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Abstract 
We report a case of severe anaphylactic shock in a 5-month-old infant who was scheduled to un-
dergo an external inguinal hernia repair under general anesthesia. Rocuronium used for anesthe-
sia induction was the most likely cause of anaphylaxis. High levels of serum tryptase and hista-
mine detected in the blood sample collected during the anaphylactic reaction confirmed the diag-
nosis of anaphylactic shock. The patient’s clinical status improved within 90 min of intervention 
by the intravenous injection of vasopressors and a steroid. Surgery was canceled, and the patient 
stayed in the pediatric intensive care unit (PICU) under artificial ventilation for 5 h before safe 
extubation. The patient achieved full recovery the next day, without any sequelae. The resche-
duled surgery was successfully completed 5 months later under general anesthesia without the 
use of neuromuscular blocking agents. 
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1. Introduction 
The reported incidence of perioperative anaphylaxis ranges between 1:3500 and 1:20,000, with a mortality rate 
of 3.4% [1]. Although any medication can potentially cause perioperative anaphylaxis, neuromuscular blocking 
agents (NMBAs) are the most common cause, with 58.2% of all cases [2] and an overall incidence of 1:6500 in 
those receiving NMBAs [3]. In this report, we present a case of suspected anaphylactic shock associated with 
rocuronium in anesthesia induction of an infant who was planned to undergo external inguinal herniation sur-
gery.  
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2. Case Description 
A 5-month-old, 7.1 kg male infant was scheduled for an external inguinal hernia repair under general anesthesia. 
Anesthesia was induced using the slow induction method, with the inhalation of a mixture of oxygen, nitrous 
oxide, and 2.5% sevoflurane, as well as subsequent intravenous injections of atropine sulfate (0.1 mg) and rocu-
ronium (7.5 mg). Anesthesia was maintained under controlled ventilation using a mixture of air, oxygen, and 2% 
sevoflurane, with a small dose of intravenous fentanyl (5 µg). Approximately 3 min after tracheal intubation, 
erythema, facial edema, tachycardia, and hypotension were observed, and manual ventilation suddenly became 
very difficult. The patient’s transdermal systolic blood pressure decreased to 40 mmHg (Figure 1). 

The treatment for anaphylactic shock was immediately initiated with intravenous bolus injections of pheny-
lephrine (0.01 mg) given six times, followed by ephedrine (0.4 mg) bolus injections given three times. His blood 
pressure gradually increased to 100/50 mmHg. Emergency invasive blood pressure measurement from the radial 
artery was established, and the scheduled surgery was cancelled. Methylprednisolone (50 mg) was also admi-
nistered. After approximately1 h of observation in the operating room, the patient was transferred to the pedia-
tric intensive care unit (PICU) under artificial ventilation, with intravenous midazolam for sedation. The patient 
was administered antihistaminic drugs and sedated with a continuous intravenous infusion of midazolam and 
dexmedetomidine in the PICU. His vitals became stable during the next 5 h, and he was safely extubated after 
no evidence of laryngeal edema was found by laryngoscopy. The next morning, he was transferred to the general 
pediatric ward and was discharged on the fifth day after the anaphylactic shock. 

Subsequently, serum tryptase, histamine, and non-specific immunoglobulin (Ig)E levels in the blood sample 
collected 1 h after the shock were measured. Serum tryptase and histamine levels were high at 15.8 μg/L (nor-
mal, <8 μg/L) and 1.95 ng/ml (0.15 - 1.23 ng/mL), respectively; however, the non-specific IgE level was within 
normal limits at 102 IU/mL. Two months after discharge, allergen tests performed by the pediatric department  

 

 
Figure 1. Record of the general anesthesia performed on a 5-month-old infant demonstrating anaphylactic shock during 
anesthesia induction. X, start and end of anesthesia; T, intubation.                                                          
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detected many food sources, including milk, wheat, rice, egg yolk, egg white, and ovomucoid, as allergens in 
this patient.  

Five months after the anaphylactic shock, the external inguinal hernia repair was performed. Before anesthe-
sia, a route for intravenous injections was established at the pediatric ward while the patient was awake. In the 
operating room, after the intravenous injection of atropine sulfate, general anesthesia was induced with the in-
halation of a mixture of nitrous oxide, oxygen, and 5% sevoflurane, and suxamethonium chloride for laryngos-
pasm was prepared for emergency use. After sufficient anesthesia was achieved with inhalation by mask ventila-
tion, a supraglottic airway device (Laryngeal Mask ProsealTM; size, 1.5) was inserted through the oral cavity 
with no use of muscle relaxants or narcotics. Anesthesia with spontaneous respiration was maintained under the 
continuous inhalation of a mixture of nitrous oxide, oxygen, and 2.5% - 3.0% sevoflurane. Surgery was com-
pleted without complications. The patient was extubated in the operating room after recovery from anesthesia 
with no problems and was discharged the next day. 

3. Discussion 
Several epidemiological studies and case reports about rocuronium and anaphylaxis have been reported up until 
today [4]-[7]. However, rocuronium-induced anaphylaxis in infants must be very rare because we cannot easily 
find it in the public databases. Based on the high levels of serum tryptase and histamine, this patient was later 
confirmed to have experienced an anaphylactic shock. During anaphylaxis, serum tryptase was reported to reach 
peak levels approximately 1 h after shock in anaphylaxis cases [8], which was also observed in this patient. Re-
cent studies have demonstrated that rocuronium has a higher risk of inducing IgE-mediated anaphylaxis than 
other muscle relaxant agents [9] [10]. Radioimmunoassay for IgE antibodies to specific NMBAs proved to be 
both more sensitive and efficient [11] [12]. Although the serum level of non-specific IgE was within the normal 
range in this patient, we could not rule out the possibility of IgE-mediated anaphylaxis because NMBA-reactive 
IgE antibodies were not specifically measured. Intradermal allergen testing of rocuronium was debated in this 
patient, which was not performed as the test itself could induce anaphylaxis again. Further, intradermal tests 
were shown to produce false-positive reactions in some cases [13]. Numerous recent reports demonstrated that 
sugammadex, a selective relaxant binding agent, might be able to improve recovery in cases of anaphylaxis 
triggered by rocuronium [14] [15]. However, sugammadex was not used in this case because his condition im-
proved after the administration of vasopressors and a steroid as standard treatments we provided for anaphylac-
tic shock.  

