile men were similar to the spectra of the NOA men with sperm in micro-TESE (Cho: p = 0.059, Cr: p = 
0.917, Lac: p = 0.530, MI: p = 0.117, Lip: p = 0.310). Conversely, the signal characteristics of the fertile men 
were different than those of the NOA men without sperm in micro-TESE (Cho: p = 0.001, Cr: p = 0.017, Lac: p 
= 0.002, MI: p = 0.007). The mean testicular lengths were similar in the fertile and NOA groups. No correlations 
were detected between the FSH, LH, PRL, and total testosterone levels, long testicular axis, and measured 
spectral signals (Table 5). However, a significantly positive correlation was detected between age and lactate 
signal. When the 9 men who had a history of previous micro-TESEs were examined retrospectively, the Cho and 
Cr signals were found to be greater than the cut-off value in 3 patients with positive sperm retrieval. The Cho 
and Cr signals were either absent or under the cut-off values in 6 patients with negative sperm retrieval in 
previous micro-TESEs.  
 
Discussion 
There is no single clinical or laboratory finding that can accurately predict positive or negative sperm retrieval 
before micro-TESE. In the present study, the diagnostic accuracy of invivo spectroscopy signals obtained from 
the testicles of NOA men undergoing micro-TESE and the concomitant success rates for finding spermatozoa 
were investigated. The most crucial result of this study was the powerful relationship between a high Cho peak 
and the chance of sperm retrieval in micro-TESE. An increased Cho signal intensity was highly sensitive for 
predicting positive sperm retrieval in micro-TESE. The chance of sperm retrieval in micro-TESE was very high 
when the cut-off value for Cho was over 1.46 and the cut-off value for Cr was over 1.43. In fact, sperm was 
found in micro-TESE in 4 of the 5 NOA men whose Cho and Cr signals were greater than the cut-off values. 
Nevertheless, despite high Cho and Cr signals in spectroscopy, sperm could not be detected in one patient. Four 
of the 5 men with NOA who showed a high Cho signal had successful retrieval of spermatozoa and 3 of their 
partners became pregnant. One woman delivered a healthy baby while the remaining two women had ongoing 
pregnancies during the study period. Accordingly, if the Cho and Cr signals are lower than 1.46 and 1.43, 
respectively, the chances of sperm retrieval in micro-TESE are very low. No sperm was found in micro-TESE in 
3 of the 4 patients whose Cho and Cr signals were lower than 1. In fact, 75% of azoospermic patients with low 
Cho signal do not have any foci of spermatogenesis that are sufficient to find spermatozoa in micro-TESE. Only 
one NOA man with low Cho signal in prior testis spectroscopy had successful spermatozoa retrieval. This may 
be due to a technical error in evaluating the spectroscopy signals or a fault in the MRS procedure. Interestingly, 
his partner did not become pregnant. 
Our findings suggest that, irrespective of the overall state of spermatogenesis, determining high Cho and Cr 
signals may predict positive sperm retrieval in men with NOA. In light of this, we can suggest that the best 
predictor of positive sperm retrieval in micro-TESE is a high Cho peak. A Cho signal at least greater than 1.46 
ppm has to be present in the MRS of a testicle to find spermatozoa in micro-TESE. Similar to the Cho signal, the 
Cr signal in the NOA men with active spermatogenesis was found to be greater compared to the Cr signals in the 
NOA men without spermatogenesis. As Cr is an indicator of the energy status of living cells, a decreased Cr 
signal in the NOA men without sperm may indicate a defective metabolism within the testis. In contrast to the 
Cho and Cr signals, the lactate levels were significantly higher in the negative sperm retrieval group when 
compared to the positive sperm retrieval group (1.515 ± 0.675 vs. 0.525 ± 0.193, respectively). As is well 
known, high lactate levels indicate the presence of anaerobic glycolysis at cell level. It is therefore not expected 
that sperm can survive in an oxygen-free environment. We clearly observed that the NOA men with active 
spermatogenesis had high Cho peaks when compared to the NOA men without spermatogenesis. Although the 
exact mechanism for this difference was unclear, we propose that it may be associated with the disturbed cellular 
integrity of the Leydig and/or Sertoli cells. The absence of any signal or weak signal intensity in NOA men with 
Sertoli cells only, maturation arrest, or orchitis support our idea. Albrecht et al. (2009) reported that the testes of 
NOA men showed an increased deposition of collagen fibers and an extracellular matrix (19). They also noted 
that by causing the thickness in the lamina propria, this pathological accumulation may cause defective 
