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ABSTRACT

Introduction: Preliminary clinical studies have demonstrated that clonidine is an effective adjuvant to spinal anesthesia in
neonates and infants. However, the studies conducted previously have had a limited cohort size of 80-100, potentially limiting
an accurate measure of its safety.

Methods: The current study retrospectively examines our 5-6-year experience with clonidine as an adjuvant to spinal anesthe-
sia in a large cohort of neonates and infants.

Results: The study cohort included 1420 patients ranging in age from newborn to 36 months (median age 7 months). Ninety-
five percent of the patients tolerated spinal anesthesia without requiring conversion to general anesthesia, and over 73% of the
patients did not require any additional intraoperative sedation. Hypotension (sBP <60 mmHg) was the most common intraoper-
ative event (17%) with one patient requiring the administration of an anticholinergic agent for bradycardia. No serious intraoper-
ative adverse events were noted. Post Anesthesia Care Unit (PACU) Phase I was bypassed in 75% of cases, and the postoperative
admission rate was 7%, with the majority (85%) being planned admissions. Fifty-six patients (4%) returned to the hospital during
the first seven postoperative days, primarily for surgical concerns.

Conclusions: Based on this retrospective, observational study, clonidine appears to be a safe adjuvant to spinal anesthesia
for ambulatory surgical procedures in infants and children. We observed a low incidence of intraoperative and postoperative
complications.

1 | Introduction has been shown to be a safe and effective alternative to general

anesthesia (GA) for certain surgical procedures. This may be

Clonidine is an a,-adrenergic agonist originally applied clin-
ically for the treatment of hypertension [1]. More recently, it
has been shown to be a safe and effective adjuvant for neurax-
ial anesthesia in adults, especially within obstetrical practice
[2, 3]. However, there is less understanding regarding its use for
neuraxial anesthesia in infants and children. Spinal anesthesia

particularly beneficial in pediatric populations, as it avoids the
need for airway manipulation and obviates concerns parents
may have related to the perceived risks of general anesthesia
[4, 5]. An impediment to the use of spinal anesthesia in infants
is the short duration of action relative to adults. Clonidine has
been shown to prolong the duration of spinal anesthesia as well
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as reduce the intraoperative requirements for sedation and an-
algesics. Regarding its safety profile, Walker et al. previously
demonstrated that intrathecal clonidine did not produce signs of
spinal cord toxicity in rat pups, even at super-therapeutic dosages
[6]. While preliminary clinical studies in humans have also in-
dicated that clonidine is safe to use as an intrathecal adjuvant in
spinal anesthesia, these cohorts have generally been limited to
fewer than 100 patients [7, 8]. Although adverse effects including
bradycardia, hypotension, and respiratory depression have been
reported, the smaller cohort size may limit an accurate evalua-
tion of the safety and adverse effect profile of clonidine [9-11].

We previously reported our experience with spinal anesthesia
instead of GA in more than 1200 pediatric patients, demonstrat-
ing the safety and effectiveness of spinal anesthesia as an anes-
thetic technique, but we did not differentiate between patients
that did or did not receive clonidine. Since that time, we have
continued to successfully administer intrathecal clonidine to
hundreds of infants undergoing spinal anesthesia [4], and we
present our experience in the present manuscript.

2 | Methods
2.1 | Study Design and Cohort

This study is a retrospective chart review focused on pediatric
patients who received spinal anesthesia instead of general an-
esthesia from 2016 until July 2022 for general surgical and uro-
logical procedures. The study was approved by the Institutional
Review Board at Nationwide Children's Hospital. As a retrospec-
tive study, the need for individual patient consent was waived.
Patients were identified through a search of the operating room
schedule and electronic medical records using the keywords
“regional anesthesia” and “0.5% bupivacaine” in intraoperative
documentation or a procedural note indicating spinal anesthesia
was performed. Patients who received intrathecal clonidine in
addition to bupivacaine for spinal anesthesia were identified and
included in the study cohort.

