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Systemic sclerosis (SSc) is an autoimmune disease that can cause fibrosis in vital organs, often resulting in damage to
the skin, blood vessels, gastrointestinal system, lungs, heart, and/or kidneys. Patients with SSc are also likely to
develop microstomia, which can render dental treatment difficult and painful, thereby necessitating advanced
anesthetic management. This is a case report of a 61-year-old woman with a history of SSc with microstomia,
interstitial pneumonia, and gastroesophageal reflux disease in whom intravenous moderate sedation was performed
using a combination of dexmedetomidine and ketamine for dental extractions. Both anesthetic agents are known to
have analgesic effects while minimizing respiratory depression. Consequently, the increased discomfort caused by
opening the patient’s mouth and stretching the buccal mucosa was sufficiently managed, permitting an increase in
maximum interincisal opening and completion of treatment without complications. Patients with SSc present with
serious comorbidities that can negatively impact anesthetic management, so the implementation of an anesthetic plan
that takes such risks into account is required. Furthermore, emergency airway management is likely to be difficult in
patients with microstomia. For intravenous moderate sedation, combined use of dexmedetomidine and ketamine,
which have analgesic effects while minimizing respiratory depression, may be particularly effective in patients with SSc
and microstomia.
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Systemic sclerosis (SSc) is an immune-mediated

rheumatic disease involving the overproduction of

collagen and other extracellular components in various

tissues. The diffuse fibrosis and vascular damage can be

widespread, impacting the skin, blood vessel walls,

musculoskeletal system, and vital internal organs, such

as the lungs, kidneys, and heart. Potential comorbidities

or complications associated with SSc include sclerema,

gastroesophageal reflux disease (GERD), pulmonary

fibrosis, pulmonary hypertension, chronic renal disease,

and arrhythmias associated with myocardial fibrosis.1

Interstitial pneumonia due to pulmonary fibrosis

develops in approximately 80% of patients with SSc,2

so restrictive lung disease is commonly found in these

patients. Currently, the most common cause of death in
patients with SSc is pulmonary fibrosis.3 Seventy
percent of patients with SSc also develop microstomia
secondary to fibrosis of the facial skin and oral mucosa.
These patients can have increased discomfort during
dental treatment because of the microstomia, which can
necessitate excessive stretching of the oral tissues,
particularly the buccal mucosa, for adequate surgical
access. Often the use of sedation or general anesthesia
may be required for these patients to tolerate dental
treatment.4,5 Taking these factors into consideration is
crucial when creating an anesthetic plan for managing
patients with SSc.

Unlike most anesthetic agents, including opioids,
benzodiazepines, and propofol, dexmedetomidine is a
selective a2 adrenergic agonist capable of producing
sedative and analgesic effects without notable respira-
tory depression.6 However, use of dexmedetomidine as a
solo agent during intravenous sedation for potentially
stimulating dental procedures such as third molar
extractions has been reported to lack a consistent
amnestic effect.7 Moreover, when used alone dexmede-
tomidine has demonstrated a limited ability to provide
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suitable analgesia during painful or stimulating surgical
procedures, and often can cause hypotension and
bradycardia.8,9 To overcome these potential issues,
several anesthetic agents have been combined with
dexmedetomidine to provide sedation during noxious
or invasive surgical procedures, one of which is
ketamine.

Ketamine is an N-methyl-D-aspartate receptor antag-
onist often used to provide sedation and/or augment
analgesia in painful surgical procedures.10 Ketamine
causes an increase in sympathetic tone, leading to an
increased heart rate (HR), cardiac output, and blood
pressure (BP). In addition, ketamine preserves the
airway reflexes and produces minimal respiratory
depression.11,12 However, its cardiostimulatory effects
and unwanted side effects, which include hypersaliva-
tion,13 limit its use as a single intravenous agent for
dental procedures. By combining ketamine and dexme-
detomidine, it is possible to prevent the bradycardia and
hypotension often associated with dexmedetomidine
when used as a solo agent, while also enhancing the
sedative and analgesic effects expected with either agent
alone.14 Therefore, a combination of ketamine and
dexmedetomidine may be useful for patients receiving
intravenous moderate sedation for dental or oral
surgical procedures.15

This case report describes the anesthetic management
of a patient with SSc, who has notable restrictive lung
disease and microstomia, using a combination of
dexmedetomidine and ketamine to provide intravenous
moderate sedation for dental extractions. Informed
consent to publish the details of this case was obtained
from the patient.

