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Keypoints

in analgesic metabolism.

e Kileefstra Syndrome is a rare congenital disorder with multiple end organ effects.

e Perioperative Challenges: airway management, cardiac and urologic issues, and pharmacogenomic variations

e Hydromorphone Ineffectiveness: avoid using hydromorphone due to lack of efficacy.

Abstract

Kleefstra syndrome (KS) is a genetic disorder caused by
a microdeletion in the 9q34.3 chromosome with related
clinical conditions requiring surgical intervention and
careful consideration for anesthetic management includ-
ing potential difficult airway, cardiac and neurological
considerations, pulmonary infections, reflux and delayed
gastric emptying, genitourinary abnormalities, hypoto-
nia, and seizure disorders. In addition, we observed
unique perioperative pain control considerations. We pre-
sent a clinical case involving a 2-year-old female who re-
ceived anesthesia for robotic ureteral reimplantation sur-
gery. Perioperative implications are discussed and con-

siderations for anesthetic care provided.
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Introduction
Kleefstra syndrome (KS) is a congenital disorder result-
ing from an autosomal dominant chromosome 9q34.3 mi-

crodeletion, also known as 9q subtelomeric deletion
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syndrome (9qSTDS).(1, 2) The prevalence is estimated
to be 1:25,000 births, with a female to male ratio of 1:1.
The majority of the clinical characteristics are attributed
to a dysfunctional euchromatin histone methyltransferase
1 (EHMT1), which encodes the histone methyltransfer-
ase enzyme essential for typical development. Clinical
features include dysmorphic facial qualities (brachy[-mi-
cro]cephaly, midface retrusion, protruding tongue, prog-
nathism); congenital cardiac anomalies (conotruncal
heart defects, atrial and ventricular septal defects, pulmo-
nary stenosis, bicuspid aortic valve); mild to moderate
cognitive and gross motor delay with autism-like quali-
ties; seizures, hearing and vision impairments, and geni-
tourinary anomalies with hydronephrosis and vesico-ure-
teral reflux (VUR) well described.(3) Over 500 cases
have been diagnosed, with many fold more suspected and
the oldest patient reported in current literature was aged
59 years in 2010.(4) To date, this is the second case re-
port regarding the anesthetic management of patients
with KS.(5) With written Health Insurance Portability
and Accountability Act (HIPAA) authorization from a
parent, we present a 2-year-old patient with KS who re-
ceived anesthesia care for a robotic ureteral reimplanta-

tion for VUR. We review perioperative management and
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anesthetic implications in KS and update the current con-
siderations for post-operative pain management based on
clinical response to systemic opioid analgesics not previ-

ously described.

Case report

The patient was a 2-year-old, 12.9-kilogram female who
presented for a robotic bilateral ureteral reimplantation
for the treatment of VUR. KS was diagnosed at one
month of life secondary to failure to thrive, difficulty
swallowing, abnormality of the pulmonic valve, and con-
cern for possible Noonan syndrome. The patient’s medi-
cal history included gastroesophageal reflux disease, sei-
zures, dysphagia, sleep apnea, pulmonary stenosis, aspi-
ration, hypotonia, gastrotomy tube, and VUR. Past surgi-
cal history included a laparoscopic Nissen fundoplication
with gastrostomy, flexible laryngoscopy, micro-direct
laryngoscopy and bronchoscopy, adenoidectomy, tym-
panostomy tube placement, and esophagogastroduo-
denoscopy with biopsy. Review of previous anesthetic
records showed no history of anesthetic difficulties or
complications. Preoperative examination was remarkable
for recent upper respiratory infection treated with antibi-
otics and the physical exam demonstrated transmitted up-
per airway sounds, but the patient was afebrile and ap-
peared non-toxic. In the operating room, standard Amer-
ican Society of Anesthesiologists’ monitors were placed
followed by inhalation induction with 40% oxygen and
60% nitrous with sevoflurane. After peripheral intrave-
nous (IV) access was achieved and rocuronium (8 mg)
was administered, direct laryngoscopy with a Philips 1
blade was performed revealing a grade 1 view and a 4.0-
mm cuffed endotracheal tube was placed and secured at
12cm at the lips. Intraoperative medications during the
case included vancomycin (130 mg), gentamicin (40 mg),
ondansetron (2 mg), neostigmine (0.9 mg), glyco-
pyrrolate (0.3 mg), albuterol (180 mcg/puff for 15 puffs),
propofol (50 mg), and lidocaine (10 mg) along with
20mL/kg of crystalloid solution. Prior to emergence, hy-

