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Aim: Nephrogenic systemic fibrosis (NSF) is a rare disorder that occurs in association majorly with chronic kidney disease (CKD). The lack 
of collective quantitative data on its clinical manifestations and the different treatment options’ efficacy, call the need for our investigation.
Methods: A systematic review was conducted covering a timeline from inception up to July 2022 without any restrictions. Article 
screening and data extraction were performed independently on PubMed, Google Scholar, ScienceDirect, and Cochrane Library. The 
keywords that we used were CKD, NSF, Gadolinium enduced fibrosis, etc; shortlisted articles were assessed for risk of bias. Data were 
presented as frequencies and percentages, with a confidence interval of 95%. A chi-square test was also done to find significant 
relationships, with a p-value <0.05 considered significant.
Results: We had 83 patients in this review consisting of 44 (55.7%) females with a mean age of 51.4±14.6 years. Sixty-nine (83.1%) 
patients had chronic kidney disease predisposition to NSF. Previous exposure to gadolinium-based contrast dyes was seen in 66 
(79.5%) patients). The most common symptom in patients was cutaneous lesions in 69 (83.1%) patients. The most used treatments 
were ultraviolet therapy, renal transplant, and extracorporeal photopheresis; in 13.3% of the patients each. Condition in most patients 
either improved (67.1%) or remained stable (11.8%). Chi-square testing found that the treatments offered were also seen to be 
significantly related to outcome (p=0.015).
Conclusion: The findings in this study provide a quantitative measurement of NSF’s presentations and treatment efficacies. This 
serves to make way for researchers to form comprehensive guidelines on the presentation-based treatment of NSF.
Keywords: chronic kidney disease, fibrosis, scleroderma, renal impairment, CKD

Introduction
Nephrogenic systemic fibrosis (NSF) is a rare scleroderma-like fibrosing disorder which occurs in majorly association 
with chronic kidney disease (CKD), most likely in patients of stages 4 and 5 chronic kidney disease (CKD), but 
sometimes also in patients with stage 3 CKD.1–3 Majorly a cutaneous manifestation but also effecting mobility, NSF was 
first reported in 1997; in that study, all 15 patients were dialysis dependent, with varying levels of renal impairment.1,4 

Histological studies show characteristic CD 34 and procollagen-positive dermal spindle cells, as well as randomly 
arranged collagen fibers along with mucin deposition.1,5 Typically, patients present with pruritus and burning sensation of 
the skin, as well as swelling of the arms and legs. The induration of skin and development of contractures is accompanied 
by debilitating disability due to loss of range of motion.1,6,7 The disease shows no inclination towards a certain age group 
or gender but does show some level of occurrence in patients with renal disease exposed to gadolinium-based contrast 
agents (GBCA).1,8
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Although still a relatively new phenomenon, there are several treatment options utilized in the patients with NSF, 
depending on the extent of disease and renal impairment. Improvement in renal function mostly leads to simultaneous 
improvement in the symptoms of NSF, but addressing the dermatological manifestation directly might also aid in achieving 
positive outcomes. Extracorporeal photopheresis, plasmapheresis, phototherapy, sodium thiosulfate, physical therapy, and 
kidney transplant are few of the many such treatment options.1,9–11

Previous literature discusses different aspects related to NSF extensively, such as NSF as a risk of GBCA in patients of 
late-stage CKD, or in patients of liver disease.12,13 Other studies discuss the clinical features and the pathology of the disease, 
while also discussing few of the treatment options available.14,15 Nonetheless, these studies lack data on the efficacy of the 
different treatment options available for NSF. Hence, to the best of our knowledge, this systematic review of the published 
literature is the first of its kind, and aims to provide an extensive insight of NSF by answering the following questions: (i) What 
are the different clinical presentations in patients with NSF? (ii) What is the extent of these clinical manifestations? (iii) What 
are the different treatment options and their efficacy in patients with NSF?

Materials and Methods
Our study follows the most recent Preferred Reporting Items for Systematic Reviews and Meta-Analyses standards 
(PRISMA) statement.16 The protocol of our study was registered to PROSPERO.

