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Background: Renal and urological complications are the main causes of mortality and morbidity associated with spinal cord injury (SCI).
Besides clinical risk factors, there are environmental predisposing factors making a patient prone to develop any complications.
Objectives: The present study aimed to evaluate the risk factors of developing nephrolithiasis, urinary tract infection, hydronephrosis
and renal failure, as the main renal and urological complications in the SCI patients.

Materials and Methods: The database of SCI patients of State Welfare Organization of Iran (SWOI) was used for data gathering. The data
were collected between 2008 and 2010 by 222 separate teams consisting of 6 mobile rehabilitation team members. The independent
risk factors of developing nephrolithiasis, urinary tract infection, hydronephrosis and renal failure were recognized by controlling the
confounders after entering all biologically plausible variables in multivariate regression models.

Results: Complete information was available for 5901 (72.59%) of the patients. Urologic and renal complications were reported in 2358
(40%) of the patients among which 286 (4.8%) had chronic renal failure, 127(2.2%) from hydronephrosis, 307 (5.2%) from nephrolithiasis and
2138 (36.2%) from urinary tract infection. Generally, renal and urological complications associated with old age, and more time since SCI;
however, lumbar level of injury and living in rural area negatively correlated with renal and urological complications.

Conclusions: SCI patients with and without renal and urological complications are different regarding demographic and environmental
factors; hence, it is necessary to determine the modifiable risk factors in to design preventive programs.
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results in urinary stasis and ultimately bacterial over-
growth and urinary infection. Hence, the bacteria move
from the distal parts to the sterile proximal ducts. Fur-
thermore, the obstruction resulted from nephrolithiasis
can cause urinary reflux from bladder to the ureters and
finally pyelocaliceal system leading to hydronephrosis
(9).If not treated, any of the three above mentioned com-
plications might result in renal failure.

1. Background

Spinal cord injury (SCI) is a disabling condition with an
annual incidence of 11000 per year in the United States
(1, 2). The injury may lead to a group of primary and sec-
ondary complications such as sensory, motor and auto-
nomic disorders, immobility, neurogenic bladder and
bowel dysfunction (3, 4). The secondary complications
following SCI may be lifelong injuries and are the leading
causes of morbidity and mortality among the patients

with SCI. These complications impose a high cost to the 2. Objectives

patient and the healthcare system resulting in signifi-
cant decrease in the patient's quality of life (5, 6). Renal
and urological complications are among the secondary
complications and main causes of morbidity and mortal-
ity in SCI patients (1, 7).

It is estimated that about 8% of patients with SCI expe-
rience an episode of nephrolithiasis during their life
(8) with an increased incidence during the first three
months after SCI (3). Development of nephrolithiasis

Although timely diagnosis and treatment of these com-
plications ar important, an early diagnosis in SCI pa-
tients is difficult due to impaired sensorineural function.
Although there are many clinical risk factors for renal
and urological complications in SCI patients, the results
in different studies are controversial. Besides, there are
environmental predisposing factors that make a patient
prone to develop any complications. As a result, the pres-
ent study aimed to evaluate the risk factors for develop-

Implication for health policy/practice/research/medical education:

Today many of war complications can be observed in the soldiers who have suffered from a quiver in their spinal cord. Some of these complications are
directly related to spinal cord injury, and some others are their results. The current study aimed to provide a framework for understanding the renal and
urological complications of spinal cord injuries.
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ing nephrolithiasis, urinary infection, hydronephrosis
and renal failure in the SCI patients under the coverage
of State Welfare Organization of Iran.

3. Materials and Methods

The study protocol was approved by the ethics commit-
tee of Sina Trauma and Surgery Research Center, Tehran
University of Medical Sciences. The database of SCI pa-
tients of State Welfare Organization of Iran (SWOI) was
used for data gathering. SWOI provides social, financial,
medical, and rehabilitative supports for disabled people
primarily in low socioeconomic classes, after confirma-
tion of the presence of the disability (here as SCI) by the
medical care providers of the organization.

The data were collected between 2008 and 2010 by 222
separate teams consisting of 6 mobile rehabilitation
team members including a physiotherapist, a general
practitioner, a psychologist, an occupational therapist, a
social worker, and a nurse. A detailed questionnaire was
filled by the trained members of the mobile rehabilita-
tion team who personally examined all patients and
took a relevant history. The questionnaire included the
information on sex, age, age at SCI, time since SCI, level
of injury, educational level, occupational status, living
place, marital status, having a caregiver and type of in-
jury (traumatic or non-traumatic). Pertinent laboratory
tests and advanced imaging studies were collected where
necessary. In each city, a neurosurgeon or an orthopedic
surgeon confirmed the diagnosis of SCI in the individuals
and the diagnosis and treatment of renal and urological

complications including chronic renal failure, hydrone-
phrosis, nephrolithiasis and urinary tract infection were
performed by an internist.