dromorphone was titrated IV in 10mcg increments while
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the patient was spontaneously ventilating for a total of 1.1
mg with no observed impact on respiratory drive or rate,
which remained at 28 per minute with SmL/kg of tidal
volume while spontaneous. Upon emergence and awake
extubation, she demonstrated some stridor which initially
improved with continuous positive airway pressure
(CPAP) and gentle jaw thrust, without which oxygen sat-
urations declined to 80-89%. A nasal trumpet was lubri-
cated and gently placed in right nare which alleviated
some of the obstruction during CPAP. After careful ob-
servation, desaturation occurred again and after gentle
suctioning, a laryngeal mask airway (LMA) was placed
relieving the obstruction and reducing the stridor to nota-
ble with acceptable ventilation with gentle CPAP. The
patient was transported on monitors to the post-anesthe-
sia care unit (PACU) where the LMA was removed
shortly after arrival. In the PACU the patient was awake
and active but exhibited signs of being anxious and un-
comfortable. Acetaminophen (194 mg) and ibuprofen
(130 mg) were administered followed by 0.25 mg of hy-
dromorphone with a repeat dose of 0.25mg hydromor-
phone given 15 minutes later. Pain assessment during the
PACU stay showed inadequate pain relief with general-
ized pain and consistent crying resulting in the patient be-
ing taken to the floor with a pain score of eight. The
PACU stay lasted 1 hour. On the medical/surgical floor
she exhibited signs of inadequate analgesia and another
0.19 mg of hydromorphone was given with no relief fol-
lowing this dose. In response, a nurse-controlled titrata-
ble continuous morphine infusion was ordered a few
hours after arrival to the unit resulting in excellent pain
control at 15mcg/kg/hr. She was discharged on post op-
erative day 2 on alternating ibuprofen and acetaminophen

analgesics.

Discussion

Kleefstra syndrome was first described by Dr. Tjitske
Kleefstra in 2007.(6) This is the second case report dis-
cussing anesthetic care of a patient with KS and first de-

scribing a negligible therapeutic response of
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hydromorphone analgesia. Given the co-morbidities as-
sociated with KS, there are multiple perioperative impli-
cations that influence anesthesia and analgesia. KS can
affect individuals with congenital cardiac lesions, muscu-
loskeletal abnormalities, deglutition challenges, urologi-
cal defects, and craniofacial characteristics with anes-
thetic management implications. [Table 1]. For those
who survive infancy, procedural interventions under an-
esthesia are common and this patient is no exception. In
the only other report regarding the perioperative anes-
thetic management of a patient with KS, airway assess-
ment and management for diagnostic laryngoscopy and
rigid bronchoscopy is described with similar periopera-
tive challenges as that young patient also presented with
laryngomalacia.(5) Perioperative pain control for that
procedure was not described.

From our case and review of the literature, we would sug-
gest that the top three concerns when preparing for anes-
thetic management of a KS patient include airway man-
agement, associated congenital heart disease, and neuro-
logical disorders. Regarding the airway, a major concern
in perioperative management is the potential for chal-
lenging ventilation and endotracheal intubation given the
possibility of craniofacial characteristics such as progna-
thism of the jaw, midface retrusion, and macroglossia.
Tracheo- or bronchomalacia may predispose the patient
to respiratory complications. Although we were able to
accomplish endotracheal intubation using direct laryn-
goscopy without complication, we also recommend prep-
arations for laryngomalacia and, in this case, reactive air-
way. The pertinent equipment for a difficult airway such
as indirect laryngoscopy tools and supraglottic airway de-
vices should be readily accessible.(5)

The second major perioperative consideration in the care
of a patient with KS is the potential for associated con-
genital heart defects which is reported in about 50% of
patients.(7) Congenital heart defects include tetralogy of
Fallot, hypoplastic left heart syndrome, coarctation of the
aorta, pulmonic stenosis and bicuspid aorta.(8) Due to

concern about defects, preoperative review of cardiac
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echo- and electrocardiographic studies and assessment of

functional status are recommended.

