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Abstract
Background Lower urinary tract symptoms (LUTS) and
urinary bother have been reported in adults undergoing
surgery and have been associated with urinary tract infec-
tions, longer hospital stays, increased surgical costs, and
decreased patient satisfaction. Previous reports indicate
that up to one in two patients with lumbar spine pathology
have moderate-to-severe LUTS, but little is known about
LUTS in patients with cervical spine conditions.
Questions/purposes (1)What is the prevalence ofmoderate-
to-severe LUTS and clinically relevant urinary bother among
patients undergoing elective cervical spine surgery? (2) Does
the presence of myelopathy affect frequency of moderate-
to-severe LUTS or clinically relevant urinary bother among
patients undergoing elective cervical spine surgery? (3) Do
MRI findings of spinal cord injury or compression correlate
with presence and severity of LUTS?

Methods We performed a cross-sectional study using
clinical data collected from adult patients undergoing
elective cervical spine surgery. Over an approximately 30-
month period, we approached all patients who were eval-
uated in the preoperative clinic before undergoing elective
cervical spine surgery. Of the 257 approached, 242 par-
ticipated (94%). Study participants ranged in age from 34
to 83 years with a mean age of 58 years (SD 12). There
were 108 males (45%) and 134 females (55%). A validated
questionnaire, the International Prostate Symptom Score
(IPSS), was used to identify LUTS. The IPSS score ranges
from 0 to 35 points with LUTS presence defined as a score
of$ 8 and LUTS severity categorized as mild (IPSS 0-7),
moderate (IPSS 8-19), or severe (IPSS 20-35). Quality of
life resulting from urinary bother is scored 0 to 6 with
scores $ 4 considered clinically relevant urinary bother.
Patients were grouped into a myelopathy group and a
nonmyelopathy group based on diagnosis as assigned by
the operating surgeon. MRIs were analyzed by one spine
surgeon to identify the presence of cord signal, number of
levels with cord compression (mm), and a calculated
compression ratio score with cord compression and with
compression ratio among patients with myelopathy.
Results The prevalence of moderate LUTS in our patient
sample was 40% (97 of 242; 95% confidence interval [CI],
34%–47%). The prevalence of severe LUTS in our patient
sample was 8% (19 of 242; 95% CI, 5%–12%). Clinically
relevant urinary bother was reported in 18% of patients
(41 of 228; 95% CI, 13%–24%). After adjustment for age
and sex, the odds of moderate-to-severe LUTS among
patients with myelopathy was greater than that observed in
patients without myelopathy (adjusted odds ratio, 2.0; p =
0.015). The prevalence of clinically relevant urinary bother
was higher in patients with myelopathy (30% [26 of 88])
compared with those with no myelopathy (11% [15 of
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140]; p < 0.001).With the numbers available, amongpatients
with myelopathy, there was no difference in distribution of
LUTS symptom severity or IPSS score according to cord
signal presence (50% [23 of 46]) and absence (65% [31 of
48]; p = 0.153), number of levels with compression (70%
[seven of 10 with four levels]; 59% [13 of 22 with three
levels]; 51% [19 of 37] with two levels; and 60% [15 of 25]
with one level; p = 0.730), millimeters of cord compres-
sion (r = 0.02; p = 0.854), or compression ratio (r = 0.09;
p = 0.413).
Conclusions Nearly half of all patients undergoing elective
cervical spine surgery hadmoderate-to-severe LUTS. This is
more than double the prevalence that has been reported
in a community-dwelling adult population. These symp-
toms can impair quality of life, lead to surgical compli-
cations (urinary retention or incontinence), and may be
mistaken for cauda equina, prompting potentially un-
necessary imaging and studies. Given that urinary bother
is reported less frequently than LUTS, patients may be
less likely to seek care for urinary symptoms before un-
dergoing surgery. Therefore, it is important to increase
provider awareness of the high prevalence of LUTS.
Level of Evidence Level III, prognostic study.