4. Conclusion 
In summary, we report a case of severe anaphylactic shock in a 5-month-old infant who was scheduled to un-
dergo external inguinal hernia repair under general anesthesia. Rocuronium used during anesthesia induction 
was the most likely causative agent. High levels of serum tryptase and histamine supported the diagnosis of 
anaphylactic shock. The planned surgery was canceled, and the rescheduled surgery was successfully completed 
5 months later under general anesthesia with a supraglottic airway device and in the absence of any NMBAs. 
This case gives us a caution that rocuronium can be a causative of severe anaphylactic shock even in infants. 
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Abstract 
Background: Procedures that require anesthesia of entire length of the arm should have combined 
Interscalene block (ISB) and Supraclavicular block (SCB) to ensure adequate block. However, dual 
block requires high dose of local anesthetic (LA). We examined if Ultrasound (U/S) guided block 
helps to decrease the required volume of LA by visualizing trunks, so we only need injection of LA 
toward cervical nerve roots C5 and C6 aiming to block branches escaped from supraclavicular 
block. Patients and methods: Ninety-three patients were randomly allocated into one of three equal 
groups, each included 31 patients. All patients received SCB 20 ml (10 ml Bupivacaine 0.5% plus 10 
ml lidocaine 2%) and ISB with different volumes of LA according to the group as follow: group A: 20 
ml, group B: 15 ml, and group C: 10 ml. Result: No significant difference in onset of block (sensory 
and motor) and duration of block (motor only) between the three groups (P value > 0.05). The du-
ration of sensory block was significantly longer in group A (760.65 ± 30.87 minutes) than in either 
group B (740.48 ± 21.15 minutes, P value < 0.003) or group C (662.87 ± 31.28 minutes, P value < 
0.001). Sensory block was significantly longer in group B than in group C (P value < 0.001). The du-
ration of analgesia was significantly longer in group A (930.52 ± 22.04 minutes) than in either 
group B (899.35 ± 21.82 minutes, P value < 0.002) or group C (850.32 ± 20.65 minutes, P value < 
0.001). Analgesia was significantly longer in group B than in group C (P value < 0.001). Conclusion: 
A reduced volume of LA can be used in ultra sound guided ISB in combined with SCB to give satis-
factory level of anesthesia to entire length of the arm, but the sensory block duration and duration 
of post-operative analgesia will be decreased significantly with decreasing the volume. 
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1. Introduction 
Regional anesthesia for fractures of the proximal upper limb presents a challenge to the anesthetist as there is no 
single block that can provide a satisfactory level of anesthesia with high success rate. So the anesthetic man-
agement for surgical procedures that include the entire length of the humerus still includes general anesthesia 
either alone or combined with brachial plexus block [1]. 

The interscalene approach to brachial plexus blockade results in anesthesia of the shoulder, lateral two-thirds 
of the clavicle and proximal humerus [2]. Note that the skin over and medial to the acromion is supplied by the 
supraclavicular nerve, which is a branch of the cervical plexus. Supraclavicular nerves are usually blocked with 
the brachial plexus when an interscalene block is performed. This is because the local anesthetic invariably spills 
over from the interscalene space into the prevertebral fascia and blocks the branches of the cervical plexus [3]. 
The classic interscalene block is not recommended for hand surgery due to potential sparing of the inferior trunk 
and the lack of blockade of the C8 and T1 roots [4]. 

The terminal branches of the brachial plexus that supply the majority of the shoulder innervation are the su-
prascapular and axillary nerve. The suprascapular nerve gives sensory supply to 70% of the shoulder joint cap-
sule [5]. The axillary nerve originates from C5-C6 nerve roots, and gives the cutaneous innervation to the skin 
overlying the deltoid muscle [6]. 

Supraclavicular block (SCB) provides anesthesia of the entire upper extremity in the most consistent, time- 
efficient manner of any brachial plexus technique [7]. The block is frequently used for hand surgery, wrist, fo-
rearm, elbow, and distal third of humerus. The suprascapular and axillary nerve that originates from C5-C6 
nerve roots may be missed with this block, and supraclavicular nerve, which is a branch of the cervical plexus 
that supplies skin over shoulder not blocked by SCB. So, this limits the using of SCB block for shoulder and 
proximal humeral surgeries [8] [9]. 

Surgical treatment of traumatic humerus fractures includes intramedullary nail insertion or open reduction 
with long plate and screw. Whichever the surgical technique used, it requires the block of the entire brachial 
plexus in order to be carried out under regional anesthesia (RA) alone [10]. Hence, the use of combined ISB 
with SCB is required to provide a sole RA especially when general anesthesia carries a risk for the patient. 

Ultrasound-guided nerve block has many advantages including that the US provides real-time visualization of 
the target tissues and surrounding structures, the higher success rate, faster onset time, and fewer complications 
[11]. Additionally, studies have demonstrated the ability to reduce the volume of local anesthetic and achieve 
more or less the same results as well as reduce side effects associated with certain blocks [12]. 

Few studies have been demonstrated the use of combined ISB and SCB to cover all dermatomes required for 
surgery involving the entire length of the arm. Martinez et al. [13] described a combination infraclavicular-su- 
prascapular block in a patient with respiratory failure for the repair of fracture head of the humerus to avoid 
phrenic nerve paralysis. Other authors described combined axillary-interscalene block as a regional anesthetic 
for patients with multiple fractures of elbow joint, humorous, and shoulder [14]. Guttman et al. described an ul-
trasound guided supraclavicular-interscalene block for multiple pathologic fractures of the humerus in a severely 
ill, emaciated patient with metastatic hepatocellular carcinoma [15]. Christian R. et al. described US-guided in-
terscalene-supraclavicular block for an intramedullary nailing of pathologic humeral fracture combined to GA 
[1]. 

2. Hypothesis and Study Objective 
Procedures require anesthesia of entire length of the arm should have combined ISB and SCB to ensure high 
success rate. But dual block requires a high dose of local anesthetic. In our study, we don’t need to give a full 
dose of local anesthetic in interscalene nerve block as US help to visualize all trunks and roots of brachial plexus 
so we need the only injection of local anesthetics toward C5 and C6 nerve roots aiming to block branches that 
may be escaped from supraclavicular nerve block. 
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3. The Aim of This Study  
We aimed in this study to examine if Ultrasound-guidance helps to decrease the required volume of LA in com-
bined SCB-ISB by visualizing trunks and roots and injecting LA only towards C5 and C6 nerve roots thus 
blocking branches escaped from supraclavicular nerve block. 

4. Patients and Methods 
This double-blinded randomized controlled clinical trial was carried out at Kasr Al-Ainy hospital, faculty of 
medicine, Cairo University, in the period from May 2013 to April 2015 after ethical approval by the departmen-
tal scientific and ethical committee. The study recruited Ninety-three ASA physical status I, II patients of both 
sexes, 18 - 55 years old, who underwent fixation of traumatic humeral fracture and required anesthesia to the en-
tire length of the arm (intramedullary nail insertion or open reduction with long plate and screw). A written in-
formed consent from patients was provided preoperatively. Exclusion criteria of this study were; refusal of the 
patient, trauma survey on head neck, chest and abdomen were free, patient with neurological deficits involving 
upper limb, bleeding tendency, anticoagulation therapy, patients with allergy to local anaesthetics, local infec-
tion at the injection site, patients on sedative or antipsychotic drugs and body mass index (BMI) > 35. 

Patients were randomly allocated into one of three equal study groups using EXCEL 2010 (Microsoft Corp. 
U.S.A.). The randomization sequences were concealed in opaque sealed envelopes that were kept by the senior 
anesthesia staff. The envelope was opened at the beginning of the operation before initiation of the block.  

