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DISCUSSION
lumbar decompression surgery patients' levels of 
physical performance, pain severity, disability, and 
anxiety related to pain changed between 6 and 12 
months after the procedure. There were robust 
correlations between disability and FRT, modified 
Sorensen, and pain-related anxiety scores in 
patients following lumbar decompression surgery. 
Disabilities were most strongly indicated by concern 
about pain. According to the findings, increased 
concern over pain was the most strongly associated 
impairment. Nevertheless, the degree of discomfort 

did not dictate disability. With this new information, 
we may have a clearer grasp of how psychological 
variables contribute to the prediction of impairment 
severity following lumbar surgery. Previous research 
has shown that higher psychological variables, such 
as mobility anxiety, excessive worrying, and depres-
sion, all contribute to long-term impairment, and this 
finding lends credence to those findings14,15.

Previous studies have also shown that persons with 
pain-related anxiety are more prone to impairment 
in the presence of persistent non-specific low back 

pain. People who suffer from chronic pain frequently 
experience negative feelings connected to their 
condition, including worry and fear of its conse-
quences. So, the person may be hardwired to avoid 
unpleasant feelings by avoiding actions that allevi-
ate long-term pain and negative consequenc-
es16,17,18. The inclusion of additional variables in the 
multivariate analysis did not support the link 
between disability and pain intensity; however, the 
results of the bivariate correlation do show a 
connection. This data indicates that impairment 
was more commonly linked to increased anxiety 
related to pain, worse scores on the modified 
Sorensen test for back muscle endurance, and 
lower scores on the FRT for dynamic balance. An 
assessment performed 6-12 months following spinal 
decompression surgery may shed light on the 
mystery of the non-correlation between pain and 
disability. The patient may begin to feel better after 
6 to 12 months after lumbar decompression 
surgery19,20.

The functional reach test and the modified Sorensen 
test, both of which assess back muscle endurance 
and dynamic balance, were found to be linked with 
impairment. Bivariate research showed that follow-
ing lumbar decompression surgery, there was a 
statistically significant correlation between patients' 
FRT scores and their modified Sorensen test scores. 
Both the Sorensen test and the functional rating 
treadmill necessitate trunk control as well as strength
and endurance in the back muscles. Patients who 
have lumbar decompression surgery run the risk of 
weakening their back muscles as a result of their 
lack of physical fitness before the procedure and 
the extended period of inactivity that follows. After 
lumbar surgery, muscles may atrophy due to injuries 
and denervation21,22,23.

Weakened trunk muscles due to paraspinal muscle 
excision and alterations in proprioception might 
lead to postural instability and impaired trunk 
control. One study found that patients' balance 
improved 6-12 months following spinal decompres-
sion surgery, relative to their pre-surgical values. Still, 
compared to healthy controls, the incapacity to 
keep one's equilibrium was obvious. Standing 
upright requires dynamic balance management. 
However, if post-operative balance control is 
disturbed, the risk of falling while performing every-
day chores may be increased. Therefore, it is essen-
tial to evaluate dynamic balance and participate in 
postoperative rehabilitation following lumbar 
decompression surgery24,25.

There was no statistically significant correlation 
between impairment and TUG or 6MWT scores, 
although a major link was shown between disability 
and FRT scores according to the modified Sorensen 
test. Consistent with earlier studies, post-lumbar 

decompression TUG results were within the normal 
range. The FRT and the Modified Sorensen test both 
assess spinal-related abilities; the latter two tests 
specifically target the back extensor muscles—a 
group that can be impacted by previous surgery—in 
terms of strength and endurance; and the former 
two tests—TUG and 6MWT—offer comprehensive 
data regarding total physical performance. These 
kinds of results show how important it is to assess 
patients' general physical function following lumbar 
decompression surgery26,27.

While there should be more targeted efforts to 
enhance dynamic balance and back muscular 
endurance—two critical components of physical 
performance—the results demonstrate that reduc-
ing pain-related anxiety can improve disability 
outcomes for patients following lumbar decompres-
sion surgery.

CONCLUSION
The findings of the study highlight a significant 
correlation between disability levels and key clinical 
outcomes, including pain intensity, pain-related 
anxiety, and physical performance, in patients 
following spinal decompression surgery. Higher 
levels of disability were associated with poorer physi-
cal function, elevated pain severity, and greater 
anxiety related to pain. These results suggest that 
individuals with substantial functional impairment 
often experience compounded psychological and 
physical burdens. Consequently, the integration of 
holistic, multidisciplinary management approaches 
that address both physiological symptoms and 
psychological factors, particularly pain-related 
anxiety, is essential to optimizing postoperative 
recovery, improving functional outcomes, and 
enhancing overall quality of life.

LIST OF ABBREVIATIONS
BMI: Body Mass Index
FRT: Functional Reach Test
LBP: Low Back Pain
ODI: Oswestry Disability Index
PASS: Pain Anxiety Symptoms Scale
TUG: Timed Up and Go Test
VAS: Visual Analogue Scale
6MWT: 6-Minute Walk Test
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ABSTRACT

Background: Nontuberculous mycobacteria (NTM), a diverse group of environmental organisms 
rapidly proliferating in water, soil, and dust, are becoming a common cause of clinical disease. This 
study analyzed patient data from two major hospitals in Faisalabad, Pakistan, to improve early 
detection of NTM lung disease and to guide clinical practice in seeking earlier and quicker 
intervention.  

Methods: A retrospective cross-sectional study was conducted from January 2020 to December 
2021, using the records of 294 tuberculosis patients at Allied Hospital and DHQ Hospital, Faisalabad. 
Non-probability convenience sampling was used for sample collection and sample size was 
collected using OpenEpi 3.0.0.  Data from patients with NTM lung disease were checked. The 
diagnosis was based on criteria defined by the ATS/IDSA (a clinical, radiological and microbiological 
evidence). Testing of specimens (sputum, BAL fluid, puncture fluid) was conducted using AFB smear, 
culture (MGIT 960) and species identification by molecular techniques. Chi-square, Wilcoxon tests 
and logistic regression were performed using SPSS version 26.0.P<0.05 was considered as significant.