CASE PRESENTATION

The patient was a 61-year-old woman (weight 64 kg,
height 169 cm, body mass index 22.4 kg/m2) who had
been diagnosed 8 years earlier with SSc. Complications
associated with her history of SSc included interstitial
pneumonia due to pulmonary fibrosis, Raynaud phe-
nomenon, GERD, and a remote history of pericardial
effusion.

She was previously scheduled to undergo extraction
of the maxillary left second and third molars with local
anesthesia. However, she had a masklike face and
microstomia due to cutaneous fibrosis of her face and
oral mucosa, which limited her oral opening to 20 mm.
Use of an oral retractor to further increase her mouth
opening failed because of substantial discomfort.
Although intraoral administration of local anesthesia
(2% lidocaine with 1:80,000 epinephrine) was attempt-
ed, the significant microstomia and limited mouth

opening greatly inhibited visibility of the posterior
maxillary anatomy, preventing adequate access for the
local anesthetic injections. The patient subsequently
expressed considerable fear and anxiety pertaining to the
surgical procedure and potential discomfort, prompting
termination of the visit and a discussion of alternative
anesthetic management options, such as intravenous
sedation or general anesthesia.

PREOPERATIVE ASSESSMENT

Preanesthetic consultation involved a thorough reas-
sessment of the patient’s medical history and physical
status to determine the ideal anesthetic plan. Physical
evaluation revealed her airway to be Mallampati class
III, with a maximum interincisal opening of 20 mm
limited by the patient’s comfort, and with no limitations
to her cervical range of motion. Thyromental distance
was not assessed. The patient reported that her
pulmonary fibrosis and resulting interstitial pneumonia
had stabilized, and she denied being febrile; however,
she did report the presence of a dry cough and exertional
dyspnea. She was class III on the Hugh-Jones dyspnea
scale and demonstrated shortness of breath even when
walking on level ground. Preoperative pulmonary
function tests revealed a reduced forced vital capacity
of 980 mL and a forced vital capacity as percentage of
predicted of 36.9%, both consistent findings expected
with restrictive lung disease (Table 1). Chest radiographs
demonstrated reticular shadows in both lower lung
fields, consistent with pulmonary fibrosis (Figure).
Sclerema was observed in her upper extremities, and
there were flexion contractures of her fingers, with the
noted inability to make a fist bilaterally. Her hands were
cold and pallid because of Raynaud phenomenon. As a
result, percutaneous oxygen saturation (SpO2) measure-
ments using her fingers were unreliable so the probe was
placed on her right foot instead, producing a preoper-
ative SpO2 measurement of 96% in room air. Preoper-
ative arterial blood gas values were obtained to assess
baseline pulmonary function and were all within the

Table 1. Preoperative Pulmonary Function Tests

Variable*
Actual

Measurement
Expected or Normal

Value Ranges

FVC, mL 980 3500–4000
%FVC 36.9 �80
FEV1, mL 910 2300–2500
FEV1% 90.5 �70

* FVC indicates forced vital capacity; %FVC, forced vital
capacity as percentage of predicted; FEV1, forced expiratory
volume in 1 second; and FEV1%, forced expiratory volume in 1
second as percentage of forced vital capacity.
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normal range. Additionally, a noninvasive BP cuff was

placed on the upper right arm. Her baseline BP was 112/

78 mm Hg, with HR of 75 bpm.

The patient reported a history of severe GERD, with

significant habitual reflux of gastric contents. In fact,

she reported a history of gastric contents filling her oral

cavity nearly to the point of overrun when she merely

lay down after eating. It was unclear how severe the

patient’s GERD was on an empty stomach; however, no

alterations to the customary NPO instructions were

deemed necessary.

She reported a remote history of a pericardial

effusion; however, a recent echocardiographic examina-

tion indicated that her cardiac function was preserved,

with resolution and no recurrence of the pericardial

effusion. Consultation with her attending internal

medicine physician confirmed that she did not have

pulmonary hypertension. There were no abnormal

findings on the preoperative electrocardiogram or blood

tests, which consisted of a complete blood cell count,

serum chemistry panel, and coagulation profile. Her

medications included the immunosuppressants azathio-

prine (50 mg/d) and tacrolimus (2 mg/d), prednisolone

(5 mg/d), beraprost sodium (20 mcg/d), lansoprazole (30

mg/d), and nifedipine (20 mg/d), which was prescribed

for the Raynaud phenomenon.