Introduction

Lower urinary tract symptoms (LUTS) are common in
adults, affecting approximately one in five people between
the ages of 30 and 79 years [16, 29]. The prevalence of
LUTS increases with age in both male and female patients,
and LUTS has been shown to negatively impact quality of
life [7, 8, 10, 16, 19, 29, 32]. An increased prevalence of
LUTS has been reported in patients with lumbar spine
pathology and back pain compared with the general pop-
ulation; however, little has been reported about the prev-
alence of LUTS in patients with cervical spine pathology
[7, 9, 12, 18, 22, 27, 28, 35]. The prevalence of LUTS can
be estimated using the International Prostate Symptom
Score (IPSS), a questionnaire based on the American Uro-
logic Association symptoms index for benign prostate hy-
perplasia [3]. The IPSS contains seven questions addressing
voiding symptoms (incomplete emptying, intermittency,
weak stream, and straining to void) and storage symptoms
(frequency, urgency, and nocturia). There is an additional
urinary bother question that addresses quality of life result-
ing from urinary symptoms. This tool is widely used in
urologic and other medical evidence and has been validated
for use in quantifying LUTS in bothmales and females [4, 5,
11, 16, 17, 25, 30].Numerous population-based studies have
been performed investigating the prevalence of LUTS in
general populations. The reported rates of LUTS vary from
19% in a group of US males and females to 43% in a group
of Asian males and females [2, 4, 6, 16, 36]. In a study

looking specifically at patients undergoing elective lumbar
spine surgery, the prevalence of LUTSwas found to be 46%,
higher than reported rates in the general population [18].

However, we do not have data on the prevalence of
LUTS in patients undergoing cervical spine surgery. Such
data would be important to acquire because these symp-
toms may influence preoperative decision-making, have a
substantial impact on quality of life, and are associated with
potentially avoidable postoperative complications such as
urinary retention and urinary tract infections [1, 10, 14-16].
Additionally, it would be beneficial to identify if there are
any associations between specific cervical spine patholo-
gies and LUTS to better identify patients who may be at
higher risk for these symptoms. In patients with cervical
myelopathy, MRI findings, including cord signal and
compression ratio, have been correlated with disease se-
verity and neurologic prognosis [23, 24, 31]. As far as we
are aware, a relationship between MRI findings pertaining
to cord compression and prevalence of LUTS has not been
investigated.

We therefore used the IPSS survey to answer the fol-
lowing questions: (1)What is the prevalence ofmoderate-to-
severe LUTS and clinically relevant urinary bother among
patients undergoing elective cervical spine surgery? (2)Does
the presence of myelopathy impact frequency of moderate-
to-severe LUTS or clinically relevant urinary bother among
patients undergoing elective cervical spine surgery? (3) Do
MRI findings of spinal cord injury or compression correlate
with presence and severity of LUTS?

Patients and Methods

Institutional review board approval was obtained before
the initiation of this study. Adult patients undergoing
elective cervical spine surgery with one of four orthopaedic
spine surgeons at a single academic institution were pro-
spectively enrolled fromOctober 2, 2015 to April 23, 2018.
A cross-sectional study of data collected at the preoperative
visit was performed.

All adult patients undergoing elective cervical spine
surgery were considered to be eligible. Not eligible were
those who were younger than 18 years of age at the time
of surgery, those undergoing emergent surgery, pregnant
females, incarcerated patients, and patients with a pre-
operative appointment who did not undergo surgery.