Group A: 31 patients, received Supraclavicular Block (SCB) with 20 ml (10 ml bupivacaine 0.5% plus 10ml 
lidocaine 2%) and Interscalene Block (ISB) with 20 ml (10 ml bupivacaine 0.5% plus 10 ml lidocaine 2%). 

Group B: 31 patients, received SCB with 20 ml (10 ml bupivacaine 0.5% plus 10ml lidocaine 2%) and ISB 
with 15 ml (7.5 ml bupivacaine 0.5% plus 7.5 ml lidocaine 2%). 

Group C: 31 patients, received SCB with 20 ml (10 ml bupivacaine 0.5% plus 10 ml lidocaine 2%) and ISB 
with 10 ml (5 ml bupivacaine 0.5% plus 5 ml lidocaine 2%). 

The primary outcome of this study was to compare the effect of different volumes of local anaesthetic used in 
ISB when combined with SCB on the onset and duration of the block. The secondary outcome was to assess 
changes in hemodynamics, respiratory rate, and oxygen saturation in the studied groups. 

All patients were subjected to systematic preoperative assessment including history, examination, and inves-
tigations. Visual analogue pain score (VAS) was explained to all candidates where zero corresponds to no pain 
and 10 was indicative of the worst unbearable pain. 

On arrival to the preparation room: A peripheral IV cannula (18 G) was inserted; premedication was done us-
ing 2 mg midazolam IV and one mic/kg fentanyl IV. 

Patients were transferred to the operating room where basic monitoring (Electrocardiography (ECG), Non- 
invasive Blood Pressure (NIBP) and pulse oximetry (SpO2)) were attached. Baseline heart rate, blood pressure, 
oxygen saturation and respiratory rate were recorded as pre-block values. 

The patient was placed in supine position with the head turned 45 degrees to the contralateral side. First, for 
the safety of block to avoid intraneural injection we performed SCB before ISB as the patient can feel any pain 
or the injection pressure while performing both blocks. For the ultrasound-guided supraclavicular block, an ul-
trasound machine (Mindray M7) and a 12 MHz linear type probe were used. After skin preparation and local 
anesthetic infiltration of skin, the supraclavicular fossa was scanned to locate the subclavian artery, first rib, 
pleura and brachial plexus, then a 22 gauge, 5 cm, echogenic needle (B. Braun) was advanced from the lateral to 
medial in the long axis of the ultrasound beam. The needle was advanced towards the “corner pocket” where the 
lower trunk commonly lies at this area, between the subclavian artery medially, the first rib inferiorly and the 
plexus superiorly and then 10 ml of mixture local anesthetic was injected [16], the remaining volume was in-
jected just above and lateral to the subclavian artery. 

For ultrasound-guided interscalene block, the ultrasound transducer was placed in the axial, oblique plane at 
the level of the cricoid cartilage to obtain the transverse view of the brachial plexus. Nerves in the interscalene 
groove appear hypoechoic, distinctly round or oval, and were located between the anterior and middle scalene 
muscles. 5 cm 22 G needle was inserted at the outer end of the ultrasound transducer after local anaesthetic in-
filtration of the skin. The needle was advanced in the same plane along the long axis of the transducer; then in-
jection was done toward C5 and C6 cervical nerve roots aiming to block nerves escaped from supraclavicular 
nerve block. 
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After the procedure, patients were taken for surgery, and we observed the onset of both sensory and motor 
blockade, duration of both motor and sensory blockade and duration of analgesia (first request for an analgesic) 
was measured by interviewing the patient in the early postoperative period (2 hours). Patients were monitored 
routinely, and any side effects were noted. In the postoperative period if patients started to complain (VAS >3); 
rescue analgesia was given in the form of pethidine 1 mg/kg, paracetamol (Perfalgan®) 1gm IV drip and/or di-
clofenac sodium (Voltaren®) 75 mg IM, till VAS ≤ 3. 

5. Statistical Analysis 

Assuming that the mean duration of the sensory block of bupivacaine is 6 hours, two-tailed α error probability of 
0.05 and power of 85%; a total sample size of 93 patients, randomly allocated into three equal groups (31 pa-
tients each), was required to detect presumed minimum clinically significant difference of 10% in the duration 
of sensory block. 

Collected data was presented as mean (±SD), numbers and percentages, as appropriate. Categorical variables 
were analyzed using Chi-square (χ²). One way ANOVA univariate two-group repeated measures “mixed-design” 
analysis of variance (ANOVA) with post-hoc Dunnett’s test as appropriate. Statistical analysis was performed 
using the computer program SPSS (Statistical Package for Social Sciences), Version 20, 2011. P value < 0.05 
was considered statistically significant. 

6. Results 
Ninety-three ASA physical status I, II patients of both sex undergoing upper limb surgery require anesthesia of 
the entire length of the arm, who fulfilled the inclusion criteria, were enrolled in the study. All enrolled patients 
have already completed the study. Patients were randomly allocated into one of three equal groups, each in-
cluded 31 patients. All patients received SCB 20 ml (10 ml bupivacaine 0.5% plus 10 ml lidocaine 2%) and ISB 
with different volumes of LA according to the group as follow: Group A: 20 ml, group B: 15 ml, and group C: 
10 ml (of the same mixture of local anesthetic, bupivacaine 0.5% plus lidocaine 2%). 

Demographic data including age, gender, weight, ASA classification and duration of surgery did not show 
any statistically significant difference between the three studied groups. About 79.5% of the total study popula-
tion was ASA class I (Table 1). 

Regarding sensory and motor block onset, results showed that; when decrease the volume of local anesthetic, 
the onset of both sensory and motor block were prolonged, but these difference were not statistically significant, 
P value > 0.05 (Table 2). 

As regards the sensory block duration, the results showed that; the duration of sensory block were increased 
in group A (760.65 ± 30.87) than in group B (740.48 ± 21.15) and group C (662.87 ± 31.28) and the difference 
in sensory block duration were statistically significant (P value < 0.001). On the other hand, the motor block 
duration was increased in group A (455.81 ± 42. 57) than group B (445.16 ± 38.81) and group C (430.23 ± 
34.10) but these difference were not statistically significant (P value > 0.05) (Table 3). 

 
Table 1. Demographic data.                                                                                             

 Group A 
(n = 31) 

Group B 
(n = 31) 

Group C 
(n = 31) 

Age 40 ±13.5 37 ±10 42 ±14 

Gender 
Male 

Female 

 
22 (70.9%) 
9 (29.1%) 

 
19 (61.3%) 
12 (38.7%) 

 
23 (74.2%) 
8 (25.8%) 

Weight 75.9 ± 5.1 73.9 ± 7.7 78.4 ± 9 

ASA 
I 
II 

 
25 (80.6%) 
6 (19.4%) 

 
26 (83.9%) 
5 (16.1%) 

 
23 (74.2%) 
8 (25.8%) 

Duration of surgery 2.5 ± 0.9 3.5 ± 1.1 2.8 ± 0.7 

Data are described as mean ± SD or number of patients (percentage %). †ASA American Society of Anesthesiologists. 
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Table 2. Onset of sensory and motor blockade.                                                                                                     

 Group A  
(n = 31) 

Group B  
(n = 31) 

Group C  
(n = 31) 

p value 

Group 
A vs. B 

Group 
A vs. C 

Group B 
vs. C 

Onset of sensory block (min.) 9.55 ± 1.40 10.06 ± 1.41 9.71 ± 1.28 0.3 0.319 0.43 

Onset of motor block (min.) 18.52 ± 1.61 19.02 ± 1.55 19.35 ± 1.50 0.09 0.2 0.107 

Data are presented as mean ± SD. P value less than 0.05 is considered statistically significant. 
 