Given her medical history, preoperative test results,

and current physical status, namely her significantly

impaired respiratory status, an intubated general anes-

thetic was considered to pose a substantially high risk

for perioperative respiratory complications, particularly
difficulty extubating or weaning the patient off the
ventilator and/or subsequent worsening of her intersti-
tial pneumonia. Therefore, after discussion with the
treating oral surgeon, the decision was made to treat this
patient in the dental hospital setting using intravenous
moderate sedation with the additional anesthetic goals
of avoiding respiratory depression, pulmonary aspira-
tion, and hypothermia.

DAY OF SURGERY

The patient presented to the dental hospital on the day
of surgery, having appropriately followed the NPO
instructions (8 h fasting; 2 h no clear fluids). The
intraoperative depth of sedation was assessed using the
Observer’s Assessment of Alertness/Sedation (OAA/S)
scale with the target score set for 3–4, which correlates
with minimal to moderate sedation. The temperature in
the treatment room was adjusted to 268C (78.88F) while
preparing the patient in order to minimize peripheral
vasoconstriction due to triggering her Raynaud phe-
nomenon. When the patient entered the treatment room,
supplemental oxygen was delivered at a rate of 3 L/min
via a nasal cannula equipped to permit capnography
capabilities. The patient was placed in the semi-Fowler
position, after which additional appropriate anesthetic
monitors were placed. Intraoperative anesthetic moni-
toring consisted of a pulse oximeter placed on the right
big toe, a 3-lead electrocardiogram, a noninvasive BP
cuff placed on the right upper arm, capnography via the
nasal cannula, and a pretracheal stethoscope, which was
placed to help monitor ventilation. Prior to induction
the patient’s vital signs were BP 126/82 mm Hg, HR 88
bpm, respiratory rate (RR) 18 breaths/min, and SpO2
100% on 3 L/min of O2. The patient’s hands were
warmed before intravenous access was secured with a
22-gauge intravenous catheter placed in the back of her
left hand. Metoclopramide 10 mg, famotidine 20 mg,
and hydrocortisone 300 mg were administered intrave-
nously, after which a continuous infusion of dexmede-
tomidine was initiated at a rate of 6 mcg/kg/h. Five
minutes later, the patient’s OAA/S score was 4 (minimal
sedation level), with BP 107/74 mm Hg, HR 71 bpm,
RR 17 breaths/min, and SpO2 100% on 3 L/min via
nasal cannula. At this point, a bolus of ketamine 0.6 mg/
kg (38 mg) was administered intravenously and a
continuous infusion of ketamine 0.5 mg/kg/h was
initiated. When dexmedetomidine at 6 mcg/kg/h had
been continuously administered for 10 minutes, the
patient’s OAA/S score was 3 (moderate sedation) and
her vital signs were BP 120/67 mm Hg, HR 73 bpm, and
SpO2 100%. The dosage of dexmedetomidine was

Preoperative chest radiograph showing reticular shadows
(arrowheads) in both lower lung fields.
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subsequently reduced to 0.7 mcg/kg/h. Thereafter, an