Results: There were 294 patients (147 males; 147 females); median age 61 years, 77.2% had 
bronchiectasis. The most frequently identified species was the Mycobacterium avium-intracellulare 
complex (MAC 56.1%) followed by M. kansasii (19%) and M. abscessus (15.3%).   Sputum cultures had 
the highest positivity rate (87.4%), outperforming BAL fluid (80.3%) and puncture fluid (61.5%). 

Conclusion: The M. avium-intracellulare complex is the most common NTM species found in patients 
in these hospitals. The signs of expectoration, gender, and bronchiectasis increased the likelihood of 
BAL culture positivity, which aids in diagnosis.
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INTRODUCTION
Nontuberculous mycobacteria (NTM), a diverse 
group of environmental organisms rapidly 
proliferating in water, soil, and dust, are becoming a 
common cause of clinical disease 1. NTMs are not 
usually transmitted from person to person, and unlike 
Mycobacterium tuberculosis, can cause chronic 
pulmonary infections in people with underlying lung 
disease or with compromised immune systems 2,3. 
NTM lung disease is becoming an increasingly 
recognized and significant public health issue, both 
in terms of its prevalence, diagnostic complexity, 
and cases of resistance to standard
anti-tuberculous treatment regimens 4.

 NTM lung disease poses special challenges for 
diagnosis. The clinical presentation often mimics 
tuberculosis (TB), with symptoms of chronic cough, 
sputum production, fatigue, and weight loss 5,6. 
Frequently, this overlap leads to misdiagnosis or 
delays in instituting proper treatment. In addition, 
routine tools for TB diagnosis may not be successful in 
distinguishing the NTM infections, and specialized 
microbiological and molecular techniques are 
needed for accurate species diagnosis 7. Diagnosis 
is guided by criteria established by the American 
Thoracic Society (ATS) and the Infectious Diseases 
Society of America (IDSA), which include clinical, 
radiological, and microbiological components. 
Adherence to these criteria and access to these 
standards can vary widely in resource-limited 
settings 8.

Therefore, epidemiology and diagnostic patterns of 
NTM lung disease must be fully understood in order 
to improve patient outcomes. The diagnostic yield 
and time to treatment are highly influenced by 
factors such as the type of specimen tested, the 
NTM species assessed, and patient characteristics, 
including gender and concurrent lung diseases such 
as bronchiectasis 9.

Diverse causes of NTM lung disease and time to 
obtain a definitive diagnosis were assessed, along 
with factors associated with diagnostic delay or 
clinical outcomes, in this study. This study analyzed 
patient data from two major hospitals in Faisalabad, 
Pakistan, to improve early detection of NTM lung 
disease and to guide clinical practice in seeking 
earlier and quicker intervention.

METHODS
To determine the etiological spectrum and 
diagnostic patterns of NTM lung disease, a 
retrospective cross-sectional study was conducted 
from January 2020 to December 2021 at Allied 
Hospital and DHQ Hospital, Faisalabad. A total of 
294 patients who met the inclusion criteria were 
analyzed. All adult patients (≥18 years) with 
bacteriologically confirmed NTM lung disease were 

included. Diagnosis was performed according to 
the American Thoracic Society/Infectious Diseases 
Society of America (ATS/IDSA) criteria, based on 
clinical symptoms, radiographic evidence, and 
microbiological confirmation. Those subjects with 
incomplete clinical or laboratory data, or with 
associated Mycobacterium tuberculosis 
co-infection, were excluded.

The sample size was determined using OpenEpi 
version 3.0.0 (released 2013, Atlanta, GA, USA) 10. 
Institutional protocols were followed for written  
informed consent from all patients at the time of 
diagnosis and data collection. For this study, the 
Institutional Review Board (IRB) of Punjab Medical 
College, Faisalabad granted ethical approval 
(9315-25). From the hospital tuberculosis surveillance 
database, patient demographics, clinical and 
smoking characteristics (cough, sputum, 
hemoptysis), comorbidities (e.g., bronchiectasis), 
radiologic findings, and laboratory data were 
retrieved. Sputum, bronchoalveolar lavage fluid 
(BALF), or puncture fluid were specified as the types 
of specimens analyzed. Molecular methods for 
species-level identification were performed on 
acid-fast bacilli (AFB) smear microscopy, culture for 
each sample.

The BACTEC MGIT 960 system was used for cultures. 
Speciation of positive isolates was performed using 
reverse hybridization line probe assays (Genotype 
NTM DR) or DNA sequencing. Different specimen 
types were compared on culture positivity rates. 
Statistical analysis was performed using SPSS version 
26.0 (IBM Corp., Armonk, NY). Continuous variables 
were reported as medians with interquartile ranges, 
and the frequencies and percentages for 
categorical data. Associations between 
categorical variables were tested using the 
Chi-square test. When paired samples (e.g., culture 
vs. smear) were compared, Wilcoxon signed rank 
tests or McNemar's tests were employed. Binary 
logistic regression models were used to find 
predictors for culture positivity and diagnostic 
delays. Adjusted odds ratios (aOR; 95% CI) were 
calculated. A p value of less than 0.05 was 
considered statistically significant. Additionally, 
patient gender, bronchiectasis and culture positivity 
was used to test for associations using regression 
analysis.

This methodological approach provided a 
comprehensive evaluation of clinical and 
bacteriological patterns found in NTM lung disease, 
to assist reporting of diagnostic strategies and 
risk-based management of NTM disease in 
high-burden TB care settings.