Table 3. Duration of sensory and motor blockade.                                                                                                     

 Group A  
(n = 31) 

Group B  
(n = 31) 

Group C  
(n = 31) 

p value 

Group 
A vs. B 

Group 
A vs. C 

Group 
B vs. C 

Duration of sensory 
blockade (min) 760.65 ± 30.87 740.48 ± 21.15 662.87 ± 31.28 0.03* <0.001* <0.001* 

Duration of motor  
blockade (min) 455.81 ± 42. 57 445.16 ± 38.81 430.23 ± 34.10 0.45 0.23 0.35 

Data are presented as mean ± SD. P value less than 0.05 is considered statistically significant*. 
 
When comparing the duration of analgesia following nerve block administration, the duration of analgesia 

were increased in group A (930.52 ± 22.04) than in group B (899.35 ± 21.82) and group C (850.32 ± 20.65)and 
the difference in duration of analgesia between the three studied groups were statistically significant (P value < 
0.001) (Table 4). 

The nerve blockade administered was successful in all patients of the studied groups. None of the patients re-
quired rescue analgesia intraoperatively or postoperatively in the Post-Anesthesia Care Unit (PACU). No block 
related change in hemodynamics, There were only three patients manifested by Horner’s syndrome in group A 
(9.6%) and two patients in group B (6.5%), About voice changes, only four patients in group A (12.9) and three 
patients in group B (9.6%) (Table 5). 

7. Discussion 
Our study examined if we can reduce the volume of local anesthetic needed in interscalene block when targeting 
cervical nerve roots C5 and C6 that may escape from supraclavicular block depending on visualization by Ul-
trasound (U/S) guided block. We compared three different volumes (20 ml, 15 ml, and 10 ml) of LA in ISB 
combined with SCB (20 ml). Our results revealed non-significant difference in onset of block (sensory and mo-
tor) and duration of block (motor only) between the three groups with the duration of sensory block and analge-
sia decreased significantly and in parallel with reducing volume of LA with no need for general anesthesia in 
any of the studied patients. 

Procedures that require anesthesia for the entire length of the arm should have combined ISB and SCB to en-
sure high success rate as increasing volume injected in SCB may even fail to block C5 and C6 nerve roots [17]. 
However, dual block (ISB and SCB) requires a high dose of local anesthetic agents with potentially increased 
risk of LA toxicity and side effects.  

Only a few studies have described the use of combination blocks to cover the entire proximal upper limb. 
Martinez et al. [13] described a combination infraclavicular-suprascapular block in a patient with respiratory 
failure for the repair of fracture head of the humerus. Other authors described combined axillary-interscalene 
block for patients with multiple fractures of elbow joint, humorous, and shoulder.  

Guttmann et al. [15] described an ultrasound guided supraclavicular-interscalene block for multiple patholog-
ic fractures of the humerus in a severely ill patient with metastatic hepatocellular carcinoma. 

Christian R et al. [1] described US-guided interscalene-supraclavicular block for an intramedullary nailing of 
pathologic humeral fracture in combined to GA.  
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Table 4. Duration of analgesia.                                                                                                     

 Group A  
(n = 31) 

Group B  
(n = 31) 

Group C  
(n = 31) 

p value 

Group A 
vs. B 

Group A 
vs. C 

Group B vs. 
C 

Analgesia duration 
(min.) 930.52 ± 22.04 899.35 ± 21.82 850.32 ± 20.65 0.002* <0.001* <0.001* 

Data are presented as mean ± SD. P value less than 0.05 is considered statistically significant*. 
 

Table 5. Incidence of side effects in the block.                                                                         

 Group A Group B Group C 

Horners syndrome 3 (9.6%) 2 (6.5%) 0 (0%) 

Voice change 4 (12.9%) 3 (9.6%) 0 (0%) 

Respiratory distress or desaturation 0 (0%) 0 (0%) 0 (0%) 

 Hemodynamic changes 0 (0%) 0 (0%) 0 (0%)ا

Data are described as number of patients (percentage %). 
 
Our study outcome correlates well with the work of Fredrickson et al. [18] who studied the effect of three 

different volumes of 0.75% ropivacaine (5, 10, and 20 ml) and two different volumes of 0.375% ropivacaine (20 
and 40 ml) on the analgesic duration of interscalene block. They found that 5 ml resulted in an unacceptably 
high analgesic failure rate (30%) and that higher concentration and volume (and thus mass) were clearly asso-
ciated with prolonged analgesia.  

Nader et al. [19] who examined the effect of different volumes of 0.5% ropivacaine or bupivacaine on onset 
time and analgesic duration of the sciatic nerve block in total knee arthroplasty. Volumes studied ranged from 
2.5 to 30 ml, volumes of less than 10ml was increased onset times and shortened analgesic durations. This study 
reports that mass of local anesthetic is the determinant factor of the onset and duration of nerve block.  

In agreement with our study; Schoenmakers, who compared between 40 mL and 15 mL mepivacaine 1.5% for 
ultrasound-guided single shot axillary brachial plexus block (ABPB), and concluded that a decrease in the vo-
lume or dose 62.5% resulted in decrease duration of sensory and motor block 17% and 19% respectively [20]. 
Also Fenten et al. [21] found that a decrease in volume from 30 to 20 mL of mepivacaine in ABPB does not af-
fect the block duration, but the duration of sensory and motor block were prolonged when a higher dose and 
concentration in equal volumes of 30 mL was used.  

In contrary to our results, Sanjay K. Sinha et al. [22] who studied the effect of decreasing the local anesthetic 
volume from 20 ml to 10 mL for US-guided Interscalene block, concluded that there were no statistical differ-
ences in the duration of the block and home analgesic consumption between the groups. Serradell et al. [23] who 
used mepivacaine 1% for ABPB found that the differences in the analgesia duration when using 36 mL, 28 mL 
or 20 mL is statistically insignificant, and there is no relation between volume and duration of analgesia.  

The results of the current study provide a reliable evidence about the correlation between the volume and 
subsequently the dose of local anesthetic injected and the duration of sensory block and analgesia provided. Ad-
ditionally our study revealed that ultrasound targeted injection of reduced volume of LA provided a satisfactory 
block with no need for general anesthesia for the studied type of surgeries. 