2.2 | Technique for Spinal Anesthesia

Spinal anesthesia was administered either by an attending pedi-
atric anesthesiologist or under the supervision of the Acute Pain
Service & Regional Anesthesia Team at Nationwide Children's
Hospital. The procedure adhered to our standardized protocol for
spinal anesthesia, which involves the application of 4% topical li-
docaine cream to the lumbar spine area 30 min prior to the proce-
dure [4, 5]. In the operating room, a regional anesthesia timeout
was conducted. The skin over the lumbar spine was disinfected
with chlorhexidine, and the patient was positioned sitting with
neck flexion and lumbar extension. A 22-gauge, 1.5-in. Quincke
spinal needle was used for the lumbar puncture (LP) performed
at the L3-L4 or L4-L5 vertebral level. Upon entering the intra-
thecal space and confirmation of cerebrospinal fluid flow, the
local anesthetic agent was injected. The anesthetic agent typi-
cally consisted of 1mg/kg (up of 1.2mL) of 0.5% isobaric bupiv-
acaine with epinephrine 1:200000 and 1 pg/kg of clonidine. Our
clinical practice is to prepare the spinal solution ourselves in the
operating room just prior to administration. Plain bupivacaine

is used as the base solution, and epinephrine as well as 100 pg/
mL clonidine is added using a 1mL volume syringe. Depending
on the clinical need, an epinephrine “wash” technique was
used, involving drawing and then expelling undiluted epineph-
rine (1mg/mL), leaving only a trace amount inside the syringe
before filling it with the local anesthetic solution and clonidine.
Following the intrathecal injection of the anesthetic agent, the
patient was placed in the supine position, and intravenous (IV)
access was secured in a lower extremity after sensory blockade
was confirmed. A surgical timeout followed the establishment of
IV access prior to the start of the surgical procedure. If the patient
remained agitated despite adequate spinal blockade, 24% sucrose
on a pacifier was used for soothing. If this did not control the
agitation and the patient was unable to be soothed, IV dexme-
detomidine (0.5-1ug/kg) was administered. Because dexmede-
tomidine is highly selective for a,-adrenergic receptors, we find
that it achieves an effective level of mild sedation without major
hemodynamic effects. This is preferred over opioids, as analgesia
is not necessary with a working spinal blockade. There is also
less risk of respiratory depression compared to benzodiazepines
or propofol. Following surgery, patients were moved directly to
Phase II of the post-anesthesia care unit (PACU) if they did not
require supplementary IV sedation, or Phase I for monitoring
and assessment if they received additional sedation during the
procedure. A modified Aldrete scoring system was used to evalu-
ate readiness for transition to phase 2 [12, 13]. Scores range from
0 to 10 based on points assigned for respiration, color, activity,
circulation, and consciousness. A score >8 or a return to clinical
baseline indicated readiness for Phase 2 recovery, where patients
were reunited with their caregivers or guardians and prepared
for subsequent discharge. Patients that were born at full term
(> 37weeks) were candidates for same-day discharge at 44 weeks
postconceptual age, and patients born preterm (< 37 weeks) could
be discharged home if > 60weeks postconceptual age on the day
of surgery.

2.3 | Data Collection

Data collected for the study included patient demographic data
(age, height, weight, gender, ethnicity, race, and American
Society of Anesthesiologists [ASA] physical status), anesthesia
details (dose of local anesthetic, level of LP for spinal anesthe-
sia, number of LP attempts, time for placement of spinal anes-
thesia, time to surgical incision following placement of spinal
anesthesia, need for supplemental sedation, conversion to GA,
intraoperative medications, postoperative medications), surgical
details (type of procedure, duration of procedure, intraoperative
hemodynamic or respiratory adverse events), and recovery de-
tails (length of PACU stay, need for supplemental oxygen, time
to oral feed, discharge time, ED or UC return within 7 days).

The primary outcome was the overall safety of clonidine as an
adjuvant to the medication regimen for spinal anesthesia. Safety
outcomes were evaluated by the identification of adverse effects
related to spinal anesthesia or IT clonidine specifically. These
included respiratory effects, including the need for supplemen-
tal oxygen, oxygen desaturation defined as saturation <92%,
apnea, bradypnea, or the need for bag-valve-mask ventilation.
Adverse hemodynamic effects included bradycardia defined as
heart rate <80 beats per minute, hypotension defined as systolic
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blood pressure (sBP) <60mmHg, or the clinical need for the
administration of fluid boluses or vasoactive/anticholinergic
medications.

2.4 | Statistical Analysis

Demographic and intraoperative characteristics were analyzed
using descriptive statistics. Categorical data were summarized
as frequencies and percentages. Continuous data, which exhib-
ited skewed distributions as assessed by the Shapiro-Wilk test,
were presented as medians with interquartile ranges. All statis-
tical analyses were conducted using Stata software (version 16;
StataCorp, College Station, TX).