DISCUSSION
This study evaluated the effect of rivaroxaban thera-
py at different doses (2.5 mg and 5 mg) in people 
with PDR. It was demonstrated that a higher dose 
(5mg) of rivaroxaban strongly decreased signs of 
diseases linked with PDR. The rate of improvement in 
blot hemorrhages, venous caliber abnormalities, 
IRMA, and neovascularization at the optic disc was 
greater for patients treated with 5 mg over the 90 
days compared to those given 2.5 mg each day. It 
appears that rivaroxaban, given in higher doses, 
may support retinal blood vessels and reduce the 
growth of new blood vessels, giving a possible way 
to treat PDR.

These findings are consistent with earlier studies, 
which suggested that anticoagulants could play a 
role in treating retinal vascular conditions. Evidence 
showed that when blood clots more easily, diabetic 
retinopathy can include retinal damage, inflamma-
tion and expansion of blood vessels 11,12. A direct 
Factor Xa inhibitor (rivaroxaban) not only prevents 
thrombus formation but may also influence endo-
thelial function, block inflammatory cytokines and 
enhance retinal perfusion 13,14. Factor Xa inhibition 

can suppress VEGF expression and neovascular 
responses under hypoxic conditions, according to 
animal studies 15,16.

A systemic, non-invasive alternative for the treat-
ment of PDR compared to other traditional treat-
ments like laser photocoagulation and intravitreal 
anti-VEGF injections is rivaroxaban. Current treat-
ments consist of laser therapy, which is successful 
but can damage healthy retina nearby; whereas 
anti-VEGF agents involve frequent intraocular injec-
tions and are prohibitively costly and have patient 
compliance issues 17,18. Therefore, the oral route of 
rivaroxaban may represent a more patient-friendly 
adjunct or alternative, especially in resource-poor 
areas 19.

While the molecular mechanism of action underly-
ing rivaroxaban’s benefit is linked to its effects on the 
coagulation cascade and endothelial homeostasis, 
these results support biological plausibility for rivarox-
aban’s benefits in these conditions 20. Increased 
expression of pro-coagulant factors, platelet activa-
tion, and impairment in fibrinolysis associated with 
hyperglycemia in diabetic states promote a 

medium conducive to microthrombosis and capil-
lary non-perfusion 21,22. In addition to the reduction of 
clot formation, inhibition of Factor Xa by rivarox-
aban also reduces monocyte activation and vascu-
lar inflammation, the main contributors to DR 
progression 23.

The results are significant because eye doctors will 
have an opportunity to reduce progression to 
vision-threatening stages, decrease the frequency 
of invasive ocular procedures, and increase patient 
quality of life 24. Systemic anticoagulation, however, 
is associated with appreciable bleeding risks, for 
which judicious patient selection and monitoring are 
required 25.

A number of limitations existed with this study. 
Generally, however, the use of a non-probability 
consecutive sampling technique limits generalizabil-
ity. Furthermore, the single-centered design and 
shorter follow-up period (90 days) restrict evaluation 
of longer outcomes and safety. The only two doses 
tested were without a placebo or a comparison 
group to the standard of care. Additional multi-
center randomized trials with longer follow-up and 
with a larger sample size are warranted and these 
trials should be compared with established thera-
pies, e.g., anti-VEGF agents. Such investigations 
would also improve clinical understanding of 
detecting biomarkers and imaging tools that moni-
tor the microvascular changes associated with the 
use of an anticoagulant. 

CONCLUSION
Taken together, preliminary evidence is provided for 
rivaroxaban, especially at a 5 mg dose, as a poten-
tial adjunctive therapy for PDR. Over a 90-day treat-
ment time period, significant improvements in retinal 
hemorrhages, venous abnormalities, IRMA, and 
neovascularization were noted. These findings 
indicate a potential for systemic anticoagulation to 
help stabilize the retinal microvasculature and there-
by limit progression of the disease. Despite the prom-
ise of these results, however, more extended, multi-
center trials will be necessary before incorporating 
rivaroxaban into the standard ophthalmic care of 
this condition.
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RESULTS 

 Table 1: Demographic and Clinical Characteristics of NTM Patients 

Variable n (%) 

Total Patients 294 (100%) 

Male 147 (50%) 

Female 147 (50%) 

Median Age (IQR) 61 (46–69) 

With Bronchiectasis 227 (77.2%) 

n = Number of patients; IQR = Interquartile Range; % = Percentage; P = Probability value; Chi-square test  

This cross-sectional study included 294 patients who had been diagnosed with NTM lung disease. The 
distribution of males and females was equal, and the median age of the study population was 61 years. 
More than three-fourths of the patients had bronchiectasis as the most common clinical feature. The 
predominant NTM species identified was Avium-intracellulare complex. Culture positivity rates were 
dependent on specimen type and clinical factors. Table 1 lists the basic information and medical history of 
the NTM patients included in this study. 

Table 2: Distribution of NTM Species and Culture Results by Sample Type

Variable Value n (%) 
Avium-intracellulare complex 165 (56.1%) 
Mycobacterium kansasii 56 (19.0%) 
Mycobacterium abscessus 45 (15.3%) 

Other species (e.g., M. malmoense, M. 
fortuitum) 9 (3.1%) 

Sputum Culture Positive  257 (87.4%) 
BAL fluid Culture Positive  74 (80.3%) 
Puncture Fluid Culture Positive  16 (61.5%) 
Smear Positive Rate (Sputum) 142 (48.4%) 
Stat Test (Smear vs Culture) P < 0.01 

NTM = Nontuberculous Mycobacteria; BAL = Bronchoalveolar Lavage; BALF = Bronchoalveolar Lavage Fluid; % = 
Percentage; P = Probability value 

Out of 294 NTM patients, 50% were males and 50% were females. The median age was 61 years (interquartile 
range: 46–69 years). 77.2% of the patient cohort had bronchiectasis. Age distribution and prevalence of 
bronchiectasis were not significantly different between genders (Chi-square, P > 0.05). Table 2 describes how 
NTM species and culture results varied by the type of sample shown in Table 2. 

