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Case Report: Guanfacine and
methylphenidate improved chronic
lower back pain in autosomal
dominant polycystic kidney disease
with comorbid attention deficit
hyperactivity disorder and autism
spectrum disorder

Satoshi Kasahara**, Shoichiro Kanda®**, Miwako Takahashi’,
Mao Fujioka®, Taito Morita', Ko Matsudaira®, Naoko Sato’,
Motoshi Hattori*, Toshimitsu Momose®, Shin-Ichi Niwa’
and Kanji Uchida'

'Department of Anesthesiology and Pain Relief Center, The University of Tokyo Hospital, Tokyo, Japan,
?Department of Pain Medicine, Fukushima Medical University School of Medicine, Fukushima, Japan,
SDepartment of Pediatrics, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan, “Department of
Pediatric Nephrology, Tokyo Women'’s Medical University, Tokyo, Japan, *Institute for Quantum Medical
Science, National Institutes for Quantum Science and Technology, Chiba, Japan, °Department of
Neuropsychiatry, The University of Tokyo Hospital, Tokyo, Japan, "Nursing Department, The University of Tokyo
Hospital, Tokyo, Japan, éInstitute of Engineering Innovation, School of Engineering, The University of Tokyo,
Tokyo, Japan, °Department of Psychiatry, Aizu Medical Center, Fukushima Medical University, Fukushima, Japan

Autosomal dominant polycystic kidney disease (ADPKD) is an inherited renal disease
characterized by the bilateral development of multiple cysts in the kidneys. Pain
management is a clinically important issue, especially because approximately 60% of
patients with ADPKD experience chronic pain related to hemorrhage from renal cysts,
which significantly reduces their daily life. The cystic fibrosis transmembrane
conductance regulator, the molecule responsible for cyst formation in ADPKD, is also
the cause of cystic fibrosis. Since attention deficit hyperactivity disorder (ADHD) is
known to occur frequently in conjunction with cystic fibrosis, ADPKD may be
associated with ADHD. However, to our knowledge, no study has investigated 1) ADHD
or autism spectrum disorder (ASD) as comorbidities with ADPKD, 2) the effects of
ADHD medications on chronic pain in ADPKD, or 3) cerebral blood flow corresponding
to guanfacine (GF) or methylphenidate (MP) treatment for chronic pain. We report the
case of a 15-year-old girl with ADPKD, who had chronic back pain associated with
ADPKD and had to withdraw from high school because the pain interfered with her
daily life. Although she took antihypertensive medications to prevent bleeding, they did
not provide adequate blood pressure control. The patient was referred to a child
psychiatrist and diagnosed with ASD; however, the pain did not improve. Subsequently,
she was referred to our pain center. The diagnosis of ADHD was confirmed and
treatment with ADHD medications was initiated. Monotherapy with MP, atomoxetine,
and GF resulted in hypertension and hypotension as side effects; however, a
combination of MP 18 mg and GF 4 mg provided pain relief and moderate blood
pressure control, and the patient was able to go on to college. During the course of
treatment, there was an improvement in the distribution of cerebral blood flow in the

Abbreviations
ADPKD, autosomal dominant polycystic kidney disease; ATX, atomoxetine; CFTR, cystic fibrosis
transmembrane conductance regulator; GF, guanfacine; MP, methylphenidate.
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prefrontal and insular cortices. Confirmation of an ADHD diagnosis comorbid with ASD
enabled the use of ADHD medications. The combination of MP and GF improved
chronic back pain and high blood pressure due to ADPKD and cerebral blood flow.
Screening for ADHD is important in the treatment of ADPKD.
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1. Introduction

Autosomal dominant polycystic kidney disease (ADPKD), the
most common inherited renal disease mainly affecting adults, is
characterized by the bilateral development and progressive
enlargement of multiple cysts in the kidneys leading to a gradual
deterioration of renal function requiring renal dialysis. The
estimated prevalence rate is 4.76/10,000 individuals (1, 2).
ADPKD is a systemic disease complicated by hypertension, liver
cysts, cerebral aneurysms, cystic hemorrhages and infections, and
urinary tract stones. Approximately 60% patients with ADPKD
experience chronic pain triggered by renal cyst enlargement,
bleeding, or infection, which is often difficult to manage and
greatly impairs quality of life (QoL) (3). Since up to 30% of
patients with ADPKD with
nephrectomy or perhaps liver transplantation, and inadequate

chronic pain may require
pain management might lead to earlier requirement for kidney
transplantation or dialysis, pain management is a critical aspect
of ADPKD treatment (3).