Literature Search
We performed an extensive literature search of PubMed, Google Scholar, ScienceDirect, and Cochrane Library, which was 
conducted from inception to the last updated month of July 2022, using a combination of database-specific subject headings 
and keywords as search terms that included “nephrogenic systemic fibrosis”, “renal impairment”, and “treatment”, with the 
help of Boolean operators “OR” and “AND”. Complete search string will be provided in Supplementary File 1. Preprint 
articles on medRxiv and bioRxiv were also screened, as well as the bibliographies of the retrieved articles.

Study Selection
Any human observational studies including case reports, case series, and retrospective studies relevant to the research 
question, presenting original data, and fulfilling the criteria: (i) patients with histologically proven NSF, (ii) reported data 
either between clinical presentation and outcome or both, and (iii) reports the use of any treatment were included. All 
review articles, opinion articles, commentaries or any study that reported (i) data on a patient that may have a condition 
that may produce similar symptoms and (ii) were not written in English were excluded. In addition to this, for 
retrospective studies and case series, only cases fitting the criteria were included if their data were distinct.

Following the criteria set, both the title and abstract screening, and then the full-text screening were performed by two 
of the authors SF and AA, any conflicts were settled by the third author AM.

Data Extraction
Two of the authors MB and UK separately and in duplicate extracted the shortlisted papers into a structured extraction sheet.

Extracted data will include study details (author names, year of publication, study design, number of patients, country 
of origin), patient demographics (age, gender, comorbidities), CKD, time since onset and stage of CKD, acute kidney 
injury (AKI), pain, mobility, edema, anemia, extent of cutaneous manifestation, past surgery, use of GBCA, dialysis, 
duration of dialysis, treatment used, duration of treatment, duration of follow-up, improvement in symptoms (skin 
induration, stiffness, edema, pigmentation, pain, mobility, skin (softening), and thickness) and outcomes of treatment 
(overall improvement/stable/deterioration, relapse, death, cause of death).

Data Analysis
Means, ranges, and standard deviations were calculated for continuous variables, such as age, while frequencies and 
percentages were tabulated for descriptive data using SPSS Version 25 (Chicago, IL: IBM® SPSS® Statistics). 
Significance analysis done via chi-square test made use of the same software. A confidence-interval (CI) of 95% was 
used and a p-value less than 0.05 was considered statistically significant.
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Risk of Bias Assessment
The quality assessment tool developed by the National Heart, Lung, and Blood Institute (NHLBI) was used.17 Two of the 
authors SF and AM assessed the quality of the included articles separately, while a third author resolved any disagree
ments. Case reports were scored out of 6 and categorized as good quality (score 5–6), fair quality (score 2–4), and poor 
quality (score <2). Case series were scored out of 7 and categorized as good quality (score 5–7), fair quality (score 2–4), 
and poor quality (score <2). Retrospective studies were scored out of 12 and categorized as good quality (score 9–12), 
fair quality (score 5–8), and poor quality (score <5).

Results
Study Selection and Bias Assessment
All 27,890 studies yielded from our initial search were exported to Mendeley, with the help of which duplicates were 
removed. This resulted in 379 studies eligible for title and abstract screening. Eventually, 69 studies were assessed for 
full-text eligibility, out of which 39 were eventually included in our review.10,11,18–54 From these 39 studies, 21 were case 
reports, 16 were case series, and 2 were retrospective studies. Figure 1summarizes each stage.

Figure 1 PRISMA 2020 flow diagram of included studies (n=39). 
Notes: Adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ [Internet]. 2021 
Mar 29 [cited 2022 Sep 3];372.16
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The bias assessment rating for case reports was good for 18, and fair for 3 articles, that for case series was good for 14 
and fair for 2 articles, while both retrospective studies were rated good. Results of bias assessment are present in the 
Supplementary File 2.

Patient Demographics
We had a total of 83 patients in our study with a mean age of 51.4±14.6 years, the youngest patient was 17 years old, and 
the oldest was 87. Data on patient ages was available for 79 cases and showed that our study included 44 (55.7%) 
females.