oral retractor (Almighty mouth gag, YDM, Tokyo,

Japan) was placed, after which the patient gave no

indication of pain and her vital signs remained stable

with no noted respiratory depression. By this time her

mouth opening was noted to be 32 mm. Twelve minutes

from the start of sedation, the fibrotic buccal mucosa

was gently stretched using a dental mirror, causing the

patient to complain of pain, start to move, and have an

increase in BP (141/82 mm Hg). Therefore, an addition-

al bolus of ketamine (10 mg) was administered

intravenously. Local anesthesia, which consisted of 3.6

mL of 2% lidocaine (72 mg) with 1:80,000 epinephrine

(0.045 mg), was administered via buccal and palatal

infiltration in the left posterior maxillary region. The

surgical procedure began 18 minutes after the initiation

of the sedation, at which point her vital signs were BP

130/67 mm Hg, HR 85 bpm, RR 17 breaths/min, and

SpO2 100%. Because of the overly fibrotic nature of her

facial skin and oral mucosa, surgical access to the

maxillary molars with the dental instruments and

extraction forceps was rather inhibited. The dental

extractions were completed despite being complicated

and requiring removal of bone, which the oral surgeon

performed successfully with the aid of a bone chisel. The

patient had no complaints of pain during the actual

extractions and her OAA/S score remained at 3–4

(minimal to moderate sedation). At 35 minutes from the

start of the sedation, her OAA/S score was 3 (moderate

sedation), with the following vital signs: BP 88/42 mm

Hg, HR 55 bpm, RR 16 breaths/min, and SpO2 100%.

At this point, the dexmedetomidine infusion was further

reduced to 0.4 mcg/kg/h. Fifty minutes after the start of

the sedation, acetaminophen 1000 mg was administered

intravenously for postoperative analgesia, after which

the patient’s OAA/S score remained at 3–4. At 58

minutes after the start of sedation, the surgical

procedure concluded, the infusions of ketamine and

dexmedetomidine were stopped, and her vital signs were

BP 95/45 mm Hg, HR 65 bpm, RR 17 breaths/min, and

SpO2 100%. The total doses of dexmedetomidine and

ketamine used were 88 mcg and 72 mg, respectively. The

patient experienced hypotension during treatment,

which was quickly corrected, but no significant respira-

tory depression was noted. She opened her eyes and

emerged from the anesthesia 16 minutes later. There

were no postoperative complications, such as emergence

delirium, hallucinations, nausea, or vomiting, noted. She

was able to walk 150 minutes after cessation of

anesthesia and was subsequently discharged at that

time. Her OAA/S scores, vital signs (BP, HR, SpO2, and

RR), and total doses of anesthetic agents are summa-

rized in Table 2. The total operating time was 40

minutes, the total anesthesia time was 58 minutes, the

emergence time was 74 minutes, and the recovery time

was 150 minutes.

During follow-up on the following day, the patient

could not recall any part of the surgical procedure and

reported being satisfied with her sedation. The patient

did not have any exacerbations of interstitial pneumonia

in the month following her dental treatment.

DISCUSSION

The present case involved a patient with SSc with

resulting microstomia, restrictive lung disease, and

GERD, all of which can have serious complications

related to anesthesia management. Development of an

anesthetic plan for this patient required consideration of

the following additional concerns or goals: (a) likelihood

for increased anesthetic and analgesic requirements due

to the prolonged opening and stretching of the oral soft

tissues during surgical procedure, (b) avoiding respira-

tory depression due to the patient’s restrictive lung

disease, and (c) mitigating the risk of pulmonary

aspiration secondary to GERD. Therefore, the devel-

oped anesthetic plan included use of anesthetic agents

Table 2. OAA/S Scale, Vital Signs, and Total Dosages of Anesthetic Agents at Key Times in the Case*

After Entering
Operating Room

Before Local
Anesthesia

Start of
Surgery

At Time of
Intraoperative
Hypotension

End of
Surgery

Time point, min† 0 12 18 35 58
OAA/S scale 5 3 3 3 4
Blood pressure, mm Hg 126/82 120/67 130/67 88/42 95/45
Heart rate, bpm 88 73 85 55 65
Percutaneous oxygen saturation, % 100 100 100 100 99
Respiratory rate, breaths/min 18 16 17 16 17
Total doses of dexmedetomidine, mcg 0 66 70 82 88
Total doses of ketamine, mg 0 42 55 64 72

* OAA/S indicates Observer’s Assessment of Alertness/Sedation.
† Time point 0 denotes the time at which administration of the intravenous anesthetic agents was initiated.
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that do not typically cause substantial dose-dependent
respiratory depression and preoperative administration
of a histamine blocker and metoclopramide to reduce
the risk of pulmonary aspiration secondary to GERD.
Dexmedetomidine does not cause notable respiratory
depression, but often causes hypotension and bradycar-
dia and has limited ability to provide suitable analge-
sia.6–9 Ketamine also produces little respiratory
depression, but has sympathomimetic properties leading
to modest tachycardia and hypertension and provides
adequate analgesia during painful surgical proce-
dures.10–12 Both dexmedetomidine and ketamine cause
minimal respiratory depression when used alone and
have additive benefits of sedative and analgesic effects.
Therefore, a combination of dexmedetomidine and
ketamine was selected for intravenous moderate seda-
tion for this patient.
There was no significant decrease in the patient’s SpO2