The mechanism of cyst formation in ADPKD is thought to
result from the interaction between abnormal proliferation and
apoptosis of tubular epithelial cells caused by an increase in
intracellular calcium concentration caused by mutations in the
PKDI1 or PKD2 genes and increased levels of cystic fibrosis
transmembrane conductance regulator (CFTR), a transmembrane
CI” channel molecule that promotes the movement and storage
of water into the cysts (1).

The CFTR is also the causative agent of cystic fibrosis (CF), an
autosomal recessive hereditary disease characterized by the
obstruction of exocrine glands throughout the body by viscous
secretions and the formation of cysts in the pancreas and other
organs (4). Recent studies have shown that attention deficit
hyperactivity disorder (ADHD) is frequently comorbid with CF
(5-7), with severity of CF symptoms being correlated with the
degree of ADHD symptoms (5, 8, 9), and mutations in the
CFTR are reportedly associated with ADHD symptoms (8).
Studies have also reported that CF and ADHD are caused by
ubiquitination-mediated inactivation of the CFTR and dopamine
receptor molecules on the cell membrane, respectively (10, 11),
with some similarities in their molecular pathogenesis. Hence,
ADPKD, in which CFTR dysfunction is responsible for the
pathogenesis, may also be associated with ADHD.

However, to the best of our knowledge, no study has reported
improvement of chronic pain in ADPKD by ADHD drugs like
guanfacine (GF) or methylphenidate (MP), in patients with
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ADHD or autism spectrum disorder (ASD) being comorbid with
ADPKD, together with evaluation of cerebral blood flow
corresponding to the course of GF or MP therapy. In this study,
we report a case in which GF and MP improved chronic pain
associated with ADPKD, ADHD, and ASD, in addition to
improving cerebral blood flow.

2. Case description

The patient was a 15-year-old girl (height: 151.7 cm; weight:
429kg; body mass index: 18.6 kg/m®). The patient’s paternal
sister was getting ready to start dialysis, her elder brother and
younger brother all had ADPKD, and her paternal cousin, older
brother, and younger brother all had ASD. The patient’s father
was also on dialysis. (Figure 1). Her medical history included
childhood-onset fluency disorder and febrile seizures at 5 years
of age. She had seizures when she felt exhausted in her second
(2009 and 2010, respectively), and
electroencephalography indicated epileptiform discharges that

and third grades

were not treated.

In 2015, the patient underwent computed tomography (CT) at
a local clinic on complaining back pain, and was diagnosed with
ADPKD and referred to the Department of Nephrology and
Pediatrics at Tokyo Women’s Medical University Hospital. The
pain was persistent and occurred predominantly bilaterally on
her back, being exacerbated by exercise. She had difficulty sitting
for long periods, which interfered with activities of her daily life.
Imaging revealed multiple cysts and microbleeding, but no renal
enlargement. Blood and urine examination revealed: white blood
cells, 4,850/pl; hemoglobin, 14.2 g/dl; platelets, 160,000/ul; C-
reactive protein, 0.02 mg/dl; blood urea nitrogen, 11.8 mg/dl;
creatinine, 0.58 mg/dl; Na, 140 mEq/l; K, 3.9 mEq/]; Cl, 105 mEq/
l; specific gravity, 1.013; and pH, 5.5; protein, occult blood, and
sugar were absent, as were other abnormal findings. Genetic
analysis revealed a mutation in PKDI (c.11270-3C > G). Blood
pressure measured at admission was 123/85 and 142/76 mmHg
in the morning and afternoon, respectively. The three most
common causes of back pain in ADPKD attributed to the
kidneys are hemorrhage, infection, and rapid renal enlargement
(12). In this patient, hemorrhage was considered the most likely
cause of low back pain, as CT showed hemorrhage in the kidney,
tapping pain at the costal vertebral angle, and no evidence of
infection or rapid renal enlargement. Considering that cystic
hemorrhage associated with hypertension was the cause of pain,
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FIGURE 1