In our study, 73 (88.0%) of the patients had renal impairment predisposing to the development of NSF, including 69 
with chronic kidney disease (CKD) and 4 with acute kidney injury (AKI). The stage of CKD was given for 39 patients, 
with only 1 (2.6%) patient each having stages 3a and 4 and the rest (94.9%) all having stage 5 CKD. Time elapsed since 
onset of CKD was available for 18 patients and the mean time was 131.1±88.5 (8–336) months. The major causes of 
CKD included diabetes (26.5%), hypertension (32.5%), and autoimmune diseases (21.7%), of which systemic lupus 
erythematosus (SLE) (14.5%) was the most common. Other causes included focal segmental glomerulosclerosis (FSGS), 
IgA nephropathy, hemolytic uremic syndrome (HUS), interstitial nephritis, chronic pyelonephritis, and hypertrophic 
kidney.

Patients also had other comorbidities including neoplasia (12.0%), hepatitis C (2.4%), deep vein thrombosis (DVT) 
(4.8%), thyroid disease (3.6%) and heart disease (7.2%).

Gadolinium use was common in our study, as 66 (79.5%, 95% CI: 70.3–88.4%) patients were exposed to gadolinium-based 
contrast agents in the past.

In this study, 64 (77.1%, 95% CI: 67.5–86.4%) patients were undergoing dialysis at the time they presented with NSF. 
Duration of dialysis was available for 54 (65.1%) of these cases, having an average duration of 78.6±90.8 (0.8–336) 
months. Previous history of kidney transplant was seen in 19 (22.9%) patients.

Patient Symptoms
All patients in our study were affected with either isolated manifestations, or combinations of cutaneous lesions, impaired 
mobility, pain, edema, or anemia. Cutaneous manifestations affecting single or multiple body parts were present in 69 
patients (83.1%, 95% CI: 73.3–90.5%). Restriction in mobility, ranging from mild hand or leg stiffness to complete 
disability was seen in 62 (74.7%, 95% CI: 64.0–83.6%) patients. Pain in movement was reported in 33 (40.0%, 95% CI: 
34.0–58.0%) patients, 18 (21.7%, 95% CI: 13.4–32.1%) presented with edema, and 5 (6.0%, 95% CI: 2.0–13.5%) were 
anemic.

The areas affected and the extent of cutaneous lesions, as well as the severity of mobility impairment are summarized 
in Table 1. In summary, the lower limb (91.3%, 95% CI: 80.5–95.9%) was the most affected body part. The term “lower 
limb” in our study represents any combination of feet, ankles, calves, and thighs, while “upper limb” represents the 
fingers, hands, wrists, forearms, elbows, and arms. The upper and lower limbs presented in conjunction in 41 (59.3%) 
cases. Most studies included in our review mentioned a restriction of movement in patients but did not specify the degree 
to which the mobility was impaired. This restriction of movement was seen in 26 (36.6%, 95% CI: 25.5–48.9%) patients.

Treatments
A variety of treatment modalities were used in our included studies. In 13 (15.9%) patients, many of these treatment 
options were used as part of a combination therapy regimen, the most compared to any other treatment.

In our study, 11 (13.4%) patients each received renal transplant, extracorporeal photopheresis and Ultraviolet (UV)- 
therapy, 9 (11.0%) received sodium thiosulfate, 8 (9.8%) patients each received corticosteroids and imatinib mesylate 
therapies, 5 (6.1%) patients underwent dialysis, 4 (4.9%) used immunosuppressants, and 2 (2.4%) patients received other 
treatments.

Physical therapy is a common NSF treatment, although it was always used in conjunction with other therapies in our 
study. A total of 15 (18.1%) patients in our study received physical therapy.
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We analyzed patient outcomes as improved, stable, or deterioration of disease. An improved outcome was judged 
using the progress of various symptoms. These symptoms included skin induration, thickness, and pigmentation, edema, 
pain, and mobility.

