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Abstract 

Background Tramadol—a synthetic opioid originally used as an analgesic—has been widely misused as an addictive 
drug in the middle east in the last twenty years. Brain changes associated with long‑term tramadol use are understud‑
ied. This study aimed to detect the possible effects of tramadol use for at least one year on the brain. Optical coher‑
ence tomography (OCT) as a noninvasive measure can assess changes in retinal thickness which reflects degenerative 
changes in the brain.

Methods Twenty‑five patients fulfilling the tramadol use disorder according to the Diagnostic and Statistical Manual 
of Mental Disorders, fifth edition (DSM‑5) criteria were compared to 25 matched control subjects free of substance 
use disorders. Other psychiatric and medical conditions that may affect OCT were excluded from both groups. 
Patients were assessed using Addiction Severity Index; meanwhile, both groups were evaluated using OCT.

Results Patients with tramadol use showed a lower thickness of most OCT parameters than healthy non‑tramadol 
controls. The retinal nerve fiber layer (RNFL) thickness was not associated with tramadol dose, duration of use, 
or the age of first use. There were differences between the right and left eyes in RNFL and Ganglion cell complex 
(GCC) thickness.

Conclusions Long‑term tramadol use is associated with decreased thickness of RNFL that can be a potential marker 
and an early sign for degeneration detected by noninvasive techniques like OCT.

Keywords Tramadol, OCT, RNFL, GCC , Opiates

Introduction
Tramadol is a centrally acting synthetic analgesic with 
agonist action on µ-opioid receptors. Besides, it acts as 
an agonist on serotonin and norepinephrine, like sero-
tonin-norepinephrine reuptake inhibitors (SNRI) [1, 2]. 

Tramadol, as an addictive drug, has emerged over the 
past 20  years as a significant public health problem in 
Egypt and other Middle Eastern countries [3–5]. Other 
countries in Europe and Asia reported abuse of trama-
dol as an addictive drug [6, 7]. Patients prefer it as it has 
mixed actions as an analgesic, a stimulant, an antide-
pressant effect, and a treatment for premature ejacula-
tion [1, 8–10]. In contrast with heroin, pleasure-seeking 
was found to be a more powerful motive to use tramadol 
rather than pain avoidance [11].

Many studies have reported psychiatric complications 
associated with tramadol use. Cognitive impairment, 
manic symptoms, psychotic symptoms, and anxiety 
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symptoms are tramadol users’ most common psychiatric 
symptoms [9, 12–16].

Long-term tramadol use was also linked to neurologi-
cal disorders such as seizures and degenerative condi-
tions like Alzheimer’s and Parkinson’s [17]. However, 
only a few studies examined the effect of tramadol on the 
brain. The effect of tramadol on structural brain changes 
was detected in animal studies [18, 19]. Magnetic reso-
nance imaging (MRI) found no significant structural 
brain changes in patients with tramadol poisoning by 
magnetic resonance imaging (MRI). Layegh and Ghor-
banpour [20] found that some tramadol patients (8 out of 
15 patients examined) had hyper signal foci in the white 
matter in MRI imaging compared to the control group. 
However, no specific pattern could be detected in such 
lesions. Enhancement of the reward system, including the 
nucleus accumbens in the functional MRI, was reported 
after tramadol intake [21].

The shortage of information about brain changes in 
tramadol users increases the importance of using a sim-
ple, noninvasive method to study these possible changes.

The retina contains several layers of non-myelinated 
neurons originating from the brain and includes axons 
and glia interconnected by synapses. Optical coherence 
tomography (OCT) is a noninvasive and relatively short-
duration technique with high-resolution, cross-sectional 
retina images and automatic measurement of retinal and 
nerve fiber layer thickness [22]. OCT can be considered a 
window to follow neurodegenerative changes in the brain 
using a simple, noninvasive procedure [23]. Although it 
is an optical analog of ultrasound B-mode imaging, OCT 
differs from ultrasound waves as direct detection of light 
echoes is not possible in OCT because the speed of light 
is much faster than the speed of sound. With OCT, high-
resolution cross-sectional or 3-dimensional images of 
the internal retinal structure are generated by an optical 
beam being scanned across the retina and the magnitude 
and echo time delay of backscattered light being meas-
ured [24].