Abdominal computed tomography (CT) images and family tree. (A) Simple CT image of the abdomen: Intracystic hemorrhage in the right kidney. (B)
Enlarged view of the square in (A) Arrows indicate intracystic hemorrhage. (C) Contrast-enhanced CT image of the abdomen. Numerous cysts of
various sizes are present in both kidneys. (D) Family tree, with symbols of autosomal dominant polycystic kidney disease-affected individuals painted

in black. ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; Epi, epilepsy.

candesartan 2 mg/day was prescribed, and conservative treatment
with analgesics was initiated. Subsequently, her blood pressure
improved slightly to 118/80 mmHg even in the afternoon.
with  repeated
improvements and exacerbations, and the doses of analgesics,
including acetaminophen 1,800 mg/day, tramadol 75 mg/day, and

However, her symptoms became chronic

loxoprofen 60 mg/day, were escalated.

She was bedridden for 2-3 weeks after the onset of pain and
required intravenous therapy because she could not eat or drink,
and often had to be hospitalized. The patient was academically
excellent, securing first position in her grade in secondary school;
however, due to her ADPKD symptoms, she was unable to study
or participate in school activities and had to discontinue her
schooling.

Subsequently, she was referred to a child psychiatrist because of
increasing pain, even in the absence of bleeding, whose thorough
examination led to suspicion of psychiatric problems. She was
diagnosed with ASD but was told that nothing could be done for her
pain, and no specific treatment was suggested. Her pain continued
to worsen and was difficult to treat. In 2016, she was referred to a
psychiatrist at the University of Tokyo Hospital Pain Center.

This study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee of
3678). Written
informed consent was obtained from the patient and her parents

Tokyo University Hospital (approval no.

for the publication of any potentially identifiable data included in
this article.
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3. Diagnostic assessment
3.1. Initial assessments

On September 8, 2016, the patient visited the outpatient
psychiatric clinic at a pain center, and continued visiting once
every month, filled out the below-listed questionnaires at each
visit, receiving feedback from the psychiatrist regarding the
outcomes. Subjective pain intensity was assessed using the
numerical rating scale (NRS) (13). A decrease of >2 in the NRS
was considered either substantial or optimal and designated as
the minimum clinically important difference (MCID) (14).
Health-related aspects of the QoL were evaluated using the
EuroQoL-5 Dimension (15); a score of 0 indicates death and 1.0
indicates perfect health, with an MCID of 0.08 (16). Anxiety and
depressive symptoms were assessed using the Hospital Anxiety
and Depression Scale-Anxiety/Depression (HADS-A/D) (17); a
score of >11 was considered as a clinical anxiety/depression (18),
with an MCID of 1.5 (19). Pain-related catastrophizing thoughts
were assessed using the Pain Catastrophizing Scale (PCS) (20),
with a score >30 representing above or equal to the 75th
percentile in the distribution of scores in patients with chronic
pain, with an MCID of 6.48 (16).

The patient’s average NRS score for back pain at the first
visit was 4/10, with EuroQoL-5 Dimension, HADS-A, HADS-
D, and PCS scores of 0.725, 3/21, 2/21, and 16/52, respectively
(Figure 2).
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FIGURE 2

Course of treatment and objective/subjective parameters. (A) Average pain numerical rating score (NRS). (B) EuroQoL-5 Dimension. (C) Hospital Anxiety
and Depression Scale. (D) Pain Catastrophizing Scale and blood pressure and heart rate. ADPKD, autosomal dominant polycystic kidney disease; ATX,
atomoxetine; D, day; EQ-5D, euro QoL 5 Dimension; GF, guanfacine; HADS-A/D, Hospital Anxiety and Depression Scale-Anxiety/Depression; MP,
methylphenidate; NRS, numerical rating scale; PCS, Pain Catastrophizing Scale; SPECT, single-photon emission computed tomography.
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Experienced psychiatrist SK made a clinical differential
diagnosis of psychiatric disorders according to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-
5) (21) criteria. The patient did not experience major depressive
episodes with melancholy-type features and was diagnosed with
somatic symptom disorder (pain was the primary symptom).