spermatogenesis. We therefore can propose that decreased Cho peak intensity in NOA men without sperm at 
micro-TESE may be related to the excessive thickness in the lamina propria of the seminiferous tubules. The 
greatest support for our hypothesis comes from the study conducted by Tsili et al. (2016), which showed a 
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decline in the intensity of Cho signals with advancing age (18). When taken together, our findings and previous 
results may suggest that NOA men without active spermatogenesis exhibit the signal properties of elderly men. 
Conversely, as Cho is a marker of cell membrane turnover, a high Cho peak in NOA men with sperm in micro-
TESE may indicate that they have healthy cellular function. A similar Cho peak intensity in fertile men and 
NOA men with active spermatogenesis further supports our hypothesis. When a routine clinical application of 
testicular spectroscopy before micro-TESE is possible, this may lead to more cost-effective ICSI cycles because 
ovarian stimulation will only be started in NOA patients with positive spectroscopy, which predicts the presence 
of sperm in the testicles. With the use of this non-invasive tool, infertile man undergoing micro-TESE will know 
whether their testes contain sperm or not. If the initial micro-TESE is negative for finding sperm, spectroscopy 
will help in the decision of whether to offer a repeat micro-TESE. If testicular mapping can be done according to 
the signal intensities of Cho and Cr, it may help determine in which regions sperm will be found in micro-TESE. 
Thus, it may be possible to avoid unnecessary surgical procedures in the sperm-free regions of testicular tissue. 
As a consequence, NOA patients with favorable spectroscopy that predicts the presence of sperm may undergo 
micro-TESE confident in the knowledge that sperm will be retrievable during the procedure. In contrast, subjects 
with unfavorable spectroscopy results can be counseled about the low sperm retrieval rates in micro-TESE. NOA 
men with unfavorable metabolites at spectroscopy can abstain from micro-TESE attempts and redirect their 
attention to other assisted reproductive technology (ART) options. Although only in a small proportion of NOA 
patients, spectroscopy can also help detect benign and malignant testicular lesions as well congenital and 
acquired causes of obstructive azoospermia (20). 
The current investigation was carried out for two contrasting hypotheses: High Cho and Cr signals were 
proposed as being indicators of the presence of spermatozoa while low Cho and Cr signals would be indicators 
of the absence of spermatozoa in micro-TESE. We found that low Cho and Cr signals in spectroscopy indicates 
that spermatozoa will not be found in micro-TESE while the presence of high Cho and Cr signals in 
spectroscopy points to a strong likelihood that sperm will be found in micro-TESE. The real value of prior testis 
spectroscopy is its ability to correctly predict whether spermatozoa will be present or absent in micro-TESE. In 
sum, the analysis of our results demonstrates for the first time that high Cho and Cr signals are the best 
predictors of positive sperm retrieval in NOA men undergoing micro-TESE. Moreover, MI may also be used as a 
predictive factor. In addition to evaluating AZF deletions, testicular volume, and serum FSH levels, spectroscopy 
of the testes before micro-TESE can improve the prediction of sperm retrieval rates in men with azoospermia. 
Bilateral testicular spectroscopy can not only provide significant information with regard to the possibility of 
retrieving sperm in micro-TESE, but can also prevent unnecessary surgical interventions. Studies with larger 
sample sizes are warranted to enable a more adequate assessment of the impacts of in vivo spectroscopy on 
sperm retrieval rates. If our results are confirmed by other studies, testis spectroscopy could be used in ART 
practice to distinguish between testes with active or inactive spermatogenesis. In addition to being inexpensive 
and non-invasive in nature, the quick results of spectroscopy make it an ideal candidate tool for the screening of 
NOA men before micro-TESE. Testicular MRS is best coupled with an initial micro-TESE before starting the 
ICSI cycle. This non-invasive technique may serve as a novel and useful predictive method for guiding 
urologists and IVF specialists on whether to perform or not perform micro-TESE.  
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Figure 1 Multivoxel point-resolved spectroscopy sequence was used for detecting testis metabolites. The 
volume of interest was placed to center of testicular parenchyma. Lack of neighbouring organ or tissue parts that 
affecting signals obtaining from testes make testis spectroscopy easy and objective for getting good quality 
metabolite signals. 
 