Important structures of the inner part of the retina 
include retinal nerve fiber layer thickness (RNFL), gan-
glion cell complex (GCC), and inner plexiform layer 
(IPL). RNFL consists of non-myelinated axons of the 
ganglion cells which courses along the inner part of the 
retina and aggregates to form the optic nerve extending 
to form the optic chiasma and optic tract. GCC, on the 
other hand, consists of bodies of the ganglion cells; nerve 
fiber layer and IPL are the dendrites of ganglion cells [25]. 
Peripapillary RNFL decreased thickness is related to neu-
ron loss and axonal loss. Being non-myelinated, RNFL 
is considered a more sensitive and noninvasive param-
eter for evaluating degeneration changes in the brain in 
neurological diseases like multiple sclerosis [26, 27]. The 

RNFL is the best brain structure candidate for visualiz-
ing the processes of neurodegeneration, neuroprotection, 
and, potentially, even neuro-repair. OCT can view high-
resolution reconstructions of retinal anatomy rapidly and 
permits objective analysis of the RNFL (axons) as well as 
ganglion cells and other neurons in the macula [24].

OCT has previously been used in psychiatric disorders 
to examine brain degenerative changes. Patients with 
schizophrenia, depression, bipolar disorder, and obses-
sive–compulsive disorder have shown different RNFL 
and GCC changes [28–31]. RNFL and GCC thickness 
was reduced in the patients with schizophrenia compared 
with the controls [32]. Also patients with bipolar disorder 
had showed thinning in the retinal nerve fibers detected 
by OCT [29]. OCD patients had progressive decrease in 
RNFL thickness with longer duration of their OCD dura-
tion [33]. Patients with MDD did not show significant 
differences in OCT findings compared to controls [34].

Changes in the retinas of patients with substance use 
disorders were detected with OCT. Patients using alco-
hol, cannabis, cocaine, methamphetamines, and opiates 
showed different RNFL thickness changes [32, 35–39]. 
Patient with opioid dependence had significantly thinner 
RNFL than controls [36]. Orum et al. found that patients 
with alcohol use show decrease in retinal fiber layers in 
comparison to non-alcoholic, and this decrease is associ-
ated with duration of alcohol use [35]. Similar thinning of 
the RNFL layers were reported in cocaine and cannabis 
users [38, 40].

According to our knowledge, no other previous stud-
ies have examined patients with tramadol use with OCT. 
Moreover, two studies have only studied the possible 
structural changes in the brains of tramadol users using 
MRI [20, 21]. Accordingly, this study would add new 
information about the brain effects of using tramadol.

This study aimed to detect the effect of long-term use of 
tramadol on the retina—and hence the brain—in patients 
with tramadol use disorders using OCT as a noninvasive 
measure. We hypothesized that long-term use of trama-
dol would be associated with changes in OCT parame-
ters in tramadol use patients in comparison to controls.

Methods
Participants
This study was an observational analytic case–control 
study with a convenient sample. Twenty-five patients 
with tramadol use disorder were recruited consecutively 
from the Psychiatry and Addiction Hospital of Cairo Uni-
versity outpatient clinic. Patients were 18–40  years old, 
males and females, fulfilling the tramadol use disorder 
criteria according to the Diagnostic and Statistical Man-
ual of Mental Disorders, fifth edition (DSM-5) [41] for at 
least one year. In the literature, prolonged opioid use was 
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considered a nine-month use without medical indication 
[42]; meanwhile, we extended the long-term tramadol 
use to be not less than one year to guard against the effect 
of recall bias by the patients.

Patients with schizophrenia, bipolar disorder, major 
depression, or any other psychiatric were excluded. 
Patients with ocular or systemic pathologies that could 
affect the OCT findings (including errors with the spheri-
cal equivalent of ≥ 6 diopters (both myopic and hyper-
opic), hypertension, diabetes mellitus, glaucoma, ocular 
hypertension, and multiple sclerosis) were also excluded. 
Patients above forty were excluded to decrease the pos-
sibility of degenerative brain changes. Besides, most of 
patients seeking treatment in the outpatient clinic were 
younger than 40. Infrequent use of other substances—
according to the ASI and DSM-5 criteria—was not an 
exclusion criterion unless the patient fulfills the criteria 
of use for this substance according to DSM-5.

The second group included 25 control subjects con-
sisted of healthy controls who matched the patients in 
age and sex and were free of any substance use disorders, 
psychiatric disorders, neurological disorders, or other 
medical disorders that may affect OCT findings.