Factor aOR (95% CI) P-value 

Expectoration 0.48 (0.29–0.80) <0.05 

Cough 4.04 (1.80–9.05) <0.001 

Female Gender (BALF) 2.82 (1.16–6.88) <0.05 

Table 3: Logistic Regression Analysis of Diagnostic Delay Factors 

Cross-sectional Evaluation of Mycobacterial Associations with Lung Disease and Its Associated Factors  

DISCUSSION
This study evaluated the effect of rivaroxaban thera-
py at different doses (2.5 mg and 5 mg) in people 
with PDR. It was demonstrated that a higher dose 
(5mg) of rivaroxaban strongly decreased signs of 
diseases linked with PDR. The rate of improvement in 
blot hemorrhages, venous caliber abnormalities, 
IRMA, and neovascularization at the optic disc was 
greater for patients treated with 5 mg over the 90 
days compared to those given 2.5 mg each day. It 
appears that rivaroxaban, given in higher doses, 
may support retinal blood vessels and reduce the 
growth of new blood vessels, giving a possible way 
to treat PDR.

These findings are consistent with earlier studies, 
which suggested that anticoagulants could play a 
role in treating retinal vascular conditions. Evidence 
showed that when blood clots more easily, diabetic 
retinopathy can include retinal damage, inflamma-
tion and expansion of blood vessels 11,12. A direct 
Factor Xa inhibitor (rivaroxaban) not only prevents 
thrombus formation but may also influence endo-
thelial function, block inflammatory cytokines and 
enhance retinal perfusion 13,14. Factor Xa inhibition 

can suppress VEGF expression and neovascular 
responses under hypoxic conditions, according to 
animal studies 15,16.

A systemic, non-invasive alternative for the treat-
ment of PDR compared to other traditional treat-
ments like laser photocoagulation and intravitreal 
anti-VEGF injections is rivaroxaban. Current treat-
ments consist of laser therapy, which is successful 
but can damage healthy retina nearby; whereas 
anti-VEGF agents involve frequent intraocular injec-
tions and are prohibitively costly and have patient 
compliance issues 17,18. Therefore, the oral route of 
rivaroxaban may represent a more patient-friendly 
adjunct or alternative, especially in resource-poor 
areas 19.

While the molecular mechanism of action underly-
ing rivaroxaban’s benefit is linked to its effects on the 
coagulation cascade and endothelial homeostasis, 
these results support biological plausibility for rivarox-
aban’s benefits in these conditions 20. Increased 
expression of pro-coagulant factors, platelet activa-
tion, and impairment in fibrinolysis associated with 
hyperglycemia in diabetic states promote a 

medium conducive to microthrombosis and capil-
lary non-perfusion 21,22. In addition to the reduction of 
clot formation, inhibition of Factor Xa by rivarox-
aban also reduces monocyte activation and vascu-
lar inflammation, the main contributors to DR 
progression 23.

The results are significant because eye doctors will 
have an opportunity to reduce progression to 
vision-threatening stages, decrease the frequency 
of invasive ocular procedures, and increase patient 
quality of life 24. Systemic anticoagulation, however, 
is associated with appreciable bleeding risks, for 
which judicious patient selection and monitoring are 
required 25.

A number of limitations existed with this study. 
Generally, however, the use of a non-probability 
consecutive sampling technique limits generalizabil-
ity. Furthermore, the single-centered design and 
shorter follow-up period (90 days) restrict evaluation 
of longer outcomes and safety. The only two doses 
tested were without a placebo or a comparison 
group to the standard of care. Additional multi-
center randomized trials with longer follow-up and 
with a larger sample size are warranted and these 
trials should be compared with established thera-
pies, e.g., anti-VEGF agents. Such investigations 
would also improve clinical understanding of 
detecting biomarkers and imaging tools that moni-
tor the microvascular changes associated with the 
use of an anticoagulant. 

CONCLUSION
Taken together, preliminary evidence is provided for 
rivaroxaban, especially at a 5 mg dose, as a poten-
tial adjunctive therapy for PDR. Over a 90-day treat-
ment time period, significant improvements in retinal 
hemorrhages, venous abnormalities, IRMA, and 
neovascularization were noted. These findings 
indicate a potential for systemic anticoagulation to 
help stabilize the retinal microvasculature and there-
by limit progression of the disease. Despite the prom-
ise of these results, however, more extended, multi-
center trials will be necessary before incorporating 
rivaroxaban into the standard ophthalmic care of 
this condition.
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Bronchiectasis (BALF) 2.38 (1.01–5.63) <0.05 

Mycobacterium abscessus (vs MAC) 0.43 (0.21–0.88) <0.05 

Rare NTM species (vs MAC) 8.31 (1.01–68.6) <0.05 

 aOR = Adjusted Odds Ratio; CI = Confidence Interval; BALF = Bronchoalveolar Lavage Fluid; MAC = Mycobacterium 
avium-intracellulare complex; NTM = Nontuberculous Mycobacteria; vs = Versus; P = Probability value 

Of NTM isolates, 56.1% were due to Mycobacterium avium-intracellulare complex. The sputum cultures had 
the highest positivity rate at 87.4%, culture of BALF (80.3%), and puncture fluid (61.5%). Smear positivity was 
significantly lower than that of culture (48.4% vs. 87.1%; P <0.01). No statistical difference was observed 
between sputum and BALF culture positivity (P > 0.05). The findings from logistic regression analysis on 
diagnostic delay in NTM patients are shown in Table 3. 
 
Those with expectoration had shorter diagnosis times (aOR = 0.48, 95% CI: 0.29–0.80). Sputum culture positivity 
was more than four times (aOR=4.04) likely in participants who had a cough. It was demonstrated that 
bronchiectasis and female gender influenced BALF culture positivity. Rare NTM species led to significantly 
increased diagnosis delays (aOR = 8.31, 95% CI: 1.01–68.6). Females and patients with bronchiectasis had 
significantly higher odds of BALF culture positivity (aOR = 2.82 and 2.38, respectively). 