SPSS software version 16.00 (SPSS Inc., Chicago, IL) was
employed to perform statistical analysis. Kolmogorov-
Smirnov test was used to check normal distribution of
the ordinal variables, as well as the variables among time
intervals as they were recorded in an ordered scale. Uni-
variate analysis and chi-square test were used to identify
the primary risk factors of renal and urological complica-
tions. Then, in 5 multivariate regression models, the inde-
pendent risk factors of renal or urological complications,
chronic renal failure, hydronephrosis, nephrolithiasis
and urinary tract infection were recognized by control-
ling the confounders after entering all biologically plau-
sible variables with a P-value less than 0.1 in univariate
analysis and removing them in a backward process.

4. Results

A total of 8129 SCI patients included in the database;
however, the data for 2228 (27.41%) patients were in-
complete, remaining 5901 cases for the final analysis.
Traumatic SCI was the main cause of disability in 3664
(62.1%) patients; the etiologies of the non-traumatic SCI
are presented in Table 1. Urologic and renal complica-
tions were reported in 2358 (40%) of the patients among,
which 1522 (64.5%) had traumatic SCI. The causes of URCs
included CRF in 286 (4.8%), hydronephrosis in 127 (2.2%),
nephrolithiasis in 307 (5.2%), and UTI in 2138 (36.2%) of
the patients.

Table 1. Causes of Non-traumatic Spinal Cord Injury Among the Study Population (Frequency; %).

Cause Total, No. (%) (n=2237)? With URCP, No. (%) (n=836)° Without URC, No. (%) (n=1401)°
Congenital 868 (38.8) 327(39.11) 541(38.62)

Tumor 267 (11.9) 106 (12.68) 161 (11.49)

Infection 128 (5.7) 64 (7.66) 64 (4.57)

Canal stenosis 116 (5.2) 45(5.38) 71(5.07)

Genetic disorders 111(5.0) 32(3.83) 79 (5.64)

Iatrogenic 69 (3.1) 28(3.35) 41(2.93)

Scoliosis 69 (3.1) 23(2.75) 46 (3.28)

Other 609 (27.2) 211(25.24) 398(28.41)

4 The percentages are reported considering the total number of patients with SCI as the denominator.

Abbreviations: URC; urological and renal complications.

€ The percentages are reported considering the total number of each cause as the denominator.

Univariate regression analysis revealed that presence of
URCs was associated with age, age at SCI, time since SCI,
living place, level of injury and type of injury. Besides,
such association was observed between CRF and age, time
since SCI, having a caregiver at home and type of injury,
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between hydronephrosis and age at SCI, education level
and marital status, between nephrolithiasis and sex, age,
age at SCI, time since SCI and level of injury, and between
UTI and age, age at SCI, level of injury, living place, having
a caregiver at home and type of injury (Table 2).
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Table 2. Characteristics of All Patients With SCI and the Variables Associated With a Higher Frequency of Renal and Urological Complications.

Variable RUC}(n=2358), CRF¥(n=286), HN}n=127), NL}n=307), UTP(n= Total (n =),
No. (%) No. (%) No. (%) No. (%) 2138),No. (%) No.(%)

Sex

Female 643(39.14) 81(4.93) 38(2.31) 63(3.83) 582 (35.42) 1643 (100)

Male 1715 (40.28) 205 (4.81) 89 (2.09) 244P(5.73) 1556 (36.54) 4258 (100)
Age,y

>10 148 (29.54) 14 (2.79) 11(2.20) 9(1.80) 139 (27.74) 501(100)

1120 296P(40.88) 32(4.42) 18 (2.49) 35P(4.83) 270P(37.29) 724 (100)

21-50 15320(40.88) 187°(4.99) 79 (2.11) 214P(5.71) 13820(36.87)  3748(100)

>50 382P(41.16) 530(5.71) 19 (2.05) 49P(5.28) 3470(37.39) 928 (100)
Age at SCI, y

0-1 398(36.18) 44 (4.0) 30 (2.73) 42(3.82) 371(33.73) 1100 (100)

220 582D(42.45) 75 (5.47) 40 (2.92) 83P(6.05) 517°(37.71) 1371(100)

