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Purpose: The brainstem plays an important role in the control of micturition, and brainstem strokes are known to present
with micturition dysfunction. Micturition dysfunction in cases of lateral medullary infarction (LMI) is uncommon, but often
manifests as urinary retention. In this study, we investigated the neuro-anatomical correlates of urinary retention in patients
with LMI.

Methods: This was a hospital-based retrospective study conducted in the neurology unit of a quaternary-level teaching hospi-
tal. Inpatient records from January 2008 to May 2018 were searched using a computerized database. Cases of isolated LMI
were identified and those with micturition dysfunction were reviewed. MRI brain images of all patients were viewed, and in-
dividual lesions were mapped onto the Montreal Neurological Institute (MNI) space manually using MRIcron. Nonparamet-
ric mapping toolbox software was used for voxel-based lesion-symptom analysis. The Liebermeister test was used for statistical
analysis, and the resultant statistical map was displayed on the MNI template using MRIcron.

Results: During the study period, 31 patients with isolated LMI were identified. Their mean age was 48 years and 28 (90%)
were male. Six of these patients (19%) developed micturition dysfunction. All 6 patients had urinary retention and 1 patient
each had urge incontinence and overflow incontinence. In patients with LM, the lateral tegmentum of the medulla showed a
significant association with urinary retention.

Conclusions: In patients with isolated LMI, we postulate that disruption of the descending pathway from the pontine micturi-
tion centre to the sacral spinal cord at the level of the lateral tegmentum results in urinary retention.
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« HIGHLIGHTS
- Micturition dysfunction can be seen in patients with lateral medullary infarction.
- Lesions involving the lateral tegmentum of the medulla can result in urinary retention.

INTRODUCTION stroke, with a prevalence of 37%-79% [1-3]. The brainstem

plays an important role in the control of micturition, and brain-

Micturition dysfunction is a common problem following acute stem strokes are known to present with micturition dysfunction
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[3,4]. At the level of the brainstem, the pontine micturition cen-
tre (PMC), which is located in the dorsal pontine tegmentum,
coordinates the normal micturition reflex [5]. Stroke patients
with lesions above the pontine level are likely to have bladder
storage dysfunction, while those with lesions at and below the
pontine level are likely to have bladder emptying dysfunction
[3]. Micturition dysfunction in cases of medullary infarction is
uncommon, but often presents with urinary retention [6-8].
The cause of urinary retention in such patients is detrusor un-
deractivity, which has been previously shown in patients with
lateral medullary infarction (LMI) [6]. However, limited human
data exists regarding which specific areas in the lateral medulla
are involved in the control of micturition [6]. The aim of this
study was to identify the neuroanatomical sites associated with
urinary retention by studying the imaging data of patients who
presented with isolated LMI.

MATERIALS AND METHODS

This was a hospital-based retrospective study conducted in the
neurology unit of a quaternary care hospital in India. The study
was approved by the Institutional Review Board and ethics com-
mittee of Christian Medical College, Vellore (IRB No. 11542).
Informed consent was not obtained, as this was a retrospective
hospital record-based study. Inpatient records from January
2008 to May 2018 were searched using a computerized data-
base, and records with a diagnosis of LMI were identified. After
reviewing the neuro-imaging, patients with isolated LMI were
included in the study. Demographic and clinical data were col-
lected from the included patients. Patients with micturition
dysfunction were identified by reviewing their medical records,
urology consultation notes, and results of urodynamic studies.
Brain magnetic resonance imaging (MRI), including T2-
weighted, fluid-attenuated inversion recovery (FLAIR), and
diffusion-weighted imaging (DWI) sequences were viewed,
and the individual lesions were mapped onto the MontrealNeu-
rological Institute (MNI) space manually using MRIcron
(https://www.nitrc.org/projects/mricron) [9]. Individual lesions
were entered into a voxel-based lesion-symptom mapping
(VLSM) analysis using the nonparametric mapping toolbox
(NPM) from the MRIcron software package (May 2016) [10].
In order to increase the statistical power and to create an over-
lay map, all lesions were flipped onto the left side [11]. Lesion
overlap was first calculated and a color-coded overlay map of
injured voxels across all patients and patients with micturition
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dysfunction was created. The statistical contribution of the le-
sion location to micturition dysfunction was tested using
VLSM in the NPM software. Patients with urinary retention at-
tributed to a neurological cause after ruling out local urological
causes were included in the VLSM analysis. The Liebermeister
test was performed for each voxel by taking the presence of uri-
nary retention as the dependent variable and comparing pa-
tients with a lesion to those without a lesion [10]. Voxels were
required to be affected in at least 5 patients to be included in the
test [12]. To correct for multiple comparisons, all result maps
were corrected using a threshold of a 5% false discovery rate
(FDR). The resultant statistical map was displayed on the MNI
template using MRIcron. The location of these voxels was fur-
ther categorized into anatomical sites such as the rostral, mid-
dle, and caudal parts of the medulla, as described by Kim et al.
[13].