Patient demographic data including age, sex, cervical
spine diagnosis, and location of pathology were obtained
through a review of electronic medical records. The IPSS
survey with the supplemental urinary bother question was
obtained as part of the clinical standard of care for all patients
at their preoperative clinic appointment within 1 month of
scheduled surgery. Answers to the IPSS were scored on a
scale of 0 to 5with response options ranging from “not at all”
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(0) to “almost always” (5) per IPSS guidelines [3]. The final
score was computed as the sum scores to the first seven
questions and used to define presence of LUTS as a score
of$ 8 points [3, 16]. For descriptive assessments, we further
categorized symptom severity as mild (IPSS 0-7), moderate
(IPSS 8-19), or severe (IPSS $ 20) [35]. Urinary quality
of life, known as urinary bother, was assessed with a sep-
arately scored question asking “if youwere to spend the rest
of your life with your urinary condition the way it is now,
how would you feel about that?” Answers were scored on
a scale of 0 to 6 with options ranging from “delighted” (0)
to “terrible” (6). Scores $ 4 are considered to represent
clinically relevant urinary bother [16]. Patients underwent
surgery as planned without additional intervention.

We attempted to collect information on all eligible
patients, and most (94% [242 of 257]) participated, which
should have mitigated selection bias. Patient diagnosis
was assigned by the operating surgeon. All patients had
MRI studies, which were obtained preoperatively and
included T1- and T2-weighted axial, sagittal, and coronal
images of the full cervical spine. The cervical spine di-
agnosis and location of pathology were determined from
clinical symptoms, including subjective patient complaints
and physical examination findings from an examination
performed during a clinic visit with a spine surgeon. These
symptoms were confirmed with MRI, which included a ra-
diology report and review by one of our spine surgeons
(JUY). Our study patients were separated into a myelopathy
group and nonmyelopathy group based on diagnosis. Di-
agnoses in the nonmyelopathy group included radiculopathy

and axial pain. All MRI studies for patients in the myelop-
athy group were reviewed by a single fellowship-trained
spine surgeon (JUY). Consistent with published methods,
we defined cord signal as intramedullary hyperintensity on
T2 images and recorded it if present at one or more cervical
levels [24]. We identified cord compression as narrowing of
the intramedullary space on T2 axial andmidsagittal images.
For each patient, we recorded the number of levels with
compression. The area ofmaximal compressionwas defined
as the MRI cut with the smallest cord diameter (mm)
measured on axial images. At this level, we recorded the
anterior-to-posterior diameter of the spinal cord and width
of the above adjacent noncompressed segment (mm). If
additional compressed levels were identified above the
level of maximal compression, we recorded the anterior-
to-posterior diameter of the spinal cord and width of the
below adjacent noncompressed segment. A compression
ratio (CR), bound by 0 and 1 where values closer to 1
represent more compression, was then calculated as CR =
anterior to posterior/width (CR = AP/W).

The mean age of our study population was 58 years (SD
12) and ranged from 24 to 83 years (Table 1). Just more
than half the patients were females (55% [134 of 242]).
Myelopathy was observed in 94 patients (39% [94 of 242]).
The average age in the myelopathy group was 60 years
(SD 11), which was higher than the average of 56 years
(SD 12) in the nonmyelopathy group. Patients with mye-
lopathy were more likely to be 60 years or older (52% with
myelopathy [49 of 94] versus 36%without myelopathy [54
of 148]; p = 0.017).

Table 1. Demographic characteristics and LUTS severity among all patients and according to myelopathy group

All patients Myelopathy No myelopathy

Number 242 94 148

Characteristic Mean (SD) or number (%) p value*

Age (years) 58 (12) 60 (11) 56 (12) 0.021

Age group (years) 0.045

24-49 67 (28%) 18 (19%) 49 (33%)

50-59 72 (30%) 27 (29%) 45 (30%)

60-69 61 (25%) 31 (33%) 30 (20%)

70-83 42 (17%) 18 (19%) 24 (16%)

Sex 0.189

Female 134 (55%) 57 (61%) 77 (52%)

Male 108 (45%) 37 (39%) 71 (48%)

IPSS score 9 (7) 11 (8) 7 (6) < 0.001

LUTS severity 0.006

Mild (0-7 points) 126 (52%) 40 (43%) 86 (58%)