>20 1378P(40.17) 167 (4.87) 57%(1.66) 182P(5.31) 1250 (36.44) 3430 (100)
Time since SCI, y

<1 273 (37.50) 19 (2.61%) 10 (1.37) 17(2.34) 250 (34.34) 728 (100)

1-5 691(37.01) 75 (4.02%) 37(1.98) 68 (3.64) 631(33.80%) 1867 (100)

<5 1394P(42.17) 192P(5.81) 80 (2.42) 222°(6.72) 1257(38.02) 3306 (100)
Level of injury

Cervical 418 (42.14) 49 (4.94) 17 (1.71) 62(6.25) 373 (37.60) 992 (100)

Thoracic 626 (45.0) 54 (3.88) 36 (2.59) 82(5.90) 585P(42.06) 1391(100)

Lumbar 13145(37.35) 183(5.20) 74 (2.10) 163(4.63) 1180(33.54) 3518 (100)
Education level

< High school 1668 (39.75) 205 (4.89) 83(1.98) 220 (5.24) 1527(36.39) 4196 (100)

High school/college 602 (41.29) 74 (5.08) 435(2.95) 74 (5.08) 535(36.69) 1458 (100)

> Bachelor's degree 88(35.63) 7(2.83) 1(0.40) 13(5.26) 76 (30.77) 247(100)

Occupational status

Employed 192 (42.29) 23(5.07) 8(1.76) 32(7.05) 168 (37.0) 454 (100)

Retired 100 (47.85) 10 (4.78) 7(3.35) 13(6.22) 90 (43.06) 209 (100)

Unemployed 2066 (39.44) 253 (4.83) 112 (2.14) 262(5.0) 1880 (35.89) 5238 (100)
Living place

Urban 1806 (41.01) 210 (4.77) 96 (2.18) 219 (4.97) 1636 (37.15) 4404 (100)

Rural 5525(36.87) 76 (5.08) 31(2.07) 88(5.88) 502%(33.53) 1497 (100)
Marital status

Married 1188 (39.13) 146 (4.81) 48(1.58) 161(5.30) 1066 (35.11) 3036 (100)

Single 1170 (40.85) 140 (4.89) 79b(2.76) 146 (5.10) 1072 (37.43) 2864 (100)
Caregiver at home

Yes 2178 (40.30) 249 (4.61) 119 (2.20) 279 (5.16) 1987(36.76) 5405b(100)

No 180 (36.29) 37b(7.46) 8(1.61) 28(5.65) 1514(30.44) 496 (100)
Type of injury

Traumatic 836 (37.37) 127 (5.68) 49(219) 104 (4.65) 749 (33.48) 2237(100)

Non-traumatic 1522P(41.54) 159%(4.34) 78 (2.13) 203(5.54) 1389°(37.91) 3664 (100)

2 Abbreviations: RUC, renal and urological complications; CRF, chronic renal failure; HN, hydronephrosis; NL, nephrolithiasis; UTI, urinary tract
infection.

Significantly higher in frequency than the first group; P value < 0.05.
Csignificantly lower in frequency than the first group; P value < 0.05.
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The results of multivariate regression analysis are
shown in Tables 3, 4, 5,6 and 7.

Table 7. Risk Factors of Urinary Tract Infection in Patients With
Spinal Cord Injury.

Table 3. Risk Factors of Renal and Urological Complications in
Patients With Spinal Cord Injury.

Risk Factor OddsRatio  Pvalue
Age,y
11-20 153 0.001
21-50 151 0.001
>50 1.48 0.001
Time since SCI: > 5 years 127 0.006
Level of injury: lumbar 0.83 0.013
Living place: rural 0.85 0.010

4 Abbreviation: SCI; spinal cord injury.

Table 4. Risk Factors of Chronic Renal Failure in Patients With
Spinal Cord Injury.

Risk Factor OddsRatio  Pvalue
Age at SCI?
1-20 years 1.81 0.004
> 20 years 174 0.005
Time since SCI: > 5 years 218 0.002
No caregiver at home 153 0.021
Non-traumatic SCI 0.65 0.002

4 Abbreviation: SCI, spinal cord injury.

Table 5. Risk Factors of Hydronephrosis in Patients With Spinal
Cord Injury.

Risk Factor Odds Ratio  Pvalue
Age at SCI%: > 20 years 0.59 0.021
Education level: high school/ 1.51 0.034

college

4 Abbreviation: SCI, spinal cord injury.

Table 6. Risk Factors of Nephrolithiasis in Patients With Spinal
Cord Injury.