DISCUSSIONT
This cross-sectional study evaluated the 
microbiological and clinical profile of patients 
having NTM lung disease in two major hospitals. 
Results helped elucidate the species distribution, 
challenges with diagnostics and clinical features 
associated with positive cultures and diagnostic 
timelines. Mycobacterium avium-intracellulare 
complex was particularly interesting as we observed 
it comprising the predominant species. 
Expectoration and cough were significantly linked 
to higher sputum culture positivity and faster 
diagnosis; a major clinical feature was 
bronchiectasis. In contrast, significant diagnostic 
delays were associated with the rarer NTM species.
MAC predominance merely reflects global trends 
seen in this complex, which is known to be the most 
common etiological agent of NTM lung infections 
worldwide in patients with structural lung lesions or 
those who are immunocompromised 11. As reported 
previously, bronchiectasis is observed more often in 
this population, providing further evidence for a 
cyclical relationship between NTM infection and 
bronchial wall damage 12. Impaired mucociliary 
clearance and chronic airway inflammation 
resulting from bronchiectasis provide a basis for NTM 
colonization 13.

Diagnostic performance differed with sample types 
and it was demonstrated that sputum culture 
continues to be the most reliable and noninvasive 
method for NTM diagnosis, with culture positivity 
exceeding that of BAL and puncture fluid 14. While 
the detection rate of smear microscopy was lower 
than that of culture, smear microscopy is still 
essential for initial screening, especially in 
resource-limited settings 15. These results confirmed 
international guidelines which advise that smear 

should not be used to guide the diagnosis or 
management of NTM lung disease, but rather 
culture should be relied upon 16.

 The role of cough and expectoration as clinical 
indicators of greater bacterial load or active 
infection was supported by the finding that cough 
and expectoration significantly increase the odds of 
positive sputum cultures 17. These are consistent with 
the already recognized association of female 
gender and bronchiectasis with increased BAL 
culture positivity, which reflects a mode of 
presentation in women termed Lady Windermere 
syndrome 18,19. It has been posited that those 
hormonal effects, immunological differences, and 
higher prevalence of CFTR gene mutations or 
connective tissue disorders explain why significantly 
more women are diagnosed with NTM pulmonary 
disease 20,21.

This study also brought to light a markedly 
challenging issue of diagnostic delay with rare NTM 
species. These species tend to present with 
non-specific symptoms and may necessitate more 
advanced diagnostic tools, which are not always 
available in all clinical laboratories 22. Delayed 
diagnosis may lead to inappropriate treatment 
(such as empirical anti-TB therapy) and prolonged 
morbidity 23. As a result, local laboratory capacity for 
molecular diagnostics and species-level 
identification is critical to effectively and efficiently 
manage and respond to such a situation 24,25.

One of the limitations of this study is that hospital 
records were used to obtain the data and may not 
have the full complement of clinical or diagnostic 
variables collected in all cases. The study was also 
conducted in two tertiary hospitals, so, results 

cannot be generalized to other regions and primary 
care settings. The second shortcoming is the 
absence of data seen later on what treatment 
outcomes or resistance patterns look like. 
Multi-center prospective studies with long-term 
follow-up and molecular resistance profiling should 
be part of future research in this population, which 
should address other potential genetic and 
environmental risk factors of disease development.

CONCLUSION
Mycobacterium avium-intracellulare complex is the 
predominant cause of NTM lung disease and 
bronchiectasis, along with clinical symptoms of 
cough and expectoration. This markedly enhances 
the diagnostic yield. Diagnosis is based on sputum 
culture, which remains the best diagnostic means; 
extremely rare NTM species can delay diagnosis. 
These findings highlight an unmet need for improved 
molecular diagnostics and targeted clinical 
awareness in order to allow for earlier identification 
and management of NTM lung infections.
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DISCUSSION
This study evaluated the effect of rivaroxaban thera-
py at different doses (2.5 mg and 5 mg) in people 
with PDR. It was demonstrated that a higher dose 
(5mg) of rivaroxaban strongly decreased signs of 
diseases linked with PDR. The rate of improvement in 
blot hemorrhages, venous caliber abnormalities, 
IRMA, and neovascularization at the optic disc was 
greater for patients treated with 5 mg over the 90 
days compared to those given 2.5 mg each day. It 
appears that rivaroxaban, given in higher doses, 
may support retinal blood vessels and reduce the 
growth of new blood vessels, giving a possible way 
to treat PDR.

These findings are consistent with earlier studies, 
which suggested that anticoagulants could play a 
role in treating retinal vascular conditions. Evidence 
showed that when blood clots more easily, diabetic 
retinopathy can include retinal damage, inflamma-
tion and expansion of blood vessels 11,12. A direct 
Factor Xa inhibitor (rivaroxaban) not only prevents 
thrombus formation but may also influence endo-
thelial function, block inflammatory cytokines and 
enhance retinal perfusion 13,14. Factor Xa inhibition 

can suppress VEGF expression and neovascular 
responses under hypoxic conditions, according to 
animal studies 15,16.

A systemic, non-invasive alternative for the treat-
ment of PDR compared to other traditional treat-
ments like laser photocoagulation and intravitreal 
anti-VEGF injections is rivaroxaban. Current treat-
ments consist of laser therapy, which is successful 
but can damage healthy retina nearby; whereas 
anti-VEGF agents involve frequent intraocular injec-
tions and are prohibitively costly and have patient 
compliance issues 17,18. Therefore, the oral route of 
rivaroxaban may represent a more patient-friendly 
adjunct or alternative, especially in resource-poor 
areas 19.