 

 
Figure 2: The spectral pattern of a fertile man showing high Cho and inositol signals depicting normal 
spermatogenesis. 
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Figure 3: (A) The spectral pattern of NOA man with positive sperm retrieval following micro-TESE. Note the 
high Cho signal depicting active spermatogenesis (B). 
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Figure 4: The spectral pattern of NOA man with negative sperm retrieval following micro-TESE. Note the low 
Cho and Cr signals depicting pathological spermatogenesis. 
 
 
 
 

 
Figure 5: Comparison of a spectroscopy with a high (A) and low (B) signal intensity. It is expected to be a 
healthy metabolic process in the testis of a man with high Cho peak (A). We can strongly say that metabolic 
process is disturbed in the testis of a man with low signal. The first case belongs to a fertile case (A) and the 
second is a spectroscopy of a TESE negative case (B). 
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Table 1. Characteristics of study subjects 
 
 

Fertile group 
(n=5) 

Previous micro-
TESE group 
(n=9) 

First micro-TESE 
group 
(n=9) 

P values 

 
Age (year) 

31.5 (28-37) 40.5 (29-44) 32.5 (27-41) 0.408 

 
FSH (IU/L) 

15.75±5.96 13.75±5.61 19.50±5.74 0.204 

 
LH (IU/L) 

8.50±1.29 7.25±0.95 9.75±4.11 0.932 

 
Prolaktin (ng/ ML) 

14.50±2.38 ⸸ 19.50±4.04 23.50±4.79 ⸸ 0.018 

 
Testosterone (ng/DL) 

422.00±34.22 393.25±8.99 396.00±30.50 0.299 

 
Right testis long axis 
(mm) 

41.25±2.75 36.25±2.98 33.25±4.19 0.062 

 
Left testis long axis 
(mm) 

41.00±2.58 36.25±2.98 35.50±3.69 0.175 

 
Y chr 
omosome microdeletions 

 
0 

 
3 (33.3%) 

 
1 (11.1%) 

 
0.236 

 

 

Table 2. Testis metabolites levels 

 
 

Fertile group 
(n=5) 

Previous micro-
TESE group 
(n=9) 

First time micro-
TESE  
(n=9) 

P values 

 
Cho 

2.328 ± 0.309⸸ 
  
 

0.946 ± 0.572 
 

1.232 ± 0.780 0.003 

 
Cr 

2.196± 0.625⸸ 
  

1.158 ± 0.473⸸ 
  
 

1.532 ± 0.704 0.021 

 
Lac 

0.362 ± 0.128 1.043 ± 0.610 
 

0.788 ± 0.441 0.060 

 
Lip 

0.618 ± 0.345 0.643 ± 0.220⸸ 
  

0.455 ± 0.237 0.001 

 
MI 

1.032 ± 0.110 0.584 ± 0.182 1.064 ± 0.309 0.283 

⸸, Significantdifferencebetweengroups 
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Table 3. Diagnostic performance of testes metabolite leves for positive sperm retrieval. 

 

 

Sensitivity 

 

(%) 

Specificity 

 

(%) 

Positive 
predictivity 

of the test 

(%) 

 

Negative 
predictivity 

of the test 

(%) 

 

Cho↑ 

87.5 % 100 % 100 % 90 % 

 

Cre↑ 

87.5 % 90 % 87.5 % 90 % 

 

mI↑ 

 

75 % 

 

80 % 

 

66.6% 

 

77.7% 

 

Cho↑Cre↑ 

 

87.5 % 

 

100 % 

 

100 % 

 

90 % 

 

Cho↑mI↑ 

 

62.5% 

 

100% 

 

100% 

 

77% 

 

Cre↑mI↑ 

 

62.5% 

 

100% 

 

100% 

 

77% 

 

Cho↑Cre↑ mI↑ 

 

62.5% 

 

100% 

 

100% 

 

77% 
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Table 4- MRS analysis of testes of men with negative or positive sperm retrieval in previous or first 
Micro-TESE. 