Limitations of the study; Despite our primary outcome was to compare the efficacy of different volumes of 
local anesthetic in brachial plexus block, we did not correlate between the volume or dose of LA used on one 
side and the weight and the height of the studied patients on the other side, this may affect our evaluation and 
comparison of the efficacy of the different volumes of LA. Another limitation is that our study was carried out 
in one center and one operator, future plan to apply our study in multiple centers carried out multiple operators 
can improve the accuracy of our investigation.  

8. Conclusion 
A reduced volume of LA can be used in ultra sound guided ISB in combined with SCB to give satisfactory level 
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of anesthesia to entire length of the arm, but the sensory block duration and duration of post-operative analgesia 
will be decreased significantly with decreasing the volume. So we can use this technique as alternative to gener-
al anesthesia in surgeries which require anesthesia to entire length of the arm without placing patient at addi-
tional risk of LA toxicity. 
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Abstract 
Life threatening post-operative apnea is a known complication of general anesthesia in premature 
infants. Neuraxial anesthesia has been associated with reduced risk of post-operative apnea. We 
report two cases, presenting for bilateral inguinal hernia repair, where we used a caudal/epidural 
catheter for the neuraxial block combined with dexmedetomidine for sedation in preterm infants 
at high risk for postoperative respiratory complications. Dexmedetomidine assisted in providing 
both favorable surgical conditions via its well proven sedative effects without respiratory com-
prised and decreased the discomfort and stress to the child during placement of the epidural ca-
theter and the neuraxial anesthesia provided excellent analgesia and surgical conditions. 

 
Keywords 
Prematurity, Apnea, Post-Operative Complication 

 
 

1. Introduction 
Improvements in neonatal intensive care have allowed more premature infants to survive birth at lower post 
conceptual age [1]. As such, more infants are presenting for surgery at extremely young ages. Among these sur-
geries, the inguinal hernia repair is very common in both pre-term and former pre-term infants [2]. Among the 
anesthetic concerns, post-operative apnea is a major potential complication when performing hernia repairs in 
these patients. General anesthesia is associated with an increased risk of apnea [3]; therefore, regional anesthesia 
is an excellent alternative for this patient population. The reported incidence of post-operative respiratory dys-
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function after general anesthesia is high. Life threatening postoperative apnea is a known complication of gener-
al anesthesia in young infants that are premature. This risk is even greater in infants that are anemic or less than 
60 weeks post gestational age. Neuraxial anesthesia has been shown to reduce the risk of apnea [4]. Further-
more, performing epidural anesthesia through a caudal catheter has proven to be beneficial for inguinal hernia 
repair since one can easily increase in duration and degree of anesthesia with additional incremental dosing [5]. 
One problem with regional techniques is that an awake infant can make the surgery very difficult or impossible 
without sedation: i.e., crying and bearing down can cause the abdominal contents to herniate through the inci-
sion. This report describes the successful ability of two premature infants who had undergone bilateral inguinal 
hernia surgery with a caudal/epidural catheter and sedation with dexmedetomidine, an agent that has little respi-
ratory effects [6]. 

2. Case 
Written consent to publish this case report from the parent was obtained for the first child. Multiple attempts to 
contact the second patients’ parents were not successful. Thus we sought approval from our local Institutional 
Review Board who granted permission to publish this case report. Both infants presented for bilateral inguinal 
hernia repair. First neonate was 45 weeks post conceptual age, 2 kg infant (born at 28 weeks gestation via 
emergency C-section) with history of respiratory distress syndrome (intubated × 1 month), patent ductus arte-
rious, retinopathy of prematurity, anemia of prematurity, reflux, osteopenia and episodes of apnea. Second neo-
nate was 40 weeks post conceptual age, 2.2 kg infant (born at 28 week gestation via vaginal delivery) with his-
tory of chronic lung disease, reflux, retinopathy of prematurity, anemia of prematurity and history of apnea s/p 
treatment with caffeine. In both cases, a decision was made to proceed with caudal/epidural catheter as the pri-
mary anesthetic secondary to high risk of post-operative apnea. Additionally, we opted to use dexmedetomidine 
for sedation to provide calm, non-crying infant to facilitate the surgery and because favorable lack of it respira-
tory effects [6]. During examination of patient’s sacrum, no dimples were found in either child or any contrain-
dications for caudal anesthesia. Glycopyrrolate 0.02 mg IV (10 mcg/kg) was given for its antisialagogue and an-
timuscarinic effects and for the ability of this class of drugs to increase the sensitivity to detect inadvertent IV 
injections of local anesthetics compounded with epinephrine [7]. After sterile preparation with betadine and 
draping, an 18 g angiocatheter needle was advanced through the sacral hiatus. Aspiration was negative for blood 
or CSF. A 20 g caudal catheter was threaded via 18 g angiocatheter to the level of the L1-2 vertebral interspace 
and secured in a sterile manner. The distance from the sacral hiatus to the L1 spinous process was estimated by 
measuring the outside length from the angiocatheter to the L1-2 interspace. 1ml of Bupivacaine 0.5% (approx-
imately 2.5 mg/kg) with 5 mcg/ml of epinephrine was injected through the caudal/epidural catheter. One mcg of 
dexmedetomidine (0.5 mcg/kg) was given IV, followed by another microgram five minutes later. The dexmede-
tomidine was given after the epidural placement for the first child and before the epidural for the second in an 
attempt to decrease the discomfort and stress to the child during placement of the epidural catheter. Neuraxial 
anesthesia provided excellent analgesia, surgical conditions and post operative analgesia. The dexmedetomidine 
provided a quiet calm baby, augmenting the favorable surgical conditions. At the end of the procedure, caud-
al/epidural catheter was removed, with intact tip in both cases. The infants were transfer back to the NICU for 
monitoring, which included EKG, respiratory monitoring and pulse oximetry. Both infants had uncomplicated 
post-operative courses without any observed apnea episodes. 

3. Discussion  
There is some controversy as to the most appropriate time to perform a hernia repair. Due to an increase in risk 
of strangulation, incarceration, and testicular atrophy some surgeons support surgical hernia repair during the in-
itial hospitalization [2]. This claim is supported by a study performed by Lautz et al. 1123 premature neonates, 
who had undergone inguinal repair, were evaluated. They found that incarceration occurred in 16% of those that 
had the surgery during the initial hospitalization visit [8]. Additionally, of the premature neonates that under-
went hernia repair beyond 40 weeks post conceptual age (PCA), 21% had incarceration, as opposed to 9% who 
had the surgery between 36 to 39 weeks PCA. The risk of incarceration had more than doubled when delaying 
surgery, suggesting that surgery should not be delayed. 

Postoperative apnea is another risk when performing inguinal hernia repair in premature infants. Apnea of 
prematurity is a common problem that occurs in most premature infants who are born at a gestational age less 
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than 33 weeks old. Apnea of prematurity is a developmental disorder caused by a lack of respiratory control. In-
fants with apnea of prematurity have pauses in breathing for over 15 - 20 s that may cause oxygen desaturation 
and bradycardia [9]. Apnea in infants can lead to deleterious effects on neurological development due to anoxia 
of the CNS [10]. General anesthesia increases the risk of apnea [3] [11]. Of the 47 preterm infants <60 weeks 
PCA studied by Kurth et al., 18 preterm infants had prolonged apnea (>15 s) and 7 had short apnea (6 - 15 s) 
postoperatively [11]. PCA has an inverse relationship with apnea; as PCA decreases, incidence of apnea in-
creases: a short PCA is a strong predictor of apnea [10] [12]. Therefore, post-operative apnea is a major concern 
for premature infants undergoing hernia surgery. 