RESULTS

Thirty-one inpatient records from January 2008 to May 2018
were identified to have isolated LMI. Of the 31 patients with
LMLI, 28 were male, with a mean age of 48 years. According to
the review of patients’ medical records, 8 patients had docu-
mented micturition dysfunction. However, 2 patients were ex-
cluded from the study as their urological evaluation was sug-
gestive of a bladder outlet dysfunction secondary to prostato-
megaly. The demographic and clinical characteristics of the pa-
tients with and without micturition dysfunction are given in
Table 1. There was no significant difference between the demo-
graphic and clinical profiles of the 2 groups, except for the pres-
ence of hiccups, which was significantly higher in the group
with urinary retention. Of the 6 patients with urinary retention,
all had undergone a urological evaluation, but only 1 patient
had a urodynamic study done. None of the included patients
had bladder outlet obstruction or urinary tract infection at the
time of presentation. All 6 patients presented with acute urinary
retention within 5 days from the onset of LMI symptoms. One
patient had urinary urge incontinence, and 1 patient presented
with overflow incontinence. Detrusor underactivity with nor-
mal bladder sensation was documented in the patient who un-
derwent a urodynamic study on day 10 from symptom onset.
All 31 patients underwent brain MRI including T2, T'1, FLAIR,
and DWT sequences within 7 days from symptom onset. In the
DWTI sequences, 4 patients had right-sided lesions, and 2
showed lesions on the left side. The mean infarct volume was
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Table 1. Subject demographics and clinical characteristics

Total number of LMI without urinary LMI with urinary

Characteristic patients with LMI retention retention Pvalue
No. of subjects 31 25 6

Age (yr) 47.97+17.43 51.5+20.9 47.1+16.9 0.59
Sex, male:female 28:3 23:2 5:1 0.49
Hypertension 21 17 4 0.65
Diabetes mellitus 11 8 3 0.35
Smoking 14 10 4 0.24
Alcohol use 7 4 3 0.11
Dysphagia 30 25 5 0.19
Dysarthria 31 25 6 1.00
Ataxia 30 24 6 0.80
Hiccups 11 6 5 0.01
Horner syndrome 20 15 5 0.28
Facial weakness 9 6 3 0.22
Impaired gag reflex 29 23 6 0.65
Crossed sensory loss 18 14 4 0.38
Pain 6 5 1 0.67
Prostate volume (cm?) 32.0+5.2 31.5+2.7 32.16+5.7 0.78
Duration of hospital stay (day) 13.03+10.4 147+6.8 126+11.2 0.68

Values are presented as mean + standard deviation or number.
LML, lateral medullary infarction.

Fig. 1. Lesion overlay map of the overlay map of the individual lesions of all 31 patients with lateral medullary infarction. Maps were
overlaid on a T1-template in Montreal Neurological Institute (MNI) space (1 mm’®x 1 mm’®x 1 mm?®). All lesions were flipped to the
left side. The MINI coordinates of each axial section (z-axis) is given below each slice. The colour scale indicates the number of patients
with a lesion in a particular voxel.
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Fig. 2. Statistical map of voxel-based lesion-symptom mapping displaying voxels with a significant association between lesion loca-
tion and urinary retention. The colour scale indicated the z-statistics from the results of the Liebermeister test. The tests were correct-
ed for multiple comparisons at the level of a 5% false discovery rate. Statistical maps were overlaid on a T1-template in Montreal Neu-
rological Institute (MNI) space (1 mm’x 1 mm®x 1 mm®). The MNI coordinates of each axial section (z-axis) are given below each
slice. The areas in red indicate a significant association between a lesion in this voxel and urinary retention. In patients with lateral
medullary infarction the lateral tegmentum of the middle medulla was significantly associated with urinary retention.