Moderate (8-19 points) 97 (40%) 41 (44%) 56 (38%)

Severe (20-35 points) 19 (8%) 13 (14%) 6 (4%)

*p value for comparison of distribution of characteristic between patients with and without myelopathy; LUTS = lower urinary tract
symptoms; IPSS = International Prostate Symptom Score.
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Data were collected from 242 patients, which was 94%
of eligible patients (242 of 257) with 108 males (45% [108
of 242]) and 134 females (55% [134 of 242]). The 6% of
eligible patients (15 of 257) who were not included in the
study were excluded because of incomplete or absent sur-
vey data.

Statistical Analysis

Weestimated prevalence and 95%confidence intervals (CIs)
of LUTS and urinary bother using methods for binomial
proportions. Distributions of age, sex, IPSS scores, and
LUTS severity are presented in the sample using means and
SDs or number and percent and were compared between
patients with and without myelopathy with t-tests for con-
tinuous variables or chi-square or Fisher’s exact tests for
categorical variables. Multiple logistic regression was used
to estimate odds ratios (ORs) and their 95% CIs for the
association of myelopathy with presence of moderate-to-
severe LUTS before and after adjustment for age and sex. In
analyses restricted to the 94 patients with myelopathy, the
prevalence of moderate-to-severe LUTS was compared de-
scriptively according to the presence or absence of cord
signal and in categories of cervical spine levels compressed
and Pearson’s correlation coefficients (r) were estimated for
the association of IPSS score with compression (mm) and
with compression ratio.Analyseswere conducted using SAS
version 9.4 software (SAS Institute Inc, Cary, NC, USA).

Results

The prevalence of moderate LUTS was 40% (97 of 242;
95% CI, 34%–47%) and of severe LUTS was 8% (19 of
242; 95% CI, 5%–12%) among patients undergoing elec-
tive cervical spine surgery. Overall, 48% of patients (116 of
242; 95% CI, 42%–54%) had moderate-to-severe LUTS
and 18% had clinically relevant urinary bother (41 of 228;
95% CI, 13%–24%). The mean IPSS score was 9 (SD 7)
among the patients in our sample (Table 1).

After adjustment for age and sex, the odds of moderate-
to-severe LUTS among patients with myelopathy was

greater than that observed in patients without myelopathy
(adjusted OR, 2.0; 95% CI, 1.1–3.3; p = 0.015, non-
myelopathy referent; Table 2). There were 94 patients
(39% [94 of 242]) with myelopathy and 148 patients (61%
[148 of 242]) without myelopathy in the study sample.

The prevalence of moderate-to-severe LUTS did not
differ among patients with myelopathy and cord signal
present compared with those without (50% [23 of 46] with
cord signal and 65% [31 of 48] without cord signal; p =
0.153; Table 3). Similarly, the prevalence of moderate-to-
severe LUTS was not higher in patients with more com-
pared with fewer compressed levels (70% [seven of 10]
with four levels; 59% [13 of 22] with three levels; 51% [19
of 37] with two levels; and 60% [15 of 25] with one level;
p = 0.730; Table 3). Finally, there was no correlation
between IPSS and millimeters of cord compression (r =
0.02; p = 0.854; Fig. 1A) or compression ratio (r = 0.09;
p = 0.413; Fig. 1B).

Discussion

It is important to be aware of the high frequency of LUTS in
patients undergoing elective cervical spine surgery because
these symptoms may put patients at risk for postoperative
complications and may raise red flags for cauda equina
syndrome, prompting unnecessary imaging and other stud-
ies [14, 15, 27]. In this study, we found that LUTS was
common in adult patients undergoing elective cervical spine
surgery with nearly half the patients we surveyed reporting
moderate or severe symptoms. The frequency of LUTS and
of urinary bother was higher in patients with myelopathy
compared with those who did not have myelopathy, even
after controlling for age and sex. However, among patients
with myelopathy, we found no association between spinal
cord compression as diagnosed on MRI and LUTS.

