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Abstract: Anesthetic management of patients with preexisting diseases is challenging and 

individualized approaches need to be determined based on patients’ complications. We report 

here a case of ultrasound-guided epidural anesthesia in combination with low-dose ketamine 

during cesarean delivery on a parturient with severe malformations of the skeletal system and 

airway problems. The ultrasound-guided epidural anesthesia was performed in the L1–L2 space, 

followed by an intravenous administration of ketamine (0.5 mg/kg) for sedation and analgesia. 

Satisfactory anesthesia was provided to the patient and spontaneous ventilation was maintained 

during the surgery. The mother and the baby were discharged 5 days after surgery, no complica-

tions were reported for either of them. Our work demonstrated that an ultrasound-guided epidural 

anesthesia combined with low-dose ketamine can be used to successfully maintain spontaneous 

ventilation and provide effective analgesia during surgery and reduce the risk of postoperative 

anesthesia-related pulmonary infection.
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Introduction
Anesthetic management of patients with severe malformations of the skeletal system 

can be very challenging due to altered anatomy and physiology.1 Here, we report a 

case of ultrasound-guided epidural block in combination with low-dose ketamine 

during cesarean section on a patient with severe malformations of the skeletal system 

and airway problems.

Case report
The patient signed the informed consent form for this case report. The patient was a 

26-year-old woman (height, 142 cm; weight, 42 kg) with a gestation of 39 weeks and 

3 days. She was selected for the cesarean delivery because of her high-risk pregnancy 

and spontaneous rupture of membranes.

Physical examination revealed that the patient had anatomic abnormalities includ-

ing severe cervical spine stiffness, a class 3 Mallampati airway with short thyromental 

distance and limited mouth opening, severe thoracic lordosis, accentuated lumbar 

lordosis, deformity of pelvis, right leg length discrepancy, and muscle atrophy in 

both lower limbs (Figure 1). She also had severely impaired lung functions due to 

thoracocyllosis and acute bronchitis accompanied with cough and phlegm. At resting 

state, the respiratory frequency was 30 times/minute. The peripheral oxygen  saturation 
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(SpO
2
) by pulse oximetry was 90% in air and 94% in  

2 L/minute oxygen through the nasal catheter. The blood 

pressure, heart rate, and coagulation function were normal, 

and the fetal safety was confirmed.

Because of the patient’s complicated situation, an 

ultrasound-guided epidural anesthesia in combination with 

low-dose ketamine was applied. Local anesthesia around 

incision and low-dose ketamine were the preferred alternate 

plans. A fiberoptic bronchoscope and an intubation kit for a 

difficult airway were made available. The patient was main-

tained on spontaneous breathing with 100% oxygen via face 

mask while the epidural anesthesia was performed. Briefly, the 

patient was placed in the left lateral position, her lumbar spine 

was scanned using a PhilipsHD11XE portable ultrasound 

unit (Philips, Bothell, WA, USA) with a 2–5 MHz curved 

transducer before epidural puncture. With the ultrasound beam 

oriented in a longitudinal parasagittal plane, it was shown 

that the L1–L2, L2–L3, and L3–L4 interlaminar spaces were 

extremely narrow. The L1–L2 intervertebral level was identi-

fied and marked on the patient’s skin. The distance from the 

skin to the epidural space was estimated to be approximately 

3 cm. A 17-gauge Tuohy needle was inserted into the L1–L2 

space, and a catheter was inserted 3 cm beyond the tip of the 

needle. A test dose of 3 mL 1.5% lidocaine was administered, 

followed by two doses of 3 mL 1.5% lidocaine with 5 minute 

intervals. Sensory block was shown to be thorough within 

15 minutes after the last injection of lidocaine, and the upper 

level of blockage was at the T7.

Ketamine (0.5 mg/kg) was then given to the patient 

intravenously before surgery. Spontaneous ventilation was 

maintained and SpO
2
 was kept at 94%–95% throughout the 

surgery. The blood pressure and heart rate were stable during 

the surgery. The delivery of a 2,980 g infant with an Apgar 

score of 9/10 was proceeded uneventfully. The duration of 

surgery was 35 minutes. The patient’s total estimated blood 

loss was 350 mL and she received 500 mL of Ringer solution. 