NOA men TESE results Cho Cr Lac Lip MI Comment 
Previous micro-
TESE 

Negative sperm 
retrieval 

 

0.40 1.0 0.93 0.20 0.55 Note the low 
signal intensity 
of Cho and MI 

Previous micro-
TESE 

Negative sperm 
retrieval 

 

0.67 1.2 1.05 1.01 0.79 Note the low 
signal intensity 
of Cho and high 

Lac 
Previous micro-
TESE 

Negative sperm 
retrieval 

 

0.71 0.9 1.61 0.83 0.56 Note the low 
signal intensity 
of Cho ,Cr, MI 
and high Lac 

Previous micro-
TESE 

Positive sperm 
retrieval 

 

1.63 1.66 0.22 0.74 0.65 Note the high 
signal intensity 
of Cho, Cr and 

low Lac 
Previous micro-
TESE 

Positive sperm 
retrieval 

 

1.59 1.75 0.52 0.57 0.80 Note the high 
signal intensity 
of Cho, Cr and 

high Lac 
Previous micro-
TESE 

Positive sperm 
retrieval 

 

1.82 1.78 0.40 0.61 0.23 Note  
the high signal 

intensity of Cho 
and Cr and low 

Lac 
Previous micro-
TESE 

Negative sperm 
retrieval 

 

0.80 0.65 1.78 0.60 0.70 Notet the low 
Cho and Cr, 

high Lac signal 
Previous micro-
TESE 

Negative sperm 
retrieval 

 

0.34 0.98 1.90 0.59 0.41 Note the low 
Cho Cr and high 

Lac signal 
Previous micro-
TESE 

Negative sperm 
retrieval 

 
 

0.56 0.51 0.98 0.64 0.57 Note the 
absence of 
remarkable 

signals 
First micro-TESE Positive sperm 

retrieval 
 

2.12 1.98 0.67 0.43 1.31 Note the high 
signal intensity 
of Cho, Cr and 

MI 
First micro-TESE Positive sperm 

retrieval 
 

1.76 2.01 0.33 0.77 1.25 Note the high 
signal intensity 
of Cho, Cr and 

MI 
First micro-TESE Positive sperm 

retrieval 
 

0.55 0.82 0.97 0.80 1.33 Note the high 
signal intensity 

of MI 
First micro-TESE Negative sperm 

retrieval 
 

0.32 0.98 1.02 0.53 0.87 Note the low 
Cho, Cr signals 
and high Lac 

First micro-TESE Positive sperm 
retrieval 
 

2.09 2.11 0.31 0.40 1.40 Note the high 
signal intensity 
of Cho, Cr and 

MI 
First micro-TESE Positive sperm 

retrieval 
 

1.99 2.65 0.40 0.12 1.29 Note the high 
signal intensity 
of Cho, Cr and 

MI 
First micro-TESE Negative sperm 1.33 1.67 1.49 0.47 0.60 Note the high 
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retrieval 
 

signal intensity 
of Cho, Cr, Lac 

First micro-TESE Negative sperm 
retrieval 
 

0.54 0.87 1.30 0.46 0.80 Note the high 
signal intensity 

of  Lac 
 

 
Table 5. Correlation between age, reproductive hormones and testis metabolites 
 
 

Cho 
p            r 

Cre 
p          r 

Lac 
p        r 

Lip 
p       

r 
 

MI 
p        r 

 
Age (year) 

 0.053           -0.464
  
  
   

 0.407            -
0.208 

0.007⸸             0.610 0.344             
-0.237 

0.891              0 
.035 

 
FSH (IU/L) 

0.783         -0.081
  
  
  

0.802               
0.074 

0.747             -0.095 0.217               
0.352 

0.294             -
0.302 
  

 
LH (IU/L) 

0.136           0.377
  
   

0.287               
0.274 

0.579             -0.145 0.620               
0.130 

0.931           -
0.023 
  

 
Prolaktin 
(ng/ ML) 

0.126         -0.446
  
   

0.246           -
0.346   

0.293              0.316 0.650               
0.139 

0.752             -
0.097 

 
Testosterone 
(ng/DL) 

0.601        0.169
  
  
  

0.339               
0.303 

0.891             0.044 0.558              
0.188 

0.211             -
0.389 

 
Right testis 
long axis 
(mm) 

0.389           0.261
  

0.703               
0.117 

0.300            -0.312 0.826             
-0.068 

0.840               
0.062 

 
Left testis 
long axis 
(mm) 

0.109           0.431
  

0.294               
0.290 

0.093             -0.450 0.653             
-0.127 

0.778             -
0.080 

⸸, Significant difference between groups 
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