During the first visit, the patient entered the examination room and,
without greeting her physician, abruptly picked up a pain questionnaire
from the desk and started responding to it. The patient turned on the
swivel chair on which she sat, shook her legs, and often interrupted
SK. She had already been diagnosed with ASD, but SK suspected that
she may have comorbid ADHD. Thus, an ADHD symptom
assessment was conducted from day 1-82, which confirmed the
diagnosis. ADHD symptoms were assessed using the Conners 3-self-
report and -parent assessment (22), completed by the patient and her
mother, respectively (Figure 3). According to the results, her subscale
scores exceeded 65 points and her ADHD symptoms were at the
clinical psychiatric level (Figure 3). She was diagnosed with
combined-type ADHD and satisfied 9/9 DSM-5 ADHD diagnostic
criteria for inattention and 6/9 criteria for hyperactivity-impulsivity.

3.2. Therapeutic interventions and
outcomes

On day 96, single-photon emission computed tomography

(SPECT) was performed before treatment initiation. Mild
hypoperfusion of the frontal lobe and relative hyperperfusion of
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the insular cortex were observed (Figure 4). After initiating MP at
18 mg/day, the patient stated, “I began to have periods of zero
pain. Various miscellaneous thoughts ceased to arise, and my
thoughts became as quiet as the surface of a lake, which I had
never experienced before.” She was able to sit up for the renal
pediatrician’s examination, whereas earlier, she always lay in bed
due to back pain. The pediatrician was also surprised, saying, “Her
eye focus and facial expressions are completely different.”
However, MP was replaced with atomoxetine (ATX) 50 mg/day on
day 187 due to side-effects, viz. headache, constipation, dry mouth,
hypertension, and tachycardia. Thereafter, her face became much
more animated. As the blood pressure increased to about 140/
100 mmHg with MP or ATX, candesartan dose was increased from
2 to 4 mg/day on day 208, which resulted in improvement of the
blood pressure to about 118/84 mmHg at outpatient visit.

A second SPECT was performed on day 292. The patient
informed that she had been administered candesartan by a
pediatrician, but still had high blood pressure and pulse rate and
tired easily. Therefore, considering the possible side-effects of ATX
such as hypertension and tachycardia, ATX 50 mg/day was
changed to GF 3 mg/day. The remission of pain was maintained,
and she was able to pass her high school equivalency examination.
However, switching to GF resulted in the side-effect of
hypotension and the dose of candesartan was reduced from 4 mg/
day to 2 mg/day on day 362. The mother, who listened to the
patient playing the piano in the living room every day while she
cooked, stated that she was surprised to hear each note stand out,
and the music she heard every day was completely different. The
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Points

acetaminophen dose was reduced to 600 mg/day and tramadol
75 mg/day was discontinued. By day 684, the pain NRS, EuroQoL-
5 Dimension, HADS, and PCS scores improved and remitted
beyond the MCID, and the Conners 3 scores were normalized,
except for the Peer Relations score on the Conners 3-Parent.
Subsequently, because monotherapy with GF 3 mg/day lowered
blood pressure and caused sleepiness and lethargy during the day,
MP 18 mg/day was added again on day 1,076, which also increased
her blood pressure, concentration, and English comprehension scores.
On day 1,139, the patient experienced a tonic clonic seizure
during dinner. She visited our psychiatric epilepsy outpatient
clinic, was diagnosed with focal epilepsy, and was administered
lamotrigine 250 mg/day. Stress from taking English tests was
thought to have triggered the seizures. After the epileptic seizure,
pain, anxiety/depression, and poor concentration worsened, and
she was unable to study for approximately two months.
Thereafter, the dosage of MP and GF were adjusted according to
blood pressure fluctuations, and finally, the condition was stabilized
at 18 mg/day MP, 4 mg/day GF, and 250 mg/day lamotrigine.
Following completion of medication adjustment, a third SPECT was
performed on day 1,503. All assessment scale scores were normalized.
On day 1,632, the day before the college entrance examination,
she started experiencing headaches and yawning-like signs of
epilepsy, which made her feel ill and increased her pain, anxiety,
and depression. However, she did not have seizures and took all
the entrance examinations. She was accepted by the philosophy
department of her university. She expressed hope for the future,
saying that she would like to obtain a teaching certificate and
work to provide academic support to children with long-term
illness, akin to herself.
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4. Discussion