In a recent study, neonates were randomized to receive either general anesthesia or spinal anesthesia. The 
spinal anesthesia group had a reduced risk of early postoperative apnea, oxygen desaturation, and level of inter-
vention for apnea [4]. Therefore, utilizing regional anesthesia has clear benefits in premature infants when com-
pared with general anesthesia. Spinal anesthesia has its shortcomings. It can be technically difficult and can be 
variable both in density and duration. We present an alternative that the authors feel is beneficial when com-
pared to a spinal. Performing epidural anesthesia through caudal catheter is advantageous for premature infants 
undergoing hernia repair because it allows for incremental doses of anesthetic to be given in order for the anes-
thetic to reach the appropriate segmental level and/or to increase the duration or action [5]. Furthermore an epi-
dural placed via caudal access maybe a technically easier and more reliable procedure than placement of an in-
trathecal block. The addition of dexmedetomidine even enhances the anesthetic. Dexmedetomidine may assist in 
alleviating the stress on the child via its well proven sedative effects. Additionally, a calm and quite baby leads 
to a quiet and still operative field (crying could make it difficult for the surgeon to reduce the hernias). The use 
of dexmedetomidine for sedation, with its unique pharmacologic profile of providing sedation without respira-
tory depression, makes it the ideal drug in patients that are at significant risk for respiratory compromise. It 
should be noted that neither of the babies had apneic events postoperatively. A search of the literature shows this 
is the first presentation of the use of the combination of a regional technique in combination with dexmedetomi-
dine in premature infants. 

4. Conclusion 
It is clear that post-operative cardiorespiratory complications occur frequently in former pre-term infants after 
relatively minor surgical procedures. In the experienced hands of an anesthesiologist, caudal/epidural anesthesia 
can be safely and reliably performed in high risk infants for inguinal hernia repair, without compromising pa-
tient safety and comfort. Dexmedetomidine may assist in providing both favorable surgical conditions and de-
creasing the discomfort and stress to the child during placement of the epidural catheter, as well as alleviating 
the stress on the child via its well proven sedative effects. 
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Abstract 
The laryngeal mask airway (LMA) has changed airway management. Besides its use as an airway 
conduit, it is also used to help obtain a secure airway, i.e., it is used to facilitate the placement of an 
endotracheal tube. We describe a new technique to use in potential difficult pediatric airway. 

 
Keywords 
LMA, Pediatric, Airway 

 
 

1. Introduction 
The supraglottic airway has changed airway management for anesthesiologist and many first responders. It has 
been incorporated into the difficult airway management [1]. Additionally, for a difficult airway that needs a de-
fined intubation, the laryngeal mask airway (LMA) can act as a conduit for fiberoptic endotracheal intubation 
[2]. However, the ETT might be too short to ensure that the inflated ETT cuff will lie below the vocal cords [3]. 
This technique often requires use of another uncuffed endotracheal intubation to push the lead endotracheal tube 
through the cords. It has been suggested to cut the shaft of the disposable LMA to avoid this problem [4]. In the 
small baby, passing the pilot tube through the LMA can be difficult. Additionally, using the LMA as the conduit 
adds potential unfavorable possibilities for the child such as disruption of ventilation. Additionally, the LMA 
may not always overlie the cords correctly, and during extraction of the LMA, the ET tube risks being displaced 
or completely pulled out of the trachea. We report on an additional method for using the LMA in a potentially 
difficult pediatric airway which attempts to avoid these risks. 

2. Case 
A 3-year old 14 kg male child with Down syndrome presented for dental restoration under general anesthesia. 
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This was his first exposure to anesthesia and there was no family history of problems with anesthesia. There was 
no other significant medical history. Physical exam was significant for poor dentition, a very protruding large 
tongue and was a potential difficult intubation. The plan was to maintain spontaneous ventilation. Anesthesia 
was induced with 8% sevoflurane in 100% oxygen and the child was keep spontaneously breathing. A LMA #2 
was introduced into the airway without difficulty. The LMA was connected to the circuit, ETCO2 and tidal vo-
lumes where adequate and a 22 g IV was placed. Eight mcg/kg of glycopyrrolate was given to dry secretions and 
attenuate the bradycardia frequently seen in Down syndrome children [5]. Anesthesia was maintained with 6% 
sevoflurane. After gentile preparation of both nares with mild strength neosynephrine solution, a pediatric fibe-
roptic scope (2.5 minimum endotracheal tube) loaded with a number 4 cuffed endotracheal tube, was introduced 
into the right naris and advanced until the edge of the LMA was observed (Figure 1). An assistant simply pulled 
the LMA back into the mouth revealing the open cords in front of the advancing scope (Figure 2). The fiberop-
tic which easily passed between the cords until the carina was visualized and the ET tube was advanced over the 
fiberoptic scope into the trachea. After the ET tube was connected to the circuit and a suitable CO2 tracing veri-
fied the LMA was simply removed. 
 

 
Figure 1. The fiberoptic was placed in the right naris and advanced towards the tra-
chea. Picture of the LMA (blue, center) as seen through a pediatric fiberoptic scope. 
The patient was maintained on 6% sevoflurane and spontaneously breathing.                 

 

 
Figure 2. Picture seen through a pediatric fiberoptic scope immediately after the as-
sistant removed the LMA. The scope was easily advanced into the trachea and a 4.0 
cuffed ETT was treaded over the scope. The patient was maintained on 6% sevoflu-
rane and spontaneously breathing throughout the entire procedure.                         
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3. Discussion 
There are many ways to approach a potential difficult airway. Pediatric difficult airway can be even more chal-
lenging especially in children that have special needs. Maintaining spontaneous ventilation leaves a good exit 
plan in the event that the airway cannot be secured. This technique needs an additional person; however, it can 
be performed with just an assistant. We believe this technique for intubation of the difficult pediatric airway and 
especially the airway of the small children since it allows oxygenation and ventilation to be interrupted to the 
absolute minimum. This technique lends itself to those scenarios when the intubation is not thought to be diffi-
cult at outset but a difficult intubation becomes evident after induction and a LMA can and is successfully used. 
If upon lifting the LMA, the cords are not directly visible in front of the advancing scope and cannot be quickly 
seen, the LMA is reseated and ventilation resumed so that a second try can occur. To date we have also used this 
intubating technique on neonates. 

References 
[1] American Society of Anesthesiologists Task Force on Management of the Difficult Airway (2003) Practice Guidelines 

for Management of the Difficult Airway: An Updated Report by the American Society of Anesthesiologists Task Force 
on Management of the Difficult Airway. Anesthesiology, 98, 1269-1277.  