Microcephaly 30-80%
Broad forehead 55%
Widely spaced eyes 55-70%
Ocular anomalies 45%
Midface hypoplasia 55-100%
Depressed nasal bridge and short nose 45-100%
Anteverted nares 40-80%
Protruding tongue 40-60%
Ear anomalies 45-80%
Hypoacusia 20-30%
Dental anomalies 10-15%
Psychomotor delay/intellectual disability 100%
Autism spectrum disorder 30-75%
Behavioral problems 65-70%
Cardiovascular anomalies 40-45%

Genital anomalies 45-50% (males)

Renal defects 15-30%
Skeletal anomalies 30-50%
Hypotonia 60-80%
Obesity 30-79%
Seizures 5-30%
Constipation 30-79%
Vomiting/Reflux 5-30%
Recurrent respiratory infections 5-30%
Sleep disturbances 30-79%
Tracheomalacia 5-30%

Table 1. Kleefstra Syndrome Phenotypic Prevalence

Neurological comorbidities have been described in pa-
tients with KS, seizures being common for 30% of indi-

viduals. Our patient had a history of what the parents
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believed was seizure activity; however, magnetic reso-
nance imaging and ambulatory electroencephalogram
were both normal and no anticonvulsive medication was
prescribed. Other neurological manifestations include
hearing loss, brain anomalies, and psychiatric disorders
with the majority of patients exhibiting intellectual disa-
bilities, autism spectrum disorder, motor and develop-
mental milestones delays, childhood hypotonia, and ir-
regularities of gross and fine motor skills.(9)

Urological abnormalities are common, as demonstrated
in our patient who underwent robotic ureteral reimplan-
tation for VUR and hydronephrosis. Reviewing renal
function and considerations for renally cleared medica-
tions would be the primary anesthetic considerations and,
for this procedure, pain management is equally im-
portant.(7)

Pain management in patients with KS has largely been
unreported. In our case, the patient did not demonstrate a
therapeutic response to repeat hydromorphone admin-
istration at substantial doses for a pediatric patient of this
size. As hydromorphone provided inadequate anesthesia,
the analgesic was changed and morphine resulted in ex-
cellent pain control. In one study, a pharmacogenomic se-
quence was done on a 23-year-old male with KS and
found reduced metabolic activity of the cytochrome P450
2D6 enzyme (CYP2D6).(10) CYP2D6 is a major liver
enzyme responsible for metabolizing a variety of drugs,
including hydrocodone and codeine. There has been no
research done on the enzyme UDP-
glucuronosyltransferase 2B7 (UGT2B7), the enzyme
known for the metabolism of morphine and hydromor-
phone, although per correspondence with Dr. Tjitske
Kleefstra and her team there are ongoing metabolic in-
vestigations on pharmacogenomics affecting interven-
tions to improve sleep and psychiatric disorders; so, we
do expect more information to be forthcoming (email cor-
respondence).

To summarize, KS is a unique genetic disorder associated
with multiple co-morbidities affecting various organ sys-

tems. Airway, congenital heart defects, renal
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abnormalities and neurological disorders are pathogno-
monic and preoperative evaluation of airway status, car-
diac standing, and other co-morbidities guide the anes-
thetic method. As pharmacogenomic studies continue,
we recommend against the use of hydromorphone for an-
algesia due to poor pharmacokinetics in this population
known for a high pain tolerance and support continued
research into the pharmacogenetics of individual KS pa-

tients.
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