1.6+0.3 mL, and there was no significant difference between
the 2 groups. The lesion overlay map of the 31 patients with
LMI is given in Fig. 1. In most patients, the LMI lesions were
distributed across the lateral medulla. However, 2 patients had
lesions isolated to the caudal and rostral medulla. Fig. 2 shows
the statistical maps from the VLSM analysis, displaying voxels
that showed a significant association between lesion location
and urinary retention. The colour scale indicates the z-scores
from the Liebermeister test. The statistical maps were overlaid
on a T1-template in MNI space (1 mm®x 1 mm’x 1 mm®). The
areas mapped in red denote voxels with a statistically significant
association with urinary retention at an FDR level of 5%. From
the location of these voxels, the corresponding anatomical site
in the medulla was identified. In patients with LMI, the lateral
tegmentum of the medulla showed a significant association
with urinary retention.

DISCUSSION

Normal bladder function consists of a storage phase and a mic-
turition phase, which are controlled by a hierarchical system of
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neural networks that are integrated at the level of the forebrain,
brainstem, and spinal cord. A spino-bulbo-spinal reflex with a
complex switching mechanism is involved in the initiation of
micturition. During the storage phase, afferent signals from the
bladder ascend through the spinal cord to synapse in the mid-
brain periaqueductal grey (PAG), which in turn, may have an
inhibitory effect on the pons. When the afferents exceed a cer-
tain threshold, secondary to bladder filling, activation of the
PMC occurs. The PMC receives excitatory input from bladder
afferents indirectly via the ventrolateral PAG and sends de-
scending glutamatergic projections to the sacral spinal cord via
the lateral funiculus [14]. The descending efferents result in de-
trusor contraction via the excitatory parasympathetic pathway
and sphincter relaxation through the nucleus of Onuf [15]. A
pontine region located ventrolateral to the PMC (the L-region)
sends a direct excitatory projection to the nucleus of Onuf, pro-
moting contraction of the pelvic floor and sphincter, thereby
maintaining continence [14]. Lesions affecting these descend-
ing fibers can disrupt the excitatory input to the bladder, result-
ing in detrusor underactivity and urinary retention. Urinary re-
tention has been previously described in LMI, and is the com-
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monest micturition dysfunction [1,2,6,7]. Based on studies in
cats, 2 descending pathways between the PMC and the spinal
cord have been noted: a direct pathway and an indirect path-
way, with connections to the medullary neurons [16]. Neurons
in the nucleus reticularis magnocellularis of the medulla were
found to receive input from the PMC, fire during micturition,
and project to the spinal cord [16]. Additionally, the neurons in
PMC have projections through the lateral tegmentum of the
medulla, specifically between the inferior olive and lateral retic-
ular nucleus, to the sacral cord [17]. Electrical stimulation of
this region is known to produce an increase in bladder pressure
[5]. In a lesion analysis study in humans with LMI by Cho et al.
[6], the lateral tegmentum was identified as the site associated
with urinary retention. This conclusion was drawn by subtrac-
tion of the overlapped lesion maps in the control group from
those in the patient group. However, a statistical analysis using
VLSM was not done. In our study, 19.4% of the patients with
isolated LMI had urinary retention. This was similar to the re-
sults of Cho et al. [6], who found a prevalence of urinary reten-
tion of 16%. Using a VSLM analysis, we identified the lateral
tegmentum of the medulla as the neuro-anatomical area associ-
ated with micturition. Our results corroborate the findings of
Cho et al, and adds evidence supporting the postulate that the
descending pathway from the PMC in humans may be identi-
cal to the pathway in cats [6,17]. Although the PMC projects
bilaterally to the sacral cord, right-sided lesions are more likely
to produce urinary retention [6]. Additionally, positron-emis-
sion tomography studies in humans during micturition show a
right-predominant pattern of pontine activation [18]. In our
study, we likewise found that 4 of the 6 patients with urinary re-
tention had right-sided lesions. We also found an association
between intractable hiccups and urinary retention. Park et al.
[19] in a lesion-based study of patients with LMI presenting
with hiccups, found that middle-level and dorsolateral lesion
locations were associated with hiccups. This is the same region
that we identified in our study to be associated with urinary re-
tention [19,20]. The main limitations of our study include the
retrospective study design, the nonavailability of urodynamic
studies on all patients, and the availability of limited data on the
recovery of bladder symptoms during follow-up. The major
strength of our study is that it is a lesion-symptom mapping
study powered with statistical testing, unlike previous lesion-
based studies on LMI and urinary retention [6].

In conclusion, 19% of the patients who presented with isolat-
ed LMI had urinary retention. We postulate that disruption of
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the descending pathway from the PMC to the sacral spinal
cord, at the level of the lateral tegmentum of the medulla, is the
likely cause of urinary retention in patients with LML
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