Table 1 Clinical Manifestations

(i) Areas of Cutaneous Involvement

Area Frequency (n=69) Percentage (%) 95% CI

Upper Limb 46 66.7 53.4–76.7

Lower Limb 63 91.3 80.5–95.9

Back 9 12.9 6.1–23.0

Chest 2 2.9 0.3–9.9

Trunk 4 5.7 2.4–15.9

Abdomen 5 7.1 1.6–14.0

Buttocks 10 14.3 7.1–24.7

Eyes 2 2.9 0.3–9.9

Inguinal Region 1 1.4 0.0–7.7

(ii) Extent of Cutaneous Manifestations

Extent Frequency (n=69) Percentage (%) 95% CI

Upper Limba Only 6 8.7 3.3–18.0

Lower Limbb Only 17 24.6 15.1–36.5

Upper and Lower Limb 21 30.4 19.9–42.7

Upper and Lower Limb with 1 other part 15 21.7 12.7–33.3

Upper and Lower Limb with 2 other parts 3 4.3 0.9–12.2

Upper and Lower Limb with 3 other parts 2 2.9 0.4–10.1

Lower Limb with 1 other part 3 4.3 0.9–12.2

Lower Limb with 2 other parts 1 1.4 0.0–7.8

Buttocks and Eyes 1 1.4 0.0–7.8

(iii) Extent of Mobility

Severity Frequency (n=71) Percentage (%) 95% CI

Normal 9 12.7 6.0–22.7

Stiffness 7 9.9 4.1–19.3

Restricted Movementc 26 36.6 25.5–48.9

Contracture 14 19.7 11.2–30.9

Wheelchair Bound 8 11.3 5.0–21.0

Nearly Disabled 5 7.0 2.3–15.7

Fully Disabled 2 2.8 0.3–9.8

Notes: aUpper Limb includes fingers, hands, wrists, forearms, elbows, and arms, bLower Limb includes feet, ankles, calves, and 
thighs, cDegree of movement restriction not specified by authors. 
Abbreviation: CI, confidence interval.
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Ultraviolet Therapy Group
UV therapy included UV-A1, UV-B, and Psoralen plus UV-A (PUVA) therapies. The characteristics of the UV treatment 
group, which had a mean age of 52.0±16.8 years, are summarized in (Table 2). Patients were treated with UV therapy for 
an average of 2.7±1.9 months and were followed up for an average of 15.2 ±8.6 months. Both corticosteroids and 

Table 2 Characteristics of Ultraviolet Therapy Group

(i) Presenting Symptom

Symptom Frequency (n=11) Percentage (%)

Pain 3 27.3

Edema 2 18.2

Anemia 0 0.0

Mobility Impairment 6 54.5

Cutaneous Manifestation 10 90.9

(i) Extent of Cutaneous Manifestation

Number of Areas Involved Frequency (n=10) Percentage (%)

1 4 40.0

2 4 40.0

3 2 20.0

4 0 0.0

(ii) Extent of Mobility

Severity Frequency (n=9) Percentage (%)

Normal 3 33.3

Stiffness 0 0.0

Restricted Movement 4 44.4

Contracture 2 22.2

Wheelchair Bound 0 0.0

Nearly Disabled 0 0.0

Fully Disabled 0 0.0

(iii) Symptoms that Improved

Symptom Frequency (n=10) Percentage (%)

Skin Induration 9 90.0

Skin Thickness 0 0.0

Skin Pigmentation 1 10.0

Edema 1 10.0

Pain 1 10.0

Mobility 3 30.0

Stiffness 1 10.0
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physical therapy were used alongside the UV therapy in 1 (9.1%) patient each, although 1 (9.1%) patient received both 
these additional treatments simultaneously. An overall improvement was reported on 9 (81.8%) occasions, while stable 
disease and deterioration were seen in 1 (9.1%) patient each. Cutaneous manifestations were the most common symptom 
seen in this group of patients with extent ranging from 1 to 3 areas, skin induration improved in 90.0% of these patients.