While the molecular mechanism of action underly-
ing rivaroxaban’s benefit is linked to its effects on the 
coagulation cascade and endothelial homeostasis, 
these results support biological plausibility for rivarox-
aban’s benefits in these conditions 20. Increased 
expression of pro-coagulant factors, platelet activa-
tion, and impairment in fibrinolysis associated with 
hyperglycemia in diabetic states promote a 

medium conducive to microthrombosis and capil-
lary non-perfusion 21,22. In addition to the reduction of 
clot formation, inhibition of Factor Xa by rivarox-
aban also reduces monocyte activation and vascu-
lar inflammation, the main contributors to DR 
progression 23.

The results are significant because eye doctors will 
have an opportunity to reduce progression to 
vision-threatening stages, decrease the frequency 
of invasive ocular procedures, and increase patient 
quality of life 24. Systemic anticoagulation, however, 
is associated with appreciable bleeding risks, for 
which judicious patient selection and monitoring are 
required 25.

A number of limitations existed with this study. 
Generally, however, the use of a non-probability 
consecutive sampling technique limits generalizabil-
ity. Furthermore, the single-centered design and 
shorter follow-up period (90 days) restrict evaluation 
of longer outcomes and safety. The only two doses 
tested were without a placebo or a comparison 
group to the standard of care. Additional multi-
center randomized trials with longer follow-up and 
with a larger sample size are warranted and these 
trials should be compared with established thera-
pies, e.g., anti-VEGF agents. Such investigations 
would also improve clinical understanding of 
detecting biomarkers and imaging tools that moni-
tor the microvascular changes associated with the 
use of an anticoagulant. 

CONCLUSION
Taken together, preliminary evidence is provided for 
rivaroxaban, especially at a 5 mg dose, as a poten-
tial adjunctive therapy for PDR. Over a 90-day treat-
ment time period, significant improvements in retinal 
hemorrhages, venous abnormalities, IRMA, and 
neovascularization were noted. These findings 
indicate a potential for systemic anticoagulation to 
help stabilize the retinal microvasculature and there-
by limit progression of the disease. Despite the prom-
ise of these results, however, more extended, multi-
center trials will be necessary before incorporating 
rivaroxaban into the standard ophthalmic care of 
this condition.
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DISCUSSIONT
This cross-sectional study evaluated the 
microbiological and clinical profile of patients 
having NTM lung disease in two major hospitals. 
Results helped elucidate the species distribution, 
challenges with diagnostics and clinical features 
associated with positive cultures and diagnostic 
timelines. Mycobacterium avium-intracellulare 
complex was particularly interesting as we observed 
it comprising the predominant species. 
Expectoration and cough were significantly linked 
to higher sputum culture positivity and faster 
diagnosis; a major clinical feature was 
bronchiectasis. In contrast, significant diagnostic 
delays were associated with the rarer NTM species.
MAC predominance merely reflects global trends 
seen in this complex, which is known to be the most 
common etiological agent of NTM lung infections 
worldwide in patients with structural lung lesions or 
those who are immunocompromised 11. As reported 
previously, bronchiectasis is observed more often in 
this population, providing further evidence for a 
cyclical relationship between NTM infection and 
bronchial wall damage 12. Impaired mucociliary 
clearance and chronic airway inflammation 
resulting from bronchiectasis provide a basis for NTM 
colonization 13.

Diagnostic performance differed with sample types 
and it was demonstrated that sputum culture 
continues to be the most reliable and noninvasive 
method for NTM diagnosis, with culture positivity 
exceeding that of BAL and puncture fluid 14. While 
the detection rate of smear microscopy was lower 
than that of culture, smear microscopy is still 
essential for initial screening, especially in 
resource-limited settings 15. These results confirmed 
international guidelines which advise that smear 

should not be used to guide the diagnosis or 
management of NTM lung disease, but rather 
culture should be relied upon 16.

 The role of cough and expectoration as clinical 
indicators of greater bacterial load or active 
infection was supported by the finding that cough 
and expectoration significantly increase the odds of 
positive sputum cultures 17. These are consistent with 
the already recognized association of female 
gender and bronchiectasis with increased BAL 
culture positivity, which reflects a mode of 
presentation in women termed Lady Windermere 
syndrome 18,19. It has been posited that those 
hormonal effects, immunological differences, and 
higher prevalence of CFTR gene mutations or 
connective tissue disorders explain why significantly 
more women are diagnosed with NTM pulmonary 
disease 20,21.

This study also brought to light a markedly 
challenging issue of diagnostic delay with rare NTM 
species. These species tend to present with 
non-specific symptoms and may necessitate more 
advanced diagnostic tools, which are not always 
available in all clinical laboratories 22. Delayed 
diagnosis may lead to inappropriate treatment 
(such as empirical anti-TB therapy) and prolonged 
morbidity 23. As a result, local laboratory capacity for 
molecular diagnostics and species-level 
identification is critical to effectively and efficiently 
manage and respond to such a situation 24,25.

One of the limitations of this study is that hospital 
records were used to obtain the data and may not 
have the full complement of clinical or diagnostic 
variables collected in all cases. The study was also 
conducted in two tertiary hospitals, so, results 

cannot be generalized to other regions and primary 
care settings. The second shortcoming is the 
absence of data seen later on what treatment 
outcomes or resistance patterns look like. 
Multi-center prospective studies with long-term 
follow-up and molecular resistance profiling should 
be part of future research in this population, which 
should address other potential genetic and 
environmental risk factors of disease development.