or RR, and no manual airway management was
required. Given the SSc-related anatomical deformities
impacting this patient’s airway, including tightening of
the facial skin and microstomia, emergency manage-
ment of the airway was anticipated to be difficult.
Propofol and midazolam are anesthetic agents that are
commonly used for intravenous sedation. However,
propofol is a potent respiratory depressant that can
produce significant intraoperative apnea. Similarly,
midazolam poses a risk of respiratory depression when
combined with other central nervous system depressants
or administered at high doses.16 Furthermore, propofol
and midazolam lack any analgesic effects. It was
considered that intravenous moderate sedation by
combined continuous infusions of dexmedetomidine
and ketamine posed little risk of significant respiratory
depression and could be effective in patients with SSc.
However, respiratory complications can still occur even
with intravenous moderate sedation, necessitating prop-
er precautions, such as ensuring the presence of a video
laryngoscope, a laryngeal mask airway, and/or a fiber-
optic bronchoscope for emergency management of the
airway.1 Therefore, the same emergency airway man-
agement preparations were made in this case.
High-dose dexmedetomidine has been reported to

cause soft tissue obstruction in the airway as a result of
posterior displacement of the tongue and collapse of the
soft tissue musculature of the airway.17 Therefore, in the
present case, a continuous low-dose infusion of dexme-
detomidine was administered rather than a high bolus
dose. A high-dose bolus of dexmedetomidine can also
cause hypotension and bradycardia. Ketamine preserves
the airway reflexes and produces minimal respiratory
depression, but also is known to cause psychomimetic
effects (hallucinations, memory defects, emergence
delirium), nausea, and vomiting.11,12 Although guaran-

teed prevention of ketamine’s psychomimetic effects is
not possible, reducing the risks of these effects is feasible
using coadministration of a benzodiazepine or an a2
adrenoreceptor agonist.18 A recent study by Gupta et
al19 has shown that premedication with dexmedetomi-
dine can effectively and safely attenuate the ketamine-
induced psychomimetic effects. In the present case, the
lack of any appreciable psychomimetic effects induced
by ketamine was deemed due to the coadministration of
dexmedetomidine. The increase in mouth opening with
the dental retractor following induction of anesthesia
was attributed in part to the analgesic effects of
ketamine and dexmedetomidine. Although the patient
demonstrated an increase in BP thought to be due to the
pain and discomfort from stretching of the buccal
mucosa with a dental mirror during administration of
local anesthesia, the increase in BP was successfully
managed by administering an additional small bolus of
ketamine. Moreover, after the subsequent bolus of
ketamine the patient did not complain of pain despite
the fibrotic nature of the facial skin impeding access of
dental instruments and forceps to the maxillary molars.
This suggests that the small bolus dose of ketamine
provided an effective analgesic action during painful
oral surgery procedure for this patient.

Dexmedetomidine can prevent the tachycardia, hy-
pertension, and salivation associated with ketamine,
whereas ketamine can prevent the bradycardia and
hypotension associated with dexmedetomidine.14,20

However, as the plasma concentrations of dexmedeto-
midine increase, there is a resulting decrease in HR, a
progressive reduction in cardiac output, and a biphasic
(high then low) dose-response relationship for BP and
vascular resistance.21 Therefore, in the present case,
dexmedetomidine was administered first, followed by
ketamine, after confirming a decrease in the patient’s BP
and HR had occurred. As a result, induction of
anesthesia was achieved without any significant fluctu-
ations in hemodynamics. On the other hand, the patient
experienced hypotension during the surgical procedure,
so continuous administration of dexmedetomidine was
subsequently reduced. This hypotension was primarily
attributed to the end of the most stimulating part of the
dental extraction procedure. Consequently, the pain
caused by opening the patient’s mouth and stretching
the buccal mucosa might have been substantially
reduced, leading to the development of hypotension.
Although the hemodynamic effects of dexmedetomidine
and ketamine were relatively balanced in this case, the
optimal dosage of each agent has yet to be identified.