Renal Transplant Group
Renal transplant was used to achieve a favorable outcome for patients with renal impairment with NSF in 11 cases, with 
a mean age of 43.1±12.1 years. 2 (18.2%) of these patients had already received a kidney transplant in the past. 
Cutaneous manifestations were the most common symptom (9 patients) seen in this group of patients with extent ranging 
from 1 to 3 areas. After transplant, the patients were followed up for 23.2±35.5 months, and data on overall improvement 
was seen for 10 patients of which 8 (80.0%) patients improved and 2 (20.0%) remained stable Furthermore, 2 of the 
patients who received a transplant used corticosteroids after transplant. The various characteristics of patients in the renal 
transplant group are comprehensively described in (Table 3).

Table 3 Characteristics of Renal Transplant Group

(i) Presenting Symptom

Symptom Frequency (n=11) Percentage (%)

Pain 3 27.3

Edema 0 18.2

Anemia 0 0.0

Mobility Impairment 8 72.7

Cutaneous Manifestation 9 81.8

(ii) Extent of Cutaneous Manifestation

Number of Areas Involved Frequency (n=9) Percentage (%)

1 5 55.6

2 1 11.1

3 3 33.3

4 0 0.0

(iii) Extent of Mobility

Severity Frequency (n=9) Percentage (%)

Normal 1 11.1

Stiffness 2 22.2

Restricted Movement 3 33.3

Contracture 2 22.2

Wheelchair Bound 1 11.1

Nearly Disabled 0 0.0

Fully Disabled 0 0.0

(Continued)
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Extracorporeal Photopheresis Group
Extracorporeal photopheresis was given to 11 patients, with mean age 57.1±9.9 years for an average of 10.8±6.5 months. 
Out of them, 9 (81.8%) patients improved, 1 (9.1%) remained stable, and 1 (9.1%) deteriorated over a mean follow-up 
duration of 1.3±0.6 months. The patients treated with extracorporeal photopheresis were more severely affected by NSF 
compared to the UV therapy and transplant groups, as these patients had cutaneous manifestations involving 2 to 4 body 
areas. Also, this treatment was used for 3 patients who were nearly disabled, and none of the patients treated had normal 
mobility. Also, 1 (9.1%) patient was given physical therapy in addition to extracorporeal photopheresis. Other important 
characteristics of these patients are provided in (Table 4).

Combined Therapy Group
The combined therapy regimen included multiple different combinations of renal transplant (2 patients), Ultraviolet 
(UV)-therapy (7 patients), extracorporeal photopheresis (10 patients), sodium thiosulfate (1 patient), acitretin (4 patients), 
corticosteroids (4 patients), immunosuppressants (1 patient), plasmapheresis (1 patient), rituximab (2 patients), and 
cyclophosphamide (1 patient). In this group, 7 (53.8%) of patients had a positive response to combined therapy (Table 5) 
over a mean treatment duration of 11±10.1 months and follow-up of 16±18.9 months, that is, almost an equal proportion 
of patients improved compared to those that did not improve. Relapse was seen in 1 (7.7%) patient.

Dialysis Group
All the patients in the dialysis group were already undergoing dialysis at time of presentation with NSF. The mean 
duration of dialysis was 21.2±17.7 months, ranging from 1 to 53 months. Outcome detail was available for 4 patients, 
and the condition of 1 (25.0%) patient improved, while 3 (75.0%) deteriorated (Table 5). All 4 of these patients used 
immunosuppressants alongside their dialysis.

Imatinib Mesylate Group
Patients were treated with imatinib mesylate for an average of 6.0±4.5 months. Additionally, corticosteroids were 
provided to 1 (20.0%) patient, and 3 (60.0%) patients received physical therapy. 2 (25.0%) patients reported a relapse 
of their condition over 13 months and 12.5 months of follow-up, respectively. All imatinib patients reported an 
improvement in symptoms (Table 5) over a mean follow-up of 10.4±4.1 months.

Corticosteroid Group
Patients using solely corticosteroids were followed up for an average of 57.8±65.0 months. This group had 3 (37.5%) 
patients who improved, 3 (37.5%) who remained stable, and 2 (25.0%) who deteriorated (Table 5). As can be seen, less 
patients improved compared to those that did not improve.

Table 3 (Continued). 