CONCLUSION
Mycobacterium avium-intracellulare complex is the 
predominant cause of NTM lung disease and 
bronchiectasis, along with clinical symptoms of 
cough and expectoration. This markedly enhances 
the diagnostic yield. Diagnosis is based on sputum 
culture, which remains the best diagnostic means; 
extremely rare NTM species can delay diagnosis. 
These findings highlight an unmet need for improved 
molecular diagnostics and targeted clinical 
awareness in order to allow for earlier identification 
and management of NTM lung infections.
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DISCUSSION
This study evaluated the effect of rivaroxaban thera-
py at different doses (2.5 mg and 5 mg) in people 
with PDR. It was demonstrated that a higher dose 
(5mg) of rivaroxaban strongly decreased signs of 
diseases linked with PDR. The rate of improvement in 
blot hemorrhages, venous caliber abnormalities, 
IRMA, and neovascularization at the optic disc was 
greater for patients treated with 5 mg over the 90 
days compared to those given 2.5 mg each day. It 
appears that rivaroxaban, given in higher doses, 
may support retinal blood vessels and reduce the 
growth of new blood vessels, giving a possible way 
to treat PDR.

These findings are consistent with earlier studies, 
which suggested that anticoagulants could play a 
role in treating retinal vascular conditions. Evidence 
showed that when blood clots more easily, diabetic 
retinopathy can include retinal damage, inflamma-
tion and expansion of blood vessels 11,12. A direct 
Factor Xa inhibitor (rivaroxaban) not only prevents 
thrombus formation but may also influence endo-
thelial function, block inflammatory cytokines and 
enhance retinal perfusion 13,14. Factor Xa inhibition 

can suppress VEGF expression and neovascular 
responses under hypoxic conditions, according to 
animal studies 15,16.

A systemic, non-invasive alternative for the treat-
ment of PDR compared to other traditional treat-
ments like laser photocoagulation and intravitreal 
anti-VEGF injections is rivaroxaban. Current treat-
ments consist of laser therapy, which is successful 
but can damage healthy retina nearby; whereas 
anti-VEGF agents involve frequent intraocular injec-
tions and are prohibitively costly and have patient 
compliance issues 17,18. Therefore, the oral route of 
rivaroxaban may represent a more patient-friendly 
adjunct or alternative, especially in resource-poor 
areas 19.

While the molecular mechanism of action underly-
ing rivaroxaban’s benefit is linked to its effects on the 
coagulation cascade and endothelial homeostasis, 
these results support biological plausibility for rivarox-
aban’s benefits in these conditions 20. Increased 
expression of pro-coagulant factors, platelet activa-
tion, and impairment in fibrinolysis associated with 
hyperglycemia in diabetic states promote a 

medium conducive to microthrombosis and capil-
lary non-perfusion 21,22. In addition to the reduction of 
clot formation, inhibition of Factor Xa by rivarox-
aban also reduces monocyte activation and vascu-
lar inflammation, the main contributors to DR 
progression 23.

The results are significant because eye doctors will 
have an opportunity to reduce progression to 
vision-threatening stages, decrease the frequency 
of invasive ocular procedures, and increase patient 
quality of life 24. Systemic anticoagulation, however, 
is associated with appreciable bleeding risks, for 
which judicious patient selection and monitoring are 
required 25.

A number of limitations existed with this study. 
Generally, however, the use of a non-probability 
consecutive sampling technique limits generalizabil-
ity. Furthermore, the single-centered design and 
shorter follow-up period (90 days) restrict evaluation 
of longer outcomes and safety. The only two doses 
tested were without a placebo or a comparison 
group to the standard of care. Additional multi-
center randomized trials with longer follow-up and 
with a larger sample size are warranted and these 
trials should be compared with established thera-
pies, e.g., anti-VEGF agents. Such investigations 
would also improve clinical understanding of 
detecting biomarkers and imaging tools that moni-
tor the microvascular changes associated with the 
use of an anticoagulant. 

CONCLUSION
Taken together, preliminary evidence is provided for 
rivaroxaban, especially at a 5 mg dose, as a poten-
tial adjunctive therapy for PDR. Over a 90-day treat-
ment time period, significant improvements in retinal 
hemorrhages, venous abnormalities, IRMA, and 
neovascularization were noted. These findings 
indicate a potential for systemic anticoagulation to 
help stabilize the retinal microvasculature and there-
by limit progression of the disease. Despite the prom-
ise of these results, however, more extended, multi-
center trials will be necessary before incorporating 
rivaroxaban into the standard ophthalmic care of 
this condition.
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DISCUSSIONT
This cross-sectional study evaluated the 
microbiological and clinical profile of patients 
having NTM lung disease in two major hospitals. 
Results helped elucidate the species distribution, 
challenges with diagnostics and clinical features 
associated with positive cultures and diagnostic 
timelines. Mycobacterium avium-intracellulare 
complex was particularly interesting as we observed 
it comprising the predominant species. 
Expectoration and cough were significantly linked 
to higher sputum culture positivity and faster 
diagnosis; a major clinical feature was 
bronchiectasis. In contrast, significant diagnostic 
delays were associated with the rarer NTM species.
MAC predominance merely reflects global trends 
seen in this complex, which is known to be the most 
common etiological agent of NTM lung infections 
worldwide in patients with structural lung lesions or 
those who are immunocompromised 11. As reported 
previously, bronchiectasis is observed more often in 
this population, providing further evidence for a 
cyclical relationship between NTM infection and 
bronchial wall damage 12. Impaired mucociliary 
clearance and chronic airway inflammation 
resulting from bronchiectasis provide a basis for NTM 
colonization 13.

Diagnostic performance differed with sample types 
and it was demonstrated that sputum culture 
continues to be the most reliable and noninvasive 
method for NTM diagnosis, with culture positivity 
exceeding that of BAL and puncture fluid 14. While 
the detection rate of smear microscopy was lower 
than that of culture, smear microscopy is still 
essential for initial screening, especially in 
resource-limited settings 15. These results confirmed 
international guidelines which advise that smear 

should not be used to guide the diagnosis or 
management of NTM lung disease, but rather 
culture should be relied upon 16.