There were several limitations to our study. First, LUTS
were determined by patient self-evaluation and reporting in
the form of a survey questionnaire. We did not obtain
clinical urologic metrics such as post-void residual volume
or urodynamic assessments. However, the IPSS has been
well validated and is commonly used in clinical practice to
assess the presence and severity of LUTS. Moreover, the

Table 2. Associations of myelopathy with presence of moderate-to-severe LUTS among adult patients undergoing elective cervical
spine surgery

Symptom Number
Number (%) with

moderate-to-severe LUTS Unadjusted OR (95% CI) Adjusted OR* (95% CI)

Myelopathy 94 54 (57%) 1.9 (1.1-3.2) 2.0 (1.1-3.3)

No myelopathy 148 62 (42%) Referent Referent

*Adjusted for age group in years (20-49, 50-59, 60-69, 70-83) and sex (male, female); LUTS = lower urinary tract symptoms; OR = odds
ratio; CI = confidence interval.
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IPSS is the standard instrument used in clinical and epi-
demiologic research to estimate LUTS prevalence. There-
fore, we did not believe that urodynamic data would add to
the goal of this study, which was to evaluate the prevalence
of LUTS and urinary bother as reported by patients. Sec-
ond, we did not grade severity of myelopathy or calculate
the Japanese Orthopaedic Association (JOA) score or
modified JOA score for myelopathy [13, 33]. The purpose
of these scoring systems is to grade the severity of mye-
lopathy, which can be helpful in making surgical recom-
mendations and predicting functional outcomes. However,
in this study we were investigating a population of patients
who had symptoms that indicated surgical intervention was
needed. As such, we did not feel that JOA scores would add

to our results [13, 33]. Additionally, we did not evaluate
patients for lumbar spine disease. It is common for patients
with spinal stenosis to have narrowing in more than one
region with occurrence of concomitant cervical and lumbar
diseases as high as 59% [26]. Thus, the high prevalence of
LUTS found in our patients with cervical spine disease may
be confounded by less symptomatic lumbar stenosis lead-
ing to LUTS. A single surgeon evaluated the MRI studies
with no intraobserver assessment, which is another possi-
ble limitation to this study. Although there is likely to be
error in the surgeon’s classifications, any errors would not
be expected to have been associated with LUTS status,
because the evaluator was blinded to that variable at the
time of MRI review. Random error would tend to un-
derestimate any association of the MRI findings with
LUTS. Finally, our data were collected from a sample of
patients at a single institution, which may decrease the
generalizability of our results. Our study included adult
patients undergoing elective cervical spine surgery at an
academic institution in the United States. Thus, our results
may not be consistent with the prevalence of LUTS in
younger patients, patients having surgery in a community
hospital setting, or patients in different geographic regions.

The prevalence of LUTS in patients undergoing cervical
spine surgery appears to be greater than the prevalence
among adults more generally. Published prevalence esti-
mates of LUTS range from 19% to 43% [2, 4, 6, 16, 36]
and this variation may be the result of differences in
sample selection on sex, age, ethnicity, or medical comor-
bidities. Therefore, the impact of LUTS in clinical samples is
best evaluated in comparison to LUTS prevalence from
population-based samples. The Boston Area Community
Health (BACH) Survey is an observational prospective
cohort study of urologic symptoms in a large, racially and

Fig. 1 A-B (A) Preoperative IPSS score is compared with compression (mm) in patients with myelopathy and its correlation
coefficient is presented. (B) Preoperative IPSS score is compared with compression ratio in patients with myelopathy and its
correlation coefficient is presented.