(iv) Symptoms that Improved

Symptom Frequency (n=9) Percentage (%)

Skin Induration 8 88.9

Skin Thickness 1 11.1

Skin Pigmentation 2 22.2

Edema 0 0.0

Pain 0 0.0

Mobility 6 66.7

Stiffness 2 22.2
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Sodium Thiosulfate Group
Patients were treated for an average of 3.4±1.4 months. In this group, 3 (50.0%) patients received physical therapy. Data 
on outcome were available for 6 patients in this group, and none of the patients reported a deterioration in their condition, 
as 3 (50.0%) improved and 3 (50.0%) remained stable (Table 5) over an average of 7.2±2.9 months.

Table 4 Characteristics of Extracorporeal Photopheresis Group

(i) Presenting Symptom

Symptom Frequency (n=11) Percentage (%)

Pain 6 54.5

Edema 2 18.2

Anemia 1 9.1

Mobility Impairment 8 72.7

Cutaneous Manifestation 10 90.9

(ii) Extent of cutaneous manifestation

Number of Areas Involved Frequency (n=10) Percentage (%)

1 0 0.0

2 4 40.0

3 5 50.0

4 1 10.0

(iii) Extent of Mobility

Severity Frequency (n=8) Percentage (%)

Normal 0 0.0

Stiffness 0 0.0

Restricted Movement 1 12.5

Contracture 3 37.5

Wheelchair Bound 1 12.5

Nearly Disabled 3 37.5

Fully Disabled 0 0.0

(iv) Symptoms that Improved

Symptom Frequency (n=9) Percentage (%)

Skin Induration 8 88.9

Skin Thickness 0 0.0

Skin Pigmentation 0 0.0

Edema 0 0.0

Pain 0 0.0

Mobility 6 66.7

Stiffness 1 11.1
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Immunosuppressant Group
Physical therapy was provided to 2 (50.0%) patients using immunosuppressants. Data on duration of treatment and 
follow-up were available for only 1 patient, and both these times were 8 months. Patients either improved (50.0%) or 
remained stable (50.0%) (Table 5).

Other Treatment Groups
Other treatments included intravenous immunoglobulin, plasma exchange and plasma therapy, for an average of 0.75 
±0.25 months. Fifty percent of the patients improved, and 50.0% of the patients remained stable (Table 5) over an 
average follow-up duration of 9±3 months.

Outcomes
We evaluated the data of 76 patients for whom details on outcome were provided and found 51 (67.1%, 95% CI: 55.4– 
77.5%) to have an overall improvement, 16 (21.1%, 95% CI: 12.5–31.9%) to have remained stable, and 9 (11.8%, 95% 
CI: 5.6–21.3%) patients to have deteriorated. Skin induration improved in 45 patients, pigmentation, and thickness in 4 
patients each. Edema and pain became better for 5 patients each, while 32 patients reported better mobility and 7 reported 
an improvement in their stiffness. Although these measures provided a good estimate of the outcome in most cases, there 
was an eventual deterioration in 2 cases despite individual improvement of the symptoms.

Chi-square test was done to find relationships between clinical symptoms and the outcome. We found that mobility, 
pain, anemia, and edema were all non-significantly related. Another chi-square test determined that the modality of 
treatment used is significantly related to the outcome (p=0.015), these details are summarized in Table 5.

Relapse was rarely seen among patients, as only 5 (6.0%) patients experienced a return of their disease after 
improvement.

In this review, 9 patients died, but the cause of death in all these patients was either unknown, or due to reasons 
unrelated to NSF such as pneumonia, carcinoma, and sepsis. Only 1 patient died due to kidney-related complications.