[2] Benumof, J.L. (1996) Laryngeal Mask Airway and the ASA Difficult Airway Algorithm. Anesthesiology, 84, 686-699.  
http://dx.doi.org/10.1097/00000542-199603000-00024 

[3] Asai, T., Latto, I.P. and Vaughan, R.S. (1993) The Distance between the Grille of the Laryngeal Mask Airway and the 
Vocal Cords. Is Conventional Intubation through the Laryngeal Mask Safe? Anaesthesia, 48, 667-669.  
http://dx.doi.org/10.1111/j.1365-2044.1993.tb07175.x 

[4] Osborn, I.P. and Soper, R. (2003) It’s a Disposable LMA, Just Cut It Shorter—for Fiberoptic Intubation. Anesthesia 
and Analgesia, 97, 299-300. http://dx.doi.org/10.1213/01.ANE.0000067921.62656.B7 

[5] Kraemer, F.W., Stricker, P.A., Gurnaney, H.G., McClung, H., Meador, M.R., Sussman, E., Burgess, B.J., Ciampa, B., 
Mendelsohn, J., Rehman, M.A. and Watcha, M.F. (2010) Bradycardia during Induction of Anesthesia with Sevoflurane 
in Children with Down Syndrome. Anesthesia and Analgesia, 111, 1259-1263.  
http://dx.doi.org/10.1213/ANE.0b013e3181f2eacf 

http://dx.doi.org/10.1097/00000542-199603000-00024
http://dx.doi.org/10.1111/j.1365-2044.1993.tb07175.x
http://dx.doi.org/10.1213/01.ANE.0000067921.62656.B7
http://dx.doi.org/10.1213/ANE.0b013e3181f2eacf


Open Journal of Anesthesiology, 2016, 6, 70-75 
Published Online April 2016 in SciRes. http://www.scirp.org/journal/ojanes 
http://dx.doi.org/10.4236/ojanes.2016.64012    

How to cite this paper: Ota, K. and Nagai, H. (2016) Vertebral Bone Drilling (Puncture) Attenuates the Intractable Pain Due 
to Vertebral Fractures without Collapse. Open Journal of Anesthesiology, 6, 70-75.  
http://dx.doi.org/10.4236/ojanes.2016.64012  

 
 

Vertebral Bone Drilling (Puncture)  
Attenuates the Intractable Pain Due to  
Vertebral Fractures without Collapse 
Koichi Ota, Hirosi Nagai 
Department of Anesthesia, Ebetsu City Hospital, Ebetsu, Japan 

    
 
Received 10 January 2016; accepted 24 April 2016; published 27 April 2016 

 
Copyright © 2016 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
Purpose: Osteoporotic vertebral fractures with no sign of vertebral collapse on initial radiographs, 
which is so-called occult vertebral fractures (VFs), exist. Occult VFs have a high rate of missed di-
agnosis, and the treatment of these fractures has rarely been discussed in the literature. We eva-
luated the effects of vertebral bone drilling for the pain due to occults VFs. Materials and Methods: 
Eighteen patients with painful osteoporotic occult VFs underwent the vertebral bone drilling. We 
evaluated the clinical outcome by comparing numerical rating scale (NRS) and activity of daily life 
(ADL) values between before and after the vertebral bone drilling. Comparisons were made by 
using Wilcoxon signed rank test. Results: The mean baseline NRS and ADL score, and the mean 
NRS and ALD score after the bone drilling were 8.4 ± 0.8, 2.2 ± 0.6, 2.4 ± 1.0, 4.6 ± 0.5, respectively. 
Among the patients, we detected significant improvements in NRS pain score and ADL score after 
the drilling compared with baseline score (p < 0.0002). Conclusion: Vertebral bone drilling at the 
site of painful vertebral compression fractures alleviated the intractable pain due to osteoporotic 
occult VFs. 

 
Keywords 
Vertebral Bone Drilling, Osteoporosis, Occult Vertebral Fractures, Vertebroplasty, Balloon  
Kyphoplasty, Bone Marrow Edema 

 
 

1. Introduction 
Osteoporotic vertebral fractures (VFs) with no sign of vertebral collapse do exist about 20% [1]. The evaluation 
of the osteoporotic occult VFs is difficult due to the unapparent radiographic findings [2]. Magnetic resonance 
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imaging (MRI) is an important diagnosis tool for the osteoporotic VFs without collapse. The typical MRI find-
ings in acute compression fracture are hypointensity T1-weighted images, hyperintensity or heterogeneous in-
tensity on T2-weighted images, and hyperintensity on fat-suppressed T2-weighted images [3].  

Most of the osteoporotic VFs are asymptomatic or minimally symptomatic [4]. The standard treatment for 
painful VFs consists of conservative medical therapy utilizing analgesics, bed rest, and external bracing. Symp-
toms typically improve within 4 to 6 weeks [5]. While approximately two-thirds of patients with osteoporotic 
VFs will respond to conservative therapy alone, a third of the patients managed with conservative medical ther-
apy may not improve and will require alternative treatment [6]. 10% of the patients will require hospitalization 
for intractable pain due to VFs [7]. If substantial pain persists after 4 to 8 weeks of nonoperative therapy, inter-
ventional therapy like percutaneous vertebroplasty (PVP) and balloon kyphoplasty (BKP) can be considered. 

Both PVP and BKP had significant improvement in pain and functional activity after the interventional ther-
apy for painful osteoporotic occult VFs similar to painful osteoporotic VFs with collapse [8]. 

Yamamoto et al. reported that vertebral bone drilling (BD), which means the PVP without bone cement, atte-
nuated the pain and the back pain related disability like the PVP [9]. We design this study for the assessment of 
vertebral BD for the pain induced by osteoporotic occult VFs. 

2. Materials and Methods  
2.1. Study Participants 
Consecutive patients presenting to the pain clinic for painful vertebral compression fractures were screened for 
enrollment between January 2014 and December 2015. We obtained institutional review board approval and in-
formed consent for all patients. Inclusion criteria were the following: 1) age > 65 years, 2) 1 osteoporotic frac-
ture or more, 3) pain score of at least 5 of 10, 4) ability to give informed consent. We excluded the patients if 
they had an infectious disease, tumor involvement of the vertebral bone, diagnosis of multiple myelomas. 

53 patients with VFs treated with vertebral BD were retrospectively analyzed. All patients have taken MRI 
including T1/T2-weighted images and short tau inversion recovery (STIR) sequences. MRI (T1 and STIR se-
quences) showed bone marrow edema (BME) in all fresh fracture. We evaluated the acute VFs by semiquantita-
tive (SQ) method [10]. Grade 1 in SQ method was defined as 20% - 25% decrease in the height of the vertebral 
body and 10% - 20% reduction in the area of the vertebral body. We measured the vertebral height at the ante-
rior wall (A), central position (C), and posterior wall (P). If A/P ≥ 0.9, C/A ≥ 0.9, and C/P ≥ 0.9, the change area 
of the vertebral body is within 10%. We classified the VFs as grade 0 which mean the occult VFs.  