The patient recovered smoothly from anesthesia after surgery; 

there were no signs of memory loss or hallucinations. The 

epidural catheter was secured in place for patient-controlled 

epidural analgesia with an infusion of 0.125% bupiva-

caine-sufentanil (0.25 µg/mL) at a basal infusion rate of  

2 mL/hour and a 2-mL bolus available for every 30 minutes.  

One hour after the surgery, the sensory and motor functions 

of the patient recovered from the neuraxial blockage, and no 

neurological complications were observed. The patient and 

the baby were discharged 5 days later; no complications were 

reported for either the patient or the baby.

Discussion
The patient in this case report had malformations of the 

skeletal system in many locations and severely impaired lung 

functions, making it very difficult in choosing anesthetic 

approaches.

Spinal malformation is one of the most common diseases 

causing difficulties in anesthesia, such as difficult intubation.2 

Airway complications, such as recurrent respiratory infec-

tions, upper airway obstruction, and restrictive lung expansion, 

are also anticipated to be secondary to anatomic anomalies. 

In a pregnant woman, a greater than normal decrease in 

functional residual capacity and an increase in closing vol-

ume due to restrictive lung disease may promote atelectasis 

and ventilation/perfusion mismatch.1 Moreover, the high 

Figure 1 Lateral (left) and anteroposterior (right) radiographs of patient’s thoracic spine and lumbar spine.
Note: X-ray showed pectus carinatum, severe thoracic lordosis, accentuated lumbar lordosis, and acute pulmonary infection.
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intra-abdominal pressure in pregnant women increases the 

risk for aspiration. The supine hypotensive syndrome in the 

patients with spine malformation can be more severe than that 

in the normal parturient due to the limited volume replace-

ment. Therefore, anesthetic management of the patients with 

spine malformation is very challenging.

Although general anesthesia has been recommended for 

elective cesarean sections in the patients with spinal malfor-

mations,3,4 general anesthesia was not suitable for this patient 

because of her multiple complications. First, the fetus and 

puerpera had lower tolerance to hypoxia. Difficult airway, 

impaired lung function, and acute bronchitis may lead to severe 

hypoxemia during general anesthesia. Second, the side effects 

of general anesthetics on the fetus and the severe stress reaction 

caused by performing the endotracheal intubation when awake 

intubation should be considered. Third, the risk of aspiration 

and pulmonary complications under general anesthesia dur-

ing pregnancy could be very high. Because the patient in this 

case report had impaired lung functions, an increased risk of 

postoperative pulmonary complications and difficulty getting 

off the ventilator after surgery were expected. Therefore, we 

did not choose general anesthesia for this patient.

On the other hand, regional anesthesia techniques have 

been found to be beneficial, especially for patients with dif-

ficult airway who are at a high risk for general anesthesia. 

Under regional anesthesia, the respiratory mechanism 

remains intact and diaphragm is unaffected; the patient 

is able to adjust minute ventilation without yielding any 

significant changes in the ventilatory parameters or CO
2
 

levels.5 However, a history of spinal malformations might 

increase the difficulty of puncture. The anatomic abnormity 

of the subarachnoid space can result in an unpredictable 

anesthetic spread and a high risk of spinal cord injury.6 

Furthermore, severe inhibition of respiration and circulation 

due to the high anesthesia level resulting from a combined 

spinal-epidural or a single-shot spinal anesthesia will also 

be dangerous to the patient. Additionally, hypotension may 

decrease uteroplacental perfusion and cause fetal acidosis. 

The routine volume replacement for preventing hypotension 

in puerpera before spinal anesthesia7 will also be risky in the 

patient in this case report. She may not be able to tolerate 

the rapid volume change because she had cardiopulmonary 

compression, lower left atelectasis, and lung inflammation. 