Risk Factor Odds Ratio Pvalue
Female sex 1.48 0.008
Age,y
11-20 2.28 0.031
21-50 2.57 0.007
>50 211 0.045
Time since SCI%: > 5 years 330 <0.001
Level of injury: lumbar 0.71 0.028

4 Abbreviation: SCI, spinal cord injury.
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Risk Factor Odds Ratio Pvalue
Age,y
11-20 143 0.007
21-50 137 0.007
>50 133 0.029
Time since SCI%: > 5 years 1.25 0.010
Level of injury
Thoracic 119 0.043
Lumbar 0.85 0.030
Education level: 2bachelor's 0.67 0.005
degree
Living place: rural 0.84 0.008
No caregiver at home 0.75 0.005

a Abbreviation: SCI, spinal cord injury

5.Discussion

In the present study, the renal and urological compli-
cations and the associated factors were evaluated in the
patients with SCI. Renal and urological complications
including chronic renal failure (4.8%), hydronephrosis
(2.2%), nephrolithiasis (5.2%), and urinary tract infection
(36.2%) were present in 40% of the patients. Older age, dis-
ability duration more than 5 years, level of injury at lum-
bar spine and living in rural area were found as the risk
factors for development of renal and urological compli-
cations. Regarding each of the complications individual-
ly, chronic renal failure was directly associated with older
age, disability duration more than 5 years and lack of
caregiver at home; however, traumatic SCI was associated
with reduced risk of renal and urological complications.
Moreover, hydronephrosis had a significant positive cor-
relation with age at SCI more than 20 years and educa-
tional level higher than high school/college. There was
a significantly higher risk of having renal stone among
the females, the elderly and those with longer disability
duration while SCI level at lumbar spine was associated
with a lower risk of nephrolithiasis. Considering UTI, a
significantly positive correlation was observed between
UTI and old age, longer disability duration and SCI level at
thoracic spine. However, educational level = bachelor’s
degree, SCI level at lumbar spine, living in rural area and
lack of a caregiver at home were negatively associated
with UTL

Patients with SCI are at higher risk of developing sys-
temic infections due to their neurological condition. UTI
is the most common urological complication in these
patients, frequently leading to sepsis, hospitalization
and mortality (10, 11). The prevalence of UTI in the present
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study was estimated to be 36.2% generally. The estimated
prevalence is significantly higher than that of general
population which is reported to be from 1% in school-aged
girls to more than 20% in females older than 80 and 1-7%
among the males (12, 13); UTI prevalence among females
between 16 to 35 years old is approximately 10% annually
with a life-long risk of 60% (14, 15) and in males older than
75 years is between 7%-10% (16). In the present study, gen-
der was not a risk factor for UTI. One of the main causes of
lower UTI prevalence among males in general population
compared with females is longer urethral length in men;
however, urethra loses its protective effect in SCI patients
due to frequent catheterization which can explain the
equal UTI prevalence among males and females in this
study. As in this study, old age is also associated with an
increased risk of developing UTI in general population.
Since SCI patients with long-term catheterization are
prone to bacterial colonization in their urinary tracts,
longer disability duration is also associated with higher
risk of developing UTI. Among all levels of SCI, the high-
est risk of developing urinary disorders is in cervical and
thoracic spine injuries as in these levels of injury, blad-
der is dyssynergic (17) and the uncontrolled detrusor con-
traction results in a high internal pressure in the bladder
(18). Furthermore, patients with SCI level at cervical spine
are more dependent than others in performing their dai-
ly activities resulting in a less attention to their personal
health. Therefore, intestinal bacterial flora overgrows on
their skin migrating to urinary tract and bladder; this
shows the necessity of educating patients with more dis-
ability to reduce infection expansion. Simple educations
such as hand washing by the caregivers before assisting
the SCI patient has been mentioned by Esclarin (19) as an
effective method in preventing infections. In addition,
Stamm introduced periodic training of the hospital staff
as an effective method in preventing UTI (20). Higher risk
of UTI was observed when intermittent catheterization
was personal by a nurse at home compared to personal
catheterization (21); this could be attributed to the pa-
tient's more attention to his or her personal health.
Vesicourethral sphincter dysfunction occurs due to
high pressure in bladder and recurrent UTI. Incomplete
bladder emptying results in urinary retention as a nucle-
us for infection and stone. Moreover, low bladder capac-
ity and dysfunction of the outer sphincter lead to urine
stasis and higher pressure of the detrusor muscle during
bladder filling (22, 23); these results in urinary reflux and
dilatation of the ureters and finally renal pelvis which is
called hydronephrosis. In the present study, the preva-
lence of hydronephrosis was 2.2%. The prevalence of vesi-
coureteral reflux in SCI patients has been estimated as
17% to 25% (24, 25). The real prevalence of hydronephrosis
among SCI patients might be higher than the estimated
amount in the present study because we evaluated the
patients' medical records retrospectively and only the
symptomatic patients treated for hydronephrosis were
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identified. This complication was positively associated
with age at SCI, more than 20 years old, which is consis-
tent with the study by McKinley reporting higher preva-
lence of hydronephrosis in the patients older than 60
years compared to those younger than 40 years (26). Low-
er educational level is associated with reduced attention
to personal health which justifies the positive association
between hydronephrosis and lower educational level in
the present study.