We enrolled 18 of 53 patients, whose VFs were all grade0 in SQ method, treated vertebral BD in this study.  

2.2. Collection of Baseline Variables  
Baseline data collection included age, gender, weight, height and the duration in the hospital. Outcome measures 
collected at baseline included a 0 - 10 rating of average pain (NRS) during 24 hours, and ADL was evaluated 
using the following 5-point scale: 1) bedridden and total assistance; 2) mostly bedridden and able to sit on the 
bed; 3) needing a wheelchair for movement; 4) able to walk with a stick; 5) complete independence. 

2.3. Procedural Characteristics 
We escorted the patients to a fluoroscopy room after screening and written informed consent. All procedures 
were performed under strict aseptic conditions. Patients placed decubitus posture on the fluoroscopy table. We 
used fluoroscopy for localization of the vertebral bodies. A 1-inch 25-gauge needle used to raise a wheel of 1% 
lidocaine subcutaneously. A 12-cm 22-gauge block needle placed into the skin at the site of the wheel and ad-
vanced under fluoroscopic guidance to the periosteum over the pedicle (Figure 1). After infiltration with 1ml of 
1% lidocaine at the spots, we drilled vertebral bones until the bone marrow. When the cortex was penetrated, the 
marrow was aspirated from an attached syringe. A small account of contrast medium injected to verify that the 
needle tip was within the marrow. After stopping backflow from the needle, we removed the needle. We com-
pressed the wound for several minutes.  

2.4. Outcome Measures and Analysis 
We assessed primary outcome measures in the NRS scores (average during the past 24-hours) and ADL scores  
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Figure 1. Pedicle approach and the position of the 
needle tip.                                           

 
at the discharge day from the hospital. Comparisons were made by using Wilcoxon rank sum test. Descriptive 
statistics determined by calculation of the mean and standard deviation (SD). Results presented as mean ± SD, 
and statistical significance defined as p < 0.05. 

3. Results 
3.1. Patient Factors 
A total of 18 patients with 28 osteoporotic occult VFs were enrolled in this study. The patient’s characteristics 
are shown in Table 1. Eight patients had one osteoporotic VF. 10 patients had two osteoporotic VFs, the levels 
treated were two L1, one L2, seven L3, eight L4, ten L5. 

3.2. Improvement in Function and Pain after Vertebral BD 
Among the 18 patients enrolled in this study, NSR and ADL scores at the baseline data and the discharge day 
from the hospital are presented in Table 2. There were significant improvements in average NRS score during 
24 hours compared with baseline (p < 0.0002). A significant improvement was noted in the ADL scores at the 
discharge day compared with baseline (p < 0.0001). 

4. Discussion 
Intervention therapy like PVP and BKP became a popular treatment for symptomatic VFs [5]. Vertos II [11] and 
FREE trial [12], which compared PVP or BKP to traditional conventional management, show the efficacy of 
PVP and BKP for painful VFs. On the contrary, Two independent placebo-controlled RCT studies [13] [14] 
found PVP to be equivalent to a sham intervention. The sham procedure was simulated the PVP without injec-
tion of cement. The two groups were a similar reduction in pain and improvements in back pain-related disabili-
ty in acute and chronic phase. Buchbinder R. et al. [15] found no demonstrable clinically useful benefits com-
pare with a sham procedure and open trials comparing PVP and BKP with usual conservative care are likely to 
have overestimated any benefit of PVP and BKP. They recommend that patients should be informed about both 
the lack of high-quality evidence supporting the merit of PVP and BKP and its potential for harm. 

Kohashi et al. [16] reported that vertebral body decompression (puncture) which means the PVP without ce-
ment decreased the pain and improved the back pain-related disability. On the contrary, periosteum vertebral in-
filtration of local anesthetics did not reduce the intractable pain due to vertebral compression fracture [17]. 
These reports show us vertebral BD is essential for attenuation of the pain due to vertebral compression fractures.  
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Table 1. Patient’s characteristics.                                                                                 

Male:Female 3:15 

Age (years) 78.4 ± 9.1 

Height (cm) 151.0 ± 8.0 

Body weight (kg) 50.8 ± 11.2 

Duration in the hospital (days) 28.8 ± 14.1 

 
Table 2. Improvement in Function and pain after vertebral BD.                                                                

 Baseline The discharge day p-value 

NRS during the past 24 hours 8.4 ± 0.7 2.4 ± 1.0 <0.0002 

ADL 2.2 ± 0.6 4.6 ± 0.5 <0.0001 

BD, Bone Drilling; NRS, Numerous Rating Scale; ADL, Activity of Daily Life. 
 
Vertebral body puncture, which is similar to BD, is a minimally invasive therapy compared with PVP and BKP 
[18]. While it is important the position of the needle placement and viscosity of the cement to reduce the risk of 
cement leakage in PVP and BKP, the position of the needle tip for BD is enough in the margin of the vertebral 
body because of no need to cement injection. In our experience [19], we performed the unilateral technique us-
ing a transpedicular approach and used a 22-gauge needle in BD. Bilateral technique and thick needles (8 - 13- 
gauge) are often used in PVP and BKP. Hence, BP is a minimally invasive therapy to treat painful osteoporotic 
VFs compared with PVP and BKP. Probable complications of BD are hemorrhage, infection, dural puncture, 
nerve damage, ectopic tissue injury, and fracture. We did not experience any adverse effect in our study.  

Vertebral bone bruise (VBB), also known as trabecular microfractures, is defined on MRI as BME without 
the associated fracture of the cortex [20]. At a follow-up of 19 months study, VBB with vertebral fracture does 
not appear to cause significant progressive vertebral deformity, and 3 of 30 VFs in 18 patients remained no col-
lapse [21]. A follow-up the study of Pham T et al. (1), 4 of 21 VFs in 16 patients remained normal. Other paper 
[22] reported 5 of 95 VFs in 34 patients was occult VFs  

Intervertebral cement infusion like PVP and BKP exerts analgesic effect and the resolution of vertebral de-
formities [23]. However, in those without vertebral mobility like occult VFs, the analgesic effects of PVP are the 
same regardless of bone cement infusion [24]. There are some perioperative and postoperative adverse events 
associate with both PVP and BKP, such as systemic cement leakage, cement embolism, pulmonary embolism, 
spinal cord compression [25]. The incident of procedure-related complications of PVP and BKP, such as bone 
cement leakage, pulmonary embolism, and so on, does not happen in BD because of no injection of bone ce-
ment. 

Elderly patients suffering from osteoporotic VFs prefer to accept a minimally invasive therapy, because of 
their frail physical status and morbid medical conditions. Appropriate patient selection, pre-procedural evalua-
tion, and meticulous attention to proper technique are important to achieve good outcomes and minimized com-
plications. The patients suffering from osteoporotic VFs without collapse are preferred to BD, which is a mini-
mally invasive therapy compare with PVP and BKP. 

5. Conclusion 
Vertebral BD at the site of painful vertebral VFs without collapse attenuated the acute intractable pain and im-
proved in the pain-related disability due to osteoporotic VFs. 
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