Discussion
Nephrogenic systemic fibrosis is a rare disease discovered in 1997, defined as a multiorgan failure that is progressive in 
nature. It is mainly reported as an iatrogenic disease of the skin as most of the thickening of the skin and subcutaneous 
tissue arises secondary to exposure to gadolinium-based contrast agents (GBCAs).8,55

Table 5 Treatment Modality vs Outcome

Modality of Treatment Improved (n=51) Stable (n=16) Deteriorated (n=9) Total p-value

Immunosuppressants 2 (2.6%) 2 (2.6%) 0 (0.0%) 4 (5.2%) 0.015

Renal Transplant 8 (10.5%) 2 (2.6%) 0 (0.0%) 10 (13.2%)

Extracorporeal Photopheresis 9 (11.8%) 1 (1.3%) 1 (1.3%) 11 (14.5%)

Sodium Thiosulfate 3 (3.9%) 3 (3.9%) 0 (0.0%) 6 (7.9%)

UV Therapy 9 (11.8%) 1 (1.3%) 1 (1.3%) 11 (14.5%)

Corticosteroids 3 (3.9%) 3 (3.9%) 2 (2.6%) 8 (10.5%)

Imatinib Mesylate 7 (9.2%) 0 (0.0%) 0 (0.0%) 7 (9.2%)

Dialysis 1 (1.3%) 0 (0.0%) 3 (3.9%) 4 (5.3%)

Combination Therapy 7 (9.2%) 4 (5.3%) 2 (2.6%) 13 (17.1%)

Other Treatmentsa 2 (2.6%) 0 (0.0%) 0 (0.0%) 2 (2.6%)

Note: aOther treatments included intravenous immunoglobulin, plasma exchange and plasma therapy.
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GBCAs are used intravenously to improve MRI images. A strong link between GBCAs and NSF was reported in the 
early 2000s, with around 500 cases reported from 1997 to 2007.8,56,57 In our study, 79.5% of the patients were exposed to 
GBCAs. Literature reports that patients with renal insufficiency, especially stage 4 or 5 CKD, are more prone to 
developing NSF.58 Similarly, in our study, 88% of the patients had renal impairment. In addition, in patients where 
CKD stage was reported, 94.9% of the patients had stage 5 CKD.

The exact mechanism by which NSF develops post GBCAs exposure is unknown; however, it is hypothesized that 
chelation of gadolinium to form free gadolinium from its compound, which then reacts with macrophages and mono
cytes, eliciting a cascading response from these cells to produce cytokines, chemokines, profibrotic cytokines and 
collagen which in turn leads to fibrosis of organs, is one of the possible mechanisms.8,59 The other suggested pathway 
is gadolinium ion-induced continuous formation of transforming growth factor-beta 1 and dendritic cell maturation 
leading to unrestrained soft tissue collagen deposition.52 Moreover, the strong association of NFS with renal impairment 
is thought to be due to the slow excretion of the contrast material from the body, increasing the chances of gadolinium 
chelation and tissue deposition through the process of transmetalation with calcium, copper, iron, and zinc ions in the 
body, which are present in greater concentrations in individuals with impaired renal function, which may possibly lead to 
greater tissue deposition of gadolinium, hence increasing the possibility of developing toxicities.8,60 However, GBCAs 
exposure is not necessary for developing NSF; in our study, 17 patients that developed NSF had no history of GBCAs’ 
exposure. Any event, such as surgery, infection, or malignancy that can induce an inflammatory state in the body can be 
the reasoning behind NSF in these patients; however, the exact mechanism by which this happens is not known.61

The clinical signs and symptoms range depending on the severity of the disease. Initially, it presents with pain, 
pruritis, and edema and then progresses to develop skin tightening and hyperpigmentation. In the latter stages, skin 
induration begins, also known as “peau d’orange” appearance, which leads to the development of contractures and 
restricts mobility.8,62 In our study, 83% of the patients had cutaneous manifestations, while 74.7% had some form of 
mobility issues, ranging from mild stiffness to complete disability. In 36.6% of the patients, the disease progressed to the 
point of mobility restriction, which was the most reported mobility issue. Progression to complete disability was reported 
only 2.8% of the time. The literature suggests that the disease commonly involves the limbs and always spares the face; 
moreover, it is not uncommon for both limbs to be involved.61 Our study’s findings mostly support this, as, in our study, 
91.3% of the patients had manifestations in the lower limb, making the lower limb the most affected area. Both limbs 
were most frequently involved (30%), with just a slightly less percentage of patients presenting with manifestation only 
in their upper limb (24.6%) and all three, upper limb, lower limb, and one more body part (21.7%). Even though it is an 
unusual finding, two of the patients reported ocular involvement, which goes against the idea that NFS does not appear 
on the facial skin.