This case demonstrated three distinctive findings: (1) ADPKD
can coexist with ADHD and ASD, (2) GF and MP can improve
chronic pain in ADPKD, and (3) cerebral blood flow can
improve during the treatment course.

To the best of our knowledge, this is the first report of ADPKD
co-existing with ADHD and ASD. Both, the patient and her
siblings were diagnosed with ASD by a child psychiatrist;
however, ADHD was overlooked. Although ADHD is present in
40%-85% of children with ASD (23, 24), clinicians miss more
than half of ADHD cases with comorbid ASD (23). However, if
ADHD occurs in a patient with ASD, medications for ADHD
are available. Consistent with the findings in this case, studies
have reported that ADHD medications can significantly improve
chronic pain (25-31). It has also been reported that ADHD is
more likely to be associated with chronic pain (32-34).
Therefore, when treating pain associated with ADPKD, screening
and treatment for ADHD and ASD should be considered.

The ADHD medications, GF and MP, improved ADPKD-induced
pain. Monotherapy with MP or ATX was effective for both ADHD
symptoms and pain, but caused side-effects. Monotherapy with MP or
ATX was inappropriate for treating this patient because elevated blood
pressure is an exacerbating factor in ADPKD symptoms. GF did not
increase blood pressure in this patient and was considered appropriate
for the management of ADPKD. However, when administered alone,
GF causes side-effects, such as hypotension, fatigue, and drowsiness;
therefore, MP 18-36 mg/day was administered in combination with
GF, and blood pressure was maintained within the recommended
range (<110/75 mmHg) (35). Thus, it seems necessary to adjust the
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FIGURE 4

Changes in cerebral blood flow during the course of treatment. (A) Brain perfusion single-photon emission computed tomography images obtained on day 96
before initiating ADHD medications (B) Pain-free status on day 292 under administration of atomoxetine (50 mg/day). (C) A persistent pain-free status onday 1,503
is achieved with a combination of methylphenidate (18 mg/day) and guanfacine (4 mg/day). The three axial images from left to right indicate the inferior frontal,
basal ganglia, and frontoparietal levels. The squared area on the axialimages of the basal ganglia levelin (A) and (C) are expanded in (D) and (E), respectively, to show
a magnified view of the insular cortex area. The voxel values are normalized by the average counts-per-voxel with the cerebellum being 50; the color bar
represents from 5 to 65. Mild hypoperfusion in the bilateral prefrontal cortices in (A) are slightly increased in (B) and returned to a similar level as (A) in (C)
(white dashed curves). The insular cortex is identified in (D) (arrows), but not in (E), suggesting that the relative hyperperfusion in (D) is reduced in (E) The mean
normalized voxel values for each image from (A) to (C) are as follows: 48.4, 50.1, and 48.5 in the prefrontal region and 54.3, 53.6, and 52.4 in the insular
cortex, respectively. >™Tc- ethyl cysteinate dimer (ECD; Fuijifilm RI Pharma, Tokyo, Japan) at a dose of 740 MBq is administered to the patient resting in a
supine position in a quiet room with her eyes closed. Approximately 10 min after injection, SPECT is performed for 30 min with a triple-head gamma camera
(GCA-9300R; Canon Medical Systems Corp, Tochigi, Japan). Voxel value normalization and calculation are performed using PMOD version 3.7 (PMOD

Technologies Ltd., Zurich, Switzerland). SPECT: single-photon emission computed tomography; ADHD, attention deficit hyperactivity disorder.

combination of GF, MP, and ATX when administering ADHD
medications to patients with ADPKD. Previous studies on GF and MP
combination therapy indicated significantly improved ADHD
symptoms with MP and GF than with MP alone, and most adverse
events were anticipated with mild to moderate severity (36, 37). In the
present case, GF and MP were administered in combination; however,
no serious adverse events were observed.