Psychiatric assessment
The Addiction Severity Index (ASI) [43] provided a mul-
tidimensional assessment of substance use in the patient 
group. It is a semi-structured interview composed of 
seven sections that evaluate medical complications, 
employment, alcohol and drug use, and legal, family/
social, and psychiatric problems. Each section’s sever-
ity ratings (0–9) reflect how the interviewer believes the 
patient needs additional treatment. The severity ratings 
are interviewer estimates of the patient’s need for addi-
tional treatment in each area. The scales range from 0 (no 
treatment necessary) to 9 (treatment needed to intervene 
in life-threatening situations). Each rating is based upon 
the patient’s history of problem symptoms, present con-
dition, and subjective assessment of his treatment needs 
in a given area. The following is a general guideline for 
the ratings:

0–1 No real problem, treatment not indicated.
2–3 Slight problem, treatment probably not neces-
sary.
4–5 Moderate problem, some treatment indicated.
6–7 Considerable problem, treatment necessary.
8–9 Extreme problem, treatment absolutely neces-
sary.

Detailed information about tramadol use, including 
onset, doses, route, intoxication, withdrawal, and medical 
complications was highlighted.

Diagnosis was confirmed using the DSM-5 criteria 
of substance use disorder applied by 2 consultant psy-
chiatrists (the authors) who also applied the psychiatric 
assessment.

Ophthalmological assessment
Both groups were subjected to an ophthalmological 
assessment for OCT, including anterior segment exami-
nation by slit lamp, intraocular pressure measurement by 
Goldman applanation tonometry, fundus examination by 
indirect ophthalmoscopy, and slit-lamp biomicroscopy. 
Best-corrected visual acuity was done before optical 
coherence tomography.

All subjects had a retinal nerve fiber layer assessment 
using the RTVue spectral-domain OCT’s glaucoma pro-
file (Optovue Inc, Fremont, California, USA). The exami-
nation of each subject lasted 5–7  min. Before the OCT 
examination, mydriatic drops were applied to dilate the 
pupil to acquire the OCT images. The subject was then 
asked to position their head in the head mount and fixate 
on a target light inside the ocular lens (internal fixation). 
RNFL thickness map, optic nerve head analysis scans, 
and GCC thickness maps were obtained. RNFL thickness 
parameters (overall average, superior average, inferior 
average, and nasal and temporal averages) were recorded 
and analyzed.

The ophthalmological examination and the OCT 
assessment were done in the Laser Unit of the Ophthal-
mology Department, Kasr Al-Ainy hospitals by the two 
consultant ophthalmologists (authors).

The study protocol was approved by the Cairo Univer-
sity Research Ethics Committee (REC) under the number 
(N-16–2018) and conducted following the tenets of the 
Declaration of Helsinki. Patients and control subjects 
signed informed written consents before participation in 
the study.

Statistical analysis
Results were analyzed using Statistical Package for 
the Social Sciences (SPSS) 20 [44]. The Kolmogorov–
Smirnov test tested the normality of data, and then data 
were described using frequency (percent) and mean ± SD. 
Mann–Whitney test was used to compare numerical 
data, while the Spearman correlation test was used for 
correlations. The Wilcoxon signed-rank test was used in 
the comparison of paired samples. P values less than 0.05 
were considered statistically significant. The sample size 
calculation was done using G*Power software version 
3.1.9.2. An effect size of 0.8 was detected in a prior study 
of OCT [45]. Power of 0.8 and α of 0.05 were considered 
to get a sample size of 26 subjects in each group. A group 
of 30 patients started the study, but only 25 completed 
the required examinations.
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Results
Patients and control subjects were matched in age 
and sex (Table  1). The average dose of tramadol was 
(2748 ± 4346) mg per day. Patients started to take 
tramadol at the age of (18.44 ± 3.25) years old for 
(7.08 ± 3.53) years (Table 1).

RNFL thickness in patients was less than in controls in 
both eyes except the Rt GCC. The differences were sig-
nificant in Rt RNFL total average (p ≤ 0.001), Lt RNFL 
total average (p ≤ 0.001), Lt RNFL superior (p = 0.045), Lt 
RNFL inferior (p = 0.013), and Lt GCC average (p = 0.043) 
(Table 1).

The correlation between OCT parameters and the age 
of patients, average tramadol dose, duration of tramadol 
use, and age at 1st tramadol use were not statistically sig-
nificant (Table 2).

Comparison between right and left eyes in patients 
and controls revealed a significantly lower GCC average 
in left eyes (p = 0.004) in patients (Table 4) and a signifi-
cantly higher GCC average in left eyes (p = 0.033) in con-
trols (Table 3). At the same time, other parameters were 
lower in the left eyes, but the differences were not signifi-
cant (Tables 3 and 4).

Discussion
Patients with tramadol use showed thinning of all RNFL 
and GCC measures compared to subjects in the control 
group except the Rt GCC. The difference was significant 
in all parameters of the left eyes and the average RNFL of 
the right eyes.