3 | Results

The study cohort included 1420 patients ranging in age from
newborn to 36 months, with the majority (99%) of patients being
less than 18 months of age. The median age was 7 months (IQR
6, 10months). Ninety-eight percent of the patients were males.
Ninety-six percent of the patients were assigned ASA physical
classification I or II (Table 1). Isobaric bupivacaine was used
most often as the local anesthetic agent (98%). Epinephrine
was added to the spinal anesthetic solution in 96% of the proce-
dures, and all patients received intrathecal clonidine (Table 2).
Procedures included a mix of urologic and general surgery pro-
cedures. Lumbar puncture and spinal anesthesia failed in 76
patients (5.3%), who required conversion to GA, mostly due to
an incomplete motor block. Three-hundred and seventy-eight
patients (26.6%) received additional sedation intraoperatively;
Table 3 highlights additional sedation medications given.

There were few cases of intraoperative events including oxygen
desaturation (3.3%), bradycardia (2%), and hypotension (17%)
(Table 4). Two-hundred and eleven patients (14.9%) received
supplemental oxygen and 1 patient required the administration
of an anticholinergic agent (atropine). No other intraoperative
adverse events were noted. Phase I of PACU recovery was by-
passed 75% of the time (Table 2).

Fifty-six patients (4%) returned to the hospital (Emergency
Department or Urgent Care) during the first seven postopera-
tive days. The complaints that prompted the returns were pri-
marily related to the surgical procedure and not anesthetic care
(Table 4).

4 | Discussion

In the present manuscript, we examine the use of IT clonidine
in neonates, infants, and toddlers. The cohort includes 1420 pa-
tients less than 3years of age, and we focus specifically on the
safety profile of IT clonidine. We also provide our clinical expe-
rience with the use of IT clonidine for same-day surgery, with a
large percent of our patients being discharged home. The safety
profile was demonstrated as we were able to effectively collect
data on readmission rates and return to the ED for perioperative
concerns. Previous studies have generally focused on smaller in-
fants with post-surgical hospital admission.

TABLE1 | Demographic characteristics of study population.

Variables N (%) Median (IQR)
Study Population 1420
Age (months) 7 (6, 10)
Gender

Male 1386 (97.6)

Female 34(2.4)
Weight (kg) 8.5(7.5,9.5)
Height (cm) 69 (65.4,72.5)
Ethnicity

Hispanic 32(2.3)

Non-Hispanic 1348 (94.9)

Unknown 40 (2.8)
Race

Asian 28 (2.0)

Black/African 193 (13.6)

American

White 1088 (76.6)

Other 89 (6.3)

Unknown 22(1.5)
ASA Classification

I 948 (66.8)

1T 420 (29.6)

III 49 (3.4)

v 3(0.2)

Note: Data presented as: Count (percentages) and median (interquartile range).
Abbreviation: ASA, American Society of Anesthesiologists.

Clonidine is an «,-adrenergic agonist that was originally re-
leased in 1966 for clinical use in the treatment of hypertension.
With the development of more effective medications with im-
proved adverse effect profiles, its use for the treatment of hyper-
tension decreased over the ensuing decades [14]. Despite this,
other clinical applications have expanded to the treatment of
ADHD, drug withdrawal, sleep and psychiatric disorders, and
spasticity. It is available in several formulations for clinical use,
including an oral tablet, transdermal patch, and a formulation
for neuraxial administration [15]. Clonidine exerts its physio-
logic effects primarily by binding to and activating «,-adrenergic
receptors, resulting in sedation and analgesia. It is also known
to cause potential adverse effects such as bradycardia and hypo-
tension [16]. Previous authors have reported the use of clonidine
as an adjuvant to local anesthetic agents for spinal anesthesia;
these studies are outlined in Table 5 [7, 8, 11, 17-22]. Intrathecal
clonidine has been used in spinal anesthesia for both infants
[4, 6, 20, 21] as well as older children [10, 15, 17-20]. It has pri-
marily been described as an adjuvant that increases spinal du-
ration [6, 15, 17, 18], but it also can decrease overall sedation
requirements [7, 10]. Here, we looked specifically at clonidine's
safety profile in infants undergoing general or urologic surgeries.
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TABLE 2 | Procedure and anesthetic characteristics of study

TABLE 2 | (Continued)

Variables N (%) Median (IQR)

Patient was admitted to inpatients ward

Inpatient prior to 28(29.8)
procedure

Planned admission 52 (55.3)
Unplanned admission 14 (14.9)

Need for supplemental oxygen intraoperatively
No 1209 (85.1)
Yes 211 (14.9)
Need for additional intraoperative sedation
No 1042 (73.4)
Yes 378 (26.6)

Note: Data presented as: Count (percentages) and median (interquartile range).