Persistent injury to the urinary system by untreated UTI
and hydronephrosis results in impaired renal function
due to the scars caused by urinary reflux; this may result
in chronicrenal failure. Urinary reflux has been known as
a risk factor of pyelonephritis; impaired pain sensation
in SCI patients hides flank pain as a symptom of pyelo-
nephritis, and this may act as a predisposing factor for
developing renal failure in these patients in long term.
The prevalence of chronic renal failure was estimated as
4.8% in the present study. The prevalence of end stage re-
nal disease in general population is estimated to be 1699
in one million individuals (0.17%) (27). It is clear that a
longer duration of SCI as a predisposing factor of renal
complication increases the risk of developing chronic re-
nal failure. Furthermore, lack of a caregiver for a patient
who is not able to take care of him/herself provides a con-
dition for developing all types of renal complications re-
sulting in chronic renal failure.

Besides the disorders in urination system, about 2.0 to
7% of SCI patients experience at least one episode of renal
stone during 10 years (3, 28). Renal stones mainly result
from early hypercalciuria after SCI (> 200 milligram in
24 hours) which begins about 4 weeks after SCI, reaching
the maximum level after 16 weeks. However, several years
after the injury, most of the renal stones are secondary to
infections (26). The prevalence of renal stones in the pa-
tients of the present study was 5.2% which is remarkably
higher than that of the general population estimated to
be 0.4-2 in 1000 individuals with a life-long risk of 12% (3).
Furthermore, higher risk of developing renal stone in pa-
tients with more severe SCI has been attributed to more
impaired metabolism of minerals in these individuals
(29). Although renal stones smaller than 1 centimeter
can be followed without any intervention, about half of
the SCI patients with these stones would be symptomatic
within 5 years, and about a half of the symptomatic pa-
tients would need invasive interventions (3). One way of
passing on small stones is to use excessive fluids and take
sufficient exercise; however, as the SCI patients poorly
get exercise, development of a small stone can act as a
nucleus for deposition of other minerals providing con-
ditions for urinary stasis and other renal complications.
Moreover, as a result of impaired sensory system in SCI
patients the pain resulted from ureteral obstruction is
not well sensed by the patients.

To our knowledge, the present study is the largest cross-
sectional study in Iran evaluating renal and urological
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complication in SCI patients; however, there were several
limitations due to the retrospective and cross-sectional
nature of the study. Our data base was not able to evalu-
ate the effects of other factors such as underlying diseas-
es, method of bladder management and changes in the
methods of bladder management during the past years.
However, catheterization method widely varies during
the years after SCI and it is difficult to determine a domi-
nant method for each patient. Furthermore, we did not
determine the time priority of UTI and renal stone in pa-
tients which made us unable to find out the cause and ef-
fect relation between these two complications. Since the
present study was conducted on the patients under the
coverage of State Welfare Organization which mostly has
a low socioeconomic state, the findings may not be gen-
eralized to patients with higher socioeconomic states.
Moreover, the real prevalence of the renal and urological
complications might be more or less if the patients omit-
ted from the final analysis due to incomplete data were
included. However, according to the large sample size of
the study, the results seem considerable. Since some of
the studies have assessed the complications in the acute
phase after SCI, the present study is of the few studies
evaluating the risk factors of developing renal and uro-
logical complications during the subsequent years fol-
lowing SCI.

Conclusion: demographic and environmental factors are
different among the SCI patients with and without renal
and urological complications suggesting their role in the
development of these complications. Regarding the higher
risk of developing renal and urological complications in SCI
patients, more studies are necessary to determine the modi-
fiable factors in patients' lifestyle to design preventive plans
to adjust these risk factors.
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