In this case, hyperperfusion of the insular cortex on pretreatment
cerebral blood flow-SPECT was reduced all through the persistent
pain-free state during ADHD medication therapy. Brain imaging
studies using positron emission tomography (PET) have shown
hyperperfusion of the insular cortex during pain stimulation (38).
The insular cortex is a part of the pain matrix (39) and is
considered a component of the affective and emotional processes
of nociception due to its neuronal connections with the thalamus
and amygdala (40). Furthermore, a PET study showed that the
degree of tonic pain was positively correlated with regional glucose
in the

hyperactivity may reflect chronic pain associated with the

metabolism insular cortex (41). Therefore, insular

emotional experiences of severe pain. Moreover, frontal perfusion
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increased slightly during treatment with ATX, which has a
stimulant effect on catecholamine transmission in the prefrontal
cortex (42). As the insular cortex is also interrelated with the
frontal lobe (40), the changes in cerebral blood flow-SPECT in this
case suggest that ATX modulates the insular cortex activity
through frontal lobe activation, which is maintained by GF and
MP, leading to pain relief.

Mutations in PKD1 were detected in this patient, which may
have contributed to cyst formation in ADPKD. Polycystin-1,
encoded by PKDI, forms complex ion channels and regulates
intracellular Ca concentration (1). Polycystin-1 is widely
distributed in tissues throughout the body, but is particularly
abundant in the brain, where it makes an important
contribution to neurodevelopment (43-45). Mutations in PKDI
have been reported as a possible cause of epilepsy following a
history of febrile seizures (45). This patient had a history of
febrile seizures at 5 years of age and epilepsy at 18 years,
consistent with a previous study (the younger brother also had
a PKDI gene mutation, which caused epileptic seizures at 14

years of age). On day 1,139, when the patient’s epilepsy was
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untreated, she experienced a tonic clonic seizure when she took an
English certification examination, which aggravated her mental
function and prevented her from studying for approximately
two months. However, during the examination on day 1,594,
one year after receiving anti-epileptic treatment, she successfully
progressed through the
without having a seizure and was accepted into college. The
coexistence of febrile seizures and epilepsy should be noted in
ADPKD, in PKD1
approximately 85%-90% of cases.

three-month examination season

which mutations in account for

There were two limitations to this study. First, the epileptic
seizure on day 1,139 occurred after the addition of MP on day
1,076; MP could have lowered the seizure threshold and induced
the seizure (46). However, MP was not discontinued because the
patient requested it to continue owing to its benefits (47).
Second, the three evaluations of cerebral blood flow in this case
followed changes during the period of 15-18 years of age, and
the possibility that the changes were not caused by drug therapy,
but rather reflected changes in blood flow distribution with
growth, cannot be ruled out. This should be taken into account
when generalizing the results of this study.

This case report showed that ADHD and ASD may coexist in
patients with ADPKD, and that combination treatment with GF and
MP can improve chronic back pain associated with ADPKD, while
maintaining blood pressure within the appropriate range and
improving cerebral blood flow. Although the diagnosis of ADHD
comorbid with ASD is easily missed, screening for ADHD may be
important for the treatment of ADPKD since ADHD medications,
such as GF and MP, can be administered if comorbidity is
confirmed. However, this is the only case report, describing an
association between ADPKD and ADHD or ASD. Further studies
are required to establish the relationship between these disorders
and their treatment.

5. Patient perspective

Previously, the patient found it difficult to cope with being
continuously told that the pain was a mental problem or that it
should not hurt that much whenever she visited a hospital.
However, after our intervention, the patient discovered that her
pain was related to brain function impairments. The ADHD
medication improved both her ADHD symptoms and pain. Her
older and younger brothers also visited SK’s outpatient clinic for
ADHD assessment, and both were diagnosed with ADHD. The
family’s understanding of the siblings’ ADHD symptoms enabled
them to respond more appropriately to their behavior. The
patient and her mother were grateful that the ADHD was
discovered and treated at the hospital.

Data availability statement
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