TABLE3 | Patientswhoreceivedadditionalsedationintraoperatively.

Medication N (%)
Dexmedetomidine 265 (18.7)
Fantanyl 19 (1.3)
Midazolam 2(0.1)
Propofol 31(2.2)
More than 1 sedation 61 (4.3)
Note: Data presented as: count (percentages).
TABLE 4 | Intraoperative adverse effects.
Hemodynamic or respiratory problems for
successful spinals N (%)
SpO, sustained below 92% 47 (3.3)
Heart rate <80 beats/min 29 (2.0)
Systolic blood pressure <60 mmHg 237 (16.7)
Administration of vasoactive agent 1(0.1)
Patient returned to ED/UC < 7days after 56 (3.9)

procedure

Note: Data presented as: Count (percentages).
Abbreviations: ED, emergency department; UC, urgent care.

We based the decision to utilize intrathecal clonidine at our in-
stitution on multiple factors. Initially, clonidine seemed a more
ideal choice when compared to intrathecal opioids due to its more
favorable side effect profile; clonidine is not known to cause the
common opioid-related side effects such as nausea, pruritus, con-
stipation, and respiratory depression. Further, clonidine’s ability
to extend the duration of single-shot neuraxial blockade has been
well established in the pediatric literature [7]. Following the first
2years of performing infant spinal anesthesia at our institution,
we were able to publish our findings that intrathecal bupivacaine
with epinephrine and clonidine, in fact, reliably produced analge-
sia for surgeries lasting from 60 to 100 min [21].

population.

Variables N (%) Median (IQR)
Study Population 1420
Total procedure time 36 (26, 52)
(minutes)
Total anesthesia time 64 (52,79)
(minutes)
Need for general anesthesia (no/yes)

No 1344 (94.7)

Yes 76 (5.3)
Time to place spinal 2(1,4)
anesthesia (minutes)
Local anesthetic agent for spinal

Bupivacaine (PF) 0.5% 930 (65.5)

with epinephrine

1:200000

Bupivacaine (PF) 0.5% 50 (3.5)

Bupivacaine (PF) 0.5% 414 (29.2)

with epinephrine wash

Ropivacaine 0.5% 6(0.4)

Ropivacaine 0.5% with 7(0.5)

epinephrine wash

Other 13(0.9)
Local spinal volume 1(1,1.1)
(mL)
Additive used for spinal 1042 (100)
Number of spinal attempts

One 16 (1.1)

Two 21 (1.5)

Three 7(0.5)

Not charted 1375 (96.9)
Was phase 1 PACU bypassed?

No 355 (25.0)

Yes 1065 (75.0)
Time in phase 1 30 (20, 45)
(minutes)
Time in phase 2 84 (64, 128)
(minutes)
Total postoperative time 82 (64, 105)
(minutes)
Was patient admitted?

No 1326 (93.4)

Yes 94 (6.6)

(Continues)
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TABLE 5 | Previous reports of intrathecal clonidine use in pediatric patients.
Cohort size, age range, Clonidine
Reference type of surgery dose (ng/kg) Clinical outcomes
Heydinger G N=1221, median age 7 months; 1ug/kg Spinal anesthesdia is viable for a
et al. [4] urologic and abdominal surgery number of pediatric surgical procedures
with a low incidence of intraoperative
and postoperative complications
Rochette A N=75, <60weeks postconceptual; 0.25,0.5,1, IT clonidine (1 ug/kg) added to IT isobaric
et al. [6] inguinal herniorrhaphy or 2ug/kg bupivacaine doubled the duration of the
blockade without significant adverse effects
Batra YK A N=65, 2-11 months; elective 1ug/kg The requirement of propofol sedation reduces
etal. [7] lower abdominal surgery with the addition of intrathecal clonidine
Parag K et al. N=42, 3-8years; herniorrhaphy 1ug/kg IT clonidine maintained better sedation
[10] or genital surgery level and required less propofol than
IT fentanyl as an adjuvant
CaoJPetal. N=59, 6-8years; orthopedic surgery lug/kg IT clonidine significantly prolonged
[15] the time to first rescue analgesia and
reduced the requirements for propofol
sedation when administered IV or IT
Gentili ME N=68, mean age 7years; orthopedic lug/kg The addition of clonidine to bupivacaine
etal. [17] surgery (clubfoot, hemiplegia, prolonged the duration of spinal
tetraplegia) and general surgery anesthesia and increased the time
to first dose of rescue analgesia
Kaabachi O N=23, 6-15years; lower limb surgery 2ug/kg IT clonidine extended the duration of
et al. [18] postoperative analgesia, but with moderate
adverse effects (hypotension, bradycardia)
Kaabachi O N=42,10-15years; orthopedic surgery 1ug/kg IT clonidine prolinged the duration of both
et al. [19] sensory and motor blockade and postoperative
analgesia without adverse events
Rochette A N=124,29-50weeks lug/kg The addition of clonidine to SA in neonates
et al. [20] postconceptual; herniorrhaphy results in acceptable side effects
Trifa M et al. N=35, <3years (mean 1ug/kg SA (with clonidine) is a safe alternative