As the retina shares developmental, physiological, and 
anatomical features with the brain, retinal imaging is 
increasingly being used to study neurodegenerative dis-
eases, and the direct relationship between RNFL thinning 
and cerebral atrophy has already been shown in many 
studies regarding neurological and psychiatric diseases. 
Thus, more thinning of the retinal layers would suggest 
more brain affection and probably more deterioration in 
the patient. Many studies investigated the effect of sub-
stance use on the OCT parameters, revealing conflicting 
results. To our knowledge, this is the first study investi-
gating OCT changes in patients with tramadol use.

Kalenderoglu and Orum [32] found that RNFL thick-
ness increased in patients with cannabis use and patients 
with multiple substance use compared to healthy con-
trols. In contrast, another study reported decreased 
RNFL thickness in cannabis users [40].

Table 1 Demographics, substance data, and optical coherence tomography in patients with tramadol use and controls

RNFL retinal nerve fiber layer

GCC  Ganglion cell complex

Patients with tramadol use 
disorder N: 25

Control subjects N: 25 P value

Age 26.20 ± 4.45 30.12 ± 8.16 0.124

Gender Males 24/96% 21/84% 0.349

Females 1/4% 4/16%

Tramadol average dose (mg/day) 2748.00 ± 4346.00 X X

Duration of tramadol use (years) 7.08 ± 3.53 X X

Age at 1st tramadol use (years) 18.44 ± 3.25 X X

Addiction severity index Medical 1.92 ± 1.93 X X

Employment 7.08 ± 0.99 X X

Drug use 7.40 ± 0.50 X X

Legal 5.16 ± 2.61 X X

Family history 0.72 ± 0.46 X X

Family status 6.64 ± 1.11 X X

Psychiatric problems 2.52 ± 2.06 X X

Optical coherence tomography Rt RNFL average µm 110.82 ± 10.80 121.96 ± 4.38  < 0.001

Rt RNFL superior µm 110.48 ± 10.98 112.20 ± 11.23 0.594

Rt RNFL inferior µm 110.48 ± 12.65 117.23 ± 23.68 0.554

Rt GCC average µm 99.87 ± 6.23 98.37 ± 8.042 0.244

Lt RNFL average µm 107.80 ± 14.37 121.35 ± 4.06  < 0.001

Lt RNFL superior µm 107.98 ± 15.48 119.53 ± 26.03 0.045

Lt RNFL inferior µm 107.00 ± 16.42 120.23 ± 25.37 0.013

Lt GCC average µm 95.51 ± 10.73 101.72 ± 8.87 0.043
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Another study included patients with alcohol and 
tobacco dependency who had thinning in all quadrants of 
RNFL [37].

Methamphetamine users for more than five years 
showed decreased retinal nerve fiber layer thickness 
compared to the normal population [46]. Cocaine users 
in a small study (17 users) showed similar thinning of the 
nasal, superior, and inferior RNFL quadrants [38].

Conflicting results were obtained from studies that 
included OCT assessment in opiate users. One study 
examined patients with opiate use, reported relative 
thinning in the choroidal layer, and increased two quad-
rants of RNFL compared to normal subjects [35]. The 
study included male patients with acute opiate use only. 
Another study found differences between opiate-depend-
ent patients and normal healthy subjects regarding 
RNFL thickness. A unilateral decrease in RNFL thick-
ness in patients with opiate dependence was detected 
in 2 parameters [36]. A third study found no differences 
between opiate users and normal controls in any quad-
rant of both eyes [47].

Activation of opioid receptors was linked to a neuro-
protective effect against ischemic insults to the retina 
[48, 49]. Meanwhile, the neurotoxic effects of opiates on 
the brain include chronic hypoxia, oxidative stress, and 
micro-DNA damage [50]. These findings may explain 
the thinning of RNFL in tramadol users via the tramadol 
effect as an opiate agonist.

The other neurotransmitters stimulated by tramadol 
may provide another explanation for RNFL thinning. 

Tramadol has similarities to the pharmacological effect 
of selective serotonin reuptake inhibitors (SSRIs) as both 
increase serotonin (Nakhaee et al., 2021). Increased ser-
otonin by SSRIs was linked to decreased retinal GCC 
and RNFL thickness [51]. This increased serotonin may 
increase phospholipase C (PLC) activity, an enzyme that 
plays a critical role in retinal degeneration because of its 
relation to photoreceptor cell death [52, 53].

Vascular causes may also explain the retinal changes 
observed in patients with tramadol use. One of the com-
plications of long-term tramadol use is hypertension. 
Hypertension is associated with the decreased thickness 
of RNFL [54, 55]. Moreover, thromboembolic lesions—
including pulmonary embolism and myocardial infarc-
tion—were reported in patients using tramadol [56, 57].