 The role of cough and expectoration as clinical 
indicators of greater bacterial load or active 
infection was supported by the finding that cough 
and expectoration significantly increase the odds of 
positive sputum cultures 17. These are consistent with 
the already recognized association of female 
gender and bronchiectasis with increased BAL 
culture positivity, which reflects a mode of 
presentation in women termed Lady Windermere 
syndrome 18,19. It has been posited that those 
hormonal effects, immunological differences, and 
higher prevalence of CFTR gene mutations or 
connective tissue disorders explain why significantly 
more women are diagnosed with NTM pulmonary 
disease 20,21.

This study also brought to light a markedly 
challenging issue of diagnostic delay with rare NTM 
species. These species tend to present with 
non-specific symptoms and may necessitate more 
advanced diagnostic tools, which are not always 
available in all clinical laboratories 22. Delayed 
diagnosis may lead to inappropriate treatment 
(such as empirical anti-TB therapy) and prolonged 
morbidity 23. As a result, local laboratory capacity for 
molecular diagnostics and species-level 
identification is critical to effectively and efficiently 
manage and respond to such a situation 24,25.

One of the limitations of this study is that hospital 
records were used to obtain the data and may not 
have the full complement of clinical or diagnostic 
variables collected in all cases. The study was also 
conducted in two tertiary hospitals, so, results 

cannot be generalized to other regions and primary 
care settings. The second shortcoming is the 
absence of data seen later on what treatment 
outcomes or resistance patterns look like. 
Multi-center prospective studies with long-term 
follow-up and molecular resistance profiling should 
be part of future research in this population, which 
should address other potential genetic and 
environmental risk factors of disease development.

CONCLUSION
Mycobacterium avium-intracellulare complex is the 
predominant cause of NTM lung disease and 
bronchiectasis, along with clinical symptoms of 
cough and expectoration. This markedly enhances 
the diagnostic yield. Diagnosis is based on sputum 
culture, which remains the best diagnostic means; 
extremely rare NTM species can delay diagnosis. 
These findings highlight an unmet need for improved 
molecular diagnostics and targeted clinical 
awareness in order to allow for earlier identification 
and management of NTM lung infections.
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DISCUSSION
This study evaluated the effect of rivaroxaban thera-
py at different doses (2.5 mg and 5 mg) in people 
with PDR. It was demonstrated that a higher dose 
(5mg) of rivaroxaban strongly decreased signs of 
diseases linked with PDR. The rate of improvement in 
blot hemorrhages, venous caliber abnormalities, 
IRMA, and neovascularization at the optic disc was 
greater for patients treated with 5 mg over the 90 
days compared to those given 2.5 mg each day. It 
appears that rivaroxaban, given in higher doses, 
may support retinal blood vessels and reduce the 
growth of new blood vessels, giving a possible way 
to treat PDR.

These findings are consistent with earlier studies, 
which suggested that anticoagulants could play a 
role in treating retinal vascular conditions. Evidence 
showed that when blood clots more easily, diabetic 
retinopathy can include retinal damage, inflamma-
tion and expansion of blood vessels 11,12. A direct 
Factor Xa inhibitor (rivaroxaban) not only prevents 
thrombus formation but may also influence endo-
thelial function, block inflammatory cytokines and 
enhance retinal perfusion 13,14. Factor Xa inhibition 

can suppress VEGF expression and neovascular 
responses under hypoxic conditions, according to 
animal studies 15,16.

A systemic, non-invasive alternative for the treat-
ment of PDR compared to other traditional treat-
ments like laser photocoagulation and intravitreal 
anti-VEGF injections is rivaroxaban. Current treat-
ments consist of laser therapy, which is successful 
but can damage healthy retina nearby; whereas 
anti-VEGF agents involve frequent intraocular injec-
tions and are prohibitively costly and have patient 
compliance issues 17,18. Therefore, the oral route of 
rivaroxaban may represent a more patient-friendly 
adjunct or alternative, especially in resource-poor 
areas 19.

While the molecular mechanism of action underly-
ing rivaroxaban’s benefit is linked to its effects on the 
coagulation cascade and endothelial homeostasis, 
these results support biological plausibility for rivarox-
aban’s benefits in these conditions 20. Increased 
expression of pro-coagulant factors, platelet activa-
tion, and impairment in fibrinolysis associated with 
hyperglycemia in diabetic states promote a 

medium conducive to microthrombosis and capil-
lary non-perfusion 21,22. In addition to the reduction of 
clot formation, inhibition of Factor Xa by rivarox-
aban also reduces monocyte activation and vascu-
lar inflammation, the main contributors to DR 
progression 23.

The results are significant because eye doctors will 
have an opportunity to reduce progression to 
vision-threatening stages, decrease the frequency 
of invasive ocular procedures, and increase patient 
quality of life 24. Systemic anticoagulation, however, 
is associated with appreciable bleeding risks, for 
which judicious patient selection and monitoring are 
required 25.

A number of limitations existed with this study. 
Generally, however, the use of a non-probability 
consecutive sampling technique limits generalizabil-
ity. Furthermore, the single-centered design and 
shorter follow-up period (90 days) restrict evaluation 
of longer outcomes and safety. The only two doses 
tested were without a placebo or a comparison 
group to the standard of care. Additional multi-
center randomized trials with longer follow-up and 
with a larger sample size are warranted and these 
trials should be compared with established thera-
pies, e.g., anti-VEGF agents. Such investigations 
would also improve clinical understanding of 
detecting biomarkers and imaging tools that moni-
tor the microvascular changes associated with the 
use of an anticoagulant. 

CONCLUSION
Taken together, preliminary evidence is provided for 
rivaroxaban, especially at a 5 mg dose, as a poten-
tial adjunctive therapy for PDR. Over a 90-day treat-
ment time period, significant improvements in retinal 
hemorrhages, venous abnormalities, IRMA, and 
neovascularization were noted. These findings 
indicate a potential for systemic anticoagulation to 
help stabilize the retinal microvasculature and there-
by limit progression of the disease. Despite the prom-
ise of these results, however, more extended, multi-
center trials will be necessary before incorporating 
rivaroxaban into the standard ophthalmic care of 
this condition.
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