[21] 7 months); genital, groin, and
multiple site surgeries

to GA in children undergoing surgery
expected to last as long as 60-100 min

We have previously reported a high success rate and a low in-
cidence of adverse effects with spinal anesthesia in infants,
demonstrating its safety in the ambulatory setting in a retro-
spective study of patients receiving spinal anesthesia instead
of GA [4]. In the present study, no patient developed apnea or
bradypnea that required intervention with bag-valve-mask
ventilation; hypoxemia was easily treated with the administra-
tion of NC oxygen, and although a low HR or sBP was noted in
some patients, treatment with atropine was required only once
for bradycardia. Of the 57 patients who returned to the ED/UC
within 7days after their procedure, only four patients reported
respiratory distress or postoperative pain as the cause of their
return, with most patients primarily citing the surgical site. Of
the 14 patients that experienced unplanned admissions after
surgery, only two were admitted for apnea monitoring.

Regarding the decision to utilize premedication before the proce-
dure for anxiolysis or sedation for lumbar puncture, we do not find
that this is routinely required. There is some concern that these
patients are difficult to immobilize during the administration

of spinal anesthesia, and other centers endorse that the routine
use of premedication will improve conditions for a successful
procedure [22, 23]. We find that the most important factor in
the success of spinal placement is proper patient positioning and
preparation of all members of the perioperative team before the
patient arrives in the operating room. Education of nurses and
patient families, focused anesthesiologist training, availability of
supplies, optimization of surgical scheduling, and having consis-
tent backup plans all will translate to positive clinical outcomes.

Unfortunately, our methods of data collection had limitations
that might have impacted our findings and the context of their
interpretation. Notably, monitor artifacts captured by the elec-
tronic medical record may have been recorded as oxygen desat-
uration, increasing the uncertainty of the actual incidence of
hypoxemia experienced by these patients. Additionally, supple-
mental oxygen administration differs based on individual anes-
thesia provider practices and might not truly reflect the patients’
need for oxygen supplementation. Another challenge to our
data collection was defining the parameters of “hypotension”
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and “bradycardia” as our measurements of adverse events. We
considered a systolic blood pressure lower than 60mmHg to
be “hypotension” and a heart rate lower than 80 beats/min to
be “bradycardia”. However, because physiologic heart rate and
blood pressure vary greatly within the first year of life, choosing
set values can lead to inconsistent interpretation. Another lim-
itation of our study was its retrospective nature; our cohort con-
sisted mostly of male patients who were ASA I, which may limit
the generalization of our findings to other patient populations.

Another limitation of this study is that we did not specifically col-
lect data regarding gestational age at birth or corrected post con-
ceptual age on the day of surgery. This will be important to explore
in future prospective studies in order to determine if premature
infants are more sensitive to the effects of intrathecal clonidine fol-
lowing spinal anesthesia. Further, an analysis comparing patient
age to total sedation requirement would be enlightening and help
to guide appropriate sedation strategies according to patient age.

5 | Conclusion

Our data indicate that clonidine is a safe adjuvant in spinal an-
esthesia for infants presenting for outpatient ambulatory surgical
procedures. The addition of clonidine maintains hemodynamic
stability intraoperatively and facilitates rapid postoperative recov-
ery. This often facilitates bypassing Phase I, resulting in a faster re-
union of the patient with the family and an expeditious discharge
home. Adverse effects were infrequent, mild, and easily treated.
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