In this study, tramadol dose, duration of use, and age 
of first use were not correlated with OCT parameters. 
The previously mentioned studies that assessed RNFL 
thickness did not associate RNFL thickness with sub-
stance doses, duration of use, or SSRIs [32, 35, 36, 38, 51]. 
The absence of this association may suggest that OCT 
changes can be considered trait markers rather than state 
markers of tramadol use. Further studies may confirm 
this conclusion, including current versus recovered tram-
adol users.

Patients’ left eyes were thinner than the right ones in 
all parameters; however, the difference was only signifi-
cant in the GCC average. Many studies reported con-
flicting results comparing RNFL parameters between the 
right and left eyes. A study [58] found increased RNFL 
of the superior quadrant in the left and temporal quad-
rant in the right eyes, while no differences in average 
RNFL thickness [58]. In another study on Swedish chil-
dren, RNFL superior was thicker in left eyes, but average 
RNFL showed no differences [59]. A third study reported 
thicker RNFL thickness in all parameters of left eyes, but 
the average RNFL was not significantly different [60]. 
According to Pawar and Maheshwari [58], most of the 
studies using OCT suggest that the average degree of 
interocular symmetry is well preserved. So, the presence 
of asymmetry between the two eyes may further confirm 
an abnormality affecting the retinal nerve and hence the 
brain. However, in our study, we could not find sufficient 
evidence of this difference.

Explanation of possible difference between right 
and left eyes as regard OCT parameters is not yet well 
established; however, some possible explanations are 
suggested.

Angles between the maxima of peripheral RNFL 
thickness were higher in right than left eyes, and that 
RNFL asymmetry could be influenced by the locations 
of the supertemporal retinal artery and vein. The retinal 
vascular system also exhibits interocular asymmetry. It 

Table 3 Comparison between right and left eyes of controls as 
regard retinal nerve fiber layer and ganglion cell complex

RNFL retinal nerve fiber layer

GCC  ganglion cell complex

Right eye N: 25 Left eye N: 25 p Value

RNFL average µm 121.96 ± 4.38 121.35 ± 4.06 0.523

RNFL superior µm 112.20 ± 11.23 119.53 ± 26.03 0.726

RNFL inferior µm 117.23 ± 23.68 120.23 ± 25.37 0.264

GCC average µm 98.37 ± 8.042 101.72 ± 8.87 0.033

Table 4 Comparison between right and left eyes of patients as 
regard retinal nerve fiber layer and ganglion cell complex

RNFL retinal nerve fiber layer

GCC  ganglion cell complex

Right eye N: 25 Left eye N: 25 p Value

RNFL average µm 110.82 ± 10.80 107.80 ± 14.37 0.166

RNFL superior µm 110.48 ± 10.98 107.98 ± 15.48 0.221

RNFL inferior µm 110.49 ± 12.65 108.00 ± 16.43 0.226

GCC average µm 99.87 ± 6.23 95.51 ± 10.73 0.004
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was also reported that the mean central retinal arteri-
olar equivalent of right eyes was 3.14  µm larger than 
that of left eyes [61].

Asymmetry in neuronal connectivity that leads to 
ocular dominance that is a poorly understood concept. 
Ocular dominance is not associated with interocular 
macula thickness asymmetry but possibly associated 
with GCC and RNFL thickness [62].

Limitations of this study may include the relatively 
small size and the study’s cross-sectional nature. 
Another limitation is the absence of a quantitative 
measure of serum tramadol level. Researchers who 
assessed both groups were not blind to the subjects’ 
data. We could not exclude lifetime use of any sub-
stance as almost all patients used multiple substances 
during their substance history. However, we excluded 
patients fulfilling substance use disorder criteria 
according to DSM-5 for other substances rather than 
tramadol. Another limitation is that OCT is not a diag-
nostic procedure; it is more valuable to use it to follow 
up on the RNFL thickness along the disease course. 
Differences between right and left eyes were detected 
in GCC only and in both patients and controls, which 
decreases its significance. However, it may raise a possi-
bility that some OCT changes could happen by chance, 
so larger sample studies may be needed to confirm the 
reported findings. 

We recommend that further studies include more 
tramadol use patients and more advanced techniques like 
OCT angiography to examine the vascular effect of tram-
adol on the retina.

Conclusions
Long-term tramadol use is associated with decreased 
thickness of RNFL that can be a potential marker and 
early sign for degeneration detected by noninvasive tech-
niques like OCT.

Screening for these changes should be a part of assess-
ing patients with tramadol use; OCT can be a simple, 
noninvasive tool that achieves this purpose.
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