Until now, no treatment has proven to be effective for NSF.59 Various treatment regimens have been employed, which 
result in variable success, as prognosis greatly depends on the severity of the disease. Hence, treating impaired renal 
function is crucial as it halts the progression to its severe forms and may simultaneously improve the symptoms of NFS. 
In addition, multiple studies have reported either stability or improvement in the NFS manifestations after renal 
transplant.11,59,63,64 However, renal transplant itself is not the treatment of NSF rather it indirectly effects in the 
improvement of symptoms by directly improving renal function. Our study finds that 80% of the patients who went 
through renal transplants improved, while the rest remained stable UV-A therapy has proven successful in multiple cases; 
it blocks the procollagen and TGF-β1 production, improving skin thickness.52 Similarly, in our study, UV therapy was 
found to be beneficial, with around 82% of the patients who underwent UV therapy reporting an overall improvement in 
their condition, 90% of these patients experienced an improvement in cutaneous manifestations, and 54.5% improved in 
terms of mobility. Extracorporeal Photopheresis was also a successful treatment, with 81.1% of the patients improving 
overall; however, 9.1% deteriorated. This can perhaps be explained by the more severe manifestations in this group. 
Imatinib mesylate was another treatment that led to improved conditions in all the patients who were administered the 
drug. The use of corticosteroids resulted in a variable response, with a more significant percentage of the patients 
deteriorating compared to patients with another treatment regimen. In the case of NSF, some of the symptoms improving 
does not translate to the overall improvement in disease. Hence, different frequencies are seen between the two 
improvements.
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The prognosis of this disease and effectivity of the treatment almost depends on the extent of the disease. If the 
condition progresses from the skin to visceral fibrosis, chances of symptoms regression on the improvement of kidney 
function decrease. A higher mortality rate is reported in patients with visceral involvement, particularly in the cardiac and 
respiratory systems. Mortality due to NSF can be due to worsening renal function due to fibrosis of the tubules, 
cardiomyopathy, or even falls.65,66 In our study, the mortality rate was 10.8%. However, only one patient died due to 
NFS. One important observation from literature was that majority of cases of NSF that developed in patients were 
because of linear gadolinium-based contrast and no other medium was found to cause severed complications like NSF 
with this frequency and incidence.67

A major limitation of this study was the small sample size for each treatment option that was analyzed, which is why 
a more extensive analysis could not be done. There were not many studies that provided data on either clinical 
presentation or outcome along with the treatment used, which was needed so that relationships can be developed 
between treatment, and either or both variables. Moreover, since information regarding whether all cases of NSF were 
diagnosed through skin biopsy or not was not possible to be extracted due to the limitation of literature, this was another 
limitation of the literature and in turn the study itself. Furthermore, the small sample sizes also do not allow us to 
generalize our findings to the entire population. There was a lack of standardization between included studies and those 
used for comparison. However, our study can be used to produce better results as more data is available in the future, 
hence determining a better estimate of the efficacies of treatment options used.

Conclusion
Our research aimed to collect studies that reported data on the different clinical manifestations and their extent, as well as the 
different treatment options and their outcomes in patients of NSF. Hence, we report the common findings and highlight the 
efficacies of the most used treatment modalities. The commonly seen symptoms were cutaneous lesions (83.1%) and impaired 
mobility (74.7%). We have found that the most used treatments for the disease are UV-therapy, renal transplant, and 
extracorporeal photopheresis, these treatments were used in 13.4% of the patients each. UV-therapy yielded improvement 
in 81.8% of the patients, renal transplant in 80.0% of the patients, and extracorporeal photopheresis in 81.8% of the patients. 
Modality of treatment used was significantly related to outcome (p=0.015). Using the results of our study, future researchers 
may be able to develop comprehensive treatment guidelines for the condition based on the various presenting symptoms.

Summary at a Glance
A comprehensive systematic review was conducted, to identify the association of Nephrogenic Systemic Fibrosis (NSF) with 
kidney disease. We had 83 patients in this review and found that most patients improved with no long-term consequences.
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