Table 3. Associations of cord signal and number of levels with
compression with presence of moderate-to-severe lower
urinary tract symptoms (LUTS) among adult patients
undergoing cervical spine surgery

Spinal cord
variable

Number
in category

Number (%)
of category with

moderate-to-severe
LUTS p value

Cord signal 0.153

Yes 46 23 (50%)

No 48 31 (65%)

Levels
compressed

0.730

4 10 7 (70%)

3 22 13 (59%)

2 37 19 (51%)

1 25 15 (60%)
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ethnically diverse US population-based sample of males
and females [16]. This population is similar in both age
(30-79 years) and sex distribution to our study sample. In
the BACH study, the prevalence of moderate-to-severe
LUTS was 19%. In comparing IPSS results, we found the
prevalence of moderate-to-severe LUTS was nearly 2.5
times greater in patients undergoing cervical spine surgery
as compared with the general population. In reviewing the
evidence regarding LUTS in patients undergoing elective
lumbar spine surgery, prevalence estimates range from 27%
to 55% [28, 35]. A study examining patients undergoing
elective lumbar spine surgery reported the prevalence of
moderate-to-severe LUTS as 46% [18].

Innervation of the urinary system comes from nerves
located in the lumbar and sacral spine [20]. Therefore, we
were surprised to find no difference in the prevalence of
LUTS and urinary bother in this population of patients
undergoing cervical spine surgery. Clinically relevant
urinary bother was reported less frequently than moderate-
to-severe LUTS. If patients are less bothered, they may be
less likely to mention these symptoms, especially when
being evaluated for spine surgery [37]. Additionally, LUTS
has been associated with comorbidities, including anxiety
and depression, which are independent risk factors for a
smaller degree of improvement in function and quality of
life after spine surgery [7, 8, 10, 19, 21, 34]. In patients
undergoing elective lumbar spine surgery, the prevalence
of urinary bother was reported to be 18% in females and
10% in males [18]. We did not find the same sex difference
in our patients undergoing elective cervical spine surgery.

The lower prevalence of LUTS and urinary bother in
patients without myelopathy compared with myelopathy is
consistent with what we expected given the micturition
reflex, which involves signal transmission from the lum-
bosacral plexus to the brain through the spinal cord [20].
However, we do not have a neurologic explanation for the
high prevalence of LUTS in patients with nonmyelopathic
cervical pathology.

Although we cannot fully explain the etiology of LUTS
in patients undergoing cervical spine surgery, we found that
these symptoms were common. None of the patients in-
cluded in this study had cauda equina syndrome or other
diagnoses requiring emergent surgical intervention. Urinary
symptoms may continue to be considered “red flags” for
cauda equina syndrome; however, the commonness of this
problem should encourage providers to have a higher
threshold for ordering more studies over rushing to surgery.
Future studies may focus on evaluating pain, narcotic use,
psychologic diagnoses, or other nonspine factors that might
be associated with LUTS. MRI findings including cord
signal and compression ratio have been correlated with se-
verity of myelopathy; however, we do not know of any
reports correlating MRI findings with severity of LUTS [24,
31]. In this study, we did not find any association between

MRI findings such as cord signal or compression ratio and
severity of LUTS. Thus, we cannot use this information to
add to algorithms that might help providers decide which
patients should be recommended to have surgery. In our
cohort, the number of spinal levels involved did not have any
influence on LUTS. It remains unknown if the number of
compressed levels has any prognostic implication on post-
operative urologic symptoms.

To conclude, using the IPSS, we found the prevalence of
LUTS in patients undergoing elective cervical spine surgery
to be approximately 50%. This is more than double the
reported prevalence in the community and is approximately
the same as the reported prevalence in patients undergoing
elective lumbar spine surgery [16, 18]. LUTS is more fre-
quently reported in patients with myelopathy than in patients
with radiculopathy. After adjusting for age and sex, odds of
LUTS remain higher in the myelopathy group. Patients with
myelopathy also report clinically relevant urinary bother
more frequently than those without myelopathy. Overall,
clinically relevant urinary bother was reported less fre-
quently than LUTS,whichmay influence how likely patients
are to report or seek treatment for these symptoms.
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