The absence of pulmonary hypertension in this
patient was also a factor in selecting ketamine. Patients
with SSc are susceptible to pulmonary arterial hyper-
tension secondary to interstitial pneumonia and pulmo-
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nary fibrosis.22 Ketamine has been reported to enable
safe management of anesthesia in patients with pulmo-
nary hypertension without increasing pulmonary vascu-
lar resistance.23,24 Moreover, intravenous sedation with
dexmedetomidine has been reported not to increase
pulmonary vascular resistance in patients who have
undergone a Fontan procedure.25 Therefore, the com-
bination of dexmedetomidine and ketamine may be
effective even in patients with SSc complicated by
pulmonary arterial hypertension.

GERD is a common finding in patients with SSc, as
they are likely to have a dilated lower esophageal
sphincter that increases their susceptibility to reflux of
the gastric contents. Additionally, many intravenous
anesthetics, including dexmedetomidine, may reduce
lower esophageal sphincter tone, which can increase
the risk of pulmonary aspiration.26,27 A previous report
indicated that even though dexmedetomidine decreased
lower esophageal sphincter tone, the reductions were
small even at higher concentrations.28 It was felt that use
of dexmedetomidine would be unlikely to promote
gastroesophageal reflux during sedation. Therefore,
dexmedetomidine was selected as an appropriate agent
for this case. However, when developing an anesthetic
plan for a patient with SSc and severe GERD, the
benefits and risks of nonintubation versus intubation
should be considered. Because of this patient’s impaired
baseline respiratory status, the decision to proceed with
a nonintubated intravenous moderate sedation was
made, leaving the airway essentially unsecured. Given
that reduced lower esophageal sphincter tone increases
the risk of reflux and aspiration, steps were made to
mitigate the damage from any potential pulmonary
aspiration by decreasing gastric volume and increasing
gastric fluid pH. Roberts et al1 recommended increasing
the gastric fluid pH with histamine blockers in patients
with SSc prior to induction of anesthesia. Additional
recommendations included the use of metoclopramide
to promote gastric motility, lowering gastric volume and
increasing esophageal sphincter tone.1 This patient did
not demonstrate any signs or symptoms of pulmonary
aspiration during case nor any worsening of her
interstitial pneumonia postoperatively. Therefore, pre-
operative administration of the histamine blockers and
metoclopramide may have been an effective preventive
strategy.

SSc is often associated with fibrosis and thickening of
the skin, flexion contractures, and vasoconstriction, all
of which may inhibit ease of peripheral intravenous
access, as in the present case. To improve success rates,
anesthesiologists should maintain an operating room
ambient temperature of �218C29,30 and consider use of
warm intravenous fluids before administration to
minimize complications related to peripheral vasocon-

striction. In the present case, the BP cuff was placed on

the upper right arm and BP was measurable noninva-

sively. However, noninvasive BP monitoring may be

difficult in areas involving dermal thickening, flexion

contractures, and vasoconstriction, necessitating con-

sideration of invasive monitoring such as an arterial

line.1

The bispectral index (BIS) is a commonly used

anesthetic monitor that processes electroencephalo-

graphic data to help assess the depth of anesthesia and

guide subsequent administration of anesthetic agents.31

However, ketamine acts as a dissociative anesthetic

agent, which has been shown to increase the h activity

on the electroencephalogram and is known to increase

BIS values in anesthetized patients, essentially limiting

the reliability of the BIS monitor.32 Therefore, rather

than using the BIS to assess the level of sedation, we

chose to use the OAA/S scale instead. Although the

results obtained depend on the assessor, the sedation

scoring system was considered effective for this intrave-

nous moderate sedation case using the combination of

ketamine and dexmedetomidine.

CONCLUSION

In conclusion, dental or oral surgery may be difficult

and painful in patients with SSc and microstomia,

necessitating advanced anesthetic management. For

patients with severe SSc, pulmonary fibrosis, and

pulmonary arterial hypertension the risks associated

with intubated general anesthesia may be considered too

high. Therefore, intravenous minimal to moderate

sedation may be considered an acceptable alternative.

However, microstomia may make emergency airway

management and/or intubation quite difficult, even

during intravenous sedation.1 Combined intravenous

moderate sedation with dexmedetomidine and keta-

mine, which produces minimal respiratory depression

and has analgesic effects, may be considered an effective

option for patients with SSc and microstomia.
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