Therefore, a combined spinal-epidural or a single-shot spinal 

anesthetic technique was not chosen for the patient. However, 

a continuous spinal anesthesia technique might be a good 

option. A very small dose of local anesthetic can be injected 

intrathecally and slowly titrated to achieve the desired level 

of block. Excellent motor and sensory block can be achieved, 

and the level of the block can be easily controlled. Since 

we did not have the specialized tool for a continuous spinal 

anesthesia, this technique was not chosen for this patient. 

Epidural anesthesia was chosen as the optimal option for this 

patient. Epidural anesthesia had fewer side effects on both the 

patient and the baby. It has a predictable dose spread in the 

epidural space and has fewer side effects on respiratory and 

circulatory systems than general and spinal anesthesia do. 

However, the potential increased risk of difficult puncture, 

difficult catheter placement, failed epidural block, and other 

complications must all be taken into consideration before 

any epidural puncture is applied.1 An MRI examination 

should be considered before the operation to identify the 

anatomic change of canalis vertebralis and medulla spinalis. 

Ultrasound scan can provide a lot of anatomic information 

pertinent to central neuraxial blockade8 and allow surgeons 

to formulate an effective anesthetic management plan, which 

has been considered to improve the success rate and lower the 

complications in the central neuraxial blockade when techni-

cal difficulty is anticipated.9,10 Therefore, ultrasound-guided 

epidural anesthesia was selected for this patient. We used the 

ultrasound as guidance for the puncture, and this was our first 

case using ultrasound to aid anesthesia. Unfortunately, the 

ultrasound images were not taken during the procedure.

Because of the patient’s complex situation, it was difficult 

to determine the adequate volume and dose needed for the 

surgical procedure. Lidocaine (1.5%, 9 mL) was titrated to 

meet the basic demand of anesthesia for this patient. Although 

a T7 block may not be adequate for cesarean delivery in most 

patients, considering the multiple and complex complications 

the patient had before the surgery, we chose a low block level 

of T7 to avoid the risk of further inhibition of respiration 

and circulation, and we used ketamine for supplemental 

analgesia.

Sedatives and analgesic drugs are often used in epidural 

block for a satisfactory anesthesia. Impaired lung functions 

may increase the patient’s sensibility to sedatives and the 

side effects of analgesic drugs associated with the respiratory 

system. Spinal and epidural anesthesia can cause changes in 

the circulatory system due to insufficient capacity of circula-

tion, sympathetic block, and a decrease in systemic vascular 

resistance. These side effects, however, can be partially 

reversed by ketamine, which has unique central sympath-

omimetic, vagolytic, and analgesic properties. When used 

at anesthetic doses, ketamine will usually stimulate rather 

than depress the respiratory and circulatory systems; it will 

help to preserve the upper airway muscle, laryngopharyngeal 
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reflexes, bronchodilator effect, and protective reflexes; 

it will also help to maintain the spontaneous ventilation 

and keep the airway unobstructed during the entire course 

of anesthesia.11,12 As an anesthetic, ketamine was rarely 

used alone except for critical care conditions. Ketamine 

at low dose (0.2–0.5 mg/kg) has been increasingly used to 

complement other anesthetics in sedation and analgesia.12,13 

Therefore, an intravenous injection of ketamine (0.5 mg/kg) 

was applied following epidural anesthesia for this patient. 

We have recognized the side effects of ketamine, such as 

hallucinations, that can occur even at small doses, so the 

patient was closely monitored during the intraoperative and 

postoperative period.

In summary, we discussed the advantages and disad-

vantages of several anesthetic techniques and successfully 

developed an ultrasound-guided epidural anesthesia method 

combined with low-dose ketamine based on the patient’s 

complications. In future, individualized approaches should 

be considered for anesthetic management of high-risk preg-

nant patients with complex and multiple medical and surgical 

morbidities. It is essential to have a multidisciplinary team 

approach for high-risk pregnant patients. This team should 

consist of a general surgeon, critical care specialists, radiolo-

gists, anesthesiologists, and obstetricians. This team approach 

and the peripartum management of such patients should be 

planned ahead